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      Latest Science News

      Breaking science news and articles on global warming, extrasolar planets, stem cells, bird flu, autism, nanotechnology, dinosaurs, evolution -- the latest discoveries in astronomy, anthropology, biology, chemistry, climate and environment, computers, engineering, health and medicine, math, physics, psychology, technology, and more -- from the world's leading universities and research organizations.


      
        How home food availability affects young children's nutrient intake
        Early childhood is an important time for learning about nutrition and establishing healthy eating behaviors. Young children rely on parents to provide food options, and the availability of food in the home affects their dietary choices. A new study looks at changes in home food availability and nutrient intake for children from 2 to 4 years old.

      

      
        Information overload is a personal and societal danger
        We are all aware of the dangers of pollution to our air, water, and earth. In a recently published letter, scientists are advocating for the recognition and mitigation of another type of environmental pollution that poses equivalent personal and societal dangers: information overload.

      

      
        Protein discovery sparks treatment hope for aggressive cancer
        Researchers have shown that targeting a gene regulated by two cancer-fuelling proteins can kill cancerous cells and halt their growth in laboratory models of B-cell acute lymphoblastic leukemia (ALL).

      

      
        Researchers can reveal illegal timber exports
        A new method of timber analysis can confidently identify the location in which the tree was harvested. The method has been developed with the aim of combating illegal timber imports from Russia and Belarus.

      

      
        Dolphin-kick swimming maximizes water-flow utilization with increasing speed
        Researchers investigated the propulsion mechanism by visualizing water flow around a swimmer during underwater dolphin-kick swimming in a water channel via particle image velocimetry. Their findings revealed that swimmers can utilize water flow and vortexes more effectively as their speed increases.

      

      
        Small amounts of licorice raise blood pressure, study finds
        It is known that large amounts of licorice cause high blood pressure. A new study now shows that even small amounts of licorice raise blood pressure. The individuals who react most strongly also show signs of strain on the heart.

      

      
        Dog-killing flatworm discovered in Southern California
        Scientists have confirmed that a potentially fatal dog parasite is present in a portion of the Colorado River that runs through California.

      

      
        Surprising insights about debris flows on Mars
        The period that liquid water was present on the surface of Mars may have been shorter than previously thought. Channel landforms called gullies, previously thought to be formed exclusively by liquid water, can also be formed by the action of evaporating CO2 ice, according to a new study.

      

      
        It's hearty, it's meaty, it's mold
        Scientists are exploring how tuning the genomes of mushrooms and molds can transform these food sources into gourmet, nutrient-packed meals made with minimal processing and a light environmental footprint.

      

      
        Perovskite solar cells: Vacuum process may offer a short track to commercialization
        Which process is best suited for mass production of perovskite solar cells? While solvent-based manufacturing processes are used in laboratories around the world, vacuum vapor-phase deposition processes are still the standard for the production of thin films for photovoltaics or organic light-emitting diodes. A new study that reveals major differences in the scientific discussion of these production processes.

      

      
        Ancient ice may still exist in distant space objects, researchers find
        A new paper presents findings about the Kuiper Belt Object 486958 Arrokoth, shedding new light on the preservation of volatile substances like carbon monoxide in such distant celestial bodies. The research uses Arrokoth as a case study to propose that many Kuiper Belt Objects -- remnants from the dawn of our solar system -- could still retain their original volatile ices, challenging previous notions about the evolutionary path of these ancient entities.

      

      
        Blast-related concussions linked to higher Alzheimer's risk
        U.S. veterans of the wars in Afghanistan and Iraq who suffered mild traumatic brain injury from exposure to explosive blasts were found to have changes in cerebrospinal fluid proteins that are typically seen in people who develop Alzheimer's disease, according to researchers.

      

      
        How to upcycle low-energy light
        To combine two low-energy photons into one high-energy photon efficiently, the energy must be able to hop freely, but not too quickly, between randomly oriented molecules of a solid. The discovery provides a much-needed design guideline for developing materials for more efficient PV cells, displays, or even anti-cancer therapies.

      

      
        Lives could be saved from tropical disease with new rapid test
        A new test diagnoses patients with melioidosis within hours, rather than days, meaning they can receive the correct antibiotics faster.

      

      
        Unique way to track carbon emissions in bodies of water
        Carbon dioxide emissions are not typically associated with water ways, like streams and rivers, but emerging research shows that water bodies play an important role in storing and releasing carbon dioxide. As many states look for cost-effective ways to mitigate climate change, scientists looked at a way to optimize CO2 sensors to better measure carbon dioxide emissions in lotic, or moving, bodies of water offering a new tool that can help provide valuable information for everything from land use ...

      

      
        Sulfur and the origin of life
        A new study shines a spotlight on sulfur, a chemical element that, while all familiar, has proved surprisingly resistant to scientific efforts in probing its role in the origin of life.

      

      
        What kinds of seismic signals did Swifties send at LA concert?
        Seattle may have experienced its own Swift Quake last July, but at an August 2023 concert Taylor Swift's fans in Los Angeles gave scientists a lot of shaking to ponder. After some debate, a research team concluded that it was likely the dancing and jumping motions of the audience at SoFi Stadium -- not the musical beats or reverberations of the sound system -- that generated the concert's distinct harmonic tremors.

      

      
        AI for astrophysics: Algorithms help chart the origins of heavy elements
        The origin of heavy elements in our universe is theorized to be the result of neutron star collisions, which produce conditions hot and dense enough for free neutrons to merge with atomic nuclei and form new elements in a split-second window of time. Testing this theory and answering other astrophysical questions requires predictions for a vast range of masses of atomic nuclei. Scientists are using machine learning algorithms to successfully model the atomic masses of the entire nuclide chart -- ...

      

      
        'Junk DNA' no more: New method to identify cancers from repeat elements of genetic code
        Repeats of DNA sequences, often referred to as 'junk DNA' or 'dark matter,' that are found in chromosomes and could contribute to cancer or other diseases have been challenging to identify and characterize. Now, researchers have developed a novel approach that uses machine learning to identify these elements in cancerous tissue, as well as in cell-free DNA (cfDNA) -- fragments that are shed from tumors and float in the bloodstream. This new method could provide a noninvasive means of detecting ca...

      

      
        Asian aerosols' impact on Atlantic Meridional Overturning Circulation
        A new study identifies the role aerosols over Asia is having on the AMOC, a complex system of currents in the Atlantic Ocean.

      

      
        Robot ANYmal can do parkour and walk across rubble
        The quadrupedal robot ANYmal went back to school and has learned a lot. Researchers used machine learning to teach it new skills: the robot can now climb over obstacles and successfully negotiate pitfalls.

      

      
        Tryptophan in diet, gut bacteria protect against E. coli infection
        Gut bacteria and a diet rich in the amino acid tryptophan can play a protective role against pathogenic E. coli, which can cause severe stomach upset, cramps, fever, intestinal bleeding and renal failure.

      

      
        Cheers! NASA's Webb finds ethanol, other icy ingredients for worlds
        What do margaritas, vinegar, and ant stings have in common? They contain chemical ingredients that NASA's James Webb Space Telescope has identified surrounding two young protostars known as IRAS 2A and IRAS 23385. Although planets are not yet forming around those stars, these and other molecules detected there by Webb represent key ingredients for making potentially habitable worlds.

      

      
        Ready for the storm: Researchers analyze infrastructure, demographics to see where tornadoes are most disruptive
        Researchers examined demographics, infrastructure and more than seven decades of weather data to determine which places in Kentucky are most vulnerable to tornadoes.

      

      
        Interactions with dogs can increase brainwaves associated with stress relief and heightened concentration
        Spending quality time with dogs reduces stress and increases the power of brain waves associated with relaxation and concentration, according to a new study.

      

      
        The future is likely less skiable, thanks to climate change
        Annual snow cover days in all major skiing regions are projected to decrease dramatically as a result of climate change, with 1 in 8 ski areas losing all natural snow cover this century under high emission scenarios, according to a new study.

      

      
        Supply chain disruptions will further exacerbate economic losses from climate change
        Global GDP loss from climate change will increase exponentially the warmer the planet gets when its cascading impact on global supply chains is factored in, finds a new study.

      

      
        Menopause explains why some female whales live so long
        Females of some whale species have evolved to live drastically longer lives so they can care for their families, new research shows.

      

      
        Innovative approaches for addressing difficult topics in K-12 schools
        Three peer-reviewed journals have recently published research papers by Penn State's Hammel Family Human Rights Initiative. The papers illustrate how the initiative's programs help K-12 educators address difficult issues such as racism.

      

      
        Explaining a supernova's 'string of pearls'
        Physicists often turn to the Rayleigh-Taylor instability to explain why fluid structures form in plasmas, but that may not be the full story when it comes to the ring of hydrogen clumps around supernova 1987A, research suggests. It looks like the same mechanism that breaks up airplane contrails might be at play in forming the clumps of hydrogen gas that ring the remnant of supernova 1987A.

      

      
        Marine heat waves disrupt the ocean food web in the northeast Pacific Ocean
        Marine heat waves in the northeast Pacific Ocean create ongoing and complex disruptions of the ocean food web that may benefit some species but threaten the future of many others, a new study has shown.

      

      
        Giant volcano discovered on Mars
        A deeply eroded giant volcano, active from ancient through recent times and with possible remnants of glacier ice near its base, had been hiding near Mars' equator in plain sight. Its discovery points to an exciting new place to search for life, and a potential destination for future robotic and human exploration.

      

      
        Good news: The US maternal death rate is stable, not sky rocketing, as reported
        A new study challenges the prevailing view on the maternal death rate in the United States. The findings show that the rates of maternal death were stable between 1999-2002 and 2018-2021, instead of the dramatic upward trends previously reported. Additionally, the study indicates that direct obstetric causes of death declined over the last 20 years.

      

      
        Scientists develop ultra-thin semiconductor fibers that turn fabrics into wearable electronics
        Scientists have developed ultra-thin semiconductor fibers that can be woven into fabrics, turning them into smart wearable electronics.

      

      
        Drought, soil desiccation cracking, and carbon dioxide emissions: an overlooked feedback loop exacerbating climate change
        Soil stores 80 percent of carbon on earth, yet with increasing cycles of drought, that crucial reservoir is cracking and breaking down, releasing even more greenhouse gases creating an amplified feedback loop that could accelerate climate change.

      

      
        Hope for treating sleep disorders, no pills required
        Are sleeping pills the only solution for insomnia? Not according to a researcher who says that using self-guided digital behavioral therapy is an alternative solution that should be considered.

      

      
        'Find pearls in the soil' unveiling the magic of hydrogen production from municipal sewage
        Scientists have developed a catalyst for the urea oxidation reaction, enhancing hydrogen generation efficiency.

      

      
        Genetic condition haemochromatosis linked to higher levels of disease in older people
        A largescale new study has found that some people whose genetics are linked to the common iron overload condition haemochromatosis have substantially greater levels of liver, musculoskeletal and brain disease than previously reported, especially at older ages.

      

      
        Multiple air pollutants linked to asthma symptoms in children
        Exposure to several combinations of toxic atmospheric pollutants may be triggering asthma symptoms among children, a recent analysis suggests. The study showed that 25 different combinations of air pollutants were associated with asthma symptoms among 269 elementary school children diagnosed with asthma.

      

      
        Opening new doors in the VR world, literally
        Recreating the action of opening doors in the virtual world requires engineering ways in which to provide the equivalent haptic feedback and steer users away from walls in the real world. A research group has done just this; developing RedirectedDoors+, which employs door robots and rotation to create a more realistic experience.

      

      
        Recreational activities such as golfing, gardening may be associated with increased ALS risk among men
        Participation in recreational activities -- including golfing, gardening or yard work, woodworking and hunting -- may be associated with an increase in a person's risk for developing ALS. Researchers found that golf was associated with three times greater risk for developing ALS among men. Participation in gardening or yard work, as well as woodworking and hunting, was also linked with a heightened risk for men.

      

      
        Revolutionary phenomenon in liquid crystals
        Scientists have unveiled a new principle of motion in the microworld, where objects can move in a directed manner simply by changing their sizes periodically within a substance known as liquid crystal.

      

      
        Study tracks shifts in student mental health during college
        Dartmouth researchers tracked more than 200 undergraduates for all four years of college to capture the most in-depth data yet on how students' self-esteem and mental health fluctuates during their years in academia. The researchers identify key populations and stressors they say administrators could target to improve student well-being. The study -- conducted from 2017 to 2022 -- also provides among the first real-time accounts of how the coronavirus pandemic affected students and resulted in lo...

      

      
        Scientists reveal the first unconventional superconductor that can be found in mineral form in nature
        Scientists have identified the first unconventional superconductor with a chemical composition also found in nature.

      

      
        RNA-based therapy shows promise against aggressive childhood brain tumors in mice
        Targeting a non-encoding stretch of RNA may help shrink tumors caused by an aggressive type of brain cancer in children, according to new research in mice.

      

      
        High resolution imagery advances the ability to monitor decadal changes in emperor penguin populations
        Emperor penguin populations have been exceedingly difficult to monitor because of their remote locations, and because individuals form breeding colonies on seasonal sea ice fastened to land (known as fast ice) during the dark and cold Antarctic winter. New research that incorporates very high-resolution satellite imagery with field-based validation surveys and long-term data has provided the first multi-year time series that documents emperor penguin global population trends.

      

      
        Sonic youth: Healthy reef sounds increase coral settlement
        Healthy coral reefs have rich soundscapes, full of the croaks, purrs, and grunts of various fishes and the crackling of snapping shrimp. Larval coral uses these sounds as cues to identify the best places to settle and grow. The authors found that sound could potentially be a vital tool in the effort to restore coral reefs. Broadcasting the sounds of a healthy reef to a reef that is degraded encourages coral larvae to settle there. This indicates that it's possible that 'acoustic enrichment' can b...

      

      
        Simple trick could improve accuracy of plant genetics research
        Researchers have published a simple trick that improves the accuracy of techniques that help us understand how external variables -- such as temperature -- affect gene activity in plants.

      

      
        Milk to the rescue for diabetics? Cow produces human insulin in milk
        An unassuming brown bovine from the south of Brazil has made history as the first transgenic cow capable of producing human insulin in her milk. The advancement could herald a new era in insulin production, one day eliminating drug scarcity and high costs for people living with diabetes.

      

      
        Molecular simulations of ammonia mixtures support search for renewable fuels
        Ammonia is an important molecule with many applications. The end product of the famed Haber-Bosch process, it is commonly synthesized to capture nitrogen for fertilizers, and is used for refrigeration, in cleaning products, and in the production of pharmaceuticals. Recently, this modest molecule has also attracted interest as a potential resource for addressing one of today's most pressing challenges -- the need for reliable and abundant renewable fuels.
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How home food availability affects young children's nutrient intake | ScienceDaily
Early childhood is an important time for learning about nutrition and establishing healthy eating behaviors. Young children rely on parents to provide food options, and the availability of food in the home affects their dietary choices. A new study from the University of Illinois Urbana-Champaign looks at changes in home food availability and nutrient intake for children from 2 to 4 years old.


						
"It's important to understand how the environments that children are in can influence their diet and nutrition. What types of foods and beverages are available in the home, and how accessible are those items for the young child? It's about the likelihood of exposure to foods and having the opportunity to try foods, and also whether they may be able to access or grab foods themselves," said lead author Jennifer Barton, now an assistant research professor at Pennsylvania State University. Barton conducted the research as a postdoctoral research associate at the Family Resiliency Center in the Department of Human Development and Family Studies (HDFS), part of the College of Agricultural, Consumer and Environmental Sciences (ACES) at Illinois.

Barton and her colleagues used the Home Food Inventory (HFI) to measure food availability at 24, 36, and 48 months of age. The HFI is a comprehensive checklist of food categories administered by a research assistant visiting the homes of participating families. The researchers correlated the HFI data with surveys of the children's food consumption completed by their mothers.

"We found significant changes in several food categories over time. Food items such as non-whole grains, processed meats, savory snacks, candy, and microwavable or quick-cook foods were more commonly available in the home at 48 months compared to 24 and 36 months," Barton said.

The study included 468 mothers and children who were participants in STRONG Kids 2, an ongoing research project at Illinois that looks at nutrition and healthy habits from infancy through 10 years of age. STRONG Kids 2 co-directors Barbara Fiese, professor emerita of HDFS, and Sharon Donovan, professor of food science and human nutrition at Illinois, also contributed to the study.

The HFI includes an obesogenic score, which indicates the obesity risk of different foods. However, the scores are based on dietary recommendations for older children and include regular-fat dairy products such as milk, yogurt, and cheese. Toddlers have different energy and nutrient needs, and dairy products are considered as part of a healthy diet for young children, necessary for growth and development.

The researchers tested three obesogenic scores, two of which were developmentally sensitive scores that excluded milk, yogurt, and cheese. Even with the modified categories, they found that obesogenic scores increased significantly from 24 to 48 months.




"It makes sense that as children get older, the presence of more energy-dense and high-fat foods tends to grow. Children may request these foods more often, and outside influences, such as the opinions of peers, are starting to become more apparent. I do want to point out that we found some positive changes. Vegetables also become more available in the home at 48 months," Barton said.

"The point is not to label certain foods as being good or bad. We likely all have food items in our home that are not 'recommended.' It's really about trying to make sure that we get enough nutritious, recommended foods and eat the non-recommended items in moderation."

A second research goal was to test the validity of the HFI measure for young children, as the method has been developed for adolescents. Barton and her colleagues conducted comprehensive tests of associations between food availability and nutrient intake, overall finding the expected results.

For example, the availability of processed meats such as lunch meat and hot dogs was correlated with higher saturated fat intake. Sweetened beverages, candy, desserts, and savory snacks were correlated with higher intake of those foods. A higher presence of fruit and vegetables in the home was also a consistent indicator of nutrients. These findings indicate that HFI is a reliable measure of home food availability and has demonstrated associations with food and nutrient intake for children ages 24, 36, and 48 months, the researchers conclude.

It's important to support parents in making healthy decisions for their families, but food choice is much more than individual behavior, Barton stated.

"There are complex factors affecting parents' decisions. Children may ask for certain foods, which may stem from the influence of media and advertising. We should also consider who else lives in the home such as siblings, and the parents may experience work demands and financial stressors that can spill over into their family life. Many people struggle with distance to food stores and access to fresh foods as well as food insecurity. I believe we need a food systems approach to ensure people have access to nutritious food and that parents feel supported in making decisions to promote the health and well-being of themselves and their children," she concluded.

The paper, "Longitudinal Changes in Home Food Availability and Concurrent Associations with Food and Nutrient Intake Among Children at 24 to 48 Months" is published in Public Health Nutrition. Authors include Jennifer M. Barton, Arden L. McMath, Stewart P. Montgomery, Sharon M. Donovan. and Barbara H. Fiese.

This research was funded by grants from the National Dairy Council, the Gerber Foundation, the Christopher Family Foundation, Hatch ILLU 793-330 from the US Department of Agriculture, and the National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK), National Institutes of Health (grant no. R01 DK107561) to Sharon Donovan. The content is solely the responsibility of the authors and does not necessarily represent the official views of the National Institutes of Health.
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Information overload is a personal and societal danger | ScienceDaily
We are all aware of the dangers of pollution to our air, water, and earth. In a letter recently published in Nature Human Behavior, scientists are advocating for the recognition and mitigation of another type of environmental pollution that poses equivalent personal and societal dangers: information overload.


						
With the internet at our fingertips with smartphones, we are exposed to an unprecedented amount of data far beyond our ability to process. The result is an inability to evaluate information and make decisions. Further, it can lead us to limit our social activities, feel unsatisfied with our jobs, as well as unmotivated, and generally negative. Economists estimate that it all comes at a global cost of about $1 trillion. On top of the emotional and cognitive effects, contextual and environmental considerations may add to the personal and economic costs.

The idea to explore information overload was incubated in a meeting of an international group of scientists two years ago, all of whom were supported by an E.U. grant for international collaboration. The E.U. team selected partners abroad including, for the third time, Rensselaer Polytechnic Institute's Network Science and Technology Center (NeST), led by Boleslaw Szymanski, Ph.D., professor of computer science, in the United States.

The researchers compare information overload to other historical shifts in society: open publishing brought about the need to filter out low-quality research from the vast number of accessible publications, the Industrial Revolution gave rise to air pollution, and environmental activists have helped usher in legal and economic changes to help curb pollution. Similarly, so-called "information pollution" or "data smog" must be addressed.

Through the lens of computer science, there are at least three levels of information overload: "neural and cognitive mechanisms on the individual level... information and decisions at the group level... (and) societal level interactions among individuals, groups, and information providers." These levels do not operate independently, so the flow of information may be treated as a multilevel network with nodes, which may give rise to an abrupt change. The researchers cite teamwork as an example: one team member's information overload may cause the group's performance to be hindered. It is a complex problem.

"We are calling for action in science, education, and legislation," said Szymanski. "We need further interdisciplinary research on information overload. Information ecology must be taught in school. We also need to start the conversation on legislative possibilities, akin to the Clean Air Act in the U.K. decades ago."

"Information overload can have severe implications," said Curt Breneman, Ph.D., dean of Rensselaer's School of Science. "It begins by eroding our emotional health, job performance, and satisfaction, subsequently influencing the actions of groups and ultimately, entire societies. I hope that Dr. Szymanski's letter, written with colleagues from across the world, will raise public awareness of the problem and enable solutions to be studied and implemented."

Szymanski was joined in authoring the letter by Janusz A. Holyst of Warsaw University of Technology, the principal investigator of the E.U. grant; Philipp Mayr of the Leibniz Institute for the Social Sciences; Michael Thelwall of University of Sheffield; Ingo Frommholz of University of Wolverhampton; Shlomo Havlin and Alon Sela of Bar-Ilan University; Yoed N. Kenett of Technion -- Israel Institute of Technology; Denis Helic of Modul University Vienna; Aljosa Rehar and Sebastijan R. Macek of Slovenian Press Agency; Przemyslaw Kazienko and Tomasz Kajdanowicz of Wroclaw University of Science and Technology; Przemyslaw Biecek of Warsaw University of and University of Warsaw; and Julian Sienkiewicz of Warsaw University of Technology.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/03/240314122208.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Protein discovery sparks treatment hope for aggressive cancer | ScienceDaily
Researchers have found a new way to potentially treat one of the most common forms of acute lymphoblastic leukaemia.


						
The study, led by WEHI and the Peter MacCallum Cancer Centre, was able to kill leukaemia cells in the lab and stop cancer cells from growing, after identifying two new proteins critical for the development of the aggressive disease.

The findings could lead to enhanced treatment options in the future, with plans underway to develop a clinical trial based on the research.

Around 5200 people are diagnosed with a form of leukaemia in Australia each year. An estimated 1500 of these cases are acute -- meaning the blood cancer appears suddenly and grows quickly.

Blood cancers like leukaemia are notoriously difficult to treat in adults, with 50% of Australian patients relapsing after the first round of chemotherapy and subsequently becoming resistant to further treatments.

Associate Professor Ashley Ng, a corresponding author on the paper, said this presented a unique treatment challenge for these blood cancers and highlighted the urgent need for new therapeutics.

"About 135,000 people live with a blood cancer or blood disorder in Australia, with 16 people dying every day from the disease," Assoc Prof Ng, a WEHI researcher and clinical haematologist at the Peter MacCallum Cancer Centre and Royal Melbourne Hospital, said.




"Despite the medical advancements made in the cancer field over the years, the incidence of blood cancer has grown by 47% in the past decade.

"The best way to enhance treatment options for patients is to continually improve our understanding of how leukaemia cancers behave and what drives their growth.

"Our new research has identified two proteins that are critical for the development of B-cell acute lymphoblastic leukaemia, expanding our knowledge into how these cancers can form.

"By uncovering this new vulnerability in leukaemia formation, we hope to exploit the findings for therapeutic benefit and also apply them to other forms of the disease."

The research is published in the journal Science Advances.

Master regulators 

Assoc Prof Ng has spent over a decade researching a protein that regulates gene activity in the cell nucleus, known as ERG. Imbalances in this protein can lead to blood cancers, like acute lymphoblastic leukaemia.




His previous research uncovered the protein's critical role in Down syndrome associated blood disease and normal blood cell function, including how B cells -- which are essential for producing antibodies to fight against infections -- develop.

First author Dr Kira Behrens said the research team wanted to understand what other types of proteins ERG works with to fuel leukaemia development.

"We looked at the proteins that control how specific genes switch 'on' or 'off' to analyse how normal B-cells -- and critically -- B-cell acute lymphoblastic leukaemia -- can develop," Dr Behrens said.

"After analysing the genes regulated by ERG and another protein, c-MYC, we discovered that these proteins were actually the master regulators of several important pathways and processes within the leukaemia cell."

Researchers then narrowed the list down to focus on one pathway essential for making proteins, known as ribosome biogenesis.

This led the team to focus on targeting a key gene essential to this pathway, POL I, which is also controlled by these master regulator proteins.

The gene helps direct an important cell growth and division process that can lead to the development of cancer if it goes awry.

Dr Behrens said: "By targeting POL I with inhibitors, we were able to kill leukaemia cells and stop their growth in our pre-clinical and human tissue models."

"This was a surprising, yet remarkable discovery, as we were able to unravel a new pathway and potential drug target that can hopefully be used in the fight against leukaemia in the future."

The study also involved a collaboration with Associate Professor Elaine Sanij (St. Vincent's Institute of Medical Research) whose work focuses on targeting POL I and ribosome biogenesis in cancer therapy.

"The findings show that a subset of aggressive acute lymphoblastic leukaemia exhibit a form of addiction to producing of ribosomes, the protein making molecular machinery," Assoc Prof Sanij said.

"They render this aggressive leukaemia sensitive to POL I inhibitors which target ribosome production.

"Altogether, our work highlights the importance of developing this new approach to cancer therapy to treat oncogene-driven cancers."

Collaborative power

One of the drugs used in the study to target POL I was an agent developed by the Peter MacCallum Cancer Centre.

Professor Rick Pearson, former Associate Director of Laboratory Research at Peter Mac, said the team hopes to mimic the study in a future clinical trial to help patients with acute lymphoblastic leukaemia.

"We worked with WEHI researchers to confirm our agent is effective in targeting POL I activity and demonstrated its potency in impeding the leukaemia cell growth and division.

"These findings highlight the power of collaboration and the remarkable results that can be achieved when bringing together experts from across various areas.

"We hope this research will translate into successful clinical trials and potentially offer doctors a new treatment option for patients with acute lymphoblastic leukaemia," Professor Pearson said.

This research was supported by the German Research Foundation (Deutsche Forschungsgemeinschaft), the National Health and Medical Research Council (NHMRC), Cancer Council Victoria, National Stem Cell Foundation of Australia, the Leukaemia Foundation and Victorian Cancer Agency.

The study, "ERG and c-MYC Regulate a Critical Gene Network in BCR::ABL1-Driven B-cell Acute Lymphoblastic Leukaemia," is published in Science Advances.
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Researchers can reveal illegal timber exports | ScienceDaily
A new method of timber analysis developed by researchers from the University of Gothenburg can confidently identify the location in which the tree was harvested. The method has been developed with the aim of combating illegal timber imports from Russia and Belarus.


						
Illegal logging and the associated trade in wood products is a global problem that threatens some of the world's most important ecosystems. Researchers are trying to combat this practise with a new scientific method that can reveal where a tree has been harvested. The researchers present their findings in a paper published in the journal Nature Plants.

"The issue became even more urgent after Russia's full-scale invasion of Ukraine in February 2022. Russian timber continues to be exported to the EU and the US despite imposed sanctions, by falsifying the origin of the timber. Illegal timber exports are partly financing Russia's war," says Jakub Truszkowski, researcher in computational biology at the University of Gothenburg.

Chemical footprint

A growing tree is affected by its environment. Soil composition, environmental pollution and climate leave a chemical footprint in wood tissue, and this is what the researchers use to determine its origin. First, a large collection of reference material is required. Then, using machine learning, the researchers can determine whether the stated harvest location of the sample is correct.

"We collected 900 wood samples from 11 Eastern European countries, including Belarus and Russia. We selected oak, birch, pine and beech, all of which are important in the timber trade. By analysing and comparing isotope ratios and the concentrations of 15 different trace elements in wood tissue, we can determine the harvest location of the tree within a 200 kilometer radius," says Jakub Truszkowski.

Useful worldwide

The study led to the creation of a comprehensive reference database on Eastern European timber, tailored to products under sanctions after the invasion of Ukraine. These data facilitated the development of methods to verify the authenticity of timber origin claims and even predict the location of harvest.




"We would like to refine our method so that we can further increase the accuracy and confidence in our predictions. It is still under development and will get better the more data we get," says Jakub Truszkowski.

While this study focused on the illegal timber trade in Eastern Europe, the method is applicable all over the world. It is estimated that more than half of tropical timber may be harvested illegally.

"It is important to protect highly biodiverse forests from illegal logging. By tracing the origin of timber, we can combat this practice," says Jakub Truszkowski.
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Dolphin-kick swimming maximizes water-flow utilization with increasing speed | ScienceDaily
Researchers from University of Tsukuba investigated the propulsion mechanism by visualizing water flow around a swimmer during underwater dolphin-kick swimming in a water channel via particle image velocimetry. Their findings revealed that swimmers can utilize water flow and vortexes more effectively as their speed increases.


						
The swimming motion imparts momentum to water, a fluid, thereby generating a propulsive force. Thus, we can understand the propulsion mechanism by examining the water flow generated by a swimmer's motion. However, observing colorless, transparent water with the naked eye or a camera is challenging. To address this issue, researchers employed particle image velocimetry, a technique utilized in fluid dynamics, to visualize water-flow patterns. They investigated how water flow changes as swimmers change their speed while executing the dolphin-kick swimming technique. This investigation was conducted in an experimental circulating-water channel (a pool with flowing water).

The results revealed that the water-flow velocity increased with increasing swimming speed during the underwater dolphin-kick lower-limb action, generating a strong vortex during the kicking action. This phenomenon possibly contributes to the increased propulsive force. Additionally, recycling of the flow generated during the downward-kick phase was observed during the transition to the upward-kick phase, with the effect becoming more pronounced as the swimming speed increased. This study marks the first observation of water-flow changes during dolphin-kick swimming at varying speeds.

This study is expected to advance research on water flow, a critical topic in swimming research. It offers scientific evidence for instructors to adopt kick-swimming techniques.

This work was supported by Japan Science and Technology Agency, Grant Number 22 K19725.
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Small amounts of licorice raise blood pressure, study finds | ScienceDaily
It is known that large amounts of liquorice cause high blood pressure. A study by researchers at Linkoping University, Sweden, now shows that even small amounts of liquorice raise blood pressure. The individuals who react most strongly also show signs of strain on the heart.


						
Liquorice is produced from the root of plants of the Glycyrrhiza species and has long been used as a herbal remedy and flavouring. However, it is known that eating liquorice can also raise blood pressure. This is mainly due to a substance called glycyrrhizic acid that affects the body's fluid balance through effects on an enzyme in the kidney. High blood pressure, in turn, increases the risk of cardiovascular disease.

Both the European Union and the World Health Organization have concluded that 100 mg of glycyrrhizic acid per day is probably safe to eat for most individuals. But some people eat more liquorice than that. The Swedish Food Agency has estimated that 5 per cent of Swedes have an intake higher than this level.

In the current study, published in The American Journal of Clinical Nutrition, researchers at Linkoping University wanted to test whether the limit stated as likely safe actually is so or not.

It is not easy to know how much glycyrrhizic acid is in the liquorice you eat, as its concentration in different liquorice products varies greatly. This variation may depend on factors such as origin, storage conditions and liquorice root species. In addition, the amount of glycyrrhizic acid is not indicated on many products. The Linkoping University study is the first to have carefully measured the amount of glycyrrhizic acid in the liquorice that was tested, while being randomised and having a control group.

In the study, 28 women and men aged 18-30 were instructed to eat liquorice, or a control product that did not contain any liquorice, over two periods of time. The control product instead contained salmiak, which gives salty liquorice its flavour. The liquorice weighed 3.3 grammes and contained 100 mg of glycyrrhizic acid, that is, the amount indicated as likely safe for most people to eat daily. Participants were randomly assigned to eat either liquorice or the control product for two weeks, take a break for two weeks, and then eat the other variety for two weeks. This enabled the researchers to compare the effect of both varieties in the same person. The study participants were asked to measure their blood pressure at home every day. At the end of each intake period, the researchers measured levels of various hormones, salt balance, and heart workload.

"In the study, we found that a daily intake of liquorice containing 100 mg glycyrrhizic acid raised blood pressure in young healthy people. This hasn't previously been shown for such small amounts of liquorice," says Peder af Geijerstam, doctoral student at the Department of Health, Medicine and Caring Sciences at Linkoping University, general practitioner, and lead author of the study.

When the participants ate liquorice, their blood pressure increased by an average of 3.1 mmHg. The researchers also measured two hormones that are affected by liquorice and that regulate fluid balance: renin and aldosterone. The levels of both of these decreased when eating liquorice. The quarter of the study participants who were most sensitive, based on their levels of the hormones renin and aldosterone decreasing the most after eating liquorice, also gained slightly in weight, most likely due to an increased amount of fluid in the body. This group also had elevated levels of a protein that the heart secretes more of when it needs to work harder to pump around the blood in the body, N-terminal pro-brain natriuretic peptide (NT-proBNP). This suggests increased fluid volume and heart workload in the individuals most sensitive to the effects of liquorice.

"Our results give reason to be more cautious when it comes to recommendations and labelling for food containing liquorice," says Fredrik Nystrom, professor at the same department, who was responsible for the study.

The study was funded with support from, among others, The Strategic Research Network in Circulation and Metabolism (LiU-CircM) at Linkoping University, The National Research School in General Practice at Umea University, King Gustaf V and Queen Victoria Freemason Foundation and Region Ostergotland.
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Dog-killing flatworm discovered in Southern California | ScienceDaily
UC Riverside scientists confirm, for the first time, that a potentially fatal dog parasite is present in a portion of the Colorado River that runs through California.


						
The parasite, Heterobilharzia americana, is a flatworm commonly referred to as liver fluke. Previously found almost exclusively in Texas and other Gulf Coast states, it has never been reported this far west. The worm can cause canine schistosomiasis, an illness that impacts the liver and intestines of dogs.

"Dogs can die from this infection, so we are hoping to raise public awareness that it's there," said UCR nematology professor Adler Dillman. "If you're swimming in the Colorado River with them, your pets are in peril."

After learning about cases of the infection in local dogs, Dillman assembled a research team and headed to Blythe, a border town east of Joshua Tree National Park in Riverside County, where the sick dogs had all spent time swimming in the river.

The infection is driven by the presence of a snail that transmits the worm. The research team collected more than 2,000 snails from the banks of the river. A paper published this week in the journal Pathogens describes how the team used DNA to confirm the identity of both the snails and the flatworm.

"We actually found two species of snails that can support H. americana in the river in Blythe, and we found both snails actively shedding this worm," Dillman said. "Not only was it a surprise to find H. americana, we also did not know that the snails were present here."

After transforming itself inside one of the snails, the worm ventures out with the goal of finding a mammal to infect. In this stage it can only survive on its own for about 24 hours. If a dog or a raccoon is in the water, or drinking, then it gets infected.




"It gets into the veins of the intestinal lining, and that's where it develops into an adult and mates," Dillman said. "The presence of the adults in the veins isn't the problem. It's the eggs that get into the lungs, spleen, liver, and heart. The immune system tries to deal with it, and hard clusters of immune cells called granulomas form. Eventually the organ tissues stop functioning."

Once infected, it can be several months before the worst symptoms of the illness appear. Since 2019 in California, 11 dogs in three counties have been confirmed with this disease, and one has died. Health officials hope that with awareness they can prevent further infections and deaths.

"Symptoms start gradually with a loss of appetite, and eventually include vomiting, diarrhea, profound weight loss, and signs of liver disease. If your dog has these symptoms after swimming in the Colorado River, it's a good precaution to ask your veterinarian for a simple fecal test," said Emily Beeler, a veterinarian with the Los Angeles County Department of Public Health.

"Treatment typically involves use of multiple medications and close monitoring of the dog by a veterinarian," Beeler said.

It is important to note that H. americana is not known to be capable of causing disease in humans. "It can cause swimmer's itch, a red rash where it penetrates human skin. But it's not able to cause infection," Dillman said.

Additionally, Dillman hopes to allay concerns that the parasite could be contaminating urban drinking water. "Compared to other pathogens these worms are fairly large. They can easily be filtered out with common water purification strategies," he said. Though there is no cause for concern about contamination of water sources, drinking the water directly is still inadvisable.

"You have viruses, bacteria, and other parasites such as Giardia in rivers," Dillman said. "Nobody should be drinking straight out of the river, and that has nothing to do with this particular parasite."
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Surprising insights about debris flows on Mars | ScienceDaily
The period that liquid water was present on the surface of Mars may have been shorter than previously thought. Channel landforms called gullies, previously thought to be formed exclusively by liquid water, can also be formed by the action of evaporating CO2 ice. That is the conclusion of a new study by Lonneke Roelofs, a planetary researcher at Utrecht University. "This influences our ideas about water on Mars in general, and therefore our search for life on the planet." The results of the study are published this week in the journal Communications Earth and Environment.


						
"The Martian atmosphere is 95% CO2," Lonneke Roelofs explains. "In winter, air temperatures drop below -120 degrees Celsius, which is cold enough for CO2 in the atmosphere to freeze." In the process of freezing, CO2 gas can change directly to CO2 ice, skipping the liquid phase. The process is similar to frost on Earth, where water vapour forms ice crystals and blankets the landscape in a white film. Warmer spring temperatures, combined with the thin Martian atmosphere, causes CO2 ice to evaporate directly back to gas, again skipping the liquid phase. "We call that 'sublimation'. The process is extremely explosive due to Mars' low air pressure. The created gas pressure pushes sediment grains apart causing the material to flow, similar to debris flows in mountainous areas on Earth. These flows can reshape the Martian landscape -- even in the absence of water."

Scientists have long hypothesised that CO2 ice could be a driving force behind these Martian landscape structures. "But those hypotheses were mainly based on models or satellite studies," Roelofs explains. "With our experiments in a so-called 'Mars chamber', we were able to simulate this process under Martian conditions. Using this specialised lab equipment we could directly study this process with our own eyes. We even observed that debris flows driven by CO2 ice under Martian conditions flow just as efficiently as the debris flows driven by water on Earth."

Extraterrestrial life

"We know for sure that there was once water on the surface of Mars. This study does not prove the contrary," Roelofs says. "But the emergence of life likely needs a long period where liquid water was present. Previously, we thought that these landscape structures were formed by debris flows driven by water, because of their similarity to debris flow systems on Earth. My research now shows that, in addition to debris flows powered by water, the sublimation of frozen CO2 can also serve as a driving force behind the formation of these Martian gully landscapes. That pushes the presence of water on Mars further into the past, making the chance of life on Mars smaller." And that makes us even more unique than we thought.

Why Mars?

But what makes someone interested in landscapes 330 million km away? "Mars is our closest neighbour. It's the only other rocky planet close to our solar system's 'green zone'. The zone is precisely far enough from the sun to allow for liquid water to exist, a prerequisite for life. So Mars is a place where we possibly can find answers to questions about how life developed, including potential extraterrestrial life," answers Roelofs. "Plus, studying the formation of landscape structures on other planets is a way for us to step outside our Earthly context. You ask different questions, which leads to new insights on processes here on Earth. For example, we can also observe the process of gas-driven debris flows in pyroclastic flows around volcanoes, here on Earth. So this research could contribute to a better understanding of terrestrial volcanic hazards."
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It's hearty, it's meaty, it's mold | ScienceDaily
With animal-free dairy products and convincing vegetarian meat substitutes already on the market, it's easy to see how biotechnology can change the food industry. Advances in genetic engineering are allowing us to harness microorganisms to produce cruelty-free products that are healthy for consumers and healthier for the environment.


						
One of the most promising sources of innovative foods is fungi -- a diverse kingdom of organisms that naturally produce a huge range of tasty and nutritious proteins, fats, antioxidants, and flavor molecules. Chef-turned-bioengineer Vayu Hill-Maini, an affiliate in the Biosciences Area at Lawrence Berkeley National Laboratory (Berkeley Lab), is exploring the many possibilities for new flavors and textures that can be made from modifying the genes already present in fungi.

"I think it's a fundamental aspect of synthetic biology that we're benefiting from organisms that have evolved to be really good at certain things," said Hill-Maini, who is a postdoctoral researcher at UC Berkeley in the lab of bioengineering expert Jay Keasling. "What we're trying to do is to look at what is the fungus making and try to kind of unlock and enhance it. And I think that's an important angle that we don't need to introduce genes from wildly different species. We're investigating how we can stitch things together and unlock what's already there."

In their recent paper, publishing on March 14 in Nature Communications, Hill-Maini and colleagues at UC Berkeley, the Joint BioEnergy Institute, and the Novo Nordisk Foundation Center for Biosustainability studied a multicellular fungus called Aspergillus oryzae, also known as koji mold, that has been used in East Asia to ferment starches into sake, soy sauce, and miso for centuries. First, the team used CRISPR-Cas9 to develop a gene editing system that can make consistent and reproducible changes to the koji mold genome. Once they had established a toolkit of edits, they applied their system to make modifications that elevate the mold as a food source. First, Hill-Maini focused on boosting the mold's production of heme -- an iron-based molecule which is found in many lifeforms butis most abundant in animal tissue, giving meat its color and distinctive flavor. (A synthetically produced plant-derived heme is also what gives the Impossible Burger its meat-duping properties.) Next, the team punched up production of ergothioneine, an antioxidant only found in fungi that is associated with cardiovascular health benefits.

After these changes, the once-white fungi grew red. With minimal preparation -- removing excess water and grinding -- the harvested fungi could be shaped into a patty, then fried into a tempting-looking burger.

Hill-Maini's next objective is to make the fungi even more appealing by tuning the genes that control the mold's texture. "We think that there's a lot of room to explore texture by varying the fiber-like morphology of the cells. So, we might be able to program the structure of the lot fibers to be longer which would give a more meat-like experience. And then we can think about boosting lipid composition for mouth feel and further nutrition," said Hill-Maini, who was a Fellow of the Miller Institute for Basic Research in Science at UC Berkeley during the study. "I'm really excited about how can we further look at the fungus and, you know, tinker with its structure and metabolism for food."

Though this work is just the beginning of the journey to tap into fungal genomes to create new foods, it showcases the huge potential of these organisms to serve as easy-to-grow protein sources that avoid the complex ingredients lists of current meat substitutes and the cost barriers and technical difficulties hindering the launch of cultured meat. Additionally, the team's gene editing toolkit is huge leap forward for the field of synthetic biology as a whole. Currently, a great variety of biomanufactured goods are made by engineered bacteria and yeast, the single-celled cousins of mushrooms and mold. Yet despite humanity's long history of domesticating fungi to eat directly or to make staples like miso, multicellular fungi have not yet been harnessed as engineered cellular factories to the same extent because their genomes are far more complex, and have adaptations that make gene editing a challenge. The CRISPR-Cas9 toolkit developed in this paper lays the foundation to easily edit koji mold and its many relatives.

"These organisms have been used for centuries to produce food, and they are incredibly efficient at converting carbon into a wide variety of complex molecules, including many that would be almost impossible to produce using a classic host like brewer's yeast or E. coli," said Jay Keasling, who is a senior scientist at Berkeley Lab and a professor at UC Berkeley. "By unlocking koji mold through the development of these tools, we are unlocking the potential of a huge new group of hosts that we can use to make foods, valuable chemicals, energy-dense biofuels, and medicines. It's a thrilling new avenue for biomanufacturing."

Given his culinary background, Hill-Maini is keen to ensure that the next generation of fungi-based products are not only palatable, but truly desirable to customers, including those with sophisticated tastes. In a separate study, he and Keasling collaborated with chefs at Alchemist, a two-Michelin-starred restaurant in Copenhagen, to play with the culinary potential of another multicellular fungus, Neurospora intermedia. This fungus is traditionally used in Indonesia to produce a staple food called oncom by fermenting the waste products left over from making other foods, such as tofu. Intrigued by its ability to convert leftovers into a protein-rich food, the scientists and chefs studied the fungus in the Alchemist test kitchen. They discovered N. intermedia produces and excretes many enzymes as it grows. When grown on starchy rice, the fungi produces an enzyme that liquifies the rice and makes it intensely sweet. "We developed a process with just three ingredients -- rice, water, and fungus -- to make a beautiful, striking orange-colored porridge," said Hill-Maini. "That became a new dish on the tasting menu that utilizes fungal chemistry and color in a dessert. And I think that what it really shows is that there's opportunity to bridge the laboratory and the kitchen."

Hill-Maini's work on the gene editing research described in this article is supported by the Miller Institute at UC Berkeley. Keasling's lab is supported by the Novo Nordisk Foundation. Both received additional support from the Department of Energy (DOE) Office of Science. The Joint BioEnergy Institute is a DOE Bioenergy Research Center managed by Berkeley Lab.
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Perovskite solar cells: Vacuum process may offer a short track to commercialization | ScienceDaily
Over the past decade, perovskite-silicon tandem solar cells have demonstrated a stunning development. In research, efficiencies of more than 33 percent have been shown, exceeding by far those of conventional silicon-based solar cells. However, yet the technology has not reached the market. One of the major challenges is the unresolved question of which process is best suited for mass production of perovskite solar cells. While solvent-based manufacturing processes are used in laboratories around the world, vacuum vapor-phase deposition processes are still the standard for the production of thin films for photovoltaics or organic light-emitting diodes (OLEDs).


						
An international consortium of academic and industrial partners led by NREL and KIT has now published a comparative study that reveals major differences in the scientific discussion of these production processes. Tenure-Track Professor Ulrich W. Paetzold from the Institute of Microstructure Technology and Light Technology Institute of KIT explains: "98 percent of all scientific studies in 2022 dealt with solvent-based processes. Vacuum-based processes, on the other hand, have proven themselves in industry for many decades. Although they can decisively advance the commercialization of solar cells, they are heavily underrepresented."

Solvent-based manufacturing uses inks in which organic and inorganic salts are dissolved in a solvent. These inks can be deposited on the substrate surface using various printing techniques. Vacuum-based manufacturing, on the other hand, uses dry and solvent-free processes. Materials are sublimated in a vacuum under heat supply, i.e. they are converted from a solid to a gaseous state and condense on the substrate surface. It is also possible to combine both processes for the production of perovskite solar cells.

Laboratory efficiency and throughput are not everything in mass production

In their study, the authors analyzed the advantages and disadvantages of both methods. The dominance of solvent-based production in research is mainly due to its ease of use in the laboratory, its good efficiency under laboratory conditions, and its low cost. Scalable roll-to-roll production, as used in newspaper printing, is possible.

Vacuum-based production is associated with slightly higher investment costs. Deposition rates are still lower than those of solvent-based research production. However, the authors present a variety of solutions and conclude that vacuum-based technology is competitive in terms of real parameters such as energy costs, production yield, material costs, decommissioning costs, and recycling costs. The good reproducibility of deposition, the ease of process control, the availability of industrial process equipment, and the easy scalability of deposition from small lab-scale solar cells to application-relevant product areas make vacuum-based production highly attractive for commercialization. "Vacuum-based manufacturing performs better than its reputation," says Tobias Abzieher. The authors were therefore not surprised to find that industry is already very interested in vacuum-based processes for the production of pervoskite solar cells, even though they differ from the method mainly used in research.

To take full advantage of the scaling effects of vacuum-based processes, further improvements are needed, the researchers say. It is important to study the quality of deposition to improve efficiency. In addition, the deposition rate needs to be increased significantly. "Not only is vapor deposition the number one choice of industry when bringing a new thin film product to market, our analysis shows that it can also be cost competitive with solution deposition," adds David Moore of NREL.
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Ancient ice may still exist in distant space objects, researchers find | ScienceDaily

Co-authored by Dr. Samuel Birch at Brown University and SETI Institute senior research scientist Dr. Orkan Umurhan, the paper "Retention of CO Ice and Gas Within 486958 Arrokoth" uses Arrokoth as a case study to propose that many Kuiper Belt Objects (KBOs) -- remnants from the dawn of our solar system -- could still retain their original volatile ices, challenging previous notions about the evolutionary path of these ancient entities.

Previous KBO evolution models have needed help predicting the fate of volatiles in these cold, distant objects. Many relied on cumbersome simulations or flawed assumptions, underestimating how long these substances could last. The new research offers a simpler yet effective approach, likening the process to how gas escapes through porous rock. It suggests that KBOs like Arrokoth can maintain their volatile ices for billions of years, forming a kind of subsurface atmosphere that slows further ice loss.

"I want to emphasize that the key thing is that we corrected a deep error in the physical model people had been assuming for decades for these very cold and old objects," said Umurhan. "This study could be the initial mover for re- evaluating the comet interior evolution and activity theory."

This study challenges existing predictions and opens up new avenues for understanding the nature of comets and their origins. The presence of such volatile ices in KBOs supports a fascinating narrative of these objects as "ice bombs," which activate and display cometary behavior upon altering their orbit closer to the sun. This hypothesis could help explain phenomena like the intense outburst activity of comet 29P/Schwassmann- Wachmann, potentially changing the understanding of comets.

As co-investigators on the upcoming CAESAR mission proposal, the researchers are taking a fresh approach to understanding the evolution and activity of cometary bodies. This study has implications for future explorations and is a reminder of the enduring mysteries of our solar system, waiting to be uncovered.
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Blast-related concussions linked to higher Alzheimer's risk | ScienceDaily
U.S. veterans of the wars in Afghanistan and Iraq who suffered mild traumatic brain injury from exposure to explosive blasts were found to have changes in cerebrospinal fluid proteins that are typically seen in people who develop Alzheimer's disease, according to researchers at the University of Washington School of Medicine and VA Puget Sound Health Care System.


						
"While our research does not prove that veterans who experienced these injuries will develop Alzheimer's disease, it raises the possibility that they may be on a pathway leading to dementia," said Dr. Ge Li, the paper's first author and an associate professor of psychiatry and behavioral sciences at UW Medicine.

The study was published March 13 in the journal Neurology.

Previous research has found that sustaining a moderate to severe TBI increases a person's risk of developing Alzheimer's disease. It is not known, however, whether a mild TBI (mTBI) similarly increases this risk.

In the new study, the researchers analyzed protein levels in spinal fluid from 51 U.S. veterans of the wars in Afghanistan and Iraq. Each had suffered mTBIs from exposure to explosive blasts and had an average of 20 blast injuries. Those protein levels were compared with the protein levels of 85 veterans and civilians of similar age who had never sustained a TBI.

In this study, the veterans were considered to have experienced a TBI if they had an alteration or loss of consciousness from the blast. The TBIs were considered mild if the loss of consciousness lasted 30 minutes or less and there was no sign of brain damage on standard clinical MRI or CT scan. Such an injury is considered equivalent to a concussion.

The researchers examined protein levels in the veterans' cerebrospinal fluid, which flows around and through the brain and carries away waste materials. Two of the proteins measured compose the chief components of amyloid plaques, which aggregate in the brains of people with Alzheimer's. These proteins are called alpha-beta amyloid 40 and 42 (Ab40, Ab42).




The other proteins are versions of the tau protein. Normally, tau proteins are part of cells' cytoskeletons, which give cells their shape. But with Alzheimer's, these structures are changed, creating tangles within brain cells and killing them. This is the other hallmark of Alzheimer's.

With Alzheimer's disease, the levels of alpha-beta amyloid proteins in spinal fluid typically decrease. Researchers hypothesize that the proteins, instead of being flushed out into the spinal fluid and carried away as they normally would be, are deposited in amyloid plaques and remain in the brain. As the disease progresses, tau levels, in contrast, tend to be higher than normal, as the proteins are released from dying brain cells.

In the study, mTBI veterans in their late 40s and 50s had lower levels of beta-amyloid proteins, compared with the veterans and civilians who had not had such injuries.

Tau protein levels also were abnormal in the older mTBI veterans. Normally, tau levels rise as we age. But among the older middle-aged mTBI veterans, levels tended to remain the same, a finding that the normal brain clearance system may not be working as well in among the people with mTBI.

Among older mTBI veterans, having lower beta-amyloid 42 levels was also associated with doing less well on cognitive tests assessing verbal memory and fluency.

The decline in beta-amyloid proteins, in particular beta-amyloid 42, was concerning, said senior author Dr. Elaine Peskind, a UW research professor of psychiatry and director of the VA's Northwest Mental Illness Research, Education, and Clinical Center.

"A decline in beta-amyloid 42 is the earliest detectable change due to Alzheimer's that can be found in a cognitively normal person," she said. "The change can appear as much as 20 years before symptoms. So a person can have the pathology of Alzheimer's going on in their brain but still not have any symptoms -- no problem with their memory or thinking functions -- for as long as 20 years."

Peskind and her collaborators suspect the cause of the changes in the mTBI veterans' spinal fluid proteins is due to blast-related damage to a system in the brain, called the glymphatic system, that allows fluids to flow through the brain and carry away waste products. To find out, they have been funded by the National Institute of Neurological Diseases and Stroke to study the regulation and function of this system in veterans with these injuries.
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How to upcycle low-energy light | ScienceDaily
To combine two low-energy photons into one high-energy photon efficiently, the energy must be able to hop freely, but not too quickly, between randomly oriented molecules of a solid. This Kobe University discovery provides a much-needed design guideline for developing materials for more efficient PV cells, displays, or even anti-cancer therapies.


						
Light of different colors has different energies and is therefore useful for very different things. For the development of more efficient PV cells, OLED displays, or anti-cancer therapies it is desirable to be able to upcycle two low-energy photons into a high-energy photon, and many researchers worldwide are working on materials for this up-conversion. During this process, light is absorbed by the material and its energy is handed around amongst the material's molecules as a so-called "triplet exciton." However, it was unclear what allows two triplet excitons to efficiently combine their energies into a different excited state of a single molecule that then emits a high-energy photon, and this knowledge gap has been a serious bottleneck in the development of such materials.

Kobe University photoscientist KOBORI Yasuhiro and his research group have been working on a property called the "electron spin states" of moving and interacting excited states. They realized that their expertise was exactly what was needed to solve the problem of up-conversion and applied it on a material especially suitable for their analysis. Kobori explains, "In solution systems, it is difficult to observe the magnetic properties of the electron spins due to the high-speed rotation of the molecules, and in conventional solid-state systems, the reaction efficiency is too low for electron spin resonance studies. The thin-film solid-state material used in our study, however, was suitable for observing the magnetic properties of electron spins and generating sufficient triplet exciton concentrations."

Their results, now published in The Journal of Physical Chemistry Letters, show that for the transfer of energies to one light-emitting molecule, the electron spin states of two triplet excitons have to be aligned, which depends on the relative orientation of the participating molecules. For that to happen with a high likelihood, though, the triplet excitons need to be able to move around between molecules of many different orientations. In addition, this hopping must not be too quick, so there is enough time for the interconversion of different excited states.

The Kobe University researcher lists the steps necessary to arrive at this conclusion. "We first directly observed the time evolution of the electron spin state inside up-conversion materials in solid-state systems, then modeled the observed electron spin motion, and finally proposed a new theoretical model for how the electron spin state relates to the up-conversion process."

These results finally yield a guideline for how to design highly efficient photon up-conversion materials that is based on the knowledge of the process's microscopic mechanism. Kobori explains why this excited him. "I expect this knowledge to contribute to the development of high-efficiency solar cells to alleviate our energy problems, but also to expand into a wide range of fields such as photodynamic cancer therapy and diagnostics that utilize near-infrared light for optical up-conversion without harming the human body."

This work was supported by the Japan Society for the Promotion of Science (grants JP20H05832, JP21H05411, JP22K19008, JP20K21174 and JP22K14648), the Japan Science and Technology Agency (grant JPMJPR2101), and the Yukawa Memorial Foundation. It was conducted in collaboration with a researcher from the Tokyo Institute of Technology.
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Lives could be saved from tropical disease with new rapid test | ScienceDaily
Globally, more than half of patients die after infection with the neglected tropical disease, melioidosis, often before they are diagnosed. A new rapid test could save lives by diagnosing patients in hours, rather than several days taken by current bacterial culture methods, meaning they receive the correct antibiotics faster.


						
The test uses CRISPR to detect a genetic target that is specific to Burkholderia pseudomallei, the bacterium that causes melioidosis, with 93 per cent sensitivity. It was developed by researchers at the Mahidol-Oxford Tropical Medicine Research Unit (MORU), Chiang Mai University, Vidyasirimedhi Institute of Science and Technology (VISTEC) in Thailand, and the Wellcome Sanger Institute in the UK.

The results, published today (14 March) in Lancet Microbe, mean more lives could be saved from melioidosis, with a rapid, easy-to-use diagnostic test that could be rolled out globally.

Melioidosis is a neglected tropical disease that is estimated to affect 165,000 people worldwide each year, of whom 89,000 die from the disease. It is caused by the bacterium, Burkholderia pseudomallei, which lives in soil and water in tropical and subtropical regions, and enters human bodies via inoculation through skin abrasions, ingestion or inhalation.

It is difficult to diagnose melioidosis as symptoms vary from localised abscess or pneumonia to acute septicaemia, or may present as a chronic infection. As a result of this, and the locations of isolated communities in rural areas that it mostly affects, the disease remains hugely underreported.

Currently, melioidosis is diagnosed in patients after bacterial samples are cultured, which takes three to four days. In Thailand, approximately 40 per cent of patients with melioidosis die, many of whom die within the first one to two days following admission to hospital, while waiting for a diagnosis.

There is no licensed vaccine for melioidosis, but patients can be effectively treated with intravenous antibiotics -- ceftazidime or carbapenem -- during the first intensive phase of treatment. However, current practices often involve initially treating patients with a range of unnecessary antibiotics to target the various symptoms the disease produces, which can waste time and resources.




In a new study, the team set out to develop a new rapid test to reduce the time taken to correctly diagnose and treat patients with melioidosis.

The researchers identified a genetic target specific to B. pseudomallei byanalysing over 3,000 B. pseudomallei genomes, most of which were sequenced at the Sanger Institute. They searched for conserved regions of the genome and screened the targets against other pathogens and human host genomes, to ensure their chosen target was specific to B. pseudomallei.

Their test, called CRISPR-BP34, involves rupturing bacterial cells and using a recombinase polymerase amplification reaction to amplify the bacterial target DNA for increased sensitivity. Additionally, a CRISPR reaction is used to provide specificity, and a simple lateral flow 'dipstick' read-out is employed to confirm cases of melioidosis.

To assess the efficacy of the test, the team collected clinical samples from 114 patients with melioidosis and 216 patients without the disease at Sunpasitthiprasong Hospital, a hospital in northeast Thailand where melioidosis is endemic. The CRISPR-BP34 test was then applied to these samples.

The new test showed enhanced sensitivity at 93 per cent, compared to 66.7 per cent in bacterial culture methods. It also delivered results in less than four hours for urine, pus, and sputum samples, and within one day for blood samples. This is a significant improvement over the current bacterial culture diagnostic method, which typically takes three to four days.

This new rapid diagnostic test will enable health professionals to prescribe the correct antibiotics faster, meaning fewer patients will die while waiting for a diagnosis. While saving precious time, the new test will also save resources and money, with fewer unnecessary antibiotics prescribed and less time for patients in hospital.




In next steps for the team, they are currently designing randomised clinical trials to show the effectiveness of these tests in hospital settings. Plus, members of the team will begin investigating the role of human genetics in susceptibility and immune response to melioidosis infection.

Dr ClaireChewapreecha, co-lead author at the Mahidol-Oxford Tropical Medicine Research Unit (MORU), Thailand, and Wellcome Sanger Institute International Fellow, said: "Working in rural Thailand has many limitations. But we have shown that limitations breed innovation, and what succeeds here can succeed anywhere. I am so proud of the team behind this new, robust rapid diagnostic test for melioidosis, and hope that it can potentially be used anywhere in the world to get the right treatments to patients faster, ultimately saving lives."

Dr Somsakul Wongpalee, co-lead author at Chiang Mai University, Thailand, said: "We carefully designed the rapid diagnostic test based on CRISPR-BP34, with a robust algorithm, and tested its performance in vitro. We are thrilled that the CRISPR-BP34 test demonstrates outstanding diagnostic efficacy when tested on clinical samples, showcasing its potential to significantly impact patient outcomes and potentially save lives in the near future."

Professor Nick Thomson, senior author and Head of Parasites and Microbes at the Wellcome Sanger Institute, said: "This research is a testament to international collaboration and how the application of genomics at scale leads to clinical intervention. Using a genetic target mined from a bank of thousands of bacterial genomes, the team was able to produce an incredibly sensitive test that is specific to the bacterium behind melioidosis. I look forward to seeing the clinical impacts of this research."

Professor Nick Day, senior author and Director of the Mahidol-Oxford Tropical Medicine Research Unit (MORU), Thailand, and the Wellcome Trust Thailand Asia and Africa Programme, said: "Melioidosis has been neglected despite its high mortality rate and high incidence in many parts of Asia. Early diagnosis is essential so that the specific treatment required can be started as soon as possible. The new rapid diagnostic tool developed through this collaboration has the potential to be a game-changer."
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Unique way to track carbon emissions in bodies of water | ScienceDaily

"These sensors, adapted for highly dynamic flow like floods, allow us to see if a disproportionate amount of CO2 is transferred from land during short periods of time, and whether this can contribute significant emissions to the atmosphere," said Wilfred Wollheim, associate professor of natural resources and environment.

The study published in Limnology and Oceanography: Methods outlines how the researchers modified an existing sensor -- originally developed to measure dissolved carbon dioxide in oceans -- by adding a protective housing that accounted for changing water levels and unidirectional flow of running water. The researchers also chose materials known to limit damage to the sensor by microorganisms. The team plans to make these sensor modifications publicly available, allowing other scientists to use the design.

"After making these adaptations, we found the sensors to be quite reliable in measuring carbon dioxide in streams," said graduate student Drew Robison '21 and lead author. "We were able to differentiate between streams that were bigger sources of CO2 and start to examine when and why moments of high CO2 emissions occurred."

In addition to being able to accurately measure CO2 levels in streams and rivers, the researchers wanted to significantly increase the frequency at which emissions could be captured, helping to better understand the impacts of extreme precipitation events and other periods when there could be disruptions to normal observed water flow rates.

The researchers say this information could be particularly important in determining how land use choices may alter the CO2 regimes of streams and rivers. For example, if a forest is developed into a farm, or a suburban neighborhood, the sensors could help understand the mechanism of any change, such as altering stream metabolism or the runoff dynamics.

Wollheim has begun related sensor modification projects to measure carbon and nitrogen in other environments, including forests and agricultural lands. These sensors will focus on soil characteristics, potentially providing farmers and other land managers with almost real-time information for optimizing soil nutrients to support their farming operations and minimizing excess fertilizer applications that could lead to runoff and surplus nutrients in nearby lakes, ponds and other bodies of water.

This work was supported by the N.H. Agricultural Experiment Station through joint funding provided by the National Institute of Food and Agriculture and the state of New Hampshire, as well as funding from the National Science Foundation's Long Term Ecological Research program.
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Sulfur and the origin of life | ScienceDaily
Many artists have tried to depict what Earth might have looked like billions of years ago, before life made its appearance. Many scenes trade snow-covered mountains for lava-gushing volcanoes and blue skies for lightning bolts pummeling what's below from a hazy sky.


						
But what did early Earth actually look like? This question has been the subject of intense scientific research for decades.

A publication led by Sukrit Ranjan, an assistant professor in the University of Arizona's Lunar and Planetary Laboratory, shines a spotlight on sulfur, a chemical element that, while all familiar, has proved surprisingly resistant to scientific efforts in probing its role in the origin of life.

"Our picture of early Earth is pretty fuzzy," said Ranjan, who explores sulfur concentrations in early Earth's waters and atmosphere. The same processes that make our planet habitable -- liquid water and plate tectonics -- constantly destroy the rocks that hold Earth's geologic record, he argues. "It's great for us because it recycles nutrients that would otherwise be locked up in Earth's crust, but it's terrible for geologists in the sense that it removes the messengers."

Published in the journal AGU Advances in December, Ranjan's paper was selected as an editor's highlight, in recognition of "experiments that were extremely difficult to perform but provide constraints for ongoing laboratory prebiotic chemistry experiments."

At the core of efforts to pull back the curtain on the emergence of life on Earth has been a concept known as the "RNA world," Ranjan said, referring to ribonucleic acid, a class of molecules that are present in every living cell and crucial to life as we know it.

The RNA world hypothesis is based on an interesting feature of modern biology, which is that of the four major categories of biomolecules -- amino acids, carbohydrates, lipids and nucleic acids -- RNA is the only one that can perform the role of an enzyme and the storage and replication of genetic information, by making copies of itself, all by itself. There's just one problem: It's really hard to make.




"For about 50 years, people have tried to figure out how to make RNA without enzymes, which is how biology does it," Ranjan said, explaining that it wasn't until the last five years that researchers figured out non-enzymatic pathways to make RNA.

"If we can get RNA, then on the far horizon we see a pathway to get everything else going," he said. "And this begs the question: Was this molecule actually available earlier in any quantities whatsoever? And this is actually a major open question."

Recently, scientists have completed a half-century quest to make RNA molecules without biological enzymes, a huge step forward to demonstrating the RNA world. However, these chemical pathways all rely on a critical sulfur molecule, called sulfite. By studying rock samples from some of Earth's oldest rocks, scientists know there was plenty of sulfur to go around on the early, prebiotic Earth. But how much of it was in the atmosphere? How much of it ended up in water? And how much of it ended up as RNA-producing sulfite? Those are the questions Ranjan and his team set out to answer.

"Once it's in the water, what happens to it? Does it stick around for a long time, or does it go away quickly?" he said. "For modern Earth we know the answer -- sulfite loves to oxidize, or react with oxygen, so it'll go away super-fast."

By contrast, as geological evidence indicates, there was very little oxygen in early Earth's atmosphere, which could have allowed sulfite to accumulate and last much longer. However, even in the absence of oxygen, sulfite is very reactive, and many reactions could have scrubbed it from the early Earth environment.

One such reaction is known as disproportionation, a process by which several sulfites react with each other, turning them into sulfate, and elemental sulfur, which are not useful for origin-of-life chemistry. But how fast is this process? Would it have allowed for sufficient quantities of sulfites to build up to kickstart life?




"No one has actually looked into this in depth outside of other contexts, mainly wastewater management," Ranjan said.

His team then set out to investigate this problem under various conditions, an effort that took five years from designing the experiments to publishing the results.

"Of all the atoms that stock the prebiotic shipyard, including carbon, hydrogen, nitrogen, oxygen, phosphorus and sulfur, sulfur is perhaps the thorniest," wrote Sonny Harman of NASA's Ames Research Center, in a viewpoint article accompanying the publication. Because of its eagerness to enter into chemical reactions, "sulfur compounds tend to be more unstable, posing hazards to lab personnel and equipment, clogging up instrumentation and gumming up experiments."

A lab tech's nightmare

In their setup, Ranjan and his co-authors dissolved sulfite in water at various levels of acidity or alkalinity, locked it into a container under an oxygen-free atmosphere and let it "age," as Ranjan put it. Every week, the team measured the concentrations of various sulfites with ultraviolet light. At the end of the experiment, they subjected them to a suite of analyses, all geared toward answering a relatively simple question, he said: "Just how much of this original molecule is left, and what did it turn into?"

Sulfites, it turned out, disproportionate much slower than what conventional wisdom held. Earlier studies, for example, had floated the idea of a sulfur haze engulfing the early Earth, but Ranjan's team found that sulfites break down under ultraviolet light more quickly than expected. In the absence of an ozone layer during Earth's early days, this process, known as photolysis, would have quickly purged sulfur compounds from the atmosphere and the water, albeit not quite as efficiently as the abundant oxygen in today's world.

While it's plausible that slow disproportionation could have allowed sulfites to accumulate, photolysis would have made that very unlikely except in certain environments such as shallow water pools, shaded from UV radiation, particularly if fed by surface runoff to provide mineral shields. Examples include underground pools or closed basin carbonate lakes, drainage-less depressions where sediments accumulate but water can only leave by evaporation.

"Think bodies of water like the Great Salt Lake in Utah or Mono Lake in California," Ranjan said, adding that hydrothermal environments are emerging as hot candidates for life's first appearance. Here, groundwater carrying dissolved minerals comes into contact with heat from volcanic activity, creating unique micro-environments that offer "safe spaces" for chemical process that could not occur elsewhere.

Such places can be found at mid-ocean ridges in the deep sea, but also on land, Ranjan said.

"A modern-day example of this is Yellowstone National Park, where we find pools that accumulate lots of sulfite, despite the oxygen," he said, "and that can happen just because the sulfite is continually being replenished by volcanic outgassing."

The study provides opportunities to test the hypothesis of sulfite availability in the evolution of the first molecules of life experimentally, the authors point out. Ranjan said one field of research in particular has him excited -- phylogenetic microbiology, which uses genome analysis to reconstruct the blueprints of sulfur-using microorganisms believed to represent the oldest phyla on Earth.

There is evidence that these bacteria gain energy by reducing highly oxidized forms of sulfur to less oxidized ones. Intriguingly, Ranjan pointed out, they depend on a fairly complex enzyme machinery for the first step, reducing sulfate, sulfur's abundant "modern" form, to sulfite, suggesting these enzymes are the product of a long evolutionary process. In contrast, only one enzyme is involved in the conversion from sulfite -- the proposed key ingredient in "prebiotic puddle environments" -- to sulfide.

"If true, this implies that sulfite was present in the natural environment in at least some water bodies, similar to what we argue here," he said. "Geologists are just now turning to this. Can we use ancient rocks to test if they're rich in sulfite? We don't know the answer yet. This is still cutting-edge science."
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What kinds of seismic signals did Swifties send at LA concert? | ScienceDaily
Seattle may have experienced its own Swift Quake last July, but at an August 2023 concert Taylor Swift's fans in Los Angeles gave scientists a lot of shaking to ponder.


						
After some debate, a research team led by Gabrielle Tepp of Caltech concluded that it was likely the dancing and jumping motions of the audience at SoFi Stadium -- not the musical beats or reverberations of the sound system -- that generated the concert's distinct harmonic tremors.

In their study in Seismological Research Letters, Tepp and colleagues show how they were able to identify the seismic signature of individual songs and determine the strength of each song's tremor.

They even have a little bit of data on how Swift's concert stacks up -- seismically, that is -- against other Summer of 2023 SoFi concerts, including Metallica, Beyonce and Morgan Wallen.

The Seattle Swift quake prompted the California Office of Emergency Services to ask seismic network operators in the state to see if any interesting research might be generated at Swift's August concert dates in Los Angeles. Tepp's colleagues set up strong motion sensors at SoFi Stadium, analyzing data collected by those devices along with data from nearby permanent regional seismic network stations.

Previous research shows that "concert tremor" can be recorded as long-duration signals with narrowband, harmonic frequency peaks between 1 and 10 hertz. This kind of low-frequency signal looks like the harmonic tremor recorded from natural sources like volcanoes and human sources like trains.

One of the goals of the research team was to find a way to extract the concert's tremor signals from spectrograms. Spectrograms are graphs that display the strength of various signal frequencies over time. They are often used to display frequencies of sound waves, but they can also help seismologists visualize signals recorded by seismometers and other instruments.




For Tepp, who has studied volcanoes and is also a musician, the concert data was a great opportunity to test methods for detecting seismic signals in spectrograms. "For earthquakes, most of the time they're pretty sharp and easy to identify with waveforms, but when you have something like volcanoes where you have such a wide variety of signals, spectrograms can be really handy in helping to identify the different types of signals," she explained.

Each Swift song had a distinctive tremor signal, the researchers found. For Swift's August 5, 2023 concert, Tepp and colleagues were able to identify 43 of the 45 songs played within the recorded spectrograms.

They also calculated the radiated energy of each song and interpreted that number in terms of the local magnitude of an earthquake that would have radiated the same energy. The songs varied considerably in magnitude, with "Shake It Off" coming in at the largest local magnitude of 0.851. "Keep in mind this energy was released over a few minutes compared to a second for an earthquake of that size. Based on the maximum strength of shaking, the strongest tremor was equivalent to a magnitude -2 earthquake," Tepp said.

But where did all that harmonic tremor come from? "My gut feeling was that if you have a harmonic signal that is nice like these, it had to be from the music or the instruments or something," Tepp said.

Instead, the researchers found that the best explanation of their data was that the movement of the 70,000-plus crowd caused the harmonic tremor. To confirm this, the scientists performed a few experiments of their own. They played songs on a portable PA speaker next to a strong motion sensor. Tepp also plugged in her bass guitar to the speaker and played a simple repetitive beat. She even jumped up and down next to the sensor while rocking out to Swift's "Love Story."

The experimental data confirmed that it was motion and not music that was creating the harmonic tremor. "Even though I was not great at staying in the same place -- I ended up jumping around in a small circle, like at a concert -- I was surprised at how clear the signal came out," Tepp said.




Tepp was surprised that the bass beats "didn't make a harmonic signal, even though they were more accurately on the beat than my jumping."

She thinks that might have more to do with the signal shape -- the bass beats have a rounder, more emergent shape than the "spike" of a jump -- relative to the space between each beat or jump. This relationship "could have implications for why some seismic signals show up as harmonic in spectrograms while other similar ones do not."

The researchers used data pulled from the regional seismic network stations to look at the tremor created by the summer's other headliners at SoFi. Some of the most interesting data came from the Metallica concert.

"Other concerts had nice straight-line harmonic signals, but the signals from the Metallica concert were slanted and kind of weird looking," Tepp said. "We don't have a great explanation for that yet."

One explanation might be found in the fact that the beat rate for Swift's songs doesn't vary much between live and album performances, but Metallica's beat rates "are all over the map," she noted. Videos of the concerts also highlight differences between Swift's highly choreographed shows and Metallica's members wandering the stage.

"The tremor signals themselves are likely coming from the audience, but if the band is varying the beat or speed of songs as they go, maybe the audience is reacting differently," Tepp suggested.

Metallica also "had the weakest signals in terms of the strongest magnitude from each concert," she said.

"Metal fans like to headbang a lot, so they're not necessarily bouncing," Tepp added. "It might just be that the ways in which they move don't create as strong of a signal."
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AI for astrophysics: Algorithms help chart the origins of heavy elements | ScienceDaily
The origin of heavy elements in our universe is theorized to be the result of neutron star collisions, which produce conditions hot and dense enough for free neutrons to merge with atomic nuclei and form new elements in a split-second window of time. Testing this theory and answering other astrophysical questions requires predictions for a vast range of masses of atomic nuclei. Los Alamos National Laboratory scientists are front and center in using machine learning algorithms (an application of artificial intelligence) to successfully model the atomic masses of the entire nuclide chart -- the combination of all possible protons and neutrons that defines elements and their isotopes.


						
"Many thousands of atomic nuclei that have yet to be measured may exist in nature," said Matthew Mumpower, a theoretical physicist and co-author on several recent papers detailing atomic masses research. "Machine learning algorithms are very powerful, as they can find complex correlations in data, a result that theoretical nuclear physics models struggle to efficiently produce. These correlations can provide information to scientists about 'missing physics' and can in turn be used to strengthen modern nuclear models of atomic masses."

Simulating the rapid neutron-capture process

Most recently, Mumpower and his colleagues, including former Los Alamos summer student Mengke Li and postdoc Trevor Sprouse, authored a paper in Physics Letters B that described simulating an important astrophysical process with a physics-based machine learning mass model. The r process, or rapid neutron-capture process, is the astrophysical process that occurs in extreme environments, like those produced by neutron star collisions. Heavy elements may result from this "nucleosynthesis"; in fact, half of the heavy isotopes up to bismuth and all of thorium and uranium in the universe may have been created by the r process.

But modeling the r process requires theoretical predictions of atomic masses currently beyond experimental reach. The team's physics-informed machine-learning approach trains a model based on random selection from the Atomic Mass Evaluation, a large database of masses. Next the researchers use these predicted masses to simulate the r process. The model allowed the team to simulate r-process nucleosynthesis with machine-learned mass predictions for the first time -- a significant feat, as machine learning predictions generally break down when extrapolating.

"We've shown that machine learning atomic masses can open the door to predictions beyond where we have experimental data," Mumpower said. "The critical piece is that we tell the model to obey the laws of physics. By doing so, we enable physics-based extrapolations. Our results are on par with or outperform contemporary theoretical models and can be immediately updated when new data is available."

Investigating nuclear structures

The r-process simulations complement the research team's application of machine learning to related investigations of nuclear structure. In a recent article in Physical Review C selected as an Editor's Suggestion, the team used machine learning algorithms to reproduce nuclear binding energies with quantified uncertainties; that is, they were able to ascertain the energy needed to separate an atomic nucleus into protons and neutrons, along with an associated error bar for each prediction. The algorithm thus provides information that would otherwise take significant computational time and resources to obtain from current nuclear modeling.

In related work, the team used their machine learning model to combine precision experimental data with theoretical knowledge. These results have motivated some of the first experimental campaigns at the new Facility for Rare Isotope Beams, which seeks to expand the known region of the nuclear chart and uncover the origin of the heavy elements.
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'Junk DNA' no more: New method to identify cancers from repeat elements of genetic code | ScienceDaily
Repeats of DNA sequences, often referred to as "junk DNA" or "dark matter," that are found in chromosomes and could contribute to cancer or other diseases have been challenging to identify and characterize. Now, investigators at the Johns Hopkins Kimmel Cancer Center have developed a novel approach that uses machine learning to identify these elements in cancerous tissue, as well as in cell-free DNA (cfDNA) -- fragments that are shed from tumors and float in the bloodstream. This new method could provide a noninvasive means of detecting cancers or monitoring response to therapy. Machine learning is a type of artificial intelligence that uses data and computer algorithms to perform complex tasks and accelerate research.


						
In laboratory tests, the method, called ARTEMIS (Analysis of RepeaT EleMents in dISease) examined over 1,200 types of repeat elements comprising nearly half of the human genome, and identified that a large number of repeats not previously known to be associated with cancer were altered in tumor formation. The investigators also were able to identify changes in these elements in cfDNA, providing a way to detect cancer and determine where in the body it originated. A description of the work is to be published March 13 in Science Translational Medicine.

"When you think about existing cancer genes and the DNA sequences around them, they're just chock full of these repeats," says Victor E. Velculescu, M.D., Ph.D., a professor of oncology and co-director of the Cancer Genetics and Epigenetics Program at the Johns Hopkins Kimmel Cancer Center, who led the study with Akshaya Annapragada, an M.D./Ph.D. student at the Johns Hopkins University School of Medicine, and Robert Scharpf, Ph.D., an associate professor of oncology at Johns Hopkins.

"Until ARTEMIS, this dark matter of the genome was essentially ignored, but now we're seeing that these repeats are not occurring randomly," Velculescu says. "They end up being clustered around genes that are altered in cancer in a variety of different ways, providing the first glimpse that these sequences may be key to tumor development."

In a series of laboratory tests, the researchers first examined the distribution of 1.2 billion kmers (short sequences of DNA) defining unique repeats, finding them enriched in genes commonly altered in human cancers. For example, of 736 genes known to drive cancers, 487 contained an average fifteenfold higher than expected number of repeat sequences. These repeat sequences also were significantly increased in genes involved in cell signaling pathways that are commonly dysregulated in cancers.Using next-generation sequencing, technology that allows researchers to rapidly examine the sequences of entire genomes, the researchers also looked to see if repeat sequences were directly altered in cancers. They used ARTEMIS to analyze over 1,200 distinct types of repeat elements in tumor and normal tissues from 525 patients with different cancers participating in the Pan-Cancer Analysis of Whole Genomes (PCAWG), and found a median of 807 altered elements in each tumor. Nearly two-thirds of these elements (820 of 1,280) had not previously been observed as being altered in human cancers. Then, they used a machine-learning model to generate an ARTEMIS score for each sample to provide a summary of genome-wide repeat element changes that were predictive of cancer. ARTEMIS scores distinguished the 525 PCAWG participants' tumors from normal tissues with a high performance (AUC=0.96) across all cancer types analyzed, where 1 is a perfect score. Increased ARTEMIS scores were associated with shorter overall and progression-free survival regardless of tumor type.

The investigators next evaluated ARTEMIS' potential for noninvasive detection of cancer. They applied the tool to blood samples from 287 individuals with and without lung cancer participating in the Danish Lung Cancer Screening Study (LUCAS). ARTEMIS classified patients with lung cancer with an area under the curve (AUC) of 0.82. But when used with another method called DELFI (DNA evaluation of fragments for early interception) -- an assay previously developed by Velculescu, Scharpf and other members of their group that detects changes in the size and distribution of cfDNA fragments across the genome -- the combination model classified patients with lung cancer with an AUC of 0.91. Similar performance was observed in a group of 208 individuals at risk for liver cancer, in which ARTEMIS detected individuals with liver cancer among others with cirrhosis or viral hepatitis with an AUC of 0.87. When combined with DELFI, the AUC increased to 0.90.

Finally, they evaluated whether the ARTEMIS blood test could identify where in the body a tumor originated in patients with cancer. When trained with information from the PCAWG participants, the tool could classify the source of tumor tissues with an average 78% accuracy among 12 tumor types. The investigators then combined ARTEMIS and DELFI to assess blood samples from a group of 226 individuals with breast, ovarian, lung, colorectal, bile duct, gastric or pancreatic tumors. Here, the model correctly classified patients among the different cancer types with an average accuracy of 68%, which improved to 83% when the model was allowed to suggest two possible tumor types instead of a single cancer type.




"Our study shows that ARTEMIS can reveal genome-wide repeat landscapes that reflect dramatic underlying changes in human cancers," Annapragada says. "By illuminating the so-called 'dark genome,' the work offers unique insights into the cancer genome and provides a proof-of-concept for the utility of genome-wide repeat landscapes as tissue and blood-based biomarkers for cancer detection, characterization and monitoring."

Next steps are to evaluate the approach in larger clinical trials, says Velculescu: "You can imagine this could be used for early detection for a variety of cancer types, but also could have uses in other applications such as monitoring response to treatment or detecting recurrence. This is a totally new frontier."

Additional study co-authors were Noushin Niknafs, James R. White, Daniel C. Bruhm, Christopher Cherry, Jamie E. Medina, Vilmos Adleff, Carolyn Hruban, Dimitrios Mathios, Zachariah H. Foda and Jillian Phallen.

The work was supported in part by the Dr. Miriam and Sheldon G. Adelson Medical Research Foundation, Stand Up to Cancer (SU2C) in-Time Lung Cancer Interception Dream Team Grant, SU2C-Dutch Cancer Society International Translational Cancer Research Dream Team Grant (SU2C-AACR-DT1415), the Gray Foundation, The Honorable Tina Brozman Foundation, the Commonwealth Foundation, the Mark Foundation for Cancer Research, the Cole Foundation, a research grant from Delfi Diagnostics and U.S. National Institutes of Health grants CA121113, CA006973, CA233259, CA062924, CA271896 and 1T32GM136577.

Annapragada, Scharpf and Velculescu are inventors on patent applications submitted by The Johns Hopkins University related to genome-wide repeat landscapes in cancer and cfDNA. Annapragada, Bruhm, Adleff, Mathios, Foda, Phallen and Scharpf are inventors on patent applications submitted by The Johns Hopkins University related to cell-free DNA for cancer detection that have been licensed to Delfi Diagnostics. White is the founder and owner of Resphera Biosciences LLC and serves as a consultant to Personal Genome Diagnostics Inc. and Delfi Diagnostics Inc. Cherry is the founder and owner of CMCC Consulting. Phallen, Adleff and Scharpf are founders of Delfi Diagnostics, and Adleff and Scharpf are consultants for this organization.

Velculescu is a founder of Delfi Diagnostics, serves on the board of directors and owns Delfi Diagnostics stock, which is subject to certain restrictions under university policy. Additionally, The Johns Hopkins University owns equity in Delfi Diagnostics. Velculescu divested his equity in Personal Genome Diagnostics (PGDx) to LabCorp in February 2022. He is an inventor on patent applications submitted by The Johns Hopkins University related to cancer genomic analyses and cell-free DNA for cancer detection that have been licensed to one or more entities, including Delfi Diagnostics, LabCorp, Qiagen, Sysmex, Agios, Genzyme, Esoterix, Ventana and ManaT Bio. Under the terms of these license agreements, the university and inventors are entitled to fees and royalty distributions. Velculescu is also an adviser to Viron Therapeutics and Epitope. These arrangements have been reviewed and approved by The Johns Hopkins University in accordance with its conflict-of-interest policies.
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Asian aerosols' impact on Atlantic Meridional Overturning Circulation | ScienceDaily
Since the Atlantic Meridional Overturning Circulation (AMOC) was first monitored in 2004, it has been the focus of thousands of scientific papers and even a blockbuster movie that grossed more than $552 million worldwide.


						
New research is hoping to add another twist to the current conversation.

Published in Nature Communications, Increased Asian Aerosols Drive a Slowdown of Atlantic Meridional Overturning Circulation identifies the effect of aerosols over Asia on the AMOC, a complex system of currents in the Atlantic Ocean.

Jian Lu, Earth scientist at the Department of Energy's (DOE's) Pacific Northwest National Laboratory (PNNL), co-authored the article with a team of international scientists from the Ocean University of China and the Max Planck Institute for Meteorology in Germany.

Taking climate center stage

One parcel of water will take about 1,000 years to travel the full length of the AMOC. Often referred to as a conveyor belt, this complex system of currents brings warm water north and cold water south in the Atlantic Ocean, as well as important nutrients.

Lu describes the AMOC like a cell that is continuously turning over its warm layer with its cold layer, keeping the climate of the surrounding continents temperate. He correlates it to the ventilation system in your home. If the AMOC slows or shuts down, it's like turning off the heater in the middle of the winter.




As a crucial component of the Earth's climate, many scientists are scrambling to identify if the AMOC is slowing or if it's possibly close to a collapse.

Impact of anthropogenic aerosols

Lu first worked with Fukai Liu, lead author of the journal article, as a mentor when Liu was a doctoral student. Since then, they have collaborated on several projects, but Lu describes their latest collaboration as the most significant yet.

Scientists have shown that increasing greenhouse gases and the human-causing anthropogenic aerosols over North America and Europe are contributing factors to the AMOC slowdown. Examples of these aerosols include pollution from transportation, coal combustion, and manufacturing.

The impact of Asian aerosols from human activities has been unclear, making the authors' findings that these aerosols are slowing the AMOC significant. Using climate model simulations, they were able to show how the increased anthropogenic emission of aerosols from Asia, which shields the solar heating and cools the Earth's climate, reduces the AMOC's movements.

"Understanding how the Asian aerosols can have an impact 12,000 miles downstream, that finding made this research novel," said Lu. "It was something we didn't know before. The climate is full of surprises!"

The team used a combination of existing data from widely used tools, like the Detection and Attribution Model Intercomparison Project (DAMIP) and the Aerosol Chemistry Model Intercomparison Project (AerChemMIP).

The upshot of the study, the authors argue, is that reducing emissions of Asian anthropogenic aerosols will not only lower local air pollution but also help stabilize the AMOC.

Lu's work on the project was supported by the DOE Office of Science under the Biological and Environmental Research program as part of the Regional and Global Model Analysis program area.
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Robot ANYmal can do parkour and walk across rubble | ScienceDaily
ANYmal has for some time had no problem coping with the stony terrain of Swiss hiking trails. Now researchers at ETH Zurich have taught this quadrupedal robot some new skills: it is proving rather adept at parkour, a sport based on using athletic manoeuvres to smoothly negotiate obstacles in an urban environment, which has become very popular. ANYmal is also proficient at dealing with the tricky terrain commonly found on building sites or in disaster areas.


						
To teach ANYmal these new skills, two teams, both from the group led by ETH Professor Marco Hutter of the Department of Mechanical and Process Engineering, followed different approaches.

Exhausting the mechanical options

Working in one of the teams is ETH doctoral student Nikita Rudin, who does parkour in his free time. "Before the project started, several of my researcher colleagues thought that legged robots had already reached the limits of their development potential," he says, "but I had a different opinion. In fact, I was sure that a lot more could be done with the mechanics of legged robots."

With his own parkour experience in mind, Rudin set out to further push the boundaries of what ANYmal could do. And he succeeded, by using machine learning to teach the quadrupedal robot new skills. ANYmal can now scale obstacles and perform dynamic manoeuvres to jump back down from them.

In the process, ANYmal learned like a child would -- through trial and error. Now, when presented with an obstacle, ANYmal uses its camera and artificial neural network to determine what kind of impediment it's dealing with. It then performs movements that seem likely to succeed based on its previous training.

Is that the full extent of what's technically possible? Rudin suggests that this is largely the case for each individual new skill. But he adds that this still leaves plenty of potential improvements. These include allowing the robot to move beyond solving predefined problems and instead asking it to negotiate difficult terrain like rubble-strewn disaster areas.

Combining new and traditional technologies

Getting ANYmal ready for precisely that kind of application was the goal of the other project, conducted by Rudin's colleague and fellow ETH doctoral student Fabian Jenelten. But rather than relying on machine learning alone, Jenelten combined it with a tried-and-tested approach used in control engineering known as model-based control. This provides an easier way of teaching the robot accurate manoeuvres, such as how to recognise and get past gaps and recesses in piles of rubble. In turn, machine learning helps the robot master movement patterns that it can then flexibly apply in unexpected situations. "Combining both approaches lets us get the most out of ANYmal," Jenelten says.

As a result, the quadrupedal robot is now better at gaining a sure footing on slippery surfaces or unstable boulders. ANYmal is soon also to be deployed on building sites or anywhere that is too dangerous for people -- for instance to inspect a collapsed house in a disaster area.
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Tryptophan in diet, gut bacteria protect against E. coli infection | ScienceDaily
Gut bacteria and a diet rich in the amino acid tryptophan can play a protective role against pathogenic E. coli, which can cause severe stomach upset, cramps, fever, intestinal bleeding and renal failure, according to a study published March 13 in Nature.


						
The research reveals how dietary tryptophan -- an amino acid found mostly in animal products, nuts, seeds, whole grains and legumes -- can be broken down by gut bacteria into small molecules called metabolites. It turns out a few of these metabolites can bind to a receptor on gut epithelial (surface) cells, triggering a pathway that ultimately reduces the production of proteins that E. coli use to attach to the gut lining where they cause infection. When E. coli fail to attach and colonize the gut, the pathogen benignly moves through and passes out of the body.

The research describes a previously unknown role in the gut for a receptor, DRD2. DRD2 has otherwise been known as a dopamine (neurotransmitter) receptor in the central and peripheral nervous systems.

"It's actually two completely different areas that this receptor could play a role in, which was not appreciated prior to our findings," said Pamela Chang, associate professor of immunology in the College of Veterinary Medicine and of chemical biology in the College of Arts and Sciences. "We essentially think that DRD2 is moonlighting in the gut as a microbial metabolite sensor, and then its downstream effect is to help protect against infection."

Samantha Scott, a postdoctoral researcher in Chang's lab, is first author of the study, "Dopamine Receptor D2 Confers Colonization Resistance via Microbial Metabolites."

Now that Chang, Scott and colleagues have identified a specific pathway to help prevent E. coli infection, they may now begin studying the DRD2 receptor and components of its downstream pathway for therapeutic targets.

In the study, the researchers used mice infected with Citrobacter rodentium, a bacterium that closely resembles E. coli, since certain pathogenic E. coli don't infect mice. Through experiments, the researchers identified that there was less pathogen and inflammation (a sign of an active immune system and infection) after mice were fed a tryptophan-supplemented diet. Then, to show that gut bacteria were having an effect, they gave the mice antibiotics to deplete microbes in the gut, and found that the mice were infected by C. rodentium in spite of eating a tryptophan diet, confirming that protection from tryptophan was dependent on the gut bacteria.




Then, using mass spectrometry, they ran a screen to find the chemical identities of tryptophan metabolites in a gut sample, and identified three such metabolites that were significantly increased when given a tryptophan diet. Again, based on pathogen levels and inflammation, when these three metabolites alone were fed to the mice, they had the same protective effect as giving the mice a full tryptophan diet.

Switching gears, the researchers used bioinformatics to find which proteins (and receptors) might bind to the tryptophan metabolites, and from a long list they identified three related receptors within the same family of dopamine receptors. Using a human intestinal cell line in the lab, they were able to isolate receptor DRD2 as the one that had the protective effect against infection in the presence of tryptophan metabolites.

Having identified the metabolites and the receptor, they analyzed the downstream pathway of DRD2 in human gut epithelial cells. Ultimately, they found that when the DRD2 pathway was activated, the host's ability to produce an actin regulatory protein was compromised. C. rodentium (and E. coli) require actin to attach themselves to gut epithelial cells, where they colonize and inject virulence factors and toxins into the cells that cause symptoms. But without actin polymerization they can't attach and the pathogen passes through and clears.

The experiments revealed a new role of dopamine receptor DRD2 in the gut that controls actin proteins and affects a previously unknown pathway for preventing a pathogenic bacteria's ability to colonize the gut.

Jingjing Fu, a former postdoctoral researcher in Chang's lab, is a co-author.

The study was supported by the Arnold and Mabel Beckman Foundation, a President's Council of Cornell Women Affinito-Stewart Grant, the National Institutes of Health and a Cornell Institute of Host-Microbe Interactions and Disease Postdoctoral Fellowship.
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Cheers! NASA's Webb finds ethanol, other icy ingredients for worlds | ScienceDaily
What do margaritas, vinegar, and ant stings have in common? They contain chemical ingredients that NASA's James Webb Space Telescope has identified surrounding two young protostars known as IRAS 2A and IRAS 23385. Although planets are not yet forming around those stars, these and other molecules detected there by Webb represent key ingredients for making potentially habitable worlds.


						
An international team of astronomers used Webb's MIRI (Mid-Infrared Instrument) to identify a variety of icy compounds made up of complex organic molecules like ethanol (alcohol) and likely acetic acid (an ingredient in vinegar). This work builds on previous Webb detections of diverse ices in a cold, dark molecular cloud.

What is the origin of complex organic molecules (COMs) ?

"This finding contributes to one of the long-standing questions in astrochemistry," said team leader Will Rocha of Leiden University in the Netherlands. "What is the origin of complex organic molecules, or COMs, in space? Are they made in the gas phase or in ices? The detection of COMs in ices suggests that solid-phase chemical reactions on the surfaces of cold dust grains can build complex kinds of molecules."

As several COMs, including those detected in the solid phase in this research, were previously detected in the warm gas phase, it is now believed that they originate from the sublimation of ices. Sublimation is to change directly from a solid to a gas without becoming a liquid. Therefore, detecting COMs in ices makes astronomers hopeful about improved understanding of the origins of other, even larger molecules in space.

Scientists are also keen to explore to what extent these COMs are transported to planets at much later stages of protostellar evolution. COMs in cold ices are thought to be easier to transport from molecular clouds to planet-forming disks than warm, gaseous molecules. These icy COMs can therefore be incorporated into comets and asteroids, which in turn may collide with forming planets, delivering the ingredients for life to possibly flourish.

The science team also detected simpler molecules, including formic acid (which causes the burning sensation of an ant sting), methane, formaldehyde, and sulfur dioxide. Research suggests that sulfur-containing compounds like sulfur dioxide played an important role in driving metabolic reactions on the primitive Earth.




Similar to the early stages of our own solar system?

Of particular interest is that one of the sources investigated, IRAS 2A, is characterized as a low-mass protostar. IRAS 2A may therefore be similar to the early stages of our own solar system. As such, the chemicals identified around this protostar were likely present in the first stages of development of our solar system and later delivered to the primitive Earth.

"All of these molecules can become part of comets and asteroids and eventually new planetary systems when the icy material is transported inward to the planet-forming disk as the protostellar system evolves," said Ewine van Dishoeck of Leiden University, one of the coordinators of the science program. "We look forward to following this astrochemical trail step-by-step with more Webb data in the coming years."

These observations were made for the JOYS+ (James Webb Observations of Young ProtoStars) program. The team dedicated these results to team member Harold Linnartz, who unexpectedly passed away in December 2023, shortly after the acceptance of this paper.

This research has been accepted for publication in the journal Astronomy & Astrophysics.
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Ready for the storm: Researchers analyze infrastructure, demographics to see where tornadoes are most disruptive | ScienceDaily
The warning time before a tornado touches down is measured in minutes. Long-term planning on the sunny days when tornadoes aren't a threat is crucial for preparing for and recovering from these storms.


						
Research led by Eren Ozguven, director of the Resilient Infrastructure and Disaster Response Center (RIDER) and a professor at the FAMU-FSU College of Engineering, examined demographics, infrastructure and more than seven decades of weather data to determine which places in Kentucky are most vulnerable to these natural disasters. The research was published by Sustainability.

"Tornadoes hit quickly, so preparing for them is key," Ozguven, said. "You need to have plans ready, on an individual and government level. Our research shows where these storms are likely to have the greatest impact on people."

Ozguven's team used geographic information systems software to combine variables such as frequency of tornadoes, transportation infrastructure, household income and other factors to determine where populations are likely to have the resources to be more resilient and where these storms will be more disruptive.

The information they found can help local and state governments identify regions with vulnerable communities and fragile transportation networks, helping to pinpoint where finite resources can be used most effectively for handling debris, community preparedness and other recovery and preparation endeavors.

The team analyzed data from Kentucky because of the state's history with tornadoes, including a 2021 outbreak in western Kentucky that killed more than 50 people. But the methodology could be expanded to other places, including Florida, Ozguven said.

The places affected by tornadoes are changing as climate change alters the frequency, intensity and location of these storms. That makes up-to-date information about where they are most likely to hit and cause major impacts important for planning. The Florida Panhandle saw multiple tornadoes in January 2024 that caused destroyed homes, toppled trees and injured several people.

Further development of the methodology created by Ozguven and his team could also incorporate the damage caused by tornadoes, creating a fuller picture of the disruption caused by these storms.

This project was funded by the Natural Hazards Center, a National Science Foundation information clearinghouse for the societal dimensions of hazards and disasters.

Co-authors were Mehmet Burak Kaya, a graduate research assistant at RIDER, Onur Alisan, a postdoctoral researcher at RIDER, and Alican Karaer, a former doctoral student at RIDER who is now a researcher at Iteris.
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Interactions with dogs can increase brainwaves associated with stress relief and heightened concentration | ScienceDaily
Spending quality time with dogs reduces stress and increases the power of brain waves associated with relaxation and concentration, according to a study published on March 13, 2024 in the open-access journal PLOS ONE by Onyoo Yoo from Konkuk University, South Korea, and colleagues.


						
Animal-assisted interventions, like canine therapy, are widely used in hospitals, schools, and beyond to help reduce anxiety, relieve stress, and foster feelings of trust. Studies of the potential benefits of animal interactions often take a holistic approach, comparing people's mood or hormone levels before and after spending time with a service animal. But this approach doesn't differentiate between types of interactions, like grooming, feeding, or playing with an animal, limiting our understanding of how each specific interaction impacts a person's health and well-being. To better understand how such animal-related activities affect mood, Yoo and colleagues recruited a small sample of 30 adult participants to each perform eight different activities with a well-trained dog, such as playing with a hand-held toy, giving her treats, and taking pictures with her. Participants wore electroencephalography (EEG) electrodes to record electrical activity from the brain while they interacted with the dog, and they recorded their subjective emotional state immediately following each activity.

The relative strength of alpha-band oscillations in the brain increased while participants played with and walked the dog, reflecting a state of relaxed wakefulness. When grooming, gently massaging, or playing with the dog, relative beta-band oscillation strength increased, a boost typically linked to heightened concentration. Participants also reported feeling significantly less fatigued, depressed, and stressed after all dog-related activities.

While not all participants had pets of their own, their fondness for animals likely motivated their willingness to participate in the experiment, potentially biasing the results. Nonetheless, the authors state that the unique relationships between specific activities and their physiological effects could serve as a reference for programming targeted animal-assisted interventions in the future.

The authors add: "This study provides valuable information for elucidating the therapeutic effects and underlying mechanisms of animal-assisted interventions."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/03/240313185025.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



The future is likely less skiable, thanks to climate change | ScienceDaily
Annual snow cover days in all major skiing regions are projected to decrease dramatically as a result of climate change, with 1 in 8 ski areas losing all natural snow cover this century under high emission scenarios. These results are published in a new study in the open-access journal PLOS ONE by Veronika Mitterwallner from the University of Bayreuth, Germany and colleagues.


						
Popular skiing destinations experience the impacts of climate change, which include reduced snowfall in regions around the world. Despite the social, economic, and ecological significance of the skiing industry, little research exists on how ski area distributions are affected by climate change globally. Existing studies are small-scale and focused on Europe, North America, and Australia.

Mitterwallner and colleagues examined the impact of climate change on annual natural snow cover in seven major skiing regions: the European Alps, Andes Mountains, Appalachian Mountains, Australian Alps, Japanese Alps, Southern Alps (located in New Zealand), and Rocky Mountains.

The researchers identified specific skiing locations within these seven regions using OpenStreetMap. As the largest global ski market, the European Alps accounted for 69% of these areas. The researchers also used the public climate database CHELSA, enabling them to predict annual snow cover days for each ski area for 2011-2040, 2041-2070, and 2071-2100 under low, high, and very high carbon emissions scenarios.

Under the high emissions scenario, 13% of ski areas are predicted to lose all natural snow cover by 2071-2100 relative to their historic baselines. Twenty percent will lose more than half of their snow cover days per year. By 2071-2100, average annual snow cover days were predicted to decline most in the Australian Alps (78%) and Southern Alps (51%), followed by the Japanese Alps (50%), Andes (43%), European Alps (42%), and Appalachians (37%), with the Rocky Mountains predicted to experience the least decline at 23% relative to historic baselines.

The researchers state that diminishing snow cover may prompt ski resorts to move or expand into less populated areas, potentially threatening alpine plants and animals already under climate-induced strain. Resorts favoring faux snow may rely on "technical snowmaking" practices like artificial snow production, but regardless, the authors predict that the economic profitability of ski resorts will fall globally.

The authors add: "This study demonstrates significant future losses in natural snow cover of current ski areas worldwide, indicating spatial shifts of ski area distributions, potentially threatening high-elevation ecosystems."
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Supply chain disruptions will further exacerbate economic losses from climate change | ScienceDaily
Global GDP loss from climate change will increase exponentially the warmer the planet gets when its cascading impact on global supply chains is factored in, finds a new study led by UCL researchers.


						
The study, published in Nature, is the first to chart "indirect economic losses" from climate change on global supply chains that will affect regions that would have been less affected by projected warming temperatures.

These previously unquantified disruptions in supply chains will further exacerbate projected economic losses due to climate change, bringing a projected net economic loss of between $3.75 trillion and $24.7 trillion in adjusted 2020 dollars by 2060, depending on how much carbon dioxide gets emitted.

Senior author Professor Dabo Guan (UCL Bartlett School of Sustainable Construction) said: "These projected economic impacts are staggering. These losses get worse the more the planet warms, and when you factor in the effects on global supply chains it shows how everywhere is at economic risk."

As the global economy has grown more interconnected, disruptions in one part of the world have knock-on effects elsewhere in the world, sometimes in unexpected ways. Crop failures, labour slowdowns and other economic disruptions in one region can affect the supplies of raw materials flowing to other parts of the world that depend on them, disrupting manufacturing and trade in faraway regions. This is the first study to analyse and quantify the propagation of these disruptions from climate change, as well as their economic impacts.

As the Earth warms, the worse off economically it becomes, with compounding damage and economic losses climbing exponentially as time goes on and the hotter it gets. Climate change disrupts the global economy primarily by health costs from people suffering from heat exposure, work stoppages when it's too hot to work, and economic disruptions cascading through supply chains.

The researchers compared expected economic losses across three projected global warming scenarios, called "Shared Socioeconomic Pathways," based on low, medium and high projected global emissions levels. The best-case scenario would see global temperatures rise by only 1.5 degrees C over preindustrial levels by 2060, the middle track, which most experts believe Earth is on now, would see global temperatures rise by around 3 degrees C, and the worst-case scenario would see global temperatures rise by 7 degrees C.




By 2060, projected economic losses will be nearly five times as much under the highest emissions path than the lowest, with economic losses getting progressively worse the warmer it gets. By 2060, total GDP losses will amount to 0.8% under 1.5 degrees of warming, 2.0% under 3 degrees of warming and 3.9% under 7 degrees of warming.

The team calculated that supply chain disruptions also get progressively worse the warmer the climate gets, accounting for a greater and greater proportion of economic losses. By 2060, supply chain losses will amount to 0.1% of total global GDP (13% of the total GDP lost) under 1.5 degrees of warming, 0.5% of total GDP (25% of the total GDP lost) under 3 degrees, and 1.5% of total GDP (38% of the total GDP lost) under 7 degrees.

Co-lead author, Dr Daoping Wang of King's College London, said: "The negative impacts of extreme heat sometimes occur quietly on global supply chains, even escaping our notice altogether. Our developed Disaster Footprint model tracks and visually represents these impacts, underlining the imperative for global collaborative efforts in adapting to extreme heat."

For example, although extreme heat events occur more often in low-latitude countries, high-latitude regions, such as Europe or the United States, are also at significant risk. Future extreme heat is likely to cost Europe and the US about 2.2% and about 3.5% of their GDP respectively under the high emission scenario. The UK would lose about 1.5% of its GDP, with chemical products, tourism and electrical equipment industries suffering the greatest losses. Some of these losses originate from supply chain fluctuations caused by extreme heat in countries close to the equator.

The direct human cost is likewise significant. Even under the lowest path, 2060 will see 24% more days of extreme heatwaves and an additional 590,000 heatwave deaths annually, while under the highest path there would be more than twice as many heatwaves and an expected 1.12 million additional annual heatwave deaths. These impacts will not be evenly distributed around the world, but countries situated near to the equator will bear the brunt of climate change, particularly developing countries.

Co-lead author, Yida Sun from Tsinghua University said: "Developing countries suffer disproportionate economic losses compared to their carbon emissions. As multiple nodes in developing countries are hit simultaneously, economic damage can spread rapidly through the global value chain."

The researchers highlighted two illustrative examples of industries that are part of supply chains at risk from climate change: Indian food production and tourism in the Dominican Republic.




The Indian food industry is heavily reliant on imports of fats and oils from Indonesia and Malaysia, Brazilian sugar, as well as vegetables, fruits and nuts from Southeast Asia and Africa. These supplier countries are among those most affected by climate change, diminishing India's access to raw materials, which will diminish its food exports. As a result, the economies of countries reliant on these foods will feel the pinch of diminished supply and higher prices.

The Dominican Republic is expected to see a decline in its tourism as its climate grows too warm to attract vacationers. A nation whose economy is heavily reliant on tourism, this slowdown will hurt tourism-reliant industries including manufacturing, construction, insurance, financial services, and electronic equipment.

Professor Guan said: "This research is an important reminder that preventing every additional degree of climate change is critical. Understanding what nations and industries are most vulnerable is crucial for devising effective and targeted adaption strategies."
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Menopause explains why some female whales live so long | ScienceDaily
Females of some whale species have evolved to live drastically longer lives so they can care for their families, new research shows.


						
The study focussed on five whale species that -- along with humans -- are the only mammals known to go through menopause.

The findings show that females of these whale species that experience menopause live around 40 years longer than other female whales of a similar size.

By living longer without extending their "reproductive lifespan" (the years in which they breed), these females have more years to help their children and grandchildren, without increasing the "overlap" period when they compete with their daughters by breeding and raising calves at the same time.

This new research shows that -- despite being separated by 90 million years of evolution -- whales and humans show remarkably similar life histories, which have evolved independently.

The study was carried out by the universities of Exeter and York, and the Center for Whale Research.

"The process of evolution favours traits and behaviours by which an animal passes its genes to future generations," said lead author Dr Sam Ellis, from the University of Exeter.




"The most obvious way for a female to do this is to breed for the entire lifespan -- and this is what happens in almost all animal species. There are more than 5,000 mammal species, and only six are known to go through menopause.

"So the question is: how and why did menopause evolve? Our study provides some of the answers to this fascinating puzzle."

Menopause is known to exist in five species of toothed whale: short-finned pilot whales, false killer whales, killer whales, narwhals and beluga whales.

As well as outliving females of other similar-sized species, females in these five species outlive the males of their own species. For example, female killer whales can live into their 80s, while males are typically dead by 40.

"The evolution of menopause and a long post-reproductive life could only happen in very specific circumstances," said Professor Darren Croft, of the University of Exeter and Executive Director at the Center for Whale Research

"Firstly, a species must have a social structure in which females spend their lives in close contact with their offspring and grand-offspring.




"Secondly, the females must have an opportunity to help in ways that improve the survival chances of their family. For example, female toothed whales are known to share food and use their knowledge to guide the group to find food when it is in short supply."

Professor Dan Franks, from the University of York, said: "Previous research on menopause evolution has tended to focus on single species, typically humans or killer whales.

"This study is the first to cross several species, enabled by the recent discovery of menopause in multiple species of toothed whales.

"Our study provides evidence that menopause evolved by expanding female lifespan beyond their reproductive years, rather than from reduced reproductive lifespan.

"This is a question that has long been asked in anthropology, but can only be directly answered with a comparative study."

Commenting on parallels with the evolution of menopause in humans, Professor Croft added: "It's fascinating that we share this life history with a taxonomic group we're so different from.

"Despite these differences, our results show that humans and toothed whales show convergent life history -- just like in humans, menopause in toothed whales evolved by selection to increase the total lifespan without also extending their reproductive lifespan."

The study was funded by the Leverhulme Trust and the Natural Environment Research Council (NERC).

The paper, published in the journal Nature, is entitled: "The evolution of menopause in toothed whales."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/03/240313135632.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Innovative approaches for addressing difficult topics in K-12 schools | ScienceDaily
Three peer-reviewed journals have recently published research papers by Penn State's Hammel Family Human Rights Initiative. The papers illustrate how the initiative's programs help K-12 educators address difficult issues such as racism.


						
The three journals that published the initiative papers are School-University Partnerships, Journal of Practitioner Research and Journal of Teacher Education. JTE, as it's known, is widely considered the top-ranked research journal in the field of teacher education. Some of the scholars who independently reviewed the papers described the initiative's research-based, nonpartisan approach, which combines practitioner inquiry with trauma-informed and asset-based practices, as novel, innovative and widely needed.

"We spend a great deal of energy and time conducting rigorous research into our work for several reasons," said Boaz Dvir, the initiative's director and an associate professor in the Donald P. Bellisario College of Communications. "These include improving our programs, strengthening our approach, collaborating with partners and participants, and sharing our findings with the world so others can challenge and/or adopt our approach."

The initiative partners with educational entities such as school districts to offer customized professional learning opportunities to K-12 educators in Pennsylvania and around the country. Program participants identify difficult issues in their curriculum or setting, come up with compelling questions about these issues, seek credible sources, collect and analyze data, investigate their findings with colleagues and initiative facilitators, and design and implement classroom- or school-application plans.

The initiative offers year- and semester-long programs, workshops and asynchronous, self-paced online modules.

To examine the initiative's yearlong program, the researchers interviewed participating teachers, generated field notes, collected program artifacts, reviewed teachers' lesson plans and conducted classroom observations.

The core research team included Dvir; initiative affiliate faculty member Logan Rutten, a University of North Dakota assistant professor; and Danielle Butville, the initiative's assistant director. The team collaborated with educators from Pennsylvania's Red Lion Area School District -- Wendy Smith, a veteran fifth-grade teacher, and Eric Wilson, who at the time served as the district's chief instructional officer -- to co-author two of the publications.




All three journals provide open access, so readers can download the papers for free. As much as possible, the initiative aims to publish its research in such accessible spaces.

"These papers carve a distinctive niche in the research on teachers' professional learning," Rutten said. "At a time when many teachers are seeking support to address the difficult topics they face in their curriculum and school communities, our research clearly illustrates how inquiry-based approaches can offer a hopeful path forward."

The initiative team continues to examine various key aspects of its work.

"In our ongoing and future research, we are studying the impact of our programs on collective K-12 teachers' efficacy and students' learning experiences, as well as our learning as facilitators and teacher educators," Butville said.

Based in Penn State's Bellisario College, the Hammel Family Human Rights Initiative and the Holocaust, Genocide and Human Rights Education Initiative offer intensive professional learning programs throughout Pennsylvania and around the country to support educators in their instruction of a variety of difficult issues.
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Explaining a supernova's 'string of pearls' | ScienceDaily
Physicists often turn to the Rayleigh-Taylor instability to explain why fluid structures form in plasmas, but that may not be the full story when it comes to the ring of hydrogen clumps around supernova 1987A, research from the University of Michigan suggests.


						
In a study published in Physical Review Letters, the team argues that the Crow instability does a better job of explaining the "string of pearls" encircling the remnant of the star, shedding light on a longstanding astrophysical mystery.

"The fascinating part about this is that the same mechanism that breaks up airplane wakes could be in play here," said Michael Wadas, corresponding author of the study and a graduate student in mechanical engineering at the time of the work.

In jet contrails, the Crow instability creates breaks in the smooth line of clouds because of the spiraling airflow coming off the end of each wing, known as wingtip vortices. These vortices flow into one another, creating gaps -- something we can see because of the water vapor in the exhaust. And the Crow instability can do something that Rayleigh-Taylor could not: predict the number of clumps seen around the remnant.

"The Rayleigh-Taylor instability could tell you that there might be clumps, but it would be very difficult to pull a number out of it," said Wadas, who is now a postdoctoral scholar at the California Institute of Technology.

Supernova 1987A is among the most famous stellar explosions because it's relatively close to Earth at 163,000 light years away, and its light reached Earth at a time when sophisticated observatories existed to witness its evolution. It is the first supernova visible to the naked eye since Kepler's supernova in 1604, making it an incredibly rare astrophysical event that has played an outsized role in shaping our understanding of stellar evolution.

While much is still unknown about the star that exploded, it is believed that the ring of gas surrounding the star ahead of the explosion came from the merger of two stars. Those stars shed hydrogen into the space around them as they became a blue giant tens of thousands of years before the supernova. That ring-shaped cloud of gas was then buffeted by the stream of high-speed charged particles coming off the blue giant, known as a stellar wind. The clumps are believed to have formed before the star exploded.




The researchers simulated the way the wind pushed the cloud outward while also dragging on the surface, with the top and bottom of the cloud being pushed out faster than the middle. This caused the cloud to curl in on itself, which triggered the Crow instability and caused it to break apart into fairly even clumps that became the string of pearls. The prediction of 32 is very close to the observed 30 to 40 clumps around the supernova 1987A remnant.

"That's a big piece of why we think this is the Crow instability," said Eric Johnsen, U-M professor of mechanical engineering and senior author of the study.

The team saw hints that the Crow instability might predict the formation of more beaded rings around the star, further out from the ring that appears brightest in telescope images. They were pleased to see that more clumps seem to appear in the shot from the James Webb Space Telescope's near-infrared camera, released in August last year, Wadas explained.

The team also suggested that the Crow instability might be at play when the dust around a star settles into planets, although further research is needed to explore this possibility.

The study was supported by the Department of Energy, with computing resources provided by the Extreme Science and Engineering Discovery Environment

Co-authors of the study are: William White and Aaron Towne, a graduate student and an assistant professor in mechanical engineering, respectively; and Heath LeFevre and Carolyn Kuranz, a research fellow and an associate professor of nuclear engineering and radiological sciences, respectively; all at U-M.
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Marine heat waves disrupt the ocean food web in the northeast Pacific Ocean | ScienceDaily
Marine heat waves in the northeast Pacific Ocean create ongoing and complex disruptions of the ocean food web that may benefit some species but threaten the future of many others, a new study has shown.


						
The study, just published in the journal Nature Communications, is the first of its kind to examine the impacts of marine heat waves on the entire ocean ecosystem in the northern California Current, the span of waters along the West Coast from Washington to Northern California.

The researchers found that the biggest beneficiary of marine heat waves is gelatinous zooplankton -- predominantly cylindrical-shaped pyrosomes that explode in numbers following a marine heat wave and shift how energy moves throughout the food web, said lead author Dylan Gomes, who worked on the study as a postdoctoral scholar with Oregon State University's Marine Mammal Institute.

"If you look at single species interactions, you're likely to miss a lot," Gomes said. "The natural effects of a disturbance are not necessarily going to be straightforward and linear. What this showed us is that these heat waves impact every predator and prey in the ecosystem through direct and indirect pathways."

The project was a collaboration by Oregon State University and the National Oceanic and Atmospheric Administration. Joshua Stewart, an assistant professor with the Marine Mammal Institute, mentored Gomes and co-authored the paper.

"What I found both alarming and fascinating is the extent to which these pyrosomes absorb all of the energy in the system," Stewart said. "Because nothing else really eats the pyrosomes, they just become this dead end, and that energy is not available for anyone else in the ecosystem."

Marine heat waves are periods of prolonged, unusually warm ocean temperatures. The prevalence and intensity of marine heat waves is increasing around the globe. While the impacts of these heat waves on marine species have been well-documented on individual and population levels, the effects on the entire ecosystem have not been well understood, Gomes said.




To gain a more holistic view of the impact of marine heat waves, Gomes updated an end-to-end ecosystem model with new data on marine life throughout the ocean food web that was collected during local biological surveys.

He then compared how the food web worked before and after a recent spate of marine heat waves, including a large, well-documented event in 2013-2014 known as "the blob." Much of the new data used in the model was collected following that event as researchers tried to better understand its impacts.

Some of the impacts were predictive -- pyrosomes, for example, are known to thrive in warmer waters -- but the analysis also showed that the ecosystem functions in ways that are not intuitive, Gomes said.

For example, the modeling showed how the dominance of pyrosomes drew energy out of the food web. That loss of energy is most likely to affect fish and marine mammals that are higher up the food chain, potentially impacting economically important fisheries and recovery efforts for threatened or endangered species, Stewart said.

Huge influxes of pyrosomes in the waters and on beaches in the Pacific Northwest in 2017 and 18 drew widespread public attention. Data from those events was included in the updated model.

The updated model used in the study could help commercial fisheries adapt harvest strategies that are impacted when fish commonly found in one area move to escape the encroaching warm water or their populations drop due to lack of available food following a marine heatwave.




Numbers of Pacific jack mackerel, for example, have increased following marine heat waves, but so far, fisheries have not shifted to catching them, the researchers noted.

The researchers' methods could also provide a template for future research to understand the impact of these events elsewhere, Gomes said.

Additional coauthors of the paper are James Ruzicka of NOAA's Pacific Islands Fisheries Science Center and Lisa Crozier, David Huff and Richard Brodeur of NOAA's Northwest Fisheries Science Center. Gomes is now with U.S. Geological Survey.

The Marine Mammal Institute is part of Oregon State's College of Agricultural Sciences and is based at Hatfield Marine Science Center in Newport. NOAA's Northwest Fisheries Science Center also has a research station at Hatfield.
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Giant volcano discovered on Mars | ScienceDaily
In a groundbreaking announcement at the 55th Lunar and Planetary Science Conference held in The Woodlands, Texas, scientists revealed the discovery of a giant volcano and possible sheet of buried glacier ice in the eastern part of Mars' Tharsis volcanic province, near the planet's equator. Imaged repeatedly by orbiting spacecraft around Mars since Mariner 9 in 1971 -- but deeply eroded beyond easy recognition, the giant volcano had been hiding in plain sight for decades in one of Mars' most iconic regions, at the boundary between the heavily fractured maze-like Noctis Labyrinthus (Labyrinth of the Night) and the monumental canyons of Valles Marineris (Valleys of Mariner).


						
Provisionally designated "Noctis volcano" pending an official name, the structure is centered at 7deg 35' S, 93deg 55' W. It reaches +9022 meters (29,600 feet) in elevation and spans 450 kilometers (280 miles) in width. The volcano's gigantic size and complex modification history indicate that it has been active for a very long time. In its southeastern part lies a thin, recent volcanic deposit beneath which glacier ice is likely still present. This combined giant volcano and possible glacier ice discovery is significant, as it points to an exciting new location to study Mars' geologic evolution through time, search for life, and explore with robots and humans in the future.

"We were examining the geology of an area where we had found the remains of a glacier last year when we realized we were inside a huge and deeply eroded volcano," said Dr. Pascal Lee, planetary scientist with the SETI Institute and the Mars Institute based at NASA Ames Research Center, and the lead author of the study.

Several clues, taken together, give away the volcanic nature of the jumble of layered mesas and canyons in this eastern part of Noctis Labyrinthus. The central summit area is marked by several elevated mesas forming an arc, reaching a regional high and sloping downhill away from the summit area. The gentle outer slopes extend out to 225 kilometers (140 miles) away in different directions. A caldera remnant -- the remains of a collapsed volcanic crater once host to a lava lake -- can be seen near the center of the structure. Lava flows, pyroclastic deposits (made of volcanic particulate materials such as ash, cinders, pumice and tephra) and hydrated mineral deposits occur in several areas within the structure's perimeter.

"This area of Mars is known to have a wide variety of hydrated minerals spanning a long stretch of Martian history. A volcanic setting for these minerals had long been suspected. So, it may not be too surprising to find a volcano here," explained Sourabh Shubham, a graduate student at the University of Maryland's Department of Geology and the study's co-author. "In some sense, this large volcano is a long-sought 'smoking gun'."

In addition to the volcano, the study reports the discovery of a large, 5000 square kilometer (1930 square mile) area of volcanic deposits within the volcano's perimeter presenting a large number of low, rounded and elongated, blister-like mounds. This "blistered terrain" is interpreted to be a field of "rootless cones," mounds produced by explosive steam venting or steam swelling when a thin blanket of hot volcanic materials comes to rest on top of a water or ice-rich surface.

Just a year ago, Lee, Shubham and their colleague John W. Schutt had identified the spectacular remains of a glacier -- or "relict glacier" -- through a sizeable erosional opening in the same volcanic blanket, in the form of a light-toned deposit (LTD) of sulfate salt with the morphologic traits of a glacier. The sulfate deposit, made mainly of jarosite, a hydrous sulfate, was interpreted to have formed when the blanket of volcanic pyroclastic materials came to rest on a glacier and reacted chemically with the ice. Breached rootless cones identified in the current study show similar occurrences of polyhydrated sulfates, further suggesting the blistered volcanic blanket may be hiding a vast sheet of glacier ice underneath it.




The Noctis volcano presents a long and complex history of modification, possibly from a combination of fracturing, thermal erosion, and glacial erosion. Researchers interpret the volcano to be a vast shield made of layered accumulations of pyroclastic materials, lavas, and ice, the latter resulting from repeated buildups of snow and glaciers on its flanks through time. As fractures and faults eventually developed, in particular in connection with the uplift of the broader Tharsis region on which the volcano sits, lavas began to rise through different parts of the volcano, leading to thermal erosion and removal of vast amounts of buried ice and the catastrophic collapse of entire sections of the volcano.

Subsequent glaciations continued their erosion, giving many canyons within the structure their present distinctive shape. In this context the "relict glacier" and the possible buried sheet of glacier ice around it, might be remnants of the latest glaciation episode affecting the Noctis volcano.

But much about the newly discovered giant volcano remains a mystery. Although it is clear that it has been active for a long time and began to build up early in Mars' history, it is unknown how early exactly. Similarly, although it has experienced eruptions even in modern times, it is unknown if it is still volcanically active and might erupt again. And if it has been active for a very long time, could the combination of sustained warmth and water from ice have allowed the site to harbor life?

As mysteries surrounding the Noctis volcano continue to puzzle scientists, the site is already emerging as an exciting new location to study Mars' geologic evolution, search for life, and plan future robotic and human exploration. The possible presence of glacier ice at shallow depths near the equator means that humans could potentially explore a less frigid part of the planet while still being able to extract water for hydration and manufacturing rocket fuel (by breaking down H2O into hydrogen and oxygen).

"It's really a combination of things that makes the Noctis volcano site exceptionally exciting. It's an ancient and long-lived volcano so deeply eroded that you could hike, drive, or fly through it to examine, sample, and date different parts of its interior to study Mars' evolution through time. It has also had a long history of heat interacting with water and ice, which makes it a prime location for astrobiology and our search for signs of life. Finally, with glacier ice likely still preserved near the surface in a relatively warm equatorial region on Mars, the place is looking very attractive for robotic and human exploration," said Lee.

This study was conducted using data from NASA's Mariner 9, Viking Orbiter 1 and 2, Mars Global Surveyor, Mars Odyssey, and Mars Reconnaissance Orbiter missions, as well as ESA's Mars Express mission. Special appreciation is expressed to their instrument teams for acquiring the various datasets used in this study. Use of the open NASA Planetary Data System, Mars Quickmap, Mars Trek, and Google Mars online data visualization tools was also key in enabling the study.
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Good news: The US maternal death rate is stable, not sky rocketing, as reported | ScienceDaily

To determine whether the reported maternal death rates are accurate, a team of researchers took a deep dive into the underlying data and looked at the factors driving the increase, namely, changes in obstetric factors, maternal chronic conditions, and surveillance issues (i.e., changes in data collection methods). Maternal deaths refer to those occurring during pregnancy, childbirth, or the postpartum period from conditions directly related to pregnancy or those exacerbated by pregnancy and birth (accidental and incidental deaths in pregnancy are not included in the maternal death definition).

Lead author K.S. Joseph, MD, PhD, Department of Obstetrics and Gynaecology, University of British Columbia and the Children's and Women's Hospital and Health Centre of British Columbia; and School of Population and Public Health, University of British Columbia, said "Our study showed that maternal mortality rates were low and stable between 1999-2002 and 2018-2021, which is very different from the high rates and dramatic increases reported by the NVSS in recent years. We found that exclusive reliance on the pregnancy checkbox on death certificates, without corroboration from the cause-of-death information, led to an overestimation of maternal mortality rates by the NVSS in 2018-2021."

Researchers examined all deaths in the US between 1999 and 2021 using an approach that enables greater accuracy in how maternal deaths are identified and classified in the mortality database. The study uncovered several indications that the pregnancy checkbox was responsible for misclassifying nonmaternal and incidental deaths in pregnancy as maternal deaths. These included a 46-fold increase in maternal deaths among women with malignant neoplasms (which likely represent incidental deaths in pregnancy and not maternal deaths). Also, a substantially higher proportion of maternal deaths identified by the pregnancy checkbox had a single entry in the cause-of-death section, which requires a listing of all the immediate, intermediate, contributory, and underlying causes of death (thus suggesting a less thorough approach to death certification).

Although the pregnancy checkbox was introduced on death certificates in 2003 to improve identification of maternal death, its use between 2003 and 2017 was associated with some substantial errors. A detailed investigation by the National Center for Health Statistics (NCHS), CDC showed that the checkbox was erroneously ticked in many cases, leading to misclassification and overestimation of maternal death. For example, hundreds of decedents, 70 years of age and older (including 147 women aged 85 years and older in 2013), were certified as pregnant at the time of death or in the year prior. The NCHS concluded that the entire increase in maternal mortality in the US between 2003 and 2017 was due to the pregnancy checkbox. In response, NCHS made specific changes regarding pregnancy checkbox use for deaths from 2018 onwards but NVSS reports show that maternal mortality rates have continued to increase (nearly doubling from 2018 to 2021).

Roberto Romero, MD, DMedSci, Editor-in-Chief for Obstetrics of the American Journal of Obstetrics & Gynecology (AJOG), and Chief of the Pregnancy Research Branch of NICHD, NIH, stated, "Accurate assessment of the number and causes of maternal death is an important priority for countries and healthcare policymakers. Improving maternal mortality surveillance is key to formulating plans to improve maternal health. Comparisons of the rate of maternal death among countries should be interpreted with great caution because the methods of surveillance and accuracy differ. The article by Dr. Joseph and a distinguished group of epidemiologists and obstetricians published in AJOG calls attention to the need to improve surveillance in the United States and to thoughtful interpretation of reported statistics."

Co-author Justin S. Brandt, MD, Director of the Division of Maternal-Fetal Medicine, Department of Obstetrics and Gynecology, NYU Grossman School of Medicine, notes, "By not relying on the pregnancy checkbox, our approach avoided the misclassification that has given the false impression of increasing maternal mortality rates in the US. Identifying maternal deaths by requiring mention of pregnancy among the multiple causes of death shows stable maternal mortality rates and declines in maternal deaths from direct obstetric causes."

The research team previously published a study on maternal mortality in the US in 2017, which also showed stable rates of maternal mortality from 1999 to 2014. As mentioned, their results were subsequently validated by a detailed investigation carried out by the NCHS and published in January 2020.




Although the study's findings contradict the mainstream narrative of high and rising rates of maternal death in the US, the results are consistent with changes in maternal characteristics and improvements in obstetric practice. For instance, the increase in maternal deaths due to specific placental complications (i.e., placenta accreta spectrum disorder) observed in their study is consistent with increases in deliveries to women with a previous cesarean delivery. Similarly, the reduction in maternal deaths due to hypertensive disorders in pregnancy (i.e., preeclampsia/eclampsia), blood clot embolism (i.e., thromboembolism), and infection (i.e., puerperal sepsis) is consistent with advances in the obstetric management of these conditions.

The study also showed a reduction in overall maternal mortality, and especially in maternal deaths from direct obstetric causes among non-Hispanic Blacks, which is encouraging. However, the disproportionately high rate of maternal death among Non-Hispanic Blacks in 2018-21 and the persistent racial/ethnic disparities are concerning, as is the small increase in direct obstetric deaths among non-Hispanic Whites.

Co-author Cande Ananth, PhD, MPH, MD, Division of Epidemiology and Biostatistics, Department of Obstetrics, Gynecology, and Reproductive Sciences; Cardiovascular Institute of New Jersey and Department of Medicine; and Environmental and Occupational Health Sciences Institute, Rutgers, Robert Wood Johnson Medical School; and Department of Biostatistics and Epidemiology, Rutgers School of Public Health, elaborates, "Our analysis suggests that people who are Black remain at much higher risk of dying due to pregnancy complications compared with people who are White. The continuing disparities in maternal mortality rates are concerning and deserve strategic and focused efforts to combat structural racism and designed to address chronic conditions disproportionately represented in this subpopulation."

The study provides important insights into cause- and race/ethnicity-specific maternal mortality and provides suggestions for the appropriate use of the pregnancy checkbox on death certificates. The authors hope that these findings will serve as the evidentiary basis for clinical and public health initiatives for reducing maternal mortality.
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Scientists develop ultra-thin semiconductor fibers that turn fabrics into wearable electronics | ScienceDaily
Scientists from Nanyang Technological University, Singapore (NTU Singapore) have developed ultra-thin semiconductor fibres that can be woven into fabrics, turning them into smart wearable electronics.


						
To create reliably functioning semiconductor fibres, they must be flexible and without defects for stable signal transmission. However, existing manufacturing methods cause stress and instability, leading to cracks and deformities in the semiconductor cores, negatively impacting their performance and limiting their development.

NTU scientists conducted modelling and simulations to understand how stress and instability occur during the manufacturing process. They found that the challenge could be overcome through careful material selection and a specific series of steps taken during fibre production.

They developed a mechanical design and successfully fabricated hair-thin, defect-free fibres spanning 100 metres, which indicates its market scalability. Importantly the new fibres can be woven into fabrics using existing methods.

To demonstrate their fibres' high quality and functionality, the NTU research team developed prototypes. These included a smart beanie hat to help a visually impaired person cross the road safely through alerts on a mobile phone application; a shirt that receives information and transmits it through an earpiece, like a museum audio guide; and a smartwatch with a strap that functions as a flexible sensor that conforms to the wrist of users for heart rate measurement even during physical activities.

The team believes that their innovation is a fundamental breakthrough in the development of semiconductor fibres that are ultra-long and durable, meaning they are cost-effective and scalable while offering excellent electrical and optoelectronic (meaning it can sense, transmit and interact with light) performance.

NTU Associate Professor Wei Lei at the School of Electrical and Electronic Engineering (EEE) and lead-principal investigator of the study said, "The successful fabrication of our high-quality semiconductor fibres is thanks to the interdisciplinary nature of our team. Semiconductor fibre fabrication is a highly complex process, requiring know-how from materials science, mechanical, and electrical engineering experts at different stages of the study. The collaborative team effort allowed us a clear understanding of the mechanisms involved, which ultimately helped us unlock the door to defect-free threads, overcoming a long-standing challenge in fibre technology."

The study, published in the top scientific journal Nature, is aligned with the University's commitment to fostering innovation and translating research into practical solutions that benefit society under its NTU2025 five-year strategic plan.




Developing semiconductor fibre 

To develop their defect-free fibres, the NTU-led team selected pairs of common semiconductor material and synthetic material -- a silicon semiconductor core with a silica glass tube and a germanium core with an aluminosilicate glass tube. The materials were selected based on their attributes which complemented each other. These included thermal stability, electrical conductivity, and the ability to allow electric current to flow through (resistivity).

Silicon was selected for its ability to be heated to high temperatures and manipulated without degrading and for its ability to work in the visible light range, making it ideal for use in devices meant for extreme conditions, such as sensors on the protective clothing for fire fighters. Germanium, on the other hand, allows electrons to move through the fibre quickly (carrier mobility) and work in the infrared range, which makes it suitable for applications in wearable or fabric-based (i.e. curtains, tablecloth) sensors that are compatible with indoor Light fidelity ('LiFi') wireless optical networks.

Next, the scientists inserted the semiconductor material (core) inside the glass tube, heating it at high temperature until the tube and core were soft enough to be pulled into a thin continuous strand.

Due to the different melting points and thermal expansion rates of their selected materials, the glass functioned like a wine bottle during the heating process, containing the semiconductor material which, like wine, fills the bottle, as it melted.

First author of the study Dr Wang Zhixun, Research Fellow in the School of EEE, said, "It took extensive analysis before landing on the right combination of materials and process to develop our fibres. By exploiting the different melting points and thermal expansion rates of our chosen materials, we successfully pulled the semiconductor materials into long threads as they entered and exited the heating furnace while avoiding defects."

The glass is removed once the strand cools and combined with a polymer tube and metal wires. After another round of heating, the materials are pulled to form a hair-thin, flexible thread.




In lab experiments, the semiconductor fibres showed excellent performance. When subjected to responsivity tests, the fibres could detect the entire visible light range, from ultraviolet to infrared, and robustly transmit signals of up to 350 kilohertz (kHz) bandwidth, making it a top performer of its kind. Moreover, the fibres were 30 times tougher than regular ones.

The fibres were also evaluated for their washability, in which a cloth woven with semiconductor fibres was cleaned in a washing machine ten times, and results showed no significant drop in the fibre performance.

Co-principal investigator, Distinguished University Professor Gao Huajian, who completed the study while he was at NTU, said, "Silicon and germanium are two widely used semiconductors which are usually considered highly brittle and prone to fracture. The fabrication of ultra-long semiconductor fibre demonstrates the possibility and feasibility of making flexible components using silicon and germanium, providing extensive space for the development of flexible wearable devices of various forms. Next, our team will work collaboratively to apply the fibre manufacturing method to other challenging materials and to discover more scenarios where the fibres play key roles."

Compatibility with industry's production methods hints at easy adoption

To demonstrate the feasibility of use in real-life applications, the team built smart wearable electronics using their newly created semiconductor fibres. These include a beanie, a sweater, and a watch that can detect and process signals.

To create a device that assists the visually impaired in crossing busy roads, the NTU team wove fibres into a beanie hat, along with an interface board. When tested experimentally outdoors, light signals received by the beanie were sent to a mobile phone application, triggering an alert.

A shirt woven with the fibres, meanwhile, functioned as a 'smart top', which could be worn at a museum or art gallery to receive information about exhibits and feed it into an earpiece as the wearer walked around the rooms.

A smartwatch with a wrist band integrated with the fibres functioned as a flexible and conformal sensor to measure heart rate, as opposed to traditional designs where a rigid sensor is installed on the body of the smartwatch, which may not be reliable in circumstances when users are very active, and the sensor is not in contact with the skin. Moreover, the fibres replaced bulky sensors in the body of the smartwatch, saving space and freeing up design opportunities for slimmer watch designs.

Co-author Dr Li Dong, a Research Fellow in the School of Mechanical and Aerospace Engineering, said, "Our fibre fabrication method is versatile and easily adopted by industry. The fibre is also compatible with current textile industry machinery, meaning it has the potential for large-scale production. By demonstrating the fibres' use in everyday wearable items like a beanie and a watch, we prove that our research findings can serve as a guide to creating functional semiconductor fibres in the future."

For their next steps, the researchers are planning to expand the types of materials used for the fibres and come up with semiconductors with different hollow cores, such as rectangular and triangular shapes, to expand their applications.
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Drought, soil desiccation cracking, and carbon dioxide emissions: an overlooked feedback loop exacerbating climate change | ScienceDaily
The accuracy of climate models depends on many factors -- greenhouse gas emissions from industrial and transportation activity, farm animal "emissions," urban growth and loss of forests, and solar reflections off snow and ground cover. Natural phenomena like volcanic eruptions also contribute and are incorporated into models.


						
However, some other natural processes have been overlooked. Farshid Vahedifard, professor and Louis Berger Chair in civil and environmental engineering, points to an important one that lies directly beneath our feet and covers most of our planet above water.

In a study published in Environmental Research Letters, Vahedifard notes that soil stores 80 percent of carbon on Earth, and with increasing cycles and severity of droughts in several regions, that crucial reservoir is cracking and breaking down, releasing even more carbon dioxide and other greenhouse gases into the atmosphere. In fact, it may be creating an amplified feedback loop that could accelerate climate change well beyond current predictions.

"This process has not been sufficiently evaluated in the existing literature or incorporated into models," said Vahedifard. "If we don't consider the interplay of drought, soil desiccation cracking, and CO2 emissions, that could result in significant inaccuracies when modeling and predicting climate change. There are other repercussions as well. Poorer soil health can lead to reduced photosynthesis and lower carbon dioxide uptake, and it can compromise the structural integrity of earthen dams that protect against floods."

There are also other amplifying feedback loops that may not have been fully accounted for in climate change models, he said. These include melting of sea ice and exposure of darker ocean surfaces that absorb more heat from the sun. The increase of wildfires due to warm, dry conditions releases a lot of carbon dioxide into the atmosphere, which in turn creates hotter, drier weather more conducive to fires.

Another amplified feedback loop is the thawing of Arctic and sub-Arctic permafrost, which also releases carbon dioxide into the atmosphere and raises climate temperature, leading to more melted permafrost.

But soil changes caused by drought could be as significant, if not more significant, than any of those factors. Drought, manifested by long periods of low soil moisture content and high temperature, leads to cracking in fine-grained soils, sometimes extending meters below the surface. The cracks result in more exposure to the air, increased microbial activity and breakdown of organic matter, released carbon dioxide, and loss of nutrients and ability to support plant growth, reducing carbon dioxide sequestering.




The deep cracks expose much older reserves of carbon that had previously been stable and protected. The permeation of air into the soil accelerates the release of not only carbon dioxide from organic matter but also other greenhouse gases like nitrous oxide.

Small animals like earthworms and millipedes that help turn the soil over are also affected by the reduced moisture and increased air exposure, being less able to play active roles in nutrient cycling and soil structure maintenance. That, in turn, increases the likelihood of soil cracking and aeration.

"The amplifying effect of soil carbon feedback loops and its interactions with other loops could carry us across tipping points and lead to even more severe and permanent shifts in climate," said Vahedifard.

He noted that government agencies and policymakers need to promote sustainable land use, "which can include adoption of precision irrigation techniques and water conservation practices, and use of drought tolerant crops," he said. "Organic fertilizers and compost can enhance soil organic matter content and improve soil water-holding capacity. Of course, this can only help if it's part of a comprehensive effort to reduce greenhouse gas emissions from all human activity."
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Hope for treating sleep disorders, no pills required | ScienceDaily
Are sleeping pills the only solution for insomnia? Not according to Flinders University's Dr Alexander Sweetman, who says that using self-guided digital behavioural therapy is an alternative solution that should be considered.


						
Despite a wealth of evidence supporting the effectiveness of cognitive behavioural therapy for insomnia (CBTi), access to this 'first line' treatment is extremely limited due to a shortage of CBTi trained psychologists.

In Australia, approximately 90 per cent of primary care patients with insomnia are managed with sleeping pills while only 1 per cent are referred to psychologists for CBTi.

To increase accessibility to CBTi and reduce the reliance on sleeping pills, sleep experts at Flinders University and the University of Western Australia designed and tested the effectiveness of a self-guided digital CBTi program called 'Bedtime Window' to treat insomnia.

"We tested a new CBTi program in people with insomnia symptoms throughout Australia and found it very easy to use, delivering significant and sustained improvements in sleep, daytime function and mental health," says Dr Alexander Sweetman, who led the latest research published today in Frontiers in Sleep.

"We know that CBTi improves insomnia, mental health and quality of life and we want to see more people accessing this treatment because it can reduce the need for sleeping pills or other interventions which may not tackle long-term sleep problems," he says.

Insomnia and obstructive sleep apnoea (OSA) are the two most prevalent sleep disorders and frequently co-occur. Approximately 30-40 per cent of people with insomnia have co-morbid OSA however most people with OSA remain undiagnosed and untreated.




"People with co-morbid insomnia and sleep apnoea (COMISA) generally have worse sleep, daytime function, mental health, physical health, productivity and quality of life when compared to people with neither sleep disorder, and often when compared to people with either insomnia-alone or OSA-alone," says Dr Sweetman.

"Recent studies found that people with COMISA experience a 50-70 per cent increased risk of mortality over 10-20 years of follow-up, compared to people with neither condition.

"Given the high prevalence and adverse health risks of COMISA, it is vital that we develop and implement an effective evidence-based management approach for this condition," he says.

"To increase CBTi access for people with COMISA, we developed the self-guided interactive digital CBTi program that is appropriate for people with insomnia-alone and COMISA and compared its effectiveness between people with insomnia-alone, versus comorbid insomnia and high-risk sleep apnoea."

62 adults with insomnia symptoms used 'Bedroom Window' over an 18-month period and reported significant and sustained improvements in symptoms of insomnia and associated mental health symptoms.

"The program is designed for people with insomnia-alone and COMISA. Each weekly session lasts for approximately 20-30 minutes and includes short videos, images and text-based information," he says. "Treatment components include psychoeducation, stimulus control therapy, sleep restriction therapy, relaxation therapy, cognitive therapy and sleep hygiene information.

"The program includes algorithms that continuously assess for symptoms of sleepiness and alertness and provides tailored and interactive recommendations to treat insomnia without worsening levels of daytime sleepiness.

"The positive results of our study highlight the potential to investigate the effectiveness, safety and acceptability of this digital CBTi program in people with a confirmed diagnosis of OSA, before increasing access to people with COMISA throughout the health system," adds Dr Sweetman.
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'Find pearls in the soil' unveiling the magic of hydrogen production from municipal sewage | ScienceDaily
Professor Kangwoo Cho and PhD candidate Jiseon Kim from the Division of Environmental Science & Engineering at Pohang University of Science and Technology (POSTECH) collaborated with the Korea Institute of Science and Technology (KIST) to devise a novel catalyst aimed at enhancing the efficiency of reactions using contaminated municipal sewage to produce hydrogen -- a green energy source. Their research recently featured in the international journal Advanced Functional Materials.


						
With the growing environmental concerns of pollution associated with fossil fuel, hydrogen has garnered increased interest. Water electrolysis technology is a sustainable process that leverages Earth's abundant water to produce hydrogen. However, the concurrent oxygen evolution reaction during hydrogen production is notably slow, resulting in a considerably low energy conversion efficiency.

Lately, the academic community has been tackling this issue by integrating the urea oxidation reaction with the hydrogen generation reaction. Urea, a pollutant found in urine, releases a significant amount of energy during its oxidation process, offering a potential means to enhance both the efficiency of hydrogen generation and the purification of toilet wastewater. Ultimately, it is necessary to find a catalyst that can effectively drive the urea oxidation reaction, thereby amplifying the efficiency of both hydrogen generation and wastewater treatment.

In pursuit of increased efficiency in the urea oxidation reaction, the team created a catalyst known as nickel-iron-oxalate (O-NFF). This catalyst combines iron (Fe) and oxalate on nickel (Ni) metal, resulting in an expansive surface area characterized by nanometer-sized particles in fragment form. This unique property enables the catalyst to adsorb more reactants, facilitating an accelerated urea oxidation reaction.

In experiments, the O-NFF catalyst devised by the team successfully lowered the voltage required for hydrogen generation to 1.47 V RHE (at 0.5 A/cm2) and exhibited a high reaction rate even when tested in a mixed solution of potassium hydroxide (1 M) and urea (0.33 M) with a Tafel slope of 12.1 mV/dec. The researchers further validated the catalyst's efficacy by confirming its promotion of the urea oxidation reaction through photoelectron/X-ray absorption spectroscopy using a radiation photo accelerator.

Professor Kangwoo Cho who led the research stated, "We have developed a catalyst capable of purifying municipal sewage while simultaneously enhancing the efficiency of hydrogen production, a green energy source." He added, "We anticipate that O-NFF catalysts, synthesized from metals and organics, will contribute to the improved efficiency of industrial electrolysis hydrogen production."

The research was sponsored by the Mid-Career Researcher Program and the Hydrogen Source Technology Development Program of the National Research Foundation of Korea, and the National Supercomputing Center.
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Genetic condition haemochromatosis linked to higher levels of disease in older people | ScienceDaily
A largescale new study has found that some people whose genetics are linked to the common iron overload condition haemochromatosis have substantially greater levels of liver, musculoskeletal and brain disease than previously reported, especially at older ages.


						
Haemochromatosis causes a build-up of iron in the body which can cause harm to joints and organs -- although the extent of this harm is unclear, especially in older ages. The new research, led by a team at the University of Exeter and supported by the National Institute for Health and Care Research (NIHR) Exeter Biomedical Research Centre, found higher levels of disease plus greater mortality in males, especially after age 65.

Published in BMJ Open, the research analysed data from more than 450,000 European Ancestry participants in UK Biobank, over a 13 year follow-up, making it the largest-scale study to look at disease outcomes linked to haemochromatosis. For the first time, the team provided data on clinical outcomes up to the age of 80 years on people who carry genes linked to haemochromatosis, providing insight into how the condition affects older age groups, including those who were undiagnosed at baseline.

Dr Janice Atkins, Senior Research Fellow at the University of Exeter and study co-author, said: "Haemochromatosis is the most common genetic disorder in people of Northern European ancestry, yet we are still learning the extent to which it causes harm. Our study is the most comprehensive to date and reveals higher levels of death and organ and joint damage than previously known, including liver disease and joint replacements."

In UK Biobank, 2,902 people (0.6 % of participants) had two copies of the genetic variant (C282Y) which mean they are at risk of the condition. Of these people, who had a mean age of 57, only a small proportion were diagnosed with haemochromatosis at the start of the study- 12% of males and 3.4% of females.

By the times males with the two genetic variants had reached the age of 80, the study found that 33.1% had died, compared to 25.4% without thevariants. The study also found that 27.9% vs 17.1% had joint replacements, 20.3% vs 8.3% had liver disease, and there was higher delirium, non Alzheimer's dementia, and Parkinson's disease in those with the two gene variants.

In females by age 80, those with both genetic variants had higher levels of liver disease (8.9% vs 6.8%), joint replacements and delirium.




Haemochromatosis is more common in males, and particularly affects white people of Northern European ancestry. An estimated 175,000 men of European ancestry in the UK have the two gene variations that cause haemochromatosis. The disorder is known as the "Celtic curse" because it is particularly prevalent in Celtic bloodlines.

Reliable tests are available to identify those at risk -- blood tests for measuring iron levels and genetic testing. Symptoms can include feeling tired all the time, muscle weakness and joint pains, meaning it is often misdiagnosed as the usual signs of ageing. Once diagnosed, the condition is easily treated by a process similar to donating blood several times a year, to lower iron levels. The blood can be donated to the NHS transfusion service once iron levels have reduced enough.

Professor David Melzer, who leads the research team, said: "These findings highlight the need for earlier diagnosis of iron overload, as many people with the high risk genetic variants are currently diagnosed too late to prevent organ damage. The condition can be picked up with a simple blood iron test, and it is encouraging that more and more GPs are aware of the need to test for iron overload. The research results also contained very good news for people with the milder genetic variants (called C282Y/H63D and H63D homozygotes), with no excess of fatigue, liver fibrosis, diabetes or arthritis, adding to the evidence that these variants are benign. Of course, some people with these variants will unfortunately have fatigue, liver fibrosis, arthritis or diabetes, but this happens at the same rate as people without these gene variants and underlines the need to investigate the other causes of these conditions too."

Study co-author Dr Jeremy Shearman, Consultant Hepatologist and Gastroenterologist at South Warwickshire University NHS Foundation Trust, said: "This important data supports the long-held belief that we should be using targeted genetic testing more consistently to make an earlier and more accurate diagnosis of haemochromatosis. It is a common condition here in the UK and can be easily treated to avoid serious harm."
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Multiple air pollutants linked to asthma symptoms in children | ScienceDaily
Exposure to several combinations of toxic atmospheric pollutants may be triggering asthma symptoms among children, a recent analysis suggests.


						
The study, published in the journal Science of the Total Environment, showed that 25 different combinations of air pollutants were associated with asthma symptoms among 269 elementary school children diagnosed with asthma in Spokane, Washington. In line with previous research, the Washington State University-led study revealed a socioeconomic disparity -- with one group of children from a lower-income neighborhood exposed to more toxic combinations, a total of 13 of the 25 identified in this research.

"It's not just one pollutant that can be linked to asthma outcomes. This study examined the variety and combinations of air toxics that may be associated with asthma symptoms," said lead author Solmaz Amiri, a WSU researcher in the Elson S. Floyd College of Medicine.

While other studies have focused on a limited number of pollutants, Amiri and her colleagues used the data-crunching power of machine learning techniques to analyze the potential exposure effects of 109 air pollutants and their combinations on asthma outcomes.

The researchers drew on data collected and modeled by the Environmental Protection Agency on air toxics present in individual neighborhoods surrounding 10 Spokane elementary schools. They also accessed anonymized data from the elementary schools for reports of students diagnosed with asthma who experienced symptoms such as coughing, wheezing, difficulty breathing and the need to use an inhaler.

The study looked at asthma symptoms occurring in 2019 and 2020 in the six months before the pandemic lockdowns started in March 2020. The researchers then associated these data with air pollutant exposures that occurred within those six months and with two longer-term exposure periods of three years and five years prior to the asthma symptoms.

The researchers found that three specific pollutants were significantly associated with asthma symptoms across all three exposure periods.




The toxicants involved may have unfamiliar names -- 1,1,1 trichloroethane, 2-nitropropane and 2, 4, 6 trichlorophenol -- but they derive from commonly used materials. The first is a widely used solvent in industry but was formerly used in household cleaners and glues. The second is an additive to paints and other finishes, and the third is an anti-septic and anti-mildew agent that was banned in the 1980s but may still be found in some pesticides and preservatives made before then.

"Some of these air toxics were discontinued in the U.S., but they can still be found in materials that may be in storage or people have in their backyard or garage. Other air toxics still exist at least in the environment," said Amiri.

This study did not intend to pinpoint the source of any one air pollutant or the exact reason why one group of children from a lower-income neighborhood was highly exposed to air pollutants. However, proximity of known air pollution sources may play a role, Amiri said, such as living close to a highway with a lot of traffic or facilities that use solvents, such as paint producers or factories.

The finding of a likely socioeconomic disparity in air toxic exposures is consistent with previous research showing that children from lower-income areas, often indicated by schools with a higher percentage of students who qualify for free or reduced meals, are exposed to a wide variety of air pollutants in the neighborhoods where they live.

While the current study is limited to the mid-sized city of Spokane, Amiri noted that the findings align with another study in New York City which found similar air pollutants significantly associated with asthma outcomes.

"Both in Spokane and New York City, regardless of the setting -- how large or small the cities are -- these air toxics appear to be influencing asthma among children," she said.

This study received support from the National Institutes of Health and the Ramboll Foundation.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/03/240313135515.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Opening new doors in the VR world, literally | ScienceDaily
Room-scale virtual reality (VR) is one where users explore a VR environment by physically walking through it. The technology provides many benefits given its highly immersive experience. Yet the drawbacks are that it requires large physical spaces. It can also lack the haptic feedback when touching objects.


						
Take for example opening a door. Implementing this seemingly menial task in the virtual world means recreating the haptics of grasping a doorknob whilst simultaneously preventing users from walking into actual walls in their surrounding areas.

Now, a research group has developed a new system to overcome this problem: RedirectedDoors+.

The group was led by Kazuyuki Fujita, Kazuki Takashima, and Yoshifumi Kitamura from Tohoku University and Morten Fjeld from Chalmers University of Technology and the University of Bergen.

"Our system, which built upon an existing visuo-haptic door-opening redirection technique, allows participants to subtly manipulate the walking direction while opening doors in VR, guiding them away from real walls," points out Professor Fujita, who is based at Tohoku University's Research Institute of Electrical Communication (RIEC). "At the same time, our system reproduces the realistic haptics of touching a doorknob, enhancing the quality of the experience."

To provide users with that experience, RedirectedDoors+ employs a small number of 'door robots.' The robots have a doorknob-shaped attachment and can move in any direction, giving immediate touch feedback when the user interacts with the doorknob. In addition, the VR environment rotates in sync with the door movement, ensuring the user stays within the physical space limits.

A simulation study conducted to evaluate the performance of the system demonstrated the physical space size could be significantly reduced in six different VR environments. A validation study with 12 users walking with the system likewise demonstrated that this system works safely in real-world environments.

"RedirectDoors+ has redefined the boundaries of VR exploration, offering unprecedented freedom and realism in virtual environments," adds Fujita. "It has a wide range of applicability, such as in VR vocational training, architectural design, and urban planning."
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Recreational activities such as golfing, gardening may be associated with increased ALS risk among men | ScienceDaily
Participation in recreational activities -- including golfing, gardening or yard work, woodworking and hunting -- may be associated with an increase in a person's risk for developing amyotrophic lateral sclerosis, or ALS, a Michigan Medicine study finds.


						
While many activities were associated with increased ALS risk, several were sex specific. The results are published in the Journal of the Neurological Sciences.

"We know that occupational risk factors, like working in manufacturing and trade industries, are linked to an increased risk for ALS, and this adds to a growing literature that recreational activities may also represent important and possibly modifiable risk factors for this disease," said first author Stephen Goutman, M.D., M.S., director of the Pranger ALS Clinic and associate director of the ALS Center of Excellence at University of Michigan.

"Future studies should include these activities to pinpoint how they can be understood in the context of ALS prevention, diagnosis and treatment."

Investigators surveyed 400 people living with ALS and nearly 300 without the condition to assess their hobbies and non-work related activities.

They found that golf was associated with three times greater risk for developing ALS among men. Participation in gardening or yard work, as well as woodworking and hunting, was also linked with a heightened risk for men.

When broken down by sex, no recreational activities had significant associations with ALS for females. None of the hobbies were linked to earlier onset of, or death from, ALS for either sex.




"It is surprising that the risk factors we identified appear to be specific to males," Goutman said.

"While these activities may also increase ALS risk in females, the number of females in our study was too small for us to come to that conclusion."

The findings join the growing body of evidence suggesting that environmental exposures affect a person's risk for getting and dying from amyotrophic lateral sclerosis. Researchers call this lifetime accumulation of exposures the ALS exposome.

Hobbies such as golfing and gardening or yardwork, Goutman says, may confer risk due to the use of pesticides. A past study connected occupations in golf and garden maintenance to increased ALS risk.

Extensive studies of woodworking lead researchers to believe that formaldehyde exposure during the hobby could be attributed to higher risk.

"Our goal is to understand what occupations and hobbies increase ALS risk because identifying these activities provides the first step towards ALS prevention," said senior author Eva Feldman, M.D., Ph.D., director of the ALS Center of Excellence at U-M and James W. Albers Distinguished University Professor at U-M.

"For a disease like Alzheimer's, we know that a list of factors -- including smoking, obesity and high lipids -- can increase risk by 40%. Our goal is to establish a similar list for ALS to create a roadmap to decrease risk. With apologies to Robert Frost, it is currently the 'road not taken', and we want to change that."

Prospective studies are underway to examine individuals who work in production, manufacturing and jobs that involve use of metals, and for persons with a family history of ALS.

Both Goutman and Feldman say it is too early for clinicians to advise that patients stop doing any of these activities.
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Revolutionary phenomenon in liquid crystals | ScienceDaily
A research team, affiliated with UNIST, has unveiled for the first time a new principle of motion in the microworld, where objects can move in a directed manner simply by changing their sizes periodically within a substance known as liquid crystal. Led by Professor Jonwoo Jeong and his research team in the Department of Physics at UNIST, this discovery is poised to have far-reaching implications across various research fields, including the potential development of miniature robots in the future.


						
In their research, the team observed that air bubbles within the liquid crystal could move in one direction by altering their sizes periodically, contrary to the symmetrical growth or contraction typically seen in air bubbles in other mediums. By introducing air bubbles, comparable in size to a human hair, into the liquid crystal and manipulating the pressure, the researchers were able to demonstrate this extraordinary phenomenon.

The key to this phenomenon lies in the creation of phase defects within the liquid crystal structure next to the air bubbles. These defects disrupt the symmetrical nature of the bubbles, enabling them to experience a unidirectional force despite their symmetrical shape. As the air bubbles fluctuate in size, pushing and pulling the surrounding liquid crystal, they are propelled in a consistent direction, defying conventional laws of physics.

Sung-Jo Kim, the first author of the study, remarked, "This groundbreaking observation showcases the ability of symmetrical objects to exhibit directed motion through symmetrical movements, a phenomenon previously unseen." He further highlighted the potential applicability of this principle to a wide range of complex fluids beyond liquid crystals.

Professor Jeong commented, "This intriguing result underscores the significance of symmetry breaking in both time and space in driving motion at the microscopic level. Moreover, it holds promise for advancing research in the development of microscopic robots."
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Study tracks shifts in student mental health during college | ScienceDaily
A four-year study by Dartmouth researchers captures the most in-depth data yet on how college students' self-esteem and mental health fluctuates during their four years in academia, identifying key populations and stressors that the researchers say administrators could target to improve student well-being.


						
The study also provides among the first real-time accounts of how the coronavirus pandemic affected students' behavior and mental health. The stress and uncertainty of COVID-19 resulted in long-lasting behavioral changes that persisted as a "new normal" even as the pandemic diminished, including feeling more stressed, less socially engaged, and sleeping more.

The researchers tracked more than 200 Dartmouth undergraduates in the classes of 2021 and 2022 for all four years of college. Students volunteered to let a specially developed app called StudentLife tap into the sensors that are built into smartphones. The app cataloged their daily physical and social activity, how long they slept, their location and travel, the time they spent on their phone, and how often they listened to music or videos. Students also filled out weekly behavioral surveys, and selected students gave post-study interviews.

The study -- which is the longest mobile-sensing study ever conducted -- is published in the Proceedings of the ACM on Interactive, Mobile, Wearable and Ubiquitous Technologies. The researchers will present it at the Association of Computing Machinery's UbiComp/ISWC 2024 conference in Melbourne, Australia, in October. The team made their anonymized data set publicly available -- including self-reports, surveys, and phone-sensing and brain-imaging data -- to help advance research into the mental health of students during their college years.

Andrew Campbell, the paper's senior author and Dartmouth's Albert Bradley 1915 Third Century Professor of Computer Science, said that the study's extensive data reinforces the importance of college and university administrators across the country being more attuned to how and when students' mental well-being changes during the school year.

"For the first time, we've produced granular data about the ebb and flow of student mental health. It's incredibly dynamic -- there's nothing that's steady state through the term, let alone through the year," he said. "These sorts of tools will have a tremendous impact on projecting forward and developing much more data-driven ways to intervene and respond exactly when students need it most."

First-year and female students are especially at risk for high anxiety and low self-esteem, the study finds. Among first-year students, self-esteem dropped to its lowest point in the first weeks of their transition from high school to college but rose steadily every semester until it was about 10% higher by graduation.




"We can see that students came out of high school with a certain level of self-esteem that dropped off to the lowest point of the four years. Some said they started to experience 'imposter syndrome' from being around other high-performing students," Campbell said. "As the years progress, though, we can draw a straight line from low to high as their self-esteem improves. I think we would see a similar trend class over class. To me, that's a very positive thing."

Female students -- who made up 60% of study participants -- experienced on average 5% greater stress levels and 10% lower self-esteem than male students. More significantly, the data show that female students tended to be less active, with male students walking 37% more often.

Sophomores were 40% more socially active compared to their first year, the researchers report. But these students also reported feeling 13% more stressed than during their first year as their workload increased, they felt pressure to socialize, or as first-year social groups dispersed.

One student in a sorority recalled that having pre-arranged activities "kind of adds stress as I feel like I should be having fun because everyone tells me that it is fun." Another student noted that after the first year," students have more access to the whole campus and that is when you start feeling excluded from things."

In a novel finding, the researchers identify an "anticipatory stress spike" of 17% experienced in the last two weeks of summer break. While still lower than mid-academic year stress, the spike was consistent across different summers.

In post-study interviews, some students pointed to returning to campus early for team sports. Others specified reconnecting with family and high school friends during their first summer home, saying they felt "a sense of leaving behind the comfort and familiarity of these long-standing friendships" as the break ended, the researchers report.




"This is a foundational study," said Subigya Nepal, first author of the study and a PhD candidate in Campbell's research group. "It has more real-time granular data than anything we or anyone else has provided before. We don't know yet how it will translate to campuses nationwide, but it can be a template for getting the conversation going."

The depth and accuracy of the study data suggest that mobile-sensing software could eventually give universities the ability to create proactive mental-health policies specific to certain student populations and times of year, Campbell said.

For example, a paper Campbell's research group published in 2022 based on StudentLife data showed that first-generation students experienced lower self-esteem and higher levels of depression than other students throughout their four years of college.

"We will be able to look at campus in much more nuanced ways than waiting for the results of an annual mental health study and then developing policy," Campbell said. "We know that Dartmouth is a small and very tight-knit campus community. But if we applied these same methods to a college with similar attributes, I believe we would find very similar trends."

Weathering the pandemic

When students returned home at the start of the coronavirus pandemic, the researchers found that self-esteem actually increased during the pandemic by 5% overall and by another 6% afterward when life returned closer to what it was before. One student suggested in their interview that getting older came with more confidence. Others indicated that being home led to them spending more time with friends talking on the phone, on social media, or streaming movies together.

The data show that phone usage -- measured by the duration a phone was unlocked -- indeed increased by nearly 33 minutes, or 19%, during the pandemic, while time spent in physical activity dropped by 52 minutes, or 27%. By 2022, phone usage fell from its pandemic peak to just above pre-pandemic levels, while engagement in physical activity had recovered to exceed the pre-pandemic period by three minutes.

Despite reporting higher self-esteem, students' feelings of stress increased by more than 10% during the pandemic. Since the pandemic, stress fell by less than 2% of its pandemic peak, indicating that the experience had a lasting impact on student well-being, the researchers report.

In early 2021, as students returned to campus, the reunion with friends and community was tempered by an overwhelming concern of the still-rampant coronavirus. "There was the first outbreak in winter 2021 and that was terrifying," one student recalls. Another student adds: "You could be put into isolation for a long time even if you did not have COVID. Everyone was afraid to contact-trace anyone else in case they got mad at each other."

Female students were especially concerned about the coronavirus, on average 13% more than male students. "Even though the girls might have been hanging out with each other more, they are more aware of the impact," one female student reported. "I actually had COVID and exposed some friends of mine. All the girls that I told tested as they were worried. They were continually checking up to make sure that they did not have it and take it home to their family."

Students still learning remotely had social levels 16% higher than students on campus, who engaged in activity an average of 10% less often than when they were learning from home. However, on-campus students used their phones 47% more often. When interviewed after the study, these students reported spending extended periods of time video-calling or streaming movies with friends and family.

Social activity and engagement had not yet returned to pre-pandemic levels by the end of the study in June 2022, recovering by a little less than 3% after a nearly 10% drop during the pandemic. Similarly, the pandemic seems to have made students stick closer to home, with their distance traveled cut by nearly half during the pandemic and holding at that level in the time since.

Campbell and several of his fellow researchers are now developing a smartphone app known as MoodCapture that uses artificial intelligence paired with facial-image processing software to reliably detect the onset of depression before the user even knows something is wrong.
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Scientists reveal the first unconventional superconductor that can be found in mineral form in nature | ScienceDaily
Scientists from Ames National Laboratory have identified the first unconventional superconductor with a chemical composition also found in nature. Miassite is one of only four minerals found in nature that act as a superconductor when grown in the lab. The team's investigation of miassite revealed that it is an unconventional superconductor with properties similar to high-temperature superconductors. Their findings further scientists' understanding of this type of superconductivity, which could lead to more sustainable and economical superconductor-based technology in the future.


						
Superconductivity is when a material can conduct electricity without energy loss. Superconductors have applications including medical MRI machines, power cables, and quantum computers. Conventional superconductors are well understood but have low critical temperatures. The critical temperature is the highest temperature at which a material acts as a superconductor.

In the 1980s, scientists discovered unconventional superconductors, many of which have much higher critical temperatures. According to Ruslan Prozorov, a scientist at Ames Lab, all these materials are grown in the lab. This fact has led to the general belief that unconventional superconductivity is not a natural phenomenon.

Prozorov explained that it is difficult to find superconductors in nature because most superconducting elements and compounds are metals and tend to react with other elements, like oxygen. He said that miassite (Rh17S15) is an interesting mineral for several reasons, one of which is its complex chemical formula. "Intuitively, you think that this is something which is produced deliberately during a focused search, and it cannot possibly exist in nature," said Prozorov, "But it turns out it does."

Paul Canfield, Distinguished Professor of Physics and Astronomy at Iowa State University and a scientist at Ames Lab, has expertise in design, discovery, growth, and characterization of novel crystalline materials. He synthesized high quality miassite crystals for this project. "Although miassite is a mineral that was discovered near the Miass River in Chelyabinsk Oblast, Russia," said Canfield, "it is a rare one that generally does not grow as well-formed crystals."

Growing the miassite crystals was part of a larger effort to discover compounds that combine very high melting elements (like Rh) and volatile elements (like S). "Contrary to the nature of the pure elements, we have been mastering the use of mixtures of these elements that allow for low temperature growth of crystals with minimal vapor pressure," said Canfield. "It's like finding a hidden fishing hole that is full of big fat fish. In the Rh-S system we discovered three new superconductors. And, through Ruslan's detailed measurements, we discovered that the miassite is an unconventional superconductor."

Prozorov's group specializes in advanced techniques to study superconductors at low temperatures. He said the material needed to be as cold as 50 millikelvins, which is about -460 degrees Fahrenheit.




Prozorov's team used three different tests to determine the nature of miassite's superconductivity. The main test is called the "London penetration depth." It determines how far a weak magnetic field can penetrate the superconductor bulk from the surface. In a conventional superconductor, this length is basically constant at low temperature. However, in unconventional superconductors, it varies linearly with the temperature. This test showed that miassite behaves as an unconventional superconductor.

Another test the team performed was introducing defects into the material. Prozorov said that this test is a signature technique his team has employed over the past decade. It involves bombarding the material with high-energy electrons. This process knocks-out ions from their positions, thus creating defects in the crystal structure. This disorder can cause changes in the material's critical temperature.

Conventional superconductors are not sensitive to non-magnetic disorder, so this test would show no or very little change in the critical temperature. Unconventional superconductors have a high sensitivity to disorder, and introducing defects changes or suppresses the critical temperature. It also affects the critical magnetic field of the material. In miassite, the team found that both the critical temperature and the critical magnetic field behaved as predicted in unconventional superconductors.

Investigating unconventional superconductors improves scientists understanding of how they work. Prozorov explained that this is important because, "Uncovering the mechanisms behind unconventional superconductivity is key to economically sound applications of superconductors."
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RNA-based therapy shows promise against aggressive childhood brain tumors in mice | ScienceDaily
Targeting a non-encoding stretch of RNA may help shrink tumors caused by an aggressive type of brain cancer in children, according to new research in mice reported March 8 in Cell Reports by Johns Hopkins Kimmel Cancer Center investigators.


						
Medulloblastoma are the most common type of malignant brain cancer in children. The most aggressive and difficult-to-treat form of the disease is group 3 medulloblastoma, which is often fatal. By targeting long, noncoding genetic material called lnc-RNAs that drive the expression of cancer-causing genes, the study's senior author, Ranjan Perera, Ph.D., director of the Center for RNA Biology at Johns Hopkins All Children's Hospital in St. Petersburg, Florida, and his colleagues have demonstrated an innovative new approach that shrinks group 3 medulloblastoma tumors in mice.

"Group 3 medulloblastoma is very aggressive, and there are currently no targeted therapies," says Perera, who has a primary affiliation in the Department of Neurosurgery, is a member of the Johns Hopkins Kimmel Cancer Center and is an associate professor of oncology at the Johns Hopkins University School of Medicine. He is also a senior scientist at the Johns Hopkins All Children's Hospital Cancer and Blood Disorders Institute, and has a secondary affiliation with the hospital's Institute for Fundamental Biomedical Research. "Our novel therapeutic approach based on noncoding RNA could fill an urgent need for new therapies for this devastating disease in children."

RNA acts as a template for building proteins based on instructions encoded in the DNA. Until recently, scientists thought 97% of RNA was "junk" because only 3% is used to build proteins. However, scientists have realized that RNA's nonprotein encoding stretches control gene expression. A previous study by Perera and colleagues showed that a long noncoding stretch of RNA called lnc-HLX-2-7 contributes to the growth of group 3 medulloblastoma tumors by attaching to a DNA promoter that increases expression of cancer-causing genes. Promoters are nongene coding stretches of DNA adjacent to genes that act like switches turning them on.

The new study provides additional details showing that lnc-HLX-2-7 specifically binds to the HLX promoter region of DNA, increasing HLX gene expression and causing the tumor to grow. HLX triggers tumor growth by binding to promoter regions for several other cancer-causing genes, increasing their expression. One gene that HLX increases expression of is MYC, which also increases the expression of several other cancer-causing genes, causing a cascade of activity that accelerates the growth of group 3 medulloblastoma tumors.

Perera and his team developed an intravenous treatment to block lnc-HLX-2-7 from binding to the HLX promoter to stop this cascade of cancer-gene expression. They assembled a sequence of nucleotides (called antisense oligo nucleotides), the building blocks of RNA, that can bind to the corresponding nucleotides that make up lnc-HLX-2-7, preventing it from binding to the HLX promoter in the DNA and leading to its destruction. They coated the sequence with microscopic particles called cerium oxide nanoparticles to protect the lnc-HLX-2-7 until it reaches its target.

When the team treated a mouse model of group 3 medulloblastoma with the experimental intravenous therapy, it reduced tumor growth by 40%-50%. Adding cisplatin, a chemotherapy drug currently used to treat medulloblastomas, alongside the new therapy caused the tumors to shrink even more and prolonged the animals' survival. The combination therapy extended the animals' lives by about 84 days compared with a 44-day increase in survival on lnc-HLX-2-7 alone.




"When you combine the two treatments, you see dramatic effects," Perera says.

Perera and his colleagues will collaborate with Johns Hopkins neurosurgeons to plan studies of the therapy in humans to further test its safety and efficacy.

"Understanding why MYC is elevated in these tumors is extremely important, and this new link to HLX provides insights that open new therapeutic possibilities," says study co-author and Kimmel Cancer Center researcher Charles Eberhart, M.D., Ph.D., director of neuropathology and ophthalmic pathology and a professor of oncology and pathology at the Johns Hopkins University School of Medicine.

The work was supported by the Schamroth Project, funded by Ian's Friends Foundation, the Hough Family Foundation, the National Institutes of Health (grant P30 CA006973), the National Cancer Institute (grants 5P30CA030199, R01NS124668-01A1, and R35NS122339), and a CPRIT Scholar award from the MD Anderson Cancer Center.

Study co-authors were Keisuke Katsushima, Kandarp Joshi, Menglang Yuan, Stacie Stapleton and George Jallo from Johns Hopkins. Other authors were from the University of Delaware; the University of Central Florida, Orlando; Institute Curie at PSL University in Paris; Texas Children's Cancer Center, Houston; Baylor College of Medicine, Houston; and Columbia University Medical Center, New York.
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High resolution imagery advances the ability to monitor decadal changes in emperor penguin populations | ScienceDaily
Emperor penguin populations have been exceedingly difficult to monitor because of their remote locations, and because individuals form breeding colonies on seasonal sea ice fastened to land (known as fast ice) during the dark and cold Antarctic winter.


						
Now, new research that incorporates very high resolution (VHR) satellite imagery with field-based validation surveys and long-term data has provided the first multi-year time series that documents emperor penguin global population trends.

Researchers observed nearly 10% fewer birds in 2018 compared with in 2009, according to a new study that used VHR satellite imagery with 30-60-centimeter ground resolution to examine the entirety of the penguins' range during springtime around the Antarctic coast. The research appears in the journal article, "Advances in remote sensing of emperor penguins: first multi-year time series documenting trends in the global population," published in the journal Proceedings of the Royal Society B. 

Scientists cannot yet explain the population trend. However, additional research should help with a better understanding of the causal factors -- including the role of climate change. Further, this new monitoring methodology could help in the development of adaptive conservation management efforts.

"What we did in this paper, and through international collaborative research, was to develop the state-of-the-art approach to monitoring emperor penguins across all of Antarctica, including in remote places that are inhospitable to people. Having the very high resolution satellite imagery is a breakthrough in our understanding of the spatial distribution of emperor penguins, and having this global population trend is very important for conservation," said journal article senior author Stephanie Jenouvrier, senior scientist in the Woods Hole Oceanographic Institution's Biology Department.

Jenouvrier noted that the computer modeling takes into account many processes and uncertainties related to penguin population and life history.

"Although we cannot yet clearly attribute this penguin population trend to any particular mechanism such as climate change, there is an accumulation of evidence that the environment is changing and it does not seem to be an environment where penguins are going to endure," Jenouvrier explained.




The researchers say that the results from the study gives them the potential to make more informed predictions combining monitoring methods and technologies (e.g., field-based, and remote sensing). They note that these will require evaluation of assumptions regarding observation and data processing errors.

"Our work documents change in an iconic polar seabird and shows how useful remote sensing can be to understand animals that live in wild places," according to journal article co-lead author Michelle LaRue, who is an associate professor at University of Canterbury in New Zealand and research associate at the University of Minnesota Twin Cities in the United States. "In a rapidly changing world, we have to constantly push the envelope to combine new approaches with tried-and-true methods if we want to understand the consequences of that change, especially in places we cannot get to."

LaRue said combining satellite images with animal tracking, ground observations and molecular tools (like genetic analysis) will be needed if they want to fully understand mechanisms to describe some of the changes they observe.

During the course of the study, researchers detected several new colonies, bringing the total to 66 known colony locations. It is now highly probable that most emperor penguin colony locations have been detected, with about half having been detected with satellite imagery, according to the paper.

In addition, the research identified the East Indian Ocean and Weddell Sea areas of Antarctica as being the two sectors of the continent where there is the greatest probability of declines in regional populations of emperor penguins. These are locations where the extent of fast ice generally has decreased in recent decades. Emperor penguins primarily form colonies and rear their chicks on fast ice.

"We don't understand the population trend in full, and we need to do more research. However, the fact that we have detected a population trend in such a short data set is really important because it potentially has major implications for the future of the species," said journal article co-author Philip Trathan, an emeritus fellow with the British Antarctic Survey where he previously was head of conservation ecology. "Projections indicate that emperor penguins are going to be struggling to survive into the future. So, having tools that allow us to ground truth some of the population models in the future will be really important."

The journal article authors said that with this new methodology, there is now a way forward to assess the population status and trends of emperor penguins at a global scale, which provides an invaluable tool for adaptive conservation planning in a changing Southern Ocean.

Funding for this research was provided by the National Science Foundation, NASA; the French Polar Institute Paul-Emile Victor, Alfred Wegener Institute for Polar and Marine Research in the Helmholtz Association, World Wide Fund for Nature (UK), and the German Research Foundation.
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Sonic youth: Healthy reef sounds increase coral settlement | ScienceDaily
A healthy coral reef is noisy, full of the croaks, purrs, and grunts of various fishes and the crackling of snapping shrimp. Research suggests that larval animals use this symphony of sounds to help them determine where they should live and grow.


						
Researchers at the Woods Hole Oceanographic Institution (WHOI) recently demonstrated that replaying healthy reef sounds could potentially be used to encourage coral larvae to recolonize damaged or degraded reefs. A reef that has been degraded -- whether by coral bleaching, disease, or direct human impacts -- can't support the same diversity of species and has a much quieter, less rich soundscape. In a paper published on Wednesday, March 13, in Royal Society Open Science, the researchers showed that broadcasting the soundscape of a healthy reef at a degraded reef caused coral larvae to settle at significantly higher rates.

"What we're showing is that you can actively induce coral settlement by playing sounds," said Nadege Aoki, a doctoral candidate at WHOI and first author on the paper. "You can go to a reef that is degraded in some way and add in the sounds of biological activity from a healthy reef, potentially helping this really important step in the coral life cycle."

Corals are immobile as adults, so the larval stage is their only opportunity to select a good habitat. They swim or drift with the currents, seeking the right conditions to settle out of the water column and affix themselves to the seabed. Previous research has shown that chemical and light cues can influence that decision, but Aoki and her colleagues demonstrate that the soundscape also plays a major role in where corals settle.

The researchers conducted their work in the U.S. Virgin Islands, running the same experiment twice in June and July 2022. They collected larvae from Porites astreoides, a hardy species commonly known as mustard hill coral thanks to its lumpy shape and yellow color and distributed them in cups at three reefs along the southern coast of St. John. One of those reefs, Tektite, is relatively healthy. The other two, Cocoloba and Salt Pond, are more degraded with sparse coral cover and fewer fish. At Salt Pond, Aoki and her colleagues installed an underwater speaker system and placed cups of larvae at distances of one, five, 10, and 30 meters from the speakers. They broadcast healthy reef sounds -- recorded at Tektite in 2013 -- for three nights. They set up similar installations at the other two reefs but didn't play any sounds.

When they collected the cups, the researchers found that significantly more coral larvae had settled in the cups at Salt Pond than the other two reefs. On average, coral larvae settled at rates 1.7 times (and up to 7x) higher with the enriched sound environment. The highest settlement rates were at five meters from the speakers, but even the cups placed 30 meters away had more larvae settling to the bottom than at Cocoloba and Tektite.

"The fact that settlement is consistently decreasing with distance from the speaker, when all else is kept constant, is particularly important because it shows that these changes are due to the added sound and not other factors," said Aran Mooney, a marine biologist at WHOI and lead author on the paper. "This gives us a new tool in the toolbox for potentially rebuilding a reef."

Surprisingly, the researchers didn't find much difference between settlement rates at the more-degraded Cocoloba and the healthier Tektite reefs. A previous study in 2017 had found higher settlement rates at Tektite than Cocoloba. Some of this could be attributed to natural variation, Mooney said, but the Tektite reef has also faced several destructive hurricanes, a significant bleaching event, and an outbreak of coral disease in recent years.




"We seem to have lost some of the complexity of Tektite's soundscape over the last decade," Aoki said. "It could be that conditions there are not as good as we thought they were, but we don't know for sure."

The possible drop-in settlement rates at Tektite underscores the severity of the threats that coral reefs are facing and the need for rapid, scalable solutions, the researchers said. Coral reefs support more than a quarter of all marine animals, protect coastlines from strong waves and storms, and provide food and tourism opportunities for millions of people around the world. But researchers estimate that half of all coral reefs have been lost in the last 30 years.

Aoki, Mooney, and their colleagues hope that their work can help with coral restoration efforts. Enhanced soundscapes could be used to increase settlement rates in coral nurseries, for example, or be passively broadcast at reefs in the wild to maintain or improve existing coral populations. People would still need to monitor reef conditions to ensure that coral larvae are able to thrive after they settle, but this is a significant step in the restoration process, and one that would be relatively simple to implement.

"Replicating an acoustic environment is actually quite easy compared to replicating the reef chemical and microbial cues which also play a role in where corals choose to settle," said Amy Apprill, a microbial ecologist at WHOI and a co-author on the paper. "It appears to be one of the most scalable tools that can be applied to rebuild reefs, so we're really excited about that potential."

This research was supported by the Vere and Oceankind Foundations and the National Science Foundation.
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Simple trick could improve accuracy of plant genetics research | ScienceDaily
Researchers have published a simple trick that improves the accuracy of techniques that help us understand how external variables -- such as temperature -- affect gene activity in plants.


						
"There are really two contributions here," says Colleen Doherty, corresponding author of a paper on the work and an associate professor of molecular and structural biochemistry at North Carolina State University. "First, we're raising the visibility of a problem that many of us in the plant research community were unfamiliar with, as well as highlighting the solution. Second, we've demonstrated that addressing this problem can make a significant difference in our understanding of gene activity in plants."

At issue is a technique called RNA-seq analysis, which is used to measure changes in gene activity -- i.e., when genes are actively transcribing to produce proteins.

"We use RNA-seq analysis to assess how plants respond to various stimuli, or changes in their environment," Doherty says. "It's used widely because it's a relatively easy and inexpensive way to monitor plant responses."

For example, researchers can use RNA-seq analysis to see which genes are turned on when a plant is experiencing drought conditions, which then informs the development of new plant varieties that are drought resistant.

But there's a specific challenge related to RNA-seq analysis, which Doherty and her collaborators ran into by accident.

"We were monitoring how plants respond to different temperatures at multiple times of day, and the results we got were wildly divergent," Doherty says. "We initially thought we might be doing something wrong. But when we began looking into it, we learned that animals and yeasts are known to have global changes in transcription based on variables such as the time of day or nitrogen deprivation."

In other words, researchers want to see how specific variables -- such as increased temperature -- affect transcription in specific genes. But there are some variables -- like time of day -- that can increase or decrease transcription in all the genes. This can throw off researchers' ability to draw conclusions about the specific variables they want to study.




"Luckily, we found that this problem is sufficiently well-established among researchers who work on non-plant species that they have developed a method to account for it, called an artificial spike-in," Doherty says. "These and similar techniques have been used in plant science in other contexts and when using older techniques and technologies. But for whatever reason, our field didn't incorporate artificial spike-ins into our methodology when we adopted RNA-seq analysis."

Artificial spike-ins make use of pieces of foreign RNA that are unlike anything in the plant's genome, meaning that the foreign RNA will not be confused with anything the plant itself produces. Researchers introduce the foreign RNA into the analysis process at the beginning of the experiment. Because global changes in transcription will not affect the foreign RNA, it can be used as a fixed benchmark that allows researchers to determine the extent to which there is an overall increase or decrease in RNA that the plant itself is producing.

"When we used artificial spike-ins to account for global changes in transcription, we found that the differences in plants exposed to temperature changes at different times of day were actually even greater than we anticipated," Doherty says.

"The artificial spike-in gave us more accurate information and greater insight into how plants are behaving at night -- since we found that global transcription was higher at night. Before we adopted the use of artificial spike-ins, we were missing a lot of what was happening at night.

"Artificial spike-ins are an elegant solution to a challenge many of us in the plant research community didn't even know was there," Doherty says. "We're optimistic this technique will improve the accuracy of transcriptional analysis in the wide variety of conditions that can affect global transcription in plant species. And that, in turn, may help our research community garner new insights into the species we study.

"We didn't develop this solution -- artificial spike-ins -- but we really hope it garners more widespread use in plant science."

The work was done with support from the Defense Advanced Research Projects Agency, under grant D19AP00026; the National Science Foundation, under grant 2210293; and the Development and Promotion of Science and Technology Talents Project, Thailand.
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Milk to the rescue for diabetics? Cow produces human insulin in milk | ScienceDaily
An unassuming brown bovine from the south of Brazil has made history as the first transgenic cow capable of producing human insulin in her milk. The advancement, led by researchers from the University of Illinois Urbana-Champaign and the Universidade de Sao Paulo, could herald a new era in insulin production, one day eliminating drug scarcity and high costs for people living with diabetes.


						
"Mother Nature designed the mammary gland as a factory to make protein really, really efficiently. We can take advantage of that system to produce a protein that can help hundreds of millions of people worldwide," said Matt Wheeler, professor in the Department of Animal Sciences, part of the College of Agricultural, Consumer and Environmental Sciences (ACES) at U. of I. He is also affiliated with the Carle Illinois College of Medicine, The Grainger College of Engineering, the College of Veterinary Medicine, the Beckman Institute, and the Carl R. Woese Institute for Genomic Biology.

Wheeler is lead author on a new Biotechnology Journal study describing the development of the insulin-producing cow, a proof-of-concept achievement that could be scaled up after additional testing and FDA approval.

Wheeler's colleagues in Brazil inserted a segment of human DNA coding for proinsulin -- the protein precursor of the active form of insulin -- into cell nuclei of 10 cow embryos. These were implanted in the uteruses of normal cows in Brazil, and one transgenic calf was born. Thanks to updated genetic engineering technology, the human DNA was targeted for expression -- the process whereby gene sequences are read and translated into protein products -- in mammary tissue only.

"In the old days, we used to just slam DNA in and hope it got expressed where you wanted it to," Wheeler said. "We can be much more strategic and targeted these days. Using a DNA construct specific to mammary tissue means there's no human insulin circulating in the cow's blood or other tissues. It also takes advantage of the mammary gland's capabilities for producing large quantities of protein."

When the cow reached maturity, the team unsuccessfully attempted to impregnate her using standard artificial insemination techniques. Instead, they stimulated her first lactation using hormones. The lactation yielded milk, but a smaller quantity than would occur after a successful pregnancy. Still, human proinsulin and, surprisingly, insulin were detectable in the milk.

"Our goal was to make proinsulin, purify it out to insulin, and go from there. But the cow basically processed it herself. She makes about three to one biologically active insulin to proinsulin," Wheeler said. "The mammary gland is a magical thing."

The insulin and proinsulin, which would need to be extracted and purified for use, were expressed at a few grams per liter in the milk. But because the lactation was induced hormonally and the milk volume was smaller than expected, the team can't say exactly how much insulin would be made in a typical lactation.




Conservatively, Wheeler says if a cow could make 1 gram of insulin per liter and a typical Holstein makes 40 to 50 liters per day, that's a lot of insulin. Especially since the typical unit of insulin equals 0.0347 milligrams.

"That means each gram is equivalent to 28,818 units of insulin," Wheeler said. "And that's just one liter; Holsteins can produce 50 liters per day. You can do the math."

The team plans to re-clone the cow, and is optimistic they'll achieve greater success with pregnancy and full lactation cycles in the next generation. Eventually, they hope to create transgenic bulls to mate with the females, creating transgenic offspring that can be used to establish a purpose-built herd. Wheeler says even a small herd could quickly outcompete existing methods -- transgenic yeast and bacteria -- for producing insulin, and could do so without having to create highly technical facilities or infrastructure.

"With regard to mass-producing insulin in milk, you'd need specialized, high-health-status facilities for the cattle, but it's nothing too out of the ordinary for our well-established dairy industry," Wheeler said. "We know what we're doing with cows."

An efficient system to collect and purify insulin products would be needed, as well as FDA approval, before transgenic cows could supply insulin for the world's diabetics. But Wheeler is confident that day is coming.

"I could see a future where a 100-head herd, equivalent to a small Illinois or Wisconsin dairy, could produce all the insulin needed for the country," he said. "And a larger herd? You could make the whole world's supply in a year.
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Molecular simulations of ammonia mixtures support search for renewable fuels | ScienceDaily

Ammonia is stable and safe to handle, is combustible, and contains the largest fraction of hydrogen of any molecule except for pure hydrogen itself. These factors promise to make it a feasible alternative to the carbon-based energy carriers that are driving climate change. Research has begun to explore how ammonia could be used to directly power engines, gas turbines, and hydrogen fuel cells, for example. It is also believed that ammonia could be used to store energy for times when other renewables like wind and solar power cannot meet demand.

Much is known about ammonia, but this interest in using it as a fuel has initiated a search for new ammonia technologies. This has, in turn, led to an increased need among chemical engineers for accurate data describing ammonia's fundamental thermodynamic properties. Such properties include a wide variety of measurable traits such as phase equilibria, density, or heat capacity, for example, that characterize physical systems and determine how chemical processes work. In the case of ammonia, engineers would also like to have better knowledge of how such properties change when mixing ammonia with other molecules. Such knowledge could help them to optimize processes and operating conditions.

Dr. Jadran Vrabec, currently the director of the Institute for Process Sciences at the Technical University of Berlin, has spent much of his career using high-performance computing (HPC) to investigate thermodynamic properties at the molecular level. "Thermodynamic properties are 100% determined by molecular interactions," he explains. "And because these interactions happen so fast and at such a small scale, it is only possible to study them by performing large simulations using supercomputers."

In a recent paper published in the Journal of Chemical & Engineering Data, he and coauthor Erich Mace of the TU Berlin report on the results of simulations focused on the thermodynamic properties of mixtures containing ammonia. Produced using the Hawk supercomputer at the High-Performance Computing Center Stuttgart (HLRS), their results add valuable data that could support the development of new applications of ammonia. The results could also help to assess the accuracy of other existing data, ensuring that engineers have the best available information for working with the substance.

Large-scale simulations provide unique insights into thermodynamic properties

Vrabec is a longtime user of HLRS supercomputing resources for molecular dynamics and Monte Carlo simulations. His approach relies on concepts of thermodynamics that were first articulated by Ludwig Boltzmann in the 19th century but only became practical to apply in the 1950s with the arrival of the first computers. Since then, the field has advanced in parallel with the development of larger and faster supercomputers, to the point that Vrabec's simulations now track the individual motions and interactions of billions or even trillions of molecules simultaneously. Using software his lab developed to selectively capture data of interest, he can then study the molecules' thermodynamic properties.




Vrabec uses two simulation codes called ms2 and ls1, which he has developed and optimized over the course of a long and fruitful collaboration with HLRS staff members Martin Bernreuther and Christoph Niethammer. In 2019 the team even set a world record for the largest molecular system ever simulated using molecular dynamics methods. Using ls1, they efficiently scaled their code to a system of 21 trillion atoms in which every individual molecule and its interactions with other molecules could be tracked.

In the recent work on ammonia, Mace and Vrabec performed molecular dynamics and Monte Carlo simulations using ms2 to investigate five commonly used mixtures involving ammonia in chemical engineering processes: argon-ammonia, methane-ammonia, hydrogen-ammonia, nitrogen-ammonia, and oxygen-ammonia. For each mixture the simulations generated data describing the vapor-liquid equilibrium (VLE) -- a measurement of the distribution of molecules in a system across the vapor or liquid phases -- for a wide range of temperatures and pressures. In their paper Mace and Vrabec point out that VLE data is often used in developing equations of state for industrial fluids; that is, the data can be used to predict the state of matter under different physical conditions due to changes in temperature, pressure, volume, or composition. Such information is essential for determining optimal mixtures and working conditions in industrial applications.

Vrabec's molecular simulations are particularly valuable because they can be used to investigate a much wider range of scales than is possible using experimental approaches. "In our simulations, we provided measurements of thermodynamic properties even up to pressures of 50 megapascals. This is 500 times our ambient air pressure," Vrabec remarks. "Although data for ammonia mixtures have been gathered for more than a century, the data coverage is surprisingly narrow. The reason is that the effort to measure it experimentally is prohibitively huge. It would require expensive special equipment that would be dangerous to operate. In computer simulations, we can get results safely and relatively inexpensively." His methods also provide a comparable level of accuracy to that of experimental approaches in ranges where experimental data is available.

Better data for ammonia research

When Mace and Vrabec analyzed their simulation data, they showed that although ammonia is a component in all five systems they studied, the resulting graphs of VLE values look dramatically different for different molecular mixtures. According to Vrabec, "The phase behavior of different mixtures is strongly determined by the interactions among the molecules in the system. You need to understand these properties if you are interested in working with ammonia mixtures."

The paper and its supplementary data offer more than 400 new data points for each mixture they studied. Using Hawk, they were able to produce the results of each mixture within just a few days of computing time. The results will be of particular value for extreme, difficult-to-study conditions for which little data is available, and could help engineers to identify sweet spots where conditions would be optimal for efficient ammonia processing.

The study included both new simulation data and previously published data from the scientific literature, enabling Mace and Vrabec to compare their results with other existing datasets of VLE values. In most situations, their results corresponded closely with those of previous studies. In some cases, however, they identified significant divergences between their results and other research groups' experimentally generated measurements and predictions. The authors attribute these discrepancies to limitations or inaccuracies in the corresponding experimental methods. They also suggest that specific experimental data sources should be used with caution in future research or chemical engineering applications.

Vrabec says that in recent work, he has focused primarily on simulating thermodynamic properties of molecular systems, generally at the sub-micrometer scale. Despite the many orders of magnitude that lie between this scale and the level of observable processes, accurate methods exist for translating these molecular-level insights into useful real-world predictions. As supercomputers grow larger, however, he anticipates that it might also become possible to simulate not just properties but also thermodynamic processes using boundary conditions that are close to real-world applications. Increased HPC performance could produce more accurate results about dynamic phenomena with a better signal-to-noise ratio.

In the meantime, though, his team's results demonstrate the value of molecular dynamics and Monte Carlo simulation using high-performance computing, and will provide new understanding of phase behavior that engineers can use to develop new ammonia-based technologies.
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        What kinds of seismic signals did Swifties send at LA concert?
        Seattle may have experienced its own Swift Quake last July, but at an August 2023 concert Taylor Swift's fans in Los Angeles gave scientists a lot of shaking to ponder. After some debate, a research team concluded that it was likely the dancing and jumping motions of the audience at SoFi Stadium -- not the musical beats or reverberations of the sound system -- that generated the concert's distinct harmonic tremors.

      

      
        Robot ANYmal can do parkour and walk across rubble
        The quadrupedal robot ANYmal went back to school and has learned a lot. Researchers used machine learning to teach it new skills: the robot can now climb over obstacles and successfully negotiate pitfalls.

      

      
        Cheers! NASA's Webb finds ethanol, other icy ingredients for worlds
        What do margaritas, vinegar, and ant stings have in common? They contain chemical ingredients that NASA's James Webb Space Telescope has identified surrounding two young protostars known as IRAS 2A and IRAS 23385. Although planets are not yet forming around those stars, these and other molecules detected there by Webb represent key ingredients for making potentially habitable worlds.

      

      
        The future is likely less skiable, thanks to climate change
        Annual snow cover days in all major skiing regions are projected to decrease dramatically as a result of climate change, with 1 in 8 ski areas losing all natural snow cover this century under high emission scenarios, according to a new study.

      

      
        Supply chain disruptions will further exacerbate economic losses from climate change
        Global GDP loss from climate change will increase exponentially the warmer the planet gets when its cascading impact on global supply chains is factored in, finds a new study.

      

      
        Menopause explains why some female whales live so long
        Females of some whale species have evolved to live drastically longer lives so they can care for their families, new research shows.

      

      
        Explaining a supernova's 'string of pearls'
        Physicists often turn to the Rayleigh-Taylor instability to explain why fluid structures form in plasmas, but that may not be the full story when it comes to the ring of hydrogen clumps around supernova 1987A, research suggests. It looks like the same mechanism that breaks up airplane contrails might be at play in forming the clumps of hydrogen gas that ring the remnant of supernova 1987A.

      

      
        Giant volcano discovered on Mars
        A deeply eroded giant volcano, active from ancient through recent times and with possible remnants of glacier ice near its base, had been hiding near Mars' equator in plain sight. Its discovery points to an exciting new place to search for life, and a potential destination for future robotic and human exploration.

      

      
        Scientists develop ultra-thin semiconductor fibers that turn fabrics into wearable electronics
        Scientists have developed ultra-thin semiconductor fibers that can be woven into fabrics, turning them into smart wearable electronics.

      

      
        Drought, soil desiccation cracking, and carbon dioxide emissions: an overlooked feedback loop exacerbating climate change
        Soil stores 80 percent of carbon on earth, yet with increasing cycles of drought, that crucial reservoir is cracking and breaking down, releasing even more greenhouse gases creating an amplified feedback loop that could accelerate climate change.

      

      
        Milk to the rescue for diabetics? Cow produces human insulin in milk
        An unassuming brown bovine from the south of Brazil has made history as the first transgenic cow capable of producing human insulin in her milk. The advancement could herald a new era in insulin production, one day eliminating drug scarcity and high costs for people living with diabetes.

      

      
        Grounding zone discovery explains accelerated melting under Greenland's glaciers
        Researchers have conducted the first large-scale observation and modeling study of northwest Greenland's Petermann Glacier. Their findings reveal the intrusion of warm ocean water beneath the ice as the culprit in the accelerated melting it has experienced since the turn of the century, and their computer predictions indicate that potential sea level rise will be much worse than previously estimated.

      

      
        Alaska dinosaur tracks reveal a lush, wet environment
        A large find of dinosaur tracks and fossilized plants and tree stumps in far northwestern Alaska provides new information about the climate and movement of animals near the time when they began traveling between the Asian and North American continents roughly 100 million years ago.

      

      
        Mars attracts: How Earth's interactions with the red planet drive deep-sea circulation
        Scientists have used the geological record of the deep sea to discover a connection between the orbits of Earth and Mars, past global warming patterns and the speeding up of deep ocean circulation. The patterns they discover suggest that warming seas could produce deep whirpools in ocean currents.

      

      
        A coral superhighway in the Indian Ocean
        Despite being scattered across more than a million square kilometers, new research has revealed that remote coral reefs across the Seychelles are closely related. Using genetic analyses and oceanographic modelling, researchers demonstrated for the first time that a network of ocean currents scatter significant numbers of larvae between these distant islands, acting as a 'coral superhighway.'

      

      
        Scientists propose new theory that explains sand ripples on Mars and on Earth
        Sand ripples are symmetrical. Yet wind -- which causes them -- is very much not. Furthermore, sand ripples can be found on Mars and on Earth. They would be even more fascinating if the same effect found on Mars could be found here on Earth as well. What if one unified theory could explain their formation on both planets?

      

      
        Cheetahs' unrivalled speed explained by their 'sweet spot' size, finds Imperial study
        A new study has answered a long-held question about why medium-sized land animals like cheetahs tend to be fastest.

      

      
        Peering into the tendrils of NGC 604 with NASA's Webb
        The formation of stars and the chaotic environments they inhabit is one of the most well-studied, but also mystery-shrouded, areas of cosmic investigation. The intricacies of these processes are now being unveiled like never before by NASA's James Webb Space Telescope.

      

      
        Nasa's Webb, Hubble telescopes affirm universe's expansion rate, puzzle persists
        When you are trying to solve one of the biggest conundrums in cosmology, you should triple check your homework. The puzzle, called the 'Hubble Tension,' is that the current rate of the expansion of the universe is faster than what astronomers expect it to be, based on the universe's initial conditions and our present understanding of the universe's evolution.

      

      
        AI-generated food images look tastier than real ones
        Researchers have announced an intriguing discovery -- consumers generally prefer AI-generated images of food over real food images, especially when they are unaware of their true nature.

      

      
        Research sheds light on new strategy to treat infertility
        New research describes the science behind a promising technique to treat infertility by turning a skin cell into an egg that is capable of producing viable embryos. The technique could be used by women of advanced maternal age or for those who are unable to produce viable eggs due to previous treatment for cancer or other causes. It also raises the possibility of men in same-sex relationships having children who are genetically related to both parents.

      

      
        Researchers develop artificial building blocks of life
        For the first time, scientists have developed artificial nucleotides, the building blocks of DNA, with several additional properties in the laboratory.

      

      
        Good news for coral reef restoration efforts: Study finds 'full recovery' of reef growth within four years
        While the majority of the world's reefs are now under threat or even damaged potentially beyond repair, a new study offers some encouraging news: efforts to restore coral reefs not only increase coral cover, but they can also bring back important ecosystem functions, and surprisingly fast.

      

      
        Balancing training data and human knowledge makes AI act more like a scientist
        When you teach a child how to solve puzzles, you can either let them figure it out through trial and error, or you can guide them with some basic rules and tips. Similarly, incorporating rules and tips into AI training -- such as the laws of physics --could make them more efficient and more reflective of the real world. However, helping the AI assess the value of different rules can be a tricky task.

      

      
        Lack of focus doesn't equal lack of intelligence -- it's proof of an intricate brain
        Imagine a busy restaurant: dishes clattering, music playing, people talking loudly over one another. It's a wonder that anyone in that kind of environment can focus enough to have a conversation. A new study provides some of the most detailed insights yet into the brain mechanisms that help people pay attention amid such distraction, as well as what's happening when they can't focus.

      

      
        Interstellar signal linked to aliens was actually just a truck
        Sound waves thought to be from a 2014 meteor fireball north of Papua New Guinea were almost certainly vibrations from a truck rumbling along a nearby road, new research shows. The findings raise doubts that materials pulled last year from the ocean are alien materials from that meteor, as was widely reported.

      

      
        New study reveals insight into which animals are most vulnerable to extinction due to climate change
        In a new study, researchers have used the fossil record to better understand what factors make animals more vulnerable to extinction from climate change. The results could help to identify species most at risk today from human-driven climate change.

      

      
        Rock weathering and climate: Low-relief mountain ranges are largest carbon sinks
        For many hundreds of millions of years, the average temperature at the surface of the Earth has varied by not much more than 20 degrees Celsius, facilitating life on our planet. To maintain such stable temperatures, Earth appears to have a 'thermostat' that regulates the concentration of atmospheric carbon dioxide over geological timescales, influencing global temperatures. The erosion and weathering of rocks are important parts of this 'thermostat.'

      

      
        Shape-shifting ultrasound stickers detect post-surgical complications
        Gastrointestinal surgeries carry risk of fluid leaks, a potentially life-threatening complication. But no existing methods can reliably and non-invasively detect these leaks. To address this unmet need, researchers developed a tiny, soft, flexible sticker that changes in shape inside the body, enabling standard ultrasound tech to detect leaks for earlier detection and intervention. After the patient has recovered, the soft, tiny sticker simply dissolves away.

      

      
        Loss of nature costs more than previously estimated
        Researchers propose that governments apply a new method for calculating the benefits that arise from conserving biodiversity and nature for future generations.
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What kinds of seismic signals did Swifties send at LA concert? | ScienceDaily
Seattle may have experienced its own Swift Quake last July, but at an August 2023 concert Taylor Swift's fans in Los Angeles gave scientists a lot of shaking to ponder.


						
After some debate, a research team led by Gabrielle Tepp of Caltech concluded that it was likely the dancing and jumping motions of the audience at SoFi Stadium -- not the musical beats or reverberations of the sound system -- that generated the concert's distinct harmonic tremors.

In their study in Seismological Research Letters, Tepp and colleagues show how they were able to identify the seismic signature of individual songs and determine the strength of each song's tremor.

They even have a little bit of data on how Swift's concert stacks up -- seismically, that is -- against other Summer of 2023 SoFi concerts, including Metallica, Beyonce and Morgan Wallen.

The Seattle Swift quake prompted the California Office of Emergency Services to ask seismic network operators in the state to see if any interesting research might be generated at Swift's August concert dates in Los Angeles. Tepp's colleagues set up strong motion sensors at SoFi Stadium, analyzing data collected by those devices along with data from nearby permanent regional seismic network stations.

Previous research shows that "concert tremor" can be recorded as long-duration signals with narrowband, harmonic frequency peaks between 1 and 10 hertz. This kind of low-frequency signal looks like the harmonic tremor recorded from natural sources like volcanoes and human sources like trains.

One of the goals of the research team was to find a way to extract the concert's tremor signals from spectrograms. Spectrograms are graphs that display the strength of various signal frequencies over time. They are often used to display frequencies of sound waves, but they can also help seismologists visualize signals recorded by seismometers and other instruments.




For Tepp, who has studied volcanoes and is also a musician, the concert data was a great opportunity to test methods for detecting seismic signals in spectrograms. "For earthquakes, most of the time they're pretty sharp and easy to identify with waveforms, but when you have something like volcanoes where you have such a wide variety of signals, spectrograms can be really handy in helping to identify the different types of signals," she explained.

Each Swift song had a distinctive tremor signal, the researchers found. For Swift's August 5, 2023 concert, Tepp and colleagues were able to identify 43 of the 45 songs played within the recorded spectrograms.

They also calculated the radiated energy of each song and interpreted that number in terms of the local magnitude of an earthquake that would have radiated the same energy. The songs varied considerably in magnitude, with "Shake It Off" coming in at the largest local magnitude of 0.851. "Keep in mind this energy was released over a few minutes compared to a second for an earthquake of that size. Based on the maximum strength of shaking, the strongest tremor was equivalent to a magnitude -2 earthquake," Tepp said.

But where did all that harmonic tremor come from? "My gut feeling was that if you have a harmonic signal that is nice like these, it had to be from the music or the instruments or something," Tepp said.

Instead, the researchers found that the best explanation of their data was that the movement of the 70,000-plus crowd caused the harmonic tremor. To confirm this, the scientists performed a few experiments of their own. They played songs on a portable PA speaker next to a strong motion sensor. Tepp also plugged in her bass guitar to the speaker and played a simple repetitive beat. She even jumped up and down next to the sensor while rocking out to Swift's "Love Story."

The experimental data confirmed that it was motion and not music that was creating the harmonic tremor. "Even though I was not great at staying in the same place -- I ended up jumping around in a small circle, like at a concert -- I was surprised at how clear the signal came out," Tepp said.




Tepp was surprised that the bass beats "didn't make a harmonic signal, even though they were more accurately on the beat than my jumping."

She thinks that might have more to do with the signal shape -- the bass beats have a rounder, more emergent shape than the "spike" of a jump -- relative to the space between each beat or jump. This relationship "could have implications for why some seismic signals show up as harmonic in spectrograms while other similar ones do not."

The researchers used data pulled from the regional seismic network stations to look at the tremor created by the summer's other headliners at SoFi. Some of the most interesting data came from the Metallica concert.

"Other concerts had nice straight-line harmonic signals, but the signals from the Metallica concert were slanted and kind of weird looking," Tepp said. "We don't have a great explanation for that yet."

One explanation might be found in the fact that the beat rate for Swift's songs doesn't vary much between live and album performances, but Metallica's beat rates "are all over the map," she noted. Videos of the concerts also highlight differences between Swift's highly choreographed shows and Metallica's members wandering the stage.

"The tremor signals themselves are likely coming from the audience, but if the band is varying the beat or speed of songs as they go, maybe the audience is reacting differently," Tepp suggested.

Metallica also "had the weakest signals in terms of the strongest magnitude from each concert," she said.

"Metal fans like to headbang a lot, so they're not necessarily bouncing," Tepp added. "It might just be that the ways in which they move don't create as strong of a signal."
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Robot ANYmal can do parkour and walk across rubble | ScienceDaily
ANYmal has for some time had no problem coping with the stony terrain of Swiss hiking trails. Now researchers at ETH Zurich have taught this quadrupedal robot some new skills: it is proving rather adept at parkour, a sport based on using athletic manoeuvres to smoothly negotiate obstacles in an urban environment, which has become very popular. ANYmal is also proficient at dealing with the tricky terrain commonly found on building sites or in disaster areas.


						
To teach ANYmal these new skills, two teams, both from the group led by ETH Professor Marco Hutter of the Department of Mechanical and Process Engineering, followed different approaches.

Exhausting the mechanical options

Working in one of the teams is ETH doctoral student Nikita Rudin, who does parkour in his free time. "Before the project started, several of my researcher colleagues thought that legged robots had already reached the limits of their development potential," he says, "but I had a different opinion. In fact, I was sure that a lot more could be done with the mechanics of legged robots."

With his own parkour experience in mind, Rudin set out to further push the boundaries of what ANYmal could do. And he succeeded, by using machine learning to teach the quadrupedal robot new skills. ANYmal can now scale obstacles and perform dynamic manoeuvres to jump back down from them.

In the process, ANYmal learned like a child would -- through trial and error. Now, when presented with an obstacle, ANYmal uses its camera and artificial neural network to determine what kind of impediment it's dealing with. It then performs movements that seem likely to succeed based on its previous training.

Is that the full extent of what's technically possible? Rudin suggests that this is largely the case for each individual new skill. But he adds that this still leaves plenty of potential improvements. These include allowing the robot to move beyond solving predefined problems and instead asking it to negotiate difficult terrain like rubble-strewn disaster areas.

Combining new and traditional technologies

Getting ANYmal ready for precisely that kind of application was the goal of the other project, conducted by Rudin's colleague and fellow ETH doctoral student Fabian Jenelten. But rather than relying on machine learning alone, Jenelten combined it with a tried-and-tested approach used in control engineering known as model-based control. This provides an easier way of teaching the robot accurate manoeuvres, such as how to recognise and get past gaps and recesses in piles of rubble. In turn, machine learning helps the robot master movement patterns that it can then flexibly apply in unexpected situations. "Combining both approaches lets us get the most out of ANYmal," Jenelten says.

As a result, the quadrupedal robot is now better at gaining a sure footing on slippery surfaces or unstable boulders. ANYmal is soon also to be deployed on building sites or anywhere that is too dangerous for people -- for instance to inspect a collapsed house in a disaster area.
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Cheers! NASA's Webb finds ethanol, other icy ingredients for worlds | ScienceDaily
What do margaritas, vinegar, and ant stings have in common? They contain chemical ingredients that NASA's James Webb Space Telescope has identified surrounding two young protostars known as IRAS 2A and IRAS 23385. Although planets are not yet forming around those stars, these and other molecules detected there by Webb represent key ingredients for making potentially habitable worlds.


						
An international team of astronomers used Webb's MIRI (Mid-Infrared Instrument) to identify a variety of icy compounds made up of complex organic molecules like ethanol (alcohol) and likely acetic acid (an ingredient in vinegar). This work builds on previous Webb detections of diverse ices in a cold, dark molecular cloud.

What is the origin of complex organic molecules (COMs) ?

"This finding contributes to one of the long-standing questions in astrochemistry," said team leader Will Rocha of Leiden University in the Netherlands. "What is the origin of complex organic molecules, or COMs, in space? Are they made in the gas phase or in ices? The detection of COMs in ices suggests that solid-phase chemical reactions on the surfaces of cold dust grains can build complex kinds of molecules."

As several COMs, including those detected in the solid phase in this research, were previously detected in the warm gas phase, it is now believed that they originate from the sublimation of ices. Sublimation is to change directly from a solid to a gas without becoming a liquid. Therefore, detecting COMs in ices makes astronomers hopeful about improved understanding of the origins of other, even larger molecules in space.

Scientists are also keen to explore to what extent these COMs are transported to planets at much later stages of protostellar evolution. COMs in cold ices are thought to be easier to transport from molecular clouds to planet-forming disks than warm, gaseous molecules. These icy COMs can therefore be incorporated into comets and asteroids, which in turn may collide with forming planets, delivering the ingredients for life to possibly flourish.

The science team also detected simpler molecules, including formic acid (which causes the burning sensation of an ant sting), methane, formaldehyde, and sulfur dioxide. Research suggests that sulfur-containing compounds like sulfur dioxide played an important role in driving metabolic reactions on the primitive Earth.




Similar to the early stages of our own solar system?

Of particular interest is that one of the sources investigated, IRAS 2A, is characterized as a low-mass protostar. IRAS 2A may therefore be similar to the early stages of our own solar system. As such, the chemicals identified around this protostar were likely present in the first stages of development of our solar system and later delivered to the primitive Earth.

"All of these molecules can become part of comets and asteroids and eventually new planetary systems when the icy material is transported inward to the planet-forming disk as the protostellar system evolves," said Ewine van Dishoeck of Leiden University, one of the coordinators of the science program. "We look forward to following this astrochemical trail step-by-step with more Webb data in the coming years."

These observations were made for the JOYS+ (James Webb Observations of Young ProtoStars) program. The team dedicated these results to team member Harold Linnartz, who unexpectedly passed away in December 2023, shortly after the acceptance of this paper.

This research has been accepted for publication in the journal Astronomy & Astrophysics.
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The future is likely less skiable, thanks to climate change | ScienceDaily
Annual snow cover days in all major skiing regions are projected to decrease dramatically as a result of climate change, with 1 in 8 ski areas losing all natural snow cover this century under high emission scenarios. These results are published in a new study in the open-access journal PLOS ONE by Veronika Mitterwallner from the University of Bayreuth, Germany and colleagues.


						
Popular skiing destinations experience the impacts of climate change, which include reduced snowfall in regions around the world. Despite the social, economic, and ecological significance of the skiing industry, little research exists on how ski area distributions are affected by climate change globally. Existing studies are small-scale and focused on Europe, North America, and Australia.

Mitterwallner and colleagues examined the impact of climate change on annual natural snow cover in seven major skiing regions: the European Alps, Andes Mountains, Appalachian Mountains, Australian Alps, Japanese Alps, Southern Alps (located in New Zealand), and Rocky Mountains.

The researchers identified specific skiing locations within these seven regions using OpenStreetMap. As the largest global ski market, the European Alps accounted for 69% of these areas. The researchers also used the public climate database CHELSA, enabling them to predict annual snow cover days for each ski area for 2011-2040, 2041-2070, and 2071-2100 under low, high, and very high carbon emissions scenarios.

Under the high emissions scenario, 13% of ski areas are predicted to lose all natural snow cover by 2071-2100 relative to their historic baselines. Twenty percent will lose more than half of their snow cover days per year. By 2071-2100, average annual snow cover days were predicted to decline most in the Australian Alps (78%) and Southern Alps (51%), followed by the Japanese Alps (50%), Andes (43%), European Alps (42%), and Appalachians (37%), with the Rocky Mountains predicted to experience the least decline at 23% relative to historic baselines.

The researchers state that diminishing snow cover may prompt ski resorts to move or expand into less populated areas, potentially threatening alpine plants and animals already under climate-induced strain. Resorts favoring faux snow may rely on "technical snowmaking" practices like artificial snow production, but regardless, the authors predict that the economic profitability of ski resorts will fall globally.

The authors add: "This study demonstrates significant future losses in natural snow cover of current ski areas worldwide, indicating spatial shifts of ski area distributions, potentially threatening high-elevation ecosystems."
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Supply chain disruptions will further exacerbate economic losses from climate change | ScienceDaily
Global GDP loss from climate change will increase exponentially the warmer the planet gets when its cascading impact on global supply chains is factored in, finds a new study led by UCL researchers.


						
The study, published in Nature, is the first to chart "indirect economic losses" from climate change on global supply chains that will affect regions that would have been less affected by projected warming temperatures.

These previously unquantified disruptions in supply chains will further exacerbate projected economic losses due to climate change, bringing a projected net economic loss of between $3.75 trillion and $24.7 trillion in adjusted 2020 dollars by 2060, depending on how much carbon dioxide gets emitted.

Senior author Professor Dabo Guan (UCL Bartlett School of Sustainable Construction) said: "These projected economic impacts are staggering. These losses get worse the more the planet warms, and when you factor in the effects on global supply chains it shows how everywhere is at economic risk."

As the global economy has grown more interconnected, disruptions in one part of the world have knock-on effects elsewhere in the world, sometimes in unexpected ways. Crop failures, labour slowdowns and other economic disruptions in one region can affect the supplies of raw materials flowing to other parts of the world that depend on them, disrupting manufacturing and trade in faraway regions. This is the first study to analyse and quantify the propagation of these disruptions from climate change, as well as their economic impacts.

As the Earth warms, the worse off economically it becomes, with compounding damage and economic losses climbing exponentially as time goes on and the hotter it gets. Climate change disrupts the global economy primarily by health costs from people suffering from heat exposure, work stoppages when it's too hot to work, and economic disruptions cascading through supply chains.

The researchers compared expected economic losses across three projected global warming scenarios, called "Shared Socioeconomic Pathways," based on low, medium and high projected global emissions levels. The best-case scenario would see global temperatures rise by only 1.5 degrees C over preindustrial levels by 2060, the middle track, which most experts believe Earth is on now, would see global temperatures rise by around 3 degrees C, and the worst-case scenario would see global temperatures rise by 7 degrees C.




By 2060, projected economic losses will be nearly five times as much under the highest emissions path than the lowest, with economic losses getting progressively worse the warmer it gets. By 2060, total GDP losses will amount to 0.8% under 1.5 degrees of warming, 2.0% under 3 degrees of warming and 3.9% under 7 degrees of warming.

The team calculated that supply chain disruptions also get progressively worse the warmer the climate gets, accounting for a greater and greater proportion of economic losses. By 2060, supply chain losses will amount to 0.1% of total global GDP (13% of the total GDP lost) under 1.5 degrees of warming, 0.5% of total GDP (25% of the total GDP lost) under 3 degrees, and 1.5% of total GDP (38% of the total GDP lost) under 7 degrees.

Co-lead author, Dr Daoping Wang of King's College London, said: "The negative impacts of extreme heat sometimes occur quietly on global supply chains, even escaping our notice altogether. Our developed Disaster Footprint model tracks and visually represents these impacts, underlining the imperative for global collaborative efforts in adapting to extreme heat."

For example, although extreme heat events occur more often in low-latitude countries, high-latitude regions, such as Europe or the United States, are also at significant risk. Future extreme heat is likely to cost Europe and the US about 2.2% and about 3.5% of their GDP respectively under the high emission scenario. The UK would lose about 1.5% of its GDP, with chemical products, tourism and electrical equipment industries suffering the greatest losses. Some of these losses originate from supply chain fluctuations caused by extreme heat in countries close to the equator.

The direct human cost is likewise significant. Even under the lowest path, 2060 will see 24% more days of extreme heatwaves and an additional 590,000 heatwave deaths annually, while under the highest path there would be more than twice as many heatwaves and an expected 1.12 million additional annual heatwave deaths. These impacts will not be evenly distributed around the world, but countries situated near to the equator will bear the brunt of climate change, particularly developing countries.

Co-lead author, Yida Sun from Tsinghua University said: "Developing countries suffer disproportionate economic losses compared to their carbon emissions. As multiple nodes in developing countries are hit simultaneously, economic damage can spread rapidly through the global value chain."

The researchers highlighted two illustrative examples of industries that are part of supply chains at risk from climate change: Indian food production and tourism in the Dominican Republic.




The Indian food industry is heavily reliant on imports of fats and oils from Indonesia and Malaysia, Brazilian sugar, as well as vegetables, fruits and nuts from Southeast Asia and Africa. These supplier countries are among those most affected by climate change, diminishing India's access to raw materials, which will diminish its food exports. As a result, the economies of countries reliant on these foods will feel the pinch of diminished supply and higher prices.

The Dominican Republic is expected to see a decline in its tourism as its climate grows too warm to attract vacationers. A nation whose economy is heavily reliant on tourism, this slowdown will hurt tourism-reliant industries including manufacturing, construction, insurance, financial services, and electronic equipment.

Professor Guan said: "This research is an important reminder that preventing every additional degree of climate change is critical. Understanding what nations and industries are most vulnerable is crucial for devising effective and targeted adaption strategies."
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Menopause explains why some female whales live so long | ScienceDaily
Females of some whale species have evolved to live drastically longer lives so they can care for their families, new research shows.


						
The study focussed on five whale species that -- along with humans -- are the only mammals known to go through menopause.

The findings show that females of these whale species that experience menopause live around 40 years longer than other female whales of a similar size.

By living longer without extending their "reproductive lifespan" (the years in which they breed), these females have more years to help their children and grandchildren, without increasing the "overlap" period when they compete with their daughters by breeding and raising calves at the same time.

This new research shows that -- despite being separated by 90 million years of evolution -- whales and humans show remarkably similar life histories, which have evolved independently.

The study was carried out by the universities of Exeter and York, and the Center for Whale Research.

"The process of evolution favours traits and behaviours by which an animal passes its genes to future generations," said lead author Dr Sam Ellis, from the University of Exeter.




"The most obvious way for a female to do this is to breed for the entire lifespan -- and this is what happens in almost all animal species. There are more than 5,000 mammal species, and only six are known to go through menopause.

"So the question is: how and why did menopause evolve? Our study provides some of the answers to this fascinating puzzle."

Menopause is known to exist in five species of toothed whale: short-finned pilot whales, false killer whales, killer whales, narwhals and beluga whales.

As well as outliving females of other similar-sized species, females in these five species outlive the males of their own species. For example, female killer whales can live into their 80s, while males are typically dead by 40.

"The evolution of menopause and a long post-reproductive life could only happen in very specific circumstances," said Professor Darren Croft, of the University of Exeter and Executive Director at the Center for Whale Research

"Firstly, a species must have a social structure in which females spend their lives in close contact with their offspring and grand-offspring.




"Secondly, the females must have an opportunity to help in ways that improve the survival chances of their family. For example, female toothed whales are known to share food and use their knowledge to guide the group to find food when it is in short supply."

Professor Dan Franks, from the University of York, said: "Previous research on menopause evolution has tended to focus on single species, typically humans or killer whales.

"This study is the first to cross several species, enabled by the recent discovery of menopause in multiple species of toothed whales.

"Our study provides evidence that menopause evolved by expanding female lifespan beyond their reproductive years, rather than from reduced reproductive lifespan.

"This is a question that has long been asked in anthropology, but can only be directly answered with a comparative study."

Commenting on parallels with the evolution of menopause in humans, Professor Croft added: "It's fascinating that we share this life history with a taxonomic group we're so different from.

"Despite these differences, our results show that humans and toothed whales show convergent life history -- just like in humans, menopause in toothed whales evolved by selection to increase the total lifespan without also extending their reproductive lifespan."

The study was funded by the Leverhulme Trust and the Natural Environment Research Council (NERC).

The paper, published in the journal Nature, is entitled: "The evolution of menopause in toothed whales."
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Explaining a supernova's 'string of pearls' | ScienceDaily
Physicists often turn to the Rayleigh-Taylor instability to explain why fluid structures form in plasmas, but that may not be the full story when it comes to the ring of hydrogen clumps around supernova 1987A, research from the University of Michigan suggests.


						
In a study published in Physical Review Letters, the team argues that the Crow instability does a better job of explaining the "string of pearls" encircling the remnant of the star, shedding light on a longstanding astrophysical mystery.

"The fascinating part about this is that the same mechanism that breaks up airplane wakes could be in play here," said Michael Wadas, corresponding author of the study and a graduate student in mechanical engineering at the time of the work.

In jet contrails, the Crow instability creates breaks in the smooth line of clouds because of the spiraling airflow coming off the end of each wing, known as wingtip vortices. These vortices flow into one another, creating gaps -- something we can see because of the water vapor in the exhaust. And the Crow instability can do something that Rayleigh-Taylor could not: predict the number of clumps seen around the remnant.

"The Rayleigh-Taylor instability could tell you that there might be clumps, but it would be very difficult to pull a number out of it," said Wadas, who is now a postdoctoral scholar at the California Institute of Technology.

Supernova 1987A is among the most famous stellar explosions because it's relatively close to Earth at 163,000 light years away, and its light reached Earth at a time when sophisticated observatories existed to witness its evolution. It is the first supernova visible to the naked eye since Kepler's supernova in 1604, making it an incredibly rare astrophysical event that has played an outsized role in shaping our understanding of stellar evolution.

While much is still unknown about the star that exploded, it is believed that the ring of gas surrounding the star ahead of the explosion came from the merger of two stars. Those stars shed hydrogen into the space around them as they became a blue giant tens of thousands of years before the supernova. That ring-shaped cloud of gas was then buffeted by the stream of high-speed charged particles coming off the blue giant, known as a stellar wind. The clumps are believed to have formed before the star exploded.




The researchers simulated the way the wind pushed the cloud outward while also dragging on the surface, with the top and bottom of the cloud being pushed out faster than the middle. This caused the cloud to curl in on itself, which triggered the Crow instability and caused it to break apart into fairly even clumps that became the string of pearls. The prediction of 32 is very close to the observed 30 to 40 clumps around the supernova 1987A remnant.

"That's a big piece of why we think this is the Crow instability," said Eric Johnsen, U-M professor of mechanical engineering and senior author of the study.

The team saw hints that the Crow instability might predict the formation of more beaded rings around the star, further out from the ring that appears brightest in telescope images. They were pleased to see that more clumps seem to appear in the shot from the James Webb Space Telescope's near-infrared camera, released in August last year, Wadas explained.

The team also suggested that the Crow instability might be at play when the dust around a star settles into planets, although further research is needed to explore this possibility.

The study was supported by the Department of Energy, with computing resources provided by the Extreme Science and Engineering Discovery Environment

Co-authors of the study are: William White and Aaron Towne, a graduate student and an assistant professor in mechanical engineering, respectively; and Heath LeFevre and Carolyn Kuranz, a research fellow and an associate professor of nuclear engineering and radiological sciences, respectively; all at U-M.
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Giant volcano discovered on Mars | ScienceDaily
In a groundbreaking announcement at the 55th Lunar and Planetary Science Conference held in The Woodlands, Texas, scientists revealed the discovery of a giant volcano and possible sheet of buried glacier ice in the eastern part of Mars' Tharsis volcanic province, near the planet's equator. Imaged repeatedly by orbiting spacecraft around Mars since Mariner 9 in 1971 -- but deeply eroded beyond easy recognition, the giant volcano had been hiding in plain sight for decades in one of Mars' most iconic regions, at the boundary between the heavily fractured maze-like Noctis Labyrinthus (Labyrinth of the Night) and the monumental canyons of Valles Marineris (Valleys of Mariner).


						
Provisionally designated "Noctis volcano" pending an official name, the structure is centered at 7deg 35' S, 93deg 55' W. It reaches +9022 meters (29,600 feet) in elevation and spans 450 kilometers (280 miles) in width. The volcano's gigantic size and complex modification history indicate that it has been active for a very long time. In its southeastern part lies a thin, recent volcanic deposit beneath which glacier ice is likely still present. This combined giant volcano and possible glacier ice discovery is significant, as it points to an exciting new location to study Mars' geologic evolution through time, search for life, and explore with robots and humans in the future.

"We were examining the geology of an area where we had found the remains of a glacier last year when we realized we were inside a huge and deeply eroded volcano," said Dr. Pascal Lee, planetary scientist with the SETI Institute and the Mars Institute based at NASA Ames Research Center, and the lead author of the study.

Several clues, taken together, give away the volcanic nature of the jumble of layered mesas and canyons in this eastern part of Noctis Labyrinthus. The central summit area is marked by several elevated mesas forming an arc, reaching a regional high and sloping downhill away from the summit area. The gentle outer slopes extend out to 225 kilometers (140 miles) away in different directions. A caldera remnant -- the remains of a collapsed volcanic crater once host to a lava lake -- can be seen near the center of the structure. Lava flows, pyroclastic deposits (made of volcanic particulate materials such as ash, cinders, pumice and tephra) and hydrated mineral deposits occur in several areas within the structure's perimeter.

"This area of Mars is known to have a wide variety of hydrated minerals spanning a long stretch of Martian history. A volcanic setting for these minerals had long been suspected. So, it may not be too surprising to find a volcano here," explained Sourabh Shubham, a graduate student at the University of Maryland's Department of Geology and the study's co-author. "In some sense, this large volcano is a long-sought 'smoking gun'."

In addition to the volcano, the study reports the discovery of a large, 5000 square kilometer (1930 square mile) area of volcanic deposits within the volcano's perimeter presenting a large number of low, rounded and elongated, blister-like mounds. This "blistered terrain" is interpreted to be a field of "rootless cones," mounds produced by explosive steam venting or steam swelling when a thin blanket of hot volcanic materials comes to rest on top of a water or ice-rich surface.

Just a year ago, Lee, Shubham and their colleague John W. Schutt had identified the spectacular remains of a glacier -- or "relict glacier" -- through a sizeable erosional opening in the same volcanic blanket, in the form of a light-toned deposit (LTD) of sulfate salt with the morphologic traits of a glacier. The sulfate deposit, made mainly of jarosite, a hydrous sulfate, was interpreted to have formed when the blanket of volcanic pyroclastic materials came to rest on a glacier and reacted chemically with the ice. Breached rootless cones identified in the current study show similar occurrences of polyhydrated sulfates, further suggesting the blistered volcanic blanket may be hiding a vast sheet of glacier ice underneath it.




The Noctis volcano presents a long and complex history of modification, possibly from a combination of fracturing, thermal erosion, and glacial erosion. Researchers interpret the volcano to be a vast shield made of layered accumulations of pyroclastic materials, lavas, and ice, the latter resulting from repeated buildups of snow and glaciers on its flanks through time. As fractures and faults eventually developed, in particular in connection with the uplift of the broader Tharsis region on which the volcano sits, lavas began to rise through different parts of the volcano, leading to thermal erosion and removal of vast amounts of buried ice and the catastrophic collapse of entire sections of the volcano.

Subsequent glaciations continued their erosion, giving many canyons within the structure their present distinctive shape. In this context the "relict glacier" and the possible buried sheet of glacier ice around it, might be remnants of the latest glaciation episode affecting the Noctis volcano.

But much about the newly discovered giant volcano remains a mystery. Although it is clear that it has been active for a long time and began to build up early in Mars' history, it is unknown how early exactly. Similarly, although it has experienced eruptions even in modern times, it is unknown if it is still volcanically active and might erupt again. And if it has been active for a very long time, could the combination of sustained warmth and water from ice have allowed the site to harbor life?

As mysteries surrounding the Noctis volcano continue to puzzle scientists, the site is already emerging as an exciting new location to study Mars' geologic evolution, search for life, and plan future robotic and human exploration. The possible presence of glacier ice at shallow depths near the equator means that humans could potentially explore a less frigid part of the planet while still being able to extract water for hydration and manufacturing rocket fuel (by breaking down H2O into hydrogen and oxygen).

"It's really a combination of things that makes the Noctis volcano site exceptionally exciting. It's an ancient and long-lived volcano so deeply eroded that you could hike, drive, or fly through it to examine, sample, and date different parts of its interior to study Mars' evolution through time. It has also had a long history of heat interacting with water and ice, which makes it a prime location for astrobiology and our search for signs of life. Finally, with glacier ice likely still preserved near the surface in a relatively warm equatorial region on Mars, the place is looking very attractive for robotic and human exploration," said Lee.

This study was conducted using data from NASA's Mariner 9, Viking Orbiter 1 and 2, Mars Global Surveyor, Mars Odyssey, and Mars Reconnaissance Orbiter missions, as well as ESA's Mars Express mission. Special appreciation is expressed to their instrument teams for acquiring the various datasets used in this study. Use of the open NASA Planetary Data System, Mars Quickmap, Mars Trek, and Google Mars online data visualization tools was also key in enabling the study.
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Scientists develop ultra-thin semiconductor fibers that turn fabrics into wearable electronics | ScienceDaily
Scientists from Nanyang Technological University, Singapore (NTU Singapore) have developed ultra-thin semiconductor fibres that can be woven into fabrics, turning them into smart wearable electronics.


						
To create reliably functioning semiconductor fibres, they must be flexible and without defects for stable signal transmission. However, existing manufacturing methods cause stress and instability, leading to cracks and deformities in the semiconductor cores, negatively impacting their performance and limiting their development.

NTU scientists conducted modelling and simulations to understand how stress and instability occur during the manufacturing process. They found that the challenge could be overcome through careful material selection and a specific series of steps taken during fibre production.

They developed a mechanical design and successfully fabricated hair-thin, defect-free fibres spanning 100 metres, which indicates its market scalability. Importantly the new fibres can be woven into fabrics using existing methods.

To demonstrate their fibres' high quality and functionality, the NTU research team developed prototypes. These included a smart beanie hat to help a visually impaired person cross the road safely through alerts on a mobile phone application; a shirt that receives information and transmits it through an earpiece, like a museum audio guide; and a smartwatch with a strap that functions as a flexible sensor that conforms to the wrist of users for heart rate measurement even during physical activities.

The team believes that their innovation is a fundamental breakthrough in the development of semiconductor fibres that are ultra-long and durable, meaning they are cost-effective and scalable while offering excellent electrical and optoelectronic (meaning it can sense, transmit and interact with light) performance.

NTU Associate Professor Wei Lei at the School of Electrical and Electronic Engineering (EEE) and lead-principal investigator of the study said, "The successful fabrication of our high-quality semiconductor fibres is thanks to the interdisciplinary nature of our team. Semiconductor fibre fabrication is a highly complex process, requiring know-how from materials science, mechanical, and electrical engineering experts at different stages of the study. The collaborative team effort allowed us a clear understanding of the mechanisms involved, which ultimately helped us unlock the door to defect-free threads, overcoming a long-standing challenge in fibre technology."

The study, published in the top scientific journal Nature, is aligned with the University's commitment to fostering innovation and translating research into practical solutions that benefit society under its NTU2025 five-year strategic plan.




Developing semiconductor fibre 

To develop their defect-free fibres, the NTU-led team selected pairs of common semiconductor material and synthetic material -- a silicon semiconductor core with a silica glass tube and a germanium core with an aluminosilicate glass tube. The materials were selected based on their attributes which complemented each other. These included thermal stability, electrical conductivity, and the ability to allow electric current to flow through (resistivity).

Silicon was selected for its ability to be heated to high temperatures and manipulated without degrading and for its ability to work in the visible light range, making it ideal for use in devices meant for extreme conditions, such as sensors on the protective clothing for fire fighters. Germanium, on the other hand, allows electrons to move through the fibre quickly (carrier mobility) and work in the infrared range, which makes it suitable for applications in wearable or fabric-based (i.e. curtains, tablecloth) sensors that are compatible with indoor Light fidelity ('LiFi') wireless optical networks.

Next, the scientists inserted the semiconductor material (core) inside the glass tube, heating it at high temperature until the tube and core were soft enough to be pulled into a thin continuous strand.

Due to the different melting points and thermal expansion rates of their selected materials, the glass functioned like a wine bottle during the heating process, containing the semiconductor material which, like wine, fills the bottle, as it melted.

First author of the study Dr Wang Zhixun, Research Fellow in the School of EEE, said, "It took extensive analysis before landing on the right combination of materials and process to develop our fibres. By exploiting the different melting points and thermal expansion rates of our chosen materials, we successfully pulled the semiconductor materials into long threads as they entered and exited the heating furnace while avoiding defects."

The glass is removed once the strand cools and combined with a polymer tube and metal wires. After another round of heating, the materials are pulled to form a hair-thin, flexible thread.




In lab experiments, the semiconductor fibres showed excellent performance. When subjected to responsivity tests, the fibres could detect the entire visible light range, from ultraviolet to infrared, and robustly transmit signals of up to 350 kilohertz (kHz) bandwidth, making it a top performer of its kind. Moreover, the fibres were 30 times tougher than regular ones.

The fibres were also evaluated for their washability, in which a cloth woven with semiconductor fibres was cleaned in a washing machine ten times, and results showed no significant drop in the fibre performance.

Co-principal investigator, Distinguished University Professor Gao Huajian, who completed the study while he was at NTU, said, "Silicon and germanium are two widely used semiconductors which are usually considered highly brittle and prone to fracture. The fabrication of ultra-long semiconductor fibre demonstrates the possibility and feasibility of making flexible components using silicon and germanium, providing extensive space for the development of flexible wearable devices of various forms. Next, our team will work collaboratively to apply the fibre manufacturing method to other challenging materials and to discover more scenarios where the fibres play key roles."

Compatibility with industry's production methods hints at easy adoption

To demonstrate the feasibility of use in real-life applications, the team built smart wearable electronics using their newly created semiconductor fibres. These include a beanie, a sweater, and a watch that can detect and process signals.

To create a device that assists the visually impaired in crossing busy roads, the NTU team wove fibres into a beanie hat, along with an interface board. When tested experimentally outdoors, light signals received by the beanie were sent to a mobile phone application, triggering an alert.

A shirt woven with the fibres, meanwhile, functioned as a 'smart top', which could be worn at a museum or art gallery to receive information about exhibits and feed it into an earpiece as the wearer walked around the rooms.

A smartwatch with a wrist band integrated with the fibres functioned as a flexible and conformal sensor to measure heart rate, as opposed to traditional designs where a rigid sensor is installed on the body of the smartwatch, which may not be reliable in circumstances when users are very active, and the sensor is not in contact with the skin. Moreover, the fibres replaced bulky sensors in the body of the smartwatch, saving space and freeing up design opportunities for slimmer watch designs.

Co-author Dr Li Dong, a Research Fellow in the School of Mechanical and Aerospace Engineering, said, "Our fibre fabrication method is versatile and easily adopted by industry. The fibre is also compatible with current textile industry machinery, meaning it has the potential for large-scale production. By demonstrating the fibres' use in everyday wearable items like a beanie and a watch, we prove that our research findings can serve as a guide to creating functional semiconductor fibres in the future."

For their next steps, the researchers are planning to expand the types of materials used for the fibres and come up with semiconductors with different hollow cores, such as rectangular and triangular shapes, to expand their applications.
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Drought, soil desiccation cracking, and carbon dioxide emissions: an overlooked feedback loop exacerbating climate change | ScienceDaily
The accuracy of climate models depends on many factors -- greenhouse gas emissions from industrial and transportation activity, farm animal "emissions," urban growth and loss of forests, and solar reflections off snow and ground cover. Natural phenomena like volcanic eruptions also contribute and are incorporated into models.


						
However, some other natural processes have been overlooked. Farshid Vahedifard, professor and Louis Berger Chair in civil and environmental engineering, points to an important one that lies directly beneath our feet and covers most of our planet above water.

In a study published in Environmental Research Letters, Vahedifard notes that soil stores 80 percent of carbon on Earth, and with increasing cycles and severity of droughts in several regions, that crucial reservoir is cracking and breaking down, releasing even more carbon dioxide and other greenhouse gases into the atmosphere. In fact, it may be creating an amplified feedback loop that could accelerate climate change well beyond current predictions.

"This process has not been sufficiently evaluated in the existing literature or incorporated into models," said Vahedifard. "If we don't consider the interplay of drought, soil desiccation cracking, and CO2 emissions, that could result in significant inaccuracies when modeling and predicting climate change. There are other repercussions as well. Poorer soil health can lead to reduced photosynthesis and lower carbon dioxide uptake, and it can compromise the structural integrity of earthen dams that protect against floods."

There are also other amplifying feedback loops that may not have been fully accounted for in climate change models, he said. These include melting of sea ice and exposure of darker ocean surfaces that absorb more heat from the sun. The increase of wildfires due to warm, dry conditions releases a lot of carbon dioxide into the atmosphere, which in turn creates hotter, drier weather more conducive to fires.

Another amplified feedback loop is the thawing of Arctic and sub-Arctic permafrost, which also releases carbon dioxide into the atmosphere and raises climate temperature, leading to more melted permafrost.

But soil changes caused by drought could be as significant, if not more significant, than any of those factors. Drought, manifested by long periods of low soil moisture content and high temperature, leads to cracking in fine-grained soils, sometimes extending meters below the surface. The cracks result in more exposure to the air, increased microbial activity and breakdown of organic matter, released carbon dioxide, and loss of nutrients and ability to support plant growth, reducing carbon dioxide sequestering.




The deep cracks expose much older reserves of carbon that had previously been stable and protected. The permeation of air into the soil accelerates the release of not only carbon dioxide from organic matter but also other greenhouse gases like nitrous oxide.

Small animals like earthworms and millipedes that help turn the soil over are also affected by the reduced moisture and increased air exposure, being less able to play active roles in nutrient cycling and soil structure maintenance. That, in turn, increases the likelihood of soil cracking and aeration.

"The amplifying effect of soil carbon feedback loops and its interactions with other loops could carry us across tipping points and lead to even more severe and permanent shifts in climate," said Vahedifard.

He noted that government agencies and policymakers need to promote sustainable land use, "which can include adoption of precision irrigation techniques and water conservation practices, and use of drought tolerant crops," he said. "Organic fertilizers and compost can enhance soil organic matter content and improve soil water-holding capacity. Of course, this can only help if it's part of a comprehensive effort to reduce greenhouse gas emissions from all human activity."
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Milk to the rescue for diabetics? Cow produces human insulin in milk | ScienceDaily
An unassuming brown bovine from the south of Brazil has made history as the first transgenic cow capable of producing human insulin in her milk. The advancement, led by researchers from the University of Illinois Urbana-Champaign and the Universidade de Sao Paulo, could herald a new era in insulin production, one day eliminating drug scarcity and high costs for people living with diabetes.


						
"Mother Nature designed the mammary gland as a factory to make protein really, really efficiently. We can take advantage of that system to produce a protein that can help hundreds of millions of people worldwide," said Matt Wheeler, professor in the Department of Animal Sciences, part of the College of Agricultural, Consumer and Environmental Sciences (ACES) at U. of I. He is also affiliated with the Carle Illinois College of Medicine, The Grainger College of Engineering, the College of Veterinary Medicine, the Beckman Institute, and the Carl R. Woese Institute for Genomic Biology.

Wheeler is lead author on a new Biotechnology Journal study describing the development of the insulin-producing cow, a proof-of-concept achievement that could be scaled up after additional testing and FDA approval.

Wheeler's colleagues in Brazil inserted a segment of human DNA coding for proinsulin -- the protein precursor of the active form of insulin -- into cell nuclei of 10 cow embryos. These were implanted in the uteruses of normal cows in Brazil, and one transgenic calf was born. Thanks to updated genetic engineering technology, the human DNA was targeted for expression -- the process whereby gene sequences are read and translated into protein products -- in mammary tissue only.

"In the old days, we used to just slam DNA in and hope it got expressed where you wanted it to," Wheeler said. "We can be much more strategic and targeted these days. Using a DNA construct specific to mammary tissue means there's no human insulin circulating in the cow's blood or other tissues. It also takes advantage of the mammary gland's capabilities for producing large quantities of protein."

When the cow reached maturity, the team unsuccessfully attempted to impregnate her using standard artificial insemination techniques. Instead, they stimulated her first lactation using hormones. The lactation yielded milk, but a smaller quantity than would occur after a successful pregnancy. Still, human proinsulin and, surprisingly, insulin were detectable in the milk.

"Our goal was to make proinsulin, purify it out to insulin, and go from there. But the cow basically processed it herself. She makes about three to one biologically active insulin to proinsulin," Wheeler said. "The mammary gland is a magical thing."

The insulin and proinsulin, which would need to be extracted and purified for use, were expressed at a few grams per liter in the milk. But because the lactation was induced hormonally and the milk volume was smaller than expected, the team can't say exactly how much insulin would be made in a typical lactation.




Conservatively, Wheeler says if a cow could make 1 gram of insulin per liter and a typical Holstein makes 40 to 50 liters per day, that's a lot of insulin. Especially since the typical unit of insulin equals 0.0347 milligrams.

"That means each gram is equivalent to 28,818 units of insulin," Wheeler said. "And that's just one liter; Holsteins can produce 50 liters per day. You can do the math."

The team plans to re-clone the cow, and is optimistic they'll achieve greater success with pregnancy and full lactation cycles in the next generation. Eventually, they hope to create transgenic bulls to mate with the females, creating transgenic offspring that can be used to establish a purpose-built herd. Wheeler says even a small herd could quickly outcompete existing methods -- transgenic yeast and bacteria -- for producing insulin, and could do so without having to create highly technical facilities or infrastructure.

"With regard to mass-producing insulin in milk, you'd need specialized, high-health-status facilities for the cattle, but it's nothing too out of the ordinary for our well-established dairy industry," Wheeler said. "We know what we're doing with cows."

An efficient system to collect and purify insulin products would be needed, as well as FDA approval, before transgenic cows could supply insulin for the world's diabetics. But Wheeler is confident that day is coming.

"I could see a future where a 100-head herd, equivalent to a small Illinois or Wisconsin dairy, could produce all the insulin needed for the country," he said. "And a larger herd? You could make the whole world's supply in a year.
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Grounding zone discovery explains accelerated melting under Greenland's glaciers | ScienceDaily
Researchers at the University of California, Irvine and NASA's Jet Propulsion Laboratory have conducted the first large-scale observation and modeling study of northwest Greenland's Petermann Glacier. Their findings reveal the intrusion of warm ocean water beneath the ice as the culprit in the accelerated melting it has experienced since the turn of the century, and their computer predictions indicate that potential sea level rise will be much worse than previously estimated.


						
For a paper published recently in Geophysical Research Letters, the UCI-led team used radar interferometry data from several European satellite missions to map the tidal motion of Petermann Glacier and the Massachusetts Institute of Technology's general calculation model to estimate the impact of climate change in a complex environment involving ice, seawater and land, all of which are under the influence of tides and climate change-driven temperature boosts.

"Satellite data revealed that the glacier shifts by several kilometers -- or thousands of feet -- as tides change," said lead author Ratnakar Gadi, UCI Ph.D. candidate in Earth system science. "By factoring this migration into the MIT numerical ocean model, we were able to estimate roughly 140 meters [460 feet] of thinning of the ice between 2000 and 2020. On average, the melt rate has increased from about 3 meters per year in the 1990s to 10 meters per year in the 2020s."

Senior co-author Eric Rignot, UCI professor of Earth system science, said that this and other studies conducted by his team in recent years have caused a fundamental shift in polar ice researchers' thinking about ocean and glacier interactions.

"For a long time, we thought of the transition boundary between ice and ocean to be sharp, but it's not, and in fact it diffuses over a very wide zone, the 'grounding zone,' which is several kilometers wide," said Rignot, who is also a senior research scientist at NASA JPL. "Seawater rises and falls with changes in oceanic tides in that zone and melts grounded ice from below vigorously."

Gadi said the model predicted that melt rates will be highest near the mouth of the grounding zone cavity and greater than anywhere else in the ice shelf cavity. Warmer water and greater seawater intrusion beneath the ice explains the observed thinning along Petermann's central flowline.

According to the study, the elongated shape of the grounding zone cavity is a major contributor to accelerated ice melting. In a run of the numerical model taking into account just warmer ocean temperature, the team found thinning of about 40 meters. In a second modeling exercise, an increase in the grounding zone cavity from 2 to 6 kilometers was included, and in that case, ice thinning grew to 140 meters.




"These modeling results conclude that changes in grounding zone lengths increase melt more significantly than warmer ocean temperatures alone," Gadi said.

The researchers noted that grounding zone ice melt reduces the resistance glaciers experience when flowing toward the sea, speeding their retreat. The researchers said this is a key factor used in projecting the severity of future sea level rise.

"The results published in this paper have major implications for ice sheet modeling and projections of sea level rise," Rignot said. "Earlier numerical studies indicated that including melt in the grounding zone would double the projections of glacier mass loss. The modeling work in this study confirms these fears. Glaciers melt much faster in the ocean than assumed previously."

Joining Rignot and Gadi on this project was Dimitris Menemenlis, NASA JPL research scientist. The work was conducted under a grant by NASA's Cryospheric Sciences Program.
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Alaska dinosaur tracks reveal a lush, wet environment | ScienceDaily
A large find of dinosaur tracks and fossilized plants and tree stumps in far northwestern Alaska provides new information about the climate and movement of animals near the time when they began traveling between the Asian and North American continents roughly 100 million years ago.


						
The findings by an international team of scientists led by paleontologist Anthony Fiorillo were published Jan. 30 in the journal Geosciences. Fiorillo researched in Alaska while at Southern Methodist University. He is now executive director of the New Mexico Museum of Natural History and Science.

University of Alaska Fairbanks geology professor Paul McCarthy, with the UAF Geophysical Institute and UAF College of Natural Science and Mathematics, was a leading contributor to the research. He and UAF graduate student Eric Orphys are among the eight co-authors.

Fiorillo and McCarthy are longtime collaborators.

"We've had projects for the last 20 years in Alaska trying to integrate sedimentology, dinosaur paleontology and the paleoclimate indicators," McCarthy said. "We've done work in three other formations -- in Denali, on the North Slope and in Southwest Alaska -- and they're about 70 million years old."

"This new one is in a formation that's about 90 to 100 million years old," he said.

Fiorillo said the additional age is notable.




"What interested us about looking at rocks of this age is this is roughly the time that people think of as the beginning of the Bering Land Bridge -- the connection between Asia and North America," he said. "We want to know who was using it, how they were using it and what the conditions were like."

Research into the paleoclimate can help scientists understand the warming world of today, the authors write.

"The mid-Cretaceous was the hottest point in the Cretaceous," said McCarthy, a sedimentologist and fossil soils specialist. "The Nanushuk Formation gives us a snapshot of what a high-latitude ecosystem looks like on a warmer Earth."

A rich find of evidence

The Nanushuk Formation is an outcropped layer of sedimentary rock 800 to 5,000 feet thick across the central and western North Slope. It dates to roughly 94 million to 113 million years ago in the mid-Cretaceous Period and about when the Bering Land Bridge began.

The fieldwork occurred in 2015-2017 and centered on Coke Basin, a circular geologic feature of the Nanushuk Formation. The basin is in the DeLong Mountains foothills along the Kukpowruk River, about 60 miles south of Point Lay and 20 miles inland from the Chukchi Sea.




In the area, Fiorillo and McCarthy found approximately 75 fossil tracks and other indicators attributed to dinosaurs living in a riverine or delta setting.

"This place was just crazy rich with dinosaur footprints," Fiorillo said.

One site stands out, Fiorillo said.

"We were at a spot where we eventually realized that for at least 400 yards we were walking on an ancient landscape," he said. "On that landscape we found large upright trees with little trees in between and leaves on the ground. We had tracks on the ground and fossilized feces."

They found numerous fossilized tree stumps, some 2 feet in diameter.

"It was just like we were walking through the woods of millions of years ago," he said.

The Nanushuk Formation encompasses rock of marine and non-marine characteristics and composition, but the authors' research focuses primarily on the non-marine sediments exposed along the upper Kukpowruk River.

"One of the things we did in our paper was look at the relative frequencies of the different kinds of dinosaurs," Fiorillo said. "What was interesting to us was that the bipedal plant eaters were clearly the most abundant."

Two-legged plant eaters accounted for 59% of the total tracks discovered. Four-legged plant eaters accounted for 17%, with birds accounting for 15% and non-avian, mostly carnivorous, bipedal dinosaurs at 9%.

"One of the things that was interesting is the relative frequency of bird tracks," Fiorillo said.

The authors point out that nearly half of North America's shorebirds breed in the warm months of today's Arctic. They suggest that the high number of fossil bird tracks along the Kukpowruk River indicates the warm paleoclimate was a similar driver for Cretaceous Period birds.

A wet and warm place

Carbon isotope analysis of wood samples led to a determination that the region received about 70 inches of precipitation annually. This record of increased precipitation during the mid-Cretaceous provides new data that supports global precipitation patterns associated with the Cretaceous Thermal Maximum, the authors write.

The Cretaceous Thermal Maximum was a long-term trend approximately 90 million years ago in which average global temperatures were significantly higher than those of today.

"The temperature was much warmer than it is today, and what's possibly more interesting is that it rained a lot," Fiorillo said. "The samples we analyzed indicate it was roughly equivalent to modern-day Miami. That's pretty substantial."

Of note is that the Alaska site investigated by Fiorillo and McCarthy was about 10 to 15 degrees latitude farther north in the mid-Cretaceous than it is today.

McCarthy's role as a fossil soils expert was to analyze old rocks and sediments to interpret the type of environment that existed at the time.

"We can say here's a river channel, here's a flood deposit, here's a levee, here's the floodplain, here's a swamp," he said. "And so if we're able to find tracks in that section, then you can sometimes say that a group of dinosaurs seems to have really liked being here as opposed to there."

Fiorillo said the site indicates there's much more work to be done.

"This puts a new dot on the map and tells us there's a lot here, and it fits into the bigger picture," he said. "The big picture is we're trying to get better resolution on what life was like in the high latitudes back at the time the dinosaurs were roaming around."
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Mars attracts: How Earth's interactions with the red planet drive deep-sea circulation | ScienceDaily
Scientists from the Universities of Sydney and Sorbonne University have used the geological record of the deep sea to discover a connection between the orbits of Earth and Mars, past global warming patterns and the speeding up of deep ocean circulation.


						
They discovered a surprising 2.4-million-year cycle where deep currents wax and wane which, in turn, is linked to periods of increased solar energy and a warmer climate.

The study, published in Nature Communications, tackles the questions of how geological-timescale climate change affects ocean circulation and how this could help scientists to model future climates outcomes. The researchers looked to find if ocean-bottom currents become more vigorous or more sluggish in a warmer climate.

These cycles are not linked to the current rapid global warming caused by human greenhouse gas emissions.

Lead author ARC Future Fellow Dr Adriana Dutkiewicz from the University of Sydney EarthByte Group in the School of Geosciences and co-authors used more than half a century of scientific drilling data from hundreds of sites worldwide to understand the vigour of deep-sea currents through time.

In a collaboration with Professor Dietmar Muller (University of Sydney) and Associate Professor Slah Boulila (Sorbonne), Dr Dutkiewicz used the deep-sea sediment record to check for links between sedimentary shifts and changes in the Earth's orbit.

They found that the vigour of deep-sea currents shifts in 2.4-million-year cycles.




These cycles are called "astronomical grand cycles," predicted to occur due to the interactions of Earth and Mars orbits. However, evidence for this is rarely detected in the geological record.

Dr Dutkiewicz said: "We were surprised to find these 2.4-million-year cycles in our deep-sea sedimentary data. There is only one way to explain them: they are linked to cycles in the interactions of Mars and Earth orbiting the Sun."

Co-author Professor Muller said: "The gravity fields of the planets in the solar system interfere with each other and this interaction, called a resonance, changes planetary eccentricity, a measure of how close to circular their orbits are."

For the Earth it means periods of higher incoming solar radiation and warmer climate in cycles of 2.4 million years. The researchers found that the warmer cycles correlate with an increased occurrence of breaks in the deep-sea record, related to more vigorous deep ocean circulation.

The study has identified that deep eddies were an important component of earlier warming seas. It is possible these could partly mitigate ocean stagnation some have predicted could follow a faltering AMOC (Atlantic meridional overturning circulation) that drives the Gulf Stream and maintains temperate climates in Europe.

Professor Muller said: "We know there are at least two separate mechanisms that contribute to the vigour of deep-water mixing in the oceans. AMOC is one of them, but deep ocean eddies seem to play an important role in warm climates for keeping the ocean ventilated.




"Of course, this would not have the same effect as AMOC in terms of transporting water masses from low to high latitudes and vice-versa."

These eddies are like giant whirlpools and often reach the abyssal seafloor, resulting in seafloor erosion and large sediment accumulations called contourites, akin to snowdrifts.

Dr Dutkiewicz said: "Our deep-sea data spanning 65 million years suggest that warmer oceans have more vigorous deep circulation. This will potentially keep the ocean from becoming stagnant even if Atlantic Meridional Overturning Circulation slows or stops altogether."

How the interplay between different processes driving deep-ocean dynamics and ocean life may play out in the future is still not well known, but the authors hope that their new results will help with building better climate models.
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A coral superhighway in the Indian Ocean | ScienceDaily
Despite being scattered across more than a million square kilometres, new research has revealed that remote coral reefs across the Seychelles are closely related. Using genetic analyses and oceanographic modelling, researchers at Oxford University demonstrated for the first time that a network of ocean currents scatter significant numbers of larvae between these distant islands, acting as a 'coral superhighway.' These results are published today in Scientific Reports.


						
Dr April Burt (Department of Biology, University of Oxford, and Seychelles Islands Foundation), lead author of the study, said: 'This discovery is very important because a key factor in coral reef recovery is larval supply. Although corals have declined alarmingly across the world due to climate change and a number of other factors, actions can be taken at local and national scale to improve reef health and resilience. These actions can be more effective when we better understand the connectivity between coral reefs by, for instance, prioritising conservation efforts around coral reefs that act as major larval sources to support regional reef resilience.'

The researchers collaborated with a wide range of coral reef management organisations and the Seychelles government to collect coral samples from 19 different reef sites. A comprehensive genetic analysis revealed recent gene flow between all sample sites -- possibly within just a few generations -- suggesting that coral larvae may be frequently transferred between different populations. The results also hinted at the existence of a new cryptic species of the common bouldering coral, Porites lutea.

The genetic analyses were then coupled with oceanographic modelling, simulating the process of larval dispersal. These simulations allowed researchers to visualise the pathways coral larvae take to travel between reefs across the wider region, and determine the relative importance of physical larval dispersal versus other biological processes in setting coral connectivity.

This revealed that dispersal of coral larvae directly between reefs across the Seychelles is highly plausible. For example, coral larvae spawned at the remote Aldabra atoll could disperse westwards towards the east coast of Africa via the East African Coastal Current. From here, they would then travel north along the coast, with some potentially even reaching the South Equatorial Counter Current, which could bring them eastwards again back towards the Inner Islands of Seychelles.

While these long-distance dispersal events are possible, it is likely that much of the connectivity between remote islands across the Seychelles may be established through 'stepping-stone' dispersal. This suggests that centrally located coral reefs in Seychelles, and possibly East Africa, may play an important role in linking the most remote islands.

Dr Noam Vogt-Vincent (Department of Earth Sciences, University of Oxford, now based at the Hawai'i Institute of Marine Biology) who led the oceanographic modelling, said: 'This research suggests that the broad agreement between predicted connectivity and observed genetic patterns supports the use of such larval dispersal simulations in reef system management in Seychelles and the wider region. These simulations also allow us to investigate how regular these connectivity patterns are in time, because a regular larval supply will be essential for reef recovery in the face of climate change.'

The modelling data can be visualised in a new app: with just one click you can see how coral larvae from Seychelles potentially reach reefs across the whole region. The researchers suggest that this data could help identify major larval sources to be prioritised for inclusion in marine protected areas or active reef restoration efforts.

Professor Lindsay Turnbull (Department of Biology, University of Oxford), senior author, said: 'This study couldn't come at a more timely moment. The world is once again watching, as El Nino devastates coral reefs throughout the Indian Ocean. Now we know which reefs will be crucial to coral recovery, but we can't pause in our commitment to reducing greenhouse gas emissions and stopping climate change.'

Dr Joanna Smith and Helena Sims (The Nature Conservancy) who support the Seychelles Marine Spatial Plan Initiative said: 'The WIO coral connectivity study, by illustrating the connectivity of reefs within a network, can be used at national and regional scales in the Western Indian Ocean for Marine Protected Area design and management, as well as directing restoration activities. We look forward to using the results and Coral Connectivity app to inform implementation of the Seychelles Marine Spatial Plan.'
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Scientists propose new theory that explains sand ripples on Mars and on Earth | ScienceDaily
Sand ripples are fascinating. They are symmetrical, yet wind -- which causes them -- is very much not. Furthermore, they can be found on Mars and on Earth. They would be even more fascinating if the same effect found on Mars could be found here on Earth as well. What if one unified theory could explain their formation on two different planets of our solar system?


						
That is what Ben-Gurion University of the Negev physicist Prof. Hezi Yizhaq and Prof. Itzhak Katra and their colleagues from Denmark, Germany, Italy, China, and the US contend in a cover article published in Nature Geoscience.

Sand ripples photographed on Mars by NASA's Curiosity rover in 2015 showed two distinct patterns -- large ripples (meter scale) and a shorter "impact" ripples pattern (decimeter scale). The prevailing theory proposed since then argues that the smaller scale ripples are produced by the impact mechanism of the particles transported by the wind like normal ripples on Earth and the larger ripples form due to hydrodynamic instability like subaqueous ripples. Furthermore, it was believed that the physical conditions that produced them on Mars could not produce them on Earth.

However, Prof. Yizhaq and Prof. Katra have proven experimentally using Ben-Gurion University's wind tunnel and Aarhus University's Mars tunnel that such a phenomenon could exist on Earth -- we just haven't noticed it yet because we didn't know we should be looking for it.

Imitating Martian sand was not easy because it's finer than sand here on Earth, explains Prof. Yizhaq, but the breakthrough occurred when they decided to try tiny glass balls to represent fine grains of sand.

Furthermore, the international research team has proposed a unified theoretical framework that would explain sand ripples on Mars and on Earth. At its most basic level, sand ripples on Mars caused by wind look like sand ripples on Earth caused by water.

"There is much more research, both fieldwork and experimentally, needed to prove our theory, but it is amazing to propose something so radically new in a field I have been studying for over 20 years. It is exciting to go out and try to find on Earth what can clearly be seen on Mars," says Prof. Yizhaq.

Prof. Yizhaq is a member of the Department of Solar Energy and Environmental Physics. Prof. Itzhak Katra is a member of the Department of Environmental, Geoinformatics and Urban Planning Sciences.

The research was supported by the Israel Science Foundation (Grant no. 1270/20), the German-Israel Foundation for Scientific Research and Development (GIF) (Grant no. 155-301.10/2018), the National Natural Science Foundation of China, Texas A&M Engineering Experiment Station, Europlanet grant no. 871149, and the Horizon 2020 Research and Innovation Program.
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Cheetahs' unrivalled speed explained by their 'sweet spot' size, finds Imperial study | ScienceDaily
There's a discrepancy in the animal kingdom. While many key traits such as strength, limb length, lifespan and brain size tend to increase with animals' size, maximum running speeds tend to be greatest in medium-sized animals.


						
To explore why, an international team of researchers including Imperial, Harvard University, The University of Queensland and The University of the Sunshine Coast, developed a physical model of how muscles, the universal animal motor, set limits on land animals' top running speeds.

Lead author Dr David Labonte, from Imperial College London's Department of Bioengineering, said: "The fastest animals are neither large elephants nor tiny ants, but intermediately sized, like cheetahs. Why does running speed break with the regular patterns that govern most other aspects of animal anatomy and performance?"

Their findings suggest that there is not one limit to maximum running speed, as previously thought, but two: how fast versus by how far, muscles contract. The maximum speed an animal can reach is determined by whichever limit is reached first -- and that limit is dictated by an animal's size.

Co-author Professor Christofer Clemente, from University of the Sunshine Coast and The University of Queensland, said: "The key to our model is understanding that maximum running speed is constrained both by how fast muscles contract, as well as by how much they can shorten during a contraction.

"Animals about the size of a cheetah exist in a physical sweet spot at around 50kg, where these two limits coincide. These animals are consequently the fastest, reaching speeds of up to 65 miles per hour."

The results are published in Nature Communications.




Testing the limits 

The first limit, termed the 'kinetic energy capacity limit', suggests that the muscles of smaller animals are restrained by how quickly they can contract. Because small animals generate large forces relative to their weight, running for a small animal is a bit like trying to accelerate in a low gear when cycling downhill.

The second limit, called the 'work capacity limit', suggests that the muscles of larger animals are restrained by how far their muscles can contract. Because large animals are heavier, their muscles produce less force in relation to their weight, and running is more akin to trying to accelerate when cycling up a hill in a high gear.

Co-author Dr Peter Bishop from Harvard University said: "For large animals like rhinos or elephants, running might feel like lifting an enormous weight, because their muscles are relatively weaker and gravity demands a larger cost. As a result of both, animals eventually have to slow down as they get bigger."

To test the accuracy of their model, the team compared its predictions to data on land animal speed and size collected from more than 400 species, from large mammals, birds and lizards to tiny spiders and insects.

The model accurately predicted how maximum running speeds vary with body size for animals that differ by more than 10 orders of magnitude in body mass -- from tiny 0.1 milligram mites to six-tonne elephants.




Their findings shed light on the physical principles behind how muscles evolved and could inform future designs for robots that match the athleticism of the best animal runners.

In addition to explaining how fast animals can run, the new model may also provide critical clues for understanding differences between groups of animals. Large reptiles, such as lizards and crocodiles, are generally smaller and slower than large mammals.

Co-author Dr Taylor Dick, from The University of Queensland, said: "One possible explanation for this may be that limb muscle is a smaller percentage of reptiles' bodies, by weight, meaning that they hit the work limit at a smaller body weight, and thus have to remain small to move quickly."

The model, combined with data from modern species, also predicted that land animals weighing heavier than 40 tonnes would be unable to move. The heaviest land mammal alive today is the African elephant at around 6.6 tonnes -- yet some land dinosaurs, like the Patagotitan, likely weighed much more than 40 tonnes.

The researchers say this indicates that we should be cautious to estimate the muscular anatomy of extinct animals from data on non-extinct ones. Instead, they suggest the data indicates that extinct giants might have evolved unique muscular anatomies, which warrant more study.

The study raises questions on how massive dinosaurs managed to move, as well as questions that require more targeted data collection on specific animal groups, like in reptiles or spiders.

While the study looked only at land animals, the researchers will next apply their methods to animals who fly and swim.

Dr Labonte said: "Our study raises lots of interesting questions about the muscle physiology of both extinct animals and those that are alive today, including human athletes. Physical constraints affect swimming and flying animals as much as running animals -- and unlocking these limits is next on our agenda."

This research was funded by Australian Research Council, Human Frontier Science Program, and European Research Council (ERC) under the European Union's Horizon 2020 research and innovation programme.
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Peering into the tendrils of NGC 604 with NASA's Webb | ScienceDaily
The formation of stars and the chaotic environments they inhabit is one of the most well-studied, but also mystery-shrouded, areas of cosmic investigation. The intricacies of these processes are now being unveiled like never before by NASA's James Webb Space Telescope.


						
Two new images from Webb's NIRCam (Near-Infrared Camera) and MIRI (Mid-Infrared Instrument) showcase star-forming region NGC 604, located in the Triangulum galaxy (M33), 2.73 million light-years away from Earth. In these images, cavernous bubbles and stretched-out filaments of gas etch a more detailed and complete tapestry of star birth than seen in the past.

Sheltered among NGC 604's dusty envelopes of gas are more than 200 of the hottest, most massive kinds of stars, all in the early stages of their lives. These types of stars are B-types and O-types, the latter of which can be more than 100 times the mass of our own Sun. It's quite rare to find this concentration of them in the nearby universe. In fact, there's no similar region within our own Milky Way galaxy.

This concentration of massive stars, combined with its relatively close distance, means NGC 604 gives astronomers an opportunity to study these objects at a fascinating time early in their life.

In Webb's near-infrared NIRCam image, the most noticeable features are tendrils and clumps of emission that appear bright red, extending out from areas that look like clearings, or large bubbles in the nebula. Stellar winds from the brightest and hottest young stars have carved out these cavities, while ultraviolet radiation ionizes the surrounding gas. This ionized hydrogen appears as a white and blue ghostly glow.

The bright orange-colored streaks in the Webb near-infrared image signify the presence of carbon-based molecules known as polycyclic aromatic hydrocarbons, or PAHs. This material plays an important role in the interstellar medium and the formation of stars and planets, but its origin is a mystery. As you travel farther from the immediate clearings of dust, the deeper red signifies molecular hydrogen. This cooler gas is a prime environment for star formation.

Webb's exquisite resolution also provides insights into features that previously appeared unrelated to the main cloud. For example, in Webb's image, there are two bright, young stars carving out holes in dust above the central nebula, connected through diffuse red gas. In visible-light imaging from NASA's Hubble Space Telescope, these appeared as separate splotches.

Webb's view in mid-infrared wavelengths also illustrates a new perspective into the diverse and dynamic activity of this region. In the MIRI view of NGC 604, there are noticeably fewer stars. This is because hot stars emit much less light at these wavelengths, while the larger clouds of cooler gas and dust glow. Some of the stars seen in this image, belonging to the surrounding galaxy, are red supergiants -- stars that are cool but very large, hundreds of times the diameter of our Sun. Additionally, some of the background galaxies that appeared in the NIRCam image also fade. In the MIRI image, the blue tendrils of material signify the presence of PAHs.

NGC 604 is estimated to be around 3.5 million years old. The cloud of glowing gases extends to some 1,300 light-years across.
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Nasa's Webb, Hubble telescopes affirm universe's expansion rate, puzzle persists | ScienceDaily
When you are trying to solve one of the biggest conundrums in cosmology, you should triple check your homework. The puzzle, called the "Hubble Tension," is that the current rate of the expansion of the universe is faster than what astronomers expect it to be, based on the universe's initial conditions and our present understanding of the universe's evolution.


						
Scientists using NASA's Hubble Space Telescope and many other telescopes consistently find a number that does not match predictions based on observations from ESA's (European Space Agency's) Planck mission. Does resolving this discrepancy require new physics? Or is it a result of measurement errors between the two different methods used to determine the rate of expansion of space?

Hubble has been measuring the current rate of the universe's expansion for 30 years, and astronomers want to eliminate any lingering doubt about its accuracy. Now, Hubble and NASA's James Webb Space Telescope have tag-teamed to produce definitive measurements, furthering the case that something else -- not measurement errors -- is influencing the expansion rate.

"With measurement errors negated, what remains is the real and exciting possibility we have misunderstood the universe," said Adam Riess, a physicist at Johns Hopkins University in Baltimore. Riess holds a Nobel Prize for co-discovering the fact that the universe's expansion is accelerating, due to a mysterious phenomenon now called "dark energy."

As a crosscheck, an initial Webb observation in 2023 confirmed that Hubble measurements of the expanding universe were accurate. However, hoping to relieve the Hubble Tension, some scientists speculated that unseen errors in the measurement may grow and become visible as we look deeper into the universe. In particular, stellar crowding could affect brightness measurements of more distant stars in a systematic way.

The SH0ES (Supernova H0 for the Equation of State of Dark Energy) team, led by Riess, obtained additional observations with Webb of objects that are critical cosmic milepost markers, known as Cepheid variable stars, which now can be correlated with the Hubble data.

"We've now spanned the whole range of what Hubble observed, and we can rule out a measurement error as the cause of the Hubble Tension with very high confidence," Riess said.




The team's first few Webb observations in 2023 were successful in showing Hubble was on the right track in firmly establishing the fidelity of the first rungs of the so-called cosmic distance ladder.

Astronomers use various methods to measure relative distances in the universe, depending upon the object being observed. Collectively these techniques are known as the cosmic distance ladder -- each rung or measurement technique relies upon the previous step for calibration.

But some astronomers suggested that, moving outward along the "second rung," the cosmic distance ladder might get shaky if the Cepheid measurements become less accurate with distance. Such inaccuracies could occur because the light of a Cepheid could blend with that of an adjacent star -- an effect that could become more pronounced with distance as stars crowd together and become harder to distinguish from one another.

The observational challenge is that past Hubble images of these more distant Cepheid variables look more huddled and overlapping with neighboring stars at ever farther distances between us and their host galaxies, requiring careful accounting for this effect. Intervening dust further complicates the certainty of the measurements in visible light. Webb slices though the dust and naturally isolates the Cepheids from neighboring stars because its vision is sharper than Hubble's at infrared wavelengths.

"Combining Webb and Hubble gives us the best of both worlds. We find that the Hubble measurements remain reliable as we climb farther along the cosmic distance ladder," said Riess.

The new Webb observations include five host galaxies of eight Type Ia supernovae containing a total of 1,000 Cepheids, and reach out to the farthest galaxy where Cepheids have been well measured -- NGC 5468 -- at a distance of 130 million light-years. "This spans the full range where we made measurements with Hubble. So, we've gone to the end of the second rung of the cosmic distance ladder," said co-author Gagandeep Anand of the Space Telescope Science Institute in Baltimore, which operates the Webb and Hubble telescopes for NASA.

Hubble and Webb's further confirmation of the Hubble Tension sets up other observatories to possibly settle the mystery. NASA's upcoming Nancy Grace Roman Space Telescope will do wide celestial surveys to study the influence of dark energy, the mysterious energy that is causing the expansion of the universe to accelerate. ESA's Euclid observatory, with NASA contributions, is pursuing a similar task.

At present it's as though the distance ladder observed by Hubble and Webb has firmly set an anchor point on one shoreline of a river, and the afterglow of the big bang observed by Planck's measurement from the beginning of the universe is set firmly on the other side. How the universe's expansion was changing in the billions of years between these two endpoints has yet to be directly observed. "We need to find out if we are missing something on how to connect the beginning of the universe and the present day," said Riess.
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AI-generated food images look tastier than real ones | ScienceDaily
With the Global Nutrition and Hydration Week 2024 starting today, researchers have announced an intriguing discovery -- consumers generally prefer AI-generated images of food over real food images, especially when they are unaware of their true nature. The new findings have been published in Food Quality and Preference.


						
According to the researchers, the results suggest that AI-generated food visuals excel at enhancing the appeal of depicted foods by leveraging key features such as symmetry, shape, glossiness, and overall lighting and colour. All of these are known to contribute significantly to the attractiveness of food imagery.

Even subtle tweaks in positioning may enhance the appeal of AI-generated food images. Lead author Giovanbattista Califano (Department of Agricultural Sciences, University of Naples Federico II) explained: 'As humans, we tend to feel uneasy with objects pointing towards us, interpreting them as threats, even when it's just food. When tasked with replicating food photos featuring items pointing at the viewer, such as a bunch of carrots or a piece of cake, the AI often positions the food so that it doesn't directly point at the viewer. This warrants further studies, but it's plausible that this approach enhances the perceived attractiveness of the depicted food.'

In the study, the researchers asked 297 participants to rate real or AI-generated food images on a scale from "Not at all appetizing" to "Extremely appetizing." The images depicted a range of natural, processed, and ultra-processed foods, from apples and carrots to chocolate milkshakes and potato fries. When participants were told how each image had been created -- whether through photography or AI -- they tended to rate real and AI-generated versions equally appealing. However, when participants were unaware of the image creation process, the AI-generated version was consistently rated as significantly more appetizing than the real food image.

Study supervisor and co-author Professor Charles Spence (Department of Experimental Psychology, University of Oxford) said: 'While AI-generated visuals may offer cost-saving opportunities for marketers and the industry by reducing the cost of commissioning food photoshoots, these findings highlight potential risks associated with exacerbating 'visual hunger' amongst consumers -- the phenomenon where viewing images of food triggers appetite and cravings. This could potentially influence unhealthy eating behaviours or foster unrealistic expectations about food among consumers.'

Additionally, the researchers also found that AI-generated images tend to depict foods to appear more energy-dense compared to the originals, particularly in the abundance portrayed. For instance, AI may increase the number of fries in the image or add more whipped cream to a dessert. Given that humans have an evolutionary drive to pay more attention to energy-dense foods, this raises concerns that widespread dissemination of such idealized food images could promote cue-induced eating of unhealthy foods.

Furthermore, with the global movement towards more sustainable consumption patterns, including the promotion of 'ugly' fruits and vegetables, there is a concern that constant production of AI-enhanced food images might nudge consumers towards an unrealistic standard of how natural foods should look, potentially harming sustainability efforts.
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Research sheds light on new strategy to treat infertility | ScienceDaily
New research from Oregon Health & Science University describes the science behind a promising technique to treat infertility by turning a skin cell into an egg that is capable of producing viable embryos.


						
Researchers at OHSU documented in vitro gametogenesis, or IVG, in a mouse model through the preliminary steps of a technique that relies upon transferring the nucleus of a skin cell into a donated egg whose nucleus has been removed. Experimenting in mice, researchers coaxed the skin cell's nucleus into reducing its chromosomes by half, so that it could then be fertilized by a sperm cell to create a viable embryo.

The study published today in the journal Science Advances.

"The goal is to produce eggs for patients who don't have their own eggs," said senior author Shoukhrat Mitalipov, Ph.D., director of the OHSU Center for Embryonic Cell and Gene Therapy.

The technique could be used by women of advanced maternal age or for those who are unable to produce viable eggs due to previous treatment for cancer or other causes. It also raises the possibility of men in same-sex relationships having children who are genetically related to both parents.

Rather than attempting to differentiate induced pluripotent stem cells, or iPSCs, into sperm or egg cells, OHSU researchers are focused on a technique based on somatic cell nuclear transfer, in which a skin cell nucleus is transplanted into a donor egg stripped of its nucleus. In 1996, researchers famously used this technique to clone a sheep in Scotland named Dolly.

In that case, researchers created a clone of one parent.




In contrast, the OHSU study described the result of a technique that resulted in embryos with chromosomes contributed from both parents. The process involves three steps:
    	Researchers transplant the nucleus of a mouse skin cell into a mouse egg that is stripped of its own nucleus.
    	Prompted by cytoplasm -- liquid that fills cells -- within the donor egg, the implanted skin cell nucleus discards half of its chromosomes. The process is similar to meiosis, when cells divide to produce mature sperm or egg cells. This is the key step, resulting in a haploid egg with a single set of chromosomes.
    	Researchers then fertilize the new egg with sperm, a process called in vitro fertilization. This creates a diploid embryo with two sets of chromosomes -- which would ultimately result in healthy offspring with equal genetic contributions from both parents.

OHSU researchers previously demonstrated the proof of concept in a study published in January 2022, but the new study goes further by meticulously sequencing the chromosomes.

The researchers found that the skin cell's nucleus segregated its chromosomes each time it was implanted in the donor egg. In rare cases, this happened perfectly, with one from each pair of matching egg and sperm chromosomes.

"This publication basically shows how we achieved haploidy," Mitalipov said. "In the next phase of this research, we will determine how we enhance that pairing so each chromosome-pair separates correctly."

Laboratories around the world are involved in a different technique of IVG that involves a time-intensive process of reprogramming skin cells to become iPSCs, and then differentiating them to become egg or sperm cells.

"We're skipping that whole step of cell reprogramming," said co-author Paula Amato, M.D., professor of obstetrics and gynecology in the OHSU School of Medicine. "The advantage of our technique is that it avoids the long culture time it takes to reprogram the cell. Over several months, a lot of deleterious genetic and epigenetic changes can happen."

Although researchers are also studying the technique in human eggs and early embryos, Amato said it will be years before the technique would be ready for clinical use.

"This gives us a lot of insight," she said. "But there is still a lot of work that needs to be done to understand how these chromosomes pair and how they faithfully divide to actually reproduce what happens in nature."

All research involving animal subjects at OHSU must be reviewed and approved by the university's Institutional Animal Care and Use Committee. The IACUC's priority is to ensure the health and safety of animal research subjects. The IACUC also reviews procedures to ensure the health and safety of the people who work with the animals. No live animal work may be conducted at OHSU without IACUC approval.
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Researchers develop artificial building blocks of life | ScienceDaily
The DNA carries the genetic information of all living organisms and consists of only four different building blocks, the nucleotides. Nucleotides are composed of three distinctive parts: a sugar molecule, a phosphate group and one of the four nucleobases adenine, thymine, guanine and cytosine. The nucleotides are lined up millions of times and form the DNA double helix, similar to a spiral staircase. Scientists from the UoC's Department of Chemistry have now shown that the structure of nucleotides can be modified to a great extent in the laboratory.


						
The researchers developed so-called threofuranosyl nucleic acid (TNA) with a new, additional base pair. These are the first steps on the way to fully artificial nucleic acids with enhanced chemical functionalities. The study 'Expanding the Horizon of the Xeno Nucleic Acid Space: Threose Nucleic Acids with Increased Information Storage' was published in the Journal of the American Chemical Society.

Artificial nucleic acids differ in structure from their originals. These changes affect their stability and function. "Our threofuranosyl nucleic acid is more stable than the naturally occurring nucleic acids DNA and RNA, which brings many advantages for future therapeutic use," said Professor Dr Stephanie Kath-Schorr. For the study, the 5-carbon sugar deoxyribose, which forms the backbone in DNA, was replaced by a 4-carbon sugar. In addition, the number of nucleobases was increased from four to six. By exchanging the sugar, the TNA is not recognized by the cell's own degradation enzymes. This has been a problem with nucleic acid-based therapeutics, as synthetically produced RNA that is introduced into a cell is rapidly degraded and loses its effect. The introduction of TNAs into cells that remain undetected could now maintain the effect for longer.

"In addition, the built-in unnatural base pair enables alternative binding options to target molecules in the cell," added Hannah Depmeier, lead author of the study. Kath-Schorr is certain that such a function can be used in particular in the development of new aptamers, short DNA or RNA sequences, which can be used for the targeted control of cellular mechanisms. TNAs could also be used for the targeted transport of drugs to specific organs in the body (targeted drug delivery) as well as in diagnostics; they could also be useful for the recognition of viral proteins or biomarkers.
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Good news for coral reef restoration efforts: Study finds 'full recovery' of reef growth within four years | ScienceDaily
While the majority of the world's reefs are now under threat or even damaged potentially beyond repair, a new study reported in the journal Current Biology on March 8 offers some encouraging news: efforts to restore coral reefs not only increase coral cover, but they can also bring back important ecosystem functions, and surprisingly fast.


						
"We found that restored coral reefs can grow at the same speed as healthy coral reefs just four years after coral transplantation," says Ines Lange of University of Exeter, UK. "This means that they provide lots of habitat for marine life and efficiently protect the adjacent island from wave energy and erosion."

"The speed of recovery that we saw was incredible," she says. "We did not expect a full recovery of reef framework production after only four years."

The work by Lange and her international colleagues represents the first reef carbonate budget trajectories at any coral restoration sites. The study was conducted at the Mars Coral Reef Restoration Programme in South Sulawesi, Indonesia, one of the largest restoration projects in the world. The project relies on transplanting corals and adding substrate to restore reefs badly damaged by blast fishing 30 or 40 years ago. Without human intervention, those reefs had shown no signs of recovering due to the presence of loose coral rubble that prevents young coral larvae from surviving.

The restoration effort has added a continuous network of sand-coated steel structures to consolidate the rubble and offer a structure for transplanting coral fragments. The question was whether and how quickly such restored sites would recover. To find out, the researchers measured the carbonate budgets of 12 sites that had been restored at different times, up to four years ago.

"Corals constantly add calcium carbonate to the reef framework while some fishes and sea urchins erode it away, so calculating the overall carbonate budget basically tells you if the reef as a whole is growing or shrinking," Lange says. "Positive reef growth is important to keep up with sea-level rise, protect coastlines from storms and erosion, and provide habitat for reef animals."

They wanted to know how long it takes to bring back healthy reef growth and its associated functions. Their data show that rapid growth of transplanted corals supports the recovery of coral cover and carbonate production. In fact, just four years in, the net carbonate budget had tripled such that it matched that at healthy control sites.




There were some important differences, however. Because branched corals had been transplanted preferentially over other corals, the makeup of the restored reef communities differs. The researchers say those differences "may affect habitat provision for some marine species and resilience to future heatwaves, as branching corals are more sensitive to bleaching."

While longer-term study is necessary to see what happens over time and under stress, the findings show that active management actions can help to boost the resilience of reefs and bring back important ecosystem functions that are critical for marine life and local communities in relatively short periods of time, according to the researchers. They're hopeful that, over time, restored reefs will naturally recruit a more diverse mix of coral species. However, they note that what will happen in any given location around the world will depend on many factors, including environmental conditions and restoration techniques.

"As is so often the case, there is no one-size-fits-all solution, but we hope that this positive example can be used as inspiration for other reef restoration projects around the world," Lange says.

"These results give us the encouragement that if we can rapidly reduce emissions and stabilize the climate, we have effective tools to help regrow functioning coral reefs," says Tim Lamont, a study co-author at the Lancaster Environment Centre, Lancaster University, UK.
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Balancing training data and human knowledge makes AI act more like a scientist | ScienceDaily
When you teach a child how to solve puzzles, you can either let them figure it out through trial and error, or you can guide them with some basic rules and tips. Similarly, incorporating rules and tips into AI training -- such as the laws of physics -- could make them more efficient and more reflective of the real world. However, helping the AI assess the value of different rules can be a tricky task.


						
Researchers report March 8 in the journal Nexus that they have developed a framework for assessing the relative value of rules and data in "informed machine learning models" that incorporate both. They showed that by doing so, they could help the AI incorporate basic laws of the real world and better navigate scientific problems like solving complex mathematical problems and optimizing experimental conditions in chemistry experiments.

"Embedding human knowledge into AI models has the potential to improve their efficiency and ability to make inferences, but the question is how to balance the influence of data and knowledge," says first author Hao Xu of Peking University. "Our framework can be employed to evaluate different knowledge and rules to enhance the predictive capability of deep learning models."

Generative AI models like ChatGPT and Sora are purely data-driven -- the models are given training data, and they teach themselves via trial and error. However, with only data to work from, these systems have no way to learn physical laws, such as gravity or fluid dynamics, and they also struggle to perform in situations that differ from their training data. An alternative approach is informed machine learning, in which researchers provide the model with some underlying rules to help guide its training process, but little is known about the relative importance of rules vs data in driving model accuracy.

"We are trying to teach AI models the laws of physics so that they can be more reflective of the real world, which would make them more useful in science and engineering," says senior author Yuntian Chen of the Eastern Institute of Technology, Ningbo.

To improve the performance of informed machine learning, the team developed a framework to calculate the contribution of an individual rule to a given model's predictive accuracy. The researchers also examined interactions between different rules because most informed machine learning models incorporate multiple rules, and having too many rules can cause models to collapse.

This allowed them to optimize models by tweaking the relative influence of different rules and to filter out redundant or interfering rules entirely. They also identified some rules that worked synergistically and other rules that were completely dependent on the presence of other rules.




"We found that the rules have different kinds of relationships, and we use these relationships to make model training faster and get higher accuracy," says Chen.

The researchers say that their framework has broad practical applications in engineering, physics, and chemistry. In the paper, they demonstrated the method's potential by using it to optimize machine learning models to solve multivariate equations and to predict the results of thin layer chromatography experiments and thereby optimize future experimental chemistry conditions.

Next, the researchers plan to develop their framework into a plugin tool that can be used by AI developers. Ultimately, they also want to train their models so that the models can extract knowledge and rules directly from data, rather than having rules selected by human researchers.

"We want to make it a closed loop by making the model into a real AI scientist," says Chen. "We are working to develop a model that can directly extract knowledge from the data and then use this knowledge to create rules and improve itself."

This research was supported by the National Center for Applied Mathematics Shenzhen, the Shenzhen Key Laboratory of Natural Gas Hydrates, the SUSTech -- Qingdao New Energy Technology Research Institute, and the National Natural Science Foundation of China.
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Lack of focus doesn't equal lack of intelligence -- it's proof of an intricate brain | ScienceDaily
Imagine a busy restaurant: dishes clattering, music playing, people talking loudly over one another. It's a wonder that anyone in that kind of environment can focus enough to have a conversation. A new study by researchers at Brown University's Carney Institute for Brain Science provides some of the most detailed insights yet into the brain mechanisms that help people pay attention amid such distraction, as well as what's happening when they can't focus.


						
In an earlier psychology study, the researchers established that people can separately control how much they focus (by enhancing relevant information) and how much they filter (by tuning out distraction). The team's new research, published in Nature Human Behaviour, unveils the process by which the brain coordinates these two critical functions.

Lead author and neuroscientist Harrison Ritz likened the process to how humans coordinate muscle activity to perform complex physical tasks.

"In the same way that we bring together more than 50 muscles to perform a physical task like using chopsticks, our study found that we can coordinate multiple different forms of attention in order to perform acts of mental dexterity," said Ritz, who conducted the study while a Ph.D. student at Brown.

The findings provide insight into how people use their powers of attention as well as what makes attention fail, said co-author Amitai Shenhav, an associate professor in Brown's Department of Cognitive, Linguistic and Psychological Sciences.

"These findings can help us to understand how we as humans are able to exhibit such tremendous cognitive flexibility -- to pay attention to what we want, when we want to," Shenhav said. "They can also help us better understand limitations on that flexibility, and how limitations might manifest in certain attention-related disorders such as ADHD."

The focus-and-filter test

To conduct the study, Ritz administered a cognitive task to participants while measuring their brain activity in an fMRI machine. Participants saw a swirling mass of green and purple dots moving left and right, like a swarm of fireflies. The tasks, which varied in difficulty, involved distinguishing between the movement and colors of the dots. For example, participants in one exercise were instructed to select which color was in the majority for the rapidly moving dots when the ratio of purple to green was almost 50/50.




Ritz and Shenhav then analyzed participants' brain activity in response to the tasks.

Ritz, who is now a postdoctoral fellow at the Princeton Neuroscience Institute, explained how the two brain regions work together during these types of tasks.

"You can think about the intraparietal sulcus as having two knobs on a radio dial: one that adjusts focusing and one that adjusts filtering," Ritz said. "In our study, the anterior cingulate cortex tracks what's going on with the dots. When the anterior cingulate cortex recognizes that, for instance, motion is making the task more difficult, it directs the intraparietal sulcus to adjust the filtering knob in order to reduce the sensitivity to motion.

"In the scenario where the purple and green dots are almost at 50/50, it might also direct the intraparietal sulcus to adjust the focusing knob in order to increase the sensitivity to color. Now the relevant brain regions are less sensitive to motion and more sensitive to the appropriate color, so the participant is better able to make the correct selection."

Ritz's description highlights the importance of mental coordination over mental capacity, revealing an often-expressed idea to be a misconception.

"When people talk about the limitations of the mind, they often put it in terms of, 'humans just don't have the mental capacity' or 'humans lack computing power,'" Ritz said. "These findings support a different perspective on why we're not focused all the time. It's not that our brains are too simple, but instead that our brains are really complicated, and it's the coordination that's hard."

Ongoing research projects are building on these study findings. A partnership with physician-scientists at Brown University and Baylor College of Medicine is investigating focus-and-filter strategies in patients with treatment-resistant depression. Researchers in Shenhav's lab are looking at the way motivation drives attention; one study co-led by Ritz and Brown Ph.D. student Xiamin Leng examines the impact of financial rewards and penalties on focus-and-filter strategies.

The study was funded by the National Institutes of Health (R01MH124849, S10OD02518), the National Science Foundation (2046111) and by a postdoctoral fellowship from the C.V. Starr Foundation.
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Interstellar signal linked to aliens was actually just a truck | ScienceDaily
Sound waves thought to be from a 2014 meteor fireball north of Papua New Guinea were almost certainly vibrations from a truck rumbling along a nearby road, new Johns Hopkins University-led research shows. The findings raise doubts that materials pulled last year from the ocean are alien materials from that meteor, as was widely reported.


						
"The signal changed directions over time, exactly matching a road that runs past the seismometer," said Benjamin Fernando, a planetary seismologist at Johns Hopkins who led the research. "It's really difficult to take a signal and confirm it is not from something. But what we can do is show that there are lots of signals like this, and show they have all the characteristics we'd expect from a truck and none of the characteristics we'd expect from a meteor."

The team will present its findings March 12 at the Lunar and Planetary Science Conference in Houston.

After a meteor entered Earth's atmosphere over the Western Pacific in January 2014, the event was linked to ground vibrations recorded at a seismic station in Papua New Guinea's Manus Island. In 2023, materials at the bottom of the ocean near where the meteor fragments were thought to have fallen were identified as of "extraterrestrial technological" (alien) origin.

But according to Fernando, that supposition relies on misinterpreted data and the meteor actually entered the atmosphere somewhere else. Fernando's team did not find evidence of seismic waves from the meteor.

"The fireball location was actually very far away from where the oceanographic expedition went to retrieve these meteor fragments," he said. "Not only did they use the wrong signal, they were looking in the wrong place."

Using data from stations in Australia and Palau designed to detect sound waves from nuclear testing, Fernando's team identified a more likely location for the meteor, more than 100 miles from the area initially investigated. They concluded the materials recovered from the ocean bottom were tiny, ordinary meteorites -- or particles produced from other meteorites hitting Earth's surface mixed with terrestrial contamination.

"Whatever was found on the sea floor is totally unrelated to this meteor, regardless of whether it was a natural space rock or a piece of alien spacecraft -- even though we strongly suspect that it wasn't aliens," Fernando added.

Fernando's team includes Constantinos Charalambous of Imperial College London; Steve Desch of Arizona State University; Alan Jackson of Towson University; Pierrick Mialle of the Comprehensive Nuclear-Test-Ban Treaty Organization; Eleanor K. Sansom of Curtin University; and Goran Ekstrom of Columbia University.
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New study reveals insight into which animals are most vulnerable to extinction due to climate change | ScienceDaily
In a new study, researchers have used the fossil record to better understand what factors make animals more vulnerable to extinction from climate change. The results could help to identify species most at risk today from human-driven climate change. The findings have been published today in the journal Science.


						
Past climate change (often caused by natural changes in greenhouse gases due to volcanic activity) has been responsible for countless species' extinctions during the history of life on Earth. But, to date, it has not been clear what factors cause species to be more or less resilient to such change, and how the magnitude of climate change affects extinction risk.

Led by researchers at the University of Oxford, this new study sought to answer this question by analysing the fossil record for marine invertebrates (such as sea urchins, snails, and shellfish) over the past 485 million years. Marine invertebrates have a rich and well-studied fossil record, making it possible to identify when, and potentially why, species become extinct.

Using over 290,000 fossil records covering more than 9,200 genera, the researchers collated a dataset of key traits that may affect resilience to extinction, including traits not studied in depth previously, such as preferred temperature. This trait information was integrated with climate simulation data to develop a model to understand which factors were most important in determining the risk of extinction during climate change.

Key findings:
    	The authors found that species exposed to greater climate change were more likely to become extinct. In particular, species that experienced temperature changes of 7degC or more across geological stages were significantly more vulnerable to extinction.
    	The authors also found that species occupying climatic extremes (for instance in polar regions) were disproportionately vulnerable to extinction, and animals that could only live in a narrow range of temperatures (especially ranges less than 15degC) were significantly more likely to become extinct.
    	However, geographic range size was the strongest predictor of extinction risk. Species with larger geographic ranges were significantly less likely to go extinct. Body size was also important, with smaller-bodied species more likely to become extinct.
    	All of the traits studied had a cumulative impact on extinction risk. For instance, species with both small geographic ranges and narrow thermal ranges were even more susceptible to extinction than species that had only one of these traits.

Cooper Malanoski (Department of Earth Sciences, University of Oxford), first author of the study, said: 'Our study revealed that geographic range was the strongest predictor of extinction risk for marine invertebrates, but that the magnitude of climate change is also an important predictor of extinction, which has implications for biodiversity today in the face of climate change.'

With current human-driven climate change already pushing many species up to and beyond the brink of extinction, these results could help identify the animals that are most at risk, and inform strategies to protect them.

Lead author Professor Erin Saupe (Department of Earth Sciences, University of Oxford) said: 'The evidence from the geological past suggests that global biodiversity faces a harrowing future, given projected climate change estimates. In particular, our model suggests that species with restricted thermal ranges of less than 15degC, living in the poles or tropics, are likely to be at the greatest risk of extinction. However, if the localized climate change is large enough, it could lead to significant extinction globally, potentially pushing us closer to a sixth mass extinction.'

According to the research team, future work should explore how climate change interacts with other potential drivers of extinction, such as ocean acidification and anoxia (where seawater becomes depleted of oxygen).

The study also involved researchers from the School of Geographical Sciences, University of Bristol. Professor Dan Lunt, from the University of Bristol, said: 'This study shows that over the course of Earth's history, the extinction risk of marine life has been inextricably linked to climate change. This should act as a stark warning to humanity as we recklessly continue to cause climate change ourselves through burning fossil fuels.'
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Rock weathering and climate: Low-relief mountain ranges are largest carbon sinks | ScienceDaily
For many hundreds of millions of years, the average temperature at the surface of the Earth has varied by not much more than 20deg Celsius, facilitating life on our planet. To maintain such stable temperatures, Earth appears to have a 'thermostat' that regulates the concentration of atmospheric carbon dioxide over geological timescales, influencing global temperatures. The erosion and weathering of rocks are important parts of this 'thermostat.' A team led by LMU geologist Aaron Bufe and Niels Hovius from the German Research Centre for Geosciences has now modeled the influence of these processes on carbon in the atmosphere. Their surprising result: CO2 capture through weathering reactions is highest in low-relief mountain ranges with moderate erosion rates and not where erosion rates are fastest.


						
Weathering occurs where rock is exposed to water and wind. "When silicates weather, carbon is removed from the atmosphere and later precipitated as calcium carbonate. By contrast, weathering of other phases -- such as carbonates and sulfides or organic carbon contained in rocks -- releases CO2. These reactions are typically much faster than silicate weathering," says Hovius. "As a consequence, the impact of mountain building on the carbon cycle is complex."

Weathering model shows common mechanisms

To address this complexity, the researchers used a weathering model to analyze fluxes of sulfide, carbonate, and silicate weathering in a number of targeted study regions -- such as Taiwan and New Zealand -- with large ranges in erosion rates. "We discovered similar behaviors in all locations, pointing to common mechanisms," says Bufe. 

Further modelling showed that the relationship between erosion and CO2-fluxes is not linear, but that CO2 capture from weathering peaks at an erosion rate of approximately 0.1 millimeters per year. When rates are lower or higher, less CO2 is sequestered and CO2 may even be released into the atmosphere. "High erosion rates like in Taiwan or the Himalayas push weathering into being a CO2 source, because silicate weathering stops increasing with erosion rates at some point, whereas the weathering of carbonates and sulfides increases further," explains Bufe.

In landscapes with moderate erosion rates of around 0.1 millimeters per year, the rapidly weathering carbonates and sulfides are largely depleted, whereas silicate minerals are abundant and weather efficiently. Where erosion is even slower than 0.1 millimeters per year, only few minerals are left to weather. The biggest CO2 sinks are therefore low-relief mountain ranges such as the Black Forest or the Oregon Coast Range, where erosion rates approach the optimum. "Over geological timescales, the temperature to which Earth's 'thermostat' is set therefore depends strongly on the global distribution of erosion rates," says Bufe. To understand the effects of erosion on Earth's climate system in greater detail, Bufe thinks that future studies should additionally consider organic carbon sinks and weathering in floodplains.
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Shape-shifting ultrasound stickers detect post-surgical complications | ScienceDaily
Researchers led by Northwestern University and Washington University School of Medicine in St. Louis have developed a new, first-of-its-kind sticker that enables clinicians to monitor the health of patients' organs and deep tissues with a simple ultrasound device.


						
When attached to an organ, the soft, tiny sticker changes in shape in response to the body's changing pH levels, which can serve as an early warning sign for post-surgery complications such as anastomotic leaks. Clinicians then can view these shape changes in real time through ultrasound imaging.

Currently, no existing methods can reliably and non-invasively detect anastomotic leaks -- a life-threatening condition that occurs when gastrointestinal fluids escape the digestive system. By revealing the leakage of these fluids with high sensitivity and high specificity, the non-invasive sticker can enable earlier interventions than previously possible. Then, when the patient has fully recovered, the biocompatible, bioresorbable sticker simply dissolves away -- bypassing the need for surgical extraction.

The study will be published on Friday (March 8) in the journal Science. The paper outlines evaluations across small and large animal models to validate three different types of stickers made of hydrogel materials tailored for the ability to detect anastomotic leaks from the stomach, the small intestine and the pancreas.

"These leaks can arise from subtle perforations in the tissue, often as imperceptible gaps between two sides of a surgical incision," said Northwestern's John A. Rogers, who led device development with postdoctoral fellow Jiaqi Liu. "These types of defects cannot be seen directly with ultrasound imaging tools. They also escape detection by

even the most sophisticated CT and MRI scans. We developed an engineering approach and a set of advanced materials to address this unmet need in patient monitoring. The technology has the potential to eliminate risks, reduce costs and expand accessibility to rapid, non-invasive assessments for improved patient outcomes."

"Right now, there is no good way whatsoever to detect these kinds of leaks," said gastrointestinal surgeon Dr. Chet Hammill, who led the clinical evaluation and animal model studies at Washington University with collaborator Dr. Matthew MacEwan, an assistant professor of neurosurgery. "The majority of operations in the abdomen -- when you have to remove something and sew it back together -- carry a risk of leaking. We can't fully prevent those complications, but maybe we can catch them earlier to minimize harm. Even if we could detect a leak 24- or 48-hours earlier, we could catch complications before the patient becomes really sick. This new technology has potential to completely change the way we monitor patients after surgery."

A bioelectronics pioneer, Rogers is the Louis Simpson and Kimberly Querrey Professor of Materials Science and Engineering, Biomedical Engineering and Neurological Surgery, with appointments at the McCormick School of Engineering and Northwestern University Feinberg School of Medicine. He also directs the Querrey Simpson Institute for Bioelectronics. At the time of the research, Hammill was an associate professor of surgery at Washington University. Rogers, Hammill and MacEwan co-led the research with Heling Wang, an associate professor at Tsinghua University in Beijing.




The importance of being early

All gastrointestinal surgeries carry the risk of anastomotic leaks. If the leak is not detected early enough, the patient has a 30% chance of spending up to six months in the hospital and a 20% chance of dying, according to Hammill. For patients recovering from pancreatic surgery, the risks are even higher. Hammill says a staggering 40-60% of patients suffer complications after pancreas-related surgeries.

The biggest problem is there's no way to predict who will develop such complications. And, by the time the patient is experiencing symptoms, they already are incredibly ill.

"Patients might have some vague symptoms associated with the leak," Hammill said. "But they have just gone through big surgery, so it's hard to know if the symptoms are abnormal. If we can catch it early, then we can drain the fluid. If we catch it later, the patient can get sepsis and end up in the ICU. For patients with pancreatic cancer, they might only have six months to live as it is. Now, they are spending half that time in the hospital."

In search of improved outcomes for his patients, Hammill contacted Rogers, whose laboratory specializes in developing engineering solutions to address health challenges. Rogers' team had already developed a suite of bioresorbable electronic devices to serve as temporary implants, including dissolving pacemakers, nerve stimulators and implantable painkillers.

The bioresorbable systems piqued Hammill's interest. The greatest odds of developing an anastomotic leak occur either three days or two weeks after surgery.




"We like to monitor patients for complications for about 30 days," Hammill said. "Having a device that lasts a month and then disappears sounded ideal."

Enhancing ultrasound

Instead of developing new imaging systems, Rogers speculated that his team might be able to enhance current imaging methods -- allowing them to "see" features that otherwise would be invisible. Ultrasound technology already has many advantages: it's inexpensive, readily available, does not require cumbersome equipment and does not expose patients to radiation or other risks.

But, of course, there is a major drawback. Ultrasound technology -- which uses sound waves to determine the position, shape and structure of organs -- cannot reliably differentiate between various bodily fluids. Blood and gastric fluid, for example, appear the same.

"The acoustic properties of the leaking fluids are very similar to those of naturally occurring biofluids and surrounding tissues," Rogers said. "The clinical need, however, demands chemical specificity, beyond the scope of fundamental mechanisms that create contrast in ultrasound images."

Ultimately, Rogers' team devised an approach to overcome this limitation by using tiny sensor devices designed to be readable by ultrasound imaging. Specifically, they created a small, tissue-adhesive sticker out of a flexible, chemically responsive, soft hydrogel material. Then, they embedded tiny, paper-thin metal disks into the thin layers of this hydrogel. When the sticker encounters acidic fluids, such as stomach acid, it swells. When the sticker encounters caustic fluids, such as pancreatic fluids, it contracts.

Making the invisible visible

As the hydrogel swells or shrinks in response to changing pH, the metal disks either move apart or closer together, respectively. Then, the ultrasound can view these subtle changes in placement.

"Because the acoustic properties of the metal disks are much different than those of the surrounding tissue, they provide very strong contrast in ultrasound images," Rogers said. "In this way, we can essentially 'tag' an organ for monitoring." Because the need for monitoring extends only during a postsurgical recovery, Rogers team designed these stickers with bioresorbable materials. They simply disappear naturally and harmlessly in the body after they are no longer needed.

Computational collaborator Yonggang Huang, the Jan and Marcia Achenbach Professorship in Mechanical Engineering and professor of civil and environmental engineering at McCormick, used acoustic and mechanical simulation techniques to help guide optimized choices in materials and device layouts to ensure high visibility in ultrasound images, even for stickers located at deep positions within the body.

"CT and MRI scans just take a picture," Hammill added. "The fluid might show up in a CT image, but there's always fluid collections after surgery. We don't know if it's actually a leak or normal abdominal fluid. The information that we get from the new patch is much, much more valuable. If we can see that the pH is altered, then we know that something isn't right."

Rogers team constructed stickers of varying sizes. The largest measures 12 millimeters in diameter, while the smallest is just 4 millimeters in diameter. Considering that the metal disks are each 1 millimeter or smaller, Rogers realized that it might be difficult for radiologists to assess the images manually. To overcome this challenge, his team also developed software that can automatically analyze the images to detect with high accuracy any relative movement of the disks.

Improving quality of life

To evaluate the efficacy of the new sticker, Hammill's team tested it in both small and large animal models. In the studies, ultrasound imaging consistently detected changes in the shape-shifting sticker -- even when it was 10 centimeters deep inside of tissues. When exposed to fluids with abnormally high or low pH levels, the sticker altered its shape within minutes.

Rogers and Hammill imagine that the device could be implanted at the end of a surgical procedure. Or, because it's small and flexible, the device also fits (rolled up) inside a syringe, which clinicians can use to inject the tag into the body.

"These tags are so small and thin and soft that surgeons can easily place collections of them at different locations," Rogers said. "For example, if an incision extends by a few centimeters in length, an array of these tags can be placed along the length of the site to develop a map of pH for precisely locating the position of the leak."

"It's obviously an early prototype, but I can envision the final product where, at the end of surgery, you just place these little patches for monitoring," Hammill said. "It does its job and then completely disappears. This could have a huge impact on patients, their recovery time and, ultimately, their quality of life."

Next, Rogers and his team are exploring similar tags that could detect internal bleeding or temperature changes. "Detecting changes in pH is a good starting point," Rogerssaid. "But this platform can extend to other types of applications by use of hydrogels that respond to other changes in local chemistry, or to temperature or other properties of clinical relevance."

The study, "Bioresorbable shape-adaptive structures for ultrasonic monitoring of deep-tissue homeostasis," was supported by the National Science Foundation, the National Cancer Institute and the Querrey-Simpson Institute for Bioelectronics.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/03/240307165058.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Loss of nature costs more than previously estimated | ScienceDaily
Researchers propose that governments apply a new method for calculating the benefits that arise from conserving biodiversity and nature for future generations.


						
The method can be used by governments in cost-benefit analyses for public infrastructure projects, in which the loss of animal and plant species and 'ecosystem services' -- such as filtering air or water, pollinating crops or the recreational value of a space -- are converted into a current monetary value.

This process is designed to make biodiversity loss and the benefits of nature conservation more visible in political decision-making.

However, the international research team says current methods for calculating the values of ecosystem services "fall short" and have devised a new approach, which they believe could easily be deployed in Treasury analysis underpinning future Budget statements.

Their approach, published in the journal Science, takes into consideration the increase in monetary value of nature over time as human income increases, as well as the likely deterioration in biodiversity, making it more of a scarce resource.

This contrasts with current methods, which do not consider how the value of ecosystem services changes over time.

"Our study provides governments with a formula to estimate the future values of scarce ecosystem services that can be used in decision-making processes," said Moritz Drupp, Professor of Sustainability Economics at the University of Hamburg and lead author on this study.




Two factors play a key role in this value adjustment: on the one hand, income will rise and with it the prosperity of the world's population -- by an estimated two percent per year after adjusting for inflation.

As incomes go up, people are willing to pay more to conserve nature.

"On the other hand, the services provided by ecosystems will become more valuable the scarcer they become," said Professor Drupp. "The fact that scarce goods become more expensive is a fundamental principle in economics, and it also applies here. And in view of current developments, unfortunately, we must expect the loss of biodiversity to continue."

According to the researchers, the present value of ecosystem services must therefore be set much higher in today's cost-benefit analyses, to more than 130 percent if just including the rise of income.

If also taking into account the impact on Red List Index endangered species, the value adjustment would amount to more than 180 percent.

Accounting for these effects will increase the likelihood of projects that conserve ecosystem services passing a cost-benefit test.




The research team includes three UK-based authors: Professor Mark Freeman (University of York), Dr. Frank Venmans (LSE), and Professor Ben Groom (University of Exeter).

"The monetary values for the environment that are currently used by policy makers in the appraisal of public investments and regulatory change mean that nature becomes relatively less valuable over time compared to other goods and services," said Professor Groom.

"Our work shows this is wrong. We propose an uplift in the values of ecosystems over time. This proposal could easily be deployed in the Treasury's analysis that will underpin future Budget statements."

Dr Venmans added: "Take coral reefs as a specific example. These are expected to decline in area and biodiversity as the climate changes, meaning that the remaining reefs will be much more valuable than today, and even more so as household incomes rise. This matters when we assess coral reef preservation with long-lasting effects."

Professor Freeman said: "The government is under considerable pressure from many sides for additional public investment. Ensuring that the protection of ecosystems is appraised in a way that is consistent with other public projects, including HS2 and other infrastructure spending, is critical. This is what our work aims to achieve."

The researchers say that as political decisions can alleviate the loss of biodiversity, it is important that governments are able to adequately assess the consequences of their decisions today and in the future.

Economist Professor Moritz Drupp has developed this research in collaboration with a team of international researchers from Germany, the UK, France, Denmark, the Netherlands, Norway, Sweden and the United States.

The team advises, among others, HM Treasury, the US White House, and the German Federal Environment Agency.
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        How home food availability affects young children's nutrient intake
        Early childhood is an important time for learning about nutrition and establishing healthy eating behaviors. Young children rely on parents to provide food options, and the availability of food in the home affects their dietary choices. A new study looks at changes in home food availability and nutrient intake for children from 2 to 4 years old.

      

      
        Information overload is a personal and societal danger
        We are all aware of the dangers of pollution to our air, water, and earth. In a recently published letter, scientists are advocating for the recognition and mitigation of another type of environmental pollution that poses equivalent personal and societal dangers: information overload.

      

      
        Protein discovery sparks treatment hope for aggressive cancer
        Researchers have shown that targeting a gene regulated by two cancer-fuelling proteins can kill cancerous cells and halt their growth in laboratory models of B-cell acute lymphoblastic leukemia (ALL).

      

      
        Dolphin-kick swimming maximizes water-flow utilization with increasing speed
        Researchers investigated the propulsion mechanism by visualizing water flow around a swimmer during underwater dolphin-kick swimming in a water channel via particle image velocimetry. Their findings revealed that swimmers can utilize water flow and vortexes more effectively as their speed increases.

      

      
        Small amounts of licorice raise blood pressure, study finds
        It is known that large amounts of licorice cause high blood pressure. A new study now shows that even small amounts of licorice raise blood pressure. The individuals who react most strongly also show signs of strain on the heart.

      

      
        Blast-related concussions linked to higher Alzheimer's risk
        U.S. veterans of the wars in Afghanistan and Iraq who suffered mild traumatic brain injury from exposure to explosive blasts were found to have changes in cerebrospinal fluid proteins that are typically seen in people who develop Alzheimer's disease, according to researchers.

      

      
        Lives could be saved from tropical disease with new rapid test
        A new test diagnoses patients with melioidosis within hours, rather than days, meaning they can receive the correct antibiotics faster.

      

      
        'Junk DNA' no more: New method to identify cancers from repeat elements of genetic code
        Repeats of DNA sequences, often referred to as 'junk DNA' or 'dark matter,' that are found in chromosomes and could contribute to cancer or other diseases have been challenging to identify and characterize. Now, researchers have developed a novel approach that uses machine learning to identify these elements in cancerous tissue, as well as in cell-free DNA (cfDNA) -- fragments that are shed from tumors and float in the bloodstream. This new method could provide a noninvasive means of detecting ca...

      

      
        Tryptophan in diet, gut bacteria protect against E. coli infection
        Gut bacteria and a diet rich in the amino acid tryptophan can play a protective role against pathogenic E. coli, which can cause severe stomach upset, cramps, fever, intestinal bleeding and renal failure.

      

      
        Interactions with dogs can increase brainwaves associated with stress relief and heightened concentration
        Spending quality time with dogs reduces stress and increases the power of brain waves associated with relaxation and concentration, according to a new study.

      

      
        Innovative approaches for addressing difficult topics in K-12 schools
        Three peer-reviewed journals have recently published research papers by Penn State's Hammel Family Human Rights Initiative. The papers illustrate how the initiative's programs help K-12 educators address difficult issues such as racism.

      

      
        Good news: The US maternal death rate is stable, not sky rocketing, as reported
        A new study challenges the prevailing view on the maternal death rate in the United States. The findings show that the rates of maternal death were stable between 1999-2002 and 2018-2021, instead of the dramatic upward trends previously reported. Additionally, the study indicates that direct obstetric causes of death declined over the last 20 years.

      

      
        Hope for treating sleep disorders, no pills required
        Are sleeping pills the only solution for insomnia? Not according to a researcher who says that using self-guided digital behavioral therapy is an alternative solution that should be considered.

      

      
        Genetic condition haemochromatosis linked to higher levels of disease in older people
        A largescale new study has found that some people whose genetics are linked to the common iron overload condition haemochromatosis have substantially greater levels of liver, musculoskeletal and brain disease than previously reported, especially at older ages.

      

      
        Multiple air pollutants linked to asthma symptoms in children
        Exposure to several combinations of toxic atmospheric pollutants may be triggering asthma symptoms among children, a recent analysis suggests. The study showed that 25 different combinations of air pollutants were associated with asthma symptoms among 269 elementary school children diagnosed with asthma.

      

      
        Recreational activities such as golfing, gardening may be associated with increased ALS risk among men
        Participation in recreational activities -- including golfing, gardening or yard work, woodworking and hunting -- may be associated with an increase in a person's risk for developing ALS. Researchers found that golf was associated with three times greater risk for developing ALS among men. Participation in gardening or yard work, as well as woodworking and hunting, was also linked with a heightened risk for men.

      

      
        Study tracks shifts in student mental health during college
        Dartmouth researchers tracked more than 200 undergraduates for all four years of college to capture the most in-depth data yet on how students' self-esteem and mental health fluctuates during their years in academia. The researchers identify key populations and stressors they say administrators could target to improve student well-being. The study -- conducted from 2017 to 2022 -- also provides among the first real-time accounts of how the coronavirus pandemic affected students and resulted in lo...

      

      
        RNA-based therapy shows promise against aggressive childhood brain tumors in mice
        Targeting a non-encoding stretch of RNA may help shrink tumors caused by an aggressive type of brain cancer in children, according to new research in mice.

      

      
        Milk to the rescue for diabetics? Cow produces human insulin in milk
        An unassuming brown bovine from the south of Brazil has made history as the first transgenic cow capable of producing human insulin in her milk. The advancement could herald a new era in insulin production, one day eliminating drug scarcity and high costs for people living with diabetes.

      

      
        First recognition of self in the mirror is spurred by touch
        Most babies begin recognizing themselves in mirrors when they are about a-year-and-a-half old. This kind of self-recognition is an important developmental milestone, and now scientists have discovered a key driver for it: experiences of touch.

      

      
        New study quantifies health impacts from oil and gas flaring in U.S.
        A new study finds that pollution from oil and gas venting and flaring results in $7.4 billion in health damages, more than 700 premature deaths, and 73,000 asthma exacerbations among children annually. Researchers also conclude that emissions are underreported and controlling emissions is not only profitable for operators, but also can significantly improve public health in surrounding communities.

      

      
        Scientists find weak points on Epstein-Barr virus
        Studies of interactions between two lab-generated monoclonal antibodies (mAbs) and an essential Epstein-Barr virus (EBV) protein have uncovered targets that could be exploited in designing treatments and vaccines for this extremely common virus.

      

      
        Researchers identify distinct sleep types and their impact on long-term health
        Poor sleep habits are strongly associated with long-term chronic health conditions, according to decades of research. To better understand this relationship, a team identified four distinct patterns that characterize how most people sleep. These patterns are also predictive of long-term health, the researchers said.

      

      
        A sprayable gel could make minimally invasive surgeries simpler and safer
        The new GastroShield gel can be sprayed through an endoscope after polyps are removed during colonoscopy, protecting the gut and helping prevent complications from weakened gastrointestinal tissues.

      

      
        Vehicle brakes produce charged particles that may harm public health
        Scientists know relatively little about particles released into the air when a vehicle driver brakes, though evidence suggests those particles may be more harmful to health than particles exiting the tailpipe.

      

      
        Vaccine monitoring crucial as SARS-CoV-2 variants continue to evolve
        Researchers have highlighted the importance of continued surveillance of emerging SARS-CoV-2 variants and vaccine performance as the virus continues to evolve.

      

      
        How a natural compound from sea squirts combats cancer
        Trabectedin, a promising drug derived from the sea squirt Ecteinascidia turbinata, has shown potential in combating cancers resistant to conventional treatments. However, its precise mechanism of action has remained elusive -- until now.

      

      
        Guessing game: Response may bias understanding of future scenarios
        Does previous experience bias a person in future estimations? Yes, researchers report, but only if the person engages their higher processing powers by responding, as opposed to simply observing.

      

      
        Air filters and scheduled window opening can reduce classroom pollution by up to 36%
        To improve air quality in classrooms, schools should use air purifiers during the school day and open the windows after hours. That's according to a new study.

      

      
        The surprising effect of presence hallucinations on social perception
        Neuroscientists have devised a way to alter our social perception and monitor specific types of hallucinations, both in healthy individuals and patients with Parkinson's disease. The test, which is also available online, provides the medical community with a tool to monitor hallucination susceptibility.

      

      
        Scientists develop a rapid gene-editing screen to find effects of cancer mutations
        Researchers found a way to screen cancer-linked gene mutations much more easily and quickly than existing approaches, using a variant of CRISPR genome-editing known as prime editing.

      

      
        When a team is less than the sum of its parts: Tensions between individual and team wellbeing
        Individual wellbeing doesn't always add up to team wellbeing -- but reflection and open communication can help.

      

      
        Study provides new insights into deadly acute respiratory distress syndrome (ARDS)
        Researchers may have discovered a mechanical explanation for instability observed in the lungs in cases of acute respiratory distress syndrome (ARDS), particularly in the aftermath of respiratory illnesses such as COVID-19 or pneumonia.

      

      
        Climate policies to reduce motor vehicle emissions can improve children's health, save money
        A new study finds that policies to reduce carbon dioxide (CO2) emissions from motor vehicles combined with investments in electric vehicles and public transportation would reduce air pollution and bring large benefits to children's health. They would also save money.

      

      
        Researchers expand our understanding of how the body and brain communicate
        Researchers investigating how exactly the brain processes the incoming stream of information from the heart and lungs, discovered that specific neurons in the thalamus are actively involved in processing cardiac and respiratory signals.

      

      
        Delta-8-THC use reported by 11% of 12th graders in 2023
        Approximately 11% of 12th-grade students across the United States reported past-year use of delta-8- tetrahydrocannabinol (delta-8-THC, or delta-8 for short), according to an analysis of data from the 2023 Monitoring the Future survey. Delta-8 is a psychoactive substance that is typically derived from hemp, a variety of the Cannabis sativa plant. Delta-8 has intoxicating effects similar to delta-9-THC (delta-9), the primary THC component responsible for the 'high' people may experience from using...

      

      
        Maternal obesity may promote liver cancer
        Obesity, which could reach 50% of the population in certain developed countries by 2030, is a major public health concern. It not only affects the health of those who suffer from it, but could also have serious consequences for their offspring. Scientists have studied the impact of maternal obesity on the risk of developing liver disease and liver cancer. Using an animal model, the team discovered that this risk was indeed much higher in the offspring of mothers suffering from obesity.

      

      
        Sting operation out of gas
        Cells possess an innate immune system that defends against invasive pathogens. Previous studies have mapped out the cytoplasmic cGAS-STING pathway in the cytoplasm, known for responding to foreign nucleic acids. The Fusion Visualization system 2 cell line was developed to visualize cellular nuclei with chromosome fusion and resulting micronuclei. Using FuVis2, researchers examined whether micronuclei influence the cGAS-STING response in live cells.

      

      
        Mathematicians use AI to identify emerging COVID-19 variants
        Scientists have developed an AI framework that can identify and track new and concerning COVID-19 variants and could help with other infections in the future.

      

      
        New research sets trap for potentially deadly sandfly
        Scientists have discovered the specific enzyme that a species of sandfly uses to produce a pheromone attractant, which could lead to the creation of targeted traps to control them and reduce the spread of the potentially fatal disease, Leishmaniasis.

      

      
        A new sensor detects harmful 'forever chemicals' in drinking water
        A new sensor can detect 'forever chemicals' known as PFAS (perfluoroalkyl and polyfluoroalkyl substances) in drinking water. PFAS are found in many consumer products and are linked to cancer and other health problems.

      

      
        GPS nanoparticle platform precisely delivers therapeutic payload to cancer cells
        A newly developed 'GPS nanoparticle' injected intravenously can home in on cancer cells to deliver a genetic punch to the protein implicated in tumor growth and spread, according to researchers. They tested their approach in human cell lines and in mice to effectively knock down a cancer-causing gene, reporting that the technique may potentially offer a more precise and effective treatment for notoriously hard-to-treat basal-like breast cancers.

      

      
        Accessibility toolkit for game engine Unity
        New work makes it easier for game developers to implement game aids for people with disabilities. The toolkit focuses on players with visual impairments.

      

      
        For people who speak many languages, there's something special about their native tongue
        A study of polyglots found the brain's language network responds more strongly when hearing languages a speaker is more proficient in -- and much more weakly to the speaker's native language.

      

      
        Would the highly sensitive transparent ultrasound transducer revolutionize biomedical imaging technology?
        A team develops an ultrasensitive broadband transparent ultrasound transducer.

      

      
        Going top shelf with AI to better track hockey data
        Researchers got a valuable assist from artificial intelligence (AI) tools to help capture and analyze data from professional hockey games faster and more accurately than ever before, with big implications for the business of sports.

      

      
        Dangers of smell impairment highlighted in new research
        More than a third of people who self-identify as having a smell disorder have had at least one gas safety scare in the last five years, according to new research.

      

      
        Researchers uncover protein responsible for cold sensation
        Researchers have identified the protein that enables mammals to sense cold, filling a long-standing knowledge gap in the field of sensory biology.

      

      
        Flexible artificial intelligence optoelectronic sensors towards health monitoring
        Artificial intelligence (AI) is known for its high energy consumption, especially in data-intensive tasks like health monitoring. To address this, researchers have developed a flexible paper-based sensor composed of nanocellulose and zinc oxide (ZnO) nanoparticles that operates like the human eyes and brain. The sensor is energy-efficient, responds to optical input in real-time, and is both flexible and easy to dispose of, making it ideal for health monitoring applications.

      

      
        Happiness can be learnt, but you have to work at it
        We can learn to be happy, but only get lasting benefits if we keep practicing, a new study has revealed.
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How home food availability affects young children's nutrient intake | ScienceDaily
Early childhood is an important time for learning about nutrition and establishing healthy eating behaviors. Young children rely on parents to provide food options, and the availability of food in the home affects their dietary choices. A new study from the University of Illinois Urbana-Champaign looks at changes in home food availability and nutrient intake for children from 2 to 4 years old.


						
"It's important to understand how the environments that children are in can influence their diet and nutrition. What types of foods and beverages are available in the home, and how accessible are those items for the young child? It's about the likelihood of exposure to foods and having the opportunity to try foods, and also whether they may be able to access or grab foods themselves," said lead author Jennifer Barton, now an assistant research professor at Pennsylvania State University. Barton conducted the research as a postdoctoral research associate at the Family Resiliency Center in the Department of Human Development and Family Studies (HDFS), part of the College of Agricultural, Consumer and Environmental Sciences (ACES) at Illinois.

Barton and her colleagues used the Home Food Inventory (HFI) to measure food availability at 24, 36, and 48 months of age. The HFI is a comprehensive checklist of food categories administered by a research assistant visiting the homes of participating families. The researchers correlated the HFI data with surveys of the children's food consumption completed by their mothers.

"We found significant changes in several food categories over time. Food items such as non-whole grains, processed meats, savory snacks, candy, and microwavable or quick-cook foods were more commonly available in the home at 48 months compared to 24 and 36 months," Barton said.

The study included 468 mothers and children who were participants in STRONG Kids 2, an ongoing research project at Illinois that looks at nutrition and healthy habits from infancy through 10 years of age. STRONG Kids 2 co-directors Barbara Fiese, professor emerita of HDFS, and Sharon Donovan, professor of food science and human nutrition at Illinois, also contributed to the study.

The HFI includes an obesogenic score, which indicates the obesity risk of different foods. However, the scores are based on dietary recommendations for older children and include regular-fat dairy products such as milk, yogurt, and cheese. Toddlers have different energy and nutrient needs, and dairy products are considered as part of a healthy diet for young children, necessary for growth and development.

The researchers tested three obesogenic scores, two of which were developmentally sensitive scores that excluded milk, yogurt, and cheese. Even with the modified categories, they found that obesogenic scores increased significantly from 24 to 48 months.




"It makes sense that as children get older, the presence of more energy-dense and high-fat foods tends to grow. Children may request these foods more often, and outside influences, such as the opinions of peers, are starting to become more apparent. I do want to point out that we found some positive changes. Vegetables also become more available in the home at 48 months," Barton said.

"The point is not to label certain foods as being good or bad. We likely all have food items in our home that are not 'recommended.' It's really about trying to make sure that we get enough nutritious, recommended foods and eat the non-recommended items in moderation."

A second research goal was to test the validity of the HFI measure for young children, as the method has been developed for adolescents. Barton and her colleagues conducted comprehensive tests of associations between food availability and nutrient intake, overall finding the expected results.

For example, the availability of processed meats such as lunch meat and hot dogs was correlated with higher saturated fat intake. Sweetened beverages, candy, desserts, and savory snacks were correlated with higher intake of those foods. A higher presence of fruit and vegetables in the home was also a consistent indicator of nutrients. These findings indicate that HFI is a reliable measure of home food availability and has demonstrated associations with food and nutrient intake for children ages 24, 36, and 48 months, the researchers conclude.

It's important to support parents in making healthy decisions for their families, but food choice is much more than individual behavior, Barton stated.

"There are complex factors affecting parents' decisions. Children may ask for certain foods, which may stem from the influence of media and advertising. We should also consider who else lives in the home such as siblings, and the parents may experience work demands and financial stressors that can spill over into their family life. Many people struggle with distance to food stores and access to fresh foods as well as food insecurity. I believe we need a food systems approach to ensure people have access to nutritious food and that parents feel supported in making decisions to promote the health and well-being of themselves and their children," she concluded.

The paper, "Longitudinal Changes in Home Food Availability and Concurrent Associations with Food and Nutrient Intake Among Children at 24 to 48 Months" is published in Public Health Nutrition. Authors include Jennifer M. Barton, Arden L. McMath, Stewart P. Montgomery, Sharon M. Donovan. and Barbara H. Fiese.

This research was funded by grants from the National Dairy Council, the Gerber Foundation, the Christopher Family Foundation, Hatch ILLU 793-330 from the US Department of Agriculture, and the National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK), National Institutes of Health (grant no. R01 DK107561) to Sharon Donovan. The content is solely the responsibility of the authors and does not necessarily represent the official views of the National Institutes of Health.
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Information overload is a personal and societal danger | ScienceDaily
We are all aware of the dangers of pollution to our air, water, and earth. In a letter recently published in Nature Human Behavior, scientists are advocating for the recognition and mitigation of another type of environmental pollution that poses equivalent personal and societal dangers: information overload.


						
With the internet at our fingertips with smartphones, we are exposed to an unprecedented amount of data far beyond our ability to process. The result is an inability to evaluate information and make decisions. Further, it can lead us to limit our social activities, feel unsatisfied with our jobs, as well as unmotivated, and generally negative. Economists estimate that it all comes at a global cost of about $1 trillion. On top of the emotional and cognitive effects, contextual and environmental considerations may add to the personal and economic costs.

The idea to explore information overload was incubated in a meeting of an international group of scientists two years ago, all of whom were supported by an E.U. grant for international collaboration. The E.U. team selected partners abroad including, for the third time, Rensselaer Polytechnic Institute's Network Science and Technology Center (NeST), led by Boleslaw Szymanski, Ph.D., professor of computer science, in the United States.

The researchers compare information overload to other historical shifts in society: open publishing brought about the need to filter out low-quality research from the vast number of accessible publications, the Industrial Revolution gave rise to air pollution, and environmental activists have helped usher in legal and economic changes to help curb pollution. Similarly, so-called "information pollution" or "data smog" must be addressed.

Through the lens of computer science, there are at least three levels of information overload: "neural and cognitive mechanisms on the individual level... information and decisions at the group level... (and) societal level interactions among individuals, groups, and information providers." These levels do not operate independently, so the flow of information may be treated as a multilevel network with nodes, which may give rise to an abrupt change. The researchers cite teamwork as an example: one team member's information overload may cause the group's performance to be hindered. It is a complex problem.

"We are calling for action in science, education, and legislation," said Szymanski. "We need further interdisciplinary research on information overload. Information ecology must be taught in school. We also need to start the conversation on legislative possibilities, akin to the Clean Air Act in the U.K. decades ago."

"Information overload can have severe implications," said Curt Breneman, Ph.D., dean of Rensselaer's School of Science. "It begins by eroding our emotional health, job performance, and satisfaction, subsequently influencing the actions of groups and ultimately, entire societies. I hope that Dr. Szymanski's letter, written with colleagues from across the world, will raise public awareness of the problem and enable solutions to be studied and implemented."

Szymanski was joined in authoring the letter by Janusz A. Holyst of Warsaw University of Technology, the principal investigator of the E.U. grant; Philipp Mayr of the Leibniz Institute for the Social Sciences; Michael Thelwall of University of Sheffield; Ingo Frommholz of University of Wolverhampton; Shlomo Havlin and Alon Sela of Bar-Ilan University; Yoed N. Kenett of Technion -- Israel Institute of Technology; Denis Helic of Modul University Vienna; Aljosa Rehar and Sebastijan R. Macek of Slovenian Press Agency; Przemyslaw Kazienko and Tomasz Kajdanowicz of Wroclaw University of Science and Technology; Przemyslaw Biecek of Warsaw University of and University of Warsaw; and Julian Sienkiewicz of Warsaw University of Technology.
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Protein discovery sparks treatment hope for aggressive cancer | ScienceDaily
Researchers have found a new way to potentially treat one of the most common forms of acute lymphoblastic leukaemia.


						
The study, led by WEHI and the Peter MacCallum Cancer Centre, was able to kill leukaemia cells in the lab and stop cancer cells from growing, after identifying two new proteins critical for the development of the aggressive disease.

The findings could lead to enhanced treatment options in the future, with plans underway to develop a clinical trial based on the research.

Around 5200 people are diagnosed with a form of leukaemia in Australia each year. An estimated 1500 of these cases are acute -- meaning the blood cancer appears suddenly and grows quickly.

Blood cancers like leukaemia are notoriously difficult to treat in adults, with 50% of Australian patients relapsing after the first round of chemotherapy and subsequently becoming resistant to further treatments.

Associate Professor Ashley Ng, a corresponding author on the paper, said this presented a unique treatment challenge for these blood cancers and highlighted the urgent need for new therapeutics.

"About 135,000 people live with a blood cancer or blood disorder in Australia, with 16 people dying every day from the disease," Assoc Prof Ng, a WEHI researcher and clinical haematologist at the Peter MacCallum Cancer Centre and Royal Melbourne Hospital, said.




"Despite the medical advancements made in the cancer field over the years, the incidence of blood cancer has grown by 47% in the past decade.

"The best way to enhance treatment options for patients is to continually improve our understanding of how leukaemia cancers behave and what drives their growth.

"Our new research has identified two proteins that are critical for the development of B-cell acute lymphoblastic leukaemia, expanding our knowledge into how these cancers can form.

"By uncovering this new vulnerability in leukaemia formation, we hope to exploit the findings for therapeutic benefit and also apply them to other forms of the disease."

The research is published in the journal Science Advances.

Master regulators 

Assoc Prof Ng has spent over a decade researching a protein that regulates gene activity in the cell nucleus, known as ERG. Imbalances in this protein can lead to blood cancers, like acute lymphoblastic leukaemia.




His previous research uncovered the protein's critical role in Down syndrome associated blood disease and normal blood cell function, including how B cells -- which are essential for producing antibodies to fight against infections -- develop.

First author Dr Kira Behrens said the research team wanted to understand what other types of proteins ERG works with to fuel leukaemia development.

"We looked at the proteins that control how specific genes switch 'on' or 'off' to analyse how normal B-cells -- and critically -- B-cell acute lymphoblastic leukaemia -- can develop," Dr Behrens said.

"After analysing the genes regulated by ERG and another protein, c-MYC, we discovered that these proteins were actually the master regulators of several important pathways and processes within the leukaemia cell."

Researchers then narrowed the list down to focus on one pathway essential for making proteins, known as ribosome biogenesis.

This led the team to focus on targeting a key gene essential to this pathway, POL I, which is also controlled by these master regulator proteins.

The gene helps direct an important cell growth and division process that can lead to the development of cancer if it goes awry.

Dr Behrens said: "By targeting POL I with inhibitors, we were able to kill leukaemia cells and stop their growth in our pre-clinical and human tissue models."

"This was a surprising, yet remarkable discovery, as we were able to unravel a new pathway and potential drug target that can hopefully be used in the fight against leukaemia in the future."

The study also involved a collaboration with Associate Professor Elaine Sanij (St. Vincent's Institute of Medical Research) whose work focuses on targeting POL I and ribosome biogenesis in cancer therapy.

"The findings show that a subset of aggressive acute lymphoblastic leukaemia exhibit a form of addiction to producing of ribosomes, the protein making molecular machinery," Assoc Prof Sanij said.

"They render this aggressive leukaemia sensitive to POL I inhibitors which target ribosome production.

"Altogether, our work highlights the importance of developing this new approach to cancer therapy to treat oncogene-driven cancers."

Collaborative power

One of the drugs used in the study to target POL I was an agent developed by the Peter MacCallum Cancer Centre.

Professor Rick Pearson, former Associate Director of Laboratory Research at Peter Mac, said the team hopes to mimic the study in a future clinical trial to help patients with acute lymphoblastic leukaemia.

"We worked with WEHI researchers to confirm our agent is effective in targeting POL I activity and demonstrated its potency in impeding the leukaemia cell growth and division.

"These findings highlight the power of collaboration and the remarkable results that can be achieved when bringing together experts from across various areas.

"We hope this research will translate into successful clinical trials and potentially offer doctors a new treatment option for patients with acute lymphoblastic leukaemia," Professor Pearson said.

This research was supported by the German Research Foundation (Deutsche Forschungsgemeinschaft), the National Health and Medical Research Council (NHMRC), Cancer Council Victoria, National Stem Cell Foundation of Australia, the Leukaemia Foundation and Victorian Cancer Agency.

The study, "ERG and c-MYC Regulate a Critical Gene Network in BCR::ABL1-Driven B-cell Acute Lymphoblastic Leukaemia," is published in Science Advances.
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Dolphin-kick swimming maximizes water-flow utilization with increasing speed | ScienceDaily
Researchers from University of Tsukuba investigated the propulsion mechanism by visualizing water flow around a swimmer during underwater dolphin-kick swimming in a water channel via particle image velocimetry. Their findings revealed that swimmers can utilize water flow and vortexes more effectively as their speed increases.


						
The swimming motion imparts momentum to water, a fluid, thereby generating a propulsive force. Thus, we can understand the propulsion mechanism by examining the water flow generated by a swimmer's motion. However, observing colorless, transparent water with the naked eye or a camera is challenging. To address this issue, researchers employed particle image velocimetry, a technique utilized in fluid dynamics, to visualize water-flow patterns. They investigated how water flow changes as swimmers change their speed while executing the dolphin-kick swimming technique. This investigation was conducted in an experimental circulating-water channel (a pool with flowing water).

The results revealed that the water-flow velocity increased with increasing swimming speed during the underwater dolphin-kick lower-limb action, generating a strong vortex during the kicking action. This phenomenon possibly contributes to the increased propulsive force. Additionally, recycling of the flow generated during the downward-kick phase was observed during the transition to the upward-kick phase, with the effect becoming more pronounced as the swimming speed increased. This study marks the first observation of water-flow changes during dolphin-kick swimming at varying speeds.

This study is expected to advance research on water flow, a critical topic in swimming research. It offers scientific evidence for instructors to adopt kick-swimming techniques.

This work was supported by Japan Science and Technology Agency, Grant Number 22 K19725.
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Small amounts of licorice raise blood pressure, study finds | ScienceDaily
It is known that large amounts of liquorice cause high blood pressure. A study by researchers at Linkoping University, Sweden, now shows that even small amounts of liquorice raise blood pressure. The individuals who react most strongly also show signs of strain on the heart.


						
Liquorice is produced from the root of plants of the Glycyrrhiza species and has long been used as a herbal remedy and flavouring. However, it is known that eating liquorice can also raise blood pressure. This is mainly due to a substance called glycyrrhizic acid that affects the body's fluid balance through effects on an enzyme in the kidney. High blood pressure, in turn, increases the risk of cardiovascular disease.

Both the European Union and the World Health Organization have concluded that 100 mg of glycyrrhizic acid per day is probably safe to eat for most individuals. But some people eat more liquorice than that. The Swedish Food Agency has estimated that 5 per cent of Swedes have an intake higher than this level.

In the current study, published in The American Journal of Clinical Nutrition, researchers at Linkoping University wanted to test whether the limit stated as likely safe actually is so or not.

It is not easy to know how much glycyrrhizic acid is in the liquorice you eat, as its concentration in different liquorice products varies greatly. This variation may depend on factors such as origin, storage conditions and liquorice root species. In addition, the amount of glycyrrhizic acid is not indicated on many products. The Linkoping University study is the first to have carefully measured the amount of glycyrrhizic acid in the liquorice that was tested, while being randomised and having a control group.

In the study, 28 women and men aged 18-30 were instructed to eat liquorice, or a control product that did not contain any liquorice, over two periods of time. The control product instead contained salmiak, which gives salty liquorice its flavour. The liquorice weighed 3.3 grammes and contained 100 mg of glycyrrhizic acid, that is, the amount indicated as likely safe for most people to eat daily. Participants were randomly assigned to eat either liquorice or the control product for two weeks, take a break for two weeks, and then eat the other variety for two weeks. This enabled the researchers to compare the effect of both varieties in the same person. The study participants were asked to measure their blood pressure at home every day. At the end of each intake period, the researchers measured levels of various hormones, salt balance, and heart workload.

"In the study, we found that a daily intake of liquorice containing 100 mg glycyrrhizic acid raised blood pressure in young healthy people. This hasn't previously been shown for such small amounts of liquorice," says Peder af Geijerstam, doctoral student at the Department of Health, Medicine and Caring Sciences at Linkoping University, general practitioner, and lead author of the study.

When the participants ate liquorice, their blood pressure increased by an average of 3.1 mmHg. The researchers also measured two hormones that are affected by liquorice and that regulate fluid balance: renin and aldosterone. The levels of both of these decreased when eating liquorice. The quarter of the study participants who were most sensitive, based on their levels of the hormones renin and aldosterone decreasing the most after eating liquorice, also gained slightly in weight, most likely due to an increased amount of fluid in the body. This group also had elevated levels of a protein that the heart secretes more of when it needs to work harder to pump around the blood in the body, N-terminal pro-brain natriuretic peptide (NT-proBNP). This suggests increased fluid volume and heart workload in the individuals most sensitive to the effects of liquorice.

"Our results give reason to be more cautious when it comes to recommendations and labelling for food containing liquorice," says Fredrik Nystrom, professor at the same department, who was responsible for the study.

The study was funded with support from, among others, The Strategic Research Network in Circulation and Metabolism (LiU-CircM) at Linkoping University, The National Research School in General Practice at Umea University, King Gustaf V and Queen Victoria Freemason Foundation and Region Ostergotland.
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Blast-related concussions linked to higher Alzheimer's risk | ScienceDaily
U.S. veterans of the wars in Afghanistan and Iraq who suffered mild traumatic brain injury from exposure to explosive blasts were found to have changes in cerebrospinal fluid proteins that are typically seen in people who develop Alzheimer's disease, according to researchers at the University of Washington School of Medicine and VA Puget Sound Health Care System.


						
"While our research does not prove that veterans who experienced these injuries will develop Alzheimer's disease, it raises the possibility that they may be on a pathway leading to dementia," said Dr. Ge Li, the paper's first author and an associate professor of psychiatry and behavioral sciences at UW Medicine.

The study was published March 13 in the journal Neurology.

Previous research has found that sustaining a moderate to severe TBI increases a person's risk of developing Alzheimer's disease. It is not known, however, whether a mild TBI (mTBI) similarly increases this risk.

In the new study, the researchers analyzed protein levels in spinal fluid from 51 U.S. veterans of the wars in Afghanistan and Iraq. Each had suffered mTBIs from exposure to explosive blasts and had an average of 20 blast injuries. Those protein levels were compared with the protein levels of 85 veterans and civilians of similar age who had never sustained a TBI.

In this study, the veterans were considered to have experienced a TBI if they had an alteration or loss of consciousness from the blast. The TBIs were considered mild if the loss of consciousness lasted 30 minutes or less and there was no sign of brain damage on standard clinical MRI or CT scan. Such an injury is considered equivalent to a concussion.

The researchers examined protein levels in the veterans' cerebrospinal fluid, which flows around and through the brain and carries away waste materials. Two of the proteins measured compose the chief components of amyloid plaques, which aggregate in the brains of people with Alzheimer's. These proteins are called alpha-beta amyloid 40 and 42 (Ab40, Ab42).




The other proteins are versions of the tau protein. Normally, tau proteins are part of cells' cytoskeletons, which give cells their shape. But with Alzheimer's, these structures are changed, creating tangles within brain cells and killing them. This is the other hallmark of Alzheimer's.

With Alzheimer's disease, the levels of alpha-beta amyloid proteins in spinal fluid typically decrease. Researchers hypothesize that the proteins, instead of being flushed out into the spinal fluid and carried away as they normally would be, are deposited in amyloid plaques and remain in the brain. As the disease progresses, tau levels, in contrast, tend to be higher than normal, as the proteins are released from dying brain cells.

In the study, mTBI veterans in their late 40s and 50s had lower levels of beta-amyloid proteins, compared with the veterans and civilians who had not had such injuries.

Tau protein levels also were abnormal in the older mTBI veterans. Normally, tau levels rise as we age. But among the older middle-aged mTBI veterans, levels tended to remain the same, a finding that the normal brain clearance system may not be working as well in among the people with mTBI.

Among older mTBI veterans, having lower beta-amyloid 42 levels was also associated with doing less well on cognitive tests assessing verbal memory and fluency.

The decline in beta-amyloid proteins, in particular beta-amyloid 42, was concerning, said senior author Dr. Elaine Peskind, a UW research professor of psychiatry and director of the VA's Northwest Mental Illness Research, Education, and Clinical Center.

"A decline in beta-amyloid 42 is the earliest detectable change due to Alzheimer's that can be found in a cognitively normal person," she said. "The change can appear as much as 20 years before symptoms. So a person can have the pathology of Alzheimer's going on in their brain but still not have any symptoms -- no problem with their memory or thinking functions -- for as long as 20 years."

Peskind and her collaborators suspect the cause of the changes in the mTBI veterans' spinal fluid proteins is due to blast-related damage to a system in the brain, called the glymphatic system, that allows fluids to flow through the brain and carry away waste products. To find out, they have been funded by the National Institute of Neurological Diseases and Stroke to study the regulation and function of this system in veterans with these injuries.
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Lives could be saved from tropical disease with new rapid test | ScienceDaily
Globally, more than half of patients die after infection with the neglected tropical disease, melioidosis, often before they are diagnosed. A new rapid test could save lives by diagnosing patients in hours, rather than several days taken by current bacterial culture methods, meaning they receive the correct antibiotics faster.


						
The test uses CRISPR to detect a genetic target that is specific to Burkholderia pseudomallei, the bacterium that causes melioidosis, with 93 per cent sensitivity. It was developed by researchers at the Mahidol-Oxford Tropical Medicine Research Unit (MORU), Chiang Mai University, Vidyasirimedhi Institute of Science and Technology (VISTEC) in Thailand, and the Wellcome Sanger Institute in the UK.

The results, published today (14 March) in Lancet Microbe, mean more lives could be saved from melioidosis, with a rapid, easy-to-use diagnostic test that could be rolled out globally.

Melioidosis is a neglected tropical disease that is estimated to affect 165,000 people worldwide each year, of whom 89,000 die from the disease. It is caused by the bacterium, Burkholderia pseudomallei, which lives in soil and water in tropical and subtropical regions, and enters human bodies via inoculation through skin abrasions, ingestion or inhalation.

It is difficult to diagnose melioidosis as symptoms vary from localised abscess or pneumonia to acute septicaemia, or may present as a chronic infection. As a result of this, and the locations of isolated communities in rural areas that it mostly affects, the disease remains hugely underreported.

Currently, melioidosis is diagnosed in patients after bacterial samples are cultured, which takes three to four days. In Thailand, approximately 40 per cent of patients with melioidosis die, many of whom die within the first one to two days following admission to hospital, while waiting for a diagnosis.

There is no licensed vaccine for melioidosis, but patients can be effectively treated with intravenous antibiotics -- ceftazidime or carbapenem -- during the first intensive phase of treatment. However, current practices often involve initially treating patients with a range of unnecessary antibiotics to target the various symptoms the disease produces, which can waste time and resources.




In a new study, the team set out to develop a new rapid test to reduce the time taken to correctly diagnose and treat patients with melioidosis.

The researchers identified a genetic target specific to B. pseudomallei byanalysing over 3,000 B. pseudomallei genomes, most of which were sequenced at the Sanger Institute. They searched for conserved regions of the genome and screened the targets against other pathogens and human host genomes, to ensure their chosen target was specific to B. pseudomallei.

Their test, called CRISPR-BP34, involves rupturing bacterial cells and using a recombinase polymerase amplification reaction to amplify the bacterial target DNA for increased sensitivity. Additionally, a CRISPR reaction is used to provide specificity, and a simple lateral flow 'dipstick' read-out is employed to confirm cases of melioidosis.

To assess the efficacy of the test, the team collected clinical samples from 114 patients with melioidosis and 216 patients without the disease at Sunpasitthiprasong Hospital, a hospital in northeast Thailand where melioidosis is endemic. The CRISPR-BP34 test was then applied to these samples.

The new test showed enhanced sensitivity at 93 per cent, compared to 66.7 per cent in bacterial culture methods. It also delivered results in less than four hours for urine, pus, and sputum samples, and within one day for blood samples. This is a significant improvement over the current bacterial culture diagnostic method, which typically takes three to four days.

This new rapid diagnostic test will enable health professionals to prescribe the correct antibiotics faster, meaning fewer patients will die while waiting for a diagnosis. While saving precious time, the new test will also save resources and money, with fewer unnecessary antibiotics prescribed and less time for patients in hospital.




In next steps for the team, they are currently designing randomised clinical trials to show the effectiveness of these tests in hospital settings. Plus, members of the team will begin investigating the role of human genetics in susceptibility and immune response to melioidosis infection.

Dr ClaireChewapreecha, co-lead author at the Mahidol-Oxford Tropical Medicine Research Unit (MORU), Thailand, and Wellcome Sanger Institute International Fellow, said: "Working in rural Thailand has many limitations. But we have shown that limitations breed innovation, and what succeeds here can succeed anywhere. I am so proud of the team behind this new, robust rapid diagnostic test for melioidosis, and hope that it can potentially be used anywhere in the world to get the right treatments to patients faster, ultimately saving lives."

Dr Somsakul Wongpalee, co-lead author at Chiang Mai University, Thailand, said: "We carefully designed the rapid diagnostic test based on CRISPR-BP34, with a robust algorithm, and tested its performance in vitro. We are thrilled that the CRISPR-BP34 test demonstrates outstanding diagnostic efficacy when tested on clinical samples, showcasing its potential to significantly impact patient outcomes and potentially save lives in the near future."

Professor Nick Thomson, senior author and Head of Parasites and Microbes at the Wellcome Sanger Institute, said: "This research is a testament to international collaboration and how the application of genomics at scale leads to clinical intervention. Using a genetic target mined from a bank of thousands of bacterial genomes, the team was able to produce an incredibly sensitive test that is specific to the bacterium behind melioidosis. I look forward to seeing the clinical impacts of this research."

Professor Nick Day, senior author and Director of the Mahidol-Oxford Tropical Medicine Research Unit (MORU), Thailand, and the Wellcome Trust Thailand Asia and Africa Programme, said: "Melioidosis has been neglected despite its high mortality rate and high incidence in many parts of Asia. Early diagnosis is essential so that the specific treatment required can be started as soon as possible. The new rapid diagnostic tool developed through this collaboration has the potential to be a game-changer."
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'Junk DNA' no more: New method to identify cancers from repeat elements of genetic code | ScienceDaily
Repeats of DNA sequences, often referred to as "junk DNA" or "dark matter," that are found in chromosomes and could contribute to cancer or other diseases have been challenging to identify and characterize. Now, investigators at the Johns Hopkins Kimmel Cancer Center have developed a novel approach that uses machine learning to identify these elements in cancerous tissue, as well as in cell-free DNA (cfDNA) -- fragments that are shed from tumors and float in the bloodstream. This new method could provide a noninvasive means of detecting cancers or monitoring response to therapy. Machine learning is a type of artificial intelligence that uses data and computer algorithms to perform complex tasks and accelerate research.


						
In laboratory tests, the method, called ARTEMIS (Analysis of RepeaT EleMents in dISease) examined over 1,200 types of repeat elements comprising nearly half of the human genome, and identified that a large number of repeats not previously known to be associated with cancer were altered in tumor formation. The investigators also were able to identify changes in these elements in cfDNA, providing a way to detect cancer and determine where in the body it originated. A description of the work is to be published March 13 in Science Translational Medicine.

"When you think about existing cancer genes and the DNA sequences around them, they're just chock full of these repeats," says Victor E. Velculescu, M.D., Ph.D., a professor of oncology and co-director of the Cancer Genetics and Epigenetics Program at the Johns Hopkins Kimmel Cancer Center, who led the study with Akshaya Annapragada, an M.D./Ph.D. student at the Johns Hopkins University School of Medicine, and Robert Scharpf, Ph.D., an associate professor of oncology at Johns Hopkins.

"Until ARTEMIS, this dark matter of the genome was essentially ignored, but now we're seeing that these repeats are not occurring randomly," Velculescu says. "They end up being clustered around genes that are altered in cancer in a variety of different ways, providing the first glimpse that these sequences may be key to tumor development."

In a series of laboratory tests, the researchers first examined the distribution of 1.2 billion kmers (short sequences of DNA) defining unique repeats, finding them enriched in genes commonly altered in human cancers. For example, of 736 genes known to drive cancers, 487 contained an average fifteenfold higher than expected number of repeat sequences. These repeat sequences also were significantly increased in genes involved in cell signaling pathways that are commonly dysregulated in cancers.Using next-generation sequencing, technology that allows researchers to rapidly examine the sequences of entire genomes, the researchers also looked to see if repeat sequences were directly altered in cancers. They used ARTEMIS to analyze over 1,200 distinct types of repeat elements in tumor and normal tissues from 525 patients with different cancers participating in the Pan-Cancer Analysis of Whole Genomes (PCAWG), and found a median of 807 altered elements in each tumor. Nearly two-thirds of these elements (820 of 1,280) had not previously been observed as being altered in human cancers. Then, they used a machine-learning model to generate an ARTEMIS score for each sample to provide a summary of genome-wide repeat element changes that were predictive of cancer. ARTEMIS scores distinguished the 525 PCAWG participants' tumors from normal tissues with a high performance (AUC=0.96) across all cancer types analyzed, where 1 is a perfect score. Increased ARTEMIS scores were associated with shorter overall and progression-free survival regardless of tumor type.

The investigators next evaluated ARTEMIS' potential for noninvasive detection of cancer. They applied the tool to blood samples from 287 individuals with and without lung cancer participating in the Danish Lung Cancer Screening Study (LUCAS). ARTEMIS classified patients with lung cancer with an area under the curve (AUC) of 0.82. But when used with another method called DELFI (DNA evaluation of fragments for early interception) -- an assay previously developed by Velculescu, Scharpf and other members of their group that detects changes in the size and distribution of cfDNA fragments across the genome -- the combination model classified patients with lung cancer with an AUC of 0.91. Similar performance was observed in a group of 208 individuals at risk for liver cancer, in which ARTEMIS detected individuals with liver cancer among others with cirrhosis or viral hepatitis with an AUC of 0.87. When combined with DELFI, the AUC increased to 0.90.

Finally, they evaluated whether the ARTEMIS blood test could identify where in the body a tumor originated in patients with cancer. When trained with information from the PCAWG participants, the tool could classify the source of tumor tissues with an average 78% accuracy among 12 tumor types. The investigators then combined ARTEMIS and DELFI to assess blood samples from a group of 226 individuals with breast, ovarian, lung, colorectal, bile duct, gastric or pancreatic tumors. Here, the model correctly classified patients among the different cancer types with an average accuracy of 68%, which improved to 83% when the model was allowed to suggest two possible tumor types instead of a single cancer type.




"Our study shows that ARTEMIS can reveal genome-wide repeat landscapes that reflect dramatic underlying changes in human cancers," Annapragada says. "By illuminating the so-called 'dark genome,' the work offers unique insights into the cancer genome and provides a proof-of-concept for the utility of genome-wide repeat landscapes as tissue and blood-based biomarkers for cancer detection, characterization and monitoring."

Next steps are to evaluate the approach in larger clinical trials, says Velculescu: "You can imagine this could be used for early detection for a variety of cancer types, but also could have uses in other applications such as monitoring response to treatment or detecting recurrence. This is a totally new frontier."

Additional study co-authors were Noushin Niknafs, James R. White, Daniel C. Bruhm, Christopher Cherry, Jamie E. Medina, Vilmos Adleff, Carolyn Hruban, Dimitrios Mathios, Zachariah H. Foda and Jillian Phallen.

The work was supported in part by the Dr. Miriam and Sheldon G. Adelson Medical Research Foundation, Stand Up to Cancer (SU2C) in-Time Lung Cancer Interception Dream Team Grant, SU2C-Dutch Cancer Society International Translational Cancer Research Dream Team Grant (SU2C-AACR-DT1415), the Gray Foundation, The Honorable Tina Brozman Foundation, the Commonwealth Foundation, the Mark Foundation for Cancer Research, the Cole Foundation, a research grant from Delfi Diagnostics and U.S. National Institutes of Health grants CA121113, CA006973, CA233259, CA062924, CA271896 and 1T32GM136577.

Annapragada, Scharpf and Velculescu are inventors on patent applications submitted by The Johns Hopkins University related to genome-wide repeat landscapes in cancer and cfDNA. Annapragada, Bruhm, Adleff, Mathios, Foda, Phallen and Scharpf are inventors on patent applications submitted by The Johns Hopkins University related to cell-free DNA for cancer detection that have been licensed to Delfi Diagnostics. White is the founder and owner of Resphera Biosciences LLC and serves as a consultant to Personal Genome Diagnostics Inc. and Delfi Diagnostics Inc. Cherry is the founder and owner of CMCC Consulting. Phallen, Adleff and Scharpf are founders of Delfi Diagnostics, and Adleff and Scharpf are consultants for this organization.

Velculescu is a founder of Delfi Diagnostics, serves on the board of directors and owns Delfi Diagnostics stock, which is subject to certain restrictions under university policy. Additionally, The Johns Hopkins University owns equity in Delfi Diagnostics. Velculescu divested his equity in Personal Genome Diagnostics (PGDx) to LabCorp in February 2022. He is an inventor on patent applications submitted by The Johns Hopkins University related to cancer genomic analyses and cell-free DNA for cancer detection that have been licensed to one or more entities, including Delfi Diagnostics, LabCorp, Qiagen, Sysmex, Agios, Genzyme, Esoterix, Ventana and ManaT Bio. Under the terms of these license agreements, the university and inventors are entitled to fees and royalty distributions. Velculescu is also an adviser to Viron Therapeutics and Epitope. These arrangements have been reviewed and approved by The Johns Hopkins University in accordance with its conflict-of-interest policies.
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Tryptophan in diet, gut bacteria protect against E. coli infection | ScienceDaily
Gut bacteria and a diet rich in the amino acid tryptophan can play a protective role against pathogenic E. coli, which can cause severe stomach upset, cramps, fever, intestinal bleeding and renal failure, according to a study published March 13 in Nature.


						
The research reveals how dietary tryptophan -- an amino acid found mostly in animal products, nuts, seeds, whole grains and legumes -- can be broken down by gut bacteria into small molecules called metabolites. It turns out a few of these metabolites can bind to a receptor on gut epithelial (surface) cells, triggering a pathway that ultimately reduces the production of proteins that E. coli use to attach to the gut lining where they cause infection. When E. coli fail to attach and colonize the gut, the pathogen benignly moves through and passes out of the body.

The research describes a previously unknown role in the gut for a receptor, DRD2. DRD2 has otherwise been known as a dopamine (neurotransmitter) receptor in the central and peripheral nervous systems.

"It's actually two completely different areas that this receptor could play a role in, which was not appreciated prior to our findings," said Pamela Chang, associate professor of immunology in the College of Veterinary Medicine and of chemical biology in the College of Arts and Sciences. "We essentially think that DRD2 is moonlighting in the gut as a microbial metabolite sensor, and then its downstream effect is to help protect against infection."

Samantha Scott, a postdoctoral researcher in Chang's lab, is first author of the study, "Dopamine Receptor D2 Confers Colonization Resistance via Microbial Metabolites."

Now that Chang, Scott and colleagues have identified a specific pathway to help prevent E. coli infection, they may now begin studying the DRD2 receptor and components of its downstream pathway for therapeutic targets.

In the study, the researchers used mice infected with Citrobacter rodentium, a bacterium that closely resembles E. coli, since certain pathogenic E. coli don't infect mice. Through experiments, the researchers identified that there was less pathogen and inflammation (a sign of an active immune system and infection) after mice were fed a tryptophan-supplemented diet. Then, to show that gut bacteria were having an effect, they gave the mice antibiotics to deplete microbes in the gut, and found that the mice were infected by C. rodentium in spite of eating a tryptophan diet, confirming that protection from tryptophan was dependent on the gut bacteria.




Then, using mass spectrometry, they ran a screen to find the chemical identities of tryptophan metabolites in a gut sample, and identified three such metabolites that were significantly increased when given a tryptophan diet. Again, based on pathogen levels and inflammation, when these three metabolites alone were fed to the mice, they had the same protective effect as giving the mice a full tryptophan diet.

Switching gears, the researchers used bioinformatics to find which proteins (and receptors) might bind to the tryptophan metabolites, and from a long list they identified three related receptors within the same family of dopamine receptors. Using a human intestinal cell line in the lab, they were able to isolate receptor DRD2 as the one that had the protective effect against infection in the presence of tryptophan metabolites.

Having identified the metabolites and the receptor, they analyzed the downstream pathway of DRD2 in human gut epithelial cells. Ultimately, they found that when the DRD2 pathway was activated, the host's ability to produce an actin regulatory protein was compromised. C. rodentium (and E. coli) require actin to attach themselves to gut epithelial cells, where they colonize and inject virulence factors and toxins into the cells that cause symptoms. But without actin polymerization they can't attach and the pathogen passes through and clears.

The experiments revealed a new role of dopamine receptor DRD2 in the gut that controls actin proteins and affects a previously unknown pathway for preventing a pathogenic bacteria's ability to colonize the gut.

Jingjing Fu, a former postdoctoral researcher in Chang's lab, is a co-author.

The study was supported by the Arnold and Mabel Beckman Foundation, a President's Council of Cornell Women Affinito-Stewart Grant, the National Institutes of Health and a Cornell Institute of Host-Microbe Interactions and Disease Postdoctoral Fellowship.
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Interactions with dogs can increase brainwaves associated with stress relief and heightened concentration | ScienceDaily
Spending quality time with dogs reduces stress and increases the power of brain waves associated with relaxation and concentration, according to a study published on March 13, 2024 in the open-access journal PLOS ONE by Onyoo Yoo from Konkuk University, South Korea, and colleagues.


						
Animal-assisted interventions, like canine therapy, are widely used in hospitals, schools, and beyond to help reduce anxiety, relieve stress, and foster feelings of trust. Studies of the potential benefits of animal interactions often take a holistic approach, comparing people's mood or hormone levels before and after spending time with a service animal. But this approach doesn't differentiate between types of interactions, like grooming, feeding, or playing with an animal, limiting our understanding of how each specific interaction impacts a person's health and well-being. To better understand how such animal-related activities affect mood, Yoo and colleagues recruited a small sample of 30 adult participants to each perform eight different activities with a well-trained dog, such as playing with a hand-held toy, giving her treats, and taking pictures with her. Participants wore electroencephalography (EEG) electrodes to record electrical activity from the brain while they interacted with the dog, and they recorded their subjective emotional state immediately following each activity.

The relative strength of alpha-band oscillations in the brain increased while participants played with and walked the dog, reflecting a state of relaxed wakefulness. When grooming, gently massaging, or playing with the dog, relative beta-band oscillation strength increased, a boost typically linked to heightened concentration. Participants also reported feeling significantly less fatigued, depressed, and stressed after all dog-related activities.

While not all participants had pets of their own, their fondness for animals likely motivated their willingness to participate in the experiment, potentially biasing the results. Nonetheless, the authors state that the unique relationships between specific activities and their physiological effects could serve as a reference for programming targeted animal-assisted interventions in the future.

The authors add: "This study provides valuable information for elucidating the therapeutic effects and underlying mechanisms of animal-assisted interventions."
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Innovative approaches for addressing difficult topics in K-12 schools | ScienceDaily
Three peer-reviewed journals have recently published research papers by Penn State's Hammel Family Human Rights Initiative. The papers illustrate how the initiative's programs help K-12 educators address difficult issues such as racism.


						
The three journals that published the initiative papers are School-University Partnerships, Journal of Practitioner Research and Journal of Teacher Education. JTE, as it's known, is widely considered the top-ranked research journal in the field of teacher education. Some of the scholars who independently reviewed the papers described the initiative's research-based, nonpartisan approach, which combines practitioner inquiry with trauma-informed and asset-based practices, as novel, innovative and widely needed.

"We spend a great deal of energy and time conducting rigorous research into our work for several reasons," said Boaz Dvir, the initiative's director and an associate professor in the Donald P. Bellisario College of Communications. "These include improving our programs, strengthening our approach, collaborating with partners and participants, and sharing our findings with the world so others can challenge and/or adopt our approach."

The initiative partners with educational entities such as school districts to offer customized professional learning opportunities to K-12 educators in Pennsylvania and around the country. Program participants identify difficult issues in their curriculum or setting, come up with compelling questions about these issues, seek credible sources, collect and analyze data, investigate their findings with colleagues and initiative facilitators, and design and implement classroom- or school-application plans.

The initiative offers year- and semester-long programs, workshops and asynchronous, self-paced online modules.

To examine the initiative's yearlong program, the researchers interviewed participating teachers, generated field notes, collected program artifacts, reviewed teachers' lesson plans and conducted classroom observations.

The core research team included Dvir; initiative affiliate faculty member Logan Rutten, a University of North Dakota assistant professor; and Danielle Butville, the initiative's assistant director. The team collaborated with educators from Pennsylvania's Red Lion Area School District -- Wendy Smith, a veteran fifth-grade teacher, and Eric Wilson, who at the time served as the district's chief instructional officer -- to co-author two of the publications.




All three journals provide open access, so readers can download the papers for free. As much as possible, the initiative aims to publish its research in such accessible spaces.

"These papers carve a distinctive niche in the research on teachers' professional learning," Rutten said. "At a time when many teachers are seeking support to address the difficult topics they face in their curriculum and school communities, our research clearly illustrates how inquiry-based approaches can offer a hopeful path forward."

The initiative team continues to examine various key aspects of its work.

"In our ongoing and future research, we are studying the impact of our programs on collective K-12 teachers' efficacy and students' learning experiences, as well as our learning as facilitators and teacher educators," Butville said.

Based in Penn State's Bellisario College, the Hammel Family Human Rights Initiative and the Holocaust, Genocide and Human Rights Education Initiative offer intensive professional learning programs throughout Pennsylvania and around the country to support educators in their instruction of a variety of difficult issues.
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Good news: The US maternal death rate is stable, not sky rocketing, as reported | ScienceDaily

To determine whether the reported maternal death rates are accurate, a team of researchers took a deep dive into the underlying data and looked at the factors driving the increase, namely, changes in obstetric factors, maternal chronic conditions, and surveillance issues (i.e., changes in data collection methods). Maternal deaths refer to those occurring during pregnancy, childbirth, or the postpartum period from conditions directly related to pregnancy or those exacerbated by pregnancy and birth (accidental and incidental deaths in pregnancy are not included in the maternal death definition).

Lead author K.S. Joseph, MD, PhD, Department of Obstetrics and Gynaecology, University of British Columbia and the Children's and Women's Hospital and Health Centre of British Columbia; and School of Population and Public Health, University of British Columbia, said "Our study showed that maternal mortality rates were low and stable between 1999-2002 and 2018-2021, which is very different from the high rates and dramatic increases reported by the NVSS in recent years. We found that exclusive reliance on the pregnancy checkbox on death certificates, without corroboration from the cause-of-death information, led to an overestimation of maternal mortality rates by the NVSS in 2018-2021."

Researchers examined all deaths in the US between 1999 and 2021 using an approach that enables greater accuracy in how maternal deaths are identified and classified in the mortality database. The study uncovered several indications that the pregnancy checkbox was responsible for misclassifying nonmaternal and incidental deaths in pregnancy as maternal deaths. These included a 46-fold increase in maternal deaths among women with malignant neoplasms (which likely represent incidental deaths in pregnancy and not maternal deaths). Also, a substantially higher proportion of maternal deaths identified by the pregnancy checkbox had a single entry in the cause-of-death section, which requires a listing of all the immediate, intermediate, contributory, and underlying causes of death (thus suggesting a less thorough approach to death certification).

Although the pregnancy checkbox was introduced on death certificates in 2003 to improve identification of maternal death, its use between 2003 and 2017 was associated with some substantial errors. A detailed investigation by the National Center for Health Statistics (NCHS), CDC showed that the checkbox was erroneously ticked in many cases, leading to misclassification and overestimation of maternal death. For example, hundreds of decedents, 70 years of age and older (including 147 women aged 85 years and older in 2013), were certified as pregnant at the time of death or in the year prior. The NCHS concluded that the entire increase in maternal mortality in the US between 2003 and 2017 was due to the pregnancy checkbox. In response, NCHS made specific changes regarding pregnancy checkbox use for deaths from 2018 onwards but NVSS reports show that maternal mortality rates have continued to increase (nearly doubling from 2018 to 2021).

Roberto Romero, MD, DMedSci, Editor-in-Chief for Obstetrics of the American Journal of Obstetrics & Gynecology (AJOG), and Chief of the Pregnancy Research Branch of NICHD, NIH, stated, "Accurate assessment of the number and causes of maternal death is an important priority for countries and healthcare policymakers. Improving maternal mortality surveillance is key to formulating plans to improve maternal health. Comparisons of the rate of maternal death among countries should be interpreted with great caution because the methods of surveillance and accuracy differ. The article by Dr. Joseph and a distinguished group of epidemiologists and obstetricians published in AJOG calls attention to the need to improve surveillance in the United States and to thoughtful interpretation of reported statistics."

Co-author Justin S. Brandt, MD, Director of the Division of Maternal-Fetal Medicine, Department of Obstetrics and Gynecology, NYU Grossman School of Medicine, notes, "By not relying on the pregnancy checkbox, our approach avoided the misclassification that has given the false impression of increasing maternal mortality rates in the US. Identifying maternal deaths by requiring mention of pregnancy among the multiple causes of death shows stable maternal mortality rates and declines in maternal deaths from direct obstetric causes."

The research team previously published a study on maternal mortality in the US in 2017, which also showed stable rates of maternal mortality from 1999 to 2014. As mentioned, their results were subsequently validated by a detailed investigation carried out by the NCHS and published in January 2020.




Although the study's findings contradict the mainstream narrative of high and rising rates of maternal death in the US, the results are consistent with changes in maternal characteristics and improvements in obstetric practice. For instance, the increase in maternal deaths due to specific placental complications (i.e., placenta accreta spectrum disorder) observed in their study is consistent with increases in deliveries to women with a previous cesarean delivery. Similarly, the reduction in maternal deaths due to hypertensive disorders in pregnancy (i.e., preeclampsia/eclampsia), blood clot embolism (i.e., thromboembolism), and infection (i.e., puerperal sepsis) is consistent with advances in the obstetric management of these conditions.

The study also showed a reduction in overall maternal mortality, and especially in maternal deaths from direct obstetric causes among non-Hispanic Blacks, which is encouraging. However, the disproportionately high rate of maternal death among Non-Hispanic Blacks in 2018-21 and the persistent racial/ethnic disparities are concerning, as is the small increase in direct obstetric deaths among non-Hispanic Whites.

Co-author Cande Ananth, PhD, MPH, MD, Division of Epidemiology and Biostatistics, Department of Obstetrics, Gynecology, and Reproductive Sciences; Cardiovascular Institute of New Jersey and Department of Medicine; and Environmental and Occupational Health Sciences Institute, Rutgers, Robert Wood Johnson Medical School; and Department of Biostatistics and Epidemiology, Rutgers School of Public Health, elaborates, "Our analysis suggests that people who are Black remain at much higher risk of dying due to pregnancy complications compared with people who are White. The continuing disparities in maternal mortality rates are concerning and deserve strategic and focused efforts to combat structural racism and designed to address chronic conditions disproportionately represented in this subpopulation."

The study provides important insights into cause- and race/ethnicity-specific maternal mortality and provides suggestions for the appropriate use of the pregnancy checkbox on death certificates. The authors hope that these findings will serve as the evidentiary basis for clinical and public health initiatives for reducing maternal mortality.
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Hope for treating sleep disorders, no pills required | ScienceDaily
Are sleeping pills the only solution for insomnia? Not according to Flinders University's Dr Alexander Sweetman, who says that using self-guided digital behavioural therapy is an alternative solution that should be considered.


						
Despite a wealth of evidence supporting the effectiveness of cognitive behavioural therapy for insomnia (CBTi), access to this 'first line' treatment is extremely limited due to a shortage of CBTi trained psychologists.

In Australia, approximately 90 per cent of primary care patients with insomnia are managed with sleeping pills while only 1 per cent are referred to psychologists for CBTi.

To increase accessibility to CBTi and reduce the reliance on sleeping pills, sleep experts at Flinders University and the University of Western Australia designed and tested the effectiveness of a self-guided digital CBTi program called 'Bedtime Window' to treat insomnia.

"We tested a new CBTi program in people with insomnia symptoms throughout Australia and found it very easy to use, delivering significant and sustained improvements in sleep, daytime function and mental health," says Dr Alexander Sweetman, who led the latest research published today in Frontiers in Sleep.

"We know that CBTi improves insomnia, mental health and quality of life and we want to see more people accessing this treatment because it can reduce the need for sleeping pills or other interventions which may not tackle long-term sleep problems," he says.

Insomnia and obstructive sleep apnoea (OSA) are the two most prevalent sleep disorders and frequently co-occur. Approximately 30-40 per cent of people with insomnia have co-morbid OSA however most people with OSA remain undiagnosed and untreated.




"People with co-morbid insomnia and sleep apnoea (COMISA) generally have worse sleep, daytime function, mental health, physical health, productivity and quality of life when compared to people with neither sleep disorder, and often when compared to people with either insomnia-alone or OSA-alone," says Dr Sweetman.

"Recent studies found that people with COMISA experience a 50-70 per cent increased risk of mortality over 10-20 years of follow-up, compared to people with neither condition.

"Given the high prevalence and adverse health risks of COMISA, it is vital that we develop and implement an effective evidence-based management approach for this condition," he says.

"To increase CBTi access for people with COMISA, we developed the self-guided interactive digital CBTi program that is appropriate for people with insomnia-alone and COMISA and compared its effectiveness between people with insomnia-alone, versus comorbid insomnia and high-risk sleep apnoea."

62 adults with insomnia symptoms used 'Bedroom Window' over an 18-month period and reported significant and sustained improvements in symptoms of insomnia and associated mental health symptoms.

"The program is designed for people with insomnia-alone and COMISA. Each weekly session lasts for approximately 20-30 minutes and includes short videos, images and text-based information," he says. "Treatment components include psychoeducation, stimulus control therapy, sleep restriction therapy, relaxation therapy, cognitive therapy and sleep hygiene information.

"The program includes algorithms that continuously assess for symptoms of sleepiness and alertness and provides tailored and interactive recommendations to treat insomnia without worsening levels of daytime sleepiness.

"The positive results of our study highlight the potential to investigate the effectiveness, safety and acceptability of this digital CBTi program in people with a confirmed diagnosis of OSA, before increasing access to people with COMISA throughout the health system," adds Dr Sweetman.
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Genetic condition haemochromatosis linked to higher levels of disease in older people | ScienceDaily
A largescale new study has found that some people whose genetics are linked to the common iron overload condition haemochromatosis have substantially greater levels of liver, musculoskeletal and brain disease than previously reported, especially at older ages.


						
Haemochromatosis causes a build-up of iron in the body which can cause harm to joints and organs -- although the extent of this harm is unclear, especially in older ages. The new research, led by a team at the University of Exeter and supported by the National Institute for Health and Care Research (NIHR) Exeter Biomedical Research Centre, found higher levels of disease plus greater mortality in males, especially after age 65.

Published in BMJ Open, the research analysed data from more than 450,000 European Ancestry participants in UK Biobank, over a 13 year follow-up, making it the largest-scale study to look at disease outcomes linked to haemochromatosis. For the first time, the team provided data on clinical outcomes up to the age of 80 years on people who carry genes linked to haemochromatosis, providing insight into how the condition affects older age groups, including those who were undiagnosed at baseline.

Dr Janice Atkins, Senior Research Fellow at the University of Exeter and study co-author, said: "Haemochromatosis is the most common genetic disorder in people of Northern European ancestry, yet we are still learning the extent to which it causes harm. Our study is the most comprehensive to date and reveals higher levels of death and organ and joint damage than previously known, including liver disease and joint replacements."

In UK Biobank, 2,902 people (0.6 % of participants) had two copies of the genetic variant (C282Y) which mean they are at risk of the condition. Of these people, who had a mean age of 57, only a small proportion were diagnosed with haemochromatosis at the start of the study- 12% of males and 3.4% of females.

By the times males with the two genetic variants had reached the age of 80, the study found that 33.1% had died, compared to 25.4% without thevariants. The study also found that 27.9% vs 17.1% had joint replacements, 20.3% vs 8.3% had liver disease, and there was higher delirium, non Alzheimer's dementia, and Parkinson's disease in those with the two gene variants.

In females by age 80, those with both genetic variants had higher levels of liver disease (8.9% vs 6.8%), joint replacements and delirium.




Haemochromatosis is more common in males, and particularly affects white people of Northern European ancestry. An estimated 175,000 men of European ancestry in the UK have the two gene variations that cause haemochromatosis. The disorder is known as the "Celtic curse" because it is particularly prevalent in Celtic bloodlines.

Reliable tests are available to identify those at risk -- blood tests for measuring iron levels and genetic testing. Symptoms can include feeling tired all the time, muscle weakness and joint pains, meaning it is often misdiagnosed as the usual signs of ageing. Once diagnosed, the condition is easily treated by a process similar to donating blood several times a year, to lower iron levels. The blood can be donated to the NHS transfusion service once iron levels have reduced enough.

Professor David Melzer, who leads the research team, said: "These findings highlight the need for earlier diagnosis of iron overload, as many people with the high risk genetic variants are currently diagnosed too late to prevent organ damage. The condition can be picked up with a simple blood iron test, and it is encouraging that more and more GPs are aware of the need to test for iron overload. The research results also contained very good news for people with the milder genetic variants (called C282Y/H63D and H63D homozygotes), with no excess of fatigue, liver fibrosis, diabetes or arthritis, adding to the evidence that these variants are benign. Of course, some people with these variants will unfortunately have fatigue, liver fibrosis, arthritis or diabetes, but this happens at the same rate as people without these gene variants and underlines the need to investigate the other causes of these conditions too."

Study co-author Dr Jeremy Shearman, Consultant Hepatologist and Gastroenterologist at South Warwickshire University NHS Foundation Trust, said: "This important data supports the long-held belief that we should be using targeted genetic testing more consistently to make an earlier and more accurate diagnosis of haemochromatosis. It is a common condition here in the UK and can be easily treated to avoid serious harm."
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Multiple air pollutants linked to asthma symptoms in children | ScienceDaily
Exposure to several combinations of toxic atmospheric pollutants may be triggering asthma symptoms among children, a recent analysis suggests.


						
The study, published in the journal Science of the Total Environment, showed that 25 different combinations of air pollutants were associated with asthma symptoms among 269 elementary school children diagnosed with asthma in Spokane, Washington. In line with previous research, the Washington State University-led study revealed a socioeconomic disparity -- with one group of children from a lower-income neighborhood exposed to more toxic combinations, a total of 13 of the 25 identified in this research.

"It's not just one pollutant that can be linked to asthma outcomes. This study examined the variety and combinations of air toxics that may be associated with asthma symptoms," said lead author Solmaz Amiri, a WSU researcher in the Elson S. Floyd College of Medicine.

While other studies have focused on a limited number of pollutants, Amiri and her colleagues used the data-crunching power of machine learning techniques to analyze the potential exposure effects of 109 air pollutants and their combinations on asthma outcomes.

The researchers drew on data collected and modeled by the Environmental Protection Agency on air toxics present in individual neighborhoods surrounding 10 Spokane elementary schools. They also accessed anonymized data from the elementary schools for reports of students diagnosed with asthma who experienced symptoms such as coughing, wheezing, difficulty breathing and the need to use an inhaler.

The study looked at asthma symptoms occurring in 2019 and 2020 in the six months before the pandemic lockdowns started in March 2020. The researchers then associated these data with air pollutant exposures that occurred within those six months and with two longer-term exposure periods of three years and five years prior to the asthma symptoms.

The researchers found that three specific pollutants were significantly associated with asthma symptoms across all three exposure periods.




The toxicants involved may have unfamiliar names -- 1,1,1 trichloroethane, 2-nitropropane and 2, 4, 6 trichlorophenol -- but they derive from commonly used materials. The first is a widely used solvent in industry but was formerly used in household cleaners and glues. The second is an additive to paints and other finishes, and the third is an anti-septic and anti-mildew agent that was banned in the 1980s but may still be found in some pesticides and preservatives made before then.

"Some of these air toxics were discontinued in the U.S., but they can still be found in materials that may be in storage or people have in their backyard or garage. Other air toxics still exist at least in the environment," said Amiri.

This study did not intend to pinpoint the source of any one air pollutant or the exact reason why one group of children from a lower-income neighborhood was highly exposed to air pollutants. However, proximity of known air pollution sources may play a role, Amiri said, such as living close to a highway with a lot of traffic or facilities that use solvents, such as paint producers or factories.

The finding of a likely socioeconomic disparity in air toxic exposures is consistent with previous research showing that children from lower-income areas, often indicated by schools with a higher percentage of students who qualify for free or reduced meals, are exposed to a wide variety of air pollutants in the neighborhoods where they live.

While the current study is limited to the mid-sized city of Spokane, Amiri noted that the findings align with another study in New York City which found similar air pollutants significantly associated with asthma outcomes.

"Both in Spokane and New York City, regardless of the setting -- how large or small the cities are -- these air toxics appear to be influencing asthma among children," she said.

This study received support from the National Institutes of Health and the Ramboll Foundation.
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Recreational activities such as golfing, gardening may be associated with increased ALS risk among men | ScienceDaily
Participation in recreational activities -- including golfing, gardening or yard work, woodworking and hunting -- may be associated with an increase in a person's risk for developing amyotrophic lateral sclerosis, or ALS, a Michigan Medicine study finds.


						
While many activities were associated with increased ALS risk, several were sex specific. The results are published in the Journal of the Neurological Sciences.

"We know that occupational risk factors, like working in manufacturing and trade industries, are linked to an increased risk for ALS, and this adds to a growing literature that recreational activities may also represent important and possibly modifiable risk factors for this disease," said first author Stephen Goutman, M.D., M.S., director of the Pranger ALS Clinic and associate director of the ALS Center of Excellence at University of Michigan.

"Future studies should include these activities to pinpoint how they can be understood in the context of ALS prevention, diagnosis and treatment."

Investigators surveyed 400 people living with ALS and nearly 300 without the condition to assess their hobbies and non-work related activities.

They found that golf was associated with three times greater risk for developing ALS among men. Participation in gardening or yard work, as well as woodworking and hunting, was also linked with a heightened risk for men.

When broken down by sex, no recreational activities had significant associations with ALS for females. None of the hobbies were linked to earlier onset of, or death from, ALS for either sex.




"It is surprising that the risk factors we identified appear to be specific to males," Goutman said.

"While these activities may also increase ALS risk in females, the number of females in our study was too small for us to come to that conclusion."

The findings join the growing body of evidence suggesting that environmental exposures affect a person's risk for getting and dying from amyotrophic lateral sclerosis. Researchers call this lifetime accumulation of exposures the ALS exposome.

Hobbies such as golfing and gardening or yardwork, Goutman says, may confer risk due to the use of pesticides. A past study connected occupations in golf and garden maintenance to increased ALS risk.

Extensive studies of woodworking lead researchers to believe that formaldehyde exposure during the hobby could be attributed to higher risk.

"Our goal is to understand what occupations and hobbies increase ALS risk because identifying these activities provides the first step towards ALS prevention," said senior author Eva Feldman, M.D., Ph.D., director of the ALS Center of Excellence at U-M and James W. Albers Distinguished University Professor at U-M.

"For a disease like Alzheimer's, we know that a list of factors -- including smoking, obesity and high lipids -- can increase risk by 40%. Our goal is to establish a similar list for ALS to create a roadmap to decrease risk. With apologies to Robert Frost, it is currently the 'road not taken', and we want to change that."

Prospective studies are underway to examine individuals who work in production, manufacturing and jobs that involve use of metals, and for persons with a family history of ALS.

Both Goutman and Feldman say it is too early for clinicians to advise that patients stop doing any of these activities.
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Study tracks shifts in student mental health during college | ScienceDaily
A four-year study by Dartmouth researchers captures the most in-depth data yet on how college students' self-esteem and mental health fluctuates during their four years in academia, identifying key populations and stressors that the researchers say administrators could target to improve student well-being.


						
The study also provides among the first real-time accounts of how the coronavirus pandemic affected students' behavior and mental health. The stress and uncertainty of COVID-19 resulted in long-lasting behavioral changes that persisted as a "new normal" even as the pandemic diminished, including feeling more stressed, less socially engaged, and sleeping more.

The researchers tracked more than 200 Dartmouth undergraduates in the classes of 2021 and 2022 for all four years of college. Students volunteered to let a specially developed app called StudentLife tap into the sensors that are built into smartphones. The app cataloged their daily physical and social activity, how long they slept, their location and travel, the time they spent on their phone, and how often they listened to music or videos. Students also filled out weekly behavioral surveys, and selected students gave post-study interviews.

The study -- which is the longest mobile-sensing study ever conducted -- is published in the Proceedings of the ACM on Interactive, Mobile, Wearable and Ubiquitous Technologies. The researchers will present it at the Association of Computing Machinery's UbiComp/ISWC 2024 conference in Melbourne, Australia, in October. The team made their anonymized data set publicly available -- including self-reports, surveys, and phone-sensing and brain-imaging data -- to help advance research into the mental health of students during their college years.

Andrew Campbell, the paper's senior author and Dartmouth's Albert Bradley 1915 Third Century Professor of Computer Science, said that the study's extensive data reinforces the importance of college and university administrators across the country being more attuned to how and when students' mental well-being changes during the school year.

"For the first time, we've produced granular data about the ebb and flow of student mental health. It's incredibly dynamic -- there's nothing that's steady state through the term, let alone through the year," he said. "These sorts of tools will have a tremendous impact on projecting forward and developing much more data-driven ways to intervene and respond exactly when students need it most."

First-year and female students are especially at risk for high anxiety and low self-esteem, the study finds. Among first-year students, self-esteem dropped to its lowest point in the first weeks of their transition from high school to college but rose steadily every semester until it was about 10% higher by graduation.




"We can see that students came out of high school with a certain level of self-esteem that dropped off to the lowest point of the four years. Some said they started to experience 'imposter syndrome' from being around other high-performing students," Campbell said. "As the years progress, though, we can draw a straight line from low to high as their self-esteem improves. I think we would see a similar trend class over class. To me, that's a very positive thing."

Female students -- who made up 60% of study participants -- experienced on average 5% greater stress levels and 10% lower self-esteem than male students. More significantly, the data show that female students tended to be less active, with male students walking 37% more often.

Sophomores were 40% more socially active compared to their first year, the researchers report. But these students also reported feeling 13% more stressed than during their first year as their workload increased, they felt pressure to socialize, or as first-year social groups dispersed.

One student in a sorority recalled that having pre-arranged activities "kind of adds stress as I feel like I should be having fun because everyone tells me that it is fun." Another student noted that after the first year," students have more access to the whole campus and that is when you start feeling excluded from things."

In a novel finding, the researchers identify an "anticipatory stress spike" of 17% experienced in the last two weeks of summer break. While still lower than mid-academic year stress, the spike was consistent across different summers.

In post-study interviews, some students pointed to returning to campus early for team sports. Others specified reconnecting with family and high school friends during their first summer home, saying they felt "a sense of leaving behind the comfort and familiarity of these long-standing friendships" as the break ended, the researchers report.




"This is a foundational study," said Subigya Nepal, first author of the study and a PhD candidate in Campbell's research group. "It has more real-time granular data than anything we or anyone else has provided before. We don't know yet how it will translate to campuses nationwide, but it can be a template for getting the conversation going."

The depth and accuracy of the study data suggest that mobile-sensing software could eventually give universities the ability to create proactive mental-health policies specific to certain student populations and times of year, Campbell said.

For example, a paper Campbell's research group published in 2022 based on StudentLife data showed that first-generation students experienced lower self-esteem and higher levels of depression than other students throughout their four years of college.

"We will be able to look at campus in much more nuanced ways than waiting for the results of an annual mental health study and then developing policy," Campbell said. "We know that Dartmouth is a small and very tight-knit campus community. But if we applied these same methods to a college with similar attributes, I believe we would find very similar trends."

Weathering the pandemic

When students returned home at the start of the coronavirus pandemic, the researchers found that self-esteem actually increased during the pandemic by 5% overall and by another 6% afterward when life returned closer to what it was before. One student suggested in their interview that getting older came with more confidence. Others indicated that being home led to them spending more time with friends talking on the phone, on social media, or streaming movies together.

The data show that phone usage -- measured by the duration a phone was unlocked -- indeed increased by nearly 33 minutes, or 19%, during the pandemic, while time spent in physical activity dropped by 52 minutes, or 27%. By 2022, phone usage fell from its pandemic peak to just above pre-pandemic levels, while engagement in physical activity had recovered to exceed the pre-pandemic period by three minutes.

Despite reporting higher self-esteem, students' feelings of stress increased by more than 10% during the pandemic. Since the pandemic, stress fell by less than 2% of its pandemic peak, indicating that the experience had a lasting impact on student well-being, the researchers report.

In early 2021, as students returned to campus, the reunion with friends and community was tempered by an overwhelming concern of the still-rampant coronavirus. "There was the first outbreak in winter 2021 and that was terrifying," one student recalls. Another student adds: "You could be put into isolation for a long time even if you did not have COVID. Everyone was afraid to contact-trace anyone else in case they got mad at each other."

Female students were especially concerned about the coronavirus, on average 13% more than male students. "Even though the girls might have been hanging out with each other more, they are more aware of the impact," one female student reported. "I actually had COVID and exposed some friends of mine. All the girls that I told tested as they were worried. They were continually checking up to make sure that they did not have it and take it home to their family."

Students still learning remotely had social levels 16% higher than students on campus, who engaged in activity an average of 10% less often than when they were learning from home. However, on-campus students used their phones 47% more often. When interviewed after the study, these students reported spending extended periods of time video-calling or streaming movies with friends and family.

Social activity and engagement had not yet returned to pre-pandemic levels by the end of the study in June 2022, recovering by a little less than 3% after a nearly 10% drop during the pandemic. Similarly, the pandemic seems to have made students stick closer to home, with their distance traveled cut by nearly half during the pandemic and holding at that level in the time since.

Campbell and several of his fellow researchers are now developing a smartphone app known as MoodCapture that uses artificial intelligence paired with facial-image processing software to reliably detect the onset of depression before the user even knows something is wrong.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/03/240313135420.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



RNA-based therapy shows promise against aggressive childhood brain tumors in mice | ScienceDaily
Targeting a non-encoding stretch of RNA may help shrink tumors caused by an aggressive type of brain cancer in children, according to new research in mice reported March 8 in Cell Reports by Johns Hopkins Kimmel Cancer Center investigators.


						
Medulloblastoma are the most common type of malignant brain cancer in children. The most aggressive and difficult-to-treat form of the disease is group 3 medulloblastoma, which is often fatal. By targeting long, noncoding genetic material called lnc-RNAs that drive the expression of cancer-causing genes, the study's senior author, Ranjan Perera, Ph.D., director of the Center for RNA Biology at Johns Hopkins All Children's Hospital in St. Petersburg, Florida, and his colleagues have demonstrated an innovative new approach that shrinks group 3 medulloblastoma tumors in mice.

"Group 3 medulloblastoma is very aggressive, and there are currently no targeted therapies," says Perera, who has a primary affiliation in the Department of Neurosurgery, is a member of the Johns Hopkins Kimmel Cancer Center and is an associate professor of oncology at the Johns Hopkins University School of Medicine. He is also a senior scientist at the Johns Hopkins All Children's Hospital Cancer and Blood Disorders Institute, and has a secondary affiliation with the hospital's Institute for Fundamental Biomedical Research. "Our novel therapeutic approach based on noncoding RNA could fill an urgent need for new therapies for this devastating disease in children."

RNA acts as a template for building proteins based on instructions encoded in the DNA. Until recently, scientists thought 97% of RNA was "junk" because only 3% is used to build proteins. However, scientists have realized that RNA's nonprotein encoding stretches control gene expression. A previous study by Perera and colleagues showed that a long noncoding stretch of RNA called lnc-HLX-2-7 contributes to the growth of group 3 medulloblastoma tumors by attaching to a DNA promoter that increases expression of cancer-causing genes. Promoters are nongene coding stretches of DNA adjacent to genes that act like switches turning them on.

The new study provides additional details showing that lnc-HLX-2-7 specifically binds to the HLX promoter region of DNA, increasing HLX gene expression and causing the tumor to grow. HLX triggers tumor growth by binding to promoter regions for several other cancer-causing genes, increasing their expression. One gene that HLX increases expression of is MYC, which also increases the expression of several other cancer-causing genes, causing a cascade of activity that accelerates the growth of group 3 medulloblastoma tumors.

Perera and his team developed an intravenous treatment to block lnc-HLX-2-7 from binding to the HLX promoter to stop this cascade of cancer-gene expression. They assembled a sequence of nucleotides (called antisense oligo nucleotides), the building blocks of RNA, that can bind to the corresponding nucleotides that make up lnc-HLX-2-7, preventing it from binding to the HLX promoter in the DNA and leading to its destruction. They coated the sequence with microscopic particles called cerium oxide nanoparticles to protect the lnc-HLX-2-7 until it reaches its target.

When the team treated a mouse model of group 3 medulloblastoma with the experimental intravenous therapy, it reduced tumor growth by 40%-50%. Adding cisplatin, a chemotherapy drug currently used to treat medulloblastomas, alongside the new therapy caused the tumors to shrink even more and prolonged the animals' survival. The combination therapy extended the animals' lives by about 84 days compared with a 44-day increase in survival on lnc-HLX-2-7 alone.




"When you combine the two treatments, you see dramatic effects," Perera says.

Perera and his colleagues will collaborate with Johns Hopkins neurosurgeons to plan studies of the therapy in humans to further test its safety and efficacy.

"Understanding why MYC is elevated in these tumors is extremely important, and this new link to HLX provides insights that open new therapeutic possibilities," says study co-author and Kimmel Cancer Center researcher Charles Eberhart, M.D., Ph.D., director of neuropathology and ophthalmic pathology and a professor of oncology and pathology at the Johns Hopkins University School of Medicine.

The work was supported by the Schamroth Project, funded by Ian's Friends Foundation, the Hough Family Foundation, the National Institutes of Health (grant P30 CA006973), the National Cancer Institute (grants 5P30CA030199, R01NS124668-01A1, and R35NS122339), and a CPRIT Scholar award from the MD Anderson Cancer Center.

Study co-authors were Keisuke Katsushima, Kandarp Joshi, Menglang Yuan, Stacie Stapleton and George Jallo from Johns Hopkins. Other authors were from the University of Delaware; the University of Central Florida, Orlando; Institute Curie at PSL University in Paris; Texas Children's Cancer Center, Houston; Baylor College of Medicine, Houston; and Columbia University Medical Center, New York.
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Milk to the rescue for diabetics? Cow produces human insulin in milk | ScienceDaily
An unassuming brown bovine from the south of Brazil has made history as the first transgenic cow capable of producing human insulin in her milk. The advancement, led by researchers from the University of Illinois Urbana-Champaign and the Universidade de Sao Paulo, could herald a new era in insulin production, one day eliminating drug scarcity and high costs for people living with diabetes.


						
"Mother Nature designed the mammary gland as a factory to make protein really, really efficiently. We can take advantage of that system to produce a protein that can help hundreds of millions of people worldwide," said Matt Wheeler, professor in the Department of Animal Sciences, part of the College of Agricultural, Consumer and Environmental Sciences (ACES) at U. of I. He is also affiliated with the Carle Illinois College of Medicine, The Grainger College of Engineering, the College of Veterinary Medicine, the Beckman Institute, and the Carl R. Woese Institute for Genomic Biology.

Wheeler is lead author on a new Biotechnology Journal study describing the development of the insulin-producing cow, a proof-of-concept achievement that could be scaled up after additional testing and FDA approval.

Wheeler's colleagues in Brazil inserted a segment of human DNA coding for proinsulin -- the protein precursor of the active form of insulin -- into cell nuclei of 10 cow embryos. These were implanted in the uteruses of normal cows in Brazil, and one transgenic calf was born. Thanks to updated genetic engineering technology, the human DNA was targeted for expression -- the process whereby gene sequences are read and translated into protein products -- in mammary tissue only.

"In the old days, we used to just slam DNA in and hope it got expressed where you wanted it to," Wheeler said. "We can be much more strategic and targeted these days. Using a DNA construct specific to mammary tissue means there's no human insulin circulating in the cow's blood or other tissues. It also takes advantage of the mammary gland's capabilities for producing large quantities of protein."

When the cow reached maturity, the team unsuccessfully attempted to impregnate her using standard artificial insemination techniques. Instead, they stimulated her first lactation using hormones. The lactation yielded milk, but a smaller quantity than would occur after a successful pregnancy. Still, human proinsulin and, surprisingly, insulin were detectable in the milk.

"Our goal was to make proinsulin, purify it out to insulin, and go from there. But the cow basically processed it herself. She makes about three to one biologically active insulin to proinsulin," Wheeler said. "The mammary gland is a magical thing."

The insulin and proinsulin, which would need to be extracted and purified for use, were expressed at a few grams per liter in the milk. But because the lactation was induced hormonally and the milk volume was smaller than expected, the team can't say exactly how much insulin would be made in a typical lactation.




Conservatively, Wheeler says if a cow could make 1 gram of insulin per liter and a typical Holstein makes 40 to 50 liters per day, that's a lot of insulin. Especially since the typical unit of insulin equals 0.0347 milligrams.

"That means each gram is equivalent to 28,818 units of insulin," Wheeler said. "And that's just one liter; Holsteins can produce 50 liters per day. You can do the math."

The team plans to re-clone the cow, and is optimistic they'll achieve greater success with pregnancy and full lactation cycles in the next generation. Eventually, they hope to create transgenic bulls to mate with the females, creating transgenic offspring that can be used to establish a purpose-built herd. Wheeler says even a small herd could quickly outcompete existing methods -- transgenic yeast and bacteria -- for producing insulin, and could do so without having to create highly technical facilities or infrastructure.

"With regard to mass-producing insulin in milk, you'd need specialized, high-health-status facilities for the cattle, but it's nothing too out of the ordinary for our well-established dairy industry," Wheeler said. "We know what we're doing with cows."

An efficient system to collect and purify insulin products would be needed, as well as FDA approval, before transgenic cows could supply insulin for the world's diabetics. But Wheeler is confident that day is coming.

"I could see a future where a 100-head herd, equivalent to a small Illinois or Wisconsin dairy, could produce all the insulin needed for the country," he said. "And a larger herd? You could make the whole world's supply in a year.
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First recognition of self in the mirror is spurred by touch | ScienceDaily
Most babies begin recognizing themselves in mirrors when they are about a year and half old. This kind of self-recognition is an important developmental milestone, and now scientists at The University of Texas at Austin have discovered a key driver for it: experiences of touch.


						
Their new study found babies who were prompted to touch their own faces developed self-recognition earlier than those who did not. The research was published this month in the journal Current Biology.

"This suggests that babies pulling on their toes or tapping their fingers are not just playing," said Jeffrey Lockman, a professor of human development and family sciences at UT and senior author on the paper. "They are developing self-awareness through self-directed activity. I think this work demonstrates a possible mechanism by which self-recognition can develop based on active experience that human babies naturally generate."

Researchers began by placing small vibrating discs on the foreheads and cheeks of toddlers when they were around 14 months old, before the usual age at which self-recognition occurs. In response to the vibration, the children would reach up and touch the disc. Next, researchers turned the children to face a mirror and watched as they reached up to touch the discs.

Researchers then had the children perform the standard mirror-mark test for self-recognition in which a small mark of paint or makeup was placed on each child's face. If the child looked in the mirror and touched the mark on their own face or said words like their name or "me," they demonstrated self-recognition.

Researchers also observed a control group of children who were exposed to the laboratory experience with mirrors but not the vibrating discs. Both groups were comparable at the beginning of the study and observed monthly until they recognized themselves or reached 21 months.

The children who touched their face more frequently recognized themselves in the mirror about two months earlier, on average, than when children typically first begin to recognize themselves in a mirror.




The study challenges a longstanding assumption that self-recognition in early childhood is somehow hardwired. For a long time, scientists believed early recognition in the mirror was a built-in function of human brains and those of our closest primate relatives, versus linked to sensory or motor experiences.

The researchers said the findings may have implications for interventions for children with motor development delays.

"Interventions for infants who have issues related to motor skills are typically focused on reaching for objects in the external world and manipulating them," Lockman said. "These findings suggest that reaching to the body may be equally important and that exploring the body is the gateway to self-knowledge."

Lisa Chinn of the University of Houston and Claire F. Noonan and Katarina S. Patton of Tulane University were also authors on the paper. Funding for the research was provided by the National Institutes of Health.
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New study quantifies health impacts from oil and gas flaring in U.S. | ScienceDaily
A new study led by researchers at the University of North Carolina at Chapel Hill Institute for the Environment, Boston University School of Public Health and the Environmental Defense Fund finds that pollution from oil and gas venting and flaring results in $7.4 billion in health damages, more than 700 premature deaths, and 73,000 asthma exacerbations among children annually. Researchers also conclude that emissions are underreported and controlling emissions is not only profitable for operators, but also can significantly improve public health in surrounding communities.


						
Oil and gas producers worldwide use venting and flaring to release or burn away excess natural gas in crude oil production. The practice contributes to air pollution in surrounding and downwind communities resulting in increased risk of hospitalizations, emergency room visits, worsening asthma and even premature death.

"Being able to combine information from what states are reporting with satellite retrievals helped us quantify the emissions from this sector better than just relying on one source," said Sarav Arunachalam, deputy director of the UNC Institute for the Environment and senior author of the study. "Using a comprehensive multipollutant modeling framework as shown in our study is needed to assess the overall air quality impacts of this sector, instead of just focusing on one pollutant. "

According to the study, published in GeoHealth, flaring and venting activities contribute an estimated $7.4 billion in health risks and 710 premature deaths annually in the U.S. Of those deaths, 360 are attributable to fine particulate matter (PM2.5), ozone (O3) and nitrogen dioxide (NO2). Fine particulate matter is widely known to cause adverse health effects, but researchers say impacts from O3 and NO2 should not be overlooked.

"Our research shows that oil and gas flaring can have substantial health impacts, and that a large portion of these impacts come from NO2 and O3, two air pollutants which are commonly not considered in health impact assessments," said co-author Jonathan Buonocore, an assistant professor of environmental health at Boston University School of Public Health.

Quantifying emissions for flaring and venting in the oil and gas industry has been difficult historically due to the intermittent nature of the practice and how those emissions are reported. The research team used satellite images from the Visible Infrared Imaging Radiometer Suite (VIIRS) instrument on the Suomi National Polar-orbiting Partnership (NPP) satellite to observe flaring and venting activities in combination with state and local reported data and found emissions that were up to 15 times higher for fine particulate matter, two times higher for sulfur dioxides and 22% higher for nitrogen oxides than what was reported in the U.S. EPA's National Emission Inventories (NEI). These emissions contribute to health-harming air pollution in oil and gas basins and surrounding areas and exceedances in ozone ambient air quality standards.

Texas, Pennsylvania and Colorado had the highest health burdens in this analysis, accounting for 45% of the total number of flaring and venting air pollution excess deaths.




Researchers also found the air quality health burdens of flaring and venting fall disproportionately on low-income, Hispanic and Native American communities. Of the total early deaths caused by flaring and venting, one in three occurred in low-income census tracts, 30% occurred in Hispanic/Latino census tracts, and 10% occurred in Native American census tracts. Of the 73,000 childhood asthma cases, 40% occurred in Hispanic/Latino census tracts.

Researchers are hopeful these new insights will have significant benefits on air quality and human health by reducing emissions from flaring and venting activities.

"This research provides more evidence of the problem of excessive venting and flaring in the oilfield," said Hillary Hull a co-author of the study and director of research and analytics at the Environmental Defense Fund. "This practice wreaks havoc on our climate, worsens quality of life and creates more health risks for people who live near this activity. State and national policies designed to put an end to this dangerous practice are sorely needed to protect the health and well-being of these communities."

"The recent MethaneSat mission launched to monitor oil and gas projects and specifically identify, in near real-time, large sources of methane that some satellite missions may miss will further assist to quantify emissions from this sector in an unprecedented manner, and to develop mitigation measures for addressing climate change in addition to solving air quality problems," added Arunachalam.
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Scientists find weak points on Epstein-Barr virus | ScienceDaily
Studies of interactions between two lab-generated monoclonal antibodies (mAbs) and an essential Epstein-Barr virus (EBV) protein have uncovered targets that could be exploited in designing treatments and vaccines for this extremely common virus. The research was led by Jeffrey I. Cohen, M.D., and colleagues from the National Institute of Allergy and Infectious Diseases (NIAID), part of the National Institutes of Health. Study findings were published in the journal Immunity.


						
Approximately 95% of the world's population is infected with EBV, which remains in the body permanently, typically in B lymphocytes, which are antibody-producing immune system cells, and cells lining the throat and pharynx. EBV can sometimes lead to B-cell cancers, including Burkitt, Hodgkin and non-Hodgkin lymphomas, or to gastric or nasopharyngeal cancers. Recently, EBV infection was shown to significantly raise the risk of developing multiple sclerosis. There is no vaccine to prevent EBV infection nor a specific treatment.

In this study, NIAID investigators examined a viral protein called gp42, which the virus must use to infect B cells. Theoretically, a vaccine or antibody-based treatment capable of blocking gp42's ability to bind to or fuse with B cells would prevent EBV infection and, thus, the virus's ability to persist in those cells. The team generated two gp42-specific mAbs, A10 and 4C12, and used X-ray crystallography to visualize how they interacted with gp42. The crystal structures revealed that the two mAbs interacted with distinct, non-overlapping sites on gp42. Monoclonal antibody A10 blocked the site on gp42 required for receptor binding, while 4C12 interfered with a different site that is involved in membrane fusion.

Next, the scientists tested A10, 4C12 and several other mAbs in mice for their ability to prevent EBV infection and EBV lymphomas. The mAb A10 provided nearly complete protection against EBV infection and none of the mice developed lymphoproliferative disease or lymphoma. In contrast, nearly all the mice treated with other mAbs became infected and some developed lymphoproliferative disease or lymphoma.

If future studies show mAb A10 to be safe and effective in humans, it could have clinical applications, particularly in people who have not been infected with EBV; those with immunodeficiency conditions, including severe combined immunodeficiency; or people receiving transplants. People with such conditions are at risk of developing severe or fatal cases of EBV disease during their initial encounter with the virus. The investigational monoclonal antibody could potentially be used prophylactically to prevent or better control EBV infections in such cases, the investigators note.

Additionally, the study team suggests that identification of the vulnerable sites on gp42 also paves the way to designing future vaccines that could elicit antibodies against one or both of the newly described sites.
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Researchers identify distinct sleep types and their impact on long-term health | ScienceDaily
Poor sleep habits are strongly associated with long-term chronic health conditions, according to decades of research. To better understand this relationship, a team led by researchers in Penn State's College of Health and Human Development identified four distinct patterns that characterize how most people sleep. These patterns are also predictive of long-term health, the researchers said.


						
Soomi Lee, associate professor of human development and family studies at Penn State, led a team in identifying these sleep patterns and their correlation to overall health. Their results were published in Psychosomatic Medicine.

Using a national sample of adults from the Midlife in the United States study, the team gathered data on approximately 3,700 participants' sleep habits and their chronic health conditions across two time points 10 years apart. The data included self-reported sleep habits, including sleep regularity and duration, perceived sleep satisfaction and daytime alertness, as well as the number and type of chronic conditions.

Researchers used the data to identify four different sleep patterns.
    	    Good sleepers, who are characterized by optimal sleep habits across all datapoints.
    
    	    Weekend catch-up sleepers, who are characterized by irregular sleep, specifically short average sleep duration, but longer sleep times on weekends or non-workdays.
    
    	    Insomnia sleepers, who are characterized by sleep problems related to clinical insomnia symptoms, including short sleep duration, high daytime tiredness and a long time to fall asleep.
    
    	    


Nappers, who are characterized by mostly good sleep but frequent daytime naps.
    

Researchers found that more than half of participants were identified as insomnia sleepers or nappers, both of which are suboptimal sleep patterns. Additionally, being an insomnia sleeper over the 10-year period was associated with a significantly higher likelihood of chronic health conditions, including cardiovascular disease, diabetes and depression.

Results also showed that people were unlikely to change their sleep pattern over the course of the 10 years. This was especially true for insomnia sleepers and nappers. The MIDUS study may not represent the entire population, researchers said, as it primarily comprises healthy adults, but -- despite this -- most participants displayed suboptimal insomnia sleeper or napper sleep patterns.

"These results may suggest that it is very difficult to change our sleep habits because sleep health is embedded into our overall lifestyle. It may also suggest that people still don't know about the importance of their sleep and about sleep health behaviors," Lee said. "We need to make more efforts to educate the public about good sleep health. There are sleep hygiene behaviors that people could do to improve their sleep, such as not using cell phones in bed, exercising regularly and avoiding caffeine in the late afternoon."

While the sleep patterns were seemingly not age-related, researchers found that older adults and retirees were more likely to be nappers. They also found that those with less education and those facing unemployment were more likely to be insomnia sleepers.

According to Lee, the fact that phase of life and economic conditions can influence longstanding sleep patterns suggests that societal and neighborhood influences -- including economic stressors and access to health resources -- may have significant effects on individual health and, in this case, sleep habits.




All these findings strongly suggest the need for programs and interventions to promote healthy sleep and sleep habits, the researchers said. The identification of distinct sleep patterns also suggests that these prevention programs should not be one-size-fits-all and can be targeted based on a variety of factors, including the risk of chronic conditions and socioeconomic vulnerability.

"Sleep is an everyday behavior," Lee said. "Sleep is also modifiable, So, if we can improve sleep almost every day, what outcomes might we see after several months, or even several years? Better sleeping habits can make many significant differences, from improving social relationships and work performance to promoting long-term healthy behaviors and healthy aging."

Other researchers from Penn State on the team included Orfeu Buxton, professor of biobehavioral health and associate director of Clinical and Translational Science Institute, and David Almeida, professor of human development and family studies. Additional collaborators included Claire E. Smith, assistant professor of psychology, University of South Florida; Meredith Wallace, associate professor of psychiatry and biostatistics, University of Pittsburgh; Sanjay R. Patel, professor of medicine and epidemiology, University of Pittsburgh; and Ross Andel, professor in the Edson College of Nursing and Health Innovation, Arizona State University.

The National Institutes of Health's National Institute on Aging funded this study.
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A sprayable gel could make minimally invasive surgeries simpler and safer | ScienceDaily
More than 20 million Americans undergo colonoscopy screenings every year, and in many of those cases, doctors end up removing polyps that are 2 cm or larger and require additional care. This procedure has greatly reduced the overall incidence of colon cancer, but not without complications, as patients may experience gastrointestinal bleeding both during and after the procedure.


						
In hopes of preventing those complications from occurring, researchers at MIT have developed a new gel, GastroShield, that can be sprayed onto the surgical sites through an endoscope. This gel forms a tough but flexible protective layer that serves as a shield for the damaged area. The material prevents delayed bleeding and reinforces the mechanical integrity of the tissue.

"Our tissue-responsive adhesive technology is engineered to interact with the tissue via complementary covalent and ionic interactions as well as physical interactions to provide prolonged lesion protection over days to prevent complications following polyp removal, and other wounds at risk of bleeding across the gastrointestinal tract," says Natalie Artzi, a principal research scientist in MIT's Institute for Medical Engineering and Science, an associate professor of medicine at Harvard Medical School, and the senior author of the paper.

In an animal study, the researchers showed that the GastroShield application integrates seamlessly with current endoscopic procedures, and provides wound protection for three to seven days where it helps tissue to heal following surgery. Artzi and other members of the research team have started a company called BioDevek that now plans to further develop the material for use in humans.

Gonzalo Munoz Taboada, CEO of BioDevek, and Daniel Dahis, lead scientist at BioDevek, are the lead authors of the study, which appears in the journal Advanced Materials. Elazer Edelman, the Edward J. Poitras Professor in Medical Engineering and Science at MIT and the director of IMES, and Pere Dosta, a former postdoc in Artzi's lab, are also authors of the paper.

Adhesive gels

Routine colon cancer screenings often reveal small precancerous polyps, which can be removed before they become cancerous. This is usually done using an endoscope. If any bleeding occurs during the polyp removal, doctors can cauterize the wound to seal it, but this method creates a scar that may delay the healing, and result in additional complications.




Additionally, in some patients, bleeding doesn't occur until a few days after the procedure. This can be dangerous and may require patients to return to the hospital for additional treatment. Other patients may develop small tears that lead the intestinal contents to leak into the abdomen, which can lead to severe infection and requires emergency care.

When tissue reinforcement is required, doctors often insert metal clips to hold tissue together, but these can't be used with larger polyps and aren't always effective. Efforts to develop a gel that could seal the surgical wounds have not been successful, mainly because the materials could not adhere to the surgical site for more than 24 hours.

The MIT team tested dozens of combinations of materials that they thought could have the right properties for this use. They wanted to find formulations that would display a low enough viscosity to be easily delivered and sprayed through a nozzle at the end of a catheter that fits inside commercial endoscopes. Simultaneously, upon tissue contact, this formulation should instantly form a tough gel that adheres strongly to the tissue. They also wanted the gel to be flexible enough that it could withstand the forces generated by the peristaltic movements of the digestive tract and the food flowing by.

The researchers came up with a winning combination that includes a polymer called pluronic, which is a type of block copolymer that can self-assemble into spheres called micelles. The ends of these polymers contain multiple amine groups, which end up on the surface of the micelles. The second component of the gel is oxidized dextran, a polysaccharide that can form strong but reversible bonds with the amine groups of the pluronic micelles.

When sprayed, these materials instantly react with each other and with the lining of the gastrointestinal tract, forming a solid gel in less than five seconds. The micelles that make up the gel are "self-healing" and can absorb forces that they encounter from peristaltic movements and food moving along the digestive tract, by temporarily breaking apart and then re-assembling.

"To obtain a material that adheres to the design criteria and can be delivered through existing colonoscopes, we screened through libraries of materials to understand how different parameters affect gelation, adhesion, retention, and compatibility," Artzi says.




A protective layer

The gel can also withstand the low pH and enzymatic activity in the digestive tract, and protect tissue from that harsh environment while it heals itself, underscoring its potential for use in other gastrointestinal wounds at high risk of bleeding, such as stomach ulcers, which affect more than 4 million Americans every year.

In tests in animals, the researchers found that every animal treated with the new gel showed rapid sealing, and there were no perforations, leakages, or bleeding in the week following the treatment. The material lasted for about five days, after which it was sloughed off along with the top layer of tissue as the surgical wounds healed.

The researchers also performed several biocompatibility studies and found that the gel did not cause any adverse effects.

"A key feature of this new technology is our aim to make it translational. GastroShield was designed to be stored in liquid form in a ready-to-use kit. Additionally, it doesn't require any activation, light, or trigger solution to form the gel, aiming to make endoscopic use easy and fast," says Munoz, who is currently leading the translational effort for GastroShield.

BioDevek is now working on further developing the material for possible use in patients. In addition to its potential use in colonoscopies, this gel could also be useful for treating stomach ulcers and inflammatory conditions such as Crohn's disease, or for delivering cancer drugs, Artzi says.

The research was funded, in part, by the National Science Foundation.
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Vehicle brakes produce charged particles that may harm public health | ScienceDaily
Scientists know relatively little about particles released into the air when a vehicle driver brakes, though evidence suggests those particles may be more harmful to health than particles exiting the tailpipe.


						
In a new study in Proceedings of the National Academy of Sciences, University of California, Irvine researchers show how most of these particles emitted during light braking carry an electric charge -- something that could potentially be exploited to help reduce air pollution from vehicles.

"We found that up to 80% of aerosol particles emitted from braking are electrically charged, and that many of them are in fact highly charged," saidAdam Thomas, a doctoral candidate in the lab of Jim Smith, professor of chemistry, who led the study alongside UCI postdoctoral researcher Paulus Bauer.

To do the work, the team used a large lathe to spin a detached brake rotor and caliper. They then measured the electric charge of the aerosols emitted into the air and discovered the 80 percent figure.

"I was very surprised," said Smith. "We were also surprised that this has not really been studied given how common cars are in human societies."

The research is part of a broader team effort at UCI to understand the public health impacts of non-tailpipe emissions in areas beset by car traffic, including many areas in Southern California.

"The toxicity and health effects of brake wear particles are largely unknown," said Manabu Shiraiwa, professor of aerosol chemistry at UCI and one of the researchers behind the university-wide project. "Recent results from my lab indicate that they may induce oxidative stress, but more research is needed."

The new study reveals a problem that may grow as electric cars become more and more common over the next several decades. Electric cars, Smith explained, are not truly zero-emission vehicles, so municipalities need to think about strategies to reduce emissions from brake use as well as tailpipes.




The team found that the percentage of charged particles emitted largely depended on the material makeup of brake pads. Because the particles carry an electric charge, this should make it relatively easy to remove from the air.

"If they are charged, they can be removed easily from the air before they have a chance to have an impact at all on health," said Smith. "All you would need to do is to collect them with an electrostatic precipitator -- a device that exposes the charged particles to an electric field and efficiently sweeps them away."

The public health risk posed by brake emissions is not borne equally by a population -- lower-income parts of cities tend to be more traffic-heavy than others, which creates an environmental justice issue wherein certain socioeconomic classes are more exposed to brake emissions than others.

According to Professor Barbara Finlayson-Pitts, Distinguished Emeritus Professor of chemistry and the principal investigator of the project at UCI, emissions from braking are not well-characterized but are potentially significant in high-traffic areas. "These areas are often in poorer communities and highlight an important aspect of environmental justice that has been largely overlooked," Finlayson-Pitts said.

The UCI team is working with local community organizations like the Madison Park Neighborhood Association in Santa Ana, which is helping disseminate UCI's scientific findings to the public. Funding for the study came from fees paid by Volkswagen as part of a 2016 settlement reached with the California Department of Justice, which found that the company used devices that contributed to increased air pollution.
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Vaccine monitoring crucial as SARS-CoV-2 variants continue to evolve | ScienceDaily
Researchers at the Francis Crick Institute and the National Institute for Health and Care Research Biomedical Research Centre at UCLH have highlighted the importance of continued surveillance of emerging SARS-CoV-2 variants and vaccine performance as the virus continues to evolve.


						
Published today as a research letter in The Lancet, their study compared the newer monovalent COVID vaccine, which specifically targets the XBB variant of Omicron (as recommended by the World Health Organisation), with older bivalent vaccines containing a mix of an Omicron variant and the original strain of COVID-19, which the UK deployed in Autumn 2023 before turning to monovalent vaccines1.

The researchers found that both vaccines generated neutralising antibodies against the most recent strain of Omicron, BA.2.86. However, the new monovalent vaccine generated higher levels of antibodies against a range of other Omicron variants.

The team collected blood and nasal mucosal samples both before and after a fifth dose vaccination from 71 participants of the Legacy study, a research collaboration between the Crick and the NIHR University College London Hospitals Biomedical Research Centre. They compared the antibody levels before and after vaccination.

All 36 participants who received the bivalent vaccine and 17 who received the monovalent vaccine had boosted levels of antibodies against all variants tested, including the newest strain BA.2.86, which caused a wave of infection this winter. But those with the newer monovalent vaccine had 3.5x higher levels of antibodies against the XBB and BQ.1.1 strains after their booster vaccination.

Since the Omicron virus is highly transmissible and the virus replicates in the nose and throat, the researchers tested the levels of antibodies in the participants' nasal cavity.

They found that the monovalent vaccine increased their ability to produce mucosal antibodies against most of the tested variants, whereas the bivalent vaccine didn't provide a significant boost.




Neither vaccine increased neutralising antibody levels in the nasal cavity against the newest variant, BA.2.86, suggesting that current vaccines may be less likely to stop transmission or prevent asymptomatic or mild illness, while still protecting against severe disease.

This highlights the importance of careful vaccine updates and continuing to complement a vaccination programme with the development of antibody drugs that work against all variants, as some more vulnerable people don't respond well to vaccines.

Emma Wall, Senior Clinical Research Fellow at the Crick and Consultant in Infectious Diseases at UCLH, said: "The UK's strategy to deploy stocks of older vaccines paid off last year, as both vaccines provided equal protection against the newest strain. However, ongoing monitoring is needed, as the virus is continuing to evolve, so vaccine-induced antibodies might not work so well in the future. In the long run, vaccines that are effective against all new variants and can block COVID-19 being transmitted from person to person are needed."

David LV Bauer, Group Leader of the RNA Virus Replication Laboratory at the Crick, said: "The situation this winter could have been different if the newly emerged BA.2.86 and JN.1 variants were substantially distinct from older Omicron variants, but fortunately this wasn't the case.

"Most new variants arise quicker than most clinical trials can produce data. But laboratory analysis can provide a detailed picture very quickly. Continued surveillance will help us stay on top of viral evolution."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/03/240312133915.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



How a natural compound from sea squirts combats cancer | ScienceDaily
Numerous anti-cancer drugs function by targeting the DNA within cancerous cells, halting their proliferation. Yet, cancer cells occasionally develop mechanisms to repair the damage inflicted by these drugs, diminishing their effectiveness. Consequently, physicians are increasingly embracing a novel approach to cancer treatment known as precision medicine. This method involves selecting medications that precisely align with the unique attributes of an individual's cancer. Precision medicine proves particularly beneficial in addressing cancers that have evolved to evade conventional treatments.


						
Trabectedin, a promising drug derived from the sea squirt Ecteinascidia turbinata, has shown potential in combating cancers resistant to conventional treatments. However, its precise mechanism of action has remained elusive -- until now. A collaborative effort led by Dr. SON Kook and Professor Orlando D. SCHARER from the Center for Genomic Integrity within the Institute for Basic Science in South Korea, along with Dr. Vakil TAKHAVEEV and Professor Shana STURLA from ETH Zurich, Switzerland, has illuminated the inner workings of this mysterious compound.

Using highly sensitive high throughput COMET Chip assays to detect breaks formed in the genomes of cells, IBS researchers revealed trabectedin induces persistent breaks in the DNA of cancer cells. The researchers showed that these DNA breaks are only formed in cells with high levels of DNA repair, specifically those that operate a pathway called transcription-coupled nucleotide excision repair (TC-NER).

TC-NER is a vital mechanism that identifies DNA damage during transcription, initiating repair processes involving two endonucleases ERCC1-XPF and XPG. Trabectedin's DNA damage disrupts this process by allowing the initial incision by ERCC1-XPF but blocking the subsequent action by XPG, halting the TC-NER process. This disruption of the repair process leads to long-lasting DNA breaks that ultimately kill cancer cells.

Analysis of the DNA break patterns induced by trabectedin revealed that breaks are formed throughout the genome, but only at sites where active transcription and with it, TC-NER occurs. Using this new insight into the mechanism of how DNA breaks are accumulated, the researchers sought to determine where in the genome these breaks occur. This led to the development of a new method called TRABI-Seq (for TRABectedin-Induced break sequencing), which allows for the precise identification of trabectedin's action sites within tumor cell DNA.

"This incision by ERCC1-XPF creates a markable free hydroxyl group in the DNA, enabling us to sequence DNA and locate these breaks," explains Dr. Son.

TRABI-Seq is being tested on various cancer cells to determine trabectedin's efficacy in targeting tumors with advanced DNA repair capabilities, often associated with elevated transcription levels due to oncogene activation. It is hoped that these findings will help position trabectedin as both a predictive marker to identify vulnerable cancers and a therapeutic option for precision treatment. With its ability to target tumors resistant to conventional therapies, trabectedin may provide further hope in the fight against drug-resistant cancer with highly active DNA repair capabilities.
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Guessing game: Response may bias understanding of future scenarios | ScienceDaily
Does previous experience bias a person in future estimations? Yes, Osaka Metropolitan University researchers in Japan report, but only if the person engages higher processing powers by responding, as opposed to simply observing.


						
They made their findings through experiments involving participants estimating the number of dots flashed on a screen. Participants either had to input their estimate before making another estimate on a new set of dots or were not prompted to do anything but observe. The researchers found that those asked to respond demonstrated serial dependence.

"What we see or hear is influenced by what we saw or heard before," said Professor Shogo Makioka at the Graduate School of Sustainable System Sciences, Osaka Metropolitan University. "The way we are influenced depends on the stimulus and time interval. If we are influenced toward what came before, meaning we are biased toward believing that separate items are more similar, we call that serial dependence."

The findings were published on January 24, 2024, in Scientific Reports.

In the first experiment in this paper, 35 participants were shown dots for a quarter of a second then prompted to provide their estimated answer for the number before being shown another set of dots. Later, the same participants were shown dots but not prompted to provide an answer, before being shown another set of dots and again prompted to estimate.

In the second experiment, 23 participants were prompted for an answer at random. The researchers found that participants who were prompted to respond were more likely to provide an answer closer to their most recent observation.

"The experiments demonstrated that the influence of serial dependence is stronger immediately after a response is requested," said co-author Yukihiro Morimoto, a third-year doctoral student at the university. "This is an important finding when considering how to present information to prevent human error."

The researchers noted, however, they did not find a correlation between serial dependence and accuracy, likely because the number of dots were random, rather than in intentional groupings or patterns.

According to Professor Makioka, stronger serial dependence following response is due to the higher processing the participant must use to observe and estimate the number of dots, then translate that into an answer.

"We are now investigating whether serial dependence related to numbers also occurs in children and whether it occurs when numbers are presented through sound," Professor Makioka said. "Through these studies, we aim to provide clearer guidelines for preventing human error by uncovering, in detail, the ways in which serial dependence arises and how number-related processes work."
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Air filters and scheduled window opening can reduce classroom pollution by up to 36% | ScienceDaily
Air filters and opening windows can reduce classroom pollution by up to 36% -- Surrey study


						
To improve air quality in classrooms, schools should use air purifiers during the school day and open the windows after hours. That's according to a new study from the University of Surrey.

In England, 7,800 schools are in locations where air pollution breaches WHO limits. Last month, the Mayor of London, Sadiq Khan, announced that air purifiers would be installed in 200 of them.

Nidhi Rawat, a researcher at Surrey's Global Centre for Clean Air Research (GCARE), said:

"Alternating purifiers with scheduled window openings is an effective way to clean up classroom air.

"The most effective combination depends on the characteristics and location of the classroom, and when the teacher opens windows.

"We also understand that keeping the windows open is not always comfortable or practical -- so a sensible, tailored approach is recommended."

Scientists monitored pollution in two classrooms at an infant school in Guildford, UK. It is 10 metres from the A3 road, passed by 31,000 cars each day.




They studied two classrooms: one facing the road and occupied by 4 to 5-year-olds, and one on the other side of the building, occupied by 6 to 7-year-olds.

In both classrooms, the best improvements in air quality happened when air purifiers were alternated with scheduled window openings. Coarse particle pollution fell by 18% in the classroom nearest the road and 36% in the other classroom. Carbon dioxide fell 28% in the classroom nearest the road and 11% in the other classroom.

Smaller improvements were detected when windows were opened without air purifiers.

Professor Prashant Kumar, director of GCARE, said:

"Our timely study can help policymakers choose when and how to optimise the benefits of air purifiers and window openings in the classroom.

"Globally, millions of children are forced to breathe poor quality air while they learn. We hope our study can be used to design ways to make classrooms safer and pupils healthier."

The study is published in the Journal of Building Engineering.

It contributes to the UN Sustainable Development Goals 3 (good health and well-being), 4 (quality education) and 11 (sustainable cities and communities).
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The surprising effect of presence hallucinations on social perception | ScienceDaily
If you had to estimate the number of people in a room, without counting them one-by-one, by nature you would overcount them. That's because, simply put from a Darwinian perspective of how we have evolved, it's better to overcount potentially harmful agents and predators than to underestimate them. This overcounting social behaviour is shown to be true in humans as well as animals. It's certainly better to detect too many tigers (even if absent) during a jungle excursion than to miss a hungry one!


						
Now, EPFL neuroscientists show that if you experience hallucinations, especially when related to an illness like Parkinson's disease, then you will over-estimate the number of people in a room to a greater degree. They also show that if you have hallucinations but are asked to estimate the number of boxes in a room, which are inanimate control objects, then no extra over-estimation occurs, shedding light on the social nature of this overcounting. The results are published in Nature Communications.

"The fact that patients of Parkinson's disease have a much higher over-estimation in counting people is mind-blowing because Parkinson's disease is classically viewed as a movement disorder," says Olaf Blanke who leads EPFL's Laboratory of Cognitive Neuroscience which is part of Neuro-X. "We show that Parkinson's may also be a perceptual disorder, especially of social stimuli, and that invisible presences in Parkinson's Disease may impair even more the counting social brain!"

The category of hallucinations investigated by the neuroscientists is called presence hallucinations, for which people report an invisible presence next to them, even though no-one is there. Such hallucinations are considered to be minor compared to visual hallucinations for instance. They may be experienced early on in patients with Parkinson's disease, sometimes even before diagnosis. Presence hallucinations are also a known early marker of cognitive decline in Parkinson's disease.

The results of the study support the idea that the invisible presence (and related brain mechanisms) are responsible for this overcounting of people. When presence hallucinations are experienced -- either due to disease or induced artificially -- this extra presence gets subconsciously translated into an over-estimation of the number of people we think we see. In essence, the invisible presence gets added in the counting process, but only in counting people!

The numerosity experiment and technodelics

To test the hypothesis that presence hallucinations lead to extra over-counting of people, the researchers merge virtual reality with robotics. The researchers refer to this unique combination of VR and robotics as "technodelics" for technology-induced altered states of consciousness, used in the present study for the special case of technology-induced hallucinations. Virtually reality is used for the "human numerosity experiment" which consists of showing virtual, 3D scenes of five, six, seven, or eight people in an empty room for a split-second (200 milliseconds), so too many people and too fast to count them accurately one by one. Robotics is used to induce presence hallucinations artificially, which consists of a robotic finger poking the user's back out-of-sync with the user's own poking movement. In evaluating one's susceptibility to hallucinations, the scientists find that healthy individuals on technodelics indeed overcount.




"The advantage of our technodelics environment is that it gives us an objective way to measure hallucinations which are highly subjective states," explains Louis Albert, lead author of the study. "We are essentially engineering hallucinations, inducing hallucinations and getting a clear, implicit read-out of hallucination susceptibility at a given time."

The platform provides an almost automated way of determining if someone is susceptible to hallucinations, in contrast to current methods that range from simply asking someone if they experience hallucinations, to questionnaires or other methods that involve subjective analysis by medical specialist.

Monitor hallucinations at home

For the study, the researchers also developed a simplified version of the numerosity experiment, which can be done in the lab but also online, unobtrusively, from the comfort of one's own home and without requiring extra training of medical staff.

"We now have an online test that can determine if someone is prone to hallucinations, a much-needed objective tool for measuring hallucination susceptibility in patients," continues Albert. "The test can be carried out independently by patients, directly from home on their computer or tablet, thus has the potential to reach a large demographic at minimal cost. Without the need for specific equipment or specialized staff for hallucination testing and interviewing, and without the need for patients to travel to the clinic, this test is accessible and can reach people living far away from medical centers and in low-income countries."

Some 170 patients with Parkinson's disease were recruited for the online test, of which 69 of them had presence hallucinations. With this version of the test, the scientists also found that patients with presence hallucinations overcount more than patients without hallucinations. Some patients with reported seeing as many as 11 or more people when only 8 were shown.




"We have strategies for determining if a patient with Parkinson's disease experiences presence hallucinations or not, which means that in the future we should be able to identify and monitor those who are more prone to cognitive decline for early treatment," says Fosco Bernasconi, co-author of the study.

Founded in 2022, EPFL's Neuro X Institute specializes in translational research across neuroscience, neural engineering, and neurocomputation. With 14 laboratories comprising a team of 250 experts, the institute aims to accelerate the development of new therapies by integrating advanced research in brain functions, innovative neural interfaces, and AI-driven neurocomputational models.

From body ownership to technodelics

Almost a decade ago, EPFL scientists designed a robotic task to do something entirely different than to evaluate susceptibility to hallucinations, a reminder of the serendipity of science. The robotic task was initially designed to explore embodiment and how the mind uses sensory information to create a feeling of body ownership. But when participants of the task repeatedly reported spooky feelings of being accompanied by ghosts, the EPFL researchers realized -- instead of brushing it off as a coincidence -- that they had stumbled upon a mechanism to provoke presence hallucinations in healthy people with possible applications in people with disease. The researchers knew at this point that they had a subjective way to induce presence hallucinations, thanks to the robotic task that muddles up the user's senses.
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Scientists develop a rapid gene-editing screen to find effects of cancer mutations | ScienceDaily
Tumors can carry mutations in hundreds of different genes, and each of those genes may be mutated in different ways -- some mutations simply replace one DNA nucleotide with another, while others insert or delete larger sections of DNA.


						
Until now, there has been no way to quickly and easily screen each of those mutations in their natural setting to see what role they may play in the development, progression, and treatment response of a tumor. Using a variant of CRISPR genome-editing known as prime editing, MIT researchers have now come up with a way to screen those mutations much more easily.

The researchers demonstrated their technique by screening cells with more than 1,000 different mutations of the tumor suppressor gene p53, all of which have been seen in cancer patients. This method, which is easier and faster than any existing approach, and edits the genome rather than introducing an artificial version of the mutant gene, revealed that some p53 mutations are more harmful than previously thought.

This technique could also be applied to many other cancer genes, the researchers say, and could eventually be used for precision medicine, to determine how an individual patient's tumor will respond to a particular treatment.

"In one experiment, you can generate thousands of genotypes that are seen in cancer patients, and immediately test whether one or more of those genotypes are sensitive or resistant to any type of therapy that you're interested in using," says Francisco Sanchez-Rivera, an MIT assistant professor of biology, a member of the Koch Institute for Integrative Cancer Research, and the senior author of the study.

MIT graduate student Samuel Gould is the lead author of the paper, which appears today in Nature Biotechnology.

Editing cells

The new technique builds on research that Sanchez-Rivera began 10 years ago as an MIT graduate student. At that time, working with Tyler Jacks, the David H. Koch Professor of Biology, and then-postdoc Thales Papagiannakopoulos, Sanchez-Rivera developed a way to use CRISPR genome-editing to introduce into mice genetic mutations linked to lung cancer.




In that study, the researchers showed that they could delete genes that are often lost in lung tumor cells, and the resulting tumors were similar to naturally arising tumors with those mutations. However, this technique did not allow for the creation of point mutations (substitutions of one nucleotide for another) or insertions.

"While some cancer patients have deletions in certain genes, the vast majority of mutations that cancer patients have in their tumors also include point mutations or small insertions," Sanchez-Rivera says.

Since then, David Liu, a professor in the Harvard University Department of Chemistry and Chemical Biology and a core institute member of the Broad Institute, has developed new CRISPR-based genome editing technologies that can generate additional types of mutations more easily. With base editing, developed in 2016, researchers can engineer point mutations, but not all possible point mutations. In 2019, Liu, who is also an author of the Nature Biotechnology study, developed a technique called prime editing, which enables any kind of point mutation to be introduced, as well as insertions and deletions.

"Prime editing in theory solves one of the major challenges with earlier forms of CRISPR-based editing, which is that it allows you to engineer virtually any type of mutation," Sanchez-Rivera says.

When they began working on this project, Sanchez-Rivera and Gould calculated that if performed successfully, prime editing could be used to generate more than 99 percent of all small mutations seen in cancer patients.

However, to achieve that, they needed to find a way to optimize the editing efficiency of the CRISPR-based system. The prime editing guide RNAs (pegRNAs) used to direct CRISPR enzymes to cut the genome in certain spots have varying levels of efficiency, which leads to "noise" in the data from pegRNAs that simply aren't generating the correct target mutation. The MIT team devised a way to reduce that noise by using synthetic target sites to help them calculate how efficiently each guide RNA that they tested was working.




"We can design multiple prime-editing guide RNAs with different design properties, and then we get an empirical measurement of how efficient each of those pegRNAs is. It tells us what percentage of the time each pegRNA is actually introducing the correct edit," Gould says.

Analyzing mutations

The researchers demonstrated their technique using p53, a gene that is mutated in more than half of all cancer patients. From a dataset that includes sequencing information from more than 40,000 patients, the researchers identified more than 1,000 different mutations that can occur in p53.

"We wanted to focus on p53 because it's the most commonly mutated gene in human cancers, but only the most frequent variants in p53 have really been deeply studied. There are many variants in p53 that remain understudied," Gould says.

Using their new method, the researchers introduced p53 mutations in human lung adenocarcinoma cells, then measured the survival rates of these cells, allowing them to determine each mutation's effect on cell fitness.

Among their findings, they showed that some p53 mutations promoted cell growth more than had been previously thought. These mutations, which prevent the p53 protein from forming a tetramer -- an assembly of four p53 proteins -- had been studied before, using a technique that involves inserting artificial copies of a mutated p53 gene into a cell.

Those studies found that these mutations did not confer any survival advantage to cancer cells. However, when the MIT team introduced those same mutations using the new prime editing technique, they found that the mutation prevented the tetramer from forming, allowing the cells to survive. Based on the studies done using overexpression of artificial p53 DNA, those mutations would have been classified as benign, while the new work shows that under more natural circumstances, they are not.

"This is a case where you could only observe these variant-induced phenotypes if you're engineering the variants in their natural context and not with these more artificial systems," Gould says. "This is just one example, but it speaks to a broader principle that we're going to be able to access novel biology using these new genome-editing technologies."

Because it is difficult to reactivate tumor suppressor genes, there are few drugs that target p53, but the researchers now plan to investigate mutations found in other cancer-linked genes, in hopes of discovering potential cancer therapies that could target those mutations. They also hope that the technique could one day enable personalized approaches to treating tumors.

"With the advent of sequencing technologies in the clinic, we'll be able to use this genetic information to tailor therapies for patients suffering from tumors that have a defined genetic makeup," Sanchez-Rivera says. "This approach based on prime editing has the potential to change everything."
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When a team is less than the sum of its parts: Tensions between individual and team wellbeing | ScienceDaily
New research highlights the conflict between the needs of a team and the needs of the individuals in the team -- and what leaders can do to strike the right balance to keep things ticking smoothly.


						
'If a team focuses only on the wellbeing and needs of the team, the individuals in it may be at risk of burnout. And the same is true in reverse: if individuals only care about themselves, team wellbeing suffers,' says Emma Nordback, Assistant Professor at Hanken School of Economics.

The study, which was published in the Journal of Organizational Behavior, studied 69 people across 12 teams during COVID. Participants kept a qualitative diary, and the researchers also used questionnaires to measure individual work engagement and the risk of burnout, as well as team viability, team satisfaction, and the quality of interpersonal relationships among members.

'Today's work life, where disruptions cascade one after another, highlights the differences between what teams need and what individuals need. Many of the participants in our study prioritised their own needs without regard for the wellbeing of the team, bringing down team morale and commitment' says Assistant Professor Niina Nurmi of Aalto University. Other people prioritised the survival of their teams and put a lot of effort into that at the expense of their own well-being -- which meant their risk of burnout increased.

'Organisations do a lot of pulse surveys of employee wellbeing and measure individual engagement, but the wellbeing of a team isn't just the sum of the wellbeing of the people in it. The danger is that the results of surveys measuring individual wellbeing may look really positive, but at the same time teams may no longer work at all,' says Nurmi.

Well-being through reflection

The responses also revealed that people's coping strategies often don't actually contribute to their recovery. 'People often don't know what's stressing them and what to do about it. For example, if a person is feeling lonely, running alone in the woods may not be the best solution. On the other hand, if your team is overcommunicating and you feel overwhelmed, the team should create some rules for communication to enable both connection and focus time,' says Nordback.

According to the study, the teams that engaged in reflection were the ones that did best, both as individuals and as a team. Team members openly shared their experiences and concerns, and then the team and members adapted their practices to ensure everyone's wellbeing. But these teams are in the minority, according to the study.

'Working life is now very individual-oriented, which means that the team may be forgotten altogether. That has an impact on the viability of organisations for the long haul,' Nordback continues. Team leaders should make sure that team members are communicating and making informed compromises with each other so that individual and team wellbeing both receive enough attention.

Along with Nordback and Nurmi, the research team also included Jennifer Gibbs (University of California), Maggie Boyraz (California State University), and Minna Logemann (City University of New York). 'Relationships between people are one of our strongest motivators. We're long-standing friends and meet as a research fivesome at a conference once a year. When we did research together, we always focused on the welfare issues first. It's always worth taking the time to reflect,' Nurmi says.
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Study provides new insights into deadly acute respiratory distress syndrome (ARDS) | ScienceDaily
Researchers at the University of Minnesota Twin Cities may have discovered a mechanical explanation for instability observed in the lungs in cases of acute respiratory distress syndrome (ARDS), particularly in the aftermath of respiratory illnesses such as COVID-19 or pneumonia.


						
The research was recently published in the Proceedings of the National Academy of Sciences (PNAS), a peer reviewed journal of the National Academy of Sciences.

Currently, there is no known cure for ARDS, a life-threatening lung injury that allows fluid to leak into the lungs. The researchers in this study say that as many as two thirds of all patients that passed away from COVID-19 had ARDS. There is not a clear reason on why specific people with a severe respiratory illness may develop ARDS, while others may not, but researchers in this study were looking to find that answer.

They identified the concentration of a lysolipid -- a byproduct of the immune response to viruses and bacteria -- that can have a major impact in adults suffering from ARDS. Increased concentration of this chemical eliminates the surfactant, a complex composed of fats and proteins generated in the lungs. The result is uneven lung inflation and, ultimately, respiratory distress in adults.

"This study looked into the correlation of the concentration of the lysolipid in the lungs. Once that fluid reached a certain level, it started to cause severe impacts," said University of Minnesota Department of Chemical Engineering and Materials Science Professor Joseph Zasadzinski and lead professor on the research.

"Your average everyday person usually won't need to think about this, but if a virus or infection is bothering your lung surfactant system and you end up in the hospital, then it could become top of mind very quickly," Zasadzinski added

There are a natural amount of these lysolipids that exist in the human body, and as long as those stay below a specific concentration, the average person can breathe normally. When someone has a bad infection, those lysolipids increase, which can lead to respiratory distress. Once a patient is headed in that direction, there are not many ways of reversing those symptoms.




"This research shows frequency dependence, or how quickly you open and close the lungs. This could help doctors try to tailor the treatment process for each specific patient," said Clara Ciutara, a 2023 Ph.D. chemical engineering and materials science graduate and first author of the study.

Previous research of neonatal respiratory distress syndrome (NRDS) in premature infants found that it could be treated by introducing replacement lung surfactant, but that was not the case in adults. It is the amount of lysolipid that determines the outcome of the surfactant in the lungs, not the breakdown of the existing lung surfactant.

The next step in the research will be to translate these ideas into a clinical environment and test to see if they can manipulate specific molecules to make them less active or stick to a specific place. This could help drop the concentration of the lysolipids to a threshold that may be able to reverse symptoms of ARDS and put people on the road to recovery.

In addition to Zasadzinski and Ciutara, the research team included University of Minnesota Department of Chemical Engineering and Materials Science NIH postdoctoral fellow Steven V. Iasella, undergraduate student Boxun Huang, and former postdoctoral associate Sourav Barman.

This work is supported by a grant from National Institutes of Health (NIH) Heart, Lung, and Blood Institute. All microscopy images were obtained at the University Imaging Center at the University of Minnesota.
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Climate policies to reduce motor vehicle emissions can improve children's health, save money | ScienceDaily

The findings by researchers at Columbia University Mailman School of Public Health with collaborators at the University of California, Los Angeles, the University of North Carolina at Chapel Hill, and the Boston University School of Public Health appear in the journal Environmental Research Letters.

The researchers modeled the benefits of implementing multiple scenarios of the proposed climate policy framework known as the Transportation and Climate Initiative (TCI) in 12 Northeast and Mid-Atlantic states and the District of Columbia. Under the most stringent cap on CO2 emissions and the investment scenario that devoted the most resources to mass transportation, they estimated a total of over 58,000 avoided cases of infant mortality, preterm birth, low birth weight, autism spectrum disorder, new cases of asthma, worsened asthma symptoms, and other respiratory illnesses. The related economic savings were $82 million annually. Assessment of the distribution of avoided cases of worsened asthma symptoms indicated that children in all racial and ethnic groups benefited, with somewhat greater health benefits in non-white populations.

Under TCI, fuel suppliers would be required to purchase carbon emissions allowances, the proceeds of which would go towards clean transportation programs. While this program was not implemented, it serves as a useful model for other climate mitigation policies. Specifically, researchers modeled changes in ambient fine particulate matter (PM2.5) and nitrogen dioxide between 2022 and 2032 associated with on-road transportation sector emissions under nine hypothetical CO2 emissions cap and investment scenarios proposed under TCI. They estimated potential health co-benefits for adverse birth, pediatric respiratory, and neurodevelopmental outcomes using BenMAPR, a health impact assessment platform that builds from the EPA's Environmental Benefits Mapping and Analysis Program.

"Health benefits assessments often overlook children's health outcomes. Yet we know that early exposure to air pollutants has multiple detrimental effects on children's health and well-being; and these are preventable," says co-author Frederica Perera, PhD, DrPH, professor of environmental health sciences and director of translational research at the Columbia Center for Children's Environmental Health at Columbia Mailman.

Researchers also note the importance of strategic decarbonization efforts as the climate crisis escalates. "Ambitious carbon caps and policies that focus on vulnerable groups, including children, can both improve health outcomes and help mitigate the impacts of climate change," says first author Alique G. Berberian, MPH '19, PhD student and graduate student researcher at the University of California, Los Angeles,

The researchers also note the importance of including health and environmental justice in climate policies. "Climate policies can have major effects not just on climate, but also on health and environmental justice. Our research shows the importance of including these other benefits of policies when evaluating climate policies," said senior author Jonathan Buonocore, ScD, assistant professor of Environmental Health at Boston University School of Public Health.

Additional study authors include Kaitlyn E. Coomes at Columbia Mailman School of Public Health, Saravanan Arunachalam and Calvin Arter at the University of North Carolina at Chapel Hill; and Jonathan I. Levy, and Laura Buckley at the Boston University School of Public Health.

The study was supported by the John Merck Fund, the John and Wendy Neu Foundation, the New York Community Trust, the Barr Foundation, and the Energy Foundation.
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Researchers expand our understanding of how the body and brain communicate | ScienceDaily
Researchers investigating how exactly the brain processes the incoming stream of information from the heart and lungs, discovered that specific neurons in the thalamus are actively involved in processing cardiac and respiratory signals.


						
The human brain constantly receives information from the body, specifically from internal organs such as the heart and lungs. This information seldom reaches consciousness but is crucial for maintaining a healthy body and for influencing performance in the brain, including perception, emotion, and cognition. Now, researchers are investigating how exactly the brain processes the incoming stream of information from the heart and lungs, leading to a broader understanding of brain-body integration and the resulting health or disease.

Publishing their work in the Proceedings of the National Academy of Sciences (PNAS), co-senior authors Vibhor Krishna, MD, associate professor of neurosurgery at the UNC School of Medicine; Ali Rezai, MD, director of the Rockefeller Neuroscience Institute and associate dean of neuroscience at the West Virginia School of Medicine; and Olaf Blanke, MD, PhD, director of the laboratory of cognitive neuroscience at the Swiss Federal Institute of Technology, discovered that specific neurons in the thalamus are actively involved in processing cardiac and respiratory signals.

"Each heartbeat and every breath create a rich, incoming stream of sensory information for the human brain," said Krishna. "However, a deeper understanding of how the brain integrates this information has remained elusive. We have been interested in discovering how the human brain achieves the integration of cardio-respiratory information and whether its breakdown is linked to any disorders of the brain, heart, or lungs observed in the clinic."

Over the years, clinical and research teams collaborated to painstakingly study this integration using an established technique of microelectrode recording during deep brain stimulation surgery. Using a new approach to study single neurons in three different thalamic regions, the researchers were able to observe a direct functional involvement of thalamic and subthalamic neurons in processing cardio-respiratory signals. This information can help to better characterize how subcortical regions of the brain process signals through a functional pathway from internal organs.

To complete this work, the research team took advantage of microelectrode recordings during deep brain stimulation for patients undergoing treatment for neurological conditions. The researchers then used these recordings to investigate the activity of single neurons related to cardiac and respiratory functions in three subcortical regions: ventral intermedius nucleus and ventral caudalis nucleus of the thalamus, and the subthalamic nucleus.

They found that about 70% of the recorded neurons were modulated by either the heartbeat, the cardiac inter-beat interval, or the respiration.




These cardiac and respiratory response patterns varied largely across neurons both in terms of timing and their kind of modulation, the authors wrote. A substantial proportion of these visceral neurons -- about 30% -- were responsive to more than one of the tested signals, underlining specialization and integration of cardiac and respiratory signals in subthalamic nucleus and thalamic neurons.

"We think our work will be significant for several medical specializations, including cardiology, pulmonology, neurology, psychiatry, and psychological research," Krishna said.

Rezai added, "Better understanding of the human brain is the next frontier. And interdisciplinary collaborations between functional neurosurgeons and neuroscientists will enable us to gain an unprecedented window into the inner functioning of the human brain."

Applauding this research as a significant step forward, Nelson Oyesiku, MD, PhD, chair of the UNC Department of Neurosurgery, said, "We understand that the brain maintains homeostasis throughout the body through direct neurological and endocrine regulation. This research reveals that the incoming information from the heart and lungs is processed in the thalamic and subthalamic brain regions, besides other regions, enabling our brain to effectively assume its role in regulating bodily functions."
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Delta-8-THC use reported by 11% of 12th graders in 2023 | ScienceDaily
Approximately 11% of 12th-grade students across the United States reported past-year use of delta-8- tetrahydrocannabinol (delta-8-THC, or delta-8 for short), according to an analysis of data from the 2023 Monitoring the Future survey, which is funded by the National Institutes of Health. Delta-8 is a psychoactive substance that is typically derived from hemp, a variety of the Cannabis sativa plant. Delta-8 has intoxicating effects similar to delta-9-THC (delta-9), the primary THC component responsible for the "high" people may experience from using cannabis.


						
The researchers measured delta-8 use for the first time in 2023 to investigate the drug's popularity among teens as more hemp-derived THC products enter the market and become more accessible. Studies show an association between cannabis use and negative health impacts for teens, underlining the importance of monitoring use of delta-8 and other cannabis products among younger people.

Among those who reported delta-8 use, close to 91% also reported marijuana use, contributing to the approximately 30% of 12th graders overall who reported past-year marijuana use. The survey also showed delta-8 use was more common in the South and Midwest regions and in states without cannabis legalization or delta-8 regulations. In contrast, levels of marijuana use did not differ by state-level cannabis policies. The findings were published as a brief report in JAMA. The Monitoring the Future survey is conducted by researchers at the University of Michigan, Ann Arbor, and funded by the National Institute on Drug Abuse (NIDA), part of NIH.

"11% is a lot of people -- that's at least one or two students in every average-sized high school class who may be using delta-8. We don't know enough about these drugs, but we see that they are already extremely accessible to teens," said Nora Volkow, M.D., NIDA director. "Cannabis use in general has been associated with negative impacts on the adolescent brain, so we must pay attention to the kinds of cannabis products teens are using, educate young people about potential risks, and ensure that treatment for cannabis use disorder and adequate mental health care is provided to those who need it."

Delta-8 is one of over 100 cannabinoids in the Cannabis sativa plant. There is no federal minimum age requirement to purchase delta-8 products, which may be sold online or in gas stations and convenience stores. In 2022, the U.S. Food and Drug Administration issued a consumer update warning of the serious health risks associated with use of delta-8 THC, including reports of adverse events involving use of delta-8 products and risks of exposure to toxic byproducts.

Numerous studies have found that adolescent cannabis use is associated with adverse effects on learning, memory, and attention; changes in brain development; and the development of cannabis use disorder and other psychiatric disorders, such as depression, psychosis and suicidality. There are no existing medications to treat cannabis use disorder, and current treatments are primarily through psychosocial interventions, such as cognitive behavioral therapy. More research is needed to understand how delta-8, specifically, impacts these and other health outcomes.

This analysis of Monitoring the Future survey results also found that approximately 14% of 12th graders in the South and 15% in the Midwest reported delta-8 use, compared to 10% in the Northeast and 5% in the West. Around 14% of those in states without cannabis legalization reported delta-8 use, compared to 8% in states with legalization. In states without existing delta-8 regulations, 14% reported use compared to 6% in states with delta-8 legislation.




"Delta-8 products are out there where teens can easily find and buy them, and there needs to be continued surveillance of its use, as well as public health efforts to help youth and parents stay informed and safe," said Alyssa Harlow, Ph.D., MPH, clinical assistant professor of population and public health sciences at the University of Southern California (USC), a member of the USC Institute for Addiction Science and lead author of the study.

"The national trends documented by the Monitoring the Future survey provide critical information for research and policy to keep pace with new developments in the market for cannabis products, which has seen considerable change in recent years," said Richard A. Miech, Ph.D., team lead of the Monitoring the Future study at the University of Michigan and co-author of the study.

Because the survey is taken in school settings, students who were absent, not enrolled, or with less engagement in school -- a known risk factor for drug use -- may have been less likely to participate in the survey, the investigators note. This exclusion may have potentially led to an underestimation of adolescent use of delta-8. Future work will need to assess delta-8 use in younger teens; include a larger survey sample across a wider range of states; and examine the use of other hemp-derived products, including delta-9 and delta-10.Top of Form

The Monitoring the Future survey is given annually to students in classrooms in eighth, 10th, and 12th grades who self-report their substance use behaviors over various time periods, such as past 30 days, past 12 months, and lifetime. In 2023, the survey included questions on delta-8 for the first time, and they were administered to a randomly selected one-third of 12th grade students, resulting in 2,186 12th graders in 27 states. Given the prevalence of use found in the 2023 survey, questions on delta-8 have been added to future surveys for all age groups.
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Maternal obesity may promote liver cancer | ScienceDaily
Obesity, which could reach 50% of the population in certain developed countries by 2030, is a major public health concern. It not only affects the health of those who suffer from it, but could also have serious consequences for their offspring. Scientists at the University of Geneva (UNIGE) and the Geneva University Hospitals (HUG) have studied the impact of maternal obesity on the risk of developing liver disease and liver cancer. Using an animal model, the team discovered that this risk was indeed much higher in the offspring of mothers suffering from obesity. One of the main causes was the transmission of a disturbed intestinal microbiota from the mother, resulting in a chronic liver disease whose effects became apparent in adulthood. These results, which have yet to be confirmed in humans, are a warning signal and a call for action to limit the deleterious effect of obesity on children. This research is published in the journal JHEP Reports.


						
The scientific community suspects that maternal obesity disrupts the metabolic balance of the unborn child, and even increases the risk of childhood cancer and colorectal cancer. But to what extent? ''We wanted to understand whether the children of mothers suffering from obesity were at greater risk of developing liver diseases, and by what biological mechanisms,'' explains Christian Toso, full professor at the UNIGE Faculty of Medicine and director of the Division of digestive surgery at the HUG, who led this research. ''Indeed, while the risk of liver cancer due to a hepatic virus is decreasing, obesity-related liver diseases are constantly on the rise.''

The scientists studied two groups of female mice: the first fed with a diet rich in fat and sugar -- similar to junk food -- which rapidly became obese. The second -- the control group -- was fed normally. All their offspring were fed with a normal diet and were not overweight. The only difference was therefore the maternal obesity of the first group. ''At 20 weeks, which corresponds to adulthood in humans, we could not detect any notable differences,'' explains Beat Moeckli, junior staff surgeon and researcher in professor Toso's team, the first author of this work. ''However, at 40 weeks, a senior age in mice, the liver health of the first group began to deteriorate. All the parameters of liver disease -- fat deposits, fibrosis, and inflammation -- were significantly higher in the offspring of mothers suffering from obesity. And these are the main risk factors for liver cancer in humans''.

From disease to cancer: the role of microbiota

To confirm whether these mice had a higher risk of developing liver cancer, the team injected two groups of these mice with an oncogenic product just after weaning. And indeed, the offspring of obese mothers had an 80% risk of developing cancer, compared with 20% for the control group. ''The mother's obesity thus has an impact long after the birth of its offspring, which seem to inherit a dysfunctional microbiota despite their own living conditions,'' analyses Beat Moeckli. ''Obesity alters the composition and diversity of the mother's microbiota, which is passed on to the next generation and persists throughout life''.

However, by placing mice from both groups in the same cage, the scientists observed a normalisation of the microbiota. As mice are coprophagous (they eat their faeces), they quickly share the same microbiotic strains. Bacterial diversity then increased, favouring the good bacteria. As a result, the healthy microbiota naturally regains the upper hand, and the marker of liver disease dramatically decreased. ''We see a clear effect of the microbiota on the risk of developing liver cancer, indicating its central role in transmitting the risk of disease from mother to child.''

The junk food diet encourages the proliferation of bad bacteria and reduces bacterial diversity. This altered microbiota, transmitted at birth, then leads to greater inflammation in the liver and, over time, generates fibrosis and steatosis (an excessive presence of fat), which in turn increase the risk of developing liver cancer. Normalising the microbiota also normalises the risk of cancer.

And in humans?

These data come from a study on an animal model, in a highly controlled environment. To be applied in a clinical context, they need to be confirmed in humans under real-life conditions. The first stage will consist of an epidemiological study based on large bodies of data obtained from following mothers and their children over several decades. ''However, we already know that it is possible to modify the microbiota, for instance by using probiotics. ''Having highlighted the importance of the microbiome represents a first step towards new therapies,'' the scientists conclude.
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Sting operation out of gas | ScienceDaily
Cells possess an innate immune system that defends against invasive pathogens such as bacteria and viruses. Previous studies have mapped out the cytoplasmic cGAS-STING pathway in the cytoplasm, known for responding to foreign nucleic acids, such as double-stranded DNA.


						
Micronuclei -- or MN, abnormal intracellular structures containing the cell's DNA -- have also been suspected of triggering the pathway. However, no conclusive evidence exists of pathway activation by MN-induced cyclic GMP-AMP synthase, or cGAS.

Now, Kyoto University and the AIRC Institute of Molecular Oncology, or IFOM, have collaborated to develop the reporter cell line Fusion Visualization system 2 -- FuVis2  -- designed to help researchers visualize cellular nuclei with chromosome fusion and resulting MN. Using FuVis2, they examined whether MN influences the cGAS-STING response in live cells, where STING refers to stimulators of interferon genes.

"Our findings suggest cGAS more commonly recognizes MN during cell division without activating STING in the following cell cycle, contrary to the existing theory that cGAS-bound MN leads to STING activation," says lead author Makoto Hayashi at the IFOM-KU Joint Research Laboratory at KyotoU's Graduate School of Medicine.

The team also showed that cGAS-STING activation by gamma irradiation leads to mitochondrial DNA leakage into the cytoplasm and is not associated with MN formation. The observed MN inactivity against innate immune responses may suggest chromosomal abnormalities with severe consequences.

Radiation-generated MN had been reported to activate the cGAS-STING pathway, so the researchers began using MN as a model for cGAS activation.

"However, we were excited to obtain the opposite results," says Yuki Sato at KyotoU's Graduate School of Biostudies.

Previous correlative results have also suggested that an MN-mediated innate immune response may slow cellular senescence and suppress cancer. However, Hayashi's team now feels the need to revisit this model.

"Given that these findings were derived specifically from the human colon cancer cell type HCT116, we should also conduct further analyses across different cell types and species before establishing theories about the MN-activated pathway," concludes Hayashi.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/03/240311213915.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Mathematicians use AI to identify emerging COVID-19 variants | ScienceDaily
Scientists at The Universities of Manchester and Oxford have developed an AI framework that can identify and track new and concerning COVID-19 variants and could help with other infections in the future.


						
The framework combines dimension reduction techniques and a new explainable clustering algorithm called CLASSIX, developed by mathematicians at The University of Manchester. This enables the quick identification of groups of viral genomes that might present a risk in the future from huge volumes of data.

The study, presented this week in the journal PNAS, could support traditional methods of tracking viral evolution, such as phylogenetic analysis, which currently require extensive manual curation.

Roberto Cahuantzi, a researcher at The University of Manchester and first and corresponding author of the paper, said: "Since the emergence of COVID-19, we have seen multiple waves of new variants, heightened transmissibility, evasion of immune responses, and increased severity of illness.

"Scientists are now intensifying efforts to pinpoint these worrying new variants, such as alpha, delta and omicron, at the earliest stages of their emergence. If we can find a way to do this quickly and efficiently, it will enable us to be more proactive in our response, such as tailored vaccine development and may even enable us to eliminate the variants before they become established."

Like many other RNA viruses, COVID-19 has a high mutation rate and short time between generations meaning it evolves extremely rapidly. This means identifying new strains that are likely to be problematic in the future requires considerable effort.

Currently, there are almost 16 million sequences available on the GISAID database (the Global Initiative on Sharing All Influenza Data), which provides access to genomic data of influenza viruses.




Mapping the evolution and history of all COVID-19 genomes from this data is currently done using extremely large amounts of computer and human time.

The described method allows automation of such tasks. The researchers processed 5.7 million high-coverage sequences in only one to two days on a standard modern laptop; this would not be possible for existing methods, putting identification of concerning pathogen strains in the hands of more researchers due to reduced resource needs.

Thomas House, Professor of Mathematical Sciences at The University of Manchester, said: "The unprecedented amount of genetic data generated during the pandemic demands improvements to our methods to analyse it thoroughly. The data is continuing to grow rapidly but without showing a benefit to curating this data, there is a risk that it will be removed or deleted.

"We know that human expert time is limited, so our approach should not replace the work of humans all together but work alongside them to enable the job to be done much quicker and free our experts for other vital developments."

The proposed method works by breaking down genetic sequences of the COVID-19 virus into smaller "words" (called 3-mers) represented as numbers by counting them. Then, it groups similar sequences together based on their word patterns using machine learning techniques.

Stefan Guttel, Professor of Applied Mathematics at the University of Manchester, said: "The clustering algorithm CLASSIX we developed is much less computationally demanding than traditional methods and is fully explainable, meaning that it provides textual and visual explanations of the computed clusters."

Roberto Cahuantzi added: "Our analysis serves as a proof of concept, demonstrating the potential use of machine learning methods as an alert tool for the early discovery of emerging major variants without relying on the need to generate phylogenies.

"Whilst phylogenetics remains the 'gold standard' for understanding the viral ancestry, these machine learning methods can accommodate several orders of magnitude more sequences than the current phylogenetic methods and at a low computational cost."
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New research sets trap for potentially deadly sandfly | ScienceDaily
Scientists have discovered the specific enzyme that a species of sandfly uses to produce a pheromone attractant, which could lead to the creation of targeted traps to control them and reduce the spread of the potentially fatal disease, Leishmaniasis.


						
The team from the University of Nottingham's School of Chemistry analysed the genome of the Lutzomyia longipalpis, a species of sandfly native to Brazil and South America that can spread a disease called Leishmaniasis.

The study identified the enzyme, called a Terpene Synthase that is responsible for making the terpene pheromone sobralene, that the insect uses to attract others for mating, a discovery that could lead to the development of commercial traps for targeting and controlling this type of sandfly. The research has been published today in PNAS.

Over 90 sandfly species are known to transmit Leishmania parasites that are spread to humans through being bitten, but Lutzomyia longipalpis is themajor carrier of the disease in South America. The most common symptoms of the disease are skin ulcers and lesions which can leave life-long scars, in more serious cases people can become very unwell with fever, weight loss, enlargement of the spleen and liver, and anaemia. The most serious form of the disease, known as visceral leishmaniasis, is invariably fatal within 2-years if untreated. Most cases of visceral leishmaniasis occur in Brazil, but the disease can be found in large parts of the tropics and subtropics.

Terpenes are widely used in nature for chemical communication, but understanding how these structurally diverse natural products are produced by insects is only now beginning to emerge. Males of the sandfly, Lutzomyia longipalpis, use terpene pheromones to lure females and other males to mating sites.

Terpene synthases are responsible for the biosynthesis of many chemicals used by plants and microorganisms for defense and communication. This research identifies the first insect terpene synthase (TPS) from the insect Lutzomyia. It offers the potential for sustainable production of this compound through biocatalysis.

Professor Neil Oldham from the University of Nottingham's School of Chemistry led the study, he said: "Finding this enzyme has been very difficult and we have been hunting for it for over 2 years., The Lutzomyia genome contains an unusually high number of candidate terpene synthase genes, but thanks to the persistence of Dr Charlie Ducker, a talented researcher on the team, we were able to find the one that makes the pheromone."

"The beauty of the pheromone approach is that it is very specific for this insect and so the next stage of the project will be to engineer microorganisms to make the enzyme in a way that would produce the pheromone. If we can then find a way to scale this up for commercial use this would be a way to control the populations of these insects and hopefully reduce the spread of Leishmaniasis."
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A new sensor detects harmful 'forever chemicals' in drinking water | ScienceDaily
MIT chemists have designed a sensor that detects tiny quantities of perfluoroalkyl and polyfluoroalkyl substances (PFAS) -- chemicals found in food packaging, nonstick cookware, and many other consumer products.


						
These compounds, also known as "forever chemicals" because they do not break down naturally, have been linked to a variety of harmful health effects, including cancer, reproductive problems, and disruption of the immune and endocrine systems.

Using the new sensor technology, the researchers showed that they could detect PFAS levels as low as 200 parts per trillion in a water sample. The device they designed could offer a way for consumers to test their drinking water, and it could also be useful in industries that rely heavily on PFAS chemicals, including the manufacture of semiconductors and firefighting equipment.

"There's a real need for these sensing technologies. We're stuck with these chemicals for a long time, so we need to be able to detect them and get rid of them," says Timothy Swager, the John D. MacArthur Professor of Chemistry at MIT and the senior author of the study, which appears this week in the Proceedings of the National Academy of Sciences.

Other authors of the paper are former MIT postdoc and lead author Sohyun Park and MIT graduate student Collette Gordon.

Detecting PFAS

Coatings containing PFAS chemicals are used in thousands of consumer products. In addition to nonstick coatings for cookware, they are also commonly used in water-repellent clothing, stain-resistant fabrics, grease-resistant pizza boxes, cosmetics, and firefighting foams.




These fluorinated chemicals, which have been in widespread use since the 1950s, can be released into water, air, and soil, from factories, sewage treatment plants, and landfills. They have been found in drinking water sources in all 50 states.

In 2023, the Environmental Protection Agency created an "advisory health limit" for two of the most hazardous PFAS chemicals, known as perfluorooctanoic acid (PFOA) and perfluorooctyl sulfonate (PFOS). These advisories call for a limit of 0.004 parts per trillion for PFOA and 0.02 parts per trillion for PFOS in drinking water.

Currently, the only way that a consumer could determine if their drinking water contains PFAS is to send a water sample to a laboratory that performs mass spectrometry testing. However, this process takes several weeks and costs hundreds of dollars.

To create a cheaper and faster way to test for PFAS, the MIT team designed a sensor based on lateral flow technology -- the same approach used for rapid Covid-19 tests and pregnancy tests. Instead of a test strip coated with antibodies, the new sensor is embedded with a special polymer known as polyaniline, which can switch between semiconducting and conducting states when protons are added to the material.

The researchers deposited these polymers onto a strip of nitrocellulose paper and coated them with a surfactant that can pull fluorocarbons such as PFAS out of a drop of water placed on the strip. When this happens, protons from the PFAS are drawn into the polyaniline and turn it into a conductor, reducing the electrical resistance of the material. This change in resistance, which can be measured precisely using electrodes and sent to an external device such as a smartphone, gives a quantitative measurement of how much PFAS is present.

This approach works only with PFAS that are acidic, which includes two of the most harmful PFAS -- PFOA and perfluorobutanoic acid (PFBA).




A user-friendly system

The current version of the sensor can detect concentrations as low as 200 parts per trillion for PFBA, and 400 parts per trillion for PFOA. This is not quite low enough to meet the current EPA guidelines, but the sensor uses only a fraction of a milliliter of water. The researchers are now working on a larger-scale device that would be able to filter about a liter of water through a membrane made of polyaniline, and they believe this approach should increase the sensitivity by more than a hundredfold, with the goal of meeting the very low EPA advisory levels.

"We do envision a user-friendly, household system," Swager says. "You can imagine putting in a liter of water, letting it go through the membrane, and you have a device that measures the change in resistance of the membrane."

Such a device could offer a less expensive, rapid alternative to current PFAS detection methods. If PFAS are detected in drinking water, there are commercially available filters that can be used on household drinking water to reduce those levels. The new testing approach could also be useful for factories that manufacture products with PFAS chemicals, so they could test whether the water used in their manufacturing process is safe to release into the environment.

The research was funded by an MIT School of Science Fellowship to Gordon, a Bose Research Grant, and a Fulbright Fellowship to Park.
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GPS nanoparticle platform precisely delivers therapeutic payload to cancer cells | ScienceDaily
A newly developed "GPS nanoparticle" injected intravenously can home in on cancer cells to deliver a genetic punch to the protein implicated in tumor growth and spread, according to researchers from Penn State. They tested their approach in human cell lines and in mice to effectively knock down a cancer-causing gene, reporting that the technique may potentially offer a more precise and effective treatment for notoriously hard-to-treat basal-like breast cancers.


						
They published their work today (March 11) in ACS Nano. They also filed a provisional application to patent the technology described in this study.

"We developed a GPS nanoparticle that can find the site where it is needed," said corresponding author Dipanjan Pan, the Dorothy Foehr Huck & J. Lloyd Huck Chair Professor in Nanomedicine and professor of nuclear engineering and of materials science and engineering at Penn State. "Once there -- and only there -- it can deliver gene editing proteins to prevent the cancer cells from spreading. It was a difficult task, but we showed that the system works for basal-like breast cancers."

Similar to triple-negative breast cancers, basal-like breast cancers may be less prevalent than other breast cancers, but they can be far more challenging to treat, largely because they lack the three therapeutic targets found in other breast cancers. They also tend to be aggressive, quickly growing tumors and shedding cells that spread elsewhere in the body. Those cells can seed additional tumors, a process called metastasis.

"Metastasis is a huge challenge, especially with cancers like triple-negative and basal-like breast cancers," Pan said. "The cancer can be hard to detect and does not show up during a routine mammogram, and it primarily affects the younger or African American population who may not be receiving preventative care yet. The outcome can be very, very poor, so there's a clear unmet clinical need for more effective treatments when the cancer isn't caught early enough."

The team fabricated a Trojan horse nanoparticle, disguising it with specially designed fatty molecules that look like naturally occurring lipids and packing it full of CRISPR-Cas9 molecules. These molecules can target the genetic material of a cell, identify a particular gene and knock it down, or render it ineffective. In this case, the system targeted human forkhead box c1 (FOXC1), which is involved in instigating metastasis.

Pan described the designer lipids as "zwitterionic," meaning they have near neutral charge on the nanoparticle's shell. This prevents the body's immune system from attacking the nanoparticle -- because it is disguised as a non-threatening, normal molecule -- and can help release the payload, but only when the lipids recognize the low pH environment of the cancer cell. To ensure the lipids would only activate at that low pH, the researchers designed them to shift their charges to positive once they enter the more acidic tumor microenvironment, triggering the payload release.




But the body is a vast place, so how could the researchers ensure the CRISPR-Cas9 payload made it to the correct target? To ensure that the nanoparticle would bind to the right cells, they attached an epithelial cell adhesion molecule (EpCAM), which is known to attach to basal-like breast cancer cells.

"No one has ever attempted to target a basal-like breast like cancer cell with context-responsive delivery system that can genetically knockdown the gene of interest," Pan said. "We're the first to show that it can be done."

Others have developed viral delivery systems, hijacking a virus particle to carry treatment to the cells, and non-viral delivery systems, using nanoparticles. The difference, Pan said, for his team's approach is the surface lipid designed to respond only in the target environment, which reduces the potential for off-target delivery and harm to healthy cells. Also, he added, since the body doesn't consider the lipids to be a threat, there's less chance for an immune response, which they validated in their experiments.

The team first tested the approach in human triple-negative breast cancer cells, validating that the nanoparticle would deploy the CRISPR/Cas9 system in the correct environment. They confirmed that the nanoparticle could find its way to a tumor in a mouse model, deploy the system and successfully knock down FOXC1.

Next, Pan said, the researchers plan to continue testing the nanoparticle platform with the eventual goal of applying it clinically in humans.

"We are also exploring how else we might apply the platform technology," Pan said. "We can customize the molecules on the surface, the payload it carries, and use it to encourage healing in other areas. There's a lot of potential with this platform."

First author Parikshit Moitra, was a research assistant professor of nuclear engineering in Pan's laboratory at Penn State at the time of the study and is now an assistant professor at the Indian Institute of Science Education and Research at Berhampur; David Skrodzki, Matthew Molinaro, Nivetha Gunaseelan, all doctoral students at Penn State; Dinabandhu Sar, University of Illinois, Urbana-Champaign; Teresa Aditya, postdoctoral researcher in nuclear engineering at Penn State; Dipendra Dahal and Priyanka Ray, both postdoctoral researchers in Pan's laboratory at his previous institution of the University of Maryland Baltimore.

Penn State, the University of Maryland Baltimore School of Medicine, the Centers for Disease Control and Prevention, the U.S. National Science Foundation and the U.S. Department of Defense Congressionally Directed Medical Research Program funded this work.
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Accessibility toolkit for game engine Unity | ScienceDaily
The growing popularity of video games is putting an increased focus on their accessibility for people with disabilities. While large productions are increasingly taking this into account by adding accessibility features, this aspect is usually completely absent in indie productions due to a lack of resources. To facilitate the implementation of accessibility features, Klemens Strasser developed a freely accessible toolkit for the Unity game engine as part of his master's thesis at the Institute of Interactive Systems and Data Science at Graz University of Technology (TU Graz). It is available for free on GitHub. This makes it easy to integrate support tools for people with visual impairments into a games project. Together with his master's thesis supervisor Johanna Pirker, Klemens Strasser has now published the toolkit and an action guide for more accessibility in games in a paper.


						
Help with orientation

When creating the "toolbox," Klemens Strasser focused on four points: (1) support in operating menus, (2) perception of the game environment as well as (3) control on a fixed grid and (4) free navigation if the character can move in all directions. The first three points could be solved with a screen reader, but for the free navigation a so-called navigation agent had to be implemented. This guides the players to a destination they have specified via an audio signal after it has calculated the route to get there.

For the screen reader solution to facilitate menu operation, environmental perception and control on a grid, it was first necessary to capture all visible and usable objects and characters on the screen. A tool known as an accessibility signifier was used to recognise the elements and assign them a label, traits, value and description. The game transfers this information to the screen reader used by the players, which reads it out to them.

Developers with positive feedback

The toolkit was evaluated in a test with nine game developers, all of whom have a university background in software engineering. Their task was to implement it in a simple match-3 game in which the aim is to arrange three identical symbols or elements next to each other by moving them. The feedback from the developers was consistently positive. The implementation was described as simple, the task was easy to understand and they comfortably found their way around the toolkit. Before the test, only three of the developers had worked with accessibility features, but afterwards most of them wanted to use them for their next project.

"Games should be open to as many people as possible, which is why it is so important to make them more accessible for people with disabilities," says Klemens Strasser. "With the Accessibility Toolkit for Unity, we want to make it as easy as possible for indie developers to implement these options. Since, according to the WHO, 253 million people worldwide live with a visual impairment, this would include a very large group. Nevertheless, there is still a lot to be done here, as there are numerous other impairments for which easy-to-implement solutions should be provided." The Game Lab at TU Graz is constantly carrying out research on such solutions and other topics relating to accessibility in computer games.

Years of success as an independent game developer

Klemens Strasser himself has been working on the topic of accessibility for games for several years. Even during his studies and after completing his Master's degree in Computer Science at Graz University of Technology (TU Graz), he independently developed games that take accessibility into account. In 2015, he won the Apple Design Award in the Student category with his game Elementary Minute, and was nominated for the award in the Inclusivity category in 2022 with Letter Rooms and 2023 with the Ancient Board Game Collection. His games published for iOS have been downloaded over 200,000 times to date.

Link to the toolkit on GitHub: https://github.com/KlemensStrasser/KAP
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For people who speak many languages, there's something special about their native tongue | ScienceDaily
A new study of people who speak many languages has found that there is something special about how the brain processes their native language.


						
In the brains of these polyglots -- people who speak five or more languages -- the same language regions light up when they listen to any of the languages that they speak. In general, this network responds more strongly to languages in which the speaker is more proficient, with one notable exception: the speaker's native language. When listening to one's native language, language network activity drops off significantly.

The findings suggest there is something unique about the first language one acquires, which allows the brain to process it with minimal effort, the researchers say.

"Something makes it a little bit easier to process -- maybe it's that you've spent more time using that language -- and you get a dip in activity for the native language compared to other languages that you speak proficiently," says Evelina Fedorenko, an associate professor of neuroscience at MIT, a member of MIT's McGovern Institute for Brain Research, and the senior author of the study.

Saima Malik-Moraleda, a graduate student in the Speech and Hearing Bioscience and Technology Program at Harvard University, and Olessia Jouravlev, a former MIT postdoc who is now an associate professor at Carleton University, are the lead authors of the paper, which appears today in the journal Cerebral Cortex.

Many languages, one network

The brain's language processing network, located primarily in the left hemisphere, includes regions in the frontal and temporal lobes. In a 2021 study, Fedorenko's lab found that in the brains of polyglots, the language network was less active when listening to their native language than the language networks of people who speak only one language.




In the new study, the researchers wanted to expand on that finding and explore what happens in the brains of polyglots as they listen to languages in which they have varying levels of proficiency. Studying polyglots can help researchers learn more about the functions of the language network, and how languages learned later in life might be represented differently than a native language or languages.

"With polyglots, you can do all of the comparisons within one person. You have languages that vary along a continuum, and you can try to see how the brain modulates responses as a function of proficiency," Fedorenko says.

For the study, the researchers recruited 34 polyglots, each of whom had at least some degree of proficiency in five or more languages but were not bilingual or multilingual from infancy. Sixteen of the participants spoke 10 or more languages, including one who spoke 54 languages with at least some proficiency.

Each participant was scanned with functional magnetic resonance imaging (fMRI) as they listened to passages read in eight different languages. These included their native language, a language they were highly proficient in, a language they were moderately proficient in, and a language in which they described themselves as having low proficiency.

They were also scanned while listening to four languages they didn't speak at all. Two of these were languages from the same family (such as Romance languages) as a language they could speak, and two were languages completely unrelated to any languages they spoke.

The passages used for the study came from two different sources, which the researchers had previously developed for other language studies. One was a set of Bible stories recorded in many different languages, and the other consisted of passages from "Alice in Wonderland" translated into many languages.




Brain scans revealed that the language network lit up the most when participants listened to languages in which they were the most proficient. However, that did not hold true for the participants' native languages, which activated the language network much less than non-native languages in which they had similar proficiency. This suggests that people are so proficient in their native language that the language network doesn't need to work very hard to interpret it.

"As you increase proficiency, you can engage linguistic computations to a greater extent, so you get these progressively stronger responses. But then if you compare a really high-proficiency language and a native language, it may be that the native language is just a little bit easier, possibly because you've had more experience with it," Fedorenko says.

Brain engagement

The researchers saw a similar phenomenon when polyglots listened to languages that they don't speak: Their language network was more engaged when listening to languages related to a language that they could understand, than compared to listening to completely unfamiliar languages.

"Here we're getting a hint that the response in the language network scales up with how much you understand from the input," Malik-Moraleda says. "We didn't quantify the level of understanding here, but in the future we're planning to evaluate how much people are truly understanding the passages that they're listening to, and then see how that relates to the activation."

The researchers also found that a brain network known as the multiple demand network, which turns on whenever the brain is performing a cognitively demanding task, also becomes activated when listening to languages other than one's native language.

"What we're seeing here is that the language regions are engaged when we process all these languages, and then there's this other network that comes in for non-native languages to help you out because it's a harder task," Malik-Moraleda says.

In this study, most of the polyglots began studying their non-native languages as teenagers or adults, but in future work, the researchers hope to study people who learned multiple languages from a very young age. They also plan to study people who learned one language from infancy but moved to the United States at a very young age and began speaking English as their dominant language, while becoming less proficient in their native language, to help disentangle the effects of proficiency versus age of acquisition on brain responses.

The research was funded by the McGovern Institute for Brain Research, MIT's Department of Brain and Cognitive Sciences, and the Simons Center for the Social Brain.
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Would the highly sensitive transparent ultrasound transducer revolutionize biomedical imaging technology? | ScienceDaily
The 'ultrasound-photoacoustic dual-modal imaging system' combines molecular imaging contrast with ultrasound imaging, and it can visualize molecular and structural information inside the body in real-time without any ionizing radiation. This advantage gives it the potential to enhance medical diagnosis by providing diverse physiological and histological information, ensuring greater accuracy and safety for patients. However, optical and ultrasound pathway integration always reduces the system's performance in conventional ultrasound transducers. Therefore, a novel transducer that can achieve simple and seamless integration is crucial for practical application.


						
Professor Chulhong Kim (Department of Electrical Engineering, the Department of Convergence IT Engineering, the Department of Mechanical Engineering, and the School of Convergence Science and Technology), Dr. Seonghee Cho (Department of Electrical Engineering), and Ph.D. candidate Minsu Kim (Department of Convergence IT Engineering) at Pohang University of Science and Technology (POSTECH), addressed challenges inherent in conventional ultrasound-photoacoustic systems by developing a novel transparent ultrasonic transducer (TUT) showcasing high performance. Their research findings have been published in the 'Nature Communications.'

An ultrasound transducer transmits or receives ultrasound. Conventional ultrasound transducers are typically made using multiple opaque layers to maximize acoustic performance, and they cannot be seamlessly integrated into light pathways. This fundamental limitation always diminishes the performance of both optical and ultrasound systems. While many recent research projects actively explore the use of transparent materials in TUTs to address this issue, achieving transparency and best acoustic performance across all transducer layers continues to be a problem.

This research demonstrates a transparent material using a silicon dioxide (SiO2)-epoxy composite and applies it to a novel TUT. The novel TUT exhibits exceptional optical transparency (>80%) and maintains the same bandwidth (+-30% at the center frequency) as conventional opaque ultrasound transducers.

Using the novel TUT in the ultrasound-photoacoustic dual-modal system resulted in depth-to-resolution ratios, surpassing 500 for ultrasound imaging and 370 for photoacoustic imaging. These ratios are three to six times higher than those of traditional photoacoustic single systems. Notably, this research breaks the conventional limit of a depth-to-resolution ratio 200 in photoacoustic research, achieving 370.

This imaging system also easily conducted intricate structural and functional imaging of live animals and humans.

POSTECH Professor Chulhong Kim expressed his optimism, stating, "The application of this technology extends across various medical devices, encompassing tasks like using light stimulation for cell manipulation, employing laser surgery for tumor removal, and employing ultrasound for the examination of residual tissue." He added, "Our aspiration is that this research will be beneficial in diverse fields including those employing ultrasound and optical sensors such as mobile devices and robotics."

The research was conducted with support from the Mid-Career Researcher Program, the Sejong Fellowship Program, the Governmental Medical Device R&D Program, the BK21, the BRIDGE project, and the Program for Key Research Institutes for Universities of the National Research Foundation of Korea.
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Going top shelf with AI to better track hockey data | ScienceDaily
Researchers from the University of Waterloo got a valuable assist from artificial intelligence (AI) tools to help capture and analyze data from professional hockey games faster and more accurately than ever before, with big implications for the business of sports.


						
The growing field of hockey analytics currently relies on the manual analysis of video footage from games. Professional hockey teams across the sport, notably in the National Hockey League (NHL), make important decisions regarding players' careers based on that information.

"The goal of our research is to interpret a hockey game through video more effectively and efficiently than a human," said Dr. David Clausi, a professor in Waterloo's Department of Systems Design Engineering. "One person cannot possibly document everything happening in a game."

Hockey players move fast in a non-linear fashion, dynamically skating across the ice in short shifts. Apart from numbers and last names on jerseys that are not always visible to the camera, uniforms aren't a robust tool to identify players -- particularly at the fast-paced speed hockey is known for. This makes manually tracking and analyzing each player during a game very difficult and prone to human error.

The AI tool developed by Clausi, Dr. John Zelek, a professor in Waterloo's Department of Systems Design Engineering, research assistant professor Yuhao Chen, and a team of graduate students use deep learning techniques to automate and improve player tracking analysis.

The research was undertaken in partnership with Stathletes, an Ontario-based professional hockey performance data and analytics company. Working through NHL broadcast video clips frame-by-frame, the research team manually annotated the teams, the players and the players' movements across the ice. They ran this data through a deep learning neural network to teach the system how to watch a game, compile information and produce accurate analyses and predictions.

When tested, the system's algorithms delivered high rates of accuracy. It scored 94.5 per cent for tracking players correctly, 97 per cent for identifying teams and 83 per cent for identifying individual players.

The research team is working to refine their prototype, but Stathletes is already using the system to annotate video footage of hockey games. The potential for commercialization goes beyond hockey. By retraining the system's components, it can be applied to other team sports such as soccer or field hockey.

"Our system can generate data for multiple purposes," Zelek said. "Coaches can use it to craft winning game strategies, team scouts can hunt for players, and statisticians can identify ways to give teams an extra edge on the rink or field. It really has the potential to transform the business of sport."
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Dangers of smell impairment highlighted in new research | ScienceDaily
More than a third of people who self-identify as having a smell disorder have had at least one gas safety scare in the last five years, according to new research.


						
The study, led by the University of East Anglia (UEA) in collaboration with the charity Fifth Sense, asked people who cannot smell well what safety concerns they had and if they had experienced any hazardous events.

A total of 432 people responded to the online survey, which was conducted from February 25 to September 28, 2022, and distributed via the charity.

It revealed that a significant majority of participants (85.9pc) are concerned about safety, particularly regarding gas leaks, smoke, and spoiled food.

The study highlights that over five years, a substantial number of respondents encountered hazardous events related to their condition, emphasising the impact of smell loss on personal safety and emotional wellbeing.

During the previous five years, 32.2pc of respondents had experienced a safety concern related to food, 14.8pc a gas incident in which someone was hurt, 34.5pc a gas scare and 18.5pc a safety incident at work.

Lead researcher Dr Liam Lee said: "This study underscores the critical importance of addressing safety concerns for individuals with olfactory dysfunction.




"The findings show that smell loss significantly affects personal safety and emotional wellbeing. But we can help by finding ways to make things safer for them.

"We could teach people about the risks and make tools like 'scratch and sniff' cards1 to help them recognise dangerous smells."

Before 2020, more than three million people in the UK (5pc of the population) were estimated to be affected by smell loss.

Now around a further one million people are also thought to have persistent problems following a Covid-19 infection.

Some people lose their sense of smell completely (anosmia). Others may experience a reduced sense of smell (hyposmia), unpleasant distorted smells (parosmia) or smell hallucinations (phantosmia).

These changes may be accompanied by loss of or changes to the sense of taste.




A total of 95 people who responded to the survey (22pc) reported a Covid-19 infection as the cause of their olfactory dysfunction.

Co-author Professor Carl Philpott, of UEA's Norwich Medical School, said: "While most respondents reported not experiencing any adverse events, it's noteworthy that among those without any gas-related incidents, a common reason cited was the deliberate avoidance of living in environments with gas installations due to fear and anxiety of potential accidents."

Prof Philpott helped to found Fifth Sense with Duncan Boak, who is chief executive of the charity which supports people affected by smell and taste disorders.

Mr Boak said: "This research highlights an important, yet unrecognised, public health issue with serious safety implications.

"Yet there are a lack of treatment options for these sensory impairments and only a handful of specialist smell and taste clinics in England, with none in Scotland, Wales or Northern Ireland.

"Another issue is that we don't routinely test the sense of smell which means that these problems often get missed with people not getting the care they need, or support and information to help them stay safe at home.

"I hope that our research serves as a prompt for policymakers and the NHS to start working with us to address what is a major health inequality."

In 2016, Hannah Martin experienced a gas scare that could have had serious consequences. The 32-year-old, who works in financial services and lives in Littlehampton, lost her sense of smell after a viral infection when she was 18.

However, she felt comfortable using all her family's gas appliances as she had always cooked with her mum from when she was very young.

She said: "This particular evening I was preparing dinner for my mum and I, I ensured the eye-level grill had lit and then turned my back in order to prepare the next part of the meal.

"I'm unsure how much time passed but all of a sudden, my mum came running down the stairs and yelled 'don't touch anything that may cause an ignition, I can smell gas all the way on the next floor up'."

When they checked they found the grill had gone out and Hannah had no idea, even though she had been in the kitchen the entire time.

Hannah said: "I felt horrified when this happened as if I had managed to blow up the kitchen, we have a household of five people on each side of us and there would've been no way to warn them at the time. The thought of injuring all those innocent people absolutely terrified me.

"The incident made me lose confidence in myself as from then on I always had to make sure that there was somebody in the kitchen with me if I planned to use any of our gas appliances to prevent it from happening again."

The scare led to her family finding the Fifth Sense charity, whose safety information they followed diligently, such as ordering detectors to keep Hannah and everyone in the household safe. It helped her to regain her confidence in the kitchen and be able to cook independently again.

She said: "It has majorly impacted my mental health and Fifth Sense's safety information has literally saved my life. My quality of life would not be what it is without the work that Duncan and his team do. My only regret is that I didn't find them sooner."

Fifth Sense is working in partnership with Cadent, the UK's largest gas distribution network, to highlight this issue and ensure that people with a poor, altered or no sense of smell have the information and support they need to stay safe and well at home.

Mark Belmega, Director of Social Purpose and Sustainability at Cadent, said: "It's really important that we help keep those with anosmia and other smell disorders, safe around gas.

"We know cases have increased following the Covid-19 pandemic and so we're proud to work in collaboration with Fifth Sense to amplify key gas safety tips, including regularly servicing gas appliances, joining the Priority Services Register and getting gas and CO detectors fitted at home."

The researchers noted a limitation of the study was that the data was self-reported and there could also be a sampling bias of charity members who are already seeking support.
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Researchers uncover protein responsible for cold sensation | ScienceDaily
University of Michigan researchers have identified the protein that enables mammals to sense cold, filling a long-standing knowledge gap in the field of sensory biology.


						
The findings, published in Nature Neuroscience, could help unravel how we sense and suffer from cold temperature in the winter, and why some patients experience cold differently under particular disease conditions.

"The field started uncovering these temperature sensors over 20 years ago, with the discovery of a heat-sensing protein called TRPV1," said neuroscientist Shawn Xu, a professor at the U-M Life Sciences Institute and a senior author of the new research.

"Various studies have found the proteins that sense hot, warm, even cool temperatures -- but we've been unable to confirm what senses temperatures below about 60 degrees Fahrenheit."

In a 2019 study, researchers in Xu's lab discovered the first cold-sensing receptor protein in Caenorhabditis elegans, a species of millimeter-long worms that the lab studies as a model system for understanding sensory responses.

Because the gene that encodes the C. elegans protein is evolutionarily conserved across many species, including mice and humans, that finding provided a starting point for verifying the cold sensor in mammals: a protein called GluK2 (short for Glutamate ionotropic receptor kainate type subunit 2).

For this latest study, a team of researchers from the Life Sciences Institute and the U-M College of Literature, Science, and the Arts tested their hypothesis in mice that were missing the GluK2 gene, and thus could not produce any GluK2 proteins. Through a series of experiments to test the animals' behavioral reactions to temperature and other mechanical stimuli, the team found that the mice responded normally to hot, warm and cool temperatures, but showed no response to noxious cold.




GluK2 is primarily found on neurons in the brain, where it receives chemical signals to facilitate communication between neurons. But it is also expressed in sensory neurons in the peripheral nervous system (outside the brain and spinal cord).

"We now know that this protein serves a totally different function in the peripheral nervous system, processing temperature cues instead of chemical signals to sense cold," said Bo Duan, U-M associate professor of molecular, cellular, and developmental biology and co-senior author of the study.

While GluK2 is best known for its role in the brain, Xu speculates that this temperature-sensing role may have been one of the protein's original purposes. The GluK2 gene has relatives across the evolutionary tree, going all the way back to single-cell bacteria.

"A bacterium has no brain, so why would it evolve a way to receive chemical signals from other neurons? But it would have great need to sense its environment, and perhaps both temperature and chemicals," said Xu, who is also a professor of molecular and integrative physiology at the U-M Medical School. "So I think temperature sensing may be an ancient function, at least for some of these glutamate receptors, that was eventually co-opted as organisms evolved more complex nervous systems."

In addition to filling a gap in the temperature-sensing puzzle, Xu believes the new finding could have implications for human health and well-being. Cancer patients receiving chemotherapy, for example, often experience painful reactions to cold.

"This discovery of GluK2 as a cold sensor in mammals opens new paths to better understand why humans experience painful reactions to cold, and even perhaps offers a potential therapeutic target for treating that pain in patients whose cold sensation is overstimulated," Xu said.

The research was supported by the National Institutes of Health. All procedures performed in mice were approved by the Institutional Animal Care and Use Committee and performed in accordance with the institutional guidelines.

Study authors are: Wei Cai, Wenwen Zhang, Chia Chun Hor, Tong Pan, Mahar Fatima, Bo Duan and X.Z. Shawn Xu of the University of Michigan; and Qin Zheng and Xinzhong Dong of the Johns Hopkins University School of Medicine
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Flexible artificial intelligence optoelectronic sensors towards health monitoring | ScienceDaily
From creating images, generating text, and enabling self-driving cars, the potential uses of artificial intelligence (AI) are vast and transformative. However, all this capability comes at a very high energy cost. For instance, estimates indicate that training OPEN AI's popular GPT-3 model consumed over 1,287 MWh, enough to supply an average U.S. household for 120 years. This energy cost poses a substantial roadblock, particularly for using AI in large-scale applications like health monitoring where large amounts of critical health information are sent to centralized data centers for processing. This not only consumes a lot of energy but also raises concerns about sustainability, bandwidth overload, and communication delays.


						
Achieving AI-based health monitoring and biological diagnosis requires a standalone sensor that operates independently without the need for constant connection to a central server. At the same time, the sensor must have a low power consumption for prolonged use, should be capable of handling the rapidly changing biological signals for real-time monitoring, be flexible enough to attach comfortably to the human body, and be easy to make and dispose of due to the need for frequent replacements for hygiene reasons.

Considering these criteria, researchers from Tokyo University of Science (TUS) led by Associate Professor Takashi Ikuno have developed a flexible paper-based sensor that operates like the human brain. Their findings were published online in the journal Advanced Electronic Materialson 22 February 2024.

"A paper-based optoelectronic synaptic device composed of nanocellulose and ZnO was developed for realizing physical reservoir computing. This device exhibits synaptic behavior and cognitive tasks at a suitable timescale for health monitoring," says Dr. Ikuno.

In the human brain, information travels between networks of neurons through synapses. Each neuron can process information on its own, enabling the brain to handle multiple tasks at the same time. This ability for parallel processing makes the brain much more efficient compared to traditional computing systems. To mimic this capability, the researchers fabricated a photo-electronic artificial synapse device composed of gold electrodes on top of a 10 mm transparent film consisting of zinc oxide (ZnO) nanoparticles and cellulose nanofibers (CNFs).

The transparent film serves three main purposes. Firstly, it allows light to pass through, enabling it to handle optical input signals representing various biological information. Secondly, the cellulose nanofibers impart flexibility and can be easily disposed of by incineration. Thirdly, the ZnO nanoparticles are photoresponsive and generate a photocurrent when exposed to pulsed UV light and a constant voltage. This photocurrent mimics the responses transmitted by synapsis in the human brain, enabling the device to interpret and process biological information received from optical sensors.

Notably, the film was able to distinguish 4-bit input optical pulses and generate distinct currents in response to time-series optical input, with a rapid response time on the order of subseconds. This quick response is crucial for detecting sudden changes or abnormalities in health-related signals. Furthermore, when exposed to two successive light pulses, the electrical current response was stronger for the second pulse. This behavior termed post-potentiation facilitation contributes to short-term memory processes in the brain and enhances the ability of synapses to detect and respond to familiar patterns.

To test this, the researchers converted MNIST images, a dataset of handwritten digits, into 4-bit optical pulses. They then irradiated the film with these pulses and measured the current response. Using this data as input, a neural network was able to recognize handwritten numbers with an accuracy of 88%.

Remarkably, this handwritten-digit recognition capability remained unaffected even when the device was repeatedly bent and stretched up to 1,000 times, demonstrating its ruggedness and feasibility for repeated use. "This study highlights the potential of embedding semiconductor nanoparticles in flexible CNF films for use as flexible synaptic devices for PRC," concludes Dr. Ikuno.

Let us hope that these advancements pave the way for wearable sensors in health monitoring applications!
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Happiness can be learnt, but you have to work at it | ScienceDaily
We can learn to be happy, but only get lasting benefits if we keep practising, a first-of-its-kind study has revealed.


						
The team behind the University of Bristol's 'Science of Happiness' course had already discovered that teaching students the latest scientific studies on happiness created a marked improvement in their wellbeing.

But their latest study found that these wellbeing boosts are short-lived unless the evidence-informed habits learnt on the course -- such as gratitude, exercise, meditation or journaling -- are kept up over the long-term.

Senior author Prof Bruce Hood said: "It's like going to the gym -- we can't expect to do one class and be fit forever. Just as with physical health, we have to continuously work on our mental health, otherwise the improvements are temporary."

Launched in 2018, the University of Bristol's Science of Happiness course was the first of its kind in the UK. It involves no exams or coursework, and teaches students what the latest peer-reviewed studies in psychology and neuroscience say really makes us happy.

Students who took the course reported a 10 to 15% improvement in wellbeing. But only those who continued implementing the course learnings maintained that improved wellbeing when they were surveyed again two years on.

Published in the journal Higher Education, is the first to track wellbeing of students on a happiness course long after they have left the course.




Prof Hood said: "This study shows that just doing a course -- be that at the gym, a meditation retreat or on an evidence-based happiness course like ours -- is just the start: you must commit to using what you learn on a regular basis.

"Much of what we teach revolves around positive psychology interventions that divert your attention away from yourself, by helping others, being with friends, gratitude or meditating.

"This is the opposite of the current 'selfcare' doctrine, but countless studies have shown that getting out of our own heads helps gets us away from negative ruminations which can be the basis of so many mental health problems."

Prof Hood has distilled the Science of Happiness course into a new book, out on March 10. 'The Science of Happiness: Seven Lessons for Living Well' reveals an evidence-informed roadmap to better wellbeing.

The other paper authors are fellow University of Bristol academics Catherine Hobbs and Sarah Jelbert, and Laurie R Santos, a Yale academic whose course inspired Bristol's Science of Happiness course.
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        Information overload is a personal and societal danger
        We are all aware of the dangers of pollution to our air, water, and earth. In a recently published letter, scientists are advocating for the recognition and mitigation of another type of environmental pollution that poses equivalent personal and societal dangers: information overload.

      

      
        Dolphin-kick swimming maximizes water-flow utilization with increasing speed
        Researchers investigated the propulsion mechanism by visualizing water flow around a swimmer during underwater dolphin-kick swimming in a water channel via particle image velocimetry. Their findings revealed that swimmers can utilize water flow and vortexes more effectively as their speed increases.

      

      
        Surprising insights about debris flows on Mars
        The period that liquid water was present on the surface of Mars may have been shorter than previously thought. Channel landforms called gullies, previously thought to be formed exclusively by liquid water, can also be formed by the action of evaporating CO2 ice, according to a new study.

      

      
        Perovskite solar cells: Vacuum process may offer a short track to commercialization
        Which process is best suited for mass production of perovskite solar cells? While solvent-based manufacturing processes are used in laboratories around the world, vacuum vapor-phase deposition processes are still the standard for the production of thin films for photovoltaics or organic light-emitting diodes. A new study that reveals major differences in the scientific discussion of these production processes.

      

      
        Ancient ice may still exist in distant space objects, researchers find
        A new paper presents findings about the Kuiper Belt Object 486958 Arrokoth, shedding new light on the preservation of volatile substances like carbon monoxide in such distant celestial bodies. The research uses Arrokoth as a case study to propose that many Kuiper Belt Objects -- remnants from the dawn of our solar system -- could still retain their original volatile ices, challenging previous notions about the evolutionary path of these ancient entities.

      

      
        How to upcycle low-energy light
        To combine two low-energy photons into one high-energy photon efficiently, the energy must be able to hop freely, but not too quickly, between randomly oriented molecules of a solid. The discovery provides a much-needed design guideline for developing materials for more efficient PV cells, displays, or even anti-cancer therapies.

      

      
        What kinds of seismic signals did Swifties send at LA concert?
        Seattle may have experienced its own Swift Quake last July, but at an August 2023 concert Taylor Swift's fans in Los Angeles gave scientists a lot of shaking to ponder. After some debate, a research team concluded that it was likely the dancing and jumping motions of the audience at SoFi Stadium -- not the musical beats or reverberations of the sound system -- that generated the concert's distinct harmonic tremors.

      

      
        AI for astrophysics: Algorithms help chart the origins of heavy elements
        The origin of heavy elements in our universe is theorized to be the result of neutron star collisions, which produce conditions hot and dense enough for free neutrons to merge with atomic nuclei and form new elements in a split-second window of time. Testing this theory and answering other astrophysical questions requires predictions for a vast range of masses of atomic nuclei. Scientists are using machine learning algorithms to successfully model the atomic masses of the entire nuclide chart -- ...

      

      
        Robot ANYmal can do parkour and walk across rubble
        The quadrupedal robot ANYmal went back to school and has learned a lot. Researchers used machine learning to teach it new skills: the robot can now climb over obstacles and successfully negotiate pitfalls.

      

      
        Cheers! NASA's Webb finds ethanol, other icy ingredients for worlds
        What do margaritas, vinegar, and ant stings have in common? They contain chemical ingredients that NASA's James Webb Space Telescope has identified surrounding two young protostars known as IRAS 2A and IRAS 23385. Although planets are not yet forming around those stars, these and other molecules detected there by Webb represent key ingredients for making potentially habitable worlds.

      

      
        Supply chain disruptions will further exacerbate economic losses from climate change
        Global GDP loss from climate change will increase exponentially the warmer the planet gets when its cascading impact on global supply chains is factored in, finds a new study.

      

      
        Explaining a supernova's 'string of pearls'
        Physicists often turn to the Rayleigh-Taylor instability to explain why fluid structures form in plasmas, but that may not be the full story when it comes to the ring of hydrogen clumps around supernova 1987A, research suggests. It looks like the same mechanism that breaks up airplane contrails might be at play in forming the clumps of hydrogen gas that ring the remnant of supernova 1987A.

      

      
        Giant volcano discovered on Mars
        A deeply eroded giant volcano, active from ancient through recent times and with possible remnants of glacier ice near its base, had been hiding near Mars' equator in plain sight. Its discovery points to an exciting new place to search for life, and a potential destination for future robotic and human exploration.

      

      
        Scientists develop ultra-thin semiconductor fibers that turn fabrics into wearable electronics
        Scientists have developed ultra-thin semiconductor fibers that can be woven into fabrics, turning them into smart wearable electronics.

      

      
        'Find pearls in the soil' unveiling the magic of hydrogen production from municipal sewage
        Scientists have developed a catalyst for the urea oxidation reaction, enhancing hydrogen generation efficiency.

      

      
        Opening new doors in the VR world, literally
        Recreating the action of opening doors in the virtual world requires engineering ways in which to provide the equivalent haptic feedback and steer users away from walls in the real world. A research group has done just this; developing RedirectedDoors+, which employs door robots and rotation to create a more realistic experience.

      

      
        Revolutionary phenomenon in liquid crystals
        Scientists have unveiled a new principle of motion in the microworld, where objects can move in a directed manner simply by changing their sizes periodically within a substance known as liquid crystal.

      

      
        Scientists reveal the first unconventional superconductor that can be found in mineral form in nature
        Scientists have identified the first unconventional superconductor with a chemical composition also found in nature.

      

      
        Molecular simulations of ammonia mixtures support search for renewable fuels
        Ammonia is an important molecule with many applications. The end product of the famed Haber-Bosch process, it is commonly synthesized to capture nitrogen for fertilizers, and is used for refrigeration, in cleaning products, and in the production of pharmaceuticals. Recently, this modest molecule has also attracted interest as a potential resource for addressing one of today's most pressing challenges -- the need for reliable and abundant renewable fuels.

      

      
        New high-performance solar cell material
        A new study reports the discovery of an entirely new stable, earth-abundant, high-performance material for solar absorbers -- the central part of a solar cell that turns light into electricity. While identifying new solar materials is typically very time-consuming, the researchers used a unique high-throughput computational screening method to quickly evaluate around 40,000 candidate materials.

      

      
        Study brings scientists a step closer to successfully growing plants in space
        New, highly stretchable sensors can monitor and transmit plant growth information without human intervention. The polymer sensors are resilient to humidity and temperature, can stretch over 400% while remaining attached to a plant as it grows and send a wireless signal to a remote monitoring location, said a chemical and biomolecular engineering professor.

      

      
        New study quantifies health impacts from oil and gas flaring in U.S.
        A new study finds that pollution from oil and gas venting and flaring results in $7.4 billion in health damages, more than 700 premature deaths, and 73,000 asthma exacerbations among children annually. Researchers also conclude that emissions are underreported and controlling emissions is not only profitable for operators, but also can significantly improve public health in surrounding communities.

      

      
        Batteries for airborne electric vehicles that take off and land vertically
        Researchers are taking cleaner transportation to the skies by creating and evaluating new batteries for airborne electric vehicles that take off and land vertically. Researchers are developing new energy-dense materials, learning how these materials degrade under extreme conditions, and developing battery control systems.

      

      
        Spiral wrappers switch nanotubes from conductors to semiconductors and back
        By wrapping a carbon nanotube with a ribbon-like polymer, researchers were able to create nanotubes that conduct electricity when struck with low-energy light that our eyes cannot see. In the future, the approach could make it possible to optimize semiconductors for applications ranging from night vision to new forms of computing.

      

      
        A sprayable gel could make minimally invasive surgeries simpler and safer
        The new GastroShield gel can be sprayed through an endoscope after polyps are removed during colonoscopy, protecting the gut and helping prevent complications from weakened gastrointestinal tissues.

      

      
        Have metalenses expanded their reach into the ultraviolet region?
        A team achieves successful mass production of metalenses designed for application in the ultraviolet region.

      

      
        AI making waves in marine data collection
        Numerous measurement stations around the world provide us with data about air quality, allowing us to enhance it. Although we are increasingly collecting data from marine areas, access to such data is considerably more challenging. Signals are poorly transmitted through water, differences in both pressure and currents hinder measurement devices and there is an absence of pre-constructed computing infrastructure. Could intelligent technologies help us improve marine data collection?

      

      
        Scientists develop a rapid gene-editing screen to find effects of cancer mutations
        Researchers found a way to screen cancer-linked gene mutations much more easily and quickly than existing approaches, using a variant of CRISPR genome-editing known as prime editing.

      

      
        Scientists propose new theory that explains sand ripples on Mars and on Earth
        Sand ripples are symmetrical. Yet wind -- which causes them -- is very much not. Furthermore, sand ripples can be found on Mars and on Earth. They would be even more fascinating if the same effect found on Mars could be found here on Earth as well. What if one unified theory could explain their formation on both planets?

      

      
        You didn't see it coming: The spontaneous nature of turbulence
        Scientists have shown in theoretical models of turbulence that even molecular motions can create large-scale patterns of randomness over a defined period of time.

      

      
        New traffic signal would improve travel time for both pedestrians and vehicles
        Adding a fourth light to traffic signals -- in addition to red, green and yellow -- would shorten wait times at street corners for pedestrians, as well as improve traffic flow for both autonomous vehicles and human drivers. And the more autonomous vehicles there are in the traffic network, the shorter the wait times for everyone.

      

      
        Powerful new tool ushers in new era of quantum materials research
        Research in quantum materials is paving the way for groundbreaking discoveries and is poised to drive technological advancements that will redefine the landscapes of industries like mining, energy, transportation, and medtech. A technique called time- and angle-resolved photoemission spectroscopy (TR-ARPES) has emerged as a powerful tool, allowing researchers to explore the equilibrium and dynamical properties of quantum materials via light-matter interaction.

      

      
        Mathematicians use AI to identify emerging COVID-19 variants
        Scientists have developed an AI framework that can identify and track new and concerning COVID-19 variants and could help with other infections in the future.

      

      
        Cicadas' unique urination unlocks new understanding of fluid dynamics
        While most small insects and mammals urinate in droplets, cicadas urinate in jets. Researchers say the finding could be used to create better robots and small nozzles.

      

      
        A new sensor detects harmful 'forever chemicals' in drinking water
        A new sensor can detect 'forever chemicals' known as PFAS (perfluoroalkyl and polyfluoroalkyl substances) in drinking water. PFAS are found in many consumer products and are linked to cancer and other health problems.

      

      
        Robotic interface masters a soft touch
        Researchers have developed a haptic device capable of reproducing the softness of various materials, from a marshmallow to a beating heart, overcoming a deceptively complex challenge that has previously eluded roboticists.

      

      
        Giving particle detectors a boost
        Researchers have tested the performance of a new device that boosts particle signals.

      

      
        GPS nanoparticle platform precisely delivers therapeutic payload to cancer cells
        A newly developed 'GPS nanoparticle' injected intravenously can home in on cancer cells to deliver a genetic punch to the protein implicated in tumor growth and spread, according to researchers. They tested their approach in human cell lines and in mice to effectively knock down a cancer-causing gene, reporting that the technique may potentially offer a more precise and effective treatment for notoriously hard-to-treat basal-like breast cancers.

      

      
        Accessibility toolkit for game engine Unity
        New work makes it easier for game developers to implement game aids for people with disabilities. The toolkit focuses on players with visual impairments.

      

      
        Peering into the tendrils of NGC 604 with NASA's Webb
        The formation of stars and the chaotic environments they inhabit is one of the most well-studied, but also mystery-shrouded, areas of cosmic investigation. The intricacies of these processes are now being unveiled like never before by NASA's James Webb Space Telescope.

      

      
        Design rules and synthesis of quantum memory candidates
        In the quest to develop quantum computers and networks, there are many components that are fundamentally different than those used today. Like a modern computer, each of these components has different constraints. However, it is currently unclear what materials can be used to construct those components for the transmission and storage of quantum information.

      

      
        Would the highly sensitive transparent ultrasound transducer revolutionize biomedical imaging technology?
        A team develops an ultrasensitive broadband transparent ultrasound transducer.

      

      
        Going top shelf with AI to better track hockey data
        Researchers got a valuable assist from artificial intelligence (AI) tools to help capture and analyze data from professional hockey games faster and more accurately than ever before, with big implications for the business of sports.

      

      
        Flexible artificial intelligence optoelectronic sensors towards health monitoring
        Artificial intelligence (AI) is known for its high energy consumption, especially in data-intensive tasks like health monitoring. To address this, researchers have developed a flexible paper-based sensor composed of nanocellulose and zinc oxide (ZnO) nanoparticles that operates like the human eyes and brain. The sensor is energy-efficient, responds to optical input in real-time, and is both flexible and easy to dispose of, making it ideal for health monitoring applications.

      

      
        Breakthrough in nanostructure technology for real-time color display
        New groundbreaking technology enables the real-time display of colors and shapes through changes in nanostructures.

      

      
        AI may predict spread of lung cancer to brain
        Scientists trained a machine-learning algorithm to predict accurately brain metastasis using biopsy samples from early-stage non-small cell lung cancer patients. It was also highly accurate in predicting those patients who do not develop metastatic brain tumors.

      

      
        Nasa's Webb, Hubble telescopes affirm universe's expansion rate, puzzle persists
        When you are trying to solve one of the biggest conundrums in cosmology, you should triple check your homework. The puzzle, called the 'Hubble Tension,' is that the current rate of the expansion of the universe is faster than what astronomers expect it to be, based on the universe's initial conditions and our present understanding of the universe's evolution.

      

      
        Wearable tech captures real-time hemodynamics on the go
        Researchers have developed a photoacoustic imaging watch for high-resolution imaging of blood vessels in the skin. The wearable device could offer a non-invasive way to monitor hemodynamic indicators such as heart rate, blood pressure and oxygen saturation that can indicate how well a person's heart is working.

      

      
        Wrist device that monitors activity could help provide early warning of Alzheimer's
        Monitoring daily activity patterns using a wrist-worn device may detect early warning signs of Alzheimer's disease, according to a new study.

      

      
        Preventing magnet meltdowns before they can start
        High-temperature superconductor magnets have the potential to lower the costs of operating particle accelerators and enable powerful new technologies like fusion reactors. But quenches -- the sudden, destructive events wherein a part of the material loses superconductivity -- are a major barrier to their deployment. Scientists have developed an approach to prevent quenches altogether, rather than simply trying to manage them after they occur.
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Information overload is a personal and societal danger | ScienceDaily
We are all aware of the dangers of pollution to our air, water, and earth. In a letter recently published in Nature Human Behavior, scientists are advocating for the recognition and mitigation of another type of environmental pollution that poses equivalent personal and societal dangers: information overload.


						
With the internet at our fingertips with smartphones, we are exposed to an unprecedented amount of data far beyond our ability to process. The result is an inability to evaluate information and make decisions. Further, it can lead us to limit our social activities, feel unsatisfied with our jobs, as well as unmotivated, and generally negative. Economists estimate that it all comes at a global cost of about $1 trillion. On top of the emotional and cognitive effects, contextual and environmental considerations may add to the personal and economic costs.

The idea to explore information overload was incubated in a meeting of an international group of scientists two years ago, all of whom were supported by an E.U. grant for international collaboration. The E.U. team selected partners abroad including, for the third time, Rensselaer Polytechnic Institute's Network Science and Technology Center (NeST), led by Boleslaw Szymanski, Ph.D., professor of computer science, in the United States.

The researchers compare information overload to other historical shifts in society: open publishing brought about the need to filter out low-quality research from the vast number of accessible publications, the Industrial Revolution gave rise to air pollution, and environmental activists have helped usher in legal and economic changes to help curb pollution. Similarly, so-called "information pollution" or "data smog" must be addressed.

Through the lens of computer science, there are at least three levels of information overload: "neural and cognitive mechanisms on the individual level... information and decisions at the group level... (and) societal level interactions among individuals, groups, and information providers." These levels do not operate independently, so the flow of information may be treated as a multilevel network with nodes, which may give rise to an abrupt change. The researchers cite teamwork as an example: one team member's information overload may cause the group's performance to be hindered. It is a complex problem.

"We are calling for action in science, education, and legislation," said Szymanski. "We need further interdisciplinary research on information overload. Information ecology must be taught in school. We also need to start the conversation on legislative possibilities, akin to the Clean Air Act in the U.K. decades ago."

"Information overload can have severe implications," said Curt Breneman, Ph.D., dean of Rensselaer's School of Science. "It begins by eroding our emotional health, job performance, and satisfaction, subsequently influencing the actions of groups and ultimately, entire societies. I hope that Dr. Szymanski's letter, written with colleagues from across the world, will raise public awareness of the problem and enable solutions to be studied and implemented."

Szymanski was joined in authoring the letter by Janusz A. Holyst of Warsaw University of Technology, the principal investigator of the E.U. grant; Philipp Mayr of the Leibniz Institute for the Social Sciences; Michael Thelwall of University of Sheffield; Ingo Frommholz of University of Wolverhampton; Shlomo Havlin and Alon Sela of Bar-Ilan University; Yoed N. Kenett of Technion -- Israel Institute of Technology; Denis Helic of Modul University Vienna; Aljosa Rehar and Sebastijan R. Macek of Slovenian Press Agency; Przemyslaw Kazienko and Tomasz Kajdanowicz of Wroclaw University of Science and Technology; Przemyslaw Biecek of Warsaw University of and University of Warsaw; and Julian Sienkiewicz of Warsaw University of Technology.
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Dolphin-kick swimming maximizes water-flow utilization with increasing speed | ScienceDaily
Researchers from University of Tsukuba investigated the propulsion mechanism by visualizing water flow around a swimmer during underwater dolphin-kick swimming in a water channel via particle image velocimetry. Their findings revealed that swimmers can utilize water flow and vortexes more effectively as their speed increases.


						
The swimming motion imparts momentum to water, a fluid, thereby generating a propulsive force. Thus, we can understand the propulsion mechanism by examining the water flow generated by a swimmer's motion. However, observing colorless, transparent water with the naked eye or a camera is challenging. To address this issue, researchers employed particle image velocimetry, a technique utilized in fluid dynamics, to visualize water-flow patterns. They investigated how water flow changes as swimmers change their speed while executing the dolphin-kick swimming technique. This investigation was conducted in an experimental circulating-water channel (a pool with flowing water).

The results revealed that the water-flow velocity increased with increasing swimming speed during the underwater dolphin-kick lower-limb action, generating a strong vortex during the kicking action. This phenomenon possibly contributes to the increased propulsive force. Additionally, recycling of the flow generated during the downward-kick phase was observed during the transition to the upward-kick phase, with the effect becoming more pronounced as the swimming speed increased. This study marks the first observation of water-flow changes during dolphin-kick swimming at varying speeds.

This study is expected to advance research on water flow, a critical topic in swimming research. It offers scientific evidence for instructors to adopt kick-swimming techniques.

This work was supported by Japan Science and Technology Agency, Grant Number 22 K19725.
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Surprising insights about debris flows on Mars | ScienceDaily
The period that liquid water was present on the surface of Mars may have been shorter than previously thought. Channel landforms called gullies, previously thought to be formed exclusively by liquid water, can also be formed by the action of evaporating CO2 ice. That is the conclusion of a new study by Lonneke Roelofs, a planetary researcher at Utrecht University. "This influences our ideas about water on Mars in general, and therefore our search for life on the planet." The results of the study are published this week in the journal Communications Earth and Environment.


						
"The Martian atmosphere is 95% CO2," Lonneke Roelofs explains. "In winter, air temperatures drop below -120 degrees Celsius, which is cold enough for CO2 in the atmosphere to freeze." In the process of freezing, CO2 gas can change directly to CO2 ice, skipping the liquid phase. The process is similar to frost on Earth, where water vapour forms ice crystals and blankets the landscape in a white film. Warmer spring temperatures, combined with the thin Martian atmosphere, causes CO2 ice to evaporate directly back to gas, again skipping the liquid phase. "We call that 'sublimation'. The process is extremely explosive due to Mars' low air pressure. The created gas pressure pushes sediment grains apart causing the material to flow, similar to debris flows in mountainous areas on Earth. These flows can reshape the Martian landscape -- even in the absence of water."

Scientists have long hypothesised that CO2 ice could be a driving force behind these Martian landscape structures. "But those hypotheses were mainly based on models or satellite studies," Roelofs explains. "With our experiments in a so-called 'Mars chamber', we were able to simulate this process under Martian conditions. Using this specialised lab equipment we could directly study this process with our own eyes. We even observed that debris flows driven by CO2 ice under Martian conditions flow just as efficiently as the debris flows driven by water on Earth."

Extraterrestrial life

"We know for sure that there was once water on the surface of Mars. This study does not prove the contrary," Roelofs says. "But the emergence of life likely needs a long period where liquid water was present. Previously, we thought that these landscape structures were formed by debris flows driven by water, because of their similarity to debris flow systems on Earth. My research now shows that, in addition to debris flows powered by water, the sublimation of frozen CO2 can also serve as a driving force behind the formation of these Martian gully landscapes. That pushes the presence of water on Mars further into the past, making the chance of life on Mars smaller." And that makes us even more unique than we thought.

Why Mars?

But what makes someone interested in landscapes 330 million km away? "Mars is our closest neighbour. It's the only other rocky planet close to our solar system's 'green zone'. The zone is precisely far enough from the sun to allow for liquid water to exist, a prerequisite for life. So Mars is a place where we possibly can find answers to questions about how life developed, including potential extraterrestrial life," answers Roelofs. "Plus, studying the formation of landscape structures on other planets is a way for us to step outside our Earthly context. You ask different questions, which leads to new insights on processes here on Earth. For example, we can also observe the process of gas-driven debris flows in pyroclastic flows around volcanoes, here on Earth. So this research could contribute to a better understanding of terrestrial volcanic hazards."
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Perovskite solar cells: Vacuum process may offer a short track to commercialization | ScienceDaily
Over the past decade, perovskite-silicon tandem solar cells have demonstrated a stunning development. In research, efficiencies of more than 33 percent have been shown, exceeding by far those of conventional silicon-based solar cells. However, yet the technology has not reached the market. One of the major challenges is the unresolved question of which process is best suited for mass production of perovskite solar cells. While solvent-based manufacturing processes are used in laboratories around the world, vacuum vapor-phase deposition processes are still the standard for the production of thin films for photovoltaics or organic light-emitting diodes (OLEDs).


						
An international consortium of academic and industrial partners led by NREL and KIT has now published a comparative study that reveals major differences in the scientific discussion of these production processes. Tenure-Track Professor Ulrich W. Paetzold from the Institute of Microstructure Technology and Light Technology Institute of KIT explains: "98 percent of all scientific studies in 2022 dealt with solvent-based processes. Vacuum-based processes, on the other hand, have proven themselves in industry for many decades. Although they can decisively advance the commercialization of solar cells, they are heavily underrepresented."

Solvent-based manufacturing uses inks in which organic and inorganic salts are dissolved in a solvent. These inks can be deposited on the substrate surface using various printing techniques. Vacuum-based manufacturing, on the other hand, uses dry and solvent-free processes. Materials are sublimated in a vacuum under heat supply, i.e. they are converted from a solid to a gaseous state and condense on the substrate surface. It is also possible to combine both processes for the production of perovskite solar cells.

Laboratory efficiency and throughput are not everything in mass production

In their study, the authors analyzed the advantages and disadvantages of both methods. The dominance of solvent-based production in research is mainly due to its ease of use in the laboratory, its good efficiency under laboratory conditions, and its low cost. Scalable roll-to-roll production, as used in newspaper printing, is possible.

Vacuum-based production is associated with slightly higher investment costs. Deposition rates are still lower than those of solvent-based research production. However, the authors present a variety of solutions and conclude that vacuum-based technology is competitive in terms of real parameters such as energy costs, production yield, material costs, decommissioning costs, and recycling costs. The good reproducibility of deposition, the ease of process control, the availability of industrial process equipment, and the easy scalability of deposition from small lab-scale solar cells to application-relevant product areas make vacuum-based production highly attractive for commercialization. "Vacuum-based manufacturing performs better than its reputation," says Tobias Abzieher. The authors were therefore not surprised to find that industry is already very interested in vacuum-based processes for the production of pervoskite solar cells, even though they differ from the method mainly used in research.

To take full advantage of the scaling effects of vacuum-based processes, further improvements are needed, the researchers say. It is important to study the quality of deposition to improve efficiency. In addition, the deposition rate needs to be increased significantly. "Not only is vapor deposition the number one choice of industry when bringing a new thin film product to market, our analysis shows that it can also be cost competitive with solution deposition," adds David Moore of NREL.
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Ancient ice may still exist in distant space objects, researchers find | ScienceDaily

Co-authored by Dr. Samuel Birch at Brown University and SETI Institute senior research scientist Dr. Orkan Umurhan, the paper "Retention of CO Ice and Gas Within 486958 Arrokoth" uses Arrokoth as a case study to propose that many Kuiper Belt Objects (KBOs) -- remnants from the dawn of our solar system -- could still retain their original volatile ices, challenging previous notions about the evolutionary path of these ancient entities.

Previous KBO evolution models have needed help predicting the fate of volatiles in these cold, distant objects. Many relied on cumbersome simulations or flawed assumptions, underestimating how long these substances could last. The new research offers a simpler yet effective approach, likening the process to how gas escapes through porous rock. It suggests that KBOs like Arrokoth can maintain their volatile ices for billions of years, forming a kind of subsurface atmosphere that slows further ice loss.

"I want to emphasize that the key thing is that we corrected a deep error in the physical model people had been assuming for decades for these very cold and old objects," said Umurhan. "This study could be the initial mover for re- evaluating the comet interior evolution and activity theory."

This study challenges existing predictions and opens up new avenues for understanding the nature of comets and their origins. The presence of such volatile ices in KBOs supports a fascinating narrative of these objects as "ice bombs," which activate and display cometary behavior upon altering their orbit closer to the sun. This hypothesis could help explain phenomena like the intense outburst activity of comet 29P/Schwassmann- Wachmann, potentially changing the understanding of comets.

As co-investigators on the upcoming CAESAR mission proposal, the researchers are taking a fresh approach to understanding the evolution and activity of cometary bodies. This study has implications for future explorations and is a reminder of the enduring mysteries of our solar system, waiting to be uncovered.
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How to upcycle low-energy light | ScienceDaily
To combine two low-energy photons into one high-energy photon efficiently, the energy must be able to hop freely, but not too quickly, between randomly oriented molecules of a solid. This Kobe University discovery provides a much-needed design guideline for developing materials for more efficient PV cells, displays, or even anti-cancer therapies.


						
Light of different colors has different energies and is therefore useful for very different things. For the development of more efficient PV cells, OLED displays, or anti-cancer therapies it is desirable to be able to upcycle two low-energy photons into a high-energy photon, and many researchers worldwide are working on materials for this up-conversion. During this process, light is absorbed by the material and its energy is handed around amongst the material's molecules as a so-called "triplet exciton." However, it was unclear what allows two triplet excitons to efficiently combine their energies into a different excited state of a single molecule that then emits a high-energy photon, and this knowledge gap has been a serious bottleneck in the development of such materials.

Kobe University photoscientist KOBORI Yasuhiro and his research group have been working on a property called the "electron spin states" of moving and interacting excited states. They realized that their expertise was exactly what was needed to solve the problem of up-conversion and applied it on a material especially suitable for their analysis. Kobori explains, "In solution systems, it is difficult to observe the magnetic properties of the electron spins due to the high-speed rotation of the molecules, and in conventional solid-state systems, the reaction efficiency is too low for electron spin resonance studies. The thin-film solid-state material used in our study, however, was suitable for observing the magnetic properties of electron spins and generating sufficient triplet exciton concentrations."

Their results, now published in The Journal of Physical Chemistry Letters, show that for the transfer of energies to one light-emitting molecule, the electron spin states of two triplet excitons have to be aligned, which depends on the relative orientation of the participating molecules. For that to happen with a high likelihood, though, the triplet excitons need to be able to move around between molecules of many different orientations. In addition, this hopping must not be too quick, so there is enough time for the interconversion of different excited states.

The Kobe University researcher lists the steps necessary to arrive at this conclusion. "We first directly observed the time evolution of the electron spin state inside up-conversion materials in solid-state systems, then modeled the observed electron spin motion, and finally proposed a new theoretical model for how the electron spin state relates to the up-conversion process."

These results finally yield a guideline for how to design highly efficient photon up-conversion materials that is based on the knowledge of the process's microscopic mechanism. Kobori explains why this excited him. "I expect this knowledge to contribute to the development of high-efficiency solar cells to alleviate our energy problems, but also to expand into a wide range of fields such as photodynamic cancer therapy and diagnostics that utilize near-infrared light for optical up-conversion without harming the human body."

This work was supported by the Japan Society for the Promotion of Science (grants JP20H05832, JP21H05411, JP22K19008, JP20K21174 and JP22K14648), the Japan Science and Technology Agency (grant JPMJPR2101), and the Yukawa Memorial Foundation. It was conducted in collaboration with a researcher from the Tokyo Institute of Technology.
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What kinds of seismic signals did Swifties send at LA concert? | ScienceDaily
Seattle may have experienced its own Swift Quake last July, but at an August 2023 concert Taylor Swift's fans in Los Angeles gave scientists a lot of shaking to ponder.


						
After some debate, a research team led by Gabrielle Tepp of Caltech concluded that it was likely the dancing and jumping motions of the audience at SoFi Stadium -- not the musical beats or reverberations of the sound system -- that generated the concert's distinct harmonic tremors.

In their study in Seismological Research Letters, Tepp and colleagues show how they were able to identify the seismic signature of individual songs and determine the strength of each song's tremor.

They even have a little bit of data on how Swift's concert stacks up -- seismically, that is -- against other Summer of 2023 SoFi concerts, including Metallica, Beyonce and Morgan Wallen.

The Seattle Swift quake prompted the California Office of Emergency Services to ask seismic network operators in the state to see if any interesting research might be generated at Swift's August concert dates in Los Angeles. Tepp's colleagues set up strong motion sensors at SoFi Stadium, analyzing data collected by those devices along with data from nearby permanent regional seismic network stations.

Previous research shows that "concert tremor" can be recorded as long-duration signals with narrowband, harmonic frequency peaks between 1 and 10 hertz. This kind of low-frequency signal looks like the harmonic tremor recorded from natural sources like volcanoes and human sources like trains.

One of the goals of the research team was to find a way to extract the concert's tremor signals from spectrograms. Spectrograms are graphs that display the strength of various signal frequencies over time. They are often used to display frequencies of sound waves, but they can also help seismologists visualize signals recorded by seismometers and other instruments.




For Tepp, who has studied volcanoes and is also a musician, the concert data was a great opportunity to test methods for detecting seismic signals in spectrograms. "For earthquakes, most of the time they're pretty sharp and easy to identify with waveforms, but when you have something like volcanoes where you have such a wide variety of signals, spectrograms can be really handy in helping to identify the different types of signals," she explained.

Each Swift song had a distinctive tremor signal, the researchers found. For Swift's August 5, 2023 concert, Tepp and colleagues were able to identify 43 of the 45 songs played within the recorded spectrograms.

They also calculated the radiated energy of each song and interpreted that number in terms of the local magnitude of an earthquake that would have radiated the same energy. The songs varied considerably in magnitude, with "Shake It Off" coming in at the largest local magnitude of 0.851. "Keep in mind this energy was released over a few minutes compared to a second for an earthquake of that size. Based on the maximum strength of shaking, the strongest tremor was equivalent to a magnitude -2 earthquake," Tepp said.

But where did all that harmonic tremor come from? "My gut feeling was that if you have a harmonic signal that is nice like these, it had to be from the music or the instruments or something," Tepp said.

Instead, the researchers found that the best explanation of their data was that the movement of the 70,000-plus crowd caused the harmonic tremor. To confirm this, the scientists performed a few experiments of their own. They played songs on a portable PA speaker next to a strong motion sensor. Tepp also plugged in her bass guitar to the speaker and played a simple repetitive beat. She even jumped up and down next to the sensor while rocking out to Swift's "Love Story."

The experimental data confirmed that it was motion and not music that was creating the harmonic tremor. "Even though I was not great at staying in the same place -- I ended up jumping around in a small circle, like at a concert -- I was surprised at how clear the signal came out," Tepp said.




Tepp was surprised that the bass beats "didn't make a harmonic signal, even though they were more accurately on the beat than my jumping."

She thinks that might have more to do with the signal shape -- the bass beats have a rounder, more emergent shape than the "spike" of a jump -- relative to the space between each beat or jump. This relationship "could have implications for why some seismic signals show up as harmonic in spectrograms while other similar ones do not."

The researchers used data pulled from the regional seismic network stations to look at the tremor created by the summer's other headliners at SoFi. Some of the most interesting data came from the Metallica concert.

"Other concerts had nice straight-line harmonic signals, but the signals from the Metallica concert were slanted and kind of weird looking," Tepp said. "We don't have a great explanation for that yet."

One explanation might be found in the fact that the beat rate for Swift's songs doesn't vary much between live and album performances, but Metallica's beat rates "are all over the map," she noted. Videos of the concerts also highlight differences between Swift's highly choreographed shows and Metallica's members wandering the stage.

"The tremor signals themselves are likely coming from the audience, but if the band is varying the beat or speed of songs as they go, maybe the audience is reacting differently," Tepp suggested.

Metallica also "had the weakest signals in terms of the strongest magnitude from each concert," she said.

"Metal fans like to headbang a lot, so they're not necessarily bouncing," Tepp added. "It might just be that the ways in which they move don't create as strong of a signal."
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AI for astrophysics: Algorithms help chart the origins of heavy elements | ScienceDaily
The origin of heavy elements in our universe is theorized to be the result of neutron star collisions, which produce conditions hot and dense enough for free neutrons to merge with atomic nuclei and form new elements in a split-second window of time. Testing this theory and answering other astrophysical questions requires predictions for a vast range of masses of atomic nuclei. Los Alamos National Laboratory scientists are front and center in using machine learning algorithms (an application of artificial intelligence) to successfully model the atomic masses of the entire nuclide chart -- the combination of all possible protons and neutrons that defines elements and their isotopes.


						
"Many thousands of atomic nuclei that have yet to be measured may exist in nature," said Matthew Mumpower, a theoretical physicist and co-author on several recent papers detailing atomic masses research. "Machine learning algorithms are very powerful, as they can find complex correlations in data, a result that theoretical nuclear physics models struggle to efficiently produce. These correlations can provide information to scientists about 'missing physics' and can in turn be used to strengthen modern nuclear models of atomic masses."

Simulating the rapid neutron-capture process

Most recently, Mumpower and his colleagues, including former Los Alamos summer student Mengke Li and postdoc Trevor Sprouse, authored a paper in Physics Letters B that described simulating an important astrophysical process with a physics-based machine learning mass model. The r process, or rapid neutron-capture process, is the astrophysical process that occurs in extreme environments, like those produced by neutron star collisions. Heavy elements may result from this "nucleosynthesis"; in fact, half of the heavy isotopes up to bismuth and all of thorium and uranium in the universe may have been created by the r process.

But modeling the r process requires theoretical predictions of atomic masses currently beyond experimental reach. The team's physics-informed machine-learning approach trains a model based on random selection from the Atomic Mass Evaluation, a large database of masses. Next the researchers use these predicted masses to simulate the r process. The model allowed the team to simulate r-process nucleosynthesis with machine-learned mass predictions for the first time -- a significant feat, as machine learning predictions generally break down when extrapolating.

"We've shown that machine learning atomic masses can open the door to predictions beyond where we have experimental data," Mumpower said. "The critical piece is that we tell the model to obey the laws of physics. By doing so, we enable physics-based extrapolations. Our results are on par with or outperform contemporary theoretical models and can be immediately updated when new data is available."

Investigating nuclear structures

The r-process simulations complement the research team's application of machine learning to related investigations of nuclear structure. In a recent article in Physical Review C selected as an Editor's Suggestion, the team used machine learning algorithms to reproduce nuclear binding energies with quantified uncertainties; that is, they were able to ascertain the energy needed to separate an atomic nucleus into protons and neutrons, along with an associated error bar for each prediction. The algorithm thus provides information that would otherwise take significant computational time and resources to obtain from current nuclear modeling.

In related work, the team used their machine learning model to combine precision experimental data with theoretical knowledge. These results have motivated some of the first experimental campaigns at the new Facility for Rare Isotope Beams, which seeks to expand the known region of the nuclear chart and uncover the origin of the heavy elements.
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Robot ANYmal can do parkour and walk across rubble | ScienceDaily
ANYmal has for some time had no problem coping with the stony terrain of Swiss hiking trails. Now researchers at ETH Zurich have taught this quadrupedal robot some new skills: it is proving rather adept at parkour, a sport based on using athletic manoeuvres to smoothly negotiate obstacles in an urban environment, which has become very popular. ANYmal is also proficient at dealing with the tricky terrain commonly found on building sites or in disaster areas.


						
To teach ANYmal these new skills, two teams, both from the group led by ETH Professor Marco Hutter of the Department of Mechanical and Process Engineering, followed different approaches.

Exhausting the mechanical options

Working in one of the teams is ETH doctoral student Nikita Rudin, who does parkour in his free time. "Before the project started, several of my researcher colleagues thought that legged robots had already reached the limits of their development potential," he says, "but I had a different opinion. In fact, I was sure that a lot more could be done with the mechanics of legged robots."

With his own parkour experience in mind, Rudin set out to further push the boundaries of what ANYmal could do. And he succeeded, by using machine learning to teach the quadrupedal robot new skills. ANYmal can now scale obstacles and perform dynamic manoeuvres to jump back down from them.

In the process, ANYmal learned like a child would -- through trial and error. Now, when presented with an obstacle, ANYmal uses its camera and artificial neural network to determine what kind of impediment it's dealing with. It then performs movements that seem likely to succeed based on its previous training.

Is that the full extent of what's technically possible? Rudin suggests that this is largely the case for each individual new skill. But he adds that this still leaves plenty of potential improvements. These include allowing the robot to move beyond solving predefined problems and instead asking it to negotiate difficult terrain like rubble-strewn disaster areas.

Combining new and traditional technologies

Getting ANYmal ready for precisely that kind of application was the goal of the other project, conducted by Rudin's colleague and fellow ETH doctoral student Fabian Jenelten. But rather than relying on machine learning alone, Jenelten combined it with a tried-and-tested approach used in control engineering known as model-based control. This provides an easier way of teaching the robot accurate manoeuvres, such as how to recognise and get past gaps and recesses in piles of rubble. In turn, machine learning helps the robot master movement patterns that it can then flexibly apply in unexpected situations. "Combining both approaches lets us get the most out of ANYmal," Jenelten says.

As a result, the quadrupedal robot is now better at gaining a sure footing on slippery surfaces or unstable boulders. ANYmal is soon also to be deployed on building sites or anywhere that is too dangerous for people -- for instance to inspect a collapsed house in a disaster area.
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Cheers! NASA's Webb finds ethanol, other icy ingredients for worlds | ScienceDaily
What do margaritas, vinegar, and ant stings have in common? They contain chemical ingredients that NASA's James Webb Space Telescope has identified surrounding two young protostars known as IRAS 2A and IRAS 23385. Although planets are not yet forming around those stars, these and other molecules detected there by Webb represent key ingredients for making potentially habitable worlds.


						
An international team of astronomers used Webb's MIRI (Mid-Infrared Instrument) to identify a variety of icy compounds made up of complex organic molecules like ethanol (alcohol) and likely acetic acid (an ingredient in vinegar). This work builds on previous Webb detections of diverse ices in a cold, dark molecular cloud.

What is the origin of complex organic molecules (COMs) ?

"This finding contributes to one of the long-standing questions in astrochemistry," said team leader Will Rocha of Leiden University in the Netherlands. "What is the origin of complex organic molecules, or COMs, in space? Are they made in the gas phase or in ices? The detection of COMs in ices suggests that solid-phase chemical reactions on the surfaces of cold dust grains can build complex kinds of molecules."

As several COMs, including those detected in the solid phase in this research, were previously detected in the warm gas phase, it is now believed that they originate from the sublimation of ices. Sublimation is to change directly from a solid to a gas without becoming a liquid. Therefore, detecting COMs in ices makes astronomers hopeful about improved understanding of the origins of other, even larger molecules in space.

Scientists are also keen to explore to what extent these COMs are transported to planets at much later stages of protostellar evolution. COMs in cold ices are thought to be easier to transport from molecular clouds to planet-forming disks than warm, gaseous molecules. These icy COMs can therefore be incorporated into comets and asteroids, which in turn may collide with forming planets, delivering the ingredients for life to possibly flourish.

The science team also detected simpler molecules, including formic acid (which causes the burning sensation of an ant sting), methane, formaldehyde, and sulfur dioxide. Research suggests that sulfur-containing compounds like sulfur dioxide played an important role in driving metabolic reactions on the primitive Earth.




Similar to the early stages of our own solar system?

Of particular interest is that one of the sources investigated, IRAS 2A, is characterized as a low-mass protostar. IRAS 2A may therefore be similar to the early stages of our own solar system. As such, the chemicals identified around this protostar were likely present in the first stages of development of our solar system and later delivered to the primitive Earth.

"All of these molecules can become part of comets and asteroids and eventually new planetary systems when the icy material is transported inward to the planet-forming disk as the protostellar system evolves," said Ewine van Dishoeck of Leiden University, one of the coordinators of the science program. "We look forward to following this astrochemical trail step-by-step with more Webb data in the coming years."

These observations were made for the JOYS+ (James Webb Observations of Young ProtoStars) program. The team dedicated these results to team member Harold Linnartz, who unexpectedly passed away in December 2023, shortly after the acceptance of this paper.

This research has been accepted for publication in the journal Astronomy & Astrophysics.
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Supply chain disruptions will further exacerbate economic losses from climate change | ScienceDaily
Global GDP loss from climate change will increase exponentially the warmer the planet gets when its cascading impact on global supply chains is factored in, finds a new study led by UCL researchers.


						
The study, published in Nature, is the first to chart "indirect economic losses" from climate change on global supply chains that will affect regions that would have been less affected by projected warming temperatures.

These previously unquantified disruptions in supply chains will further exacerbate projected economic losses due to climate change, bringing a projected net economic loss of between $3.75 trillion and $24.7 trillion in adjusted 2020 dollars by 2060, depending on how much carbon dioxide gets emitted.

Senior author Professor Dabo Guan (UCL Bartlett School of Sustainable Construction) said: "These projected economic impacts are staggering. These losses get worse the more the planet warms, and when you factor in the effects on global supply chains it shows how everywhere is at economic risk."

As the global economy has grown more interconnected, disruptions in one part of the world have knock-on effects elsewhere in the world, sometimes in unexpected ways. Crop failures, labour slowdowns and other economic disruptions in one region can affect the supplies of raw materials flowing to other parts of the world that depend on them, disrupting manufacturing and trade in faraway regions. This is the first study to analyse and quantify the propagation of these disruptions from climate change, as well as their economic impacts.

As the Earth warms, the worse off economically it becomes, with compounding damage and economic losses climbing exponentially as time goes on and the hotter it gets. Climate change disrupts the global economy primarily by health costs from people suffering from heat exposure, work stoppages when it's too hot to work, and economic disruptions cascading through supply chains.

The researchers compared expected economic losses across three projected global warming scenarios, called "Shared Socioeconomic Pathways," based on low, medium and high projected global emissions levels. The best-case scenario would see global temperatures rise by only 1.5 degrees C over preindustrial levels by 2060, the middle track, which most experts believe Earth is on now, would see global temperatures rise by around 3 degrees C, and the worst-case scenario would see global temperatures rise by 7 degrees C.




By 2060, projected economic losses will be nearly five times as much under the highest emissions path than the lowest, with economic losses getting progressively worse the warmer it gets. By 2060, total GDP losses will amount to 0.8% under 1.5 degrees of warming, 2.0% under 3 degrees of warming and 3.9% under 7 degrees of warming.

The team calculated that supply chain disruptions also get progressively worse the warmer the climate gets, accounting for a greater and greater proportion of economic losses. By 2060, supply chain losses will amount to 0.1% of total global GDP (13% of the total GDP lost) under 1.5 degrees of warming, 0.5% of total GDP (25% of the total GDP lost) under 3 degrees, and 1.5% of total GDP (38% of the total GDP lost) under 7 degrees.

Co-lead author, Dr Daoping Wang of King's College London, said: "The negative impacts of extreme heat sometimes occur quietly on global supply chains, even escaping our notice altogether. Our developed Disaster Footprint model tracks and visually represents these impacts, underlining the imperative for global collaborative efforts in adapting to extreme heat."

For example, although extreme heat events occur more often in low-latitude countries, high-latitude regions, such as Europe or the United States, are also at significant risk. Future extreme heat is likely to cost Europe and the US about 2.2% and about 3.5% of their GDP respectively under the high emission scenario. The UK would lose about 1.5% of its GDP, with chemical products, tourism and electrical equipment industries suffering the greatest losses. Some of these losses originate from supply chain fluctuations caused by extreme heat in countries close to the equator.

The direct human cost is likewise significant. Even under the lowest path, 2060 will see 24% more days of extreme heatwaves and an additional 590,000 heatwave deaths annually, while under the highest path there would be more than twice as many heatwaves and an expected 1.12 million additional annual heatwave deaths. These impacts will not be evenly distributed around the world, but countries situated near to the equator will bear the brunt of climate change, particularly developing countries.

Co-lead author, Yida Sun from Tsinghua University said: "Developing countries suffer disproportionate economic losses compared to their carbon emissions. As multiple nodes in developing countries are hit simultaneously, economic damage can spread rapidly through the global value chain."

The researchers highlighted two illustrative examples of industries that are part of supply chains at risk from climate change: Indian food production and tourism in the Dominican Republic.




The Indian food industry is heavily reliant on imports of fats and oils from Indonesia and Malaysia, Brazilian sugar, as well as vegetables, fruits and nuts from Southeast Asia and Africa. These supplier countries are among those most affected by climate change, diminishing India's access to raw materials, which will diminish its food exports. As a result, the economies of countries reliant on these foods will feel the pinch of diminished supply and higher prices.

The Dominican Republic is expected to see a decline in its tourism as its climate grows too warm to attract vacationers. A nation whose economy is heavily reliant on tourism, this slowdown will hurt tourism-reliant industries including manufacturing, construction, insurance, financial services, and electronic equipment.

Professor Guan said: "This research is an important reminder that preventing every additional degree of climate change is critical. Understanding what nations and industries are most vulnerable is crucial for devising effective and targeted adaption strategies."
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Explaining a supernova's 'string of pearls' | ScienceDaily
Physicists often turn to the Rayleigh-Taylor instability to explain why fluid structures form in plasmas, but that may not be the full story when it comes to the ring of hydrogen clumps around supernova 1987A, research from the University of Michigan suggests.


						
In a study published in Physical Review Letters, the team argues that the Crow instability does a better job of explaining the "string of pearls" encircling the remnant of the star, shedding light on a longstanding astrophysical mystery.

"The fascinating part about this is that the same mechanism that breaks up airplane wakes could be in play here," said Michael Wadas, corresponding author of the study and a graduate student in mechanical engineering at the time of the work.

In jet contrails, the Crow instability creates breaks in the smooth line of clouds because of the spiraling airflow coming off the end of each wing, known as wingtip vortices. These vortices flow into one another, creating gaps -- something we can see because of the water vapor in the exhaust. And the Crow instability can do something that Rayleigh-Taylor could not: predict the number of clumps seen around the remnant.

"The Rayleigh-Taylor instability could tell you that there might be clumps, but it would be very difficult to pull a number out of it," said Wadas, who is now a postdoctoral scholar at the California Institute of Technology.

Supernova 1987A is among the most famous stellar explosions because it's relatively close to Earth at 163,000 light years away, and its light reached Earth at a time when sophisticated observatories existed to witness its evolution. It is the first supernova visible to the naked eye since Kepler's supernova in 1604, making it an incredibly rare astrophysical event that has played an outsized role in shaping our understanding of stellar evolution.

While much is still unknown about the star that exploded, it is believed that the ring of gas surrounding the star ahead of the explosion came from the merger of two stars. Those stars shed hydrogen into the space around them as they became a blue giant tens of thousands of years before the supernova. That ring-shaped cloud of gas was then buffeted by the stream of high-speed charged particles coming off the blue giant, known as a stellar wind. The clumps are believed to have formed before the star exploded.




The researchers simulated the way the wind pushed the cloud outward while also dragging on the surface, with the top and bottom of the cloud being pushed out faster than the middle. This caused the cloud to curl in on itself, which triggered the Crow instability and caused it to break apart into fairly even clumps that became the string of pearls. The prediction of 32 is very close to the observed 30 to 40 clumps around the supernova 1987A remnant.

"That's a big piece of why we think this is the Crow instability," said Eric Johnsen, U-M professor of mechanical engineering and senior author of the study.

The team saw hints that the Crow instability might predict the formation of more beaded rings around the star, further out from the ring that appears brightest in telescope images. They were pleased to see that more clumps seem to appear in the shot from the James Webb Space Telescope's near-infrared camera, released in August last year, Wadas explained.

The team also suggested that the Crow instability might be at play when the dust around a star settles into planets, although further research is needed to explore this possibility.

The study was supported by the Department of Energy, with computing resources provided by the Extreme Science and Engineering Discovery Environment

Co-authors of the study are: William White and Aaron Towne, a graduate student and an assistant professor in mechanical engineering, respectively; and Heath LeFevre and Carolyn Kuranz, a research fellow and an associate professor of nuclear engineering and radiological sciences, respectively; all at U-M.
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Giant volcano discovered on Mars | ScienceDaily
In a groundbreaking announcement at the 55th Lunar and Planetary Science Conference held in The Woodlands, Texas, scientists revealed the discovery of a giant volcano and possible sheet of buried glacier ice in the eastern part of Mars' Tharsis volcanic province, near the planet's equator. Imaged repeatedly by orbiting spacecraft around Mars since Mariner 9 in 1971 -- but deeply eroded beyond easy recognition, the giant volcano had been hiding in plain sight for decades in one of Mars' most iconic regions, at the boundary between the heavily fractured maze-like Noctis Labyrinthus (Labyrinth of the Night) and the monumental canyons of Valles Marineris (Valleys of Mariner).


						
Provisionally designated "Noctis volcano" pending an official name, the structure is centered at 7deg 35' S, 93deg 55' W. It reaches +9022 meters (29,600 feet) in elevation and spans 450 kilometers (280 miles) in width. The volcano's gigantic size and complex modification history indicate that it has been active for a very long time. In its southeastern part lies a thin, recent volcanic deposit beneath which glacier ice is likely still present. This combined giant volcano and possible glacier ice discovery is significant, as it points to an exciting new location to study Mars' geologic evolution through time, search for life, and explore with robots and humans in the future.

"We were examining the geology of an area where we had found the remains of a glacier last year when we realized we were inside a huge and deeply eroded volcano," said Dr. Pascal Lee, planetary scientist with the SETI Institute and the Mars Institute based at NASA Ames Research Center, and the lead author of the study.

Several clues, taken together, give away the volcanic nature of the jumble of layered mesas and canyons in this eastern part of Noctis Labyrinthus. The central summit area is marked by several elevated mesas forming an arc, reaching a regional high and sloping downhill away from the summit area. The gentle outer slopes extend out to 225 kilometers (140 miles) away in different directions. A caldera remnant -- the remains of a collapsed volcanic crater once host to a lava lake -- can be seen near the center of the structure. Lava flows, pyroclastic deposits (made of volcanic particulate materials such as ash, cinders, pumice and tephra) and hydrated mineral deposits occur in several areas within the structure's perimeter.

"This area of Mars is known to have a wide variety of hydrated minerals spanning a long stretch of Martian history. A volcanic setting for these minerals had long been suspected. So, it may not be too surprising to find a volcano here," explained Sourabh Shubham, a graduate student at the University of Maryland's Department of Geology and the study's co-author. "In some sense, this large volcano is a long-sought 'smoking gun'."

In addition to the volcano, the study reports the discovery of a large, 5000 square kilometer (1930 square mile) area of volcanic deposits within the volcano's perimeter presenting a large number of low, rounded and elongated, blister-like mounds. This "blistered terrain" is interpreted to be a field of "rootless cones," mounds produced by explosive steam venting or steam swelling when a thin blanket of hot volcanic materials comes to rest on top of a water or ice-rich surface.

Just a year ago, Lee, Shubham and their colleague John W. Schutt had identified the spectacular remains of a glacier -- or "relict glacier" -- through a sizeable erosional opening in the same volcanic blanket, in the form of a light-toned deposit (LTD) of sulfate salt with the morphologic traits of a glacier. The sulfate deposit, made mainly of jarosite, a hydrous sulfate, was interpreted to have formed when the blanket of volcanic pyroclastic materials came to rest on a glacier and reacted chemically with the ice. Breached rootless cones identified in the current study show similar occurrences of polyhydrated sulfates, further suggesting the blistered volcanic blanket may be hiding a vast sheet of glacier ice underneath it.




The Noctis volcano presents a long and complex history of modification, possibly from a combination of fracturing, thermal erosion, and glacial erosion. Researchers interpret the volcano to be a vast shield made of layered accumulations of pyroclastic materials, lavas, and ice, the latter resulting from repeated buildups of snow and glaciers on its flanks through time. As fractures and faults eventually developed, in particular in connection with the uplift of the broader Tharsis region on which the volcano sits, lavas began to rise through different parts of the volcano, leading to thermal erosion and removal of vast amounts of buried ice and the catastrophic collapse of entire sections of the volcano.

Subsequent glaciations continued their erosion, giving many canyons within the structure their present distinctive shape. In this context the "relict glacier" and the possible buried sheet of glacier ice around it, might be remnants of the latest glaciation episode affecting the Noctis volcano.

But much about the newly discovered giant volcano remains a mystery. Although it is clear that it has been active for a long time and began to build up early in Mars' history, it is unknown how early exactly. Similarly, although it has experienced eruptions even in modern times, it is unknown if it is still volcanically active and might erupt again. And if it has been active for a very long time, could the combination of sustained warmth and water from ice have allowed the site to harbor life?

As mysteries surrounding the Noctis volcano continue to puzzle scientists, the site is already emerging as an exciting new location to study Mars' geologic evolution, search for life, and plan future robotic and human exploration. The possible presence of glacier ice at shallow depths near the equator means that humans could potentially explore a less frigid part of the planet while still being able to extract water for hydration and manufacturing rocket fuel (by breaking down H2O into hydrogen and oxygen).

"It's really a combination of things that makes the Noctis volcano site exceptionally exciting. It's an ancient and long-lived volcano so deeply eroded that you could hike, drive, or fly through it to examine, sample, and date different parts of its interior to study Mars' evolution through time. It has also had a long history of heat interacting with water and ice, which makes it a prime location for astrobiology and our search for signs of life. Finally, with glacier ice likely still preserved near the surface in a relatively warm equatorial region on Mars, the place is looking very attractive for robotic and human exploration," said Lee.

This study was conducted using data from NASA's Mariner 9, Viking Orbiter 1 and 2, Mars Global Surveyor, Mars Odyssey, and Mars Reconnaissance Orbiter missions, as well as ESA's Mars Express mission. Special appreciation is expressed to their instrument teams for acquiring the various datasets used in this study. Use of the open NASA Planetary Data System, Mars Quickmap, Mars Trek, and Google Mars online data visualization tools was also key in enabling the study.
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Scientists develop ultra-thin semiconductor fibers that turn fabrics into wearable electronics | ScienceDaily
Scientists from Nanyang Technological University, Singapore (NTU Singapore) have developed ultra-thin semiconductor fibres that can be woven into fabrics, turning them into smart wearable electronics.


						
To create reliably functioning semiconductor fibres, they must be flexible and without defects for stable signal transmission. However, existing manufacturing methods cause stress and instability, leading to cracks and deformities in the semiconductor cores, negatively impacting their performance and limiting their development.

NTU scientists conducted modelling and simulations to understand how stress and instability occur during the manufacturing process. They found that the challenge could be overcome through careful material selection and a specific series of steps taken during fibre production.

They developed a mechanical design and successfully fabricated hair-thin, defect-free fibres spanning 100 metres, which indicates its market scalability. Importantly the new fibres can be woven into fabrics using existing methods.

To demonstrate their fibres' high quality and functionality, the NTU research team developed prototypes. These included a smart beanie hat to help a visually impaired person cross the road safely through alerts on a mobile phone application; a shirt that receives information and transmits it through an earpiece, like a museum audio guide; and a smartwatch with a strap that functions as a flexible sensor that conforms to the wrist of users for heart rate measurement even during physical activities.

The team believes that their innovation is a fundamental breakthrough in the development of semiconductor fibres that are ultra-long and durable, meaning they are cost-effective and scalable while offering excellent electrical and optoelectronic (meaning it can sense, transmit and interact with light) performance.

NTU Associate Professor Wei Lei at the School of Electrical and Electronic Engineering (EEE) and lead-principal investigator of the study said, "The successful fabrication of our high-quality semiconductor fibres is thanks to the interdisciplinary nature of our team. Semiconductor fibre fabrication is a highly complex process, requiring know-how from materials science, mechanical, and electrical engineering experts at different stages of the study. The collaborative team effort allowed us a clear understanding of the mechanisms involved, which ultimately helped us unlock the door to defect-free threads, overcoming a long-standing challenge in fibre technology."

The study, published in the top scientific journal Nature, is aligned with the University's commitment to fostering innovation and translating research into practical solutions that benefit society under its NTU2025 five-year strategic plan.




Developing semiconductor fibre 

To develop their defect-free fibres, the NTU-led team selected pairs of common semiconductor material and synthetic material -- a silicon semiconductor core with a silica glass tube and a germanium core with an aluminosilicate glass tube. The materials were selected based on their attributes which complemented each other. These included thermal stability, electrical conductivity, and the ability to allow electric current to flow through (resistivity).

Silicon was selected for its ability to be heated to high temperatures and manipulated without degrading and for its ability to work in the visible light range, making it ideal for use in devices meant for extreme conditions, such as sensors on the protective clothing for fire fighters. Germanium, on the other hand, allows electrons to move through the fibre quickly (carrier mobility) and work in the infrared range, which makes it suitable for applications in wearable or fabric-based (i.e. curtains, tablecloth) sensors that are compatible with indoor Light fidelity ('LiFi') wireless optical networks.

Next, the scientists inserted the semiconductor material (core) inside the glass tube, heating it at high temperature until the tube and core were soft enough to be pulled into a thin continuous strand.

Due to the different melting points and thermal expansion rates of their selected materials, the glass functioned like a wine bottle during the heating process, containing the semiconductor material which, like wine, fills the bottle, as it melted.

First author of the study Dr Wang Zhixun, Research Fellow in the School of EEE, said, "It took extensive analysis before landing on the right combination of materials and process to develop our fibres. By exploiting the different melting points and thermal expansion rates of our chosen materials, we successfully pulled the semiconductor materials into long threads as they entered and exited the heating furnace while avoiding defects."

The glass is removed once the strand cools and combined with a polymer tube and metal wires. After another round of heating, the materials are pulled to form a hair-thin, flexible thread.




In lab experiments, the semiconductor fibres showed excellent performance. When subjected to responsivity tests, the fibres could detect the entire visible light range, from ultraviolet to infrared, and robustly transmit signals of up to 350 kilohertz (kHz) bandwidth, making it a top performer of its kind. Moreover, the fibres were 30 times tougher than regular ones.

The fibres were also evaluated for their washability, in which a cloth woven with semiconductor fibres was cleaned in a washing machine ten times, and results showed no significant drop in the fibre performance.

Co-principal investigator, Distinguished University Professor Gao Huajian, who completed the study while he was at NTU, said, "Silicon and germanium are two widely used semiconductors which are usually considered highly brittle and prone to fracture. The fabrication of ultra-long semiconductor fibre demonstrates the possibility and feasibility of making flexible components using silicon and germanium, providing extensive space for the development of flexible wearable devices of various forms. Next, our team will work collaboratively to apply the fibre manufacturing method to other challenging materials and to discover more scenarios where the fibres play key roles."

Compatibility with industry's production methods hints at easy adoption

To demonstrate the feasibility of use in real-life applications, the team built smart wearable electronics using their newly created semiconductor fibres. These include a beanie, a sweater, and a watch that can detect and process signals.

To create a device that assists the visually impaired in crossing busy roads, the NTU team wove fibres into a beanie hat, along with an interface board. When tested experimentally outdoors, light signals received by the beanie were sent to a mobile phone application, triggering an alert.

A shirt woven with the fibres, meanwhile, functioned as a 'smart top', which could be worn at a museum or art gallery to receive information about exhibits and feed it into an earpiece as the wearer walked around the rooms.

A smartwatch with a wrist band integrated with the fibres functioned as a flexible and conformal sensor to measure heart rate, as opposed to traditional designs where a rigid sensor is installed on the body of the smartwatch, which may not be reliable in circumstances when users are very active, and the sensor is not in contact with the skin. Moreover, the fibres replaced bulky sensors in the body of the smartwatch, saving space and freeing up design opportunities for slimmer watch designs.

Co-author Dr Li Dong, a Research Fellow in the School of Mechanical and Aerospace Engineering, said, "Our fibre fabrication method is versatile and easily adopted by industry. The fibre is also compatible with current textile industry machinery, meaning it has the potential for large-scale production. By demonstrating the fibres' use in everyday wearable items like a beanie and a watch, we prove that our research findings can serve as a guide to creating functional semiconductor fibres in the future."

For their next steps, the researchers are planning to expand the types of materials used for the fibres and come up with semiconductors with different hollow cores, such as rectangular and triangular shapes, to expand their applications.
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'Find pearls in the soil' unveiling the magic of hydrogen production from municipal sewage | ScienceDaily
Professor Kangwoo Cho and PhD candidate Jiseon Kim from the Division of Environmental Science & Engineering at Pohang University of Science and Technology (POSTECH) collaborated with the Korea Institute of Science and Technology (KIST) to devise a novel catalyst aimed at enhancing the efficiency of reactions using contaminated municipal sewage to produce hydrogen -- a green energy source. Their research recently featured in the international journal Advanced Functional Materials.


						
With the growing environmental concerns of pollution associated with fossil fuel, hydrogen has garnered increased interest. Water electrolysis technology is a sustainable process that leverages Earth's abundant water to produce hydrogen. However, the concurrent oxygen evolution reaction during hydrogen production is notably slow, resulting in a considerably low energy conversion efficiency.

Lately, the academic community has been tackling this issue by integrating the urea oxidation reaction with the hydrogen generation reaction. Urea, a pollutant found in urine, releases a significant amount of energy during its oxidation process, offering a potential means to enhance both the efficiency of hydrogen generation and the purification of toilet wastewater. Ultimately, it is necessary to find a catalyst that can effectively drive the urea oxidation reaction, thereby amplifying the efficiency of both hydrogen generation and wastewater treatment.

In pursuit of increased efficiency in the urea oxidation reaction, the team created a catalyst known as nickel-iron-oxalate (O-NFF). This catalyst combines iron (Fe) and oxalate on nickel (Ni) metal, resulting in an expansive surface area characterized by nanometer-sized particles in fragment form. This unique property enables the catalyst to adsorb more reactants, facilitating an accelerated urea oxidation reaction.

In experiments, the O-NFF catalyst devised by the team successfully lowered the voltage required for hydrogen generation to 1.47 V RHE (at 0.5 A/cm2) and exhibited a high reaction rate even when tested in a mixed solution of potassium hydroxide (1 M) and urea (0.33 M) with a Tafel slope of 12.1 mV/dec. The researchers further validated the catalyst's efficacy by confirming its promotion of the urea oxidation reaction through photoelectron/X-ray absorption spectroscopy using a radiation photo accelerator.

Professor Kangwoo Cho who led the research stated, "We have developed a catalyst capable of purifying municipal sewage while simultaneously enhancing the efficiency of hydrogen production, a green energy source." He added, "We anticipate that O-NFF catalysts, synthesized from metals and organics, will contribute to the improved efficiency of industrial electrolysis hydrogen production."

The research was sponsored by the Mid-Career Researcher Program and the Hydrogen Source Technology Development Program of the National Research Foundation of Korea, and the National Supercomputing Center.
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Opening new doors in the VR world, literally | ScienceDaily
Room-scale virtual reality (VR) is one where users explore a VR environment by physically walking through it. The technology provides many benefits given its highly immersive experience. Yet the drawbacks are that it requires large physical spaces. It can also lack the haptic feedback when touching objects.


						
Take for example opening a door. Implementing this seemingly menial task in the virtual world means recreating the haptics of grasping a doorknob whilst simultaneously preventing users from walking into actual walls in their surrounding areas.

Now, a research group has developed a new system to overcome this problem: RedirectedDoors+.

The group was led by Kazuyuki Fujita, Kazuki Takashima, and Yoshifumi Kitamura from Tohoku University and Morten Fjeld from Chalmers University of Technology and the University of Bergen.

"Our system, which built upon an existing visuo-haptic door-opening redirection technique, allows participants to subtly manipulate the walking direction while opening doors in VR, guiding them away from real walls," points out Professor Fujita, who is based at Tohoku University's Research Institute of Electrical Communication (RIEC). "At the same time, our system reproduces the realistic haptics of touching a doorknob, enhancing the quality of the experience."

To provide users with that experience, RedirectedDoors+ employs a small number of 'door robots.' The robots have a doorknob-shaped attachment and can move in any direction, giving immediate touch feedback when the user interacts with the doorknob. In addition, the VR environment rotates in sync with the door movement, ensuring the user stays within the physical space limits.

A simulation study conducted to evaluate the performance of the system demonstrated the physical space size could be significantly reduced in six different VR environments. A validation study with 12 users walking with the system likewise demonstrated that this system works safely in real-world environments.

"RedirectDoors+ has redefined the boundaries of VR exploration, offering unprecedented freedom and realism in virtual environments," adds Fujita. "It has a wide range of applicability, such as in VR vocational training, architectural design, and urban planning."
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Revolutionary phenomenon in liquid crystals | ScienceDaily
A research team, affiliated with UNIST, has unveiled for the first time a new principle of motion in the microworld, where objects can move in a directed manner simply by changing their sizes periodically within a substance known as liquid crystal. Led by Professor Jonwoo Jeong and his research team in the Department of Physics at UNIST, this discovery is poised to have far-reaching implications across various research fields, including the potential development of miniature robots in the future.


						
In their research, the team observed that air bubbles within the liquid crystal could move in one direction by altering their sizes periodically, contrary to the symmetrical growth or contraction typically seen in air bubbles in other mediums. By introducing air bubbles, comparable in size to a human hair, into the liquid crystal and manipulating the pressure, the researchers were able to demonstrate this extraordinary phenomenon.

The key to this phenomenon lies in the creation of phase defects within the liquid crystal structure next to the air bubbles. These defects disrupt the symmetrical nature of the bubbles, enabling them to experience a unidirectional force despite their symmetrical shape. As the air bubbles fluctuate in size, pushing and pulling the surrounding liquid crystal, they are propelled in a consistent direction, defying conventional laws of physics.

Sung-Jo Kim, the first author of the study, remarked, "This groundbreaking observation showcases the ability of symmetrical objects to exhibit directed motion through symmetrical movements, a phenomenon previously unseen." He further highlighted the potential applicability of this principle to a wide range of complex fluids beyond liquid crystals.

Professor Jeong commented, "This intriguing result underscores the significance of symmetry breaking in both time and space in driving motion at the microscopic level. Moreover, it holds promise for advancing research in the development of microscopic robots."
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Scientists reveal the first unconventional superconductor that can be found in mineral form in nature | ScienceDaily
Scientists from Ames National Laboratory have identified the first unconventional superconductor with a chemical composition also found in nature. Miassite is one of only four minerals found in nature that act as a superconductor when grown in the lab. The team's investigation of miassite revealed that it is an unconventional superconductor with properties similar to high-temperature superconductors. Their findings further scientists' understanding of this type of superconductivity, which could lead to more sustainable and economical superconductor-based technology in the future.


						
Superconductivity is when a material can conduct electricity without energy loss. Superconductors have applications including medical MRI machines, power cables, and quantum computers. Conventional superconductors are well understood but have low critical temperatures. The critical temperature is the highest temperature at which a material acts as a superconductor.

In the 1980s, scientists discovered unconventional superconductors, many of which have much higher critical temperatures. According to Ruslan Prozorov, a scientist at Ames Lab, all these materials are grown in the lab. This fact has led to the general belief that unconventional superconductivity is not a natural phenomenon.

Prozorov explained that it is difficult to find superconductors in nature because most superconducting elements and compounds are metals and tend to react with other elements, like oxygen. He said that miassite (Rh17S15) is an interesting mineral for several reasons, one of which is its complex chemical formula. "Intuitively, you think that this is something which is produced deliberately during a focused search, and it cannot possibly exist in nature," said Prozorov, "But it turns out it does."

Paul Canfield, Distinguished Professor of Physics and Astronomy at Iowa State University and a scientist at Ames Lab, has expertise in design, discovery, growth, and characterization of novel crystalline materials. He synthesized high quality miassite crystals for this project. "Although miassite is a mineral that was discovered near the Miass River in Chelyabinsk Oblast, Russia," said Canfield, "it is a rare one that generally does not grow as well-formed crystals."

Growing the miassite crystals was part of a larger effort to discover compounds that combine very high melting elements (like Rh) and volatile elements (like S). "Contrary to the nature of the pure elements, we have been mastering the use of mixtures of these elements that allow for low temperature growth of crystals with minimal vapor pressure," said Canfield. "It's like finding a hidden fishing hole that is full of big fat fish. In the Rh-S system we discovered three new superconductors. And, through Ruslan's detailed measurements, we discovered that the miassite is an unconventional superconductor."

Prozorov's group specializes in advanced techniques to study superconductors at low temperatures. He said the material needed to be as cold as 50 millikelvins, which is about -460 degrees Fahrenheit.




Prozorov's team used three different tests to determine the nature of miassite's superconductivity. The main test is called the "London penetration depth." It determines how far a weak magnetic field can penetrate the superconductor bulk from the surface. In a conventional superconductor, this length is basically constant at low temperature. However, in unconventional superconductors, it varies linearly with the temperature. This test showed that miassite behaves as an unconventional superconductor.

Another test the team performed was introducing defects into the material. Prozorov said that this test is a signature technique his team has employed over the past decade. It involves bombarding the material with high-energy electrons. This process knocks-out ions from their positions, thus creating defects in the crystal structure. This disorder can cause changes in the material's critical temperature.

Conventional superconductors are not sensitive to non-magnetic disorder, so this test would show no or very little change in the critical temperature. Unconventional superconductors have a high sensitivity to disorder, and introducing defects changes or suppresses the critical temperature. It also affects the critical magnetic field of the material. In miassite, the team found that both the critical temperature and the critical magnetic field behaved as predicted in unconventional superconductors.

Investigating unconventional superconductors improves scientists understanding of how they work. Prozorov explained that this is important because, "Uncovering the mechanisms behind unconventional superconductivity is key to economically sound applications of superconductors."
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Molecular simulations of ammonia mixtures support search for renewable fuels | ScienceDaily

Ammonia is stable and safe to handle, is combustible, and contains the largest fraction of hydrogen of any molecule except for pure hydrogen itself. These factors promise to make it a feasible alternative to the carbon-based energy carriers that are driving climate change. Research has begun to explore how ammonia could be used to directly power engines, gas turbines, and hydrogen fuel cells, for example. It is also believed that ammonia could be used to store energy for times when other renewables like wind and solar power cannot meet demand.

Much is known about ammonia, but this interest in using it as a fuel has initiated a search for new ammonia technologies. This has, in turn, led to an increased need among chemical engineers for accurate data describing ammonia's fundamental thermodynamic properties. Such properties include a wide variety of measurable traits such as phase equilibria, density, or heat capacity, for example, that characterize physical systems and determine how chemical processes work. In the case of ammonia, engineers would also like to have better knowledge of how such properties change when mixing ammonia with other molecules. Such knowledge could help them to optimize processes and operating conditions.

Dr. Jadran Vrabec, currently the director of the Institute for Process Sciences at the Technical University of Berlin, has spent much of his career using high-performance computing (HPC) to investigate thermodynamic properties at the molecular level. "Thermodynamic properties are 100% determined by molecular interactions," he explains. "And because these interactions happen so fast and at such a small scale, it is only possible to study them by performing large simulations using supercomputers."

In a recent paper published in the Journal of Chemical & Engineering Data, he and coauthor Erich Mace of the TU Berlin report on the results of simulations focused on the thermodynamic properties of mixtures containing ammonia. Produced using the Hawk supercomputer at the High-Performance Computing Center Stuttgart (HLRS), their results add valuable data that could support the development of new applications of ammonia. The results could also help to assess the accuracy of other existing data, ensuring that engineers have the best available information for working with the substance.

Large-scale simulations provide unique insights into thermodynamic properties

Vrabec is a longtime user of HLRS supercomputing resources for molecular dynamics and Monte Carlo simulations. His approach relies on concepts of thermodynamics that were first articulated by Ludwig Boltzmann in the 19th century but only became practical to apply in the 1950s with the arrival of the first computers. Since then, the field has advanced in parallel with the development of larger and faster supercomputers, to the point that Vrabec's simulations now track the individual motions and interactions of billions or even trillions of molecules simultaneously. Using software his lab developed to selectively capture data of interest, he can then study the molecules' thermodynamic properties.




Vrabec uses two simulation codes called ms2 and ls1, which he has developed and optimized over the course of a long and fruitful collaboration with HLRS staff members Martin Bernreuther and Christoph Niethammer. In 2019 the team even set a world record for the largest molecular system ever simulated using molecular dynamics methods. Using ls1, they efficiently scaled their code to a system of 21 trillion atoms in which every individual molecule and its interactions with other molecules could be tracked.

In the recent work on ammonia, Mace and Vrabec performed molecular dynamics and Monte Carlo simulations using ms2 to investigate five commonly used mixtures involving ammonia in chemical engineering processes: argon-ammonia, methane-ammonia, hydrogen-ammonia, nitrogen-ammonia, and oxygen-ammonia. For each mixture the simulations generated data describing the vapor-liquid equilibrium (VLE) -- a measurement of the distribution of molecules in a system across the vapor or liquid phases -- for a wide range of temperatures and pressures. In their paper Mace and Vrabec point out that VLE data is often used in developing equations of state for industrial fluids; that is, the data can be used to predict the state of matter under different physical conditions due to changes in temperature, pressure, volume, or composition. Such information is essential for determining optimal mixtures and working conditions in industrial applications.

Vrabec's molecular simulations are particularly valuable because they can be used to investigate a much wider range of scales than is possible using experimental approaches. "In our simulations, we provided measurements of thermodynamic properties even up to pressures of 50 megapascals. This is 500 times our ambient air pressure," Vrabec remarks. "Although data for ammonia mixtures have been gathered for more than a century, the data coverage is surprisingly narrow. The reason is that the effort to measure it experimentally is prohibitively huge. It would require expensive special equipment that would be dangerous to operate. In computer simulations, we can get results safely and relatively inexpensively." His methods also provide a comparable level of accuracy to that of experimental approaches in ranges where experimental data is available.

Better data for ammonia research

When Mace and Vrabec analyzed their simulation data, they showed that although ammonia is a component in all five systems they studied, the resulting graphs of VLE values look dramatically different for different molecular mixtures. According to Vrabec, "The phase behavior of different mixtures is strongly determined by the interactions among the molecules in the system. You need to understand these properties if you are interested in working with ammonia mixtures."

The paper and its supplementary data offer more than 400 new data points for each mixture they studied. Using Hawk, they were able to produce the results of each mixture within just a few days of computing time. The results will be of particular value for extreme, difficult-to-study conditions for which little data is available, and could help engineers to identify sweet spots where conditions would be optimal for efficient ammonia processing.

The study included both new simulation data and previously published data from the scientific literature, enabling Mace and Vrabec to compare their results with other existing datasets of VLE values. In most situations, their results corresponded closely with those of previous studies. In some cases, however, they identified significant divergences between their results and other research groups' experimentally generated measurements and predictions. The authors attribute these discrepancies to limitations or inaccuracies in the corresponding experimental methods. They also suggest that specific experimental data sources should be used with caution in future research or chemical engineering applications.

Vrabec says that in recent work, he has focused primarily on simulating thermodynamic properties of molecular systems, generally at the sub-micrometer scale. Despite the many orders of magnitude that lie between this scale and the level of observable processes, accurate methods exist for translating these molecular-level insights into useful real-world predictions. As supercomputers grow larger, however, he anticipates that it might also become possible to simulate not just properties but also thermodynamic processes using boundary conditions that are close to real-world applications. Increased HPC performance could produce more accurate results about dynamic phenomena with a better signal-to-noise ratio.

In the meantime, though, his team's results demonstrate the value of molecular dynamics and Monte Carlo simulation using high-performance computing, and will provide new understanding of phase behavior that engineers can use to develop new ammonia-based technologies.
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New high-performance solar cell material | ScienceDaily

"This is the first example in the field of photovoltaics where a new material has been found through this type of approach with an experimental follow-up," said Geoffroy Hautier, Dartmouth's Hodgson Family Associate Professor of Engineering. "Most people study one or two materials at a time, and we looked at forty thousand."

Dartmouth researcher Zhenkun Yuan is first author on the study with co-authors including research associate Yihuang Xiong, engineering PhD candidates Gideon Kassa and Andrew Pike, and engineering professors Hautier and Jifeng Liu -- as well as researchers from eight other partner institutions. This research stems from an award Hautier and Liu received in 2022 as part of $540 million the US Department of Energy granted to universities and National Laboratories nationwide to develop clean-energy technologies, including new photovoltaic materials.

The solar absorber material was confirmed in the lab to be not only promising in its ability to efficiently transform light into electricity, but also highly stable in both air and water. "You can put it out for six months and it will stay the same," Hautier said. "When you don't have to worry about moisture and air contamination, that significantly reduces your costs."

The study points out that, normally, finding new solar materials is tedious and slow with an overwhelming number of options to even begin to consider.

"We've been building a database of known materials -- both naturally occurring and human-made -- for a long time," Hautier explained. "That's giving us the capability to rapidly screen and make decisions on what may or may not be useful. We weren't able to screen for stability, but we could narrow it down to approximately 20 reasonable solar materials -- among the thousands and thousands of possibilities -- and after talking with our colleagues, we had a feeling this one would be stable."

The team plans to continue to improve the tools for even better screening, as well as explore the entire family of materials they call "Zintls," which could lead to enhancements and optimizations of the discovered material.

"There are a lot of opportunities around further characterizing this material and understanding it better, such as how it absorbs light and how to make it as a thin film," said Liu, who conducts and oversees materials-testing in his lab. "Collaboration is crucial. It takes a whole community of thinkers and many different skills to make it all work -- computing, experimentation, fabrication, characterization, optimization -- and you need to put all that together in a team."

"We won't have it as a solar panel tomorrow," Hautier said, "but we think this family of materials is exceptional and worth looking at."
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Study brings scientists a step closer to successfully growing plants in space | ScienceDaily
New, highly stretchable sensors can monitor and transmit plant growth information without human intervention, report University of Illinois Urbana-Champaign researchers in the journal Device.


						
The polymer sensors are resilient to humidity and temperature, can stretch over 400% while remaining attached to a plant as it grows and send a wireless signal to a remote monitoring location, said chemical and biomolecular engineering professor Ying Diao, who led the study with plant biology professor and department head Andrew Leakey.

The study details some of the early results of a NASA grant awarded to Diao to investigate how wearable printed electronics will be used to make farming possible in space.

"This work is motivated by the needs of astronauts to grow vegetables sustainably while they are on long missions," she said.

Diao's team approached this project using an Earth-based laboratory to create a highly dependable, stretchable electronic device -- and its development did not come easily, she said.

"Honestly, we began this work thinking that this task would only take a few months to perfect. However, we quickly realized that our polymer was too rigid," said Siqing Wang, a graduate student and first author of the study. "We had to reformulate a lot of the components to make them more soft and stretchable and adjust our printing method to control the assembly of the microstructures inside the device so that they did not form large crystals during the printing and curing process."

The team landed on a very thin film device that helps restrain the crystal growth during assembly and printing.




"After addressing the stretchability and assembly issues, we had to tackle the problems that come with working with wearable electronics in high humidity and under rapid growth rates," Wang said. "We needed reproducible results so we could not have the sensors fall off or electronically fail during the growth experiments. We finally came up with a seamless electrode and interface that was not affected by the demanding conditions."

The 'Stretchable-Polymer-Electronics-based Autonomous Remote Strain Sensor,' or SPEARS2 -- is the product of three years of hard work, proving that applied science rarely experiences eureka moments.

"It is an exciting technical advance in our ability to perform precise, noninvasive measurements of plant growth in real-time. I look forward to seeing how it can complement the latest tools for interrogating genomic and cellular processes," Leakey said.

Diao also said she is excited to uncover all of the ways this research will continue to progress.

For example, this study looks at plants like corn that grow primarily upward. However, the researchers plan to advance their electronics printing methodology to create a system that can monitor upward and outward growth.

The team said they are also working toward the ability to sense and monitor chemical processes remotely.

"I think the wearable electronics research community has ignored plants for too long," Diao said. "We know that they are experiencing a lot of stress during climate adaptation, and I think soft electronics can play a bigger role in advancing our understanding so we can ensure that plants are healthy, happy and sustainable in the future -- whether that is in space, on other planets or right here on Earth."

Researchers at NASA and Illinois researchers from bioengineering, crop sciences, material science and engineering, the Carl R. Woese Institute for Genomic Biology and the Beckman Institute for Advanced Science and Technology contributed to this study.

NASA and Beckman supported this study.
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New study quantifies health impacts from oil and gas flaring in U.S. | ScienceDaily
A new study led by researchers at the University of North Carolina at Chapel Hill Institute for the Environment, Boston University School of Public Health and the Environmental Defense Fund finds that pollution from oil and gas venting and flaring results in $7.4 billion in health damages, more than 700 premature deaths, and 73,000 asthma exacerbations among children annually. Researchers also conclude that emissions are underreported and controlling emissions is not only profitable for operators, but also can significantly improve public health in surrounding communities.


						
Oil and gas producers worldwide use venting and flaring to release or burn away excess natural gas in crude oil production. The practice contributes to air pollution in surrounding and downwind communities resulting in increased risk of hospitalizations, emergency room visits, worsening asthma and even premature death.

"Being able to combine information from what states are reporting with satellite retrievals helped us quantify the emissions from this sector better than just relying on one source," said Sarav Arunachalam, deputy director of the UNC Institute for the Environment and senior author of the study. "Using a comprehensive multipollutant modeling framework as shown in our study is needed to assess the overall air quality impacts of this sector, instead of just focusing on one pollutant. "

According to the study, published in GeoHealth, flaring and venting activities contribute an estimated $7.4 billion in health risks and 710 premature deaths annually in the U.S. Of those deaths, 360 are attributable to fine particulate matter (PM2.5), ozone (O3) and nitrogen dioxide (NO2). Fine particulate matter is widely known to cause adverse health effects, but researchers say impacts from O3 and NO2 should not be overlooked.

"Our research shows that oil and gas flaring can have substantial health impacts, and that a large portion of these impacts come from NO2 and O3, two air pollutants which are commonly not considered in health impact assessments," said co-author Jonathan Buonocore, an assistant professor of environmental health at Boston University School of Public Health.

Quantifying emissions for flaring and venting in the oil and gas industry has been difficult historically due to the intermittent nature of the practice and how those emissions are reported. The research team used satellite images from the Visible Infrared Imaging Radiometer Suite (VIIRS) instrument on the Suomi National Polar-orbiting Partnership (NPP) satellite to observe flaring and venting activities in combination with state and local reported data and found emissions that were up to 15 times higher for fine particulate matter, two times higher for sulfur dioxides and 22% higher for nitrogen oxides than what was reported in the U.S. EPA's National Emission Inventories (NEI). These emissions contribute to health-harming air pollution in oil and gas basins and surrounding areas and exceedances in ozone ambient air quality standards.

Texas, Pennsylvania and Colorado had the highest health burdens in this analysis, accounting for 45% of the total number of flaring and venting air pollution excess deaths.




Researchers also found the air quality health burdens of flaring and venting fall disproportionately on low-income, Hispanic and Native American communities. Of the total early deaths caused by flaring and venting, one in three occurred in low-income census tracts, 30% occurred in Hispanic/Latino census tracts, and 10% occurred in Native American census tracts. Of the 73,000 childhood asthma cases, 40% occurred in Hispanic/Latino census tracts.

Researchers are hopeful these new insights will have significant benefits on air quality and human health by reducing emissions from flaring and venting activities.

"This research provides more evidence of the problem of excessive venting and flaring in the oilfield," said Hillary Hull a co-author of the study and director of research and analytics at the Environmental Defense Fund. "This practice wreaks havoc on our climate, worsens quality of life and creates more health risks for people who live near this activity. State and national policies designed to put an end to this dangerous practice are sorely needed to protect the health and well-being of these communities."

"The recent MethaneSat mission launched to monitor oil and gas projects and specifically identify, in near real-time, large sources of methane that some satellite missions may miss will further assist to quantify emissions from this sector in an unprecedented manner, and to develop mitigation measures for addressing climate change in addition to solving air quality problems," added Arunachalam.
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Batteries for airborne electric vehicles that take off and land vertically | ScienceDaily
Researchers at the Department of Energy's Oak Ridge National Laboratory are taking cleaner transportation to the skies by creating and evaluating new batteries for airborne electric vehicles that take off and land vertically.


						
These aircraft, commonly called eVTOLs, range from delivery drones to urban air taxis. They are designed to rise into the air like a helicopter and fly using wing-borne lift like an airplane. Compared with helicopters, eVTOLs generally use more rotors spinning at a lower speed, making them both safer and quieter.

The airborne EV's aren't just flying cars, and ORNL researchers conclude that eVTOL batteries can't just be adapted from electric car batteries. So far that has been the dominant approach to the technology, which is mostly in the modeling stage. ORNL researchers took a different tack by evaluating how lithium-ion batteries fare under extremely high power draw.

"The eVTOL program presents a unique opportunity for creating a brand new type of battery with very different requirements and capabilities than what we have seen before," said Ilias Belharouak, an ORNL Corporate Fellow who guides the research.

Researchers are developing new energy-dense materials, learning how these materials degrade under extreme conditions, and developing battery control systems. "This requires us to answer questions about the interplay of battery safety, cycle life and stability at high temperatures, while balancing the need for short bursts of high power with energy reserves for longer-range flight," Belharouak said.

The first major takeaway from an extensive eVTOL research project underway at ORNL is that the power and performance demands for eVTOL batteries can significantly reduce their longevity and durability.

Unlike electric vehicle batteries, which typically drain at a steady rate, eVTOL batteries need varying amounts of power for flight stages such as climbing, hovering and descent, with some phases requiring high bursts of power.




"Now we know more about what is required of the eVTOL battery, we'll need to engineer systems differently to achieve that," said ORNL lead researcher Marm Dixit."Our focus is fundamental: What happens to the materials under these specific loads and operating conditions? We are trying to figure out the limitations of the battery chemistry we have now, and then tune the battery to bridge that gap."

The ORNL team made lithium-ion batteries at the DOE Battery Manufacturing Facility located at ORNL and ran them through simulated climb stages of eVTOL aircrafts. Scientists studied what happened inside the battery during cycling -- including how much energy was rapidly accessible during the demanding takeoff phase -- then tested the battery materials afterward for corrosion and other chemical or structural changes.

Systematic investigation linking actual flight profiles to real-time physical battery operation is rare. However, it is key groundwork for developing new battery chemistries to achieve safe flight performance.

The study incorporates testing of a new ORNL-developed electrolyte -- a material through which electrodes exchange ions -- against the current state-of-the art version used in lithium-ion batteries. Using the eVTOL mission profiles, the ORNL electrolyte performed better, retaining more capacity during the most power-demanding flight phases.

These results demonstrate the need for diversifying how battery performance is measured, Dixit said. "Your battery is not just capacity at the end of 1,000 cycles. It's what's happening within a cycle that tells you whether your system is going to work or crash. And the stakes are much higher here because you're asking how safe it is to go up in the air. This is a question we don't know the answer to -- yet."

Members of the research team are working on further improvements to the electrolyte and other battery components as they push the engineering limits for battery power, payload and safety. Recent experiments involved collecting real-world data from drone flights over the lab's campus, then using that information to develop a customized profile of the load and draw on the battery. Batteries made at ORNL were then run through same cycles.

Funding for the project was provided by the U.S. Army Combat Capabilities Development Command Research Laboratory through the Versatile Tactical Power and Propulsion Essential Research Program. ORNL researchers Anuj Bisht and Ruhul Amin and former ORNL researcher Rachid Essehli contributed to the research, which also utilized the Center for Nanophase Materials Sciences, a DOE Office of Science user facility at ORNL.
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Spiral wrappers switch nanotubes from conductors to semiconductors and back | ScienceDaily
It might look like a roll of chicken wire, but this tiny cylinder of carbon atoms -- too small to see with the naked eye -- could one day be used for making electronic devices ranging from night vision goggles and motion detectors to more efficient solar cells, thanks to techniques developed by researchers at Duke University.


						
First discovered in the early 1990s, carbon nanotubes are made from single sheets of carbon atoms rolled up like a straw.

Carbon isn't exactly a newfangled material. All life on Earth is based on carbon. It's the same stuff found in diamonds, charcoal, and pencil lead.

What makes carbon nanotubes special are their remarkable properties. These tiny cylinders are stronger than steel, and yet so thin that 50,000 of them would equal the thickness of a human hair.

They're also amazingly good at conducting electricity and heat, which is why, in the push for faster, smaller, more efficient electronics, carbon nanotubes have long been touted as potential replacements for silicon.

But producing nanotubes with specific properties is a challenge.

Depending on how they're rolled up, some nanotubes are considered metallic -- meaning electrons can flow through them at any energy. The problem is they can't be switched off. This limits their use in digital electronics, which use electrical signals that are either on or off to store binary states; just like silicon semiconductor transistors switch between 0 and 1 bits to carry out computations.




Duke chemistry professor Michael Therien and his team say they've found a way around this.

The approach takes a metallic nanotube, which always lets current through, and transforms it into a semiconducting form that can be switched on and off.

The secret lies in special polymers -- substances whose molecules are hooked together in long chains -- that wind around the nanotube in an orderly spiral, "like wrapping a ribbon around a pencil," said first author Francesco Mastrocinque, who earned his chemistry Ph.D. in Therien's lab at Duke.

The effect is reversible, they found. Wrapping the nanotube in a polymer changes its electronic properties from a conductor to a semiconductor. But if the nanotube is unwrapped, it goes back to its original metallic state.

The researchers also showed that by changing the type of polymer that encircles a nanotube, they could engineer new types of semiconducting nanotubes. They can conduct electricity, but only when the right amount of external energy is applied.

"This method provides a subtle new tool," Therien said. "It allows you to make a semiconductor by design."

Practical applications of the method are likely far off. "We're a long way from making devices," Therien said.




Mastrocinque and his co-authors say the work is important because it's a way to design semiconductors that can conduct electricity when struck by light of certain low-energy wavelengths that are common but invisible to human eyes.

In the future for instance, the Duke team's work might help others engineer nanotubes that detect heat released as infrared radiation, to reveal people or vehicles hidden in the shadows. When infrared light -- such as that emitted by warm-blooded animals -- strikes one of these nanotube-polymer hybrids, it would generate an electric signal.

Or take solar cells: this technique could be used to make nanotube semiconductors that convert a broader range of wavelengths into electricity, to harness more of the Sun's energy.

Because of the spiral wrapper on the nanotube surface, these structures could also be ideal materials for new forms of computing and data storage that use the spins of electrons, in addition to their charge, to process and carry information.

The researchers describe their results March 11 in the journal Proceedings of the National Academy of Sciences.

This research was supported by the Air Force Office of Scientific Research (FA9550-18-1-0222), the National Institutes of Health (1R01HL146849), the United States National Science Foundation (CHE-2140249, DGE-2040435) and the John Simon Guggenheim Memorial Foundation.
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A sprayable gel could make minimally invasive surgeries simpler and safer | ScienceDaily
More than 20 million Americans undergo colonoscopy screenings every year, and in many of those cases, doctors end up removing polyps that are 2 cm or larger and require additional care. This procedure has greatly reduced the overall incidence of colon cancer, but not without complications, as patients may experience gastrointestinal bleeding both during and after the procedure.


						
In hopes of preventing those complications from occurring, researchers at MIT have developed a new gel, GastroShield, that can be sprayed onto the surgical sites through an endoscope. This gel forms a tough but flexible protective layer that serves as a shield for the damaged area. The material prevents delayed bleeding and reinforces the mechanical integrity of the tissue.

"Our tissue-responsive adhesive technology is engineered to interact with the tissue via complementary covalent and ionic interactions as well as physical interactions to provide prolonged lesion protection over days to prevent complications following polyp removal, and other wounds at risk of bleeding across the gastrointestinal tract," says Natalie Artzi, a principal research scientist in MIT's Institute for Medical Engineering and Science, an associate professor of medicine at Harvard Medical School, and the senior author of the paper.

In an animal study, the researchers showed that the GastroShield application integrates seamlessly with current endoscopic procedures, and provides wound protection for three to seven days where it helps tissue to heal following surgery. Artzi and other members of the research team have started a company called BioDevek that now plans to further develop the material for use in humans.

Gonzalo Munoz Taboada, CEO of BioDevek, and Daniel Dahis, lead scientist at BioDevek, are the lead authors of the study, which appears in the journal Advanced Materials. Elazer Edelman, the Edward J. Poitras Professor in Medical Engineering and Science at MIT and the director of IMES, and Pere Dosta, a former postdoc in Artzi's lab, are also authors of the paper.

Adhesive gels

Routine colon cancer screenings often reveal small precancerous polyps, which can be removed before they become cancerous. This is usually done using an endoscope. If any bleeding occurs during the polyp removal, doctors can cauterize the wound to seal it, but this method creates a scar that may delay the healing, and result in additional complications.




Additionally, in some patients, bleeding doesn't occur until a few days after the procedure. This can be dangerous and may require patients to return to the hospital for additional treatment. Other patients may develop small tears that lead the intestinal contents to leak into the abdomen, which can lead to severe infection and requires emergency care.

When tissue reinforcement is required, doctors often insert metal clips to hold tissue together, but these can't be used with larger polyps and aren't always effective. Efforts to develop a gel that could seal the surgical wounds have not been successful, mainly because the materials could not adhere to the surgical site for more than 24 hours.

The MIT team tested dozens of combinations of materials that they thought could have the right properties for this use. They wanted to find formulations that would display a low enough viscosity to be easily delivered and sprayed through a nozzle at the end of a catheter that fits inside commercial endoscopes. Simultaneously, upon tissue contact, this formulation should instantly form a tough gel that adheres strongly to the tissue. They also wanted the gel to be flexible enough that it could withstand the forces generated by the peristaltic movements of the digestive tract and the food flowing by.

The researchers came up with a winning combination that includes a polymer called pluronic, which is a type of block copolymer that can self-assemble into spheres called micelles. The ends of these polymers contain multiple amine groups, which end up on the surface of the micelles. The second component of the gel is oxidized dextran, a polysaccharide that can form strong but reversible bonds with the amine groups of the pluronic micelles.

When sprayed, these materials instantly react with each other and with the lining of the gastrointestinal tract, forming a solid gel in less than five seconds. The micelles that make up the gel are "self-healing" and can absorb forces that they encounter from peristaltic movements and food moving along the digestive tract, by temporarily breaking apart and then re-assembling.

"To obtain a material that adheres to the design criteria and can be delivered through existing colonoscopes, we screened through libraries of materials to understand how different parameters affect gelation, adhesion, retention, and compatibility," Artzi says.




A protective layer

The gel can also withstand the low pH and enzymatic activity in the digestive tract, and protect tissue from that harsh environment while it heals itself, underscoring its potential for use in other gastrointestinal wounds at high risk of bleeding, such as stomach ulcers, which affect more than 4 million Americans every year.

In tests in animals, the researchers found that every animal treated with the new gel showed rapid sealing, and there were no perforations, leakages, or bleeding in the week following the treatment. The material lasted for about five days, after which it was sloughed off along with the top layer of tissue as the surgical wounds healed.

The researchers also performed several biocompatibility studies and found that the gel did not cause any adverse effects.

"A key feature of this new technology is our aim to make it translational. GastroShield was designed to be stored in liquid form in a ready-to-use kit. Additionally, it doesn't require any activation, light, or trigger solution to form the gel, aiming to make endoscopic use easy and fast," says Munoz, who is currently leading the translational effort for GastroShield.

BioDevek is now working on further developing the material for possible use in patients. In addition to its potential use in colonoscopies, this gel could also be useful for treating stomach ulcers and inflammatory conditions such as Crohn's disease, or for delivering cancer drugs, Artzi says.

The research was funded, in part, by the National Science Foundation.
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Have metalenses expanded their reach into the ultraviolet region? | ScienceDaily
Ultraviolet rays find diverse applications in medical and healthcare, serving purposes such as disinfection, sterilization, and therapy. They are also used in the semiconductor industry for creating microcircuits and patterns. A metalens fabrication process, developed by a team of researchers at Pohang University of Science and Technology (POSTECH), enables control over the optical properties of these UV rays. This innovation has garnered significant attention across industries, sparking interest in potential advancements.


						
A collaborative research team, comprising Professor Junsuk Rho from the Department of Mechanical Engineering and the Department of Chemical Engineering and PhD candidates Joohoon Kim and Yeseul Kim from the Department of Mechanical Engineering at POSTECH, and Professor Heon Lee and Wonjoong Kim from the Department of Materials Science and Engineering at Korea University, has devised a technique for the mass production of large-area metalenses tailored for use in the ultraviolet region. The findings of their research have been published in Materials Today, an international journal in the field of materials.

Metalenses control light properties through nanometer-scale patterns or structures on lens surfaces. With the ability to reduce the thickness of conventional lenses by a factor of 10,000, they hold significant promise in medical devices that are inserted in the body and wearable devices. Ongoing active research aims to achieve mass production and commercialization of metalenses.

However, ultraviolet light poses challenges as it is absorbed by most materials due to its high energy level. The shorter wavelength of ultraviolet light requires more structures for the same area. Furthermore, unlike visible and infrared light, the limited availability of materials transparent to ultraviolet light complicates the production of large-area metalenses. Additionally, nanoprocessing technology constraints have resulted in most reported metalenses for ultraviolet light being smaller than 500 mm (micrometers).

In prior research endeavors, the team collaborated with Dr. Gyoseon Jeon's team at the Research Institute of Industrial Science and Technology (RIST) to achieve successful mass production of metalenses for visible light as published in Nature Materials, and for infrared light as recently reported in 'Laser and Photonics Reviews'. The researchers extended their process by incorporating a zirconium oxide (ZrO2) material, transparent in the ultraviolet region, enabling the mass production of a metalense measuring 1 centimeter (cm) on a wafer. Employing a nano-imprinting process that engraves the pattern like a stamp, the team achieved the rapid and inexpensive production of metalenses that are 20,000 times larger than conventional ones.

Professor Junsuk Rho who led the research expressed the team's commitment by stating, "This marks the first instance of implementing a metalens with exceptional light-modulation capabilities over a large area in the ultraviolet region." He added, "We are committed to continually improving the technology for potential applications in industrial sectors such as semiconductor inspection equipment through further research efforts."

The research was conducted with support from the N.EX.T Impact Project of POSCO Holdings, and the STEAM Research Program, the RLRC Program, the Nanomaterial Technology Development Program, and the Future Material Discovery Program of the Ministry of Science and ICT.
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AI making waves in marine data collection | ScienceDaily
Numerous measurement stations around the world provide us with data about air quality, allowing us to enhance it. Although we are increasingly collecting data from marine areas, access to such data is considerably more challenging. Signals are poorly transmitted through water, differences in both pressure and currents hinder measurement devices and there is an absence of pre-constructed computing infrastructure.


						
Could intelligent technologies help us improve marine data collection? Professor of Computer Science Petteri Nurmi and his research group at the University of Helsinki have joined forces with researchers at the University of Tartu, University of Madeira, and MARE-Madeira, ARDITI, a non-profit marine research institute, to develop solutions combining sensor technologies and embedded Artificial Intelligence.

The researchers strive to make more efficient and expansive the data collection methods now used in, for example, environmental research.

"The higher the quantity and quality of data about the oceans obtained, the better we can use it to understand and protect the oceans. Our methods help expand the total amount of data gathered from marine areas and reduce the effort required to collect and analyse them," Nurmi says.

AI identifies animal species

In a recently published study, Nurmi and his colleagues used data collected from whale-watching excursions in Madeira, Portugal. The vessels used for these excursions usually carry persons who can record observations of the species seen or video the environment during the tour.

In the study, an AI model assisted individuals in environmental real-time observation. AI was also used to identify whether the video footage showed certain animals, such as dolphins or whales. In addition, the researchers compared the AI assistance received by experienced and less experienced observers, and explored how AI-assisted animal observations served as data for training the model.




"We analysed how AI assistance affected the quality of data and human observations. AI improved the accuracy of animal observations by amateurs, but had no effect on expert observations. On the other hand, when the data collected were used for training purposes, the best results were achieved by combining AI classifications with expert observations. Thus, interactions between humans and AI can influence each other and they need to be better understood," Nurmi explains. The method could ideally be used for faster identification of animals moving in marine areas. The results and methods can also be expanded to observe other organisms.

Identifying marine plastics

Another recent study focused on identifying and classifying underwater plastic debris. These differ from microplastics, or tiny plastic particles, in being visible to the naked eye. One method currently used to obtain information on marine plastic pollution is to have divers or devices collect samples for laboratory analysis, but this usually takes a great deal of time. Surface-layer plastics can be observed with aerial photography as well.

The researchers developed an AI model functioning with sensors and based on the analysis of light spectrum data. The model could be connected to diver equipment or a diving robot to determine the type of plastic waste underwater. The researchers discovered that the model was able to distinguish types of plastic with 85% accuracy.

"We are capable of identifying four out of five objects directly, which means we need to send fewer samples to a lab for identification. This provides us with more data and thus a more comprehensive overview of marine plastic pollution."

Nurmi emphasises that his and his colleagues' aim is to create new ways of collecting data. Experts in other fields can then come up with the best uses for the new methods. For instance, once the type of plastic is known, it is easier to find out its source and consider ways of preventing pollution. The data also help researchers understand the effects on ecosystems of different types of plastic, as they contain different chemicals and break down in different ways.




Better data for better protection

Nurmi believes that the situation with marine data may be similar to the one in air quality research years ago.

"Originally, air quality research relied on a few large measuring towers, but now you can find them even on bus stops. In marine sciences this is not yet the case, even if the methods for collecting marine data and the number of actors involved are increasing. Our research ensures that we can obtain even greater amount of even more accurate marine measurement data as the capabilities to collect data improve."

In the future, the use of underwater drones, smart buoys, vessels and coastal base stations is likely to increase in marine data collection. The expanding network of such tools will offer further ways to gather underwater data.

"Despite their vital importance for humanity, marine protection and regulation unfortunately tend to be drowned out by other issues. The higher the quantity and quality of marine data collected, the better we are able to develop solutions and regulations improving the status of the marine environment."
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Scientists develop a rapid gene-editing screen to find effects of cancer mutations | ScienceDaily
Tumors can carry mutations in hundreds of different genes, and each of those genes may be mutated in different ways -- some mutations simply replace one DNA nucleotide with another, while others insert or delete larger sections of DNA.


						
Until now, there has been no way to quickly and easily screen each of those mutations in their natural setting to see what role they may play in the development, progression, and treatment response of a tumor. Using a variant of CRISPR genome-editing known as prime editing, MIT researchers have now come up with a way to screen those mutations much more easily.

The researchers demonstrated their technique by screening cells with more than 1,000 different mutations of the tumor suppressor gene p53, all of which have been seen in cancer patients. This method, which is easier and faster than any existing approach, and edits the genome rather than introducing an artificial version of the mutant gene, revealed that some p53 mutations are more harmful than previously thought.

This technique could also be applied to many other cancer genes, the researchers say, and could eventually be used for precision medicine, to determine how an individual patient's tumor will respond to a particular treatment.

"In one experiment, you can generate thousands of genotypes that are seen in cancer patients, and immediately test whether one or more of those genotypes are sensitive or resistant to any type of therapy that you're interested in using," says Francisco Sanchez-Rivera, an MIT assistant professor of biology, a member of the Koch Institute for Integrative Cancer Research, and the senior author of the study.

MIT graduate student Samuel Gould is the lead author of the paper, which appears today in Nature Biotechnology.

Editing cells

The new technique builds on research that Sanchez-Rivera began 10 years ago as an MIT graduate student. At that time, working with Tyler Jacks, the David H. Koch Professor of Biology, and then-postdoc Thales Papagiannakopoulos, Sanchez-Rivera developed a way to use CRISPR genome-editing to introduce into mice genetic mutations linked to lung cancer.




In that study, the researchers showed that they could delete genes that are often lost in lung tumor cells, and the resulting tumors were similar to naturally arising tumors with those mutations. However, this technique did not allow for the creation of point mutations (substitutions of one nucleotide for another) or insertions.

"While some cancer patients have deletions in certain genes, the vast majority of mutations that cancer patients have in their tumors also include point mutations or small insertions," Sanchez-Rivera says.

Since then, David Liu, a professor in the Harvard University Department of Chemistry and Chemical Biology and a core institute member of the Broad Institute, has developed new CRISPR-based genome editing technologies that can generate additional types of mutations more easily. With base editing, developed in 2016, researchers can engineer point mutations, but not all possible point mutations. In 2019, Liu, who is also an author of the Nature Biotechnology study, developed a technique called prime editing, which enables any kind of point mutation to be introduced, as well as insertions and deletions.

"Prime editing in theory solves one of the major challenges with earlier forms of CRISPR-based editing, which is that it allows you to engineer virtually any type of mutation," Sanchez-Rivera says.

When they began working on this project, Sanchez-Rivera and Gould calculated that if performed successfully, prime editing could be used to generate more than 99 percent of all small mutations seen in cancer patients.

However, to achieve that, they needed to find a way to optimize the editing efficiency of the CRISPR-based system. The prime editing guide RNAs (pegRNAs) used to direct CRISPR enzymes to cut the genome in certain spots have varying levels of efficiency, which leads to "noise" in the data from pegRNAs that simply aren't generating the correct target mutation. The MIT team devised a way to reduce that noise by using synthetic target sites to help them calculate how efficiently each guide RNA that they tested was working.




"We can design multiple prime-editing guide RNAs with different design properties, and then we get an empirical measurement of how efficient each of those pegRNAs is. It tells us what percentage of the time each pegRNA is actually introducing the correct edit," Gould says.

Analyzing mutations

The researchers demonstrated their technique using p53, a gene that is mutated in more than half of all cancer patients. From a dataset that includes sequencing information from more than 40,000 patients, the researchers identified more than 1,000 different mutations that can occur in p53.

"We wanted to focus on p53 because it's the most commonly mutated gene in human cancers, but only the most frequent variants in p53 have really been deeply studied. There are many variants in p53 that remain understudied," Gould says.

Using their new method, the researchers introduced p53 mutations in human lung adenocarcinoma cells, then measured the survival rates of these cells, allowing them to determine each mutation's effect on cell fitness.

Among their findings, they showed that some p53 mutations promoted cell growth more than had been previously thought. These mutations, which prevent the p53 protein from forming a tetramer -- an assembly of four p53 proteins -- had been studied before, using a technique that involves inserting artificial copies of a mutated p53 gene into a cell.

Those studies found that these mutations did not confer any survival advantage to cancer cells. However, when the MIT team introduced those same mutations using the new prime editing technique, they found that the mutation prevented the tetramer from forming, allowing the cells to survive. Based on the studies done using overexpression of artificial p53 DNA, those mutations would have been classified as benign, while the new work shows that under more natural circumstances, they are not.

"This is a case where you could only observe these variant-induced phenotypes if you're engineering the variants in their natural context and not with these more artificial systems," Gould says. "This is just one example, but it speaks to a broader principle that we're going to be able to access novel biology using these new genome-editing technologies."

Because it is difficult to reactivate tumor suppressor genes, there are few drugs that target p53, but the researchers now plan to investigate mutations found in other cancer-linked genes, in hopes of discovering potential cancer therapies that could target those mutations. They also hope that the technique could one day enable personalized approaches to treating tumors.

"With the advent of sequencing technologies in the clinic, we'll be able to use this genetic information to tailor therapies for patients suffering from tumors that have a defined genetic makeup," Sanchez-Rivera says. "This approach based on prime editing has the potential to change everything."
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Scientists propose new theory that explains sand ripples on Mars and on Earth | ScienceDaily
Sand ripples are fascinating. They are symmetrical, yet wind -- which causes them -- is very much not. Furthermore, they can be found on Mars and on Earth. They would be even more fascinating if the same effect found on Mars could be found here on Earth as well. What if one unified theory could explain their formation on two different planets of our solar system?


						
That is what Ben-Gurion University of the Negev physicist Prof. Hezi Yizhaq and Prof. Itzhak Katra and their colleagues from Denmark, Germany, Italy, China, and the US contend in a cover article published in Nature Geoscience.

Sand ripples photographed on Mars by NASA's Curiosity rover in 2015 showed two distinct patterns -- large ripples (meter scale) and a shorter "impact" ripples pattern (decimeter scale). The prevailing theory proposed since then argues that the smaller scale ripples are produced by the impact mechanism of the particles transported by the wind like normal ripples on Earth and the larger ripples form due to hydrodynamic instability like subaqueous ripples. Furthermore, it was believed that the physical conditions that produced them on Mars could not produce them on Earth.

However, Prof. Yizhaq and Prof. Katra have proven experimentally using Ben-Gurion University's wind tunnel and Aarhus University's Mars tunnel that such a phenomenon could exist on Earth -- we just haven't noticed it yet because we didn't know we should be looking for it.

Imitating Martian sand was not easy because it's finer than sand here on Earth, explains Prof. Yizhaq, but the breakthrough occurred when they decided to try tiny glass balls to represent fine grains of sand.

Furthermore, the international research team has proposed a unified theoretical framework that would explain sand ripples on Mars and on Earth. At its most basic level, sand ripples on Mars caused by wind look like sand ripples on Earth caused by water.

"There is much more research, both fieldwork and experimentally, needed to prove our theory, but it is amazing to propose something so radically new in a field I have been studying for over 20 years. It is exciting to go out and try to find on Earth what can clearly be seen on Mars," says Prof. Yizhaq.

Prof. Yizhaq is a member of the Department of Solar Energy and Environmental Physics. Prof. Itzhak Katra is a member of the Department of Environmental, Geoinformatics and Urban Planning Sciences.

The research was supported by the Israel Science Foundation (Grant no. 1270/20), the German-Israel Foundation for Scientific Research and Development (GIF) (Grant no. 155-301.10/2018), the National Natural Science Foundation of China, Texas A&M Engineering Experiment Station, Europlanet grant no. 871149, and the Horizon 2020 Research and Innovation Program.
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You didn't see it coming: The spontaneous nature of turbulence | ScienceDaily
We experience turbulence every day: a gust of wind, water gushing down a river or mid-flight bumps on an airplane.


						
Although it may be easy to understand what causes some kinds of turbulence -- a felled tree in a river or a bear splashing around for salmon -- there is now evidence that a very small disturbance at the start can have dramatic effects later. Instead of a tree, think of a twig -- or even the swerving motion of a molecule.

University of California San Diego Chancellor's Distinguished Professor of Physics Nigel Goldenfeld, along with his former student Dmytro Bandak, and Professors Alexei Mailybaev and Gregory Eyink, has shown in theoretical models of turbulence that even molecular motions can create large-scale patterns of randomness over a defined period of time. Their work appears in Physical Review Letters.

The Butterfly Effect

A butterfly flaps its wings in Brazil which later causes a tornado in Texas. Although we may commonly use the phrase to denote the seeming interconnectedness of our own lives, the term "butterfly effect" is sometimes associated with chaos theory. Goldenfeld said their work represents a more extreme version of the butterfly effect, first described by mathematician and meteorologist Edward Lorenz in 1969.

"What we've learned is that in turbulent systems, a very small disturbance at one point will have an amplified effect at a finite point in the future, but through a mechanism that is faster than chaos."

Although the mathematical mechanism for this amplification, known as spontaneous stochasticity, was discovered about 25 years ago, Goldenfeld noted, "The fact that the random motion of molecules, responsible for the everyday phenomenon of temperature, could generate spontaneous stochasticity was not known before our work."

Thinking back on the twig in the river: while you might notice a small disturbance where the water flows over the twig, you wouldn't expect it to create a great deal of turbulence (via eddies and swirls) downstream. Yet that is precisely what Goldenfeld's paper shows. He explains that the mechanism is known as spontaneous stochasticity, because the randomness arises even though the fluid motion was expected to be predictable. Furthermore, it would be impossible to pinpoint the twig that had originally set the eddies and swirls in motion. In fact, there may be no disturbance in the water flow where the twig is located at all.




The team's findings also showed that spontaneous stochasticity happens regardless of the initial disturbance. Whether it's a twig, a pebble or a clod of dirt, the randomness you get on a large scale is the same. In other words, the randomness is intrinsic to the process.

The team used thermal noise as the system for their calculations because it is always present -- noticeable in the hissing of your amplifier. That noise is the sound of electrons moving around inside your electronics. In a fluid, it is the molecules that are moving around instead of electrons.

Although the Navier-Stokes equation is the standard model for computing turbulent flows, it was computationally unfeasible to use the full fluid equations to simulate the very extreme turbulent events required to convincingly demonstrate the team's claims. Instead, they used a simplified equation, and in doing so showed that a disturbance on the scale of microns (a millionth of a meter) could cause entire fluid systems to exhibit spontaneous stochasticity in a way that did not depend on the source of the disturbance.

"For now, this will have to do" said Goldenfeld, "but we hope that future supercomputer calculations will be able to confirm our results using the full fluid equations."

Predicting the Future and the Past

"There exists a fundamental limit to what can be predicted with turbulence," stated Goldenfeld. "You see this with weather forecasts; there is always a fundamental source of randomness. The precise sense in which this unpredictability was inevitable wasn't fully understood before our work."

It's that randomness that makes it so hard to accurately predict the weather more than a few hours in advance. Meteorological stations sample weather in select locations and computer simulations stitch them together, but without knowing the exact weather everywhere right now, it's hard to predict the exact weather everywhere in the future. This paper hints at the possibility that fundamental limits will always exist because randomness will always show up.




There may also be implications in astrophysics research. Scientists already understand that computer simulations of how galaxies are formed and how our universe evolved are sensitive to noise. Often the behaviors of stars, planets and galaxies cannot be easily explained and may be attributed to the kinds of microscopic noise that Goldenfeld and his colleagues have uncovered.

Full list of authors: Dmytro Bandak (University of Illinois at Urbana-Champaign), Alexei Mailybaev (Instituto de Matematica Pura e Aplicada -- IMPA, Brazil), Gregory L. Eyink (The Johns Hopkins University) and Nigel Goldenfeld (UC San Diego).

This work was partially supported by the Simons Foundation (663054 (G.E.) and 662985(N.G.)), the National Council for Scientific and Technological Development in Brazil (CNPq grant 308721/2021-7) and the Carlos Chagas Filho Foundation for Research Support in Brazil (FAPERJ grant E-26/201.054/2022).
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New traffic signal would improve travel time for both pedestrians and vehicles | ScienceDaily
Adding a fourth light to traffic signals -- in addition to red, green and yellow -- would shorten wait times at street corners for pedestrians, as well as improve traffic flow for both autonomous vehicles and human drivers. And the more autonomous vehicles there are in the traffic network, the shorter the wait times for everyone.


						
"Our earlier work introduced the idea of a fourth traffic signal called a 'white phase,' which taps into the computing power of autonomous vehicles (AVs) in order to expedite traffic at intersections -- but we had not yet incorporated what this concept would mean for pedestrians," says Ali Hajbabaie, corresponding author of the paper and an associate professor of civil, construction and environmental engineering at North Carolina State University. "We've now expanded our computational modeling to account for foot traffic, and the results are extremely promising for both pedestrians and vehicles."

The white phase concept makes use of AVs' ability to communicate wirelessly with both each other and the computers that control the traffic signals. When enough AVs are approaching the intersection, this would activate a new traffic light -- the white light. While red lights mean stop, and green lights mean go, white lights tell human drivers to simply follow the car in front of them. In short, the white light is a signal that AVs are coordinating their movement to facilitate traffic through the intersection more efficiently.

"Our previous research found that the more AVs there are on the road, the more efficiently the traffic moves," Hajbabaie says. "To be clear, this improves travel time, fuel efficiency and safety for all of the cars on the road -- not just AVs."

To account for pedestrian traffic, the researchers incorporated a suite of new parameters into the optimization model that assessed the impact foot traffic would have on all traffic through an intersection.

"We found that, when pedestrians are added into the mix, the white phase concept still improves traffic efficiency for everyone," Hajbabaie says. "And, again, the higher the percentage of traffic that is made up of AVs, the more efficiently traffic moves through intersections.

"If at some point in the future we see almost universal adoption of AVs, our models suggest that delays at intersections would decrease by more than 25%. More realistically, we will eventually see a lower percentage of wirelessly connected AVs on the road, but there would still be meaningful improvements in traffic time."

The researchers know that governments will not be adopting these new traffic technologies in the immediate future, but are already taking steps to ensure that future pilot projects will be safe and effective.

"We are currently setting up a physical testbed that will allow us to experiment with this concept in the physical world -- not just in a computer model," Hajbabaie says. "However, the vehicles we are using in the testbed are small enough to hold in your hands. This will help us identify challenges in implementation without the expense -- and safety risk -- involved with using full-scale vehicles. In the meantime, we are open to working with industry and research partners to explore ways to move forward with these technologies."
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Powerful new tool ushers in new era of quantum materials research | ScienceDaily
Research in quantum materials is paving the way for groundbreaking discoveries and is poised to drive technological advancements that will redefine the landscapes of industries like mining, energy, transportation, and medtech.


						
A technique called time- and angle-resolved photoemission spectroscopy (TR-ARPES) has emerged as a powerful tool, allowing researchers to explore the equilibrium and dynamical properties of quantum materials via light-matter interaction.

Published in the physics review journal, Reviews of Modern Physics, a recent review paper by Professor Fabio Boschini from the Institut national de la recherche scientifique (INRS), along with colleagues Marta Zonno from Canadian Light Source (CLS) and Andrea Damascelli from UBC's Stewart Blusson Quantum Matter Institute (Blusson QMI), illustrates that TR-ARPES has rapidly matured into a powerful technique over the last two decades.

"TR-ARPES is an effective technique not only for fundamental studies, but also for characterizing out-of-equilibrium properties of quantum materials for future applications," says Professor Boschini who specializes in ultrafast spectroscopies of condensed matter, at the Energie Materiaux Telecommunications Research Centre.

A revolutionary tool for quantum materials research 

The new paper provides a comprehensive review of research using TR-ARPES and its evolving significance in exploring light-induced electron dynamics and phase transitions in a wide range of quantum materials.

"The scientific community is currently investigating new 'tuning knobs' to control the electronic, transport, and magnetic properties of quantum materials on demand. One of these 'tuning knobs' is the light-matter interaction, which promises to provide fine control the properties of quantum materials on ultrafast timescales," says Professor Boschini, who is also a QMI affiliate investigator. "TR-ARPES is the ideal technique for this purpose, since it provides direct insight into how light excitation modifies electronic states with time, energy, and momentum resolution."

"TR-ARPES has ushered in a new era of quantum materials research, allowing us to 'knock on the system' and observe how it responds, and pushing the materials out of equilibrium to uncover their hidden properties," adds Blusson QMI Scientific Director Andrea Damascelli.




Collaboration at the heart of TR ARPES' success 

TR-ARPES combines condensed matter spectroscopy (ARPES) with ultrafast lasers (photonics), bringing together research groups from both fields. The technique owes much of its success to significant advancements in developing new laser sources capable of producing light with precise characteristics.

Boschini is working closely on the subject with Professor Francois Legare, a full professor at INRS and an expert in ultrafast laser science and technology. Together, Boschini's and Legare's groups built and are operating a state-of-the-art TR-ARPES endstation with unique intense long-wavelength excitation capabilities at the Advanced Laser Light Source (ALLS) laboratory.

"Thanks to the support from the Canada Foundation for Innovation (CFI), the governments of Quebec (MEIE) and Canada, and LaserNetUS, as well as the recent CFI Major Science Initiatives program, we are now in the privileged position to open the TR-ARPES endstation at ALLS to national and international users," states Professor Legare, Director of the Energie Materiaux Telecommunications Research Centre at INRS and Scientific Head of ALLS.

According to Professor Boschini, TR-ARPES is now a mature technique with a proven impact on various branches of physics and chemistry. "Further experimental and theoretical developments, similar to what we are doing at ALLS, suggest that even more exciting times lie ahead," he concludes.
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Mathematicians use AI to identify emerging COVID-19 variants | ScienceDaily
Scientists at The Universities of Manchester and Oxford have developed an AI framework that can identify and track new and concerning COVID-19 variants and could help with other infections in the future.


						
The framework combines dimension reduction techniques and a new explainable clustering algorithm called CLASSIX, developed by mathematicians at The University of Manchester. This enables the quick identification of groups of viral genomes that might present a risk in the future from huge volumes of data.

The study, presented this week in the journal PNAS, could support traditional methods of tracking viral evolution, such as phylogenetic analysis, which currently require extensive manual curation.

Roberto Cahuantzi, a researcher at The University of Manchester and first and corresponding author of the paper, said: "Since the emergence of COVID-19, we have seen multiple waves of new variants, heightened transmissibility, evasion of immune responses, and increased severity of illness.

"Scientists are now intensifying efforts to pinpoint these worrying new variants, such as alpha, delta and omicron, at the earliest stages of their emergence. If we can find a way to do this quickly and efficiently, it will enable us to be more proactive in our response, such as tailored vaccine development and may even enable us to eliminate the variants before they become established."

Like many other RNA viruses, COVID-19 has a high mutation rate and short time between generations meaning it evolves extremely rapidly. This means identifying new strains that are likely to be problematic in the future requires considerable effort.

Currently, there are almost 16 million sequences available on the GISAID database (the Global Initiative on Sharing All Influenza Data), which provides access to genomic data of influenza viruses.




Mapping the evolution and history of all COVID-19 genomes from this data is currently done using extremely large amounts of computer and human time.

The described method allows automation of such tasks. The researchers processed 5.7 million high-coverage sequences in only one to two days on a standard modern laptop; this would not be possible for existing methods, putting identification of concerning pathogen strains in the hands of more researchers due to reduced resource needs.

Thomas House, Professor of Mathematical Sciences at The University of Manchester, said: "The unprecedented amount of genetic data generated during the pandemic demands improvements to our methods to analyse it thoroughly. The data is continuing to grow rapidly but without showing a benefit to curating this data, there is a risk that it will be removed or deleted.

"We know that human expert time is limited, so our approach should not replace the work of humans all together but work alongside them to enable the job to be done much quicker and free our experts for other vital developments."

The proposed method works by breaking down genetic sequences of the COVID-19 virus into smaller "words" (called 3-mers) represented as numbers by counting them. Then, it groups similar sequences together based on their word patterns using machine learning techniques.

Stefan Guttel, Professor of Applied Mathematics at the University of Manchester, said: "The clustering algorithm CLASSIX we developed is much less computationally demanding than traditional methods and is fully explainable, meaning that it provides textual and visual explanations of the computed clusters."

Roberto Cahuantzi added: "Our analysis serves as a proof of concept, demonstrating the potential use of machine learning methods as an alert tool for the early discovery of emerging major variants without relying on the need to generate phylogenies.

"Whilst phylogenetics remains the 'gold standard' for understanding the viral ancestry, these machine learning methods can accommodate several orders of magnitude more sequences than the current phylogenetic methods and at a low computational cost."
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Cicadas' unique urination unlocks new understanding of fluid dynamics | ScienceDaily
Cicadas are the soundtrack of summer, but their pee is more special than their music. Rather than sprinkling droplets, they emit jets of urine from their small frames. For years, Georgia Tech researchers have wanted to understand the cicada's unique urination.


						
Saad Bhamla, an assistant professor in the School of Chemical and Biochemical Engineering, and his research group hoped for an opportunity to study a cicada's fluid excretion. However, while cicadas are easily heard, they hide in trees, making them hard to observe. As such, seeing a cicada pee is an event. Bhamla's team had only watched the process on YouTube.

Then, while doing field work in Peru, the team got lucky: They saw numerous cicadas in a tree, peeing.

This moment of observation was enough to disprove two main insect pee paradigms. First, cicadas eat xylem sap, and most xylem feeders only pee in droplets because it uses less energy to excrete the sap. Cicadas, however, are such voracious eaters that individually flicking away each drop of pee would be too taxing and would not extract enough nutrients from the sap.

"The assumption was that if an insect transitions from droplet formation into a jet, it will require more energy because the insect would have to inject more speed," said Elio Challita, a former Ph.D. student in Bhamla's lab and current postdoctoral researcher at Harvard University.

Second, smaller animals are expected to pee in droplets because their orifice is too tiny to emit anything thicker. Because of cicadas' larger size -- with wingspans that can rival a small hummingbird's -- they use less energy to expel pee in jets.

"Previously, it was understood that if a small animal wants to eject jets of water, then this becomes a bit challenging, because the animal expends more energy to force the fluid's exit at a higher speed. This is due to surface tension and viscous forces. But a larger animal can rely on gravity and inertial forces to pee," Challita said.




The cicadas' ability to jet water offered the researchers a new understanding of how fluid dynamics impacts these tiny insects -- and even large mammals. The researchers published this challenge to the paradigm as a brief, "Unifying Fluidic Excretion Across Life from Cicadas to Elephants," in Proceedings of the National Academy of Sciences the week of March 11.

For years, the research group has been studying fluid ejection across species, culminating in a recent arXiv preprint that characterizes this phenomenon from microscopic fungi to colossal whales. Their framework reveals diverse functions -- such as excretion, venom spraying, prey hunting, spore dispersal, and plant guttation -- highlighting potential applications in soft robotics, additive manufacturing, and drug delivery.

Cicadas are the smallest animal to create high-speed jets, so they can potentially inform applications in making jets in tiny robots/nozzles. And because their population reaches trillions, the ecosystem impact of their fluid ejection is substantial but unknown. Beyond bio-inspired engineering, Bhamla believes the critters could also inform bio-monitoring applications.

"Our research has mapped the excretory patterns of animals, spanning eight orders of scale from tiny cicadas to massive elephants," he said. "We've identified the fundamental constraints and forces that dictate these processes, offering a new lens through which to understand the principles of excretion, a critical function of all living systems. This work not only deepens our comprehension of biological functions but also paves the way for unifying the underlying principles that govern life's essential processes."
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A new sensor detects harmful 'forever chemicals' in drinking water | ScienceDaily
MIT chemists have designed a sensor that detects tiny quantities of perfluoroalkyl and polyfluoroalkyl substances (PFAS) -- chemicals found in food packaging, nonstick cookware, and many other consumer products.


						
These compounds, also known as "forever chemicals" because they do not break down naturally, have been linked to a variety of harmful health effects, including cancer, reproductive problems, and disruption of the immune and endocrine systems.

Using the new sensor technology, the researchers showed that they could detect PFAS levels as low as 200 parts per trillion in a water sample. The device they designed could offer a way for consumers to test their drinking water, and it could also be useful in industries that rely heavily on PFAS chemicals, including the manufacture of semiconductors and firefighting equipment.

"There's a real need for these sensing technologies. We're stuck with these chemicals for a long time, so we need to be able to detect them and get rid of them," says Timothy Swager, the John D. MacArthur Professor of Chemistry at MIT and the senior author of the study, which appears this week in the Proceedings of the National Academy of Sciences.

Other authors of the paper are former MIT postdoc and lead author Sohyun Park and MIT graduate student Collette Gordon.

Detecting PFAS

Coatings containing PFAS chemicals are used in thousands of consumer products. In addition to nonstick coatings for cookware, they are also commonly used in water-repellent clothing, stain-resistant fabrics, grease-resistant pizza boxes, cosmetics, and firefighting foams.




These fluorinated chemicals, which have been in widespread use since the 1950s, can be released into water, air, and soil, from factories, sewage treatment plants, and landfills. They have been found in drinking water sources in all 50 states.

In 2023, the Environmental Protection Agency created an "advisory health limit" for two of the most hazardous PFAS chemicals, known as perfluorooctanoic acid (PFOA) and perfluorooctyl sulfonate (PFOS). These advisories call for a limit of 0.004 parts per trillion for PFOA and 0.02 parts per trillion for PFOS in drinking water.

Currently, the only way that a consumer could determine if their drinking water contains PFAS is to send a water sample to a laboratory that performs mass spectrometry testing. However, this process takes several weeks and costs hundreds of dollars.

To create a cheaper and faster way to test for PFAS, the MIT team designed a sensor based on lateral flow technology -- the same approach used for rapid Covid-19 tests and pregnancy tests. Instead of a test strip coated with antibodies, the new sensor is embedded with a special polymer known as polyaniline, which can switch between semiconducting and conducting states when protons are added to the material.

The researchers deposited these polymers onto a strip of nitrocellulose paper and coated them with a surfactant that can pull fluorocarbons such as PFAS out of a drop of water placed on the strip. When this happens, protons from the PFAS are drawn into the polyaniline and turn it into a conductor, reducing the electrical resistance of the material. This change in resistance, which can be measured precisely using electrodes and sent to an external device such as a smartphone, gives a quantitative measurement of how much PFAS is present.

This approach works only with PFAS that are acidic, which includes two of the most harmful PFAS -- PFOA and perfluorobutanoic acid (PFBA).




A user-friendly system

The current version of the sensor can detect concentrations as low as 200 parts per trillion for PFBA, and 400 parts per trillion for PFOA. This is not quite low enough to meet the current EPA guidelines, but the sensor uses only a fraction of a milliliter of water. The researchers are now working on a larger-scale device that would be able to filter about a liter of water through a membrane made of polyaniline, and they believe this approach should increase the sensitivity by more than a hundredfold, with the goal of meeting the very low EPA advisory levels.

"We do envision a user-friendly, household system," Swager says. "You can imagine putting in a liter of water, letting it go through the membrane, and you have a device that measures the change in resistance of the membrane."

Such a device could offer a less expensive, rapid alternative to current PFAS detection methods. If PFAS are detected in drinking water, there are commercially available filters that can be used on household drinking water to reduce those levels. The new testing approach could also be useful for factories that manufacture products with PFAS chemicals, so they could test whether the water used in their manufacturing process is safe to release into the environment.

The research was funded by an MIT School of Science Fellowship to Gordon, a Bose Research Grant, and a Fulbright Fellowship to Park.
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Robotic interface masters a soft touch | ScienceDaily
The perception of softness can be taken for granted, but it plays a crucial role in many actions and interactions -- from judging the ripeness of an avocado to conducting a medical exam, or holding the hand of a loved one. But understanding and reproducing softness perception is challenging, because it involves so many sensory and cognitive processes.


						
Robotics researchers have tried to address this challenge with haptic devices, but previous attempts have not distinguished between two primary elements of softness perception: cutaneous cues (sensory feedback from the skin of the fingertip), and kinesthetic cues (feedback about the amount of force on the finger joint).

"If you press on a marshmallow with your fingertip, it's easy to tell that it's soft. But if you place a hard biscuit on top of that marshmallow and press again, you can still tell that the soft marshmallow is underneath, even though your fingertip is touching a hard surface," explains Mustafa Mete, a PhD student in the Reconfigurable Robotics Lab in the School of Engineering. "We wanted to see if we could create a robotic platform that can do the same."

With SORI (Softness Rendering Interface), the RRL, led by Jamie Paik, has achieved just that. By decoupling cutaneous and kinesthetic cues, SORI faithfully recreate the softness of a range of real materials, filling a gap in the robotics field enabling many applications where softness sensation is critical -- from deep-sea exploration to robot-assisted surgery.

The research appears in the Proceedings of the National Academy of Science (PNAS).

We all feel softness differently

Mete explains that neuroscientific and psychological studies show that cutaneous cues are largely based on how much skin is in contact with a surface, which is often related in part to the deformation of the object. In other words, a surface that envelopes a greater area of your fingertip will be perceived as softer. But because human fingertips vary widely in size and firmness, one finger may make greater contact with a given surface than another.




"We realized that the softness I feel may not be the same as the softness you feel, because of our different finger shapes. So, for our study, we first had to develop parameters for the geometries of a fingertip and its contact surface in order to estimate the softness cues for that fingertip," Mete explains. Then, the researchers extracted the softness parameters from a range of different materials, and mapped both sets of parameters onto the SORI device.

Building on the RRL's trademark origami robot research, which has fueled spinoffs for reconfigurable environments and a haptic joystick, SORI is equipped with motor-driven origami joints that can be modulated to become stiffer or more supple. Perched atop the joints is a dimpled silicone membrane. A flow of air inflates the membrane to varying degrees, to envelop a fingertip placed at its center.

With this novel decoupling of kinesthetic and cutaneous functionality, SORI succeeded in recreating the softness of a range of materials -- including beef, salmon, and marshmallow -- over the course of several experiments with two human volunteers. It also mimicked materials with both soft and firm attributes (such as a biscuit on top of a marshmallow, or a leather-bound book). In one virtual experiment, SORI even reproduced the sensation of a beating heart, to demonstrate its efficacy at rendering soft materials in motion.

Medicine is therefore a primary area of potential application for this technology; for example, to train medical students to detect cancerous tumors, or to provide crucial sensory feedback to surgeons using robots to perform operations.

Other applications include robot-assisted exploration of space or the deep ocean, where the device could enable scientists to feel the softness of a discovered object from a remote location. SORI is also a potential answer to one of the biggest challenges in robot-assisted agriculture: harvesting tender fruits and vegetables without crushing them.

"This is not intended to act as a softness sensor for robots, but to transfer the feeling of 'touch' digitally, just like sending photos or music," Mete summarizes.
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Giving particle detectors a boost | ScienceDaily
Device could help facilitate the operation of new particle colliders, such as the Electron-Ion Collider.


						
In particle colliders that reveal the hidden secrets of the tiniest constituents of our universe, minute particles leave behind extremely faint electrical traces when they are generated in enormous collisions. Some detectors in these facilities use superconductivity -- a phenomenon in which electricity is carried with zero resistance at low temperatures -- to function.

For scientists to more accurately observe the behavior of these particles, these weak electrical signals, or currents, need to be multiplied by an instrument capable of turning a faint electrical flicker into a real jolt.

Scientists at the U.S. Department of Energy's (DOE) Argonne National Laboratory have developed a new device that acts as a "current multiplier." This device, called a nanocryotron, is a prototype for a mechanism that could turn up a particle's electrical signal high enough to a level where it temporarily turns off the superconductivity of the material, essentially creating a kind of on-off switch.

"We're taking a small signal and using it to trigger an electric cascade," said Tomas Polakovic, one of Argonne's Maria Goeppert Mayer Fellows and an author of the study. "We're going to funnel the very small current of these detectors into the switching device, which can be then used to switch a much bigger current."

To prepare the nanocryotron for a collider experiment will take some more work because of the high magnetic fields involved. While today's particle detectors can withstand magnetic fields of several tesla in strength, this switch's performance degrades in high magnetic fields.

"Finding ways to make the device work in higher magnetic fields is key to incorporating it into a real experiment," said Argonne graduate research assistant Timothy Draher, another author of the study.




To make this possible, the researchers plan to change the geometry of the material and introduce defects, or tiny holes. These defects will help researchers stabilize small superconducting vortices in the material, the movement of which can lead to an unanticipated disruption of superconductivity.

The nanocryotron was created by using electron beam lithography, a kind of stenciling technique that uses a beam of electrons to remove a polymer film to expose a particular region of interest. That region of interest is then etched using plasma ion etching.

"We basically just strip away the parts that are exposed, leaving behind the device that we want to use," Draher said.

According to Argonne physicist Valentine Novosad, another author of the study, the new device also could serve as the basis for a kind of electronic logic circuitry.

"This work is especially important for collider experiments, such as those that will be performed at the Electron-Ion Collider at Brookhaven National Laboratory. There, superconducting nanowire detectors, positioned close to the beams, would require microelectronics immune to magnetic fields," said Argonne Distinguished Fellow and group leader Zein-Eddine Meziani.

The work was funded by DOE's Office of Science, Office of Nuclear Physics. Work to perform reactive ion etching of the superconducting films in the experiment was carried out at the Center for Nanoscale Materials, a DOE User Facility.
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GPS nanoparticle platform precisely delivers therapeutic payload to cancer cells | ScienceDaily
A newly developed "GPS nanoparticle" injected intravenously can home in on cancer cells to deliver a genetic punch to the protein implicated in tumor growth and spread, according to researchers from Penn State. They tested their approach in human cell lines and in mice to effectively knock down a cancer-causing gene, reporting that the technique may potentially offer a more precise and effective treatment for notoriously hard-to-treat basal-like breast cancers.


						
They published their work today (March 11) in ACS Nano. They also filed a provisional application to patent the technology described in this study.

"We developed a GPS nanoparticle that can find the site where it is needed," said corresponding author Dipanjan Pan, the Dorothy Foehr Huck & J. Lloyd Huck Chair Professor in Nanomedicine and professor of nuclear engineering and of materials science and engineering at Penn State. "Once there -- and only there -- it can deliver gene editing proteins to prevent the cancer cells from spreading. It was a difficult task, but we showed that the system works for basal-like breast cancers."

Similar to triple-negative breast cancers, basal-like breast cancers may be less prevalent than other breast cancers, but they can be far more challenging to treat, largely because they lack the three therapeutic targets found in other breast cancers. They also tend to be aggressive, quickly growing tumors and shedding cells that spread elsewhere in the body. Those cells can seed additional tumors, a process called metastasis.

"Metastasis is a huge challenge, especially with cancers like triple-negative and basal-like breast cancers," Pan said. "The cancer can be hard to detect and does not show up during a routine mammogram, and it primarily affects the younger or African American population who may not be receiving preventative care yet. The outcome can be very, very poor, so there's a clear unmet clinical need for more effective treatments when the cancer isn't caught early enough."

The team fabricated a Trojan horse nanoparticle, disguising it with specially designed fatty molecules that look like naturally occurring lipids and packing it full of CRISPR-Cas9 molecules. These molecules can target the genetic material of a cell, identify a particular gene and knock it down, or render it ineffective. In this case, the system targeted human forkhead box c1 (FOXC1), which is involved in instigating metastasis.

Pan described the designer lipids as "zwitterionic," meaning they have near neutral charge on the nanoparticle's shell. This prevents the body's immune system from attacking the nanoparticle -- because it is disguised as a non-threatening, normal molecule -- and can help release the payload, but only when the lipids recognize the low pH environment of the cancer cell. To ensure the lipids would only activate at that low pH, the researchers designed them to shift their charges to positive once they enter the more acidic tumor microenvironment, triggering the payload release.




But the body is a vast place, so how could the researchers ensure the CRISPR-Cas9 payload made it to the correct target? To ensure that the nanoparticle would bind to the right cells, they attached an epithelial cell adhesion molecule (EpCAM), which is known to attach to basal-like breast cancer cells.

"No one has ever attempted to target a basal-like breast like cancer cell with context-responsive delivery system that can genetically knockdown the gene of interest," Pan said. "We're the first to show that it can be done."

Others have developed viral delivery systems, hijacking a virus particle to carry treatment to the cells, and non-viral delivery systems, using nanoparticles. The difference, Pan said, for his team's approach is the surface lipid designed to respond only in the target environment, which reduces the potential for off-target delivery and harm to healthy cells. Also, he added, since the body doesn't consider the lipids to be a threat, there's less chance for an immune response, which they validated in their experiments.

The team first tested the approach in human triple-negative breast cancer cells, validating that the nanoparticle would deploy the CRISPR/Cas9 system in the correct environment. They confirmed that the nanoparticle could find its way to a tumor in a mouse model, deploy the system and successfully knock down FOXC1.

Next, Pan said, the researchers plan to continue testing the nanoparticle platform with the eventual goal of applying it clinically in humans.

"We are also exploring how else we might apply the platform technology," Pan said. "We can customize the molecules on the surface, the payload it carries, and use it to encourage healing in other areas. There's a lot of potential with this platform."

First author Parikshit Moitra, was a research assistant professor of nuclear engineering in Pan's laboratory at Penn State at the time of the study and is now an assistant professor at the Indian Institute of Science Education and Research at Berhampur; David Skrodzki, Matthew Molinaro, Nivetha Gunaseelan, all doctoral students at Penn State; Dinabandhu Sar, University of Illinois, Urbana-Champaign; Teresa Aditya, postdoctoral researcher in nuclear engineering at Penn State; Dipendra Dahal and Priyanka Ray, both postdoctoral researchers in Pan's laboratory at his previous institution of the University of Maryland Baltimore.

Penn State, the University of Maryland Baltimore School of Medicine, the Centers for Disease Control and Prevention, the U.S. National Science Foundation and the U.S. Department of Defense Congressionally Directed Medical Research Program funded this work.
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Accessibility toolkit for game engine Unity | ScienceDaily
The growing popularity of video games is putting an increased focus on their accessibility for people with disabilities. While large productions are increasingly taking this into account by adding accessibility features, this aspect is usually completely absent in indie productions due to a lack of resources. To facilitate the implementation of accessibility features, Klemens Strasser developed a freely accessible toolkit for the Unity game engine as part of his master's thesis at the Institute of Interactive Systems and Data Science at Graz University of Technology (TU Graz). It is available for free on GitHub. This makes it easy to integrate support tools for people with visual impairments into a games project. Together with his master's thesis supervisor Johanna Pirker, Klemens Strasser has now published the toolkit and an action guide for more accessibility in games in a paper.


						
Help with orientation

When creating the "toolbox," Klemens Strasser focused on four points: (1) support in operating menus, (2) perception of the game environment as well as (3) control on a fixed grid and (4) free navigation if the character can move in all directions. The first three points could be solved with a screen reader, but for the free navigation a so-called navigation agent had to be implemented. This guides the players to a destination they have specified via an audio signal after it has calculated the route to get there.

For the screen reader solution to facilitate menu operation, environmental perception and control on a grid, it was first necessary to capture all visible and usable objects and characters on the screen. A tool known as an accessibility signifier was used to recognise the elements and assign them a label, traits, value and description. The game transfers this information to the screen reader used by the players, which reads it out to them.

Developers with positive feedback

The toolkit was evaluated in a test with nine game developers, all of whom have a university background in software engineering. Their task was to implement it in a simple match-3 game in which the aim is to arrange three identical symbols or elements next to each other by moving them. The feedback from the developers was consistently positive. The implementation was described as simple, the task was easy to understand and they comfortably found their way around the toolkit. Before the test, only three of the developers had worked with accessibility features, but afterwards most of them wanted to use them for their next project.

"Games should be open to as many people as possible, which is why it is so important to make them more accessible for people with disabilities," says Klemens Strasser. "With the Accessibility Toolkit for Unity, we want to make it as easy as possible for indie developers to implement these options. Since, according to the WHO, 253 million people worldwide live with a visual impairment, this would include a very large group. Nevertheless, there is still a lot to be done here, as there are numerous other impairments for which easy-to-implement solutions should be provided." The Game Lab at TU Graz is constantly carrying out research on such solutions and other topics relating to accessibility in computer games.

Years of success as an independent game developer

Klemens Strasser himself has been working on the topic of accessibility for games for several years. Even during his studies and after completing his Master's degree in Computer Science at Graz University of Technology (TU Graz), he independently developed games that take accessibility into account. In 2015, he won the Apple Design Award in the Student category with his game Elementary Minute, and was nominated for the award in the Inclusivity category in 2022 with Letter Rooms and 2023 with the Ancient Board Game Collection. His games published for iOS have been downloaded over 200,000 times to date.

Link to the toolkit on GitHub: https://github.com/KlemensStrasser/KAP
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Peering into the tendrils of NGC 604 with NASA's Webb | ScienceDaily
The formation of stars and the chaotic environments they inhabit is one of the most well-studied, but also mystery-shrouded, areas of cosmic investigation. The intricacies of these processes are now being unveiled like never before by NASA's James Webb Space Telescope.


						
Two new images from Webb's NIRCam (Near-Infrared Camera) and MIRI (Mid-Infrared Instrument) showcase star-forming region NGC 604, located in the Triangulum galaxy (M33), 2.73 million light-years away from Earth. In these images, cavernous bubbles and stretched-out filaments of gas etch a more detailed and complete tapestry of star birth than seen in the past.

Sheltered among NGC 604's dusty envelopes of gas are more than 200 of the hottest, most massive kinds of stars, all in the early stages of their lives. These types of stars are B-types and O-types, the latter of which can be more than 100 times the mass of our own Sun. It's quite rare to find this concentration of them in the nearby universe. In fact, there's no similar region within our own Milky Way galaxy.

This concentration of massive stars, combined with its relatively close distance, means NGC 604 gives astronomers an opportunity to study these objects at a fascinating time early in their life.

In Webb's near-infrared NIRCam image, the most noticeable features are tendrils and clumps of emission that appear bright red, extending out from areas that look like clearings, or large bubbles in the nebula. Stellar winds from the brightest and hottest young stars have carved out these cavities, while ultraviolet radiation ionizes the surrounding gas. This ionized hydrogen appears as a white and blue ghostly glow.

The bright orange-colored streaks in the Webb near-infrared image signify the presence of carbon-based molecules known as polycyclic aromatic hydrocarbons, or PAHs. This material plays an important role in the interstellar medium and the formation of stars and planets, but its origin is a mystery. As you travel farther from the immediate clearings of dust, the deeper red signifies molecular hydrogen. This cooler gas is a prime environment for star formation.

Webb's exquisite resolution also provides insights into features that previously appeared unrelated to the main cloud. For example, in Webb's image, there are two bright, young stars carving out holes in dust above the central nebula, connected through diffuse red gas. In visible-light imaging from NASA's Hubble Space Telescope, these appeared as separate splotches.

Webb's view in mid-infrared wavelengths also illustrates a new perspective into the diverse and dynamic activity of this region. In the MIRI view of NGC 604, there are noticeably fewer stars. This is because hot stars emit much less light at these wavelengths, while the larger clouds of cooler gas and dust glow. Some of the stars seen in this image, belonging to the surrounding galaxy, are red supergiants -- stars that are cool but very large, hundreds of times the diameter of our Sun. Additionally, some of the background galaxies that appeared in the NIRCam image also fade. In the MIRI image, the blue tendrils of material signify the presence of PAHs.

NGC 604 is estimated to be around 3.5 million years old. The cloud of glowing gases extends to some 1,300 light-years across.
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Design rules and synthesis of quantum memory candidates | ScienceDaily
In the quest to develop quantum computers and networks, there are many components that are fundamentally different than those used today. Like a modern computer, each of these components has different constraints. However, it is currently unclear what materials can be used to construct those components for the transmission and storage of quantum information.


						
In new research published in the Journal of the American Chemical Society, University of Illinois Urbana Champaign materials science & engineering professor Daniel Shoemaker and graduate student Zachary Riedel used density functional theory (DFT) calculations to identify possible europium (Eu) compounds to serve as a new quantum memory platform. They also synthesized one of the predicted compounds, a brand new, air stable material that is a strong candidate for use in quantum memory, a system for storing quantum states of photons or other entangled particles without destroying the information held by that particle.

"The problem that we are trying to tackle here is finding a material that can store that quantum information for a long time. One way to do this is to use ions of rare earth metals," says Shoemaker.

Found at the very bottom of the periodic table, rare earth elements, such as europium, have shown promise for use in quantum information devices due to their unique atomic structures. Specifically, rare earth ions have many electrons densely clustered close to the nucleus of the atom. The excitation of these electrons, from the resting state, can "live" for a long time -- seconds or possibly even hours, an eternity in the world of computing. Such long-lived states are crucial to avoid the loss of quantum information and position rare earth ions as strong candidates for qubits, the fundamental units of quantum information.

"Normally in materials engineering, you can go to a database and find what known material should work for a particular application," Shoemaker explains. "For example, people have worked for over 200 years to find proper lightweight, high strength materials for different vehicles. But in quantum information, we have only been working at this for a decade or two, so the population of materials is actually very small, and you quickly find yourself in unknown chemical territory."

Shoemaker and Riedel imposed a few rules in their search of possible new materials. First, they wanted to use the ionic configuration Eu3+ (as opposed to the other possible configuration, Eu2+) because it operates at the right optical wavelength. To be "written" optically, the materials should be transparent. Second, they wanted a material made of other elements that have only one stable isotope. Elements with more than one isotope yield a mixture of different nuclear masses that vibrate at slightly different frequencies, scrambling the information being stored. Third, they wanted a large separation between individual europium ions to limit unintended interactions. Without separation, the large clouds of europium electrons would act like a canopy of leaves in a forest, rather than well-spaced-out trees in a suburban neighborhood, where the rustling of leaves from one tree would gently interact with leaves from another.

With those rules in place, Riedel composed a DFT computational screening to predict which materials could form. Following this screening, Riedel was able to identify new Eu compound candidates, and further, he was able to synthesize the top suggestion from the list, the double perovskite halide Cs2NaEuF6. This new compound is air stable, which means it can be integrated with other components, a critical property in scalable quantum computing. DFT calculations also predicted several other possible compounds that have yet to be synthesized.




"We have shown that there are a lot of unknown materials left to be made that are good candidates for quantum information storage," Shoemaker says. "And we have shown that we can make them efficiently and predict which ones are going to be stable."

Daniel Shoemaker is also an affiliate of the Materials Research Laboratory (MRL) and the Illinois Quantum Information Science and Technology Center (IQUIST) at UIUC.

Zachary Riedel is currently a postdoctoral researcher at Los Alamos National Laboratory.

This research was supported by the U.S. Department of Energy, Office of Science, National Quantum Information Science Research Center Q-NEXT. The National Science Foundation through the University of Illinois Materials Research Science and Engineering Center supported the use of facilities and instrumentation.
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Would the highly sensitive transparent ultrasound transducer revolutionize biomedical imaging technology? | ScienceDaily
The 'ultrasound-photoacoustic dual-modal imaging system' combines molecular imaging contrast with ultrasound imaging, and it can visualize molecular and structural information inside the body in real-time without any ionizing radiation. This advantage gives it the potential to enhance medical diagnosis by providing diverse physiological and histological information, ensuring greater accuracy and safety for patients. However, optical and ultrasound pathway integration always reduces the system's performance in conventional ultrasound transducers. Therefore, a novel transducer that can achieve simple and seamless integration is crucial for practical application.


						
Professor Chulhong Kim (Department of Electrical Engineering, the Department of Convergence IT Engineering, the Department of Mechanical Engineering, and the School of Convergence Science and Technology), Dr. Seonghee Cho (Department of Electrical Engineering), and Ph.D. candidate Minsu Kim (Department of Convergence IT Engineering) at Pohang University of Science and Technology (POSTECH), addressed challenges inherent in conventional ultrasound-photoacoustic systems by developing a novel transparent ultrasonic transducer (TUT) showcasing high performance. Their research findings have been published in the 'Nature Communications.'

An ultrasound transducer transmits or receives ultrasound. Conventional ultrasound transducers are typically made using multiple opaque layers to maximize acoustic performance, and they cannot be seamlessly integrated into light pathways. This fundamental limitation always diminishes the performance of both optical and ultrasound systems. While many recent research projects actively explore the use of transparent materials in TUTs to address this issue, achieving transparency and best acoustic performance across all transducer layers continues to be a problem.

This research demonstrates a transparent material using a silicon dioxide (SiO2)-epoxy composite and applies it to a novel TUT. The novel TUT exhibits exceptional optical transparency (>80%) and maintains the same bandwidth (+-30% at the center frequency) as conventional opaque ultrasound transducers.

Using the novel TUT in the ultrasound-photoacoustic dual-modal system resulted in depth-to-resolution ratios, surpassing 500 for ultrasound imaging and 370 for photoacoustic imaging. These ratios are three to six times higher than those of traditional photoacoustic single systems. Notably, this research breaks the conventional limit of a depth-to-resolution ratio 200 in photoacoustic research, achieving 370.

This imaging system also easily conducted intricate structural and functional imaging of live animals and humans.

POSTECH Professor Chulhong Kim expressed his optimism, stating, "The application of this technology extends across various medical devices, encompassing tasks like using light stimulation for cell manipulation, employing laser surgery for tumor removal, and employing ultrasound for the examination of residual tissue." He added, "Our aspiration is that this research will be beneficial in diverse fields including those employing ultrasound and optical sensors such as mobile devices and robotics."

The research was conducted with support from the Mid-Career Researcher Program, the Sejong Fellowship Program, the Governmental Medical Device R&D Program, the BK21, the BRIDGE project, and the Program for Key Research Institutes for Universities of the National Research Foundation of Korea.
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Going top shelf with AI to better track hockey data | ScienceDaily
Researchers from the University of Waterloo got a valuable assist from artificial intelligence (AI) tools to help capture and analyze data from professional hockey games faster and more accurately than ever before, with big implications for the business of sports.


						
The growing field of hockey analytics currently relies on the manual analysis of video footage from games. Professional hockey teams across the sport, notably in the National Hockey League (NHL), make important decisions regarding players' careers based on that information.

"The goal of our research is to interpret a hockey game through video more effectively and efficiently than a human," said Dr. David Clausi, a professor in Waterloo's Department of Systems Design Engineering. "One person cannot possibly document everything happening in a game."

Hockey players move fast in a non-linear fashion, dynamically skating across the ice in short shifts. Apart from numbers and last names on jerseys that are not always visible to the camera, uniforms aren't a robust tool to identify players -- particularly at the fast-paced speed hockey is known for. This makes manually tracking and analyzing each player during a game very difficult and prone to human error.

The AI tool developed by Clausi, Dr. John Zelek, a professor in Waterloo's Department of Systems Design Engineering, research assistant professor Yuhao Chen, and a team of graduate students use deep learning techniques to automate and improve player tracking analysis.

The research was undertaken in partnership with Stathletes, an Ontario-based professional hockey performance data and analytics company. Working through NHL broadcast video clips frame-by-frame, the research team manually annotated the teams, the players and the players' movements across the ice. They ran this data through a deep learning neural network to teach the system how to watch a game, compile information and produce accurate analyses and predictions.

When tested, the system's algorithms delivered high rates of accuracy. It scored 94.5 per cent for tracking players correctly, 97 per cent for identifying teams and 83 per cent for identifying individual players.

The research team is working to refine their prototype, but Stathletes is already using the system to annotate video footage of hockey games. The potential for commercialization goes beyond hockey. By retraining the system's components, it can be applied to other team sports such as soccer or field hockey.

"Our system can generate data for multiple purposes," Zelek said. "Coaches can use it to craft winning game strategies, team scouts can hunt for players, and statisticians can identify ways to give teams an extra edge on the rink or field. It really has the potential to transform the business of sport."
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Flexible artificial intelligence optoelectronic sensors towards health monitoring | ScienceDaily
From creating images, generating text, and enabling self-driving cars, the potential uses of artificial intelligence (AI) are vast and transformative. However, all this capability comes at a very high energy cost. For instance, estimates indicate that training OPEN AI's popular GPT-3 model consumed over 1,287 MWh, enough to supply an average U.S. household for 120 years. This energy cost poses a substantial roadblock, particularly for using AI in large-scale applications like health monitoring where large amounts of critical health information are sent to centralized data centers for processing. This not only consumes a lot of energy but also raises concerns about sustainability, bandwidth overload, and communication delays.


						
Achieving AI-based health monitoring and biological diagnosis requires a standalone sensor that operates independently without the need for constant connection to a central server. At the same time, the sensor must have a low power consumption for prolonged use, should be capable of handling the rapidly changing biological signals for real-time monitoring, be flexible enough to attach comfortably to the human body, and be easy to make and dispose of due to the need for frequent replacements for hygiene reasons.

Considering these criteria, researchers from Tokyo University of Science (TUS) led by Associate Professor Takashi Ikuno have developed a flexible paper-based sensor that operates like the human brain. Their findings were published online in the journal Advanced Electronic Materialson 22 February 2024.

"A paper-based optoelectronic synaptic device composed of nanocellulose and ZnO was developed for realizing physical reservoir computing. This device exhibits synaptic behavior and cognitive tasks at a suitable timescale for health monitoring," says Dr. Ikuno.

In the human brain, information travels between networks of neurons through synapses. Each neuron can process information on its own, enabling the brain to handle multiple tasks at the same time. This ability for parallel processing makes the brain much more efficient compared to traditional computing systems. To mimic this capability, the researchers fabricated a photo-electronic artificial synapse device composed of gold electrodes on top of a 10 mm transparent film consisting of zinc oxide (ZnO) nanoparticles and cellulose nanofibers (CNFs).

The transparent film serves three main purposes. Firstly, it allows light to pass through, enabling it to handle optical input signals representing various biological information. Secondly, the cellulose nanofibers impart flexibility and can be easily disposed of by incineration. Thirdly, the ZnO nanoparticles are photoresponsive and generate a photocurrent when exposed to pulsed UV light and a constant voltage. This photocurrent mimics the responses transmitted by synapsis in the human brain, enabling the device to interpret and process biological information received from optical sensors.

Notably, the film was able to distinguish 4-bit input optical pulses and generate distinct currents in response to time-series optical input, with a rapid response time on the order of subseconds. This quick response is crucial for detecting sudden changes or abnormalities in health-related signals. Furthermore, when exposed to two successive light pulses, the electrical current response was stronger for the second pulse. This behavior termed post-potentiation facilitation contributes to short-term memory processes in the brain and enhances the ability of synapses to detect and respond to familiar patterns.

To test this, the researchers converted MNIST images, a dataset of handwritten digits, into 4-bit optical pulses. They then irradiated the film with these pulses and measured the current response. Using this data as input, a neural network was able to recognize handwritten numbers with an accuracy of 88%.

Remarkably, this handwritten-digit recognition capability remained unaffected even when the device was repeatedly bent and stretched up to 1,000 times, demonstrating its ruggedness and feasibility for repeated use. "This study highlights the potential of embedding semiconductor nanoparticles in flexible CNF films for use as flexible synaptic devices for PRC," concludes Dr. Ikuno.

Let us hope that these advancements pave the way for wearable sensors in health monitoring applications!
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Breakthrough in nanostructure technology for real-time color display | ScienceDaily
A groundbreaking technology that enables the real-time display of colors and shapes through changes in nanostructures has been developed. This innovative technology, pioneered by Professor Kang Hee Ku and her team in the School of Energy and Chemical Engineering at UNIST, has the potential to revolutionize various fields, such as smart polymer particles.


						
Utilizing block copolymers, the research team has achieved the self-assembly of photonic crystal structures on a large scale, mimicking natural phenomena observed in butterfly wings and bird feathers. By reflecting the shape and direction of nanostructures, this technology allows for the visualization of vibrant colors and intricate patterns in real time.

Block copolymers, composed of two or more different monomers covalently bonded in a block shape, were strategically employed to induce phase separation using a non-mixing liquid droplet. Professor Ku emphasized the significance of this achievement, stating, "We have successfully generated hundreds of flawless photonic crystal structures through the autonomous organization of block copolymers, eliminating the need for external manipulation."

Setting itself apart from conventional methods, this cutting-edge technology leverages internal nanostructures to create colors that are vivid, long-lasting, and sustainable. Furthermore, its enhanced applicability in display technology is evident through its capability to pattern large areas efficiently.

The key innovation lies in the use of a polymer that can dynamically adjust the size of microstructures within particles in response to changes in the external environment. By leveraging the unique properties of polystyrene-polyvinylpyridine (PS-b-P2VP) block copolymers, the structure, shape, and color of the particles can be tailored, reverting to their original state despite environmental variations.

Real-time monitoring of structural changes revealed that the size and color of micro-nanostructures adapt to fluctuations in alcohol concentration or pH value. Notably, the particles produced through this technology exhibit an innovative 'Ice Cream Cone' shape structure, combining aspects of solids and liquids to visualize fluid vibrations and dynamically alter shape and color in response to external stimuli.

Professor Ku showed confidence about the potential applications of this research, stating, "This study opens doors to the creation of self-assembling optical particles, streamlining the complex process conditions typically associated with colloidal crystal structure and pattern formation." She further noted, "The technology's practical applications in smart paint and polymer particles across various industries are envisioned."

Published in the February 2024 issue of ACS Nano, the research received support from the National Research Foundation of Korea (NRF), the Ministry of Science and ICT (MSIT), and the Korea Toray Science Foundation, underscoring collaborative efforts driving this groundbreaking innovation.
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AI may predict spread of lung cancer to brain | ScienceDaily
Physicians treating patients with early-stage lung cancer face a conundrum: choosing potentially helpful yet toxic therapies such as chemotherapy, radiation or immunotherapy to knock out the cancer and lessen the risk of it spreading to the brain, or waiting to see if lung surgery alone proves sufficient. When up to 70% of such patients do not experience brain metastasis -- the spread of cancer to the brain -- the question arises: Who should receive additional aggressive treatments, and who can safely wait?


						
A new study led by Washington University School of Medicine in St. Louis could help physicians strike the right balance between proactive intervention and cautious monitoring for patients with early-stage lung cancer. The study, published March 4 in The Journal of Pathology, uses an artificial intelligence (AI) method to study patients' lung biopsy images and predict whether the cancer will spread to the brain.

"There are no predictive tools available to help physicians when treating patients with lung cancer," said Richard J. Cote, MD, the Edward Mallinckrodt Professor and head of the Department of Pathology & Immunology. "We have risk predictors that tell us which population is more likely to progress to more advanced stages, but we lack the ability to predict individual patient outcomes. Our study is an indication that AI methods may be able to make meaningful predictions that are specific and sensitive enough to impact patient management."

Lung cancer is the leading cause of cancer death in the U.S. and worldwide. Most lung cancers are characterized as non-small cell lung cancers, which are largely, but not exclusively, caused by smoking. For early-stage cancer patients, tumors are confined to the lung, and surgery is recommended as a first line of treatment. Roughly 30% of such patients progress to advanced stages, when the cancer spreads to the lymph nodes and other organs. With the brain often affected first, such patients require additional treatments, including chemotherapy, targeted drug therapy, radiation therapy and/or immunotherapy. However, physicians have no way of knowing whose cancer will progress, so they frequently treat patients with aggressive therapies out of caution.

Cote worked with Ramaswamy Govindan, MD, the Anheuser Busch Endowed Chair in Medical Oncology and associate director of the oncology division at Washington University; Mark Watson, MD, PhD, the Margaret Gladys Smith Professor in the Department of Pathology & Immunology; and Changhuei Yang, PhD, a professor of electrical engineering, bioengineering, and medical engineering at the California Institute of Technology, to determine if AI could predict whether cancer will spread to the brain.

In diagnostic testing, a pathologist examines biopsied tissues under a microscope to identify cellular abnormalities that may hint at disease. Advanced technologies -- such as AI -- are being explored to replicate what a pathologist sees when making diagnoses but with greater accuracy, Cote explained.

A key question: Can AI detect abnormal features that a pathologist cannot?




The researchers trained a machine-learning algorithm to predict brain metastasis using 118 lung biopsy samples from early-stage non-small cell lung cancer patients. Some of the patients developed brain cancer during a five-year monitoring period, and some did not and were in remission. Then the researchers tested the AI method on its ability to predict brain metastasis, and to identify patients who develop no metastasis, using 40 other patients' lung biopsy samples.

The algorithm was able to predict the eventual development of brain cancer with 87% accuracy. In comparison, four pathologists who participated in the study were an average of 57.3% accurate. Importantly, the algorithm was highly accurate in predicting which patients would not develop brain metastasis.

"Our results need to be validated in a larger study, but we think there is great potential for AI to make accurate predictions and impact care decisions," said Govindan, who treats lung cancer patients at Siteman Cancer Center, based at Barnes-Jewish Hospital and Washington University School of Medicine. "Systemic treatments such as chemotherapy, while effective in killing cancer cells, can also harm healthy cells and are not always the preferred treatment method for all early-stage cancer patients. Identification of patients who are likely to relapse in the brain may help us develop strategies to intercept cancer early in the process of metastasis. We think AI-based predictions could, one day, inform personalized treatments."

The AI system evaluates tumors' and healthy cells' features, similar to how the human brain allows us to scan facial features for quick recognition of familiar faces. However, what the algorithm sees is unknown; the scientists are working to understand the molecular and cellular features that AI uses for its predictions. This knowledge could lead to the development of novel therapeutics and influence the design of imaging instruments optimized for the collection of data for AI.

"This study started as an attempt to find predictive biomarkers," said Yang. "But we couldn't find any. Instead, we found that AI has the potential to make predictions about cancer progression using biopsy samples that are already being collected for diagnosis. If we can get to a prediction accuracy that will allow us to use this algorithm clinically and not have to resort to expensive biomarkers, we are talking about significant ramifications in cost-effectiveness."
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Nasa's Webb, Hubble telescopes affirm universe's expansion rate, puzzle persists | ScienceDaily
When you are trying to solve one of the biggest conundrums in cosmology, you should triple check your homework. The puzzle, called the "Hubble Tension," is that the current rate of the expansion of the universe is faster than what astronomers expect it to be, based on the universe's initial conditions and our present understanding of the universe's evolution.


						
Scientists using NASA's Hubble Space Telescope and many other telescopes consistently find a number that does not match predictions based on observations from ESA's (European Space Agency's) Planck mission. Does resolving this discrepancy require new physics? Or is it a result of measurement errors between the two different methods used to determine the rate of expansion of space?

Hubble has been measuring the current rate of the universe's expansion for 30 years, and astronomers want to eliminate any lingering doubt about its accuracy. Now, Hubble and NASA's James Webb Space Telescope have tag-teamed to produce definitive measurements, furthering the case that something else -- not measurement errors -- is influencing the expansion rate.

"With measurement errors negated, what remains is the real and exciting possibility we have misunderstood the universe," said Adam Riess, a physicist at Johns Hopkins University in Baltimore. Riess holds a Nobel Prize for co-discovering the fact that the universe's expansion is accelerating, due to a mysterious phenomenon now called "dark energy."

As a crosscheck, an initial Webb observation in 2023 confirmed that Hubble measurements of the expanding universe were accurate. However, hoping to relieve the Hubble Tension, some scientists speculated that unseen errors in the measurement may grow and become visible as we look deeper into the universe. In particular, stellar crowding could affect brightness measurements of more distant stars in a systematic way.

The SH0ES (Supernova H0 for the Equation of State of Dark Energy) team, led by Riess, obtained additional observations with Webb of objects that are critical cosmic milepost markers, known as Cepheid variable stars, which now can be correlated with the Hubble data.

"We've now spanned the whole range of what Hubble observed, and we can rule out a measurement error as the cause of the Hubble Tension with very high confidence," Riess said.




The team's first few Webb observations in 2023 were successful in showing Hubble was on the right track in firmly establishing the fidelity of the first rungs of the so-called cosmic distance ladder.

Astronomers use various methods to measure relative distances in the universe, depending upon the object being observed. Collectively these techniques are known as the cosmic distance ladder -- each rung or measurement technique relies upon the previous step for calibration.

But some astronomers suggested that, moving outward along the "second rung," the cosmic distance ladder might get shaky if the Cepheid measurements become less accurate with distance. Such inaccuracies could occur because the light of a Cepheid could blend with that of an adjacent star -- an effect that could become more pronounced with distance as stars crowd together and become harder to distinguish from one another.

The observational challenge is that past Hubble images of these more distant Cepheid variables look more huddled and overlapping with neighboring stars at ever farther distances between us and their host galaxies, requiring careful accounting for this effect. Intervening dust further complicates the certainty of the measurements in visible light. Webb slices though the dust and naturally isolates the Cepheids from neighboring stars because its vision is sharper than Hubble's at infrared wavelengths.

"Combining Webb and Hubble gives us the best of both worlds. We find that the Hubble measurements remain reliable as we climb farther along the cosmic distance ladder," said Riess.

The new Webb observations include five host galaxies of eight Type Ia supernovae containing a total of 1,000 Cepheids, and reach out to the farthest galaxy where Cepheids have been well measured -- NGC 5468 -- at a distance of 130 million light-years. "This spans the full range where we made measurements with Hubble. So, we've gone to the end of the second rung of the cosmic distance ladder," said co-author Gagandeep Anand of the Space Telescope Science Institute in Baltimore, which operates the Webb and Hubble telescopes for NASA.

Hubble and Webb's further confirmation of the Hubble Tension sets up other observatories to possibly settle the mystery. NASA's upcoming Nancy Grace Roman Space Telescope will do wide celestial surveys to study the influence of dark energy, the mysterious energy that is causing the expansion of the universe to accelerate. ESA's Euclid observatory, with NASA contributions, is pursuing a similar task.

At present it's as though the distance ladder observed by Hubble and Webb has firmly set an anchor point on one shoreline of a river, and the afterglow of the big bang observed by Planck's measurement from the beginning of the universe is set firmly on the other side. How the universe's expansion was changing in the billions of years between these two endpoints has yet to be directly observed. "We need to find out if we are missing something on how to connect the beginning of the universe and the present day," said Riess.
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Wearable tech captures real-time hemodynamics on the go | ScienceDaily
Researchers have developed a photoacoustic imaging watch for high-resolution imaging of blood vessels in the skin. The wearable device could offer a non-invasive way to monitor hemodynamic indicators such as heart rate, blood pressure and oxygen saturation that can indicate how well a person's heart is working.


						
"Although photoacoustic imaging is extremely sensitive to variations in hemodynamics, difficulties in miniaturizing and optimizing the imaging interface have limited the development of wearable photoacoustic devices," said research team leader Lei Xi from the Southern University of Science and Technology in China. "To the best of our knowledge, this is the first photoacoustic wearable device that is suitable for healthcare applications."

In the Optica Publishing Group journal Optics Letters, the researchers describe their new system, which consists of a watch with an imaging interface, a handheld computer and a backpack housing the laser and power supply. Tests with volunteers moving freely showed that the device can be used to observe blood flow variations during different activities such as walking.

"Miniaturized wearable imaging systems like the one we developed could potentially be used by community health centers for preliminary disease diagnosis or for long-term monitoring of parameters related to blood circulation within a hospital setting, offering valuable insights to inform treatments for various diseases," said Xi. "With further development this type of system could also be helpful for the early detection of skin conditions such as psoriasis and melanoma or for analyzing burns."

Creating a wearable imager

Photoacoustic imaging is a label-free technique that forms images by measuring light-induced sound waves created by light absorption in structures. Analyzing the photoacoustic signal intensity and distribution offers insights into the functional and structural characteristics of microvessels, which can be altered by various diseases. Although photoacoustic imaging is still primarily a research tool, it is beginning to find clinical application in areas such as cancer, vascular and dermatological imaging.

To turn what is typically a bulky instrument into something that could be worn while moving around, the researchers developed a compact optical resolution photoacoustic microscopy system based on a compact pulsed laser, tight fiber-based light path and an integrated electronic system housed in a backpack weighing 7 kilograms. They also designed a handheld device to store the images and created a miniaturized watch-type imaging interface with an adjustable focal plane and a screen display for displaying the images in real time.




The researchers designed the system so that it could be used for imaging while the wearer is freely moving around. It also features an adaptable laser focus, which is necessary for imaging multilayered structures like skin. The photoacoustic imaging system has a lateral resolution of 8.7 mm, which is sufficient to resolve most microvessels in the skin and a maximum field of view of around 3 mm in diameter, which is adequate for capturing microvascular details.

Tracking blood on the move

The researchers tested the device with volunteers to evaluate the focus shifting function of the watch and the system's capacity to detect blood flow changes over an extended time under different conditions, such as while the wearer was walking and when a cuff was used to temporarily block blood flow to the arm. These tests showed that the system is usable and compact and stable enough to allow free movement.

The researchers are now working to create a system that employs an even smaller laser source with a higher repetition rate. This will make the system more compact and lighter while also enhancing safety and temporal resolution. "Given the rapid development of modern laser diode technology and electronic information technology, it should be entirely feasible to develop a more advanced and intelligent photoacoustic watch that doesn't require a backpack," said Xi.

The researchers are also working to ensure the stability of the fiber-coupled optical path over extended periods and under more intense conditions such as running and jumping. They also want to incorporate multispectral illumination, which would allow the acquisition of additional physiological parameters including oxygen saturation and blood flow velocity and the quantitative assessment of parameters such as vessel number and volume. These capabilities could help support early diagnosis of conditions such as cancer and cardiovascular diseases.
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Wrist device that monitors activity could help provide early warning of Alzheimer's | ScienceDaily
Monitoring daily activity patterns using a wrist-worn device may detect early warning signs of Alzheimer's disease, according to a new study led by researchers at the Johns Hopkins Bloomberg School of Public Health.


						
The researchers analyzed movement data from wristwatch-like devices called actigraphs worn by 82 cognitively healthy older adults who were participants in a long-running study of aging. Some of the participants had detectable brain amyloid buildup as measured by PET scan. Buildup of the protein amyloid beta in the brain is a key feature of Alzheimer's disease.

Using a sensitive statistical technique, the researchers found significant differences between this "amyloid-positive" group and "amyloid-negative" participants in mean activity in certain afternoon periods and differences in variability of activity across days in a broader range of time windows.

The new study was published online February 21 in the journal SLEEP.

"We need to replicate these findings in larger studies, but it is interesting that we've now seen a similar difference between amyloid-positive and amyloid-negative older adults in two independent studies," says Adam Spira, PhD, professor in the Department of Mental Health at the Bloomberg School.

The new study's results partly confirm findings from an earlier study in a smaller sample, also led by Spira, and suggest that actigraphs someday could be a tool to help detect incipient Alzheimer's disease before significant cognitive impairment sets in. Data from the prior study came from participants in the Anti-Amyloid Treatment in Asymptomatic Alzheimer's (A4) and the Longitudinal Evaluation of Amyloid Risk and Neurodegeneration (LEARN) studies.

For their new study, Spira and colleagues investigated the potential of actigraph-based monitoring in 82 community-dwelling individuals whose average age was about 76. Each participant had a PET scan to measure brain amyloid and wore an actigraph 24 hours per day for one week. Using a sensitive statistical technique called FOSR (function-on-scalar regression), the researchers found that the 25 amyloid-positive participants, compared to the 57 amyloid-negative participants, had higher mean activity during the early afternoon, 1:00 to 3:30 p.m., and less day-to-day variability in activity from 1:30 to 4:00 p.m. and 7:30 to 10:30 p.m.




In more conservative analyses, some of these time windows with differences were no longer statistically significant. Nonetheless, the higher afternoon activity and lower afternoon variability echoed the investigators' prior findings.

Alzheimer's disease, the leading cause of dementia, is estimated to affect more than 6 million older adults in the U.S. The Alzheimer's disease process is still not fully understood but is characterized by amyloid plaques and tangles in the brain, which typically begin to accumulate a decade or two before Alzheimer's is diagnosed.

The only approved treatments that may slow the disease course are those that target amyloid beta and reduce the plaques. Many researchers believe that such treatments can be much more effective if given earlier in the disease course -- ideally, years before dementia becomes evident.

Abnormal patterns of sleep and waking activity have been studied as potential early indicators of Alzheimer's. Alzheimer's patients typically have abnormal sleep-wake rhythms, and prior studies have found evidence that amyloid accumulation may disrupt sleep-wake rhythms relatively early in the disease process. There is also evidence that sleep loss promotes amyloid accumulation, suggesting a "vicious circle."

Such findings hint at the possibility that older adults might someday, among other measures, wear wristwatch-like devices that would automatically track and analyze their sleep and waking activity. Individuals with anomalous activity patterns could then consult their physicians for more in-depth Alzheimer's screening.

The individuals in the new study were participants in a long-running study, the Baltimore Longitudinal Study of Aging, which is conducted by the Intramural Research Program of the National Institute on Aging (NIA), part of the National Institutes of Health (NIH). Several members of the NIA team were co-authors of the study.




Standard, non-FOSR statistical methods did not detect any significant differences in activity or sleep patterns, suggesting the methods may be less sensitive to amyloid deposition.

In the earlier actigraphy study, the researchers, using FOSR-based analyses in a different sample of 59 participants, found increases in mean activity in afternoon hours and differences in variability, including lower variability in the afternoon, among amyloid-positive participants.

The scientists don't know why amyloid buildup would trigger differences in activity patterns during these particular times of day. They note that there is a well-known phenomenon among individuals with Alzheimer's disease called "sundowning," in which agitation increases in the afternoon and early evening.

"It's conceivable that the higher afternoon activity we observed is a signal of 'preclinical sundowning,'" Spira says. "At the same time, it's important to note that these findings represent averages among a small sample of older people over a short period of time. We can't predict whether an individual will develop amyloid plaques based on the timing of their activity. So, it would be premature for older people to be concerned because their fitness trackers say they are particularly active in the afternoon, for example."

He and his colleagues plan to do larger studies of this kind. They also hope to do longer-term studies to see if daily activity-pattern changes are associated not only with brain amyloid but also with actual cognitive decline.

Support for the research was provided by NIH (R01AG050507, HHSN-260-2004-00012C).
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Preventing magnet meltdowns before they can start | ScienceDaily
High-temperature superconductor magnets have the potential to lower the costs of operating particle accelerators and enable powerful new technologies like fusion reactors. But quenches -- the sudden, destructive events wherein a part of the material loses superconductivity -- are a major barrier to their deployment. Berkeley Lab scientists have developed an approach to prevent quenches altogether, rather than simply trying to manage them after they occur.


						
The particle accelerators that enable high-energy physics and serve many fields of science, such as materials, medical, and fusion research, are driven by superconducting magnets that are, to put it simply, quite finicky.

Superconductors are a special class of materials which, when cooled below a certain temperature, carry large electrical currents without resistance. If you arrange the material in coils, the current passing through will produce strong magnetic fields, effectively storing the potential energy of the moving electrons in the form of magnetic field. But if they get too hot -- and by hot, we mean only a few degrees above -452 Fahrenheit (4.2 Kelvin), or the temperature of liquid helium -- they can suddenly regain their electrical resistance and dissipate the energy of the magnetic field in a rapid burst of heat.

A newer type of superconductor, known as high temperature superconductors (HTS), is poised to usher in another revolution for science and technology. These superconductors have the potential to produce even higher magnetic fields while operating at easier to maintain temperatures than traditional superconducting magnets.

In the new HTS materials, these unwanted heating events, known as "quenches," are particularly costly, as they can destroy the magnet, damage nearby components, and deplete significant volumes of the precious liquid coolants used to chill the magnet. Due to their powerful properties, these magnets are a hot topic of research and development currently, but protecting them from destructive events is a major hurdle to their broad application. The best solution would be to design HTS magnets that do not quench in the first place.

That's what researchers at Lawrence Berkeley National Laboratory (Berkeley Lab) are working on.

Maxim Marchevsky and Soren Prestemon of the Accelerator Technology & Applied Physics (ATAP) Division have developed a strategy to identify conditions under which HTS magnets can safely operate without the risk of a sudden heat build-up causing the magnet to fail.




"This is somewhat akin to designing a plane to enable safe landing in the case of engine failure, as opposed to designing the plane to survive a crash," said Prestemon, who is Deputy Director of Technology for the ATAP Division. Their work was published recently in Superconductor Science and Technology.

Because HTS magnets can tolerate higher density of the electric current and a wider range of temperatures while still acting as a superconductor, they are less prone to quenching than their low-temperature counterparts. However, detecting an oncoming quench is harder in HTS magnets because the superconducting properties switch off in very small pockets of the material. This means that the enormous magnetic energy of the coil is converted to heat across a small area, causing the temperature to rapidly rise to extremes in that location.

Such a loss in superconductivity is typically caused by the current surpassing the capacity of the superconductor, for example due to imperfections in the material's structure, or by increased heat caused by either a cooling system malfunction or an impact to the magnet by errant fast-moving particles from the accelerator or fusion reactor. Either way, the resulting quench is harder to monitor and may reach the point of no return faster than existing mitigation systems can be activated.

Fortunately, several decades of HTS research and development has revealed that these materials can tolerate minor build-up of heat but stay in superconductor mode. Using this knowledge, Marchevsky and Prestemon realized they could calculate a window of operational parameters in which the HTS conductor will work without ever spiraling out of control into a quench.

"Because of that, we can actually address the problem differently. We can look for a sign of heat somewhere in the magnet, and if we detect it early enough, we can safely run down the current without actually quenching the magnet," said Marchevsky, a staff physicist in ATAP.

The scientists' theoretical work was validated with experiments using tape-shaped samples of Bi-2223 HTS material (a compound of bismuth, strontium, calcium, copper, and oxygen) that were supplied with high current in an environment where minute temperature fluctuations could be detected and compared to the numerical predictions. The next step will be to test their approach on actual coils wound with HTS conductor material to replicate the form they would take inside particle accelerators and devices like MRI machines.




To successfully detect the pre-quench state in these coils, the scientists plan to use highly sensitive temperature monitoring systems developed by themselves and their colleagues in ATAP, a group with deep expertise in fundamental and applied accelerator magnet science. "There will be some challenges because we need to have distributed measurement of temperature, but that's something we've been working on quite a lot in the past several years," said Marchevsky. He noted that traditional quench-detecting systems for low-temperature magnets monitor resistance across the magnet, which doesn't work well for HTS magnets. "Various new techniques are being investigated and embedded in our real prototype magnets."

Their techniques include ultrasonic-based, radiofrequency-based, and fiber optic-based sensor systems. The latter approach is the primary candidate for use in experimental plasma fusion energy reactors, which are one of the first real-world applications of HTS magnets on the horizon. Plasma fusion reactors need powerful magnets to confine mixtures of super-heated charged particles in a small space, and HTS magnets look promising to enable a breakthrough in this field.

Marchevsky and Prestemon hope that distributed temperature systems monitoring the entire magnet will be able to alert operators if any region is approaching the upper end of the safe temperature window. Then, the current delivered to the magnet can be reduced and quenching avoided.

If successful, the approach could enable widespread adoption of HTS magnets, ultimately leading to much higher magnetic fields and magnet systems that are cheaper to maintain than their low-temperature counterparts. These savings would help lower the costs of all accelerator-driven research and aid the moonshot goal of fusion energy.

"The fundamental science and precision diagnostics combined in this work exemplify the unparalleled set of 'mesoscale to magnet' capabilities the Lab brings to the drive for high temperature superconductors as transformative technologies across accelerators, fusion and applications," said Cameron Geddes, ATAP Division Director.

This work was supported by the U.S. Department of Energy, Office of High Energy Physics Magnet Development Program.
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      Environment News

      Top stories featured on ScienceDaily's Plants & Animals, Earth & Climate, and Fossils & Ruins sections.


      
        How home food availability affects young children's nutrient intake
        Early childhood is an important time for learning about nutrition and establishing healthy eating behaviors. Young children rely on parents to provide food options, and the availability of food in the home affects their dietary choices. A new study looks at changes in home food availability and nutrient intake for children from 2 to 4 years old.

      

      
        Information overload is a personal and societal danger
        We are all aware of the dangers of pollution to our air, water, and earth. In a recently published letter, scientists are advocating for the recognition and mitigation of another type of environmental pollution that poses equivalent personal and societal dangers: information overload.

      

      
        Researchers can reveal illegal timber exports
        A new method of timber analysis can confidently identify the location in which the tree was harvested. The method has been developed with the aim of combating illegal timber imports from Russia and Belarus.

      

      
        Small amounts of licorice raise blood pressure, study finds
        It is known that large amounts of licorice cause high blood pressure. A new study now shows that even small amounts of licorice raise blood pressure. The individuals who react most strongly also show signs of strain on the heart.

      

      
        Dog-killing flatworm discovered in Southern California
        Scientists have confirmed that a potentially fatal dog parasite is present in a portion of the Colorado River that runs through California.

      

      
        Surprising insights about debris flows on Mars
        The period that liquid water was present on the surface of Mars may have been shorter than previously thought. Channel landforms called gullies, previously thought to be formed exclusively by liquid water, can also be formed by the action of evaporating CO2 ice, according to a new study.

      

      
        It's hearty, it's meaty, it's mold
        Scientists are exploring how tuning the genomes of mushrooms and molds can transform these food sources into gourmet, nutrient-packed meals made with minimal processing and a light environmental footprint.

      

      
        Unique way to track carbon emissions in bodies of water
        Carbon dioxide emissions are not typically associated with water ways, like streams and rivers, but emerging research shows that water bodies play an important role in storing and releasing carbon dioxide. As many states look for cost-effective ways to mitigate climate change, scientists looked at a way to optimize CO2 sensors to better measure carbon dioxide emissions in lotic, or moving, bodies of water offering a new tool that can help provide valuable information for everything from land use ...

      

      
        Sulfur and the origin of life
        A new study shines a spotlight on sulfur, a chemical element that, while all familiar, has proved surprisingly resistant to scientific efforts in probing its role in the origin of life.

      

      
        What kinds of seismic signals did Swifties send at LA concert?
        Seattle may have experienced its own Swift Quake last July, but at an August 2023 concert Taylor Swift's fans in Los Angeles gave scientists a lot of shaking to ponder. After some debate, a research team concluded that it was likely the dancing and jumping motions of the audience at SoFi Stadium -- not the musical beats or reverberations of the sound system -- that generated the concert's distinct harmonic tremors.

      

      
        Asian aerosols' impact on Atlantic Meridional Overturning Circulation
        A new study identifies the role aerosols over Asia is having on the AMOC, a complex system of currents in the Atlantic Ocean.

      

      
        Tryptophan in diet, gut bacteria protect against E. coli infection
        Gut bacteria and a diet rich in the amino acid tryptophan can play a protective role against pathogenic E. coli, which can cause severe stomach upset, cramps, fever, intestinal bleeding and renal failure.

      

      
        Ready for the storm: Researchers analyze infrastructure, demographics to see where tornadoes are most disruptive
        Researchers examined demographics, infrastructure and more than seven decades of weather data to determine which places in Kentucky are most vulnerable to tornadoes.

      

      
        Interactions with dogs can increase brainwaves associated with stress relief and heightened concentration
        Spending quality time with dogs reduces stress and increases the power of brain waves associated with relaxation and concentration, according to a new study.

      

      
        The future is likely less skiable, thanks to climate change
        Annual snow cover days in all major skiing regions are projected to decrease dramatically as a result of climate change, with 1 in 8 ski areas losing all natural snow cover this century under high emission scenarios, according to a new study.

      

      
        Menopause explains why some female whales live so long
        Females of some whale species have evolved to live drastically longer lives so they can care for their families, new research shows.

      

      
        Marine heat waves disrupt the ocean food web in the northeast Pacific Ocean
        Marine heat waves in the northeast Pacific Ocean create ongoing and complex disruptions of the ocean food web that may benefit some species but threaten the future of many others, a new study has shown.

      

      
        Drought, soil desiccation cracking, and carbon dioxide emissions: an overlooked feedback loop exacerbating climate change
        Soil stores 80 percent of carbon on earth, yet with increasing cycles of drought, that crucial reservoir is cracking and breaking down, releasing even more greenhouse gases creating an amplified feedback loop that could accelerate climate change.

      

      
        'Find pearls in the soil' unveiling the magic of hydrogen production from municipal sewage
        Scientists have developed a catalyst for the urea oxidation reaction, enhancing hydrogen generation efficiency.

      

      
        Multiple air pollutants linked to asthma symptoms in children
        Exposure to several combinations of toxic atmospheric pollutants may be triggering asthma symptoms among children, a recent analysis suggests. The study showed that 25 different combinations of air pollutants were associated with asthma symptoms among 269 elementary school children diagnosed with asthma.

      

      
        High resolution imagery advances the ability to monitor decadal changes in emperor penguin populations
        Emperor penguin populations have been exceedingly difficult to monitor because of their remote locations, and because individuals form breeding colonies on seasonal sea ice fastened to land (known as fast ice) during the dark and cold Antarctic winter. New research that incorporates very high-resolution satellite imagery with field-based validation surveys and long-term data has provided the first multi-year time series that documents emperor penguin global population trends.

      

      
        Sonic youth: Healthy reef sounds increase coral settlement
        Healthy coral reefs have rich soundscapes, full of the croaks, purrs, and grunts of various fishes and the crackling of snapping shrimp. Larval coral uses these sounds as cues to identify the best places to settle and grow. The authors found that sound could potentially be a vital tool in the effort to restore coral reefs. Broadcasting the sounds of a healthy reef to a reef that is degraded encourages coral larvae to settle there. This indicates that it's possible that 'acoustic enrichment' can b...

      

      
        Simple trick could improve accuracy of plant genetics research
        Researchers have published a simple trick that improves the accuracy of techniques that help us understand how external variables -- such as temperature -- affect gene activity in plants.

      

      
        Milk to the rescue for diabetics? Cow produces human insulin in milk
        An unassuming brown bovine from the south of Brazil has made history as the first transgenic cow capable of producing human insulin in her milk. The advancement could herald a new era in insulin production, one day eliminating drug scarcity and high costs for people living with diabetes.

      

      
        Molecular simulations of ammonia mixtures support search for renewable fuels
        Ammonia is an important molecule with many applications. The end product of the famed Haber-Bosch process, it is commonly synthesized to capture nitrogen for fertilizers, and is used for refrigeration, in cleaning products, and in the production of pharmaceuticals. Recently, this modest molecule has also attracted interest as a potential resource for addressing one of today's most pressing challenges -- the need for reliable and abundant renewable fuels.

      

      
        New high-performance solar cell material
        A new study reports the discovery of an entirely new stable, earth-abundant, high-performance material for solar absorbers -- the central part of a solar cell that turns light into electricity. While identifying new solar materials is typically very time-consuming, the researchers used a unique high-throughput computational screening method to quickly evaluate around 40,000 candidate materials.

      

      
        Summer solstice triggers synchronized beech tree reproduction across Europe
        A new study has found that the summer solstice acts as a 'starting gun' to synchronize beech tree reproduction across vast distances in Europe, affecting ecosystem functions.

      

      
        Grounding zone discovery explains accelerated melting under Greenland's glaciers
        Researchers have conducted the first large-scale observation and modeling study of northwest Greenland's Petermann Glacier. Their findings reveal the intrusion of warm ocean water beneath the ice as the culprit in the accelerated melting it has experienced since the turn of the century, and their computer predictions indicate that potential sea level rise will be much worse than previously estimated.

      

      
        Study brings scientists a step closer to successfully growing plants in space
        New, highly stretchable sensors can monitor and transmit plant growth information without human intervention. The polymer sensors are resilient to humidity and temperature, can stretch over 400% while remaining attached to a plant as it grows and send a wireless signal to a remote monitoring location, said a chemical and biomolecular engineering professor.

      

      
        AI analysis of historical satellite images show USSR collapse in 1990s increased methane emissions, despite lower oil and gas production
        An AI-powered analysis of 25 years of satellite images yields the surprising finding that methane emissions in Turkmenistan, a former Soviet republic and major oil-producing region, actually increased in the years following the dissolution of the Soviet Union.

      

      
        Alaska dinosaur tracks reveal a lush, wet environment
        A large find of dinosaur tracks and fossilized plants and tree stumps in far northwestern Alaska provides new information about the climate and movement of animals near the time when they began traveling between the Asian and North American continents roughly 100 million years ago.

      

      
        Who knew that coprophagy was so vital for birds' survival?
        New research explains how eating feces (known as coprophagy) shapes wild birds' digestive tracts (gut biota), enabling them to absorb lost or deficient nutrients and adjust to seasonal variations in food sources.

      

      
        Exploring arctic plants and lichens: An important conservation baseline for Nunavut's newest and largest territorial park
        A comprehensive study of the floristic diversity of Agguttinni Territorial Park, Nunavut's newest and largest Territorial Park, has documented 141 vascular plant, 69 bryophyte, and 93 lichen species from this unique protected area on northern Baffin Island. Through a combination of extensive fieldwork in 2021 and examination of hundreds of existing herbarium specimens, the authors have documented species newly reported for Baffin Island and have crafted a biodiversity baseline important for park ...

      

      
        New study quantifies health impacts from oil and gas flaring in U.S.
        A new study finds that pollution from oil and gas venting and flaring results in $7.4 billion in health damages, more than 700 premature deaths, and 73,000 asthma exacerbations among children annually. Researchers also conclude that emissions are underreported and controlling emissions is not only profitable for operators, but also can significantly improve public health in surrounding communities.

      

      
        Scientists find weak points on Epstein-Barr virus
        Studies of interactions between two lab-generated monoclonal antibodies (mAbs) and an essential Epstein-Barr virus (EBV) protein have uncovered targets that could be exploited in designing treatments and vaccines for this extremely common virus.

      

      
        Vehicle brakes produce charged particles that may harm public health
        Scientists know relatively little about particles released into the air when a vehicle driver brakes, though evidence suggests those particles may be more harmful to health than particles exiting the tailpipe.

      

      
        AI making waves in marine data collection
        Numerous measurement stations around the world provide us with data about air quality, allowing us to enhance it. Although we are increasingly collecting data from marine areas, access to such data is considerably more challenging. Signals are poorly transmitted through water, differences in both pressure and currents hinder measurement devices and there is an absence of pre-constructed computing infrastructure. Could intelligent technologies help us improve marine data collection?

      

      
        How a natural compound from sea squirts combats cancer
        Trabectedin, a promising drug derived from the sea squirt Ecteinascidia turbinata, has shown potential in combating cancers resistant to conventional treatments. However, its precise mechanism of action has remained elusive -- until now.

      

      
        Air filters and scheduled window opening can reduce classroom pollution by up to 36%
        To improve air quality in classrooms, schools should use air purifiers during the school day and open the windows after hours. That's according to a new study.

      

      
        Rice paddy snake diversification was driven by geological and environmental factors in Thailand, molecular data suggests
        A new study of rice paddy snakes in Southeast Asia gives key details to their diversification and natural history, adding molecular evidence that the rise of the Khorat Plateau and subsequent environmental shifts in Thailand may have altered the course of the snakes' evolution some 2.5 million years ago.

      

      
        Mars attracts: How Earth's interactions with the red planet drive deep-sea circulation
        Scientists have used the geological record of the deep sea to discover a connection between the orbits of Earth and Mars, past global warming patterns and the speeding up of deep ocean circulation. The patterns they discover suggest that warming seas could produce deep whirpools in ocean currents.

      

      
        A coral superhighway in the Indian Ocean
        Despite being scattered across more than a million square kilometers, new research has revealed that remote coral reefs across the Seychelles are closely related. Using genetic analyses and oceanographic modelling, researchers demonstrated for the first time that a network of ocean currents scatter significant numbers of larvae between these distant islands, acting as a 'coral superhighway.'

      

      
        Rainforest's next generation of trees threatened 30 years after logging
        Rainforest seedlings are more likely to survive in natural forests than in places where logging has happened -- even if tree restoration projects have taken place, new research shows.

      

      
        Scientists propose new theory that explains sand ripples on Mars and on Earth
        Sand ripples are symmetrical. Yet wind -- which causes them -- is very much not. Furthermore, sand ripples can be found on Mars and on Earth. They would be even more fascinating if the same effect found on Mars could be found here on Earth as well. What if one unified theory could explain their formation on both planets?

      

      
        Climate policies to reduce motor vehicle emissions can improve children's health, save money
        A new study finds that policies to reduce carbon dioxide (CO2) emissions from motor vehicles combined with investments in electric vehicles and public transportation would reduce air pollution and bring large benefits to children's health. They would also save money.

      

      
        Higher carnivorous dinosaur biodiversity of famous Kem Kem beds, Morocco
        An international team of palaeontologists applied recently developed methods to measure theropod (carnivorous) dinosaur species diversity. The newly applied method uses both traditional phylogenetic analysis, discriminant analysis as well as machine learning.

      

      
        Range-shifting fishes are climate-change losers, according to new research
        Fish populations that experience rapid-range shift decline noticeably, up to 50 per cent over a decade. The populations affected most are those living on the northern poleward edges of their species' range. Researchers combined data from two large databases to examine the population numbers of range-shifting species. Their analysis revealed that extremely fast poleward shifting species, defined as upward of 17 kilometers per year, show marked declines in population, compared to negligible increas...

      

      
        Pronghorn population declining due to human development
        A new article looked at 40 years of data collected on 40 pronghorn herds residing in the Wyoming Basin Shrub Steppe. Overall, 80% of the herds saw a decrease in productivity, and nearly 43% saw a significant decrease. After looking at a number of variables that could potentially contribute to the decline, the researchers identified the two most strongly associated: development of oil and gas resources and woody encroachment.

      

      
        Gene flow in giraffes and what it means for their conservation
        Giraffes, with their bizarre body plan, have always held a special place in the minds of evolutionary biologists and non-experts alike. In a new study whole-genome sequencing data was used to investigate the evolutionary processes occurring within giraffes. In particular, the authors were interested in establishing whether different populations of giraffes really have been isolated from each other for extended periods of time, which is normally a requirement before new species can arise.

      

      
        Maternal obesity may promote liver cancer
        Obesity, which could reach 50% of the population in certain developed countries by 2030, is a major public health concern. It not only affects the health of those who suffer from it, but could also have serious consequences for their offspring. Scientists have studied the impact of maternal obesity on the risk of developing liver disease and liver cancer. Using an animal model, the team discovered that this risk was indeed much higher in the offspring of mothers suffering from obesity.
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How home food availability affects young children's nutrient intake | ScienceDaily
Early childhood is an important time for learning about nutrition and establishing healthy eating behaviors. Young children rely on parents to provide food options, and the availability of food in the home affects their dietary choices. A new study from the University of Illinois Urbana-Champaign looks at changes in home food availability and nutrient intake for children from 2 to 4 years old.


						
"It's important to understand how the environments that children are in can influence their diet and nutrition. What types of foods and beverages are available in the home, and how accessible are those items for the young child? It's about the likelihood of exposure to foods and having the opportunity to try foods, and also whether they may be able to access or grab foods themselves," said lead author Jennifer Barton, now an assistant research professor at Pennsylvania State University. Barton conducted the research as a postdoctoral research associate at the Family Resiliency Center in the Department of Human Development and Family Studies (HDFS), part of the College of Agricultural, Consumer and Environmental Sciences (ACES) at Illinois.

Barton and her colleagues used the Home Food Inventory (HFI) to measure food availability at 24, 36, and 48 months of age. The HFI is a comprehensive checklist of food categories administered by a research assistant visiting the homes of participating families. The researchers correlated the HFI data with surveys of the children's food consumption completed by their mothers.

"We found significant changes in several food categories over time. Food items such as non-whole grains, processed meats, savory snacks, candy, and microwavable or quick-cook foods were more commonly available in the home at 48 months compared to 24 and 36 months," Barton said.

The study included 468 mothers and children who were participants in STRONG Kids 2, an ongoing research project at Illinois that looks at nutrition and healthy habits from infancy through 10 years of age. STRONG Kids 2 co-directors Barbara Fiese, professor emerita of HDFS, and Sharon Donovan, professor of food science and human nutrition at Illinois, also contributed to the study.

The HFI includes an obesogenic score, which indicates the obesity risk of different foods. However, the scores are based on dietary recommendations for older children and include regular-fat dairy products such as milk, yogurt, and cheese. Toddlers have different energy and nutrient needs, and dairy products are considered as part of a healthy diet for young children, necessary for growth and development.

The researchers tested three obesogenic scores, two of which were developmentally sensitive scores that excluded milk, yogurt, and cheese. Even with the modified categories, they found that obesogenic scores increased significantly from 24 to 48 months.




"It makes sense that as children get older, the presence of more energy-dense and high-fat foods tends to grow. Children may request these foods more often, and outside influences, such as the opinions of peers, are starting to become more apparent. I do want to point out that we found some positive changes. Vegetables also become more available in the home at 48 months," Barton said.

"The point is not to label certain foods as being good or bad. We likely all have food items in our home that are not 'recommended.' It's really about trying to make sure that we get enough nutritious, recommended foods and eat the non-recommended items in moderation."

A second research goal was to test the validity of the HFI measure for young children, as the method has been developed for adolescents. Barton and her colleagues conducted comprehensive tests of associations between food availability and nutrient intake, overall finding the expected results.

For example, the availability of processed meats such as lunch meat and hot dogs was correlated with higher saturated fat intake. Sweetened beverages, candy, desserts, and savory snacks were correlated with higher intake of those foods. A higher presence of fruit and vegetables in the home was also a consistent indicator of nutrients. These findings indicate that HFI is a reliable measure of home food availability and has demonstrated associations with food and nutrient intake for children ages 24, 36, and 48 months, the researchers conclude.

It's important to support parents in making healthy decisions for their families, but food choice is much more than individual behavior, Barton stated.

"There are complex factors affecting parents' decisions. Children may ask for certain foods, which may stem from the influence of media and advertising. We should also consider who else lives in the home such as siblings, and the parents may experience work demands and financial stressors that can spill over into their family life. Many people struggle with distance to food stores and access to fresh foods as well as food insecurity. I believe we need a food systems approach to ensure people have access to nutritious food and that parents feel supported in making decisions to promote the health and well-being of themselves and their children," she concluded.

The paper, "Longitudinal Changes in Home Food Availability and Concurrent Associations with Food and Nutrient Intake Among Children at 24 to 48 Months" is published in Public Health Nutrition. Authors include Jennifer M. Barton, Arden L. McMath, Stewart P. Montgomery, Sharon M. Donovan. and Barbara H. Fiese.

This research was funded by grants from the National Dairy Council, the Gerber Foundation, the Christopher Family Foundation, Hatch ILLU 793-330 from the US Department of Agriculture, and the National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK), National Institutes of Health (grant no. R01 DK107561) to Sharon Donovan. The content is solely the responsibility of the authors and does not necessarily represent the official views of the National Institutes of Health.
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Information overload is a personal and societal danger | ScienceDaily
We are all aware of the dangers of pollution to our air, water, and earth. In a letter recently published in Nature Human Behavior, scientists are advocating for the recognition and mitigation of another type of environmental pollution that poses equivalent personal and societal dangers: information overload.


						
With the internet at our fingertips with smartphones, we are exposed to an unprecedented amount of data far beyond our ability to process. The result is an inability to evaluate information and make decisions. Further, it can lead us to limit our social activities, feel unsatisfied with our jobs, as well as unmotivated, and generally negative. Economists estimate that it all comes at a global cost of about $1 trillion. On top of the emotional and cognitive effects, contextual and environmental considerations may add to the personal and economic costs.

The idea to explore information overload was incubated in a meeting of an international group of scientists two years ago, all of whom were supported by an E.U. grant for international collaboration. The E.U. team selected partners abroad including, for the third time, Rensselaer Polytechnic Institute's Network Science and Technology Center (NeST), led by Boleslaw Szymanski, Ph.D., professor of computer science, in the United States.

The researchers compare information overload to other historical shifts in society: open publishing brought about the need to filter out low-quality research from the vast number of accessible publications, the Industrial Revolution gave rise to air pollution, and environmental activists have helped usher in legal and economic changes to help curb pollution. Similarly, so-called "information pollution" or "data smog" must be addressed.

Through the lens of computer science, there are at least three levels of information overload: "neural and cognitive mechanisms on the individual level... information and decisions at the group level... (and) societal level interactions among individuals, groups, and information providers." These levels do not operate independently, so the flow of information may be treated as a multilevel network with nodes, which may give rise to an abrupt change. The researchers cite teamwork as an example: one team member's information overload may cause the group's performance to be hindered. It is a complex problem.

"We are calling for action in science, education, and legislation," said Szymanski. "We need further interdisciplinary research on information overload. Information ecology must be taught in school. We also need to start the conversation on legislative possibilities, akin to the Clean Air Act in the U.K. decades ago."

"Information overload can have severe implications," said Curt Breneman, Ph.D., dean of Rensselaer's School of Science. "It begins by eroding our emotional health, job performance, and satisfaction, subsequently influencing the actions of groups and ultimately, entire societies. I hope that Dr. Szymanski's letter, written with colleagues from across the world, will raise public awareness of the problem and enable solutions to be studied and implemented."

Szymanski was joined in authoring the letter by Janusz A. Holyst of Warsaw University of Technology, the principal investigator of the E.U. grant; Philipp Mayr of the Leibniz Institute for the Social Sciences; Michael Thelwall of University of Sheffield; Ingo Frommholz of University of Wolverhampton; Shlomo Havlin and Alon Sela of Bar-Ilan University; Yoed N. Kenett of Technion -- Israel Institute of Technology; Denis Helic of Modul University Vienna; Aljosa Rehar and Sebastijan R. Macek of Slovenian Press Agency; Przemyslaw Kazienko and Tomasz Kajdanowicz of Wroclaw University of Science and Technology; Przemyslaw Biecek of Warsaw University of and University of Warsaw; and Julian Sienkiewicz of Warsaw University of Technology.
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Researchers can reveal illegal timber exports | ScienceDaily
A new method of timber analysis developed by researchers from the University of Gothenburg can confidently identify the location in which the tree was harvested. The method has been developed with the aim of combating illegal timber imports from Russia and Belarus.


						
Illegal logging and the associated trade in wood products is a global problem that threatens some of the world's most important ecosystems. Researchers are trying to combat this practise with a new scientific method that can reveal where a tree has been harvested. The researchers present their findings in a paper published in the journal Nature Plants.

"The issue became even more urgent after Russia's full-scale invasion of Ukraine in February 2022. Russian timber continues to be exported to the EU and the US despite imposed sanctions, by falsifying the origin of the timber. Illegal timber exports are partly financing Russia's war," says Jakub Truszkowski, researcher in computational biology at the University of Gothenburg.

Chemical footprint

A growing tree is affected by its environment. Soil composition, environmental pollution and climate leave a chemical footprint in wood tissue, and this is what the researchers use to determine its origin. First, a large collection of reference material is required. Then, using machine learning, the researchers can determine whether the stated harvest location of the sample is correct.

"We collected 900 wood samples from 11 Eastern European countries, including Belarus and Russia. We selected oak, birch, pine and beech, all of which are important in the timber trade. By analysing and comparing isotope ratios and the concentrations of 15 different trace elements in wood tissue, we can determine the harvest location of the tree within a 200 kilometer radius," says Jakub Truszkowski.

Useful worldwide

The study led to the creation of a comprehensive reference database on Eastern European timber, tailored to products under sanctions after the invasion of Ukraine. These data facilitated the development of methods to verify the authenticity of timber origin claims and even predict the location of harvest.




"We would like to refine our method so that we can further increase the accuracy and confidence in our predictions. It is still under development and will get better the more data we get," says Jakub Truszkowski.

While this study focused on the illegal timber trade in Eastern Europe, the method is applicable all over the world. It is estimated that more than half of tropical timber may be harvested illegally.

"It is important to protect highly biodiverse forests from illegal logging. By tracing the origin of timber, we can combat this practice," says Jakub Truszkowski.
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Small amounts of licorice raise blood pressure, study finds | ScienceDaily
It is known that large amounts of liquorice cause high blood pressure. A study by researchers at Linkoping University, Sweden, now shows that even small amounts of liquorice raise blood pressure. The individuals who react most strongly also show signs of strain on the heart.


						
Liquorice is produced from the root of plants of the Glycyrrhiza species and has long been used as a herbal remedy and flavouring. However, it is known that eating liquorice can also raise blood pressure. This is mainly due to a substance called glycyrrhizic acid that affects the body's fluid balance through effects on an enzyme in the kidney. High blood pressure, in turn, increases the risk of cardiovascular disease.

Both the European Union and the World Health Organization have concluded that 100 mg of glycyrrhizic acid per day is probably safe to eat for most individuals. But some people eat more liquorice than that. The Swedish Food Agency has estimated that 5 per cent of Swedes have an intake higher than this level.

In the current study, published in The American Journal of Clinical Nutrition, researchers at Linkoping University wanted to test whether the limit stated as likely safe actually is so or not.

It is not easy to know how much glycyrrhizic acid is in the liquorice you eat, as its concentration in different liquorice products varies greatly. This variation may depend on factors such as origin, storage conditions and liquorice root species. In addition, the amount of glycyrrhizic acid is not indicated on many products. The Linkoping University study is the first to have carefully measured the amount of glycyrrhizic acid in the liquorice that was tested, while being randomised and having a control group.

In the study, 28 women and men aged 18-30 were instructed to eat liquorice, or a control product that did not contain any liquorice, over two periods of time. The control product instead contained salmiak, which gives salty liquorice its flavour. The liquorice weighed 3.3 grammes and contained 100 mg of glycyrrhizic acid, that is, the amount indicated as likely safe for most people to eat daily. Participants were randomly assigned to eat either liquorice or the control product for two weeks, take a break for two weeks, and then eat the other variety for two weeks. This enabled the researchers to compare the effect of both varieties in the same person. The study participants were asked to measure their blood pressure at home every day. At the end of each intake period, the researchers measured levels of various hormones, salt balance, and heart workload.

"In the study, we found that a daily intake of liquorice containing 100 mg glycyrrhizic acid raised blood pressure in young healthy people. This hasn't previously been shown for such small amounts of liquorice," says Peder af Geijerstam, doctoral student at the Department of Health, Medicine and Caring Sciences at Linkoping University, general practitioner, and lead author of the study.

When the participants ate liquorice, their blood pressure increased by an average of 3.1 mmHg. The researchers also measured two hormones that are affected by liquorice and that regulate fluid balance: renin and aldosterone. The levels of both of these decreased when eating liquorice. The quarter of the study participants who were most sensitive, based on their levels of the hormones renin and aldosterone decreasing the most after eating liquorice, also gained slightly in weight, most likely due to an increased amount of fluid in the body. This group also had elevated levels of a protein that the heart secretes more of when it needs to work harder to pump around the blood in the body, N-terminal pro-brain natriuretic peptide (NT-proBNP). This suggests increased fluid volume and heart workload in the individuals most sensitive to the effects of liquorice.

"Our results give reason to be more cautious when it comes to recommendations and labelling for food containing liquorice," says Fredrik Nystrom, professor at the same department, who was responsible for the study.

The study was funded with support from, among others, The Strategic Research Network in Circulation and Metabolism (LiU-CircM) at Linkoping University, The National Research School in General Practice at Umea University, King Gustaf V and Queen Victoria Freemason Foundation and Region Ostergotland.
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Dog-killing flatworm discovered in Southern California | ScienceDaily
UC Riverside scientists confirm, for the first time, that a potentially fatal dog parasite is present in a portion of the Colorado River that runs through California.


						
The parasite, Heterobilharzia americana, is a flatworm commonly referred to as liver fluke. Previously found almost exclusively in Texas and other Gulf Coast states, it has never been reported this far west. The worm can cause canine schistosomiasis, an illness that impacts the liver and intestines of dogs.

"Dogs can die from this infection, so we are hoping to raise public awareness that it's there," said UCR nematology professor Adler Dillman. "If you're swimming in the Colorado River with them, your pets are in peril."

After learning about cases of the infection in local dogs, Dillman assembled a research team and headed to Blythe, a border town east of Joshua Tree National Park in Riverside County, where the sick dogs had all spent time swimming in the river.

The infection is driven by the presence of a snail that transmits the worm. The research team collected more than 2,000 snails from the banks of the river. A paper published this week in the journal Pathogens describes how the team used DNA to confirm the identity of both the snails and the flatworm.

"We actually found two species of snails that can support H. americana in the river in Blythe, and we found both snails actively shedding this worm," Dillman said. "Not only was it a surprise to find H. americana, we also did not know that the snails were present here."

After transforming itself inside one of the snails, the worm ventures out with the goal of finding a mammal to infect. In this stage it can only survive on its own for about 24 hours. If a dog or a raccoon is in the water, or drinking, then it gets infected.




"It gets into the veins of the intestinal lining, and that's where it develops into an adult and mates," Dillman said. "The presence of the adults in the veins isn't the problem. It's the eggs that get into the lungs, spleen, liver, and heart. The immune system tries to deal with it, and hard clusters of immune cells called granulomas form. Eventually the organ tissues stop functioning."

Once infected, it can be several months before the worst symptoms of the illness appear. Since 2019 in California, 11 dogs in three counties have been confirmed with this disease, and one has died. Health officials hope that with awareness they can prevent further infections and deaths.

"Symptoms start gradually with a loss of appetite, and eventually include vomiting, diarrhea, profound weight loss, and signs of liver disease. If your dog has these symptoms after swimming in the Colorado River, it's a good precaution to ask your veterinarian for a simple fecal test," said Emily Beeler, a veterinarian with the Los Angeles County Department of Public Health.

"Treatment typically involves use of multiple medications and close monitoring of the dog by a veterinarian," Beeler said.

It is important to note that H. americana is not known to be capable of causing disease in humans. "It can cause swimmer's itch, a red rash where it penetrates human skin. But it's not able to cause infection," Dillman said.

Additionally, Dillman hopes to allay concerns that the parasite could be contaminating urban drinking water. "Compared to other pathogens these worms are fairly large. They can easily be filtered out with common water purification strategies," he said. Though there is no cause for concern about contamination of water sources, drinking the water directly is still inadvisable.

"You have viruses, bacteria, and other parasites such as Giardia in rivers," Dillman said. "Nobody should be drinking straight out of the river, and that has nothing to do with this particular parasite."
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Surprising insights about debris flows on Mars | ScienceDaily
The period that liquid water was present on the surface of Mars may have been shorter than previously thought. Channel landforms called gullies, previously thought to be formed exclusively by liquid water, can also be formed by the action of evaporating CO2 ice. That is the conclusion of a new study by Lonneke Roelofs, a planetary researcher at Utrecht University. "This influences our ideas about water on Mars in general, and therefore our search for life on the planet." The results of the study are published this week in the journal Communications Earth and Environment.


						
"The Martian atmosphere is 95% CO2," Lonneke Roelofs explains. "In winter, air temperatures drop below -120 degrees Celsius, which is cold enough for CO2 in the atmosphere to freeze." In the process of freezing, CO2 gas can change directly to CO2 ice, skipping the liquid phase. The process is similar to frost on Earth, where water vapour forms ice crystals and blankets the landscape in a white film. Warmer spring temperatures, combined with the thin Martian atmosphere, causes CO2 ice to evaporate directly back to gas, again skipping the liquid phase. "We call that 'sublimation'. The process is extremely explosive due to Mars' low air pressure. The created gas pressure pushes sediment grains apart causing the material to flow, similar to debris flows in mountainous areas on Earth. These flows can reshape the Martian landscape -- even in the absence of water."

Scientists have long hypothesised that CO2 ice could be a driving force behind these Martian landscape structures. "But those hypotheses were mainly based on models or satellite studies," Roelofs explains. "With our experiments in a so-called 'Mars chamber', we were able to simulate this process under Martian conditions. Using this specialised lab equipment we could directly study this process with our own eyes. We even observed that debris flows driven by CO2 ice under Martian conditions flow just as efficiently as the debris flows driven by water on Earth."

Extraterrestrial life

"We know for sure that there was once water on the surface of Mars. This study does not prove the contrary," Roelofs says. "But the emergence of life likely needs a long period where liquid water was present. Previously, we thought that these landscape structures were formed by debris flows driven by water, because of their similarity to debris flow systems on Earth. My research now shows that, in addition to debris flows powered by water, the sublimation of frozen CO2 can also serve as a driving force behind the formation of these Martian gully landscapes. That pushes the presence of water on Mars further into the past, making the chance of life on Mars smaller." And that makes us even more unique than we thought.

Why Mars?

But what makes someone interested in landscapes 330 million km away? "Mars is our closest neighbour. It's the only other rocky planet close to our solar system's 'green zone'. The zone is precisely far enough from the sun to allow for liquid water to exist, a prerequisite for life. So Mars is a place where we possibly can find answers to questions about how life developed, including potential extraterrestrial life," answers Roelofs. "Plus, studying the formation of landscape structures on other planets is a way for us to step outside our Earthly context. You ask different questions, which leads to new insights on processes here on Earth. For example, we can also observe the process of gas-driven debris flows in pyroclastic flows around volcanoes, here on Earth. So this research could contribute to a better understanding of terrestrial volcanic hazards."
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It's hearty, it's meaty, it's mold | ScienceDaily
With animal-free dairy products and convincing vegetarian meat substitutes already on the market, it's easy to see how biotechnology can change the food industry. Advances in genetic engineering are allowing us to harness microorganisms to produce cruelty-free products that are healthy for consumers and healthier for the environment.


						
One of the most promising sources of innovative foods is fungi -- a diverse kingdom of organisms that naturally produce a huge range of tasty and nutritious proteins, fats, antioxidants, and flavor molecules. Chef-turned-bioengineer Vayu Hill-Maini, an affiliate in the Biosciences Area at Lawrence Berkeley National Laboratory (Berkeley Lab), is exploring the many possibilities for new flavors and textures that can be made from modifying the genes already present in fungi.

"I think it's a fundamental aspect of synthetic biology that we're benefiting from organisms that have evolved to be really good at certain things," said Hill-Maini, who is a postdoctoral researcher at UC Berkeley in the lab of bioengineering expert Jay Keasling. "What we're trying to do is to look at what is the fungus making and try to kind of unlock and enhance it. And I think that's an important angle that we don't need to introduce genes from wildly different species. We're investigating how we can stitch things together and unlock what's already there."

In their recent paper, publishing on March 14 in Nature Communications, Hill-Maini and colleagues at UC Berkeley, the Joint BioEnergy Institute, and the Novo Nordisk Foundation Center for Biosustainability studied a multicellular fungus called Aspergillus oryzae, also known as koji mold, that has been used in East Asia to ferment starches into sake, soy sauce, and miso for centuries. First, the team used CRISPR-Cas9 to develop a gene editing system that can make consistent and reproducible changes to the koji mold genome. Once they had established a toolkit of edits, they applied their system to make modifications that elevate the mold as a food source. First, Hill-Maini focused on boosting the mold's production of heme -- an iron-based molecule which is found in many lifeforms butis most abundant in animal tissue, giving meat its color and distinctive flavor. (A synthetically produced plant-derived heme is also what gives the Impossible Burger its meat-duping properties.) Next, the team punched up production of ergothioneine, an antioxidant only found in fungi that is associated with cardiovascular health benefits.

After these changes, the once-white fungi grew red. With minimal preparation -- removing excess water and grinding -- the harvested fungi could be shaped into a patty, then fried into a tempting-looking burger.

Hill-Maini's next objective is to make the fungi even more appealing by tuning the genes that control the mold's texture. "We think that there's a lot of room to explore texture by varying the fiber-like morphology of the cells. So, we might be able to program the structure of the lot fibers to be longer which would give a more meat-like experience. And then we can think about boosting lipid composition for mouth feel and further nutrition," said Hill-Maini, who was a Fellow of the Miller Institute for Basic Research in Science at UC Berkeley during the study. "I'm really excited about how can we further look at the fungus and, you know, tinker with its structure and metabolism for food."

Though this work is just the beginning of the journey to tap into fungal genomes to create new foods, it showcases the huge potential of these organisms to serve as easy-to-grow protein sources that avoid the complex ingredients lists of current meat substitutes and the cost barriers and technical difficulties hindering the launch of cultured meat. Additionally, the team's gene editing toolkit is huge leap forward for the field of synthetic biology as a whole. Currently, a great variety of biomanufactured goods are made by engineered bacteria and yeast, the single-celled cousins of mushrooms and mold. Yet despite humanity's long history of domesticating fungi to eat directly or to make staples like miso, multicellular fungi have not yet been harnessed as engineered cellular factories to the same extent because their genomes are far more complex, and have adaptations that make gene editing a challenge. The CRISPR-Cas9 toolkit developed in this paper lays the foundation to easily edit koji mold and its many relatives.

"These organisms have been used for centuries to produce food, and they are incredibly efficient at converting carbon into a wide variety of complex molecules, including many that would be almost impossible to produce using a classic host like brewer's yeast or E. coli," said Jay Keasling, who is a senior scientist at Berkeley Lab and a professor at UC Berkeley. "By unlocking koji mold through the development of these tools, we are unlocking the potential of a huge new group of hosts that we can use to make foods, valuable chemicals, energy-dense biofuels, and medicines. It's a thrilling new avenue for biomanufacturing."

Given his culinary background, Hill-Maini is keen to ensure that the next generation of fungi-based products are not only palatable, but truly desirable to customers, including those with sophisticated tastes. In a separate study, he and Keasling collaborated with chefs at Alchemist, a two-Michelin-starred restaurant in Copenhagen, to play with the culinary potential of another multicellular fungus, Neurospora intermedia. This fungus is traditionally used in Indonesia to produce a staple food called oncom by fermenting the waste products left over from making other foods, such as tofu. Intrigued by its ability to convert leftovers into a protein-rich food, the scientists and chefs studied the fungus in the Alchemist test kitchen. They discovered N. intermedia produces and excretes many enzymes as it grows. When grown on starchy rice, the fungi produces an enzyme that liquifies the rice and makes it intensely sweet. "We developed a process with just three ingredients -- rice, water, and fungus -- to make a beautiful, striking orange-colored porridge," said Hill-Maini. "That became a new dish on the tasting menu that utilizes fungal chemistry and color in a dessert. And I think that what it really shows is that there's opportunity to bridge the laboratory and the kitchen."

Hill-Maini's work on the gene editing research described in this article is supported by the Miller Institute at UC Berkeley. Keasling's lab is supported by the Novo Nordisk Foundation. Both received additional support from the Department of Energy (DOE) Office of Science. The Joint BioEnergy Institute is a DOE Bioenergy Research Center managed by Berkeley Lab.
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Unique way to track carbon emissions in bodies of water | ScienceDaily

"These sensors, adapted for highly dynamic flow like floods, allow us to see if a disproportionate amount of CO2 is transferred from land during short periods of time, and whether this can contribute significant emissions to the atmosphere," said Wilfred Wollheim, associate professor of natural resources and environment.

The study published in Limnology and Oceanography: Methods outlines how the researchers modified an existing sensor -- originally developed to measure dissolved carbon dioxide in oceans -- by adding a protective housing that accounted for changing water levels and unidirectional flow of running water. The researchers also chose materials known to limit damage to the sensor by microorganisms. The team plans to make these sensor modifications publicly available, allowing other scientists to use the design.

"After making these adaptations, we found the sensors to be quite reliable in measuring carbon dioxide in streams," said graduate student Drew Robison '21 and lead author. "We were able to differentiate between streams that were bigger sources of CO2 and start to examine when and why moments of high CO2 emissions occurred."

In addition to being able to accurately measure CO2 levels in streams and rivers, the researchers wanted to significantly increase the frequency at which emissions could be captured, helping to better understand the impacts of extreme precipitation events and other periods when there could be disruptions to normal observed water flow rates.

The researchers say this information could be particularly important in determining how land use choices may alter the CO2 regimes of streams and rivers. For example, if a forest is developed into a farm, or a suburban neighborhood, the sensors could help understand the mechanism of any change, such as altering stream metabolism or the runoff dynamics.

Wollheim has begun related sensor modification projects to measure carbon and nitrogen in other environments, including forests and agricultural lands. These sensors will focus on soil characteristics, potentially providing farmers and other land managers with almost real-time information for optimizing soil nutrients to support their farming operations and minimizing excess fertilizer applications that could lead to runoff and surplus nutrients in nearby lakes, ponds and other bodies of water.

This work was supported by the N.H. Agricultural Experiment Station through joint funding provided by the National Institute of Food and Agriculture and the state of New Hampshire, as well as funding from the National Science Foundation's Long Term Ecological Research program.
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Sulfur and the origin of life | ScienceDaily
Many artists have tried to depict what Earth might have looked like billions of years ago, before life made its appearance. Many scenes trade snow-covered mountains for lava-gushing volcanoes and blue skies for lightning bolts pummeling what's below from a hazy sky.


						
But what did early Earth actually look like? This question has been the subject of intense scientific research for decades.

A publication led by Sukrit Ranjan, an assistant professor in the University of Arizona's Lunar and Planetary Laboratory, shines a spotlight on sulfur, a chemical element that, while all familiar, has proved surprisingly resistant to scientific efforts in probing its role in the origin of life.

"Our picture of early Earth is pretty fuzzy," said Ranjan, who explores sulfur concentrations in early Earth's waters and atmosphere. The same processes that make our planet habitable -- liquid water and plate tectonics -- constantly destroy the rocks that hold Earth's geologic record, he argues. "It's great for us because it recycles nutrients that would otherwise be locked up in Earth's crust, but it's terrible for geologists in the sense that it removes the messengers."

Published in the journal AGU Advances in December, Ranjan's paper was selected as an editor's highlight, in recognition of "experiments that were extremely difficult to perform but provide constraints for ongoing laboratory prebiotic chemistry experiments."

At the core of efforts to pull back the curtain on the emergence of life on Earth has been a concept known as the "RNA world," Ranjan said, referring to ribonucleic acid, a class of molecules that are present in every living cell and crucial to life as we know it.

The RNA world hypothesis is based on an interesting feature of modern biology, which is that of the four major categories of biomolecules -- amino acids, carbohydrates, lipids and nucleic acids -- RNA is the only one that can perform the role of an enzyme and the storage and replication of genetic information, by making copies of itself, all by itself. There's just one problem: It's really hard to make.




"For about 50 years, people have tried to figure out how to make RNA without enzymes, which is how biology does it," Ranjan said, explaining that it wasn't until the last five years that researchers figured out non-enzymatic pathways to make RNA.

"If we can get RNA, then on the far horizon we see a pathway to get everything else going," he said. "And this begs the question: Was this molecule actually available earlier in any quantities whatsoever? And this is actually a major open question."

Recently, scientists have completed a half-century quest to make RNA molecules without biological enzymes, a huge step forward to demonstrating the RNA world. However, these chemical pathways all rely on a critical sulfur molecule, called sulfite. By studying rock samples from some of Earth's oldest rocks, scientists know there was plenty of sulfur to go around on the early, prebiotic Earth. But how much of it was in the atmosphere? How much of it ended up in water? And how much of it ended up as RNA-producing sulfite? Those are the questions Ranjan and his team set out to answer.

"Once it's in the water, what happens to it? Does it stick around for a long time, or does it go away quickly?" he said. "For modern Earth we know the answer -- sulfite loves to oxidize, or react with oxygen, so it'll go away super-fast."

By contrast, as geological evidence indicates, there was very little oxygen in early Earth's atmosphere, which could have allowed sulfite to accumulate and last much longer. However, even in the absence of oxygen, sulfite is very reactive, and many reactions could have scrubbed it from the early Earth environment.

One such reaction is known as disproportionation, a process by which several sulfites react with each other, turning them into sulfate, and elemental sulfur, which are not useful for origin-of-life chemistry. But how fast is this process? Would it have allowed for sufficient quantities of sulfites to build up to kickstart life?




"No one has actually looked into this in depth outside of other contexts, mainly wastewater management," Ranjan said.

His team then set out to investigate this problem under various conditions, an effort that took five years from designing the experiments to publishing the results.

"Of all the atoms that stock the prebiotic shipyard, including carbon, hydrogen, nitrogen, oxygen, phosphorus and sulfur, sulfur is perhaps the thorniest," wrote Sonny Harman of NASA's Ames Research Center, in a viewpoint article accompanying the publication. Because of its eagerness to enter into chemical reactions, "sulfur compounds tend to be more unstable, posing hazards to lab personnel and equipment, clogging up instrumentation and gumming up experiments."

A lab tech's nightmare

In their setup, Ranjan and his co-authors dissolved sulfite in water at various levels of acidity or alkalinity, locked it into a container under an oxygen-free atmosphere and let it "age," as Ranjan put it. Every week, the team measured the concentrations of various sulfites with ultraviolet light. At the end of the experiment, they subjected them to a suite of analyses, all geared toward answering a relatively simple question, he said: "Just how much of this original molecule is left, and what did it turn into?"

Sulfites, it turned out, disproportionate much slower than what conventional wisdom held. Earlier studies, for example, had floated the idea of a sulfur haze engulfing the early Earth, but Ranjan's team found that sulfites break down under ultraviolet light more quickly than expected. In the absence of an ozone layer during Earth's early days, this process, known as photolysis, would have quickly purged sulfur compounds from the atmosphere and the water, albeit not quite as efficiently as the abundant oxygen in today's world.

While it's plausible that slow disproportionation could have allowed sulfites to accumulate, photolysis would have made that very unlikely except in certain environments such as shallow water pools, shaded from UV radiation, particularly if fed by surface runoff to provide mineral shields. Examples include underground pools or closed basin carbonate lakes, drainage-less depressions where sediments accumulate but water can only leave by evaporation.

"Think bodies of water like the Great Salt Lake in Utah or Mono Lake in California," Ranjan said, adding that hydrothermal environments are emerging as hot candidates for life's first appearance. Here, groundwater carrying dissolved minerals comes into contact with heat from volcanic activity, creating unique micro-environments that offer "safe spaces" for chemical process that could not occur elsewhere.

Such places can be found at mid-ocean ridges in the deep sea, but also on land, Ranjan said.

"A modern-day example of this is Yellowstone National Park, where we find pools that accumulate lots of sulfite, despite the oxygen," he said, "and that can happen just because the sulfite is continually being replenished by volcanic outgassing."

The study provides opportunities to test the hypothesis of sulfite availability in the evolution of the first molecules of life experimentally, the authors point out. Ranjan said one field of research in particular has him excited -- phylogenetic microbiology, which uses genome analysis to reconstruct the blueprints of sulfur-using microorganisms believed to represent the oldest phyla on Earth.

There is evidence that these bacteria gain energy by reducing highly oxidized forms of sulfur to less oxidized ones. Intriguingly, Ranjan pointed out, they depend on a fairly complex enzyme machinery for the first step, reducing sulfate, sulfur's abundant "modern" form, to sulfite, suggesting these enzymes are the product of a long evolutionary process. In contrast, only one enzyme is involved in the conversion from sulfite -- the proposed key ingredient in "prebiotic puddle environments" -- to sulfide.

"If true, this implies that sulfite was present in the natural environment in at least some water bodies, similar to what we argue here," he said. "Geologists are just now turning to this. Can we use ancient rocks to test if they're rich in sulfite? We don't know the answer yet. This is still cutting-edge science."
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What kinds of seismic signals did Swifties send at LA concert? | ScienceDaily
Seattle may have experienced its own Swift Quake last July, but at an August 2023 concert Taylor Swift's fans in Los Angeles gave scientists a lot of shaking to ponder.


						
After some debate, a research team led by Gabrielle Tepp of Caltech concluded that it was likely the dancing and jumping motions of the audience at SoFi Stadium -- not the musical beats or reverberations of the sound system -- that generated the concert's distinct harmonic tremors.

In their study in Seismological Research Letters, Tepp and colleagues show how they were able to identify the seismic signature of individual songs and determine the strength of each song's tremor.

They even have a little bit of data on how Swift's concert stacks up -- seismically, that is -- against other Summer of 2023 SoFi concerts, including Metallica, Beyonce and Morgan Wallen.

The Seattle Swift quake prompted the California Office of Emergency Services to ask seismic network operators in the state to see if any interesting research might be generated at Swift's August concert dates in Los Angeles. Tepp's colleagues set up strong motion sensors at SoFi Stadium, analyzing data collected by those devices along with data from nearby permanent regional seismic network stations.

Previous research shows that "concert tremor" can be recorded as long-duration signals with narrowband, harmonic frequency peaks between 1 and 10 hertz. This kind of low-frequency signal looks like the harmonic tremor recorded from natural sources like volcanoes and human sources like trains.

One of the goals of the research team was to find a way to extract the concert's tremor signals from spectrograms. Spectrograms are graphs that display the strength of various signal frequencies over time. They are often used to display frequencies of sound waves, but they can also help seismologists visualize signals recorded by seismometers and other instruments.




For Tepp, who has studied volcanoes and is also a musician, the concert data was a great opportunity to test methods for detecting seismic signals in spectrograms. "For earthquakes, most of the time they're pretty sharp and easy to identify with waveforms, but when you have something like volcanoes where you have such a wide variety of signals, spectrograms can be really handy in helping to identify the different types of signals," she explained.

Each Swift song had a distinctive tremor signal, the researchers found. For Swift's August 5, 2023 concert, Tepp and colleagues were able to identify 43 of the 45 songs played within the recorded spectrograms.

They also calculated the radiated energy of each song and interpreted that number in terms of the local magnitude of an earthquake that would have radiated the same energy. The songs varied considerably in magnitude, with "Shake It Off" coming in at the largest local magnitude of 0.851. "Keep in mind this energy was released over a few minutes compared to a second for an earthquake of that size. Based on the maximum strength of shaking, the strongest tremor was equivalent to a magnitude -2 earthquake," Tepp said.

But where did all that harmonic tremor come from? "My gut feeling was that if you have a harmonic signal that is nice like these, it had to be from the music or the instruments or something," Tepp said.

Instead, the researchers found that the best explanation of their data was that the movement of the 70,000-plus crowd caused the harmonic tremor. To confirm this, the scientists performed a few experiments of their own. They played songs on a portable PA speaker next to a strong motion sensor. Tepp also plugged in her bass guitar to the speaker and played a simple repetitive beat. She even jumped up and down next to the sensor while rocking out to Swift's "Love Story."

The experimental data confirmed that it was motion and not music that was creating the harmonic tremor. "Even though I was not great at staying in the same place -- I ended up jumping around in a small circle, like at a concert -- I was surprised at how clear the signal came out," Tepp said.




Tepp was surprised that the bass beats "didn't make a harmonic signal, even though they were more accurately on the beat than my jumping."

She thinks that might have more to do with the signal shape -- the bass beats have a rounder, more emergent shape than the "spike" of a jump -- relative to the space between each beat or jump. This relationship "could have implications for why some seismic signals show up as harmonic in spectrograms while other similar ones do not."

The researchers used data pulled from the regional seismic network stations to look at the tremor created by the summer's other headliners at SoFi. Some of the most interesting data came from the Metallica concert.

"Other concerts had nice straight-line harmonic signals, but the signals from the Metallica concert were slanted and kind of weird looking," Tepp said. "We don't have a great explanation for that yet."

One explanation might be found in the fact that the beat rate for Swift's songs doesn't vary much between live and album performances, but Metallica's beat rates "are all over the map," she noted. Videos of the concerts also highlight differences between Swift's highly choreographed shows and Metallica's members wandering the stage.

"The tremor signals themselves are likely coming from the audience, but if the band is varying the beat or speed of songs as they go, maybe the audience is reacting differently," Tepp suggested.

Metallica also "had the weakest signals in terms of the strongest magnitude from each concert," she said.

"Metal fans like to headbang a lot, so they're not necessarily bouncing," Tepp added. "It might just be that the ways in which they move don't create as strong of a signal."
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Asian aerosols' impact on Atlantic Meridional Overturning Circulation | ScienceDaily
Since the Atlantic Meridional Overturning Circulation (AMOC) was first monitored in 2004, it has been the focus of thousands of scientific papers and even a blockbuster movie that grossed more than $552 million worldwide.


						
New research is hoping to add another twist to the current conversation.

Published in Nature Communications, Increased Asian Aerosols Drive a Slowdown of Atlantic Meridional Overturning Circulation identifies the effect of aerosols over Asia on the AMOC, a complex system of currents in the Atlantic Ocean.

Jian Lu, Earth scientist at the Department of Energy's (DOE's) Pacific Northwest National Laboratory (PNNL), co-authored the article with a team of international scientists from the Ocean University of China and the Max Planck Institute for Meteorology in Germany.

Taking climate center stage

One parcel of water will take about 1,000 years to travel the full length of the AMOC. Often referred to as a conveyor belt, this complex system of currents brings warm water north and cold water south in the Atlantic Ocean, as well as important nutrients.

Lu describes the AMOC like a cell that is continuously turning over its warm layer with its cold layer, keeping the climate of the surrounding continents temperate. He correlates it to the ventilation system in your home. If the AMOC slows or shuts down, it's like turning off the heater in the middle of the winter.




As a crucial component of the Earth's climate, many scientists are scrambling to identify if the AMOC is slowing or if it's possibly close to a collapse.

Impact of anthropogenic aerosols

Lu first worked with Fukai Liu, lead author of the journal article, as a mentor when Liu was a doctoral student. Since then, they have collaborated on several projects, but Lu describes their latest collaboration as the most significant yet.

Scientists have shown that increasing greenhouse gases and the human-causing anthropogenic aerosols over North America and Europe are contributing factors to the AMOC slowdown. Examples of these aerosols include pollution from transportation, coal combustion, and manufacturing.

The impact of Asian aerosols from human activities has been unclear, making the authors' findings that these aerosols are slowing the AMOC significant. Using climate model simulations, they were able to show how the increased anthropogenic emission of aerosols from Asia, which shields the solar heating and cools the Earth's climate, reduces the AMOC's movements.

"Understanding how the Asian aerosols can have an impact 12,000 miles downstream, that finding made this research novel," said Lu. "It was something we didn't know before. The climate is full of surprises!"

The team used a combination of existing data from widely used tools, like the Detection and Attribution Model Intercomparison Project (DAMIP) and the Aerosol Chemistry Model Intercomparison Project (AerChemMIP).

The upshot of the study, the authors argue, is that reducing emissions of Asian anthropogenic aerosols will not only lower local air pollution but also help stabilize the AMOC.

Lu's work on the project was supported by the DOE Office of Science under the Biological and Environmental Research program as part of the Regional and Global Model Analysis program area.
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Tryptophan in diet, gut bacteria protect against E. coli infection | ScienceDaily
Gut bacteria and a diet rich in the amino acid tryptophan can play a protective role against pathogenic E. coli, which can cause severe stomach upset, cramps, fever, intestinal bleeding and renal failure, according to a study published March 13 in Nature.


						
The research reveals how dietary tryptophan -- an amino acid found mostly in animal products, nuts, seeds, whole grains and legumes -- can be broken down by gut bacteria into small molecules called metabolites. It turns out a few of these metabolites can bind to a receptor on gut epithelial (surface) cells, triggering a pathway that ultimately reduces the production of proteins that E. coli use to attach to the gut lining where they cause infection. When E. coli fail to attach and colonize the gut, the pathogen benignly moves through and passes out of the body.

The research describes a previously unknown role in the gut for a receptor, DRD2. DRD2 has otherwise been known as a dopamine (neurotransmitter) receptor in the central and peripheral nervous systems.

"It's actually two completely different areas that this receptor could play a role in, which was not appreciated prior to our findings," said Pamela Chang, associate professor of immunology in the College of Veterinary Medicine and of chemical biology in the College of Arts and Sciences. "We essentially think that DRD2 is moonlighting in the gut as a microbial metabolite sensor, and then its downstream effect is to help protect against infection."

Samantha Scott, a postdoctoral researcher in Chang's lab, is first author of the study, "Dopamine Receptor D2 Confers Colonization Resistance via Microbial Metabolites."

Now that Chang, Scott and colleagues have identified a specific pathway to help prevent E. coli infection, they may now begin studying the DRD2 receptor and components of its downstream pathway for therapeutic targets.

In the study, the researchers used mice infected with Citrobacter rodentium, a bacterium that closely resembles E. coli, since certain pathogenic E. coli don't infect mice. Through experiments, the researchers identified that there was less pathogen and inflammation (a sign of an active immune system and infection) after mice were fed a tryptophan-supplemented diet. Then, to show that gut bacteria were having an effect, they gave the mice antibiotics to deplete microbes in the gut, and found that the mice were infected by C. rodentium in spite of eating a tryptophan diet, confirming that protection from tryptophan was dependent on the gut bacteria.




Then, using mass spectrometry, they ran a screen to find the chemical identities of tryptophan metabolites in a gut sample, and identified three such metabolites that were significantly increased when given a tryptophan diet. Again, based on pathogen levels and inflammation, when these three metabolites alone were fed to the mice, they had the same protective effect as giving the mice a full tryptophan diet.

Switching gears, the researchers used bioinformatics to find which proteins (and receptors) might bind to the tryptophan metabolites, and from a long list they identified three related receptors within the same family of dopamine receptors. Using a human intestinal cell line in the lab, they were able to isolate receptor DRD2 as the one that had the protective effect against infection in the presence of tryptophan metabolites.

Having identified the metabolites and the receptor, they analyzed the downstream pathway of DRD2 in human gut epithelial cells. Ultimately, they found that when the DRD2 pathway was activated, the host's ability to produce an actin regulatory protein was compromised. C. rodentium (and E. coli) require actin to attach themselves to gut epithelial cells, where they colonize and inject virulence factors and toxins into the cells that cause symptoms. But without actin polymerization they can't attach and the pathogen passes through and clears.

The experiments revealed a new role of dopamine receptor DRD2 in the gut that controls actin proteins and affects a previously unknown pathway for preventing a pathogenic bacteria's ability to colonize the gut.

Jingjing Fu, a former postdoctoral researcher in Chang's lab, is a co-author.

The study was supported by the Arnold and Mabel Beckman Foundation, a President's Council of Cornell Women Affinito-Stewart Grant, the National Institutes of Health and a Cornell Institute of Host-Microbe Interactions and Disease Postdoctoral Fellowship.
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Ready for the storm: Researchers analyze infrastructure, demographics to see where tornadoes are most disruptive | ScienceDaily
The warning time before a tornado touches down is measured in minutes. Long-term planning on the sunny days when tornadoes aren't a threat is crucial for preparing for and recovering from these storms.


						
Research led by Eren Ozguven, director of the Resilient Infrastructure and Disaster Response Center (RIDER) and a professor at the FAMU-FSU College of Engineering, examined demographics, infrastructure and more than seven decades of weather data to determine which places in Kentucky are most vulnerable to these natural disasters. The research was published by Sustainability.

"Tornadoes hit quickly, so preparing for them is key," Ozguven, said. "You need to have plans ready, on an individual and government level. Our research shows where these storms are likely to have the greatest impact on people."

Ozguven's team used geographic information systems software to combine variables such as frequency of tornadoes, transportation infrastructure, household income and other factors to determine where populations are likely to have the resources to be more resilient and where these storms will be more disruptive.

The information they found can help local and state governments identify regions with vulnerable communities and fragile transportation networks, helping to pinpoint where finite resources can be used most effectively for handling debris, community preparedness and other recovery and preparation endeavors.

The team analyzed data from Kentucky because of the state's history with tornadoes, including a 2021 outbreak in western Kentucky that killed more than 50 people. But the methodology could be expanded to other places, including Florida, Ozguven said.

The places affected by tornadoes are changing as climate change alters the frequency, intensity and location of these storms. That makes up-to-date information about where they are most likely to hit and cause major impacts important for planning. The Florida Panhandle saw multiple tornadoes in January 2024 that caused destroyed homes, toppled trees and injured several people.

Further development of the methodology created by Ozguven and his team could also incorporate the damage caused by tornadoes, creating a fuller picture of the disruption caused by these storms.

This project was funded by the Natural Hazards Center, a National Science Foundation information clearinghouse for the societal dimensions of hazards and disasters.

Co-authors were Mehmet Burak Kaya, a graduate research assistant at RIDER, Onur Alisan, a postdoctoral researcher at RIDER, and Alican Karaer, a former doctoral student at RIDER who is now a researcher at Iteris.
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Interactions with dogs can increase brainwaves associated with stress relief and heightened concentration | ScienceDaily
Spending quality time with dogs reduces stress and increases the power of brain waves associated with relaxation and concentration, according to a study published on March 13, 2024 in the open-access journal PLOS ONE by Onyoo Yoo from Konkuk University, South Korea, and colleagues.


						
Animal-assisted interventions, like canine therapy, are widely used in hospitals, schools, and beyond to help reduce anxiety, relieve stress, and foster feelings of trust. Studies of the potential benefits of animal interactions often take a holistic approach, comparing people's mood or hormone levels before and after spending time with a service animal. But this approach doesn't differentiate between types of interactions, like grooming, feeding, or playing with an animal, limiting our understanding of how each specific interaction impacts a person's health and well-being. To better understand how such animal-related activities affect mood, Yoo and colleagues recruited a small sample of 30 adult participants to each perform eight different activities with a well-trained dog, such as playing with a hand-held toy, giving her treats, and taking pictures with her. Participants wore electroencephalography (EEG) electrodes to record electrical activity from the brain while they interacted with the dog, and they recorded their subjective emotional state immediately following each activity.

The relative strength of alpha-band oscillations in the brain increased while participants played with and walked the dog, reflecting a state of relaxed wakefulness. When grooming, gently massaging, or playing with the dog, relative beta-band oscillation strength increased, a boost typically linked to heightened concentration. Participants also reported feeling significantly less fatigued, depressed, and stressed after all dog-related activities.

While not all participants had pets of their own, their fondness for animals likely motivated their willingness to participate in the experiment, potentially biasing the results. Nonetheless, the authors state that the unique relationships between specific activities and their physiological effects could serve as a reference for programming targeted animal-assisted interventions in the future.

The authors add: "This study provides valuable information for elucidating the therapeutic effects and underlying mechanisms of animal-assisted interventions."
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The future is likely less skiable, thanks to climate change | ScienceDaily
Annual snow cover days in all major skiing regions are projected to decrease dramatically as a result of climate change, with 1 in 8 ski areas losing all natural snow cover this century under high emission scenarios. These results are published in a new study in the open-access journal PLOS ONE by Veronika Mitterwallner from the University of Bayreuth, Germany and colleagues.


						
Popular skiing destinations experience the impacts of climate change, which include reduced snowfall in regions around the world. Despite the social, economic, and ecological significance of the skiing industry, little research exists on how ski area distributions are affected by climate change globally. Existing studies are small-scale and focused on Europe, North America, and Australia.

Mitterwallner and colleagues examined the impact of climate change on annual natural snow cover in seven major skiing regions: the European Alps, Andes Mountains, Appalachian Mountains, Australian Alps, Japanese Alps, Southern Alps (located in New Zealand), and Rocky Mountains.

The researchers identified specific skiing locations within these seven regions using OpenStreetMap. As the largest global ski market, the European Alps accounted for 69% of these areas. The researchers also used the public climate database CHELSA, enabling them to predict annual snow cover days for each ski area for 2011-2040, 2041-2070, and 2071-2100 under low, high, and very high carbon emissions scenarios.

Under the high emissions scenario, 13% of ski areas are predicted to lose all natural snow cover by 2071-2100 relative to their historic baselines. Twenty percent will lose more than half of their snow cover days per year. By 2071-2100, average annual snow cover days were predicted to decline most in the Australian Alps (78%) and Southern Alps (51%), followed by the Japanese Alps (50%), Andes (43%), European Alps (42%), and Appalachians (37%), with the Rocky Mountains predicted to experience the least decline at 23% relative to historic baselines.

The researchers state that diminishing snow cover may prompt ski resorts to move or expand into less populated areas, potentially threatening alpine plants and animals already under climate-induced strain. Resorts favoring faux snow may rely on "technical snowmaking" practices like artificial snow production, but regardless, the authors predict that the economic profitability of ski resorts will fall globally.

The authors add: "This study demonstrates significant future losses in natural snow cover of current ski areas worldwide, indicating spatial shifts of ski area distributions, potentially threatening high-elevation ecosystems."
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Menopause explains why some female whales live so long | ScienceDaily
Females of some whale species have evolved to live drastically longer lives so they can care for their families, new research shows.


						
The study focussed on five whale species that -- along with humans -- are the only mammals known to go through menopause.

The findings show that females of these whale species that experience menopause live around 40 years longer than other female whales of a similar size.

By living longer without extending their "reproductive lifespan" (the years in which they breed), these females have more years to help their children and grandchildren, without increasing the "overlap" period when they compete with their daughters by breeding and raising calves at the same time.

This new research shows that -- despite being separated by 90 million years of evolution -- whales and humans show remarkably similar life histories, which have evolved independently.

The study was carried out by the universities of Exeter and York, and the Center for Whale Research.

"The process of evolution favours traits and behaviours by which an animal passes its genes to future generations," said lead author Dr Sam Ellis, from the University of Exeter.




"The most obvious way for a female to do this is to breed for the entire lifespan -- and this is what happens in almost all animal species. There are more than 5,000 mammal species, and only six are known to go through menopause.

"So the question is: how and why did menopause evolve? Our study provides some of the answers to this fascinating puzzle."

Menopause is known to exist in five species of toothed whale: short-finned pilot whales, false killer whales, killer whales, narwhals and beluga whales.

As well as outliving females of other similar-sized species, females in these five species outlive the males of their own species. For example, female killer whales can live into their 80s, while males are typically dead by 40.

"The evolution of menopause and a long post-reproductive life could only happen in very specific circumstances," said Professor Darren Croft, of the University of Exeter and Executive Director at the Center for Whale Research

"Firstly, a species must have a social structure in which females spend their lives in close contact with their offspring and grand-offspring.




"Secondly, the females must have an opportunity to help in ways that improve the survival chances of their family. For example, female toothed whales are known to share food and use their knowledge to guide the group to find food when it is in short supply."

Professor Dan Franks, from the University of York, said: "Previous research on menopause evolution has tended to focus on single species, typically humans or killer whales.

"This study is the first to cross several species, enabled by the recent discovery of menopause in multiple species of toothed whales.

"Our study provides evidence that menopause evolved by expanding female lifespan beyond their reproductive years, rather than from reduced reproductive lifespan.

"This is a question that has long been asked in anthropology, but can only be directly answered with a comparative study."

Commenting on parallels with the evolution of menopause in humans, Professor Croft added: "It's fascinating that we share this life history with a taxonomic group we're so different from.

"Despite these differences, our results show that humans and toothed whales show convergent life history -- just like in humans, menopause in toothed whales evolved by selection to increase the total lifespan without also extending their reproductive lifespan."

The study was funded by the Leverhulme Trust and the Natural Environment Research Council (NERC).

The paper, published in the journal Nature, is entitled: "The evolution of menopause in toothed whales."
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Marine heat waves disrupt the ocean food web in the northeast Pacific Ocean | ScienceDaily
Marine heat waves in the northeast Pacific Ocean create ongoing and complex disruptions of the ocean food web that may benefit some species but threaten the future of many others, a new study has shown.


						
The study, just published in the journal Nature Communications, is the first of its kind to examine the impacts of marine heat waves on the entire ocean ecosystem in the northern California Current, the span of waters along the West Coast from Washington to Northern California.

The researchers found that the biggest beneficiary of marine heat waves is gelatinous zooplankton -- predominantly cylindrical-shaped pyrosomes that explode in numbers following a marine heat wave and shift how energy moves throughout the food web, said lead author Dylan Gomes, who worked on the study as a postdoctoral scholar with Oregon State University's Marine Mammal Institute.

"If you look at single species interactions, you're likely to miss a lot," Gomes said. "The natural effects of a disturbance are not necessarily going to be straightforward and linear. What this showed us is that these heat waves impact every predator and prey in the ecosystem through direct and indirect pathways."

The project was a collaboration by Oregon State University and the National Oceanic and Atmospheric Administration. Joshua Stewart, an assistant professor with the Marine Mammal Institute, mentored Gomes and co-authored the paper.

"What I found both alarming and fascinating is the extent to which these pyrosomes absorb all of the energy in the system," Stewart said. "Because nothing else really eats the pyrosomes, they just become this dead end, and that energy is not available for anyone else in the ecosystem."

Marine heat waves are periods of prolonged, unusually warm ocean temperatures. The prevalence and intensity of marine heat waves is increasing around the globe. While the impacts of these heat waves on marine species have been well-documented on individual and population levels, the effects on the entire ecosystem have not been well understood, Gomes said.




To gain a more holistic view of the impact of marine heat waves, Gomes updated an end-to-end ecosystem model with new data on marine life throughout the ocean food web that was collected during local biological surveys.

He then compared how the food web worked before and after a recent spate of marine heat waves, including a large, well-documented event in 2013-2014 known as "the blob." Much of the new data used in the model was collected following that event as researchers tried to better understand its impacts.

Some of the impacts were predictive -- pyrosomes, for example, are known to thrive in warmer waters -- but the analysis also showed that the ecosystem functions in ways that are not intuitive, Gomes said.

For example, the modeling showed how the dominance of pyrosomes drew energy out of the food web. That loss of energy is most likely to affect fish and marine mammals that are higher up the food chain, potentially impacting economically important fisheries and recovery efforts for threatened or endangered species, Stewart said.

Huge influxes of pyrosomes in the waters and on beaches in the Pacific Northwest in 2017 and 18 drew widespread public attention. Data from those events was included in the updated model.

The updated model used in the study could help commercial fisheries adapt harvest strategies that are impacted when fish commonly found in one area move to escape the encroaching warm water or their populations drop due to lack of available food following a marine heatwave.




Numbers of Pacific jack mackerel, for example, have increased following marine heat waves, but so far, fisheries have not shifted to catching them, the researchers noted.

The researchers' methods could also provide a template for future research to understand the impact of these events elsewhere, Gomes said.

Additional coauthors of the paper are James Ruzicka of NOAA's Pacific Islands Fisheries Science Center and Lisa Crozier, David Huff and Richard Brodeur of NOAA's Northwest Fisheries Science Center. Gomes is now with U.S. Geological Survey.

The Marine Mammal Institute is part of Oregon State's College of Agricultural Sciences and is based at Hatfield Marine Science Center in Newport. NOAA's Northwest Fisheries Science Center also has a research station at Hatfield.
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Drought, soil desiccation cracking, and carbon dioxide emissions: an overlooked feedback loop exacerbating climate change | ScienceDaily
The accuracy of climate models depends on many factors -- greenhouse gas emissions from industrial and transportation activity, farm animal "emissions," urban growth and loss of forests, and solar reflections off snow and ground cover. Natural phenomena like volcanic eruptions also contribute and are incorporated into models.


						
However, some other natural processes have been overlooked. Farshid Vahedifard, professor and Louis Berger Chair in civil and environmental engineering, points to an important one that lies directly beneath our feet and covers most of our planet above water.

In a study published in Environmental Research Letters, Vahedifard notes that soil stores 80 percent of carbon on Earth, and with increasing cycles and severity of droughts in several regions, that crucial reservoir is cracking and breaking down, releasing even more carbon dioxide and other greenhouse gases into the atmosphere. In fact, it may be creating an amplified feedback loop that could accelerate climate change well beyond current predictions.

"This process has not been sufficiently evaluated in the existing literature or incorporated into models," said Vahedifard. "If we don't consider the interplay of drought, soil desiccation cracking, and CO2 emissions, that could result in significant inaccuracies when modeling and predicting climate change. There are other repercussions as well. Poorer soil health can lead to reduced photosynthesis and lower carbon dioxide uptake, and it can compromise the structural integrity of earthen dams that protect against floods."

There are also other amplifying feedback loops that may not have been fully accounted for in climate change models, he said. These include melting of sea ice and exposure of darker ocean surfaces that absorb more heat from the sun. The increase of wildfires due to warm, dry conditions releases a lot of carbon dioxide into the atmosphere, which in turn creates hotter, drier weather more conducive to fires.

Another amplified feedback loop is the thawing of Arctic and sub-Arctic permafrost, which also releases carbon dioxide into the atmosphere and raises climate temperature, leading to more melted permafrost.

But soil changes caused by drought could be as significant, if not more significant, than any of those factors. Drought, manifested by long periods of low soil moisture content and high temperature, leads to cracking in fine-grained soils, sometimes extending meters below the surface. The cracks result in more exposure to the air, increased microbial activity and breakdown of organic matter, released carbon dioxide, and loss of nutrients and ability to support plant growth, reducing carbon dioxide sequestering.




The deep cracks expose much older reserves of carbon that had previously been stable and protected. The permeation of air into the soil accelerates the release of not only carbon dioxide from organic matter but also other greenhouse gases like nitrous oxide.

Small animals like earthworms and millipedes that help turn the soil over are also affected by the reduced moisture and increased air exposure, being less able to play active roles in nutrient cycling and soil structure maintenance. That, in turn, increases the likelihood of soil cracking and aeration.

"The amplifying effect of soil carbon feedback loops and its interactions with other loops could carry us across tipping points and lead to even more severe and permanent shifts in climate," said Vahedifard.

He noted that government agencies and policymakers need to promote sustainable land use, "which can include adoption of precision irrigation techniques and water conservation practices, and use of drought tolerant crops," he said. "Organic fertilizers and compost can enhance soil organic matter content and improve soil water-holding capacity. Of course, this can only help if it's part of a comprehensive effort to reduce greenhouse gas emissions from all human activity."
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'Find pearls in the soil' unveiling the magic of hydrogen production from municipal sewage | ScienceDaily
Professor Kangwoo Cho and PhD candidate Jiseon Kim from the Division of Environmental Science & Engineering at Pohang University of Science and Technology (POSTECH) collaborated with the Korea Institute of Science and Technology (KIST) to devise a novel catalyst aimed at enhancing the efficiency of reactions using contaminated municipal sewage to produce hydrogen -- a green energy source. Their research recently featured in the international journal Advanced Functional Materials.


						
With the growing environmental concerns of pollution associated with fossil fuel, hydrogen has garnered increased interest. Water electrolysis technology is a sustainable process that leverages Earth's abundant water to produce hydrogen. However, the concurrent oxygen evolution reaction during hydrogen production is notably slow, resulting in a considerably low energy conversion efficiency.

Lately, the academic community has been tackling this issue by integrating the urea oxidation reaction with the hydrogen generation reaction. Urea, a pollutant found in urine, releases a significant amount of energy during its oxidation process, offering a potential means to enhance both the efficiency of hydrogen generation and the purification of toilet wastewater. Ultimately, it is necessary to find a catalyst that can effectively drive the urea oxidation reaction, thereby amplifying the efficiency of both hydrogen generation and wastewater treatment.

In pursuit of increased efficiency in the urea oxidation reaction, the team created a catalyst known as nickel-iron-oxalate (O-NFF). This catalyst combines iron (Fe) and oxalate on nickel (Ni) metal, resulting in an expansive surface area characterized by nanometer-sized particles in fragment form. This unique property enables the catalyst to adsorb more reactants, facilitating an accelerated urea oxidation reaction.

In experiments, the O-NFF catalyst devised by the team successfully lowered the voltage required for hydrogen generation to 1.47 V RHE (at 0.5 A/cm2) and exhibited a high reaction rate even when tested in a mixed solution of potassium hydroxide (1 M) and urea (0.33 M) with a Tafel slope of 12.1 mV/dec. The researchers further validated the catalyst's efficacy by confirming its promotion of the urea oxidation reaction through photoelectron/X-ray absorption spectroscopy using a radiation photo accelerator.

Professor Kangwoo Cho who led the research stated, "We have developed a catalyst capable of purifying municipal sewage while simultaneously enhancing the efficiency of hydrogen production, a green energy source." He added, "We anticipate that O-NFF catalysts, synthesized from metals and organics, will contribute to the improved efficiency of industrial electrolysis hydrogen production."

The research was sponsored by the Mid-Career Researcher Program and the Hydrogen Source Technology Development Program of the National Research Foundation of Korea, and the National Supercomputing Center.
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Multiple air pollutants linked to asthma symptoms in children | ScienceDaily
Exposure to several combinations of toxic atmospheric pollutants may be triggering asthma symptoms among children, a recent analysis suggests.


						
The study, published in the journal Science of the Total Environment, showed that 25 different combinations of air pollutants were associated with asthma symptoms among 269 elementary school children diagnosed with asthma in Spokane, Washington. In line with previous research, the Washington State University-led study revealed a socioeconomic disparity -- with one group of children from a lower-income neighborhood exposed to more toxic combinations, a total of 13 of the 25 identified in this research.

"It's not just one pollutant that can be linked to asthma outcomes. This study examined the variety and combinations of air toxics that may be associated with asthma symptoms," said lead author Solmaz Amiri, a WSU researcher in the Elson S. Floyd College of Medicine.

While other studies have focused on a limited number of pollutants, Amiri and her colleagues used the data-crunching power of machine learning techniques to analyze the potential exposure effects of 109 air pollutants and their combinations on asthma outcomes.

The researchers drew on data collected and modeled by the Environmental Protection Agency on air toxics present in individual neighborhoods surrounding 10 Spokane elementary schools. They also accessed anonymized data from the elementary schools for reports of students diagnosed with asthma who experienced symptoms such as coughing, wheezing, difficulty breathing and the need to use an inhaler.

The study looked at asthma symptoms occurring in 2019 and 2020 in the six months before the pandemic lockdowns started in March 2020. The researchers then associated these data with air pollutant exposures that occurred within those six months and with two longer-term exposure periods of three years and five years prior to the asthma symptoms.

The researchers found that three specific pollutants were significantly associated with asthma symptoms across all three exposure periods.




The toxicants involved may have unfamiliar names -- 1,1,1 trichloroethane, 2-nitropropane and 2, 4, 6 trichlorophenol -- but they derive from commonly used materials. The first is a widely used solvent in industry but was formerly used in household cleaners and glues. The second is an additive to paints and other finishes, and the third is an anti-septic and anti-mildew agent that was banned in the 1980s but may still be found in some pesticides and preservatives made before then.

"Some of these air toxics were discontinued in the U.S., but they can still be found in materials that may be in storage or people have in their backyard or garage. Other air toxics still exist at least in the environment," said Amiri.

This study did not intend to pinpoint the source of any one air pollutant or the exact reason why one group of children from a lower-income neighborhood was highly exposed to air pollutants. However, proximity of known air pollution sources may play a role, Amiri said, such as living close to a highway with a lot of traffic or facilities that use solvents, such as paint producers or factories.

The finding of a likely socioeconomic disparity in air toxic exposures is consistent with previous research showing that children from lower-income areas, often indicated by schools with a higher percentage of students who qualify for free or reduced meals, are exposed to a wide variety of air pollutants in the neighborhoods where they live.

While the current study is limited to the mid-sized city of Spokane, Amiri noted that the findings align with another study in New York City which found similar air pollutants significantly associated with asthma outcomes.

"Both in Spokane and New York City, regardless of the setting -- how large or small the cities are -- these air toxics appear to be influencing asthma among children," she said.

This study received support from the National Institutes of Health and the Ramboll Foundation.
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High resolution imagery advances the ability to monitor decadal changes in emperor penguin populations | ScienceDaily
Emperor penguin populations have been exceedingly difficult to monitor because of their remote locations, and because individuals form breeding colonies on seasonal sea ice fastened to land (known as fast ice) during the dark and cold Antarctic winter.


						
Now, new research that incorporates very high resolution (VHR) satellite imagery with field-based validation surveys and long-term data has provided the first multi-year time series that documents emperor penguin global population trends.

Researchers observed nearly 10% fewer birds in 2018 compared with in 2009, according to a new study that used VHR satellite imagery with 30-60-centimeter ground resolution to examine the entirety of the penguins' range during springtime around the Antarctic coast. The research appears in the journal article, "Advances in remote sensing of emperor penguins: first multi-year time series documenting trends in the global population," published in the journal Proceedings of the Royal Society B. 

Scientists cannot yet explain the population trend. However, additional research should help with a better understanding of the causal factors -- including the role of climate change. Further, this new monitoring methodology could help in the development of adaptive conservation management efforts.

"What we did in this paper, and through international collaborative research, was to develop the state-of-the-art approach to monitoring emperor penguins across all of Antarctica, including in remote places that are inhospitable to people. Having the very high resolution satellite imagery is a breakthrough in our understanding of the spatial distribution of emperor penguins, and having this global population trend is very important for conservation," said journal article senior author Stephanie Jenouvrier, senior scientist in the Woods Hole Oceanographic Institution's Biology Department.

Jenouvrier noted that the computer modeling takes into account many processes and uncertainties related to penguin population and life history.

"Although we cannot yet clearly attribute this penguin population trend to any particular mechanism such as climate change, there is an accumulation of evidence that the environment is changing and it does not seem to be an environment where penguins are going to endure," Jenouvrier explained.




The researchers say that the results from the study gives them the potential to make more informed predictions combining monitoring methods and technologies (e.g., field-based, and remote sensing). They note that these will require evaluation of assumptions regarding observation and data processing errors.

"Our work documents change in an iconic polar seabird and shows how useful remote sensing can be to understand animals that live in wild places," according to journal article co-lead author Michelle LaRue, who is an associate professor at University of Canterbury in New Zealand and research associate at the University of Minnesota Twin Cities in the United States. "In a rapidly changing world, we have to constantly push the envelope to combine new approaches with tried-and-true methods if we want to understand the consequences of that change, especially in places we cannot get to."

LaRue said combining satellite images with animal tracking, ground observations and molecular tools (like genetic analysis) will be needed if they want to fully understand mechanisms to describe some of the changes they observe.

During the course of the study, researchers detected several new colonies, bringing the total to 66 known colony locations. It is now highly probable that most emperor penguin colony locations have been detected, with about half having been detected with satellite imagery, according to the paper.

In addition, the research identified the East Indian Ocean and Weddell Sea areas of Antarctica as being the two sectors of the continent where there is the greatest probability of declines in regional populations of emperor penguins. These are locations where the extent of fast ice generally has decreased in recent decades. Emperor penguins primarily form colonies and rear their chicks on fast ice.

"We don't understand the population trend in full, and we need to do more research. However, the fact that we have detected a population trend in such a short data set is really important because it potentially has major implications for the future of the species," said journal article co-author Philip Trathan, an emeritus fellow with the British Antarctic Survey where he previously was head of conservation ecology. "Projections indicate that emperor penguins are going to be struggling to survive into the future. So, having tools that allow us to ground truth some of the population models in the future will be really important."

The journal article authors said that with this new methodology, there is now a way forward to assess the population status and trends of emperor penguins at a global scale, which provides an invaluable tool for adaptive conservation planning in a changing Southern Ocean.

Funding for this research was provided by the National Science Foundation, NASA; the French Polar Institute Paul-Emile Victor, Alfred Wegener Institute for Polar and Marine Research in the Helmholtz Association, World Wide Fund for Nature (UK), and the German Research Foundation.
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Sonic youth: Healthy reef sounds increase coral settlement | ScienceDaily
A healthy coral reef is noisy, full of the croaks, purrs, and grunts of various fishes and the crackling of snapping shrimp. Research suggests that larval animals use this symphony of sounds to help them determine where they should live and grow.


						
Researchers at the Woods Hole Oceanographic Institution (WHOI) recently demonstrated that replaying healthy reef sounds could potentially be used to encourage coral larvae to recolonize damaged or degraded reefs. A reef that has been degraded -- whether by coral bleaching, disease, or direct human impacts -- can't support the same diversity of species and has a much quieter, less rich soundscape. In a paper published on Wednesday, March 13, in Royal Society Open Science, the researchers showed that broadcasting the soundscape of a healthy reef at a degraded reef caused coral larvae to settle at significantly higher rates.

"What we're showing is that you can actively induce coral settlement by playing sounds," said Nadege Aoki, a doctoral candidate at WHOI and first author on the paper. "You can go to a reef that is degraded in some way and add in the sounds of biological activity from a healthy reef, potentially helping this really important step in the coral life cycle."

Corals are immobile as adults, so the larval stage is their only opportunity to select a good habitat. They swim or drift with the currents, seeking the right conditions to settle out of the water column and affix themselves to the seabed. Previous research has shown that chemical and light cues can influence that decision, but Aoki and her colleagues demonstrate that the soundscape also plays a major role in where corals settle.

The researchers conducted their work in the U.S. Virgin Islands, running the same experiment twice in June and July 2022. They collected larvae from Porites astreoides, a hardy species commonly known as mustard hill coral thanks to its lumpy shape and yellow color and distributed them in cups at three reefs along the southern coast of St. John. One of those reefs, Tektite, is relatively healthy. The other two, Cocoloba and Salt Pond, are more degraded with sparse coral cover and fewer fish. At Salt Pond, Aoki and her colleagues installed an underwater speaker system and placed cups of larvae at distances of one, five, 10, and 30 meters from the speakers. They broadcast healthy reef sounds -- recorded at Tektite in 2013 -- for three nights. They set up similar installations at the other two reefs but didn't play any sounds.

When they collected the cups, the researchers found that significantly more coral larvae had settled in the cups at Salt Pond than the other two reefs. On average, coral larvae settled at rates 1.7 times (and up to 7x) higher with the enriched sound environment. The highest settlement rates were at five meters from the speakers, but even the cups placed 30 meters away had more larvae settling to the bottom than at Cocoloba and Tektite.

"The fact that settlement is consistently decreasing with distance from the speaker, when all else is kept constant, is particularly important because it shows that these changes are due to the added sound and not other factors," said Aran Mooney, a marine biologist at WHOI and lead author on the paper. "This gives us a new tool in the toolbox for potentially rebuilding a reef."

Surprisingly, the researchers didn't find much difference between settlement rates at the more-degraded Cocoloba and the healthier Tektite reefs. A previous study in 2017 had found higher settlement rates at Tektite than Cocoloba. Some of this could be attributed to natural variation, Mooney said, but the Tektite reef has also faced several destructive hurricanes, a significant bleaching event, and an outbreak of coral disease in recent years.




"We seem to have lost some of the complexity of Tektite's soundscape over the last decade," Aoki said. "It could be that conditions there are not as good as we thought they were, but we don't know for sure."

The possible drop-in settlement rates at Tektite underscores the severity of the threats that coral reefs are facing and the need for rapid, scalable solutions, the researchers said. Coral reefs support more than a quarter of all marine animals, protect coastlines from strong waves and storms, and provide food and tourism opportunities for millions of people around the world. But researchers estimate that half of all coral reefs have been lost in the last 30 years.

Aoki, Mooney, and their colleagues hope that their work can help with coral restoration efforts. Enhanced soundscapes could be used to increase settlement rates in coral nurseries, for example, or be passively broadcast at reefs in the wild to maintain or improve existing coral populations. People would still need to monitor reef conditions to ensure that coral larvae are able to thrive after they settle, but this is a significant step in the restoration process, and one that would be relatively simple to implement.

"Replicating an acoustic environment is actually quite easy compared to replicating the reef chemical and microbial cues which also play a role in where corals choose to settle," said Amy Apprill, a microbial ecologist at WHOI and a co-author on the paper. "It appears to be one of the most scalable tools that can be applied to rebuild reefs, so we're really excited about that potential."

This research was supported by the Vere and Oceankind Foundations and the National Science Foundation.
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Simple trick could improve accuracy of plant genetics research | ScienceDaily
Researchers have published a simple trick that improves the accuracy of techniques that help us understand how external variables -- such as temperature -- affect gene activity in plants.


						
"There are really two contributions here," says Colleen Doherty, corresponding author of a paper on the work and an associate professor of molecular and structural biochemistry at North Carolina State University. "First, we're raising the visibility of a problem that many of us in the plant research community were unfamiliar with, as well as highlighting the solution. Second, we've demonstrated that addressing this problem can make a significant difference in our understanding of gene activity in plants."

At issue is a technique called RNA-seq analysis, which is used to measure changes in gene activity -- i.e., when genes are actively transcribing to produce proteins.

"We use RNA-seq analysis to assess how plants respond to various stimuli, or changes in their environment," Doherty says. "It's used widely because it's a relatively easy and inexpensive way to monitor plant responses."

For example, researchers can use RNA-seq analysis to see which genes are turned on when a plant is experiencing drought conditions, which then informs the development of new plant varieties that are drought resistant.

But there's a specific challenge related to RNA-seq analysis, which Doherty and her collaborators ran into by accident.

"We were monitoring how plants respond to different temperatures at multiple times of day, and the results we got were wildly divergent," Doherty says. "We initially thought we might be doing something wrong. But when we began looking into it, we learned that animals and yeasts are known to have global changes in transcription based on variables such as the time of day or nitrogen deprivation."

In other words, researchers want to see how specific variables -- such as increased temperature -- affect transcription in specific genes. But there are some variables -- like time of day -- that can increase or decrease transcription in all the genes. This can throw off researchers' ability to draw conclusions about the specific variables they want to study.




"Luckily, we found that this problem is sufficiently well-established among researchers who work on non-plant species that they have developed a method to account for it, called an artificial spike-in," Doherty says. "These and similar techniques have been used in plant science in other contexts and when using older techniques and technologies. But for whatever reason, our field didn't incorporate artificial spike-ins into our methodology when we adopted RNA-seq analysis."

Artificial spike-ins make use of pieces of foreign RNA that are unlike anything in the plant's genome, meaning that the foreign RNA will not be confused with anything the plant itself produces. Researchers introduce the foreign RNA into the analysis process at the beginning of the experiment. Because global changes in transcription will not affect the foreign RNA, it can be used as a fixed benchmark that allows researchers to determine the extent to which there is an overall increase or decrease in RNA that the plant itself is producing.

"When we used artificial spike-ins to account for global changes in transcription, we found that the differences in plants exposed to temperature changes at different times of day were actually even greater than we anticipated," Doherty says.

"The artificial spike-in gave us more accurate information and greater insight into how plants are behaving at night -- since we found that global transcription was higher at night. Before we adopted the use of artificial spike-ins, we were missing a lot of what was happening at night.

"Artificial spike-ins are an elegant solution to a challenge many of us in the plant research community didn't even know was there," Doherty says. "We're optimistic this technique will improve the accuracy of transcriptional analysis in the wide variety of conditions that can affect global transcription in plant species. And that, in turn, may help our research community garner new insights into the species we study.

"We didn't develop this solution -- artificial spike-ins -- but we really hope it garners more widespread use in plant science."

The work was done with support from the Defense Advanced Research Projects Agency, under grant D19AP00026; the National Science Foundation, under grant 2210293; and the Development and Promotion of Science and Technology Talents Project, Thailand.
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Milk to the rescue for diabetics? Cow produces human insulin in milk | ScienceDaily
An unassuming brown bovine from the south of Brazil has made history as the first transgenic cow capable of producing human insulin in her milk. The advancement, led by researchers from the University of Illinois Urbana-Champaign and the Universidade de Sao Paulo, could herald a new era in insulin production, one day eliminating drug scarcity and high costs for people living with diabetes.


						
"Mother Nature designed the mammary gland as a factory to make protein really, really efficiently. We can take advantage of that system to produce a protein that can help hundreds of millions of people worldwide," said Matt Wheeler, professor in the Department of Animal Sciences, part of the College of Agricultural, Consumer and Environmental Sciences (ACES) at U. of I. He is also affiliated with the Carle Illinois College of Medicine, The Grainger College of Engineering, the College of Veterinary Medicine, the Beckman Institute, and the Carl R. Woese Institute for Genomic Biology.

Wheeler is lead author on a new Biotechnology Journal study describing the development of the insulin-producing cow, a proof-of-concept achievement that could be scaled up after additional testing and FDA approval.

Wheeler's colleagues in Brazil inserted a segment of human DNA coding for proinsulin -- the protein precursor of the active form of insulin -- into cell nuclei of 10 cow embryos. These were implanted in the uteruses of normal cows in Brazil, and one transgenic calf was born. Thanks to updated genetic engineering technology, the human DNA was targeted for expression -- the process whereby gene sequences are read and translated into protein products -- in mammary tissue only.

"In the old days, we used to just slam DNA in and hope it got expressed where you wanted it to," Wheeler said. "We can be much more strategic and targeted these days. Using a DNA construct specific to mammary tissue means there's no human insulin circulating in the cow's blood or other tissues. It also takes advantage of the mammary gland's capabilities for producing large quantities of protein."

When the cow reached maturity, the team unsuccessfully attempted to impregnate her using standard artificial insemination techniques. Instead, they stimulated her first lactation using hormones. The lactation yielded milk, but a smaller quantity than would occur after a successful pregnancy. Still, human proinsulin and, surprisingly, insulin were detectable in the milk.

"Our goal was to make proinsulin, purify it out to insulin, and go from there. But the cow basically processed it herself. She makes about three to one biologically active insulin to proinsulin," Wheeler said. "The mammary gland is a magical thing."

The insulin and proinsulin, which would need to be extracted and purified for use, were expressed at a few grams per liter in the milk. But because the lactation was induced hormonally and the milk volume was smaller than expected, the team can't say exactly how much insulin would be made in a typical lactation.




Conservatively, Wheeler says if a cow could make 1 gram of insulin per liter and a typical Holstein makes 40 to 50 liters per day, that's a lot of insulin. Especially since the typical unit of insulin equals 0.0347 milligrams.

"That means each gram is equivalent to 28,818 units of insulin," Wheeler said. "And that's just one liter; Holsteins can produce 50 liters per day. You can do the math."

The team plans to re-clone the cow, and is optimistic they'll achieve greater success with pregnancy and full lactation cycles in the next generation. Eventually, they hope to create transgenic bulls to mate with the females, creating transgenic offspring that can be used to establish a purpose-built herd. Wheeler says even a small herd could quickly outcompete existing methods -- transgenic yeast and bacteria -- for producing insulin, and could do so without having to create highly technical facilities or infrastructure.

"With regard to mass-producing insulin in milk, you'd need specialized, high-health-status facilities for the cattle, but it's nothing too out of the ordinary for our well-established dairy industry," Wheeler said. "We know what we're doing with cows."

An efficient system to collect and purify insulin products would be needed, as well as FDA approval, before transgenic cows could supply insulin for the world's diabetics. But Wheeler is confident that day is coming.

"I could see a future where a 100-head herd, equivalent to a small Illinois or Wisconsin dairy, could produce all the insulin needed for the country," he said. "And a larger herd? You could make the whole world's supply in a year.
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Molecular simulations of ammonia mixtures support search for renewable fuels | ScienceDaily

Ammonia is stable and safe to handle, is combustible, and contains the largest fraction of hydrogen of any molecule except for pure hydrogen itself. These factors promise to make it a feasible alternative to the carbon-based energy carriers that are driving climate change. Research has begun to explore how ammonia could be used to directly power engines, gas turbines, and hydrogen fuel cells, for example. It is also believed that ammonia could be used to store energy for times when other renewables like wind and solar power cannot meet demand.

Much is known about ammonia, but this interest in using it as a fuel has initiated a search for new ammonia technologies. This has, in turn, led to an increased need among chemical engineers for accurate data describing ammonia's fundamental thermodynamic properties. Such properties include a wide variety of measurable traits such as phase equilibria, density, or heat capacity, for example, that characterize physical systems and determine how chemical processes work. In the case of ammonia, engineers would also like to have better knowledge of how such properties change when mixing ammonia with other molecules. Such knowledge could help them to optimize processes and operating conditions.

Dr. Jadran Vrabec, currently the director of the Institute for Process Sciences at the Technical University of Berlin, has spent much of his career using high-performance computing (HPC) to investigate thermodynamic properties at the molecular level. "Thermodynamic properties are 100% determined by molecular interactions," he explains. "And because these interactions happen so fast and at such a small scale, it is only possible to study them by performing large simulations using supercomputers."

In a recent paper published in the Journal of Chemical & Engineering Data, he and coauthor Erich Mace of the TU Berlin report on the results of simulations focused on the thermodynamic properties of mixtures containing ammonia. Produced using the Hawk supercomputer at the High-Performance Computing Center Stuttgart (HLRS), their results add valuable data that could support the development of new applications of ammonia. The results could also help to assess the accuracy of other existing data, ensuring that engineers have the best available information for working with the substance.

Large-scale simulations provide unique insights into thermodynamic properties

Vrabec is a longtime user of HLRS supercomputing resources for molecular dynamics and Monte Carlo simulations. His approach relies on concepts of thermodynamics that were first articulated by Ludwig Boltzmann in the 19th century but only became practical to apply in the 1950s with the arrival of the first computers. Since then, the field has advanced in parallel with the development of larger and faster supercomputers, to the point that Vrabec's simulations now track the individual motions and interactions of billions or even trillions of molecules simultaneously. Using software his lab developed to selectively capture data of interest, he can then study the molecules' thermodynamic properties.




Vrabec uses two simulation codes called ms2 and ls1, which he has developed and optimized over the course of a long and fruitful collaboration with HLRS staff members Martin Bernreuther and Christoph Niethammer. In 2019 the team even set a world record for the largest molecular system ever simulated using molecular dynamics methods. Using ls1, they efficiently scaled their code to a system of 21 trillion atoms in which every individual molecule and its interactions with other molecules could be tracked.

In the recent work on ammonia, Mace and Vrabec performed molecular dynamics and Monte Carlo simulations using ms2 to investigate five commonly used mixtures involving ammonia in chemical engineering processes: argon-ammonia, methane-ammonia, hydrogen-ammonia, nitrogen-ammonia, and oxygen-ammonia. For each mixture the simulations generated data describing the vapor-liquid equilibrium (VLE) -- a measurement of the distribution of molecules in a system across the vapor or liquid phases -- for a wide range of temperatures and pressures. In their paper Mace and Vrabec point out that VLE data is often used in developing equations of state for industrial fluids; that is, the data can be used to predict the state of matter under different physical conditions due to changes in temperature, pressure, volume, or composition. Such information is essential for determining optimal mixtures and working conditions in industrial applications.

Vrabec's molecular simulations are particularly valuable because they can be used to investigate a much wider range of scales than is possible using experimental approaches. "In our simulations, we provided measurements of thermodynamic properties even up to pressures of 50 megapascals. This is 500 times our ambient air pressure," Vrabec remarks. "Although data for ammonia mixtures have been gathered for more than a century, the data coverage is surprisingly narrow. The reason is that the effort to measure it experimentally is prohibitively huge. It would require expensive special equipment that would be dangerous to operate. In computer simulations, we can get results safely and relatively inexpensively." His methods also provide a comparable level of accuracy to that of experimental approaches in ranges where experimental data is available.

Better data for ammonia research

When Mace and Vrabec analyzed their simulation data, they showed that although ammonia is a component in all five systems they studied, the resulting graphs of VLE values look dramatically different for different molecular mixtures. According to Vrabec, "The phase behavior of different mixtures is strongly determined by the interactions among the molecules in the system. You need to understand these properties if you are interested in working with ammonia mixtures."

The paper and its supplementary data offer more than 400 new data points for each mixture they studied. Using Hawk, they were able to produce the results of each mixture within just a few days of computing time. The results will be of particular value for extreme, difficult-to-study conditions for which little data is available, and could help engineers to identify sweet spots where conditions would be optimal for efficient ammonia processing.

The study included both new simulation data and previously published data from the scientific literature, enabling Mace and Vrabec to compare their results with other existing datasets of VLE values. In most situations, their results corresponded closely with those of previous studies. In some cases, however, they identified significant divergences between their results and other research groups' experimentally generated measurements and predictions. The authors attribute these discrepancies to limitations or inaccuracies in the corresponding experimental methods. They also suggest that specific experimental data sources should be used with caution in future research or chemical engineering applications.

Vrabec says that in recent work, he has focused primarily on simulating thermodynamic properties of molecular systems, generally at the sub-micrometer scale. Despite the many orders of magnitude that lie between this scale and the level of observable processes, accurate methods exist for translating these molecular-level insights into useful real-world predictions. As supercomputers grow larger, however, he anticipates that it might also become possible to simulate not just properties but also thermodynamic processes using boundary conditions that are close to real-world applications. Increased HPC performance could produce more accurate results about dynamic phenomena with a better signal-to-noise ratio.

In the meantime, though, his team's results demonstrate the value of molecular dynamics and Monte Carlo simulation using high-performance computing, and will provide new understanding of phase behavior that engineers can use to develop new ammonia-based technologies.
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New high-performance solar cell material | ScienceDaily

"This is the first example in the field of photovoltaics where a new material has been found through this type of approach with an experimental follow-up," said Geoffroy Hautier, Dartmouth's Hodgson Family Associate Professor of Engineering. "Most people study one or two materials at a time, and we looked at forty thousand."

Dartmouth researcher Zhenkun Yuan is first author on the study with co-authors including research associate Yihuang Xiong, engineering PhD candidates Gideon Kassa and Andrew Pike, and engineering professors Hautier and Jifeng Liu -- as well as researchers from eight other partner institutions. This research stems from an award Hautier and Liu received in 2022 as part of $540 million the US Department of Energy granted to universities and National Laboratories nationwide to develop clean-energy technologies, including new photovoltaic materials.

The solar absorber material was confirmed in the lab to be not only promising in its ability to efficiently transform light into electricity, but also highly stable in both air and water. "You can put it out for six months and it will stay the same," Hautier said. "When you don't have to worry about moisture and air contamination, that significantly reduces your costs."

The study points out that, normally, finding new solar materials is tedious and slow with an overwhelming number of options to even begin to consider.

"We've been building a database of known materials -- both naturally occurring and human-made -- for a long time," Hautier explained. "That's giving us the capability to rapidly screen and make decisions on what may or may not be useful. We weren't able to screen for stability, but we could narrow it down to approximately 20 reasonable solar materials -- among the thousands and thousands of possibilities -- and after talking with our colleagues, we had a feeling this one would be stable."

The team plans to continue to improve the tools for even better screening, as well as explore the entire family of materials they call "Zintls," which could lead to enhancements and optimizations of the discovered material.

"There are a lot of opportunities around further characterizing this material and understanding it better, such as how it absorbs light and how to make it as a thin film," said Liu, who conducts and oversees materials-testing in his lab. "Collaboration is crucial. It takes a whole community of thinkers and many different skills to make it all work -- computing, experimentation, fabrication, characterization, optimization -- and you need to put all that together in a team."

"We won't have it as a solar panel tomorrow," Hautier said, "but we think this family of materials is exceptional and worth looking at."
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Summer solstice triggers synchronized beech tree reproduction across Europe | ScienceDaily

An international research team from the University of Liverpool, the University in Poznan, Poland and the University of Canterbury, Christchurch in New Zealand joined forces to look at the associations between weather patterns and seed production in perennial plants like the European beech (Fagus sylvatica), and to explore how tree reproduction is consistently synchronized across vast distances.

Previous work by the team showed that the key to achieving this synchrony is a coordinated response to an external trigger, such as weather, but how the European beech -- which grows across the European continent with greatly varying climates -- achieved this was a mystery.

The research team looked at fine-scale changes in plant responses to temperature and found that the 21st June -- the summer solstice and the longest day of the year- acted as a celestial cue, triggering synchronised responses to weather conditions among widely separated populations of European beech.

Dr Valentin Journe, a postdoctoral researcher at Adam Mickiewcz University in Poznan, Poland, who led the analysis said: "We got inspired by a recent Science paper where researchers from Switzerland found that the effects of temperature on leaf senescence switch at the summer solstice. The summer solstice is the longest day of the year, and happens at the same time anywhere in the Hemisphere."

Jessie Foest, a PhD researcher from the University of Liverpool who was involved in the research, said: "The sharp response of beech trees is just remarkable. Once the day starts to shorten after the summer solstice, the temperature sensing-window opens simultaneously, all across Europe.

"What's truly jaw-dropping is that the change in day length that the trees are able to detect is really small -- we are talking about a few minutes over a week. Apparently, trees are able to recognise the difference."

Many perennial plants do not reproduce regularly and forgo reproduction for a few years to accumulate resources and then produce a bumper seed crop. The remarkable synchrony of this interannual variation was known to extend to hundreds and thousands of kilometres in many species. This study reveals how plants can achieve coordination over such great distances.

Such large-scale regional synchronisation of seed production by trees has important consequences for ecosystems. Large-seeding years result in a pulse of resources for wildlife, while reproductive failures result in famines for seed-eating animals. When this variation is synchronised at sub-continental scales the consequences include far-reaching disruptions in food webs, including rodent outbreaks, migration of ungulates and birds, and spikes in wildlife-borne human diseases.
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Grounding zone discovery explains accelerated melting under Greenland's glaciers | ScienceDaily
Researchers at the University of California, Irvine and NASA's Jet Propulsion Laboratory have conducted the first large-scale observation and modeling study of northwest Greenland's Petermann Glacier. Their findings reveal the intrusion of warm ocean water beneath the ice as the culprit in the accelerated melting it has experienced since the turn of the century, and their computer predictions indicate that potential sea level rise will be much worse than previously estimated.


						
For a paper published recently in Geophysical Research Letters, the UCI-led team used radar interferometry data from several European satellite missions to map the tidal motion of Petermann Glacier and the Massachusetts Institute of Technology's general calculation model to estimate the impact of climate change in a complex environment involving ice, seawater and land, all of which are under the influence of tides and climate change-driven temperature boosts.

"Satellite data revealed that the glacier shifts by several kilometers -- or thousands of feet -- as tides change," said lead author Ratnakar Gadi, UCI Ph.D. candidate in Earth system science. "By factoring this migration into the MIT numerical ocean model, we were able to estimate roughly 140 meters [460 feet] of thinning of the ice between 2000 and 2020. On average, the melt rate has increased from about 3 meters per year in the 1990s to 10 meters per year in the 2020s."

Senior co-author Eric Rignot, UCI professor of Earth system science, said that this and other studies conducted by his team in recent years have caused a fundamental shift in polar ice researchers' thinking about ocean and glacier interactions.

"For a long time, we thought of the transition boundary between ice and ocean to be sharp, but it's not, and in fact it diffuses over a very wide zone, the 'grounding zone,' which is several kilometers wide," said Rignot, who is also a senior research scientist at NASA JPL. "Seawater rises and falls with changes in oceanic tides in that zone and melts grounded ice from below vigorously."

Gadi said the model predicted that melt rates will be highest near the mouth of the grounding zone cavity and greater than anywhere else in the ice shelf cavity. Warmer water and greater seawater intrusion beneath the ice explains the observed thinning along Petermann's central flowline.

According to the study, the elongated shape of the grounding zone cavity is a major contributor to accelerated ice melting. In a run of the numerical model taking into account just warmer ocean temperature, the team found thinning of about 40 meters. In a second modeling exercise, an increase in the grounding zone cavity from 2 to 6 kilometers was included, and in that case, ice thinning grew to 140 meters.




"These modeling results conclude that changes in grounding zone lengths increase melt more significantly than warmer ocean temperatures alone," Gadi said.

The researchers noted that grounding zone ice melt reduces the resistance glaciers experience when flowing toward the sea, speeding their retreat. The researchers said this is a key factor used in projecting the severity of future sea level rise.

"The results published in this paper have major implications for ice sheet modeling and projections of sea level rise," Rignot said. "Earlier numerical studies indicated that including melt in the grounding zone would double the projections of glacier mass loss. The modeling work in this study confirms these fears. Glaciers melt much faster in the ocean than assumed previously."

Joining Rignot and Gadi on this project was Dimitris Menemenlis, NASA JPL research scientist. The work was conducted under a grant by NASA's Cryospheric Sciences Program.
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Study brings scientists a step closer to successfully growing plants in space | ScienceDaily
New, highly stretchable sensors can monitor and transmit plant growth information without human intervention, report University of Illinois Urbana-Champaign researchers in the journal Device.


						
The polymer sensors are resilient to humidity and temperature, can stretch over 400% while remaining attached to a plant as it grows and send a wireless signal to a remote monitoring location, said chemical and biomolecular engineering professor Ying Diao, who led the study with plant biology professor and department head Andrew Leakey.

The study details some of the early results of a NASA grant awarded to Diao to investigate how wearable printed electronics will be used to make farming possible in space.

"This work is motivated by the needs of astronauts to grow vegetables sustainably while they are on long missions," she said.

Diao's team approached this project using an Earth-based laboratory to create a highly dependable, stretchable electronic device -- and its development did not come easily, she said.

"Honestly, we began this work thinking that this task would only take a few months to perfect. However, we quickly realized that our polymer was too rigid," said Siqing Wang, a graduate student and first author of the study. "We had to reformulate a lot of the components to make them more soft and stretchable and adjust our printing method to control the assembly of the microstructures inside the device so that they did not form large crystals during the printing and curing process."

The team landed on a very thin film device that helps restrain the crystal growth during assembly and printing.




"After addressing the stretchability and assembly issues, we had to tackle the problems that come with working with wearable electronics in high humidity and under rapid growth rates," Wang said. "We needed reproducible results so we could not have the sensors fall off or electronically fail during the growth experiments. We finally came up with a seamless electrode and interface that was not affected by the demanding conditions."

The 'Stretchable-Polymer-Electronics-based Autonomous Remote Strain Sensor,' or SPEARS2 -- is the product of three years of hard work, proving that applied science rarely experiences eureka moments.

"It is an exciting technical advance in our ability to perform precise, noninvasive measurements of plant growth in real-time. I look forward to seeing how it can complement the latest tools for interrogating genomic and cellular processes," Leakey said.

Diao also said she is excited to uncover all of the ways this research will continue to progress.

For example, this study looks at plants like corn that grow primarily upward. However, the researchers plan to advance their electronics printing methodology to create a system that can monitor upward and outward growth.

The team said they are also working toward the ability to sense and monitor chemical processes remotely.

"I think the wearable electronics research community has ignored plants for too long," Diao said. "We know that they are experiencing a lot of stress during climate adaptation, and I think soft electronics can play a bigger role in advancing our understanding so we can ensure that plants are healthy, happy and sustainable in the future -- whether that is in space, on other planets or right here on Earth."

Researchers at NASA and Illinois researchers from bioengineering, crop sciences, material science and engineering, the Carl R. Woese Institute for Genomic Biology and the Beckman Institute for Advanced Science and Technology contributed to this study.

NASA and Beckman supported this study.
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AI analysis of historical satellite images show USSR collapse in 1990s increased methane emissions, despite lower oil and gas production | ScienceDaily
The collapse of the former Soviet Union in 1991 had social, political and economic effects worldwide. Among them was a suspected role in slowing human-generated methane emissions. Methane had been rising steadily in the atmosphere until about 1990. Atmospheric scientists theorized that economic collapse in the former USSR led to less oil and gas production, and thus a slowdown in the rise of global methane levels, which has since resumed.


						
But new University of Washington research uses early satellite records to dispute that assumption. The study, published March 12 in the Proceedings of the National Academy of Sciences, finds that methane emissions in Turkmenistan, a former Soviet republic and major oil producer, actually increased in the years following the dissolution of the Soviet Union.

"Methane has these enigmatic trends that we don't really understand," said senior author Alex Turner, a UW assistant professor of atmospheric sciences. "One that has always been fascinating is this slowdown in 1992. We find that the collapse of the Soviet Union seems to result, surprisingly, in an increase in methane emissions."

Carbon dioxide is more important than methane for long-term global warming, but methane plays an important role in the shorter term. One molecule of methane has more heat-trapping power than CO2, and its half-life in the atmosphere is just a decade, meaning its levels can fluctuate.

In recent years, the rise of methane accelerated during COVID-19 lockdowns. Turner's previous research showed that less driving and thus fewer vehicle emissions containing reactive nitrogen (an air pollutant) likely played a role, because pollution was no longer able to combine with methane molecules to remove them from the atmosphere.

The new study explores a longer-term conundrum: an abrupt slowing in the rise of methane concentrations in the atmosphere in 1992.

Methane's sources can be hard to untangle since they include both natural sources, such as wetlands, and human-related sources, such as fossil fuels, landfills, livestock digestion and manure. Pockets of methane gas can also escape during extraction of other fossil fuels. Methane is sometimes even burned, or flared, if it is not the main target of exploration.




The new study focused on Turkmenistan, a central Asian oil-producing country where economic data show that gas production dropped by 85% between 1991 and 1998. This steep decline suggests it played a major role in the region's overall drop in energy production. The country also has relatively little tree cover, making it a good candidate for satellite observations.

The authors used images of Turkmenistan taken by NASA's Landsat-5 satellite, one of the first Earth-observing satellites. First author Tai-Long He, a postdoctoral researcher in atmospheric sciences at the UW, and co-author Ryan Boyd, a former UW undergraduate, identified methane emissions in satellite images and then trained an AI model to catalog similar methane plumes in the entire data set.

"Our field has a lot of data sets, but we don't have very efficient tools to analyze them," said He. "This will become worse in the future with more satellites being launched, so we need the help of AI to improve our understanding of atmospheric phenomena."

Their technique identified 776 plumes over the 25-year period from 1986 to 2011. Analysis shows methane plumes grew in size and became more frequent after 1991, when economic data for Turkmenistan show a decrease in gas production. In some oil and gas basins, methane plumes appeared in 80% to 100% of the clear-sky images during the post-collapse period.

The authors speculate that reasons might include failing infrastructure, broken components, less oversight of oil and gas wells, and fewer export routes, which led to more deliberate or unintentional off-gassing.

"The year 1994 stands out as the year with the largest methane emissions," Turner said. "That's fascinating, because that's the year that Russia refused to allow Turkmenistan to pump gas through its pipelines to European markets. So we think the gas production was still reasonably high, but they couldn't sell their gas to anyone, resulting in more methane venting to the atmosphere."

The authors suspect the rest of the former Soviet republics would show similar trends to Turkmenistan, but they can't yet say for certain.

"More broadly, it begs the question of what drove the 1990s slowdown in atmospheric methane," Turner said. "I don't actually know. But when we started this work, I expected to confirm the hypothesis. So it was a pretty surprising finding."

The other co-author is Daniel Varon, a research scientist at Harvard University. Boyd is now a graduate student at Princeton University. This research was funded by NASA, a grant from the Schmidt Futures program and the Environmental Defense Fund, a nonprofit based in New York City.
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Alaska dinosaur tracks reveal a lush, wet environment | ScienceDaily
A large find of dinosaur tracks and fossilized plants and tree stumps in far northwestern Alaska provides new information about the climate and movement of animals near the time when they began traveling between the Asian and North American continents roughly 100 million years ago.


						
The findings by an international team of scientists led by paleontologist Anthony Fiorillo were published Jan. 30 in the journal Geosciences. Fiorillo researched in Alaska while at Southern Methodist University. He is now executive director of the New Mexico Museum of Natural History and Science.

University of Alaska Fairbanks geology professor Paul McCarthy, with the UAF Geophysical Institute and UAF College of Natural Science and Mathematics, was a leading contributor to the research. He and UAF graduate student Eric Orphys are among the eight co-authors.

Fiorillo and McCarthy are longtime collaborators.

"We've had projects for the last 20 years in Alaska trying to integrate sedimentology, dinosaur paleontology and the paleoclimate indicators," McCarthy said. "We've done work in three other formations -- in Denali, on the North Slope and in Southwest Alaska -- and they're about 70 million years old."

"This new one is in a formation that's about 90 to 100 million years old," he said.

Fiorillo said the additional age is notable.




"What interested us about looking at rocks of this age is this is roughly the time that people think of as the beginning of the Bering Land Bridge -- the connection between Asia and North America," he said. "We want to know who was using it, how they were using it and what the conditions were like."

Research into the paleoclimate can help scientists understand the warming world of today, the authors write.

"The mid-Cretaceous was the hottest point in the Cretaceous," said McCarthy, a sedimentologist and fossil soils specialist. "The Nanushuk Formation gives us a snapshot of what a high-latitude ecosystem looks like on a warmer Earth."

A rich find of evidence

The Nanushuk Formation is an outcropped layer of sedimentary rock 800 to 5,000 feet thick across the central and western North Slope. It dates to roughly 94 million to 113 million years ago in the mid-Cretaceous Period and about when the Bering Land Bridge began.

The fieldwork occurred in 2015-2017 and centered on Coke Basin, a circular geologic feature of the Nanushuk Formation. The basin is in the DeLong Mountains foothills along the Kukpowruk River, about 60 miles south of Point Lay and 20 miles inland from the Chukchi Sea.




In the area, Fiorillo and McCarthy found approximately 75 fossil tracks and other indicators attributed to dinosaurs living in a riverine or delta setting.

"This place was just crazy rich with dinosaur footprints," Fiorillo said.

One site stands out, Fiorillo said.

"We were at a spot where we eventually realized that for at least 400 yards we were walking on an ancient landscape," he said. "On that landscape we found large upright trees with little trees in between and leaves on the ground. We had tracks on the ground and fossilized feces."

They found numerous fossilized tree stumps, some 2 feet in diameter.

"It was just like we were walking through the woods of millions of years ago," he said.

The Nanushuk Formation encompasses rock of marine and non-marine characteristics and composition, but the authors' research focuses primarily on the non-marine sediments exposed along the upper Kukpowruk River.

"One of the things we did in our paper was look at the relative frequencies of the different kinds of dinosaurs," Fiorillo said. "What was interesting to us was that the bipedal plant eaters were clearly the most abundant."

Two-legged plant eaters accounted for 59% of the total tracks discovered. Four-legged plant eaters accounted for 17%, with birds accounting for 15% and non-avian, mostly carnivorous, bipedal dinosaurs at 9%.

"One of the things that was interesting is the relative frequency of bird tracks," Fiorillo said.

The authors point out that nearly half of North America's shorebirds breed in the warm months of today's Arctic. They suggest that the high number of fossil bird tracks along the Kukpowruk River indicates the warm paleoclimate was a similar driver for Cretaceous Period birds.

A wet and warm place

Carbon isotope analysis of wood samples led to a determination that the region received about 70 inches of precipitation annually. This record of increased precipitation during the mid-Cretaceous provides new data that supports global precipitation patterns associated with the Cretaceous Thermal Maximum, the authors write.

The Cretaceous Thermal Maximum was a long-term trend approximately 90 million years ago in which average global temperatures were significantly higher than those of today.

"The temperature was much warmer than it is today, and what's possibly more interesting is that it rained a lot," Fiorillo said. "The samples we analyzed indicate it was roughly equivalent to modern-day Miami. That's pretty substantial."

Of note is that the Alaska site investigated by Fiorillo and McCarthy was about 10 to 15 degrees latitude farther north in the mid-Cretaceous than it is today.

McCarthy's role as a fossil soils expert was to analyze old rocks and sediments to interpret the type of environment that existed at the time.

"We can say here's a river channel, here's a flood deposit, here's a levee, here's the floodplain, here's a swamp," he said. "And so if we're able to find tracks in that section, then you can sometimes say that a group of dinosaurs seems to have really liked being here as opposed to there."

Fiorillo said the site indicates there's much more work to be done.

"This puts a new dot on the map and tells us there's a lot here, and it fits into the bigger picture," he said. "The big picture is we're trying to get better resolution on what life was like in the high latitudes back at the time the dinosaurs were roaming around."
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Who knew that coprophagy was so vital for birds' survival? | ScienceDaily
We all know that the early bird gets the worm, but new research shows they turn to something far more nutritious for their breakfast.


						
Faeces -- either their own, or from other birds -- provides them with essential nutrients, energy, and helps them adapt to new environments and seasonal variations, especially when they are developing.

New research led by the University of South Australia and published in Biological Reviews explains how eating faeces (known as coprophagy) shapes wild birds' digestive tracts (gut biota), enabling them to absorb lost or deficient nutrients and adjust to seasonal variations in food sources.

This is especially important for long-migratory birds, which transition between fasting and fuelling metabolic states as they fly around the world.

Lead author Dr Barbara Drigo, a UniSA microbial ecologist, says consuming faeces modifies bacteria and microbes in the birds' digestive tract, allowing them to adapt to new environments.

There is also some evidence that ingesting faeces could be a form of self-medication to fight infections in birds, although more research is needed to confirm this theory.

While coprophagy provides birds with essential nutrients, it also has a downside, Dr Drigo says, because birds can potentially harbour and transmit diseases to other birds and humans via their faeces.




"Depending on their geographical range, behaviour and interactions with other animals and environments, birds -- especially migratory ones -- can efficiently spread pathogens around the world.

"Eating bird faeces may also increase their exposure to antimicrobials, particularly pesticides and cleaning products, which lead to antimicrobial resistance," Dr Drigo says.

And the reason why humans should never feed bread to birds is that it lowers diversity in their gut microbiota, whereas if birds source food from natural sites, their digestive tract is much healthier.

"Birds foraging in human environments are exposed to chemicals and metals from waste, sewage and refuse, which can alter their microbiota, potentially leading to antimicrobial resistance."

Dr Drigo says a healthy avian gut is essential for regulating birds' biological functions, and eating faeces plays a significant role in this. However, while coprophagy is inherently beneficial, it can expose birds to harmful antimicrobial substances.

"There's an urgent need to thoroughly explore how various forms of coprophagy impact avian gut microbiomes, affecting bird health across their different life stages and environments," she says.
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Exploring arctic plants and lichens: An important conservation baseline for Nunavut's newest and largest territorial park | ScienceDaily

Agguttinni means "where the prevailing wind occurs" in the Inuktitut local dialect. The park includes important bird areas, key habitats for polar bears and caribou, and numerous important Inuit cultural sites. It is very remote: no roads lead to it, and access is only by helicopter, boat in the summer, or snowmobile in the winter.

During the development of the park's management plan, a team from the Canadian Museum of Nature, led by Dr. Lynn Gillespie, inventoried the park's plants and lichens in partnership with Nunavut Parks and Special Places, with the support of Polar Knowledge Canada.

Over five weeks in the summer of 2021, Dr. Gillespie's team traveled across Agguttinni, exploring the vicinity of four base camps in the park on foot and further afield by helicopter. Across this large area, they studied many different habitats from the interior Barnes Ice Cap to the coast of Baffin Bay.

The heads of the long fiords, sheltered far inland, hosted the greatest plant diversity in the park, including numerous species rare on Baffin Island and two species previously only known from farther south in Canada: Lapland Diapensia (Diapensia lapponica) and Flame-tipped Lousewort (Pedicularis flammea). Conversely, the interior plateau near the ice cap was less diverse, but still held new records for Nunavut, such as Powdered Matchstick Lichen (Pilophorus caerulus), Starke's Fork Moss (Kiaeria starkei) and Sprig Moss (Aongstroemia longipes).

This intensive fieldwork resulted in over a thousand new specimens deposited at the National Herbarium of Canada at the Canadian Museum of Nature and other herbaria worldwide. These pressed and preserved plants and lichens serve as proof that these species were found at this specific place and time and are the foundation for our knowledge of botanical diversity in the park.

Dr. Gillespie and her team also examined over 300 existing herbarium specimens from the park area, most of which were collected in 1950, the last time botanists intensively studied this part of Baffin Island. Combining data from these old and new specimens has resulted in an annotated checklist of the park's plant and lichen diversity, describing the 141 vascular plant, 69 bryophyte, and 93 lichen species documented in Agguttinni, all native to the Arctic.

This checklist, immensely valuable to park managers and botanists, is filled with descriptions and photos useful to anyone interested in Arctic botany and is out now in the open-access, peer-reviewed journal Check List. With information on which species are present, where they are distributed, and which ones are rare, it will help the conservation and management of the protected area.
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New study quantifies health impacts from oil and gas flaring in U.S. | ScienceDaily
A new study led by researchers at the University of North Carolina at Chapel Hill Institute for the Environment, Boston University School of Public Health and the Environmental Defense Fund finds that pollution from oil and gas venting and flaring results in $7.4 billion in health damages, more than 700 premature deaths, and 73,000 asthma exacerbations among children annually. Researchers also conclude that emissions are underreported and controlling emissions is not only profitable for operators, but also can significantly improve public health in surrounding communities.


						
Oil and gas producers worldwide use venting and flaring to release or burn away excess natural gas in crude oil production. The practice contributes to air pollution in surrounding and downwind communities resulting in increased risk of hospitalizations, emergency room visits, worsening asthma and even premature death.

"Being able to combine information from what states are reporting with satellite retrievals helped us quantify the emissions from this sector better than just relying on one source," said Sarav Arunachalam, deputy director of the UNC Institute for the Environment and senior author of the study. "Using a comprehensive multipollutant modeling framework as shown in our study is needed to assess the overall air quality impacts of this sector, instead of just focusing on one pollutant. "

According to the study, published in GeoHealth, flaring and venting activities contribute an estimated $7.4 billion in health risks and 710 premature deaths annually in the U.S. Of those deaths, 360 are attributable to fine particulate matter (PM2.5), ozone (O3) and nitrogen dioxide (NO2). Fine particulate matter is widely known to cause adverse health effects, but researchers say impacts from O3 and NO2 should not be overlooked.

"Our research shows that oil and gas flaring can have substantial health impacts, and that a large portion of these impacts come from NO2 and O3, two air pollutants which are commonly not considered in health impact assessments," said co-author Jonathan Buonocore, an assistant professor of environmental health at Boston University School of Public Health.

Quantifying emissions for flaring and venting in the oil and gas industry has been difficult historically due to the intermittent nature of the practice and how those emissions are reported. The research team used satellite images from the Visible Infrared Imaging Radiometer Suite (VIIRS) instrument on the Suomi National Polar-orbiting Partnership (NPP) satellite to observe flaring and venting activities in combination with state and local reported data and found emissions that were up to 15 times higher for fine particulate matter, two times higher for sulfur dioxides and 22% higher for nitrogen oxides than what was reported in the U.S. EPA's National Emission Inventories (NEI). These emissions contribute to health-harming air pollution in oil and gas basins and surrounding areas and exceedances in ozone ambient air quality standards.

Texas, Pennsylvania and Colorado had the highest health burdens in this analysis, accounting for 45% of the total number of flaring and venting air pollution excess deaths.




Researchers also found the air quality health burdens of flaring and venting fall disproportionately on low-income, Hispanic and Native American communities. Of the total early deaths caused by flaring and venting, one in three occurred in low-income census tracts, 30% occurred in Hispanic/Latino census tracts, and 10% occurred in Native American census tracts. Of the 73,000 childhood asthma cases, 40% occurred in Hispanic/Latino census tracts.

Researchers are hopeful these new insights will have significant benefits on air quality and human health by reducing emissions from flaring and venting activities.

"This research provides more evidence of the problem of excessive venting and flaring in the oilfield," said Hillary Hull a co-author of the study and director of research and analytics at the Environmental Defense Fund. "This practice wreaks havoc on our climate, worsens quality of life and creates more health risks for people who live near this activity. State and national policies designed to put an end to this dangerous practice are sorely needed to protect the health and well-being of these communities."

"The recent MethaneSat mission launched to monitor oil and gas projects and specifically identify, in near real-time, large sources of methane that some satellite missions may miss will further assist to quantify emissions from this sector in an unprecedented manner, and to develop mitigation measures for addressing climate change in addition to solving air quality problems," added Arunachalam.
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Scientists find weak points on Epstein-Barr virus | ScienceDaily
Studies of interactions between two lab-generated monoclonal antibodies (mAbs) and an essential Epstein-Barr virus (EBV) protein have uncovered targets that could be exploited in designing treatments and vaccines for this extremely common virus. The research was led by Jeffrey I. Cohen, M.D., and colleagues from the National Institute of Allergy and Infectious Diseases (NIAID), part of the National Institutes of Health. Study findings were published in the journal Immunity.


						
Approximately 95% of the world's population is infected with EBV, which remains in the body permanently, typically in B lymphocytes, which are antibody-producing immune system cells, and cells lining the throat and pharynx. EBV can sometimes lead to B-cell cancers, including Burkitt, Hodgkin and non-Hodgkin lymphomas, or to gastric or nasopharyngeal cancers. Recently, EBV infection was shown to significantly raise the risk of developing multiple sclerosis. There is no vaccine to prevent EBV infection nor a specific treatment.

In this study, NIAID investigators examined a viral protein called gp42, which the virus must use to infect B cells. Theoretically, a vaccine or antibody-based treatment capable of blocking gp42's ability to bind to or fuse with B cells would prevent EBV infection and, thus, the virus's ability to persist in those cells. The team generated two gp42-specific mAbs, A10 and 4C12, and used X-ray crystallography to visualize how they interacted with gp42. The crystal structures revealed that the two mAbs interacted with distinct, non-overlapping sites on gp42. Monoclonal antibody A10 blocked the site on gp42 required for receptor binding, while 4C12 interfered with a different site that is involved in membrane fusion.

Next, the scientists tested A10, 4C12 and several other mAbs in mice for their ability to prevent EBV infection and EBV lymphomas. The mAb A10 provided nearly complete protection against EBV infection and none of the mice developed lymphoproliferative disease or lymphoma. In contrast, nearly all the mice treated with other mAbs became infected and some developed lymphoproliferative disease or lymphoma.

If future studies show mAb A10 to be safe and effective in humans, it could have clinical applications, particularly in people who have not been infected with EBV; those with immunodeficiency conditions, including severe combined immunodeficiency; or people receiving transplants. People with such conditions are at risk of developing severe or fatal cases of EBV disease during their initial encounter with the virus. The investigational monoclonal antibody could potentially be used prophylactically to prevent or better control EBV infections in such cases, the investigators note.

Additionally, the study team suggests that identification of the vulnerable sites on gp42 also paves the way to designing future vaccines that could elicit antibodies against one or both of the newly described sites.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/03/240312133929.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Vehicle brakes produce charged particles that may harm public health | ScienceDaily
Scientists know relatively little about particles released into the air when a vehicle driver brakes, though evidence suggests those particles may be more harmful to health than particles exiting the tailpipe.


						
In a new study in Proceedings of the National Academy of Sciences, University of California, Irvine researchers show how most of these particles emitted during light braking carry an electric charge -- something that could potentially be exploited to help reduce air pollution from vehicles.

"We found that up to 80% of aerosol particles emitted from braking are electrically charged, and that many of them are in fact highly charged," saidAdam Thomas, a doctoral candidate in the lab of Jim Smith, professor of chemistry, who led the study alongside UCI postdoctoral researcher Paulus Bauer.

To do the work, the team used a large lathe to spin a detached brake rotor and caliper. They then measured the electric charge of the aerosols emitted into the air and discovered the 80 percent figure.

"I was very surprised," said Smith. "We were also surprised that this has not really been studied given how common cars are in human societies."

The research is part of a broader team effort at UCI to understand the public health impacts of non-tailpipe emissions in areas beset by car traffic, including many areas in Southern California.

"The toxicity and health effects of brake wear particles are largely unknown," said Manabu Shiraiwa, professor of aerosol chemistry at UCI and one of the researchers behind the university-wide project. "Recent results from my lab indicate that they may induce oxidative stress, but more research is needed."

The new study reveals a problem that may grow as electric cars become more and more common over the next several decades. Electric cars, Smith explained, are not truly zero-emission vehicles, so municipalities need to think about strategies to reduce emissions from brake use as well as tailpipes.




The team found that the percentage of charged particles emitted largely depended on the material makeup of brake pads. Because the particles carry an electric charge, this should make it relatively easy to remove from the air.

"If they are charged, they can be removed easily from the air before they have a chance to have an impact at all on health," said Smith. "All you would need to do is to collect them with an electrostatic precipitator -- a device that exposes the charged particles to an electric field and efficiently sweeps them away."

The public health risk posed by brake emissions is not borne equally by a population -- lower-income parts of cities tend to be more traffic-heavy than others, which creates an environmental justice issue wherein certain socioeconomic classes are more exposed to brake emissions than others.

According to Professor Barbara Finlayson-Pitts, Distinguished Emeritus Professor of chemistry and the principal investigator of the project at UCI, emissions from braking are not well-characterized but are potentially significant in high-traffic areas. "These areas are often in poorer communities and highlight an important aspect of environmental justice that has been largely overlooked," Finlayson-Pitts said.

The UCI team is working with local community organizations like the Madison Park Neighborhood Association in Santa Ana, which is helping disseminate UCI's scientific findings to the public. Funding for the study came from fees paid by Volkswagen as part of a 2016 settlement reached with the California Department of Justice, which found that the company used devices that contributed to increased air pollution.
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AI making waves in marine data collection | ScienceDaily
Numerous measurement stations around the world provide us with data about air quality, allowing us to enhance it. Although we are increasingly collecting data from marine areas, access to such data is considerably more challenging. Signals are poorly transmitted through water, differences in both pressure and currents hinder measurement devices and there is an absence of pre-constructed computing infrastructure.


						
Could intelligent technologies help us improve marine data collection? Professor of Computer Science Petteri Nurmi and his research group at the University of Helsinki have joined forces with researchers at the University of Tartu, University of Madeira, and MARE-Madeira, ARDITI, a non-profit marine research institute, to develop solutions combining sensor technologies and embedded Artificial Intelligence.

The researchers strive to make more efficient and expansive the data collection methods now used in, for example, environmental research.

"The higher the quantity and quality of data about the oceans obtained, the better we can use it to understand and protect the oceans. Our methods help expand the total amount of data gathered from marine areas and reduce the effort required to collect and analyse them," Nurmi says.

AI identifies animal species

In a recently published study, Nurmi and his colleagues used data collected from whale-watching excursions in Madeira, Portugal. The vessels used for these excursions usually carry persons who can record observations of the species seen or video the environment during the tour.

In the study, an AI model assisted individuals in environmental real-time observation. AI was also used to identify whether the video footage showed certain animals, such as dolphins or whales. In addition, the researchers compared the AI assistance received by experienced and less experienced observers, and explored how AI-assisted animal observations served as data for training the model.




"We analysed how AI assistance affected the quality of data and human observations. AI improved the accuracy of animal observations by amateurs, but had no effect on expert observations. On the other hand, when the data collected were used for training purposes, the best results were achieved by combining AI classifications with expert observations. Thus, interactions between humans and AI can influence each other and they need to be better understood," Nurmi explains. The method could ideally be used for faster identification of animals moving in marine areas. The results and methods can also be expanded to observe other organisms.

Identifying marine plastics

Another recent study focused on identifying and classifying underwater plastic debris. These differ from microplastics, or tiny plastic particles, in being visible to the naked eye. One method currently used to obtain information on marine plastic pollution is to have divers or devices collect samples for laboratory analysis, but this usually takes a great deal of time. Surface-layer plastics can be observed with aerial photography as well.

The researchers developed an AI model functioning with sensors and based on the analysis of light spectrum data. The model could be connected to diver equipment or a diving robot to determine the type of plastic waste underwater. The researchers discovered that the model was able to distinguish types of plastic with 85% accuracy.

"We are capable of identifying four out of five objects directly, which means we need to send fewer samples to a lab for identification. This provides us with more data and thus a more comprehensive overview of marine plastic pollution."

Nurmi emphasises that his and his colleagues' aim is to create new ways of collecting data. Experts in other fields can then come up with the best uses for the new methods. For instance, once the type of plastic is known, it is easier to find out its source and consider ways of preventing pollution. The data also help researchers understand the effects on ecosystems of different types of plastic, as they contain different chemicals and break down in different ways.




Better data for better protection

Nurmi believes that the situation with marine data may be similar to the one in air quality research years ago.

"Originally, air quality research relied on a few large measuring towers, but now you can find them even on bus stops. In marine sciences this is not yet the case, even if the methods for collecting marine data and the number of actors involved are increasing. Our research ensures that we can obtain even greater amount of even more accurate marine measurement data as the capabilities to collect data improve."

In the future, the use of underwater drones, smart buoys, vessels and coastal base stations is likely to increase in marine data collection. The expanding network of such tools will offer further ways to gather underwater data.

"Despite their vital importance for humanity, marine protection and regulation unfortunately tend to be drowned out by other issues. The higher the quantity and quality of marine data collected, the better we are able to develop solutions and regulations improving the status of the marine environment."
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How a natural compound from sea squirts combats cancer | ScienceDaily
Numerous anti-cancer drugs function by targeting the DNA within cancerous cells, halting their proliferation. Yet, cancer cells occasionally develop mechanisms to repair the damage inflicted by these drugs, diminishing their effectiveness. Consequently, physicians are increasingly embracing a novel approach to cancer treatment known as precision medicine. This method involves selecting medications that precisely align with the unique attributes of an individual's cancer. Precision medicine proves particularly beneficial in addressing cancers that have evolved to evade conventional treatments.


						
Trabectedin, a promising drug derived from the sea squirt Ecteinascidia turbinata, has shown potential in combating cancers resistant to conventional treatments. However, its precise mechanism of action has remained elusive -- until now. A collaborative effort led by Dr. SON Kook and Professor Orlando D. SCHARER from the Center for Genomic Integrity within the Institute for Basic Science in South Korea, along with Dr. Vakil TAKHAVEEV and Professor Shana STURLA from ETH Zurich, Switzerland, has illuminated the inner workings of this mysterious compound.

Using highly sensitive high throughput COMET Chip assays to detect breaks formed in the genomes of cells, IBS researchers revealed trabectedin induces persistent breaks in the DNA of cancer cells. The researchers showed that these DNA breaks are only formed in cells with high levels of DNA repair, specifically those that operate a pathway called transcription-coupled nucleotide excision repair (TC-NER).

TC-NER is a vital mechanism that identifies DNA damage during transcription, initiating repair processes involving two endonucleases ERCC1-XPF and XPG. Trabectedin's DNA damage disrupts this process by allowing the initial incision by ERCC1-XPF but blocking the subsequent action by XPG, halting the TC-NER process. This disruption of the repair process leads to long-lasting DNA breaks that ultimately kill cancer cells.

Analysis of the DNA break patterns induced by trabectedin revealed that breaks are formed throughout the genome, but only at sites where active transcription and with it, TC-NER occurs. Using this new insight into the mechanism of how DNA breaks are accumulated, the researchers sought to determine where in the genome these breaks occur. This led to the development of a new method called TRABI-Seq (for TRABectedin-Induced break sequencing), which allows for the precise identification of trabectedin's action sites within tumor cell DNA.

"This incision by ERCC1-XPF creates a markable free hydroxyl group in the DNA, enabling us to sequence DNA and locate these breaks," explains Dr. Son.

TRABI-Seq is being tested on various cancer cells to determine trabectedin's efficacy in targeting tumors with advanced DNA repair capabilities, often associated with elevated transcription levels due to oncogene activation. It is hoped that these findings will help position trabectedin as both a predictive marker to identify vulnerable cancers and a therapeutic option for precision treatment. With its ability to target tumors resistant to conventional therapies, trabectedin may provide further hope in the fight against drug-resistant cancer with highly active DNA repair capabilities.
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Air filters and scheduled window opening can reduce classroom pollution by up to 36% | ScienceDaily
Air filters and opening windows can reduce classroom pollution by up to 36% -- Surrey study


						
To improve air quality in classrooms, schools should use air purifiers during the school day and open the windows after hours. That's according to a new study from the University of Surrey.

In England, 7,800 schools are in locations where air pollution breaches WHO limits. Last month, the Mayor of London, Sadiq Khan, announced that air purifiers would be installed in 200 of them.

Nidhi Rawat, a researcher at Surrey's Global Centre for Clean Air Research (GCARE), said:

"Alternating purifiers with scheduled window openings is an effective way to clean up classroom air.

"The most effective combination depends on the characteristics and location of the classroom, and when the teacher opens windows.

"We also understand that keeping the windows open is not always comfortable or practical -- so a sensible, tailored approach is recommended."

Scientists monitored pollution in two classrooms at an infant school in Guildford, UK. It is 10 metres from the A3 road, passed by 31,000 cars each day.




They studied two classrooms: one facing the road and occupied by 4 to 5-year-olds, and one on the other side of the building, occupied by 6 to 7-year-olds.

In both classrooms, the best improvements in air quality happened when air purifiers were alternated with scheduled window openings. Coarse particle pollution fell by 18% in the classroom nearest the road and 36% in the other classroom. Carbon dioxide fell 28% in the classroom nearest the road and 11% in the other classroom.

Smaller improvements were detected when windows were opened without air purifiers.

Professor Prashant Kumar, director of GCARE, said:

"Our timely study can help policymakers choose when and how to optimise the benefits of air purifiers and window openings in the classroom.

"Globally, millions of children are forced to breathe poor quality air while they learn. We hope our study can be used to design ways to make classrooms safer and pupils healthier."

The study is published in the Journal of Building Engineering.

It contributes to the UN Sustainable Development Goals 3 (good health and well-being), 4 (quality education) and 11 (sustainable cities and communities).
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Rice paddy snake diversification was driven by geological and environmental factors in Thailand, molecular data suggests | ScienceDaily
A University of Kansas study of rice paddy snakes in Southeast Asia gives key details to their diversification and natural history, adding molecular evidence that the rise of the Khorat Plateau and subsequent environmental shifts in Thailand may have altered the course of the snakes' evolution some 2.5 million years ago. The findings were published today in the journal Scientific Reports.


						
Researchers say the implications could help tell the story of diversification more broadly in the region.

"This paper concerns mud snakes typically found in aquatic systems across Southeast Asia, South Asia, East Asia, Australia and New Guinea," said lead author Justin Bernstein, a KU Center for Genomics postdoctoral researcher. "Deeper-level relationships regarding their evolution have recently begun to be studied, particularly through genome-scale data. However, finer-scaled evolutionary patterns remain to be fully revealed."

Bernstein, who currently serves at the University of Texas-Arlington, said the mud snakes, a family known as the Homalopsidae, are commonly found today in aquatic systems. Bernstein's newest work on the homalopsids focuses on a subgroup called rice paddy snakes that are commonly found in agricultural fields and freshwaters streams in Southeast Asia.

Although recent research has touched on the diversity of rice paddy snakes, their geographic distribution has touched off scientific speculation: One hypothesis suggests that around 2.5 million years ago, a plateau in Central Thailand, known as the Khorat Plateau, emerged from the ground, leading to the separation and subsequent diversification of snake populations over time. Indeed, molecular data provided insights into the timing of species diversification that aligned with the formation of the plateau.

However, a later genome-scale study challenged this hypothesis by pushing the divergence date backward, predating the plateau's formation.

"This discrepancy raises questions about the accuracy of different datasets in determining evolutionary timelines," Bernstein said. "To address this, our paper employs more limited molecular datasets but with more robust analyses and denser sampling to test the hypothesis. Our results suggest that the group indeed diversified after the Khorat Plateau rose, and environmental changes over time further contributed to their divergence."

Past that, the research team found varied differences in preferred habitats among different snake species using past and present niche models, hinting that other environmental factors might have influenced their routes toward diversification and geographic distribution.




Bernstein's collaborator included co-author Rafe Brown, KU professor of ecology & evolutionary biology and curator-in-charge of the Herpetology Division at KU's Natural History Museum & Biodiversity Institute. Other co-authors included Harold Voris and Sara Ruane of the Field Museum in Chicago; Bryan Stuart of the North Carolina Museum of Natural Sciences; the late Daryl Karns of Hanover College; Jimmy McGuire of the University of California-Berkeley, Djoko Iskandar of the Institut Teknologi Bandung in Indonesia; Awal Riyanto of the National Research and Innovation Agency of Indonesia; Camilo Calderon?Acevedo of the State University of New York: College of Environmental Science and Forestry; Marcelo Gehara of Rutgers University-Newark; and J. Angel Soto?Centeno of Rutgers University-Newark and the American Museum of Natural History.

Bernstein and his collaborators relied on molecular data along with ecological niche modeling to shed new light on the rice paddy snakes, which depended on data about where specimens were located in the field. This approach could help conservation efforts going forward, or predictions of how species might fare in climate change scenarios.

"The whole point of ecological niche modeling, put simply, is if I take, say, 100 occurrence points for those snakes, and then I use 19 environmental data layers that correspond with each point, and compare it to a background -- which would be the landscape with its environmental data regardless of snake occurrence points -- do we see correlations and patterns?" Bernstein said. "You're trying to determine the habitat suitability of your species of interest across a broad landscape, including areas where they have not been recorded from."

He said the environmental data includes variables like temperature differences, seasonality and precipitation at different points in time, such as quarterly, monthly or annually.

"These 19 layers containing the environmental factors are 'stacked' in a way that each GPS coordinate -- where a snake occurrence record is -- has a set of 19 environmental variables associated with it," Bernstein said.

For instance, via this approach Bernstein said while these rice-paddy snakes don't exist in the Philippines, there are suitable habitats based off of where they live in Indochina.




"Hypothetically they could live there," he said. "That doesn't mean they do. There is no evidence suggesting they are able to get across ocean waters and enter the Philippines, and it would be highly unlikely for that scenario to occur. But the analysis is just indicating there is suitable habitat elsewhere, in addition to where we find them now, and that can be really useful. If it's a continuous landscape and you haven't found any individuals of a species in a particular area, but you see high habitat suitability, maybe you can go find a population that is presently unknown to exist."

The research builds on two of Bernstein's earlier works. One study combines genetic analyses of older museum specimens' mitochondrial DNA with fresher genetic samples from recent field collections of mud snakes to learn more about diversity of homalopsids, including rice paddy snakes. The other study is a more focused study that described a new rice paddy snake species and posited the hypothesis of the Khorat Plateau based on current data but lacked the power to test it.

While many species of the mud snakes are drab, Bernstein said others are highly charismatic.

"Some have tentacles as appendages on their face," he said. "You could find two of the same species in one hole, like a mud lobster hole, where one is white and black, and the other is bright red and black -- very striking. Some have speckled yellow bellies, while others are black with bright orange flecks and stripes down their back. And other species have unique behaviors that are not seen in the 4,000-plus species of snakes. They are truly stunning snakes."

Ultimately, the mud snake's value may be in serving to show how species, and their morphological diversity, evolves over time, as well as how other organisms may react to changes in the ecosystems they live in.

"I saw a lot of opportunity in them as a model system for investigating biogeography," Bernstein said. "Honestly, using them more as a model system for understanding how species change or remain stable over time has been really valuable. We have several studies we want to pursue further, and many more in the works, and it all begins with understanding their evolutionary relationships."
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Mars attracts: How Earth's interactions with the red planet drive deep-sea circulation | ScienceDaily
Scientists from the Universities of Sydney and Sorbonne University have used the geological record of the deep sea to discover a connection between the orbits of Earth and Mars, past global warming patterns and the speeding up of deep ocean circulation.


						
They discovered a surprising 2.4-million-year cycle where deep currents wax and wane which, in turn, is linked to periods of increased solar energy and a warmer climate.

The study, published in Nature Communications, tackles the questions of how geological-timescale climate change affects ocean circulation and how this could help scientists to model future climates outcomes. The researchers looked to find if ocean-bottom currents become more vigorous or more sluggish in a warmer climate.

These cycles are not linked to the current rapid global warming caused by human greenhouse gas emissions.

Lead author ARC Future Fellow Dr Adriana Dutkiewicz from the University of Sydney EarthByte Group in the School of Geosciences and co-authors used more than half a century of scientific drilling data from hundreds of sites worldwide to understand the vigour of deep-sea currents through time.

In a collaboration with Professor Dietmar Muller (University of Sydney) and Associate Professor Slah Boulila (Sorbonne), Dr Dutkiewicz used the deep-sea sediment record to check for links between sedimentary shifts and changes in the Earth's orbit.

They found that the vigour of deep-sea currents shifts in 2.4-million-year cycles.




These cycles are called "astronomical grand cycles," predicted to occur due to the interactions of Earth and Mars orbits. However, evidence for this is rarely detected in the geological record.

Dr Dutkiewicz said: "We were surprised to find these 2.4-million-year cycles in our deep-sea sedimentary data. There is only one way to explain them: they are linked to cycles in the interactions of Mars and Earth orbiting the Sun."

Co-author Professor Muller said: "The gravity fields of the planets in the solar system interfere with each other and this interaction, called a resonance, changes planetary eccentricity, a measure of how close to circular their orbits are."

For the Earth it means periods of higher incoming solar radiation and warmer climate in cycles of 2.4 million years. The researchers found that the warmer cycles correlate with an increased occurrence of breaks in the deep-sea record, related to more vigorous deep ocean circulation.

The study has identified that deep eddies were an important component of earlier warming seas. It is possible these could partly mitigate ocean stagnation some have predicted could follow a faltering AMOC (Atlantic meridional overturning circulation) that drives the Gulf Stream and maintains temperate climates in Europe.

Professor Muller said: "We know there are at least two separate mechanisms that contribute to the vigour of deep-water mixing in the oceans. AMOC is one of them, but deep ocean eddies seem to play an important role in warm climates for keeping the ocean ventilated.




"Of course, this would not have the same effect as AMOC in terms of transporting water masses from low to high latitudes and vice-versa."

These eddies are like giant whirlpools and often reach the abyssal seafloor, resulting in seafloor erosion and large sediment accumulations called contourites, akin to snowdrifts.

Dr Dutkiewicz said: "Our deep-sea data spanning 65 million years suggest that warmer oceans have more vigorous deep circulation. This will potentially keep the ocean from becoming stagnant even if Atlantic Meridional Overturning Circulation slows or stops altogether."

How the interplay between different processes driving deep-ocean dynamics and ocean life may play out in the future is still not well known, but the authors hope that their new results will help with building better climate models.
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A coral superhighway in the Indian Ocean | ScienceDaily
Despite being scattered across more than a million square kilometres, new research has revealed that remote coral reefs across the Seychelles are closely related. Using genetic analyses and oceanographic modelling, researchers at Oxford University demonstrated for the first time that a network of ocean currents scatter significant numbers of larvae between these distant islands, acting as a 'coral superhighway.' These results are published today in Scientific Reports.


						
Dr April Burt (Department of Biology, University of Oxford, and Seychelles Islands Foundation), lead author of the study, said: 'This discovery is very important because a key factor in coral reef recovery is larval supply. Although corals have declined alarmingly across the world due to climate change and a number of other factors, actions can be taken at local and national scale to improve reef health and resilience. These actions can be more effective when we better understand the connectivity between coral reefs by, for instance, prioritising conservation efforts around coral reefs that act as major larval sources to support regional reef resilience.'

The researchers collaborated with a wide range of coral reef management organisations and the Seychelles government to collect coral samples from 19 different reef sites. A comprehensive genetic analysis revealed recent gene flow between all sample sites -- possibly within just a few generations -- suggesting that coral larvae may be frequently transferred between different populations. The results also hinted at the existence of a new cryptic species of the common bouldering coral, Porites lutea.

The genetic analyses were then coupled with oceanographic modelling, simulating the process of larval dispersal. These simulations allowed researchers to visualise the pathways coral larvae take to travel between reefs across the wider region, and determine the relative importance of physical larval dispersal versus other biological processes in setting coral connectivity.

This revealed that dispersal of coral larvae directly between reefs across the Seychelles is highly plausible. For example, coral larvae spawned at the remote Aldabra atoll could disperse westwards towards the east coast of Africa via the East African Coastal Current. From here, they would then travel north along the coast, with some potentially even reaching the South Equatorial Counter Current, which could bring them eastwards again back towards the Inner Islands of Seychelles.

While these long-distance dispersal events are possible, it is likely that much of the connectivity between remote islands across the Seychelles may be established through 'stepping-stone' dispersal. This suggests that centrally located coral reefs in Seychelles, and possibly East Africa, may play an important role in linking the most remote islands.

Dr Noam Vogt-Vincent (Department of Earth Sciences, University of Oxford, now based at the Hawai'i Institute of Marine Biology) who led the oceanographic modelling, said: 'This research suggests that the broad agreement between predicted connectivity and observed genetic patterns supports the use of such larval dispersal simulations in reef system management in Seychelles and the wider region. These simulations also allow us to investigate how regular these connectivity patterns are in time, because a regular larval supply will be essential for reef recovery in the face of climate change.'

The modelling data can be visualised in a new app: with just one click you can see how coral larvae from Seychelles potentially reach reefs across the whole region. The researchers suggest that this data could help identify major larval sources to be prioritised for inclusion in marine protected areas or active reef restoration efforts.

Professor Lindsay Turnbull (Department of Biology, University of Oxford), senior author, said: 'This study couldn't come at a more timely moment. The world is once again watching, as El Nino devastates coral reefs throughout the Indian Ocean. Now we know which reefs will be crucial to coral recovery, but we can't pause in our commitment to reducing greenhouse gas emissions and stopping climate change.'

Dr Joanna Smith and Helena Sims (The Nature Conservancy) who support the Seychelles Marine Spatial Plan Initiative said: 'The WIO coral connectivity study, by illustrating the connectivity of reefs within a network, can be used at national and regional scales in the Western Indian Ocean for Marine Protected Area design and management, as well as directing restoration activities. We look forward to using the results and Coral Connectivity app to inform implementation of the Seychelles Marine Spatial Plan.'
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Rainforest's next generation of trees threatened 30 years after logging | ScienceDaily
Rainforest seedlings are more likely to survive in natural forests than in places where logging has happened -- even if tree restoration projects have taken place, new research shows.


						
Scientists monitored over 5,000 seedlings for a year and a half in North Borneo.

They studied a landscape containing both natural forest and areas logged 30 years ago -- some of which were recovering naturally, while some had been restored by methods including tree planting.

A drought had triggered "mast fruiting" across the region, with trees simultaneously dropping fruit en masse and new seedlings emerging.

At first, both natural forest and restored forest had similarly high numbers of seedlings, compared to naturally recovering forest -- suggesting restoration activities enhanced fruit production.

But these benefits did not last: low seedling survival in the restored forest meant that, by the end of the study, similarly low numbers of seedlings remained in restored and naturally recovering forest. Seedling populations remained higher in natural forest.

Together, these results show that regeneration may be challenged by different factors depending on the restoration approach -- seed availability in naturally recovering sites and seedling survival in sites where planted trees have matured. These differences may have longer-term implications for how forests can deliver key ecosystem services such as carbon sequestration.




Dr Robin Hayward, who undertook this research during their PhD at the University of Stirling, said: "We were surprised to see restoration sites having lower seedling survival. After such a productive fruiting event in the restored forest, it's disappointing that so few were able to survive -- and to think what this might mean for the long-term recovery of different tree species."

Whilst restoration has been shown to benefit biomass accumulation (the total amount of growth) in these forests, the research indicates this is not yet enabling full establishment of the next generation of seedlings.

Dr David Bartholomew, based at the University of Exeter during the study and now at Botanic Gardens Conservation International, said: "Our findings suggest that seedlings are experiencing stress in logged forests. This could be due to changes to the canopy structure, microclimate and soil, with current restoration treatments insufficient to eliminate this stress. In particular, highly specialised species seem to struggle to survive, leaving communities with reduced species diversity compared to intact forest."

Daisy Dent of ETH Zurich, Switzerland and the Smithsonian Tropical Research Institute, Panama said: "Rainforests are complex systems and there are many possible explanations for our results. For example, animals that eat seeds -- like bearded pigs -- may be drawn into restored forest patches to eat the more abundant seeds and seedlings, rather than moving into adjacent poor-quality logged forest. In natural forests, animals potentially move more freely and so do not exhaust seed supplies in the same way."

Selective logging of forests is prevalent throughout the tropics, and long-term recovery is crucial to maintaining carbon stocks and high biodiversity. Low rates of survival among seedlings three decades after logging therefore raise concerns about potential regeneration failure in future generations of trees.

Dr Lindsay F Banin of the UK Centre for Ecology & Hydrology, said: "Together, these results reveal there may be bottlenecks in recovery of particular elements of the plant community. We are now progressing this research into the various stages of the regeneration process -- fruiting, germination, establishment and causes of mortality -- to help understand which mechanisms are driving the patterns we have observed and how we can better assist forest regeneration and support the long-term sustainability of degraded forests."

The study highlights the importance of carefully designing, monitoring and adaptively managing restoration projects so that they can recover both biodiversity and carbon in biomass over the long-term. This is key to restoring degraded landscapes and achieving global targets such as those outlined in the UN Kunming-Montreal Global Biodiversity Framework and the UN Decade on Ecosystem Restoration.




Local environmental conditions may differ between restored areas with higher biomass and canopy cover than in degraded areas with no restoration. Plant traits, or characteristics that determine how plants function, may be the key to understanding the low survival rates of seedlings -- they can reveal which resources the plants are struggling to access.

The study observed differences in traits of the plants in logged areas compared to intact forest, showing that some species may be struggling to survive in disturbed areas, and some have to adapt how they grow to accommodate. This could lead to differences in biodiversity and ecological functioning in the long-term.

This study captures just 18 months after one fruiting event. Longer-term research is required to understand the full effects of historic disturbance, and how to enhance seedling survival.

The study was conducted in the Danum Valley Conservation Area and the surrounding Ulu Segama landscape of North Borneo.

Here, intact forests are dominated by a tree family, the Dipterocarpaceae, which along with many other tree families, fruits in large inter-annual episodes known as masting events.

These cyclical events have important cascading effects on food availability for animal species.
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Scientists propose new theory that explains sand ripples on Mars and on Earth | ScienceDaily
Sand ripples are fascinating. They are symmetrical, yet wind -- which causes them -- is very much not. Furthermore, they can be found on Mars and on Earth. They would be even more fascinating if the same effect found on Mars could be found here on Earth as well. What if one unified theory could explain their formation on two different planets of our solar system?


						
That is what Ben-Gurion University of the Negev physicist Prof. Hezi Yizhaq and Prof. Itzhak Katra and their colleagues from Denmark, Germany, Italy, China, and the US contend in a cover article published in Nature Geoscience.

Sand ripples photographed on Mars by NASA's Curiosity rover in 2015 showed two distinct patterns -- large ripples (meter scale) and a shorter "impact" ripples pattern (decimeter scale). The prevailing theory proposed since then argues that the smaller scale ripples are produced by the impact mechanism of the particles transported by the wind like normal ripples on Earth and the larger ripples form due to hydrodynamic instability like subaqueous ripples. Furthermore, it was believed that the physical conditions that produced them on Mars could not produce them on Earth.

However, Prof. Yizhaq and Prof. Katra have proven experimentally using Ben-Gurion University's wind tunnel and Aarhus University's Mars tunnel that such a phenomenon could exist on Earth -- we just haven't noticed it yet because we didn't know we should be looking for it.

Imitating Martian sand was not easy because it's finer than sand here on Earth, explains Prof. Yizhaq, but the breakthrough occurred when they decided to try tiny glass balls to represent fine grains of sand.

Furthermore, the international research team has proposed a unified theoretical framework that would explain sand ripples on Mars and on Earth. At its most basic level, sand ripples on Mars caused by wind look like sand ripples on Earth caused by water.

"There is much more research, both fieldwork and experimentally, needed to prove our theory, but it is amazing to propose something so radically new in a field I have been studying for over 20 years. It is exciting to go out and try to find on Earth what can clearly be seen on Mars," says Prof. Yizhaq.

Prof. Yizhaq is a member of the Department of Solar Energy and Environmental Physics. Prof. Itzhak Katra is a member of the Department of Environmental, Geoinformatics and Urban Planning Sciences.

The research was supported by the Israel Science Foundation (Grant no. 1270/20), the German-Israel Foundation for Scientific Research and Development (GIF) (Grant no. 155-301.10/2018), the National Natural Science Foundation of China, Texas A&M Engineering Experiment Station, Europlanet grant no. 871149, and the Horizon 2020 Research and Innovation Program.
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Climate policies to reduce motor vehicle emissions can improve children's health, save money | ScienceDaily

The findings by researchers at Columbia University Mailman School of Public Health with collaborators at the University of California, Los Angeles, the University of North Carolina at Chapel Hill, and the Boston University School of Public Health appear in the journal Environmental Research Letters.

The researchers modeled the benefits of implementing multiple scenarios of the proposed climate policy framework known as the Transportation and Climate Initiative (TCI) in 12 Northeast and Mid-Atlantic states and the District of Columbia. Under the most stringent cap on CO2 emissions and the investment scenario that devoted the most resources to mass transportation, they estimated a total of over 58,000 avoided cases of infant mortality, preterm birth, low birth weight, autism spectrum disorder, new cases of asthma, worsened asthma symptoms, and other respiratory illnesses. The related economic savings were $82 million annually. Assessment of the distribution of avoided cases of worsened asthma symptoms indicated that children in all racial and ethnic groups benefited, with somewhat greater health benefits in non-white populations.

Under TCI, fuel suppliers would be required to purchase carbon emissions allowances, the proceeds of which would go towards clean transportation programs. While this program was not implemented, it serves as a useful model for other climate mitigation policies. Specifically, researchers modeled changes in ambient fine particulate matter (PM2.5) and nitrogen dioxide between 2022 and 2032 associated with on-road transportation sector emissions under nine hypothetical CO2 emissions cap and investment scenarios proposed under TCI. They estimated potential health co-benefits for adverse birth, pediatric respiratory, and neurodevelopmental outcomes using BenMAPR, a health impact assessment platform that builds from the EPA's Environmental Benefits Mapping and Analysis Program.

"Health benefits assessments often overlook children's health outcomes. Yet we know that early exposure to air pollutants has multiple detrimental effects on children's health and well-being; and these are preventable," says co-author Frederica Perera, PhD, DrPH, professor of environmental health sciences and director of translational research at the Columbia Center for Children's Environmental Health at Columbia Mailman.

Researchers also note the importance of strategic decarbonization efforts as the climate crisis escalates. "Ambitious carbon caps and policies that focus on vulnerable groups, including children, can both improve health outcomes and help mitigate the impacts of climate change," says first author Alique G. Berberian, MPH '19, PhD student and graduate student researcher at the University of California, Los Angeles,

The researchers also note the importance of including health and environmental justice in climate policies. "Climate policies can have major effects not just on climate, but also on health and environmental justice. Our research shows the importance of including these other benefits of policies when evaluating climate policies," said senior author Jonathan Buonocore, ScD, assistant professor of Environmental Health at Boston University School of Public Health.

Additional study authors include Kaitlyn E. Coomes at Columbia Mailman School of Public Health, Saravanan Arunachalam and Calvin Arter at the University of North Carolina at Chapel Hill; and Jonathan I. Levy, and Laura Buckley at the Boston University School of Public Health.

The study was supported by the John Merck Fund, the John and Wendy Neu Foundation, the New York Community Trust, the Barr Foundation, and the Energy Foundation.
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Higher carnivorous dinosaur biodiversity of famous Kem Kem beds, Morocco | ScienceDaily
An international team of palaeontologists from The Netherlands, the UK, Argentina, Germany and Belgium applied recently developed methods to measure theropod (carnivorous) dinosaur species diversity. The newly applied method uses both traditional phylogenetic analysis, discriminant analysis as well as machine learning. This new combination of analyses was performed on teeth of carnivorous dinosaurs, named theropods, from a set of isolated teeth from the famous Cretaceous (~100million years old) Kem Kem beds of Morocco. It turned out to reveal a theropod species previously not found in this area.


						
Fossilized remains from this site very often comprise teeth, whereas very few dinosaur bones preserve well, leaving scientists often guessing which dinosaur left these teeth behind. Amongst the study specimens were teeth from the famous Spinosaurus and Carcharodontosaurus, known from movies such as the Jurassic Park franchise. Next to these easily recogniseable tooth morphotypes, some 'mystery teeth' were also analysed. These teeth were previously classified as belonging to the dromaeosaurid family of Velociraptor fame.

Brand new insights

Simon Wills, a scientific associate at the Natural History Museum who led the research, says, 'the use of machine learning to identify theropod teeth has thrown the doors wide open to the ecosystem of the dinosaurs that roamed the Kem Kem 100 million years ago. It was fascinating to see how the powerful tool accurately identified the specimens when combined with traditional methods. The process highlights how embracing methods old and new can uncover brand new insights into relatively well-explored areas. I believe we'll see advances beyond what we thought possible in the coming years as our datasets grow meaning machine learning can reveal more about palaeodiversity and ecosystems from even the smallest remains -- such as teeth!'

Close fit

Using the novel technique, the research team tried to determine the closest fit of the teeth's appearance to other dinosaurs with well-known dentition. The team from Utrecht University, the Natural History Museum, London, Instituto Miguel Lillo in Tucuman, Argentina, the Palaeontological Museum Munich, and VU Brussels then found that the two mystery tooth morphotypes were not the Jurassic Park raptor's cousins, but rather, belonged to Abelisauridae, a distant cousin of Tyrannosaurus (including the big head and tiny arms), and a clade called Noasauridae, the latter being very rare in Morocco. 'These teeth had been in museum collections for decades, but this new combination of techniques brought them to life again, and more importantly, confirms the presence of noasaurids in the Kem Kem, thanks to this international team effort,' says Dr Femke Holwerda of Utrecht University.

Future work

Noasaurids are peculiar small theropods with long necks, and there are only a few hints of isolated bones known from them from the Kem Kem. Traditional methods alone did not find this elusive little theropod amongst the tooth sample. This shows that the new combination of methods is promising for future work on other dinosaurs, such as long-necked dinosaurs, even more rarely found in the Kem Kem.

Kem Kem

The Kem Kem is an Early Cretaceous (roughly 100 million years old) highly fossiliferous site on the border between Morocco and Algeria. It is one of few places in the world that preserves a fairly complete Early Cretaceous dinosaur-dominated ecosystem. Next to a plethora of theropods, sauropod (long-necked) dinosaurs, and one other type of herbivore existed in the area. The ecosystem was riverine, which might be why so many carnivorous animals were supported.
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Range-shifting fishes are climate-change losers, according to new research | ScienceDaily
The warming of the Earth's oceans due to climate change is affecting where the world's fishes live, eat and spawn -- and often in ways that can negatively impact their populations. That's according to a new paper in the journal Nature Ecology and Evolution.


						
The researchers write that populations that experience rapid-range shift decline noticeably, up to 50 per cent over a decade. The populations affected most are those living on the northern poleward edges of their species' range.

"There is a conventional wisdom among many climate-change biologists that species that shift their ranges quickly by moving northward should provide a mechanism to sustain healthy populations -- that shifting species should be climate-change winners. Our results show the exact opposite," says paper co-author Jean-Philippe Lessard, a professor in the Department of Biology.

"Species that are shifting their range quickly experience little change in their population size in their core range. But some of them experience a major collapse in their populations at the northern edges.

"In fact, the population collapse is mostly driven by the northern poleward populations," he adds. "We were expecting that many individuals from the core of the range would be moving up north due to climate change and maintain these northern populations. But the northern-edge populations are the ones most likely to collapse."

Common patterns across species

The researchers combined data from two large databases to examine the population numbers of range-shifting species. They looked at 2,572 population-level time series involving 146 species, mostly inhabiting temperate or subpolar regions.




Their analysis revealed that extremely fast poleward shifting species, defined as upward of 17 kilometres per year, show marked declines in population, compared to negligible increases in populations that did not shift.

"We have not yet identified any one underlying mechanism that explains these results, but we can speculate that the populations that are declining quickly are from species that are less plastic or unable to evolutionarily adapt to changing conditions," Lessard says. "These may be the same ones that are dispersing very quickly toward colder water near the poles."

It also showed the relationship is maintained beyond samplings used from small portions of extreme values, the location at which range shift velocity estimates were measured and the use of negative range shift values, such as migrations toward the equator rather than poles.

Additionally, the data showed that the relationship is not being driven by just a few species with populations that have been extensively studied. It was, however, driven largely by trends observed in the Northeastern Atlantic, where most of the data was recorded.

Multiple threats in combination

For species who have economic value, the one-two combination of range shift and commercial fishing can be potentially devastating to local populations. The researchers point to the collapse of the western Atlantic cod as an example of risks posed to vulnerable populations.

"Commercial fishes show a similar trend of population decline with rapid-range shift, and they were overall more likely to experience population decline than non-commercial species."

Shahar Chaikin of Tel Aviv University is the paper's lead author. Co-authors include Federico Riva of VU Amsterdam, Katie Marshall at the University of British Columbia and Jonathan Belmaker of Tel Aviv University.

The Quebec Centre for Biodiversity Science contributed funding to this study.
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Pronghorn population declining due to human development | ScienceDaily
Global species diversity is in decline almost everywhere, largely due to human-driven development and resource use. Typically, conservation efforts have targeted the most endangered species, which can lead to some tough choices on how to balance limited resources. But there's an argument to be made that it is more effective and economical to focus on long-term preventative conservation rather than short-term crisis management. This would help common species remain just that: common.


						
A new paper published in Global Ecology and Conversation makes that argument in the case of declining pronghorn productivity -- the number of juveniles per 100 females -- in Wyoming. The paper, "Declining pronghorn (Antilocapra americana) population productivity caused by woody encroachment and oil and gas development," was co-authored by Caleb Roberts.

Roberts is a U.S. Geological Survey research ecologist at the Arkansas Cooperative Fish & Wildlife Research Unit, based in the U of A's Department of Biological Sciences.

The paper looked at 40 years of data collected on 40 pronghorn herds residing in the Wyoming Basin Shrub Steppe. Sometimes referred to as antelope, though they're more closely related to giraffes, pronghorn are the fastest animals in North America and one of its most iconic species. Of primary interest was the productivity of these herds. Needless to say, declining productivity can be an indicator that a population is struggling.

Overall, 80% of the herds saw a decrease in productivity, and nearly 43% saw a significant decrease. After looking at a number of variables that could potentially contribute to the decline, the researchers identified the two most strongly associated: development of oil and gas resources and woody encroachment.

Oil and gas production has soared in Wyoming over the last several decades. This has led to extensive construction of well pads, which are typically fenced off and are associated with, on average, construction of two kilometers of new roads. In short, migrating pronghorn herds are finding more obstacles to negotiate, leading to habitat fragmentation.

Woody encroachment is characterized by the conversion of rangeland to woodland. Increased pronghorn productivity is associated with higher shrub cover and herbaceous biomass -- that is to say biomass that isn't woody, like trees. When woody plants and trees encroach on rangeland, this can lead to the reduction of forage for pronghorn.

In terms of preventative conservation, the paper makes the case for preemptive management of woody vegetation to help ensure sufficient forage for pronghorns.

"Although our paper centers on Wyoming, our results and approach are applicable everywhere -- including Arkansas," Roberts said. "If we want to keep common species common, like pronghorn in Wyoming or turkey in Arkansas, we need to constantly look for early signals of declines and link those signals to causes of declines. That way, we can act before the problem becomes insurmountable and we lose critical natural resources and species."

Roberts' co-authors included Victoria M. Donovan, Jeffrey L. Beck, Carissa L. Wonkka, Craig R. Allen and Dirac Twidwell.
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Gene flow in giraffes and what it means for their conservation | ScienceDaily
Giraffes are a beautiful and powerful example of what adaptive evolution can achieve. However, in recent years they have attained notoriety for a completely different reason: it has been suggested that instead of one giraffe species, there might be no fewer than four different species. Such dramatic taxonomic reappraisals in highly conspicuous and well-known "flagship" taxa are very unusual. The suggestion caused some uproar in the scientific community and received a lot of media attention. Much is at stake, because the way that most nature conservation works is focused on species, meaning that each species must receive its own dedicated conservation action plan and must be monitored individually. If we recognize four rather than one species of giraffe, it follows that each of them will have a lower population size and be more vulnerable to extinction, not only raising the conservation stakes considerably, but also the conservation costs.


						
Giraffes form four distinct, but not isolated lineages -- and some are even hybrids

The results of the new study, published today in Current Biology, confirm that giraffes are highly genetically structured, which means that populations tend to become isolated from each other rather easily. It also means that giraffes do appear to be separated into evolutionary lineages that are quite genetically distinct from each other. But there were also some big surprises:

"When we started getting results from our analyses of gene flow between different giraffe lineages, we had to check twice.," says Laura D. Bertola, one of the first authors on the study and postdoc at the Department of Biology. "The results showed not just a little gene flow here and there, but major hybridization events. For example, the reticulated giraffe, which occurs in Kenya, Ethiopia, and Somalia, appears to be the result of a 40%-60% mixture of an ancient northern lineage and an ancient southern lineage of giraffes, and therefore a hybrid. Today, the other descendants of these ancient northern and southern giraffes sit at either end of the giraffe tree and are highly genetically differentiated, but at some time in the past they evidently met and interbred, giving rise to the reticulated giraffe.," says Laura.

The team also found historical gene flow among several other branches of the giraffe tree, and in fact there are so many gene flow events among giraffe lineages that the evolutionary history within giraffes resembles a "reticulated" network rather than a tree.

What this means for giraffes and their conservation

Biologists do not agree on what the best definition of species is, nor how to resolve at what stage two populations are sufficiently different that they belong to two different species. However, it is often assumed that extensive gene flow can only take place between populations that belong to the same, and not different, species. Therefore, the finding of widespread historical gene flow between giraffe lineages that are today highly genetically differentiated raises important doubts about whether or not high genetic differentiation is necessarily a sure sign of speciation, at least in giraffes.




"Our findings touch on a very delicate matter in biology, namely that we do not have a universally agreed species concept. Therefore, it can be very difficult to settle how many species there are within a group," says Rasmus Heller, Associate Professor at the Department of Biology and one of the senior authors on the study. "However, we show something more tangible which has so far been overlooked in evolutionary studies on giraffes: namely that giraffe lineages have had extensive gene flow among them. Giraffes seem to have retained their ability to interbreed freely, which they also still do in captivity. So, instead of solving how many species of giraffes there are, we prefer to highlight that gene flow has occurred pretty freely among even the most genetically differentiated lineages of giraffes, whenever conditions were right for this to happen," explains Rasmus.

The study also concludes that regardless of the number of giraffe species, the different lineages are so genetically differentiated that they definitely deserve extensive protection in all parts of their range. If we want to protect biodiversity effectively, we cannot stop at the species level, but also need to look at the diversity within and between species.

"Giraffes are such endlessly fascinating animals, and this study confirms just how much genetic variation there is even on small geographical scales. This provides a further incentive for conserving all the different lineages of giraffes, whether they be called species, subspecies, populations or whatever," says Yoshan Moodley, a co-author of the study from the University of Venda in South Africa. "Studies that focus on the whole complexity of the evolutionary process are needed, instead of studies focusing on answering simplified binary questions such as whether or not there is one, four or dozens of species, whatever that may be," says Yoshan.

The study is part of the African Wildlife Genomics research framework led by research groups at the Department of Biology at the University of Copenhagen. This research framework is an associated partner project of the African BioGenome Project -- an African-led initiative to use genomics in the service of conservation and capacity building in Africa.
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Maternal obesity may promote liver cancer | ScienceDaily
Obesity, which could reach 50% of the population in certain developed countries by 2030, is a major public health concern. It not only affects the health of those who suffer from it, but could also have serious consequences for their offspring. Scientists at the University of Geneva (UNIGE) and the Geneva University Hospitals (HUG) have studied the impact of maternal obesity on the risk of developing liver disease and liver cancer. Using an animal model, the team discovered that this risk was indeed much higher in the offspring of mothers suffering from obesity. One of the main causes was the transmission of a disturbed intestinal microbiota from the mother, resulting in a chronic liver disease whose effects became apparent in adulthood. These results, which have yet to be confirmed in humans, are a warning signal and a call for action to limit the deleterious effect of obesity on children. This research is published in the journal JHEP Reports.


						
The scientific community suspects that maternal obesity disrupts the metabolic balance of the unborn child, and even increases the risk of childhood cancer and colorectal cancer. But to what extent? ''We wanted to understand whether the children of mothers suffering from obesity were at greater risk of developing liver diseases, and by what biological mechanisms,'' explains Christian Toso, full professor at the UNIGE Faculty of Medicine and director of the Division of digestive surgery at the HUG, who led this research. ''Indeed, while the risk of liver cancer due to a hepatic virus is decreasing, obesity-related liver diseases are constantly on the rise.''

The scientists studied two groups of female mice: the first fed with a diet rich in fat and sugar -- similar to junk food -- which rapidly became obese. The second -- the control group -- was fed normally. All their offspring were fed with a normal diet and were not overweight. The only difference was therefore the maternal obesity of the first group. ''At 20 weeks, which corresponds to adulthood in humans, we could not detect any notable differences,'' explains Beat Moeckli, junior staff surgeon and researcher in professor Toso's team, the first author of this work. ''However, at 40 weeks, a senior age in mice, the liver health of the first group began to deteriorate. All the parameters of liver disease -- fat deposits, fibrosis, and inflammation -- were significantly higher in the offspring of mothers suffering from obesity. And these are the main risk factors for liver cancer in humans''.

From disease to cancer: the role of microbiota

To confirm whether these mice had a higher risk of developing liver cancer, the team injected two groups of these mice with an oncogenic product just after weaning. And indeed, the offspring of obese mothers had an 80% risk of developing cancer, compared with 20% for the control group. ''The mother's obesity thus has an impact long after the birth of its offspring, which seem to inherit a dysfunctional microbiota despite their own living conditions,'' analyses Beat Moeckli. ''Obesity alters the composition and diversity of the mother's microbiota, which is passed on to the next generation and persists throughout life''.

However, by placing mice from both groups in the same cage, the scientists observed a normalisation of the microbiota. As mice are coprophagous (they eat their faeces), they quickly share the same microbiotic strains. Bacterial diversity then increased, favouring the good bacteria. As a result, the healthy microbiota naturally regains the upper hand, and the marker of liver disease dramatically decreased. ''We see a clear effect of the microbiota on the risk of developing liver cancer, indicating its central role in transmitting the risk of disease from mother to child.''

The junk food diet encourages the proliferation of bad bacteria and reduces bacterial diversity. This altered microbiota, transmitted at birth, then leads to greater inflammation in the liver and, over time, generates fibrosis and steatosis (an excessive presence of fat), which in turn increase the risk of developing liver cancer. Normalising the microbiota also normalises the risk of cancer.

And in humans?

These data come from a study on an animal model, in a highly controlled environment. To be applied in a clinical context, they need to be confirmed in humans under real-life conditions. The first stage will consist of an epidemiological study based on large bodies of data obtained from following mothers and their children over several decades. ''However, we already know that it is possible to modify the microbiota, for instance by using probiotics. ''Having highlighted the importance of the microbiome represents a first step towards new therapies,'' the scientists conclude.
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        How home food availability affects young children's nutrient intake
        Early childhood is an important time for learning about nutrition and establishing healthy eating behaviors. Young children rely on parents to provide food options, and the availability of food in the home affects their dietary choices. A new study looks at changes in home food availability and nutrient intake for children from 2 to 4 years old.

      

      
        Information overload is a personal and societal danger
        We are all aware of the dangers of pollution to our air, water, and earth. In a recently published letter, scientists are advocating for the recognition and mitigation of another type of environmental pollution that poses equivalent personal and societal dangers: information overload.

      

      
        Researchers can reveal illegal timber exports
        A new method of timber analysis can confidently identify the location in which the tree was harvested. The method has been developed with the aim of combating illegal timber imports from Russia and Belarus.

      

      
        The future is likely less skiable, thanks to climate change
        Annual snow cover days in all major skiing regions are projected to decrease dramatically as a result of climate change, with 1 in 8 ski areas losing all natural snow cover this century under high emission scenarios, according to a new study.

      

      
        Supply chain disruptions will further exacerbate economic losses from climate change
        Global GDP loss from climate change will increase exponentially the warmer the planet gets when its cascading impact on global supply chains is factored in, finds a new study.

      

      
        Innovative approaches for addressing difficult topics in K-12 schools
        Three peer-reviewed journals have recently published research papers by Penn State's Hammel Family Human Rights Initiative. The papers illustrate how the initiative's programs help K-12 educators address difficult issues such as racism.

      

      
        Good news: The US maternal death rate is stable, not sky rocketing, as reported
        A new study challenges the prevailing view on the maternal death rate in the United States. The findings show that the rates of maternal death were stable between 1999-2002 and 2018-2021, instead of the dramatic upward trends previously reported. Additionally, the study indicates that direct obstetric causes of death declined over the last 20 years.

      

      
        Study tracks shifts in student mental health during college
        Dartmouth researchers tracked more than 200 undergraduates for all four years of college to capture the most in-depth data yet on how students' self-esteem and mental health fluctuates during their years in academia. The researchers identify key populations and stressors they say administrators could target to improve student well-being. The study -- conducted from 2017 to 2022 -- also provides among the first real-time accounts of how the coronavirus pandemic affected students and resulted in lo...

      

      
        AI analysis of historical satellite images show USSR collapse in 1990s increased methane emissions, despite lower oil and gas production
        An AI-powered analysis of 25 years of satellite images yields the surprising finding that methane emissions in Turkmenistan, a former Soviet republic and major oil-producing region, actually increased in the years following the dissolution of the Soviet Union.

      

      
        New study quantifies health impacts from oil and gas flaring in U.S.
        A new study finds that pollution from oil and gas venting and flaring results in $7.4 billion in health damages, more than 700 premature deaths, and 73,000 asthma exacerbations among children annually. Researchers also conclude that emissions are underreported and controlling emissions is not only profitable for operators, but also can significantly improve public health in surrounding communities.

      

      
        Air filters and scheduled window opening can reduce classroom pollution by up to 36%
        To improve air quality in classrooms, schools should use air purifiers during the school day and open the windows after hours. That's according to a new study.

      

      
        When a team is less than the sum of its parts: Tensions between individual and team wellbeing
        Individual wellbeing doesn't always add up to team wellbeing -- but reflection and open communication can help.

      

      
        New traffic signal would improve travel time for both pedestrians and vehicles
        Adding a fourth light to traffic signals -- in addition to red, green and yellow -- would shorten wait times at street corners for pedestrians, as well as improve traffic flow for both autonomous vehicles and human drivers. And the more autonomous vehicles there are in the traffic network, the shorter the wait times for everyone.

      

      
        Climate policies to reduce motor vehicle emissions can improve children's health, save money
        A new study finds that policies to reduce carbon dioxide (CO2) emissions from motor vehicles combined with investments in electric vehicles and public transportation would reduce air pollution and bring large benefits to children's health. They would also save money.

      

      
        Delta-8-THC use reported by 11% of 12th graders in 2023
        Approximately 11% of 12th-grade students across the United States reported past-year use of delta-8- tetrahydrocannabinol (delta-8-THC, or delta-8 for short), according to an analysis of data from the 2023 Monitoring the Future survey. Delta-8 is a psychoactive substance that is typically derived from hemp, a variety of the Cannabis sativa plant. Delta-8 has intoxicating effects similar to delta-9-THC (delta-9), the primary THC component responsible for the 'high' people may experience from using...

      

      
        India's water problems set to get worse as the world warms
        Winter storms known as western disturbances that provide crucial snow and rainfall to northern India are arriving significantly later in the year.

      

      
        Going top shelf with AI to better track hockey data
        Researchers got a valuable assist from artificial intelligence (AI) tools to help capture and analyze data from professional hockey games faster and more accurately than ever before, with big implications for the business of sports.

      

      
        Happiness can be learnt, but you have to work at it
        We can learn to be happy, but only get lasting benefits if we keep practicing, a new study has revealed.

      

      
        No, an anti-racist program in schools didn't stress out kids, study finds
        A new study of how high school students respond to a program designed to increase the frequency and quality of conversations about race in school finds that the anti-racist intervention did not cause stress or feelings of alienation among study participants. The finding rebuts concerns that anti-racist programs are harmful to children and teens.

      

      
        'Study drugs' set the stage for other drug use and mental health decline
        Taking 'study drugs' like Adderall without a diagnosis is not only dangerous in itself, but can lead to other drug use and a decline in mental health, according to new research.

      

      
        Higher bacterial counts detected in single-serving milks, researchers report
        Scientists have detected higher bacterial counts in commercial, paperboard single-serving containers two weeks after processing than milk packaged in larger containers from the same facilities.

      

      
        Natural history specimens have never been so accessible
        Researchers have painstakingly taken computed topography (CT) scans of more than 13,000 individual specimens to create 3D images of more than half of all the world's animal groups, including mammals, fishes, amphibians and reptiles.

      

      
        Small class sizes not better for pupils' grades or resilience, says study
        Smaller class sizes in schools are failing to increase the resilience of children from low-income families, according to a new study.

      

      
        Lack of focus doesn't equal lack of intelligence -- it's proof of an intricate brain
        Imagine a busy restaurant: dishes clattering, music playing, people talking loudly over one another. It's a wonder that anyone in that kind of environment can focus enough to have a conversation. A new study provides some of the most detailed insights yet into the brain mechanisms that help people pay attention amid such distraction, as well as what's happening when they can't focus.

      

      
        Loss of nature costs more than previously estimated
        Researchers propose that governments apply a new method for calculating the benefits that arise from conserving biodiversity and nature for future generations.
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How home food availability affects young children's nutrient intake | ScienceDaily
Early childhood is an important time for learning about nutrition and establishing healthy eating behaviors. Young children rely on parents to provide food options, and the availability of food in the home affects their dietary choices. A new study from the University of Illinois Urbana-Champaign looks at changes in home food availability and nutrient intake for children from 2 to 4 years old.


						
"It's important to understand how the environments that children are in can influence their diet and nutrition. What types of foods and beverages are available in the home, and how accessible are those items for the young child? It's about the likelihood of exposure to foods and having the opportunity to try foods, and also whether they may be able to access or grab foods themselves," said lead author Jennifer Barton, now an assistant research professor at Pennsylvania State University. Barton conducted the research as a postdoctoral research associate at the Family Resiliency Center in the Department of Human Development and Family Studies (HDFS), part of the College of Agricultural, Consumer and Environmental Sciences (ACES) at Illinois.

Barton and her colleagues used the Home Food Inventory (HFI) to measure food availability at 24, 36, and 48 months of age. The HFI is a comprehensive checklist of food categories administered by a research assistant visiting the homes of participating families. The researchers correlated the HFI data with surveys of the children's food consumption completed by their mothers.

"We found significant changes in several food categories over time. Food items such as non-whole grains, processed meats, savory snacks, candy, and microwavable or quick-cook foods were more commonly available in the home at 48 months compared to 24 and 36 months," Barton said.

The study included 468 mothers and children who were participants in STRONG Kids 2, an ongoing research project at Illinois that looks at nutrition and healthy habits from infancy through 10 years of age. STRONG Kids 2 co-directors Barbara Fiese, professor emerita of HDFS, and Sharon Donovan, professor of food science and human nutrition at Illinois, also contributed to the study.

The HFI includes an obesogenic score, which indicates the obesity risk of different foods. However, the scores are based on dietary recommendations for older children and include regular-fat dairy products such as milk, yogurt, and cheese. Toddlers have different energy and nutrient needs, and dairy products are considered as part of a healthy diet for young children, necessary for growth and development.

The researchers tested three obesogenic scores, two of which were developmentally sensitive scores that excluded milk, yogurt, and cheese. Even with the modified categories, they found that obesogenic scores increased significantly from 24 to 48 months.




"It makes sense that as children get older, the presence of more energy-dense and high-fat foods tends to grow. Children may request these foods more often, and outside influences, such as the opinions of peers, are starting to become more apparent. I do want to point out that we found some positive changes. Vegetables also become more available in the home at 48 months," Barton said.

"The point is not to label certain foods as being good or bad. We likely all have food items in our home that are not 'recommended.' It's really about trying to make sure that we get enough nutritious, recommended foods and eat the non-recommended items in moderation."

A second research goal was to test the validity of the HFI measure for young children, as the method has been developed for adolescents. Barton and her colleagues conducted comprehensive tests of associations between food availability and nutrient intake, overall finding the expected results.

For example, the availability of processed meats such as lunch meat and hot dogs was correlated with higher saturated fat intake. Sweetened beverages, candy, desserts, and savory snacks were correlated with higher intake of those foods. A higher presence of fruit and vegetables in the home was also a consistent indicator of nutrients. These findings indicate that HFI is a reliable measure of home food availability and has demonstrated associations with food and nutrient intake for children ages 24, 36, and 48 months, the researchers conclude.

It's important to support parents in making healthy decisions for their families, but food choice is much more than individual behavior, Barton stated.

"There are complex factors affecting parents' decisions. Children may ask for certain foods, which may stem from the influence of media and advertising. We should also consider who else lives in the home such as siblings, and the parents may experience work demands and financial stressors that can spill over into their family life. Many people struggle with distance to food stores and access to fresh foods as well as food insecurity. I believe we need a food systems approach to ensure people have access to nutritious food and that parents feel supported in making decisions to promote the health and well-being of themselves and their children," she concluded.

The paper, "Longitudinal Changes in Home Food Availability and Concurrent Associations with Food and Nutrient Intake Among Children at 24 to 48 Months" is published in Public Health Nutrition. Authors include Jennifer M. Barton, Arden L. McMath, Stewart P. Montgomery, Sharon M. Donovan. and Barbara H. Fiese.

This research was funded by grants from the National Dairy Council, the Gerber Foundation, the Christopher Family Foundation, Hatch ILLU 793-330 from the US Department of Agriculture, and the National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK), National Institutes of Health (grant no. R01 DK107561) to Sharon Donovan. The content is solely the responsibility of the authors and does not necessarily represent the official views of the National Institutes of Health.
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Information overload is a personal and societal danger | ScienceDaily
We are all aware of the dangers of pollution to our air, water, and earth. In a letter recently published in Nature Human Behavior, scientists are advocating for the recognition and mitigation of another type of environmental pollution that poses equivalent personal and societal dangers: information overload.


						
With the internet at our fingertips with smartphones, we are exposed to an unprecedented amount of data far beyond our ability to process. The result is an inability to evaluate information and make decisions. Further, it can lead us to limit our social activities, feel unsatisfied with our jobs, as well as unmotivated, and generally negative. Economists estimate that it all comes at a global cost of about $1 trillion. On top of the emotional and cognitive effects, contextual and environmental considerations may add to the personal and economic costs.

The idea to explore information overload was incubated in a meeting of an international group of scientists two years ago, all of whom were supported by an E.U. grant for international collaboration. The E.U. team selected partners abroad including, for the third time, Rensselaer Polytechnic Institute's Network Science and Technology Center (NeST), led by Boleslaw Szymanski, Ph.D., professor of computer science, in the United States.

The researchers compare information overload to other historical shifts in society: open publishing brought about the need to filter out low-quality research from the vast number of accessible publications, the Industrial Revolution gave rise to air pollution, and environmental activists have helped usher in legal and economic changes to help curb pollution. Similarly, so-called "information pollution" or "data smog" must be addressed.

Through the lens of computer science, there are at least three levels of information overload: "neural and cognitive mechanisms on the individual level... information and decisions at the group level... (and) societal level interactions among individuals, groups, and information providers." These levels do not operate independently, so the flow of information may be treated as a multilevel network with nodes, which may give rise to an abrupt change. The researchers cite teamwork as an example: one team member's information overload may cause the group's performance to be hindered. It is a complex problem.

"We are calling for action in science, education, and legislation," said Szymanski. "We need further interdisciplinary research on information overload. Information ecology must be taught in school. We also need to start the conversation on legislative possibilities, akin to the Clean Air Act in the U.K. decades ago."

"Information overload can have severe implications," said Curt Breneman, Ph.D., dean of Rensselaer's School of Science. "It begins by eroding our emotional health, job performance, and satisfaction, subsequently influencing the actions of groups and ultimately, entire societies. I hope that Dr. Szymanski's letter, written with colleagues from across the world, will raise public awareness of the problem and enable solutions to be studied and implemented."

Szymanski was joined in authoring the letter by Janusz A. Holyst of Warsaw University of Technology, the principal investigator of the E.U. grant; Philipp Mayr of the Leibniz Institute for the Social Sciences; Michael Thelwall of University of Sheffield; Ingo Frommholz of University of Wolverhampton; Shlomo Havlin and Alon Sela of Bar-Ilan University; Yoed N. Kenett of Technion -- Israel Institute of Technology; Denis Helic of Modul University Vienna; Aljosa Rehar and Sebastijan R. Macek of Slovenian Press Agency; Przemyslaw Kazienko and Tomasz Kajdanowicz of Wroclaw University of Science and Technology; Przemyslaw Biecek of Warsaw University of and University of Warsaw; and Julian Sienkiewicz of Warsaw University of Technology.
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Researchers can reveal illegal timber exports | ScienceDaily
A new method of timber analysis developed by researchers from the University of Gothenburg can confidently identify the location in which the tree was harvested. The method has been developed with the aim of combating illegal timber imports from Russia and Belarus.


						
Illegal logging and the associated trade in wood products is a global problem that threatens some of the world's most important ecosystems. Researchers are trying to combat this practise with a new scientific method that can reveal where a tree has been harvested. The researchers present their findings in a paper published in the journal Nature Plants.

"The issue became even more urgent after Russia's full-scale invasion of Ukraine in February 2022. Russian timber continues to be exported to the EU and the US despite imposed sanctions, by falsifying the origin of the timber. Illegal timber exports are partly financing Russia's war," says Jakub Truszkowski, researcher in computational biology at the University of Gothenburg.

Chemical footprint

A growing tree is affected by its environment. Soil composition, environmental pollution and climate leave a chemical footprint in wood tissue, and this is what the researchers use to determine its origin. First, a large collection of reference material is required. Then, using machine learning, the researchers can determine whether the stated harvest location of the sample is correct.

"We collected 900 wood samples from 11 Eastern European countries, including Belarus and Russia. We selected oak, birch, pine and beech, all of which are important in the timber trade. By analysing and comparing isotope ratios and the concentrations of 15 different trace elements in wood tissue, we can determine the harvest location of the tree within a 200 kilometer radius," says Jakub Truszkowski.

Useful worldwide

The study led to the creation of a comprehensive reference database on Eastern European timber, tailored to products under sanctions after the invasion of Ukraine. These data facilitated the development of methods to verify the authenticity of timber origin claims and even predict the location of harvest.




"We would like to refine our method so that we can further increase the accuracy and confidence in our predictions. It is still under development and will get better the more data we get," says Jakub Truszkowski.

While this study focused on the illegal timber trade in Eastern Europe, the method is applicable all over the world. It is estimated that more than half of tropical timber may be harvested illegally.

"It is important to protect highly biodiverse forests from illegal logging. By tracing the origin of timber, we can combat this practice," says Jakub Truszkowski.
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The future is likely less skiable, thanks to climate change | ScienceDaily
Annual snow cover days in all major skiing regions are projected to decrease dramatically as a result of climate change, with 1 in 8 ski areas losing all natural snow cover this century under high emission scenarios. These results are published in a new study in the open-access journal PLOS ONE by Veronika Mitterwallner from the University of Bayreuth, Germany and colleagues.


						
Popular skiing destinations experience the impacts of climate change, which include reduced snowfall in regions around the world. Despite the social, economic, and ecological significance of the skiing industry, little research exists on how ski area distributions are affected by climate change globally. Existing studies are small-scale and focused on Europe, North America, and Australia.

Mitterwallner and colleagues examined the impact of climate change on annual natural snow cover in seven major skiing regions: the European Alps, Andes Mountains, Appalachian Mountains, Australian Alps, Japanese Alps, Southern Alps (located in New Zealand), and Rocky Mountains.

The researchers identified specific skiing locations within these seven regions using OpenStreetMap. As the largest global ski market, the European Alps accounted for 69% of these areas. The researchers also used the public climate database CHELSA, enabling them to predict annual snow cover days for each ski area for 2011-2040, 2041-2070, and 2071-2100 under low, high, and very high carbon emissions scenarios.

Under the high emissions scenario, 13% of ski areas are predicted to lose all natural snow cover by 2071-2100 relative to their historic baselines. Twenty percent will lose more than half of their snow cover days per year. By 2071-2100, average annual snow cover days were predicted to decline most in the Australian Alps (78%) and Southern Alps (51%), followed by the Japanese Alps (50%), Andes (43%), European Alps (42%), and Appalachians (37%), with the Rocky Mountains predicted to experience the least decline at 23% relative to historic baselines.

The researchers state that diminishing snow cover may prompt ski resorts to move or expand into less populated areas, potentially threatening alpine plants and animals already under climate-induced strain. Resorts favoring faux snow may rely on "technical snowmaking" practices like artificial snow production, but regardless, the authors predict that the economic profitability of ski resorts will fall globally.

The authors add: "This study demonstrates significant future losses in natural snow cover of current ski areas worldwide, indicating spatial shifts of ski area distributions, potentially threatening high-elevation ecosystems."
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Supply chain disruptions will further exacerbate economic losses from climate change | ScienceDaily
Global GDP loss from climate change will increase exponentially the warmer the planet gets when its cascading impact on global supply chains is factored in, finds a new study led by UCL researchers.


						
The study, published in Nature, is the first to chart "indirect economic losses" from climate change on global supply chains that will affect regions that would have been less affected by projected warming temperatures.

These previously unquantified disruptions in supply chains will further exacerbate projected economic losses due to climate change, bringing a projected net economic loss of between $3.75 trillion and $24.7 trillion in adjusted 2020 dollars by 2060, depending on how much carbon dioxide gets emitted.

Senior author Professor Dabo Guan (UCL Bartlett School of Sustainable Construction) said: "These projected economic impacts are staggering. These losses get worse the more the planet warms, and when you factor in the effects on global supply chains it shows how everywhere is at economic risk."

As the global economy has grown more interconnected, disruptions in one part of the world have knock-on effects elsewhere in the world, sometimes in unexpected ways. Crop failures, labour slowdowns and other economic disruptions in one region can affect the supplies of raw materials flowing to other parts of the world that depend on them, disrupting manufacturing and trade in faraway regions. This is the first study to analyse and quantify the propagation of these disruptions from climate change, as well as their economic impacts.

As the Earth warms, the worse off economically it becomes, with compounding damage and economic losses climbing exponentially as time goes on and the hotter it gets. Climate change disrupts the global economy primarily by health costs from people suffering from heat exposure, work stoppages when it's too hot to work, and economic disruptions cascading through supply chains.

The researchers compared expected economic losses across three projected global warming scenarios, called "Shared Socioeconomic Pathways," based on low, medium and high projected global emissions levels. The best-case scenario would see global temperatures rise by only 1.5 degrees C over preindustrial levels by 2060, the middle track, which most experts believe Earth is on now, would see global temperatures rise by around 3 degrees C, and the worst-case scenario would see global temperatures rise by 7 degrees C.




By 2060, projected economic losses will be nearly five times as much under the highest emissions path than the lowest, with economic losses getting progressively worse the warmer it gets. By 2060, total GDP losses will amount to 0.8% under 1.5 degrees of warming, 2.0% under 3 degrees of warming and 3.9% under 7 degrees of warming.

The team calculated that supply chain disruptions also get progressively worse the warmer the climate gets, accounting for a greater and greater proportion of economic losses. By 2060, supply chain losses will amount to 0.1% of total global GDP (13% of the total GDP lost) under 1.5 degrees of warming, 0.5% of total GDP (25% of the total GDP lost) under 3 degrees, and 1.5% of total GDP (38% of the total GDP lost) under 7 degrees.

Co-lead author, Dr Daoping Wang of King's College London, said: "The negative impacts of extreme heat sometimes occur quietly on global supply chains, even escaping our notice altogether. Our developed Disaster Footprint model tracks and visually represents these impacts, underlining the imperative for global collaborative efforts in adapting to extreme heat."

For example, although extreme heat events occur more often in low-latitude countries, high-latitude regions, such as Europe or the United States, are also at significant risk. Future extreme heat is likely to cost Europe and the US about 2.2% and about 3.5% of their GDP respectively under the high emission scenario. The UK would lose about 1.5% of its GDP, with chemical products, tourism and electrical equipment industries suffering the greatest losses. Some of these losses originate from supply chain fluctuations caused by extreme heat in countries close to the equator.

The direct human cost is likewise significant. Even under the lowest path, 2060 will see 24% more days of extreme heatwaves and an additional 590,000 heatwave deaths annually, while under the highest path there would be more than twice as many heatwaves and an expected 1.12 million additional annual heatwave deaths. These impacts will not be evenly distributed around the world, but countries situated near to the equator will bear the brunt of climate change, particularly developing countries.

Co-lead author, Yida Sun from Tsinghua University said: "Developing countries suffer disproportionate economic losses compared to their carbon emissions. As multiple nodes in developing countries are hit simultaneously, economic damage can spread rapidly through the global value chain."

The researchers highlighted two illustrative examples of industries that are part of supply chains at risk from climate change: Indian food production and tourism in the Dominican Republic.




The Indian food industry is heavily reliant on imports of fats and oils from Indonesia and Malaysia, Brazilian sugar, as well as vegetables, fruits and nuts from Southeast Asia and Africa. These supplier countries are among those most affected by climate change, diminishing India's access to raw materials, which will diminish its food exports. As a result, the economies of countries reliant on these foods will feel the pinch of diminished supply and higher prices.

The Dominican Republic is expected to see a decline in its tourism as its climate grows too warm to attract vacationers. A nation whose economy is heavily reliant on tourism, this slowdown will hurt tourism-reliant industries including manufacturing, construction, insurance, financial services, and electronic equipment.

Professor Guan said: "This research is an important reminder that preventing every additional degree of climate change is critical. Understanding what nations and industries are most vulnerable is crucial for devising effective and targeted adaption strategies."
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Innovative approaches for addressing difficult topics in K-12 schools | ScienceDaily
Three peer-reviewed journals have recently published research papers by Penn State's Hammel Family Human Rights Initiative. The papers illustrate how the initiative's programs help K-12 educators address difficult issues such as racism.


						
The three journals that published the initiative papers are School-University Partnerships, Journal of Practitioner Research and Journal of Teacher Education. JTE, as it's known, is widely considered the top-ranked research journal in the field of teacher education. Some of the scholars who independently reviewed the papers described the initiative's research-based, nonpartisan approach, which combines practitioner inquiry with trauma-informed and asset-based practices, as novel, innovative and widely needed.

"We spend a great deal of energy and time conducting rigorous research into our work for several reasons," said Boaz Dvir, the initiative's director and an associate professor in the Donald P. Bellisario College of Communications. "These include improving our programs, strengthening our approach, collaborating with partners and participants, and sharing our findings with the world so others can challenge and/or adopt our approach."

The initiative partners with educational entities such as school districts to offer customized professional learning opportunities to K-12 educators in Pennsylvania and around the country. Program participants identify difficult issues in their curriculum or setting, come up with compelling questions about these issues, seek credible sources, collect and analyze data, investigate their findings with colleagues and initiative facilitators, and design and implement classroom- or school-application plans.

The initiative offers year- and semester-long programs, workshops and asynchronous, self-paced online modules.

To examine the initiative's yearlong program, the researchers interviewed participating teachers, generated field notes, collected program artifacts, reviewed teachers' lesson plans and conducted classroom observations.

The core research team included Dvir; initiative affiliate faculty member Logan Rutten, a University of North Dakota assistant professor; and Danielle Butville, the initiative's assistant director. The team collaborated with educators from Pennsylvania's Red Lion Area School District -- Wendy Smith, a veteran fifth-grade teacher, and Eric Wilson, who at the time served as the district's chief instructional officer -- to co-author two of the publications.




All three journals provide open access, so readers can download the papers for free. As much as possible, the initiative aims to publish its research in such accessible spaces.

"These papers carve a distinctive niche in the research on teachers' professional learning," Rutten said. "At a time when many teachers are seeking support to address the difficult topics they face in their curriculum and school communities, our research clearly illustrates how inquiry-based approaches can offer a hopeful path forward."

The initiative team continues to examine various key aspects of its work.

"In our ongoing and future research, we are studying the impact of our programs on collective K-12 teachers' efficacy and students' learning experiences, as well as our learning as facilitators and teacher educators," Butville said.

Based in Penn State's Bellisario College, the Hammel Family Human Rights Initiative and the Holocaust, Genocide and Human Rights Education Initiative offer intensive professional learning programs throughout Pennsylvania and around the country to support educators in their instruction of a variety of difficult issues.
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Good news: The US maternal death rate is stable, not sky rocketing, as reported | ScienceDaily

To determine whether the reported maternal death rates are accurate, a team of researchers took a deep dive into the underlying data and looked at the factors driving the increase, namely, changes in obstetric factors, maternal chronic conditions, and surveillance issues (i.e., changes in data collection methods). Maternal deaths refer to those occurring during pregnancy, childbirth, or the postpartum period from conditions directly related to pregnancy or those exacerbated by pregnancy and birth (accidental and incidental deaths in pregnancy are not included in the maternal death definition).

Lead author K.S. Joseph, MD, PhD, Department of Obstetrics and Gynaecology, University of British Columbia and the Children's and Women's Hospital and Health Centre of British Columbia; and School of Population and Public Health, University of British Columbia, said "Our study showed that maternal mortality rates were low and stable between 1999-2002 and 2018-2021, which is very different from the high rates and dramatic increases reported by the NVSS in recent years. We found that exclusive reliance on the pregnancy checkbox on death certificates, without corroboration from the cause-of-death information, led to an overestimation of maternal mortality rates by the NVSS in 2018-2021."

Researchers examined all deaths in the US between 1999 and 2021 using an approach that enables greater accuracy in how maternal deaths are identified and classified in the mortality database. The study uncovered several indications that the pregnancy checkbox was responsible for misclassifying nonmaternal and incidental deaths in pregnancy as maternal deaths. These included a 46-fold increase in maternal deaths among women with malignant neoplasms (which likely represent incidental deaths in pregnancy and not maternal deaths). Also, a substantially higher proportion of maternal deaths identified by the pregnancy checkbox had a single entry in the cause-of-death section, which requires a listing of all the immediate, intermediate, contributory, and underlying causes of death (thus suggesting a less thorough approach to death certification).

Although the pregnancy checkbox was introduced on death certificates in 2003 to improve identification of maternal death, its use between 2003 and 2017 was associated with some substantial errors. A detailed investigation by the National Center for Health Statistics (NCHS), CDC showed that the checkbox was erroneously ticked in many cases, leading to misclassification and overestimation of maternal death. For example, hundreds of decedents, 70 years of age and older (including 147 women aged 85 years and older in 2013), were certified as pregnant at the time of death or in the year prior. The NCHS concluded that the entire increase in maternal mortality in the US between 2003 and 2017 was due to the pregnancy checkbox. In response, NCHS made specific changes regarding pregnancy checkbox use for deaths from 2018 onwards but NVSS reports show that maternal mortality rates have continued to increase (nearly doubling from 2018 to 2021).

Roberto Romero, MD, DMedSci, Editor-in-Chief for Obstetrics of the American Journal of Obstetrics & Gynecology (AJOG), and Chief of the Pregnancy Research Branch of NICHD, NIH, stated, "Accurate assessment of the number and causes of maternal death is an important priority for countries and healthcare policymakers. Improving maternal mortality surveillance is key to formulating plans to improve maternal health. Comparisons of the rate of maternal death among countries should be interpreted with great caution because the methods of surveillance and accuracy differ. The article by Dr. Joseph and a distinguished group of epidemiologists and obstetricians published in AJOG calls attention to the need to improve surveillance in the United States and to thoughtful interpretation of reported statistics."

Co-author Justin S. Brandt, MD, Director of the Division of Maternal-Fetal Medicine, Department of Obstetrics and Gynecology, NYU Grossman School of Medicine, notes, "By not relying on the pregnancy checkbox, our approach avoided the misclassification that has given the false impression of increasing maternal mortality rates in the US. Identifying maternal deaths by requiring mention of pregnancy among the multiple causes of death shows stable maternal mortality rates and declines in maternal deaths from direct obstetric causes."

The research team previously published a study on maternal mortality in the US in 2017, which also showed stable rates of maternal mortality from 1999 to 2014. As mentioned, their results were subsequently validated by a detailed investigation carried out by the NCHS and published in January 2020.




Although the study's findings contradict the mainstream narrative of high and rising rates of maternal death in the US, the results are consistent with changes in maternal characteristics and improvements in obstetric practice. For instance, the increase in maternal deaths due to specific placental complications (i.e., placenta accreta spectrum disorder) observed in their study is consistent with increases in deliveries to women with a previous cesarean delivery. Similarly, the reduction in maternal deaths due to hypertensive disorders in pregnancy (i.e., preeclampsia/eclampsia), blood clot embolism (i.e., thromboembolism), and infection (i.e., puerperal sepsis) is consistent with advances in the obstetric management of these conditions.

The study also showed a reduction in overall maternal mortality, and especially in maternal deaths from direct obstetric causes among non-Hispanic Blacks, which is encouraging. However, the disproportionately high rate of maternal death among Non-Hispanic Blacks in 2018-21 and the persistent racial/ethnic disparities are concerning, as is the small increase in direct obstetric deaths among non-Hispanic Whites.

Co-author Cande Ananth, PhD, MPH, MD, Division of Epidemiology and Biostatistics, Department of Obstetrics, Gynecology, and Reproductive Sciences; Cardiovascular Institute of New Jersey and Department of Medicine; and Environmental and Occupational Health Sciences Institute, Rutgers, Robert Wood Johnson Medical School; and Department of Biostatistics and Epidemiology, Rutgers School of Public Health, elaborates, "Our analysis suggests that people who are Black remain at much higher risk of dying due to pregnancy complications compared with people who are White. The continuing disparities in maternal mortality rates are concerning and deserve strategic and focused efforts to combat structural racism and designed to address chronic conditions disproportionately represented in this subpopulation."

The study provides important insights into cause- and race/ethnicity-specific maternal mortality and provides suggestions for the appropriate use of the pregnancy checkbox on death certificates. The authors hope that these findings will serve as the evidentiary basis for clinical and public health initiatives for reducing maternal mortality.
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Study tracks shifts in student mental health during college | ScienceDaily
A four-year study by Dartmouth researchers captures the most in-depth data yet on how college students' self-esteem and mental health fluctuates during their four years in academia, identifying key populations and stressors that the researchers say administrators could target to improve student well-being.


						
The study also provides among the first real-time accounts of how the coronavirus pandemic affected students' behavior and mental health. The stress and uncertainty of COVID-19 resulted in long-lasting behavioral changes that persisted as a "new normal" even as the pandemic diminished, including feeling more stressed, less socially engaged, and sleeping more.

The researchers tracked more than 200 Dartmouth undergraduates in the classes of 2021 and 2022 for all four years of college. Students volunteered to let a specially developed app called StudentLife tap into the sensors that are built into smartphones. The app cataloged their daily physical and social activity, how long they slept, their location and travel, the time they spent on their phone, and how often they listened to music or videos. Students also filled out weekly behavioral surveys, and selected students gave post-study interviews.

The study -- which is the longest mobile-sensing study ever conducted -- is published in the Proceedings of the ACM on Interactive, Mobile, Wearable and Ubiquitous Technologies. The researchers will present it at the Association of Computing Machinery's UbiComp/ISWC 2024 conference in Melbourne, Australia, in October. The team made their anonymized data set publicly available -- including self-reports, surveys, and phone-sensing and brain-imaging data -- to help advance research into the mental health of students during their college years.

Andrew Campbell, the paper's senior author and Dartmouth's Albert Bradley 1915 Third Century Professor of Computer Science, said that the study's extensive data reinforces the importance of college and university administrators across the country being more attuned to how and when students' mental well-being changes during the school year.

"For the first time, we've produced granular data about the ebb and flow of student mental health. It's incredibly dynamic -- there's nothing that's steady state through the term, let alone through the year," he said. "These sorts of tools will have a tremendous impact on projecting forward and developing much more data-driven ways to intervene and respond exactly when students need it most."

First-year and female students are especially at risk for high anxiety and low self-esteem, the study finds. Among first-year students, self-esteem dropped to its lowest point in the first weeks of their transition from high school to college but rose steadily every semester until it was about 10% higher by graduation.




"We can see that students came out of high school with a certain level of self-esteem that dropped off to the lowest point of the four years. Some said they started to experience 'imposter syndrome' from being around other high-performing students," Campbell said. "As the years progress, though, we can draw a straight line from low to high as their self-esteem improves. I think we would see a similar trend class over class. To me, that's a very positive thing."

Female students -- who made up 60% of study participants -- experienced on average 5% greater stress levels and 10% lower self-esteem than male students. More significantly, the data show that female students tended to be less active, with male students walking 37% more often.

Sophomores were 40% more socially active compared to their first year, the researchers report. But these students also reported feeling 13% more stressed than during their first year as their workload increased, they felt pressure to socialize, or as first-year social groups dispersed.

One student in a sorority recalled that having pre-arranged activities "kind of adds stress as I feel like I should be having fun because everyone tells me that it is fun." Another student noted that after the first year," students have more access to the whole campus and that is when you start feeling excluded from things."

In a novel finding, the researchers identify an "anticipatory stress spike" of 17% experienced in the last two weeks of summer break. While still lower than mid-academic year stress, the spike was consistent across different summers.

In post-study interviews, some students pointed to returning to campus early for team sports. Others specified reconnecting with family and high school friends during their first summer home, saying they felt "a sense of leaving behind the comfort and familiarity of these long-standing friendships" as the break ended, the researchers report.




"This is a foundational study," said Subigya Nepal, first author of the study and a PhD candidate in Campbell's research group. "It has more real-time granular data than anything we or anyone else has provided before. We don't know yet how it will translate to campuses nationwide, but it can be a template for getting the conversation going."

The depth and accuracy of the study data suggest that mobile-sensing software could eventually give universities the ability to create proactive mental-health policies specific to certain student populations and times of year, Campbell said.

For example, a paper Campbell's research group published in 2022 based on StudentLife data showed that first-generation students experienced lower self-esteem and higher levels of depression than other students throughout their four years of college.

"We will be able to look at campus in much more nuanced ways than waiting for the results of an annual mental health study and then developing policy," Campbell said. "We know that Dartmouth is a small and very tight-knit campus community. But if we applied these same methods to a college with similar attributes, I believe we would find very similar trends."

Weathering the pandemic

When students returned home at the start of the coronavirus pandemic, the researchers found that self-esteem actually increased during the pandemic by 5% overall and by another 6% afterward when life returned closer to what it was before. One student suggested in their interview that getting older came with more confidence. Others indicated that being home led to them spending more time with friends talking on the phone, on social media, or streaming movies together.

The data show that phone usage -- measured by the duration a phone was unlocked -- indeed increased by nearly 33 minutes, or 19%, during the pandemic, while time spent in physical activity dropped by 52 minutes, or 27%. By 2022, phone usage fell from its pandemic peak to just above pre-pandemic levels, while engagement in physical activity had recovered to exceed the pre-pandemic period by three minutes.

Despite reporting higher self-esteem, students' feelings of stress increased by more than 10% during the pandemic. Since the pandemic, stress fell by less than 2% of its pandemic peak, indicating that the experience had a lasting impact on student well-being, the researchers report.

In early 2021, as students returned to campus, the reunion with friends and community was tempered by an overwhelming concern of the still-rampant coronavirus. "There was the first outbreak in winter 2021 and that was terrifying," one student recalls. Another student adds: "You could be put into isolation for a long time even if you did not have COVID. Everyone was afraid to contact-trace anyone else in case they got mad at each other."

Female students were especially concerned about the coronavirus, on average 13% more than male students. "Even though the girls might have been hanging out with each other more, they are more aware of the impact," one female student reported. "I actually had COVID and exposed some friends of mine. All the girls that I told tested as they were worried. They were continually checking up to make sure that they did not have it and take it home to their family."

Students still learning remotely had social levels 16% higher than students on campus, who engaged in activity an average of 10% less often than when they were learning from home. However, on-campus students used their phones 47% more often. When interviewed after the study, these students reported spending extended periods of time video-calling or streaming movies with friends and family.

Social activity and engagement had not yet returned to pre-pandemic levels by the end of the study in June 2022, recovering by a little less than 3% after a nearly 10% drop during the pandemic. Similarly, the pandemic seems to have made students stick closer to home, with their distance traveled cut by nearly half during the pandemic and holding at that level in the time since.

Campbell and several of his fellow researchers are now developing a smartphone app known as MoodCapture that uses artificial intelligence paired with facial-image processing software to reliably detect the onset of depression before the user even knows something is wrong.
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AI analysis of historical satellite images show USSR collapse in 1990s increased methane emissions, despite lower oil and gas production | ScienceDaily
The collapse of the former Soviet Union in 1991 had social, political and economic effects worldwide. Among them was a suspected role in slowing human-generated methane emissions. Methane had been rising steadily in the atmosphere until about 1990. Atmospheric scientists theorized that economic collapse in the former USSR led to less oil and gas production, and thus a slowdown in the rise of global methane levels, which has since resumed.


						
But new University of Washington research uses early satellite records to dispute that assumption. The study, published March 12 in the Proceedings of the National Academy of Sciences, finds that methane emissions in Turkmenistan, a former Soviet republic and major oil producer, actually increased in the years following the dissolution of the Soviet Union.

"Methane has these enigmatic trends that we don't really understand," said senior author Alex Turner, a UW assistant professor of atmospheric sciences. "One that has always been fascinating is this slowdown in 1992. We find that the collapse of the Soviet Union seems to result, surprisingly, in an increase in methane emissions."

Carbon dioxide is more important than methane for long-term global warming, but methane plays an important role in the shorter term. One molecule of methane has more heat-trapping power than CO2, and its half-life in the atmosphere is just a decade, meaning its levels can fluctuate.

In recent years, the rise of methane accelerated during COVID-19 lockdowns. Turner's previous research showed that less driving and thus fewer vehicle emissions containing reactive nitrogen (an air pollutant) likely played a role, because pollution was no longer able to combine with methane molecules to remove them from the atmosphere.

The new study explores a longer-term conundrum: an abrupt slowing in the rise of methane concentrations in the atmosphere in 1992.

Methane's sources can be hard to untangle since they include both natural sources, such as wetlands, and human-related sources, such as fossil fuels, landfills, livestock digestion and manure. Pockets of methane gas can also escape during extraction of other fossil fuels. Methane is sometimes even burned, or flared, if it is not the main target of exploration.




The new study focused on Turkmenistan, a central Asian oil-producing country where economic data show that gas production dropped by 85% between 1991 and 1998. This steep decline suggests it played a major role in the region's overall drop in energy production. The country also has relatively little tree cover, making it a good candidate for satellite observations.

The authors used images of Turkmenistan taken by NASA's Landsat-5 satellite, one of the first Earth-observing satellites. First author Tai-Long He, a postdoctoral researcher in atmospheric sciences at the UW, and co-author Ryan Boyd, a former UW undergraduate, identified methane emissions in satellite images and then trained an AI model to catalog similar methane plumes in the entire data set.

"Our field has a lot of data sets, but we don't have very efficient tools to analyze them," said He. "This will become worse in the future with more satellites being launched, so we need the help of AI to improve our understanding of atmospheric phenomena."

Their technique identified 776 plumes over the 25-year period from 1986 to 2011. Analysis shows methane plumes grew in size and became more frequent after 1991, when economic data for Turkmenistan show a decrease in gas production. In some oil and gas basins, methane plumes appeared in 80% to 100% of the clear-sky images during the post-collapse period.

The authors speculate that reasons might include failing infrastructure, broken components, less oversight of oil and gas wells, and fewer export routes, which led to more deliberate or unintentional off-gassing.

"The year 1994 stands out as the year with the largest methane emissions," Turner said. "That's fascinating, because that's the year that Russia refused to allow Turkmenistan to pump gas through its pipelines to European markets. So we think the gas production was still reasonably high, but they couldn't sell their gas to anyone, resulting in more methane venting to the atmosphere."

The authors suspect the rest of the former Soviet republics would show similar trends to Turkmenistan, but they can't yet say for certain.

"More broadly, it begs the question of what drove the 1990s slowdown in atmospheric methane," Turner said. "I don't actually know. But when we started this work, I expected to confirm the hypothesis. So it was a pretty surprising finding."

The other co-author is Daniel Varon, a research scientist at Harvard University. Boyd is now a graduate student at Princeton University. This research was funded by NASA, a grant from the Schmidt Futures program and the Environmental Defense Fund, a nonprofit based in New York City.
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New study quantifies health impacts from oil and gas flaring in U.S. | ScienceDaily
A new study led by researchers at the University of North Carolina at Chapel Hill Institute for the Environment, Boston University School of Public Health and the Environmental Defense Fund finds that pollution from oil and gas venting and flaring results in $7.4 billion in health damages, more than 700 premature deaths, and 73,000 asthma exacerbations among children annually. Researchers also conclude that emissions are underreported and controlling emissions is not only profitable for operators, but also can significantly improve public health in surrounding communities.


						
Oil and gas producers worldwide use venting and flaring to release or burn away excess natural gas in crude oil production. The practice contributes to air pollution in surrounding and downwind communities resulting in increased risk of hospitalizations, emergency room visits, worsening asthma and even premature death.

"Being able to combine information from what states are reporting with satellite retrievals helped us quantify the emissions from this sector better than just relying on one source," said Sarav Arunachalam, deputy director of the UNC Institute for the Environment and senior author of the study. "Using a comprehensive multipollutant modeling framework as shown in our study is needed to assess the overall air quality impacts of this sector, instead of just focusing on one pollutant. "

According to the study, published in GeoHealth, flaring and venting activities contribute an estimated $7.4 billion in health risks and 710 premature deaths annually in the U.S. Of those deaths, 360 are attributable to fine particulate matter (PM2.5), ozone (O3) and nitrogen dioxide (NO2). Fine particulate matter is widely known to cause adverse health effects, but researchers say impacts from O3 and NO2 should not be overlooked.

"Our research shows that oil and gas flaring can have substantial health impacts, and that a large portion of these impacts come from NO2 and O3, two air pollutants which are commonly not considered in health impact assessments," said co-author Jonathan Buonocore, an assistant professor of environmental health at Boston University School of Public Health.

Quantifying emissions for flaring and venting in the oil and gas industry has been difficult historically due to the intermittent nature of the practice and how those emissions are reported. The research team used satellite images from the Visible Infrared Imaging Radiometer Suite (VIIRS) instrument on the Suomi National Polar-orbiting Partnership (NPP) satellite to observe flaring and venting activities in combination with state and local reported data and found emissions that were up to 15 times higher for fine particulate matter, two times higher for sulfur dioxides and 22% higher for nitrogen oxides than what was reported in the U.S. EPA's National Emission Inventories (NEI). These emissions contribute to health-harming air pollution in oil and gas basins and surrounding areas and exceedances in ozone ambient air quality standards.

Texas, Pennsylvania and Colorado had the highest health burdens in this analysis, accounting for 45% of the total number of flaring and venting air pollution excess deaths.




Researchers also found the air quality health burdens of flaring and venting fall disproportionately on low-income, Hispanic and Native American communities. Of the total early deaths caused by flaring and venting, one in three occurred in low-income census tracts, 30% occurred in Hispanic/Latino census tracts, and 10% occurred in Native American census tracts. Of the 73,000 childhood asthma cases, 40% occurred in Hispanic/Latino census tracts.

Researchers are hopeful these new insights will have significant benefits on air quality and human health by reducing emissions from flaring and venting activities.

"This research provides more evidence of the problem of excessive venting and flaring in the oilfield," said Hillary Hull a co-author of the study and director of research and analytics at the Environmental Defense Fund. "This practice wreaks havoc on our climate, worsens quality of life and creates more health risks for people who live near this activity. State and national policies designed to put an end to this dangerous practice are sorely needed to protect the health and well-being of these communities."

"The recent MethaneSat mission launched to monitor oil and gas projects and specifically identify, in near real-time, large sources of methane that some satellite missions may miss will further assist to quantify emissions from this sector in an unprecedented manner, and to develop mitigation measures for addressing climate change in addition to solving air quality problems," added Arunachalam.
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Air filters and scheduled window opening can reduce classroom pollution by up to 36% | ScienceDaily
Air filters and opening windows can reduce classroom pollution by up to 36% -- Surrey study


						
To improve air quality in classrooms, schools should use air purifiers during the school day and open the windows after hours. That's according to a new study from the University of Surrey.

In England, 7,800 schools are in locations where air pollution breaches WHO limits. Last month, the Mayor of London, Sadiq Khan, announced that air purifiers would be installed in 200 of them.

Nidhi Rawat, a researcher at Surrey's Global Centre for Clean Air Research (GCARE), said:

"Alternating purifiers with scheduled window openings is an effective way to clean up classroom air.

"The most effective combination depends on the characteristics and location of the classroom, and when the teacher opens windows.

"We also understand that keeping the windows open is not always comfortable or practical -- so a sensible, tailored approach is recommended."

Scientists monitored pollution in two classrooms at an infant school in Guildford, UK. It is 10 metres from the A3 road, passed by 31,000 cars each day.




They studied two classrooms: one facing the road and occupied by 4 to 5-year-olds, and one on the other side of the building, occupied by 6 to 7-year-olds.

In both classrooms, the best improvements in air quality happened when air purifiers were alternated with scheduled window openings. Coarse particle pollution fell by 18% in the classroom nearest the road and 36% in the other classroom. Carbon dioxide fell 28% in the classroom nearest the road and 11% in the other classroom.

Smaller improvements were detected when windows were opened without air purifiers.

Professor Prashant Kumar, director of GCARE, said:

"Our timely study can help policymakers choose when and how to optimise the benefits of air purifiers and window openings in the classroom.

"Globally, millions of children are forced to breathe poor quality air while they learn. We hope our study can be used to design ways to make classrooms safer and pupils healthier."

The study is published in the Journal of Building Engineering.

It contributes to the UN Sustainable Development Goals 3 (good health and well-being), 4 (quality education) and 11 (sustainable cities and communities).
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When a team is less than the sum of its parts: Tensions between individual and team wellbeing | ScienceDaily
New research highlights the conflict between the needs of a team and the needs of the individuals in the team -- and what leaders can do to strike the right balance to keep things ticking smoothly.


						
'If a team focuses only on the wellbeing and needs of the team, the individuals in it may be at risk of burnout. And the same is true in reverse: if individuals only care about themselves, team wellbeing suffers,' says Emma Nordback, Assistant Professor at Hanken School of Economics.

The study, which was published in the Journal of Organizational Behavior, studied 69 people across 12 teams during COVID. Participants kept a qualitative diary, and the researchers also used questionnaires to measure individual work engagement and the risk of burnout, as well as team viability, team satisfaction, and the quality of interpersonal relationships among members.

'Today's work life, where disruptions cascade one after another, highlights the differences between what teams need and what individuals need. Many of the participants in our study prioritised their own needs without regard for the wellbeing of the team, bringing down team morale and commitment' says Assistant Professor Niina Nurmi of Aalto University. Other people prioritised the survival of their teams and put a lot of effort into that at the expense of their own well-being -- which meant their risk of burnout increased.

'Organisations do a lot of pulse surveys of employee wellbeing and measure individual engagement, but the wellbeing of a team isn't just the sum of the wellbeing of the people in it. The danger is that the results of surveys measuring individual wellbeing may look really positive, but at the same time teams may no longer work at all,' says Nurmi.

Well-being through reflection

The responses also revealed that people's coping strategies often don't actually contribute to their recovery. 'People often don't know what's stressing them and what to do about it. For example, if a person is feeling lonely, running alone in the woods may not be the best solution. On the other hand, if your team is overcommunicating and you feel overwhelmed, the team should create some rules for communication to enable both connection and focus time,' says Nordback.

According to the study, the teams that engaged in reflection were the ones that did best, both as individuals and as a team. Team members openly shared their experiences and concerns, and then the team and members adapted their practices to ensure everyone's wellbeing. But these teams are in the minority, according to the study.

'Working life is now very individual-oriented, which means that the team may be forgotten altogether. That has an impact on the viability of organisations for the long haul,' Nordback continues. Team leaders should make sure that team members are communicating and making informed compromises with each other so that individual and team wellbeing both receive enough attention.

Along with Nordback and Nurmi, the research team also included Jennifer Gibbs (University of California), Maggie Boyraz (California State University), and Minna Logemann (City University of New York). 'Relationships between people are one of our strongest motivators. We're long-standing friends and meet as a research fivesome at a conference once a year. When we did research together, we always focused on the welfare issues first. It's always worth taking the time to reflect,' Nurmi says.
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New traffic signal would improve travel time for both pedestrians and vehicles | ScienceDaily
Adding a fourth light to traffic signals -- in addition to red, green and yellow -- would shorten wait times at street corners for pedestrians, as well as improve traffic flow for both autonomous vehicles and human drivers. And the more autonomous vehicles there are in the traffic network, the shorter the wait times for everyone.


						
"Our earlier work introduced the idea of a fourth traffic signal called a 'white phase,' which taps into the computing power of autonomous vehicles (AVs) in order to expedite traffic at intersections -- but we had not yet incorporated what this concept would mean for pedestrians," says Ali Hajbabaie, corresponding author of the paper and an associate professor of civil, construction and environmental engineering at North Carolina State University. "We've now expanded our computational modeling to account for foot traffic, and the results are extremely promising for both pedestrians and vehicles."

The white phase concept makes use of AVs' ability to communicate wirelessly with both each other and the computers that control the traffic signals. When enough AVs are approaching the intersection, this would activate a new traffic light -- the white light. While red lights mean stop, and green lights mean go, white lights tell human drivers to simply follow the car in front of them. In short, the white light is a signal that AVs are coordinating their movement to facilitate traffic through the intersection more efficiently.

"Our previous research found that the more AVs there are on the road, the more efficiently the traffic moves," Hajbabaie says. "To be clear, this improves travel time, fuel efficiency and safety for all of the cars on the road -- not just AVs."

To account for pedestrian traffic, the researchers incorporated a suite of new parameters into the optimization model that assessed the impact foot traffic would have on all traffic through an intersection.

"We found that, when pedestrians are added into the mix, the white phase concept still improves traffic efficiency for everyone," Hajbabaie says. "And, again, the higher the percentage of traffic that is made up of AVs, the more efficiently traffic moves through intersections.

"If at some point in the future we see almost universal adoption of AVs, our models suggest that delays at intersections would decrease by more than 25%. More realistically, we will eventually see a lower percentage of wirelessly connected AVs on the road, but there would still be meaningful improvements in traffic time."

The researchers know that governments will not be adopting these new traffic technologies in the immediate future, but are already taking steps to ensure that future pilot projects will be safe and effective.

"We are currently setting up a physical testbed that will allow us to experiment with this concept in the physical world -- not just in a computer model," Hajbabaie says. "However, the vehicles we are using in the testbed are small enough to hold in your hands. This will help us identify challenges in implementation without the expense -- and safety risk -- involved with using full-scale vehicles. In the meantime, we are open to working with industry and research partners to explore ways to move forward with these technologies."
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Climate policies to reduce motor vehicle emissions can improve children's health, save money | ScienceDaily

The findings by researchers at Columbia University Mailman School of Public Health with collaborators at the University of California, Los Angeles, the University of North Carolina at Chapel Hill, and the Boston University School of Public Health appear in the journal Environmental Research Letters.

The researchers modeled the benefits of implementing multiple scenarios of the proposed climate policy framework known as the Transportation and Climate Initiative (TCI) in 12 Northeast and Mid-Atlantic states and the District of Columbia. Under the most stringent cap on CO2 emissions and the investment scenario that devoted the most resources to mass transportation, they estimated a total of over 58,000 avoided cases of infant mortality, preterm birth, low birth weight, autism spectrum disorder, new cases of asthma, worsened asthma symptoms, and other respiratory illnesses. The related economic savings were $82 million annually. Assessment of the distribution of avoided cases of worsened asthma symptoms indicated that children in all racial and ethnic groups benefited, with somewhat greater health benefits in non-white populations.

Under TCI, fuel suppliers would be required to purchase carbon emissions allowances, the proceeds of which would go towards clean transportation programs. While this program was not implemented, it serves as a useful model for other climate mitigation policies. Specifically, researchers modeled changes in ambient fine particulate matter (PM2.5) and nitrogen dioxide between 2022 and 2032 associated with on-road transportation sector emissions under nine hypothetical CO2 emissions cap and investment scenarios proposed under TCI. They estimated potential health co-benefits for adverse birth, pediatric respiratory, and neurodevelopmental outcomes using BenMAPR, a health impact assessment platform that builds from the EPA's Environmental Benefits Mapping and Analysis Program.

"Health benefits assessments often overlook children's health outcomes. Yet we know that early exposure to air pollutants has multiple detrimental effects on children's health and well-being; and these are preventable," says co-author Frederica Perera, PhD, DrPH, professor of environmental health sciences and director of translational research at the Columbia Center for Children's Environmental Health at Columbia Mailman.

Researchers also note the importance of strategic decarbonization efforts as the climate crisis escalates. "Ambitious carbon caps and policies that focus on vulnerable groups, including children, can both improve health outcomes and help mitigate the impacts of climate change," says first author Alique G. Berberian, MPH '19, PhD student and graduate student researcher at the University of California, Los Angeles,

The researchers also note the importance of including health and environmental justice in climate policies. "Climate policies can have major effects not just on climate, but also on health and environmental justice. Our research shows the importance of including these other benefits of policies when evaluating climate policies," said senior author Jonathan Buonocore, ScD, assistant professor of Environmental Health at Boston University School of Public Health.

Additional study authors include Kaitlyn E. Coomes at Columbia Mailman School of Public Health, Saravanan Arunachalam and Calvin Arter at the University of North Carolina at Chapel Hill; and Jonathan I. Levy, and Laura Buckley at the Boston University School of Public Health.

The study was supported by the John Merck Fund, the John and Wendy Neu Foundation, the New York Community Trust, the Barr Foundation, and the Energy Foundation.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/03/240312133805.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Delta-8-THC use reported by 11% of 12th graders in 2023 | ScienceDaily
Approximately 11% of 12th-grade students across the United States reported past-year use of delta-8- tetrahydrocannabinol (delta-8-THC, or delta-8 for short), according to an analysis of data from the 2023 Monitoring the Future survey, which is funded by the National Institutes of Health. Delta-8 is a psychoactive substance that is typically derived from hemp, a variety of the Cannabis sativa plant. Delta-8 has intoxicating effects similar to delta-9-THC (delta-9), the primary THC component responsible for the "high" people may experience from using cannabis.


						
The researchers measured delta-8 use for the first time in 2023 to investigate the drug's popularity among teens as more hemp-derived THC products enter the market and become more accessible. Studies show an association between cannabis use and negative health impacts for teens, underlining the importance of monitoring use of delta-8 and other cannabis products among younger people.

Among those who reported delta-8 use, close to 91% also reported marijuana use, contributing to the approximately 30% of 12th graders overall who reported past-year marijuana use. The survey also showed delta-8 use was more common in the South and Midwest regions and in states without cannabis legalization or delta-8 regulations. In contrast, levels of marijuana use did not differ by state-level cannabis policies. The findings were published as a brief report in JAMA. The Monitoring the Future survey is conducted by researchers at the University of Michigan, Ann Arbor, and funded by the National Institute on Drug Abuse (NIDA), part of NIH.

"11% is a lot of people -- that's at least one or two students in every average-sized high school class who may be using delta-8. We don't know enough about these drugs, but we see that they are already extremely accessible to teens," said Nora Volkow, M.D., NIDA director. "Cannabis use in general has been associated with negative impacts on the adolescent brain, so we must pay attention to the kinds of cannabis products teens are using, educate young people about potential risks, and ensure that treatment for cannabis use disorder and adequate mental health care is provided to those who need it."

Delta-8 is one of over 100 cannabinoids in the Cannabis sativa plant. There is no federal minimum age requirement to purchase delta-8 products, which may be sold online or in gas stations and convenience stores. In 2022, the U.S. Food and Drug Administration issued a consumer update warning of the serious health risks associated with use of delta-8 THC, including reports of adverse events involving use of delta-8 products and risks of exposure to toxic byproducts.

Numerous studies have found that adolescent cannabis use is associated with adverse effects on learning, memory, and attention; changes in brain development; and the development of cannabis use disorder and other psychiatric disorders, such as depression, psychosis and suicidality. There are no existing medications to treat cannabis use disorder, and current treatments are primarily through psychosocial interventions, such as cognitive behavioral therapy. More research is needed to understand how delta-8, specifically, impacts these and other health outcomes.

This analysis of Monitoring the Future survey results also found that approximately 14% of 12th graders in the South and 15% in the Midwest reported delta-8 use, compared to 10% in the Northeast and 5% in the West. Around 14% of those in states without cannabis legalization reported delta-8 use, compared to 8% in states with legalization. In states without existing delta-8 regulations, 14% reported use compared to 6% in states with delta-8 legislation.




"Delta-8 products are out there where teens can easily find and buy them, and there needs to be continued surveillance of its use, as well as public health efforts to help youth and parents stay informed and safe," said Alyssa Harlow, Ph.D., MPH, clinical assistant professor of population and public health sciences at the University of Southern California (USC), a member of the USC Institute for Addiction Science and lead author of the study.

"The national trends documented by the Monitoring the Future survey provide critical information for research and policy to keep pace with new developments in the market for cannabis products, which has seen considerable change in recent years," said Richard A. Miech, Ph.D., team lead of the Monitoring the Future study at the University of Michigan and co-author of the study.

Because the survey is taken in school settings, students who were absent, not enrolled, or with less engagement in school -- a known risk factor for drug use -- may have been less likely to participate in the survey, the investigators note. This exclusion may have potentially led to an underestimation of adolescent use of delta-8. Future work will need to assess delta-8 use in younger teens; include a larger survey sample across a wider range of states; and examine the use of other hemp-derived products, including delta-9 and delta-10.Top of Form

The Monitoring the Future survey is given annually to students in classrooms in eighth, 10th, and 12th grades who self-report their substance use behaviors over various time periods, such as past 30 days, past 12 months, and lifetime. In 2023, the survey included questions on delta-8 for the first time, and they were administered to a randomly selected one-third of 12th grade students, resulting in 2,186 12th graders in 27 states. Given the prevalence of use found in the 2023 survey, questions on delta-8 have been added to future surveys for all age groups.
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India's water problems set to get worse as the world warms | ScienceDaily
Winter storms that provide crucial snow and rainfall to northern India are arriving significantly later in the year compared to 70 years ago, a new study has found, exacerbating the risk of catastrophic flooding while also reducing vital water supplies for millions of Indians.


						
The cyclonic storms, known as western disturbances, typically bring heavy snow to the Himalayas from December to March. This snowpack slowly melts in spring, providing a steady supply of irrigation water for wheat and other crops downstream.

The study, published today (Tuesday, 12 March 2024), in the journal Weather and Climate Dynamics, reveals western disturbances are occurring more often during India's summer. Over the past 70 years, the storms have increased in frequency by 60% from April to July, reducing snowfall and increasing the risk of heavy flooding.

Author Dr Kieran Hunt, of the University of Reading, said: "Strong storms are now twice as likely to occur in the north of India in June compared to 70 years ago. With warmer and moister air at this time of year, these late storms are dumping heavy rainfall instead of snow. This raises the risk of deadly flooding like we saw in Uttarakhand in 2013 and around Delhi in 2023.

"Some areas of Kashmir saw no snow at all in December or January. This is a serious concern for the 750 million people in the Indus and upper Ganges basins who rely on these winter snows for water supplies.

"The loss of winter snow and the increasing late-season storms that heighten flood risks is a one-two suckerpunch that underscores the urgent need to respond to the far-reaching impacts of climate change in this sensitive region."

Warming the Tibetan Plateau

The research team attributes this seasonal shift to changes in the subtropical jet stream, a high-altitude air current that steers western disturbances. The rapid warming of the Tibetan Plateau -- which is a long stretch of level high ground at the intersection of Central, South, and East Asia -- is creating a larger temperature contrast with surrounding areas, fueling a stronger jet stream that powers more frequent and intense storms.

At the same time, global warming is weakening the temperature difference between the equator and poles that normally draws the jet stream northward in summer. As a result, the jet stream is increasingly lingering at southerly latitudes later into spring and summer, allowing more storms to strike North India after the winter snow season.

Arriving in the pre-monsoon heat, these increasingly frequent late-season storms unleash heavy rainfall instead of snow, raising risks of devastating flooding. Meanwhile, winter snowfall is declining as the region warms, threatening spring water supplies.
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Going top shelf with AI to better track hockey data | ScienceDaily
Researchers from the University of Waterloo got a valuable assist from artificial intelligence (AI) tools to help capture and analyze data from professional hockey games faster and more accurately than ever before, with big implications for the business of sports.


						
The growing field of hockey analytics currently relies on the manual analysis of video footage from games. Professional hockey teams across the sport, notably in the National Hockey League (NHL), make important decisions regarding players' careers based on that information.

"The goal of our research is to interpret a hockey game through video more effectively and efficiently than a human," said Dr. David Clausi, a professor in Waterloo's Department of Systems Design Engineering. "One person cannot possibly document everything happening in a game."

Hockey players move fast in a non-linear fashion, dynamically skating across the ice in short shifts. Apart from numbers and last names on jerseys that are not always visible to the camera, uniforms aren't a robust tool to identify players -- particularly at the fast-paced speed hockey is known for. This makes manually tracking and analyzing each player during a game very difficult and prone to human error.

The AI tool developed by Clausi, Dr. John Zelek, a professor in Waterloo's Department of Systems Design Engineering, research assistant professor Yuhao Chen, and a team of graduate students use deep learning techniques to automate and improve player tracking analysis.

The research was undertaken in partnership with Stathletes, an Ontario-based professional hockey performance data and analytics company. Working through NHL broadcast video clips frame-by-frame, the research team manually annotated the teams, the players and the players' movements across the ice. They ran this data through a deep learning neural network to teach the system how to watch a game, compile information and produce accurate analyses and predictions.

When tested, the system's algorithms delivered high rates of accuracy. It scored 94.5 per cent for tracking players correctly, 97 per cent for identifying teams and 83 per cent for identifying individual players.

The research team is working to refine their prototype, but Stathletes is already using the system to annotate video footage of hockey games. The potential for commercialization goes beyond hockey. By retraining the system's components, it can be applied to other team sports such as soccer or field hockey.

"Our system can generate data for multiple purposes," Zelek said. "Coaches can use it to craft winning game strategies, team scouts can hunt for players, and statisticians can identify ways to give teams an extra edge on the rink or field. It really has the potential to transform the business of sport."
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Happiness can be learnt, but you have to work at it | ScienceDaily
We can learn to be happy, but only get lasting benefits if we keep practising, a first-of-its-kind study has revealed.


						
The team behind the University of Bristol's 'Science of Happiness' course had already discovered that teaching students the latest scientific studies on happiness created a marked improvement in their wellbeing.

But their latest study found that these wellbeing boosts are short-lived unless the evidence-informed habits learnt on the course -- such as gratitude, exercise, meditation or journaling -- are kept up over the long-term.

Senior author Prof Bruce Hood said: "It's like going to the gym -- we can't expect to do one class and be fit forever. Just as with physical health, we have to continuously work on our mental health, otherwise the improvements are temporary."

Launched in 2018, the University of Bristol's Science of Happiness course was the first of its kind in the UK. It involves no exams or coursework, and teaches students what the latest peer-reviewed studies in psychology and neuroscience say really makes us happy.

Students who took the course reported a 10 to 15% improvement in wellbeing. But only those who continued implementing the course learnings maintained that improved wellbeing when they were surveyed again two years on.

Published in the journal Higher Education, is the first to track wellbeing of students on a happiness course long after they have left the course.




Prof Hood said: "This study shows that just doing a course -- be that at the gym, a meditation retreat or on an evidence-based happiness course like ours -- is just the start: you must commit to using what you learn on a regular basis.

"Much of what we teach revolves around positive psychology interventions that divert your attention away from yourself, by helping others, being with friends, gratitude or meditating.

"This is the opposite of the current 'selfcare' doctrine, but countless studies have shown that getting out of our own heads helps gets us away from negative ruminations which can be the basis of so many mental health problems."

Prof Hood has distilled the Science of Happiness course into a new book, out on March 10. 'The Science of Happiness: Seven Lessons for Living Well' reveals an evidence-informed roadmap to better wellbeing.

The other paper authors are fellow University of Bristol academics Catherine Hobbs and Sarah Jelbert, and Laurie R Santos, a Yale academic whose course inspired Bristol's Science of Happiness course.
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No, an anti-racist program in schools didn't stress out kids, study finds | ScienceDaily
A new study of how high school students respond to a program designed to increase the frequency and quality of conversations about race in school finds that the anti-racist intervention did not cause stress or feelings of alienation among study participants. The finding rebuts concerns that anti-racist programs are harmful to children and teens.


						
The study could serve as a blueprint for assessing anti-racist interventions.

"Young people are aware of racial injustice and related social issues, and schools are interested in helping students understand racial justice and develop the tools they need to discuss these issues in a meaningful way," says Kelly Lynn Mulvey, co-author of a paper on the work and an associate professor of psychology at North Carolina State University.

"There are multiple programs that aim to help schools accomplish these goals," Mulvey says. "In this study, we wanted to determine how effective one such program was. Did it help students understand racial justice issues? Did it make them more comfortable talking about these issues? Were there any unintended effects on the students?"

For the study, researchers from NC State, Duke University and Dickinson College worked in partnership with a public high school to assess the impact of a classroom intervention aimed at helping students understand and discuss issues related to racism. The intervention was conducted for 45 minutes once a week for 10 weeks. Specifically, the researchers did an assessment of 227 students before the intervention and three months after the intervention, aimed at capturing how engaged students were, how students related with staff, the extent to which students felt that they belonged in the school community, student stress, and the extent to which students perceived social inequality.

In addition, 67 of the study participants also completed daily surveys for three weeks during the intervention. These surveys were designed to capture daily fluctuations in each student's stress levels and feelings of belonging.

"One of the key findings was that 60% of study participants reported being highly engaged with the intervention, and another 20% were passively/somewhat engaged," says Jackie Cerda-Smith, first author of the paper and a Ph.D. student at NC State.




"Students in our study were actively interested in learning about and discussing issues related to racism," says Mulvey. "And the highly engaged group demonstrated significant growth in their awareness of social inequality after the intervention.

"We also found that there was no increase in stress -- or decrease in feelings of belonging -- on days when students were involved in the anti-racism intervention," Mulvey says. "That was true for all 67 participants who did daily surveys, regardless of how engaged they were in the intervention."

"A lot of the opposition to addressing racism in schools hinges on the idea that anti-racist programming is somehow harmful or stressful for students," says Cerda-Smith. "Our study finds that, at least with this program in this school, students are actually benefiting from these programs. What's more, there is no evidence that the intervention is stressful or has an adverse impact on students' feelings of belonging in their school community.

"Based on what we learned here, and on our interactions with the educators at this school, this study also underscores the value of partnerships between educators and the research community," Cerda-Smith says. "We were able to capture real-world data on how students are responding to anti-racist interventions, which expands our understanding of this subject and gives teachers insights into their students. Hopefully, this will encourage more researchers and educators to pursue partnerships like this one.

"This study was particularly valuable for teachers at our partner school, because it took place during the pandemic when classes were being conducted online," Cerda-Smith says. "Normal social cues that would help teachers determine how students were responding weren't available, but our assessment gave them insights into students' experiences with the intervention."

"Another exciting component of this study was that we were able to capture student experiences in a variety of ways," says Mulvey. "Many studies rely solely on pre-intervention and post-intervention testing to see what has changed. By having a subset of study participants provide data on a daily basis, we were able to better understand the effects of the intervention in real time. Further, we were able to capture student engagement with the intervention and see how that engagement related to outcomes. Previous work on this subject didn't capture the role that engagement plays.

"This approach could serve as a model for future work aimed at broadening our understanding of anti-racist interventions, or other interventions in schools -- such as interventions that focus on mental health or academic skills," says Mulvey.

The paper, "A Novel Approach for Evaluating a Schoolwide Antiracist Curriculum Intervention," is published open access in the journal AERA Open. The paper was co-authored by Paula Yust, an assistant professor of psychology at Dickinson College; Molly Weeks, director of research in Duke University's Office of Undergraduate Education; and Steven Asher, a professor of psychology and neuroscience at Duke University.

The research was supported by a grant from the American Educational Research Association.
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'Study drugs' set the stage for other drug use and mental health decline | ScienceDaily
Taking "study drugs" like Adderall without a diagnosis is not only dangerous in itself, but can lead to other drug use and a decline in mental health, according to new research from Binghamton University, State University of New York.


						
Attention Deficit Hyperactivity Disorder (ADHD) medications are frequently used illicitly by college students as a study aid, but it's unknown what psychoactive substances are likely to be abused along with these drugs. To explore this issue, a team of Binghamton researchers led by Associate Professor of Health and Wellness Studies Lina Begdache, conducted a study of 702 undergraduate college students from across the U.S., asking about the most commonly used drugs used by students -- including ADHD medications, cannabis, nicotine, alcohol, MDMA, and ecstasy -- as well as questions on academic performance and physical and mental distress.

The researchers found several associations indicating that using one substance may lead to using others -- as if the brain becomes primed for further substance use.

"Substance use promotes the release of the neurotransmitter dopamine, which is responsible for the initial euphoria and feelings of pleasure. These sensations act as a positive reinforcement for further substance use," said Begdache. "The continuous activation of the limbic system through drug use leads to dependence, in a sense that this substance is no longer producing pleasurable feelings. Individuals have to either increase the dose or resort to something more potent."

The researchers found that using one substance was associated with generally poorer mental health and lower resilience to stress. Also, low frequency of use was negatively associated with mental distress, which potentially becomes a positive reinforcement for further use.

"Since the human brain continues developing into a person's mid/late 20s, substance use during young adulthood may have a strong negative impact on the quality of brain maturity and cognitive function," said Begdache. "Additionally, those individuals are likely to continue using substances later in life, which means they are at risk of mental health decline as well. Our findings also indicated that substance use is linked to lower resilience to adversity. So we can speculate that the rise in mental health ailments may be mediated by a lower resilience to adversity, which impacts mood."

Begdache said that these findings are important because many students may use study drugs not knowing their detrimental effects on the brain.




"Since these are prescribed medications to promote focus in individuals who actually have ADHD, students may think that they are safe to use and that the drug may give them an academic edge," she said.

Begdache leads the Binghamton Student Managed Adderall Research Team (B-SMART), which investigates the harmful effects of Adderall abuse on college students and is conducting further studies. She believes that college campuses need to take a stranger stance on educating their students about the dangers of drug use on the developing brain.

"The repeated feedback we receive from students is that they wish they knew this information earlier. Lack of education and peer pressure are the main drivers," said Begdache. "College campuses are struggling to deal with the mental health decline of their students. A preventative approach is more cost-effective and may likely improve the quality of life of their students in the future."

The paper, "Association between ADHD Medication, Cannabis, and Nicotine Use, Mental Distress, and Other Psychoactive Substances," was published in the International Journal of Psychological and Behavioral Sciences.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/03/240311145741.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Higher bacterial counts detected in single-serving milks, researchers report | ScienceDaily
Cornell University scientists have detected higher bacterial counts in commercial, paperboard single-serving containers two weeks after processing than milk packaged in larger containers from the same facilities.


						
"These small paperboard milk containers are typically served in schools," said senior author Nicole Martin, assistant research professor in dairy foods microbiology. "Since children are important milk consumers, we wanted to take a deeper dive into finding out what was going on."

The scientists believe carton-filling machinery likely contributed to those higher counts in the post-pasteurization process. The research published in the Journal of Dairy Science.

Transportation and milk delivery routines to schools have changed in recent years, said Martin Wiedmann, professor of food science. Rural schools in New York once received fresh milk deliveries every two or three days, but now schools may receive deliveries once a week or less.

"Milk is a perishable product, and it is minimally processed, but it does have a shelf life and consumers expect that," Martin said. "The imbalance of the shelf life between the larger containers and the smaller ones intrigued us."

The researchers recruited four commercial milk processing facilities to collect data on single-serving carton samples of skim, white 1%, chocolate and chocolate 1% milk.

Over two initial sampling visits to four processors, the scientists found higher bacterial counts after seven and 14 days of storage, as well as slightly lower sensory scores (how the milk tasted) compared to high-quality samples.




For the first sampling visit, the Cornell scientists found no gram-negative spoilage (indicating bacterial presence) in any of the facilities' freshly processed milk. By day 7, one facility saw gram-negative spoilage at 30%, which grew to 41% by day 14. The remaining three facilities saw single-digit gram-negative spoilage scores (3%, 8% and 6%) on day 7, rising to 19%, 23% and 14% by day 14.

The scientists followed up in the commercial facilities and learned that the carton-forming mandrels -- those machinery parts that open the small, flat-lying, single-serving carton in the filling process -- needed more attention and cleaning. Wiedmann acknowledged that due to its intricacy, the dairy processing equipment for single-serving paperboard cartons is tricky to clean.

"These are complex pieces of equipment," he said. Members of his program helped to perform cleaning and sanitation at the commercial facilities to ensure consistency and to develop standard protocols.

"In the long term," Wiedmann said, "our program can help improve the design of this equipment and perhaps make it easier to clean."

This project was funded by the New York Dairy Promotion Order.
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Natural history specimens have never been so accessible | ScienceDaily
With the help of 16 grants from the National Science Foundation, researchers have painstakingly taken computed topography (CT) scans of more than 13,000 individual specimens to create 3D images of more than half of all the world's animal groups, including mammals, fishes, amphibians and reptiles.


						
The research team, made of members from The University of Texas at Arlington and 25 other institutions, are now a quarter of the way through inputting nearly 30,000 media files to the open-source repository MorphoSource. This will allow researchers and scholars to share findings and improve access to material critical for scientific discovery.

"Thanks to this exciting openVertebrate project, also called oVert, anyone -- scientists, researchers, students, teachers, artists -- can now look online to research the anatomy of just about any animal imaginable without leaving home," said Gregory Pandelis, collections manager of UT Arlington's Amphibian and Reptile Diversity Research Center. "This will help reduce wear and tear on many rare specimens while increasing access to them at the same time."

A summary of the project has just been published in the peer-reviewed journal BioScience reviewing the specimens that have been scanned to date and offering a glimpse of how the data might be used in the future.

For example, one research team has used the data to conclude that Spinosaurus, a massive dinosaur that was larger than Tyrannosaurus rex and thought to be aquatic, would have actually been a poor swimmer, and thus likely stayed on land. Another study revealed that frogs have evolved to gain and lose the ability to grow teeth more than any other animal.

The value of oVert extends beyond scientific inquiry. Artists are using the 3D models to create realistic animal replicas. Photographs of oVert specimens have been displayed as part of museum exhibits. In addition, specimens have been incorporated into virtual reality headsets that allow users to interact with the animals.

Educators also are able to use oVert models in their classrooms. From the outset of the project, the research team placed a strong emphasis on K-12 outreach, organizing workshops where teachers could learn how to use the data in their classrooms.

"As a kid who loved all things science- and nature-related and had a particular interest in skeletal anatomy, I would go through great pains to collect, preserve and study skulls and other specimens for my childhood natural history collection, the start of my scientific inspiration," Pandelis said. "Realizing that you could study these things digitally with just a few clicks on a computer was eye-opening for me, and it opened up the path to my current research using CT scans of snake specimens to study their skull evolution. Now, this wealth of data has been opened and made publicly accessible to anyone who has a professional, recreational or educational interest in anatomy and morphology. Natural history specimens have never been so accessible and impactful."

In the next phase of the research project, the team will be creating sophisticated tools to analyze the data collected. Since researchers have never had digital access to so many 3D natural history specimens before, it will take further developments in machine learning and supercomputing to use them to their full potential.
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Small class sizes not better for pupils' grades or resilience, says study | ScienceDaily
Smaller class sizes in schools are failing to increase the resilience of children from low-income families, according to a study published in the peer-reviewed International Journal of Science Education.


						
Data on more than 2,700 disadvantaged secondary (high) school students shows that minimizing pupil numbers in classrooms does not lead to better grades. Reducing class sizes could even decrease the odds of children achieving the best results, say the study authors.

The quantity of teachers also does not increase the odds of pupils from the poorest backgrounds achieving academically, despite concerns over staff shortages in schools.

Instead, the researchers say that resilience is guaranteed by the quality of teachers such as those with high discipline standards and who use their expertise to improve learning.

The study authors, who looked at data from China and Japan, are now urging policymakers to invest more in high-quality teachers and not to waste resources on cutting down the number of children in each class.

"This study supports the view that the quality of teachers, rather than the quantity, is the primary guarantee of students' resilience," says lead author Professor Tao Jiang, of Taizhou University whose research team also included experts from his institution and other China-based universities Northwest Normal, and Southwest.

"Quality teachers who effectively used teaching methods and managed classroom discipline increased the odds that individuals became resilient students.




"On the other hand, emphasizing the reduction of class sizes in schools may not benefit resilience. Smaller classes either had no relevance to resilience or were disadvantageous for resilience.

"Excessive emphasis on reducing class sizes is unnecessary, as it is detrimental to the emergence of students with high levels of resilience. Instead of allocating financial resources to reduce class sizes, it would be more effective to invest in providing high-quality science teachers."

Academic resilience is defined as an individual's ability to resist adversity and do well in school. It's not fixed, and therefore can be improved, and is linked to what happens in schools and classrooms.

The authors of this study set out to identify the qualities and characteristics of 1,594 disadvantaged science students in Japan and 1,114 in the Macau region of China. Ages ranged from 15 to 16 years approximately and class size from 15 pupils (or fewer) to more than 50.

The participants were grouped into low, medium, or high-level resilience. The researchers looked at what classroom factors, school resources and school culture increased the odds of being in the high-level group.

All students in the study had participated in the 2015 Programme of International Student Assessment (PISA), an international questionnaire-based survey. PISA measures a pupil's ability to use their reading, mathematics, and science knowledge.




Teacher discipline and support levels were among the many issues assessed by PISA. Pupils were also scored on motivation and how anxious they became during exams.

Results showed overall that a third of students displayed high-level resilience, a quarter low, and the rest medium.

High-resilience students were very positive towards school, science, and their future careers. They also dedicated more time to learning science than others but did experience anxiety about exams.

Science teachers and their teaching methods 'play a crucial role' in building students' resilience, according to the authors. The findings show that these students benefited from classroom discipline, teacher-directed instruction, inquiry-based teaching, and teacher support.

In Japan, the most robust predictor of high-level resilience was inquiry-based teaching, while in Macau, it was teacher-directed instruction.

As for the impact of class size, smaller classes either had no impact on resilience such as in Macau or had a negative effect as in Japan. Conversely, an increase in class size by just one rank raised the odds of disadvantaged pupils in Japan attaining the best rather than the lowest grades by 1.2 times.

Other findings from the study show that misbehavior in the classroom or school in general undermines resilience.

The messages from the study for teachers include the need to guide pupils to conform to rules, to maintain discipline and prepare lessons in line with the needs of students.

The study did not analyze changes in how classrooms are managed now compared with before the pandemic. On this basis, the authors suggest further studies are needed on how COVID-19 has affected teaching in the context of student resilience.
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Lack of focus doesn't equal lack of intelligence -- it's proof of an intricate brain | ScienceDaily
Imagine a busy restaurant: dishes clattering, music playing, people talking loudly over one another. It's a wonder that anyone in that kind of environment can focus enough to have a conversation. A new study by researchers at Brown University's Carney Institute for Brain Science provides some of the most detailed insights yet into the brain mechanisms that help people pay attention amid such distraction, as well as what's happening when they can't focus.


						
In an earlier psychology study, the researchers established that people can separately control how much they focus (by enhancing relevant information) and how much they filter (by tuning out distraction). The team's new research, published in Nature Human Behaviour, unveils the process by which the brain coordinates these two critical functions.

Lead author and neuroscientist Harrison Ritz likened the process to how humans coordinate muscle activity to perform complex physical tasks.

"In the same way that we bring together more than 50 muscles to perform a physical task like using chopsticks, our study found that we can coordinate multiple different forms of attention in order to perform acts of mental dexterity," said Ritz, who conducted the study while a Ph.D. student at Brown.

The findings provide insight into how people use their powers of attention as well as what makes attention fail, said co-author Amitai Shenhav, an associate professor in Brown's Department of Cognitive, Linguistic and Psychological Sciences.

"These findings can help us to understand how we as humans are able to exhibit such tremendous cognitive flexibility -- to pay attention to what we want, when we want to," Shenhav said. "They can also help us better understand limitations on that flexibility, and how limitations might manifest in certain attention-related disorders such as ADHD."

The focus-and-filter test

To conduct the study, Ritz administered a cognitive task to participants while measuring their brain activity in an fMRI machine. Participants saw a swirling mass of green and purple dots moving left and right, like a swarm of fireflies. The tasks, which varied in difficulty, involved distinguishing between the movement and colors of the dots. For example, participants in one exercise were instructed to select which color was in the majority for the rapidly moving dots when the ratio of purple to green was almost 50/50.




Ritz and Shenhav then analyzed participants' brain activity in response to the tasks.

Ritz, who is now a postdoctoral fellow at the Princeton Neuroscience Institute, explained how the two brain regions work together during these types of tasks.

"You can think about the intraparietal sulcus as having two knobs on a radio dial: one that adjusts focusing and one that adjusts filtering," Ritz said. "In our study, the anterior cingulate cortex tracks what's going on with the dots. When the anterior cingulate cortex recognizes that, for instance, motion is making the task more difficult, it directs the intraparietal sulcus to adjust the filtering knob in order to reduce the sensitivity to motion.

"In the scenario where the purple and green dots are almost at 50/50, it might also direct the intraparietal sulcus to adjust the focusing knob in order to increase the sensitivity to color. Now the relevant brain regions are less sensitive to motion and more sensitive to the appropriate color, so the participant is better able to make the correct selection."

Ritz's description highlights the importance of mental coordination over mental capacity, revealing an often-expressed idea to be a misconception.

"When people talk about the limitations of the mind, they often put it in terms of, 'humans just don't have the mental capacity' or 'humans lack computing power,'" Ritz said. "These findings support a different perspective on why we're not focused all the time. It's not that our brains are too simple, but instead that our brains are really complicated, and it's the coordination that's hard."

Ongoing research projects are building on these study findings. A partnership with physician-scientists at Brown University and Baylor College of Medicine is investigating focus-and-filter strategies in patients with treatment-resistant depression. Researchers in Shenhav's lab are looking at the way motivation drives attention; one study co-led by Ritz and Brown Ph.D. student Xiamin Leng examines the impact of financial rewards and penalties on focus-and-filter strategies.

The study was funded by the National Institutes of Health (R01MH124849, S10OD02518), the National Science Foundation (2046111) and by a postdoctoral fellowship from the C.V. Starr Foundation.
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Loss of nature costs more than previously estimated | ScienceDaily
Researchers propose that governments apply a new method for calculating the benefits that arise from conserving biodiversity and nature for future generations.


						
The method can be used by governments in cost-benefit analyses for public infrastructure projects, in which the loss of animal and plant species and 'ecosystem services' -- such as filtering air or water, pollinating crops or the recreational value of a space -- are converted into a current monetary value.

This process is designed to make biodiversity loss and the benefits of nature conservation more visible in political decision-making.

However, the international research team says current methods for calculating the values of ecosystem services "fall short" and have devised a new approach, which they believe could easily be deployed in Treasury analysis underpinning future Budget statements.

Their approach, published in the journal Science, takes into consideration the increase in monetary value of nature over time as human income increases, as well as the likely deterioration in biodiversity, making it more of a scarce resource.

This contrasts with current methods, which do not consider how the value of ecosystem services changes over time.

"Our study provides governments with a formula to estimate the future values of scarce ecosystem services that can be used in decision-making processes," said Moritz Drupp, Professor of Sustainability Economics at the University of Hamburg and lead author on this study.




Two factors play a key role in this value adjustment: on the one hand, income will rise and with it the prosperity of the world's population -- by an estimated two percent per year after adjusting for inflation.

As incomes go up, people are willing to pay more to conserve nature.

"On the other hand, the services provided by ecosystems will become more valuable the scarcer they become," said Professor Drupp. "The fact that scarce goods become more expensive is a fundamental principle in economics, and it also applies here. And in view of current developments, unfortunately, we must expect the loss of biodiversity to continue."

According to the researchers, the present value of ecosystem services must therefore be set much higher in today's cost-benefit analyses, to more than 130 percent if just including the rise of income.

If also taking into account the impact on Red List Index endangered species, the value adjustment would amount to more than 180 percent.

Accounting for these effects will increase the likelihood of projects that conserve ecosystem services passing a cost-benefit test.




The research team includes three UK-based authors: Professor Mark Freeman (University of York), Dr. Frank Venmans (LSE), and Professor Ben Groom (University of Exeter).

"The monetary values for the environment that are currently used by policy makers in the appraisal of public investments and regulatory change mean that nature becomes relatively less valuable over time compared to other goods and services," said Professor Groom.

"Our work shows this is wrong. We propose an uplift in the values of ecosystems over time. This proposal could easily be deployed in the Treasury's analysis that will underpin future Budget statements."

Dr Venmans added: "Take coral reefs as a specific example. These are expected to decline in area and biodiversity as the climate changes, meaning that the remaining reefs will be much more valuable than today, and even more so as household incomes rise. This matters when we assess coral reef preservation with long-lasting effects."

Professor Freeman said: "The government is under considerable pressure from many sides for additional public investment. Ensuring that the protection of ecosystems is appraised in a way that is consistent with other public projects, including HS2 and other infrastructure spending, is critical. This is what our work aims to achieve."

The researchers say that as political decisions can alleviate the loss of biodiversity, it is important that governments are able to adequately assess the consequences of their decisions today and in the future.

Economist Professor Moritz Drupp has developed this research in collaboration with a team of international researchers from Germany, the UK, France, Denmark, the Netherlands, Norway, Sweden and the United States.

The team advises, among others, HM Treasury, the US White House, and the German Federal Environment Agency.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/03/240307165053.htm



	Previous
	Articles
	Sections
	Next





    
      
        
          	
            Society News
          
          	
            Sections
          
          	
        

      

      Strange &amp; Offbeat News

      Quirky stories from all of ScienceDaily's health, technology, environment, and society sections.


      
        It's hearty, it's meaty, it's mold
        Scientists are exploring how tuning the genomes of mushrooms and molds can transform these food sources into gourmet, nutrient-packed meals made with minimal processing and a light environmental footprint.

      

      
        What kinds of seismic signals did Swifties send at LA concert?
        Seattle may have experienced its own Swift Quake last July, but at an August 2023 concert Taylor Swift's fans in Los Angeles gave scientists a lot of shaking to ponder. After some debate, a research team concluded that it was likely the dancing and jumping motions of the audience at SoFi Stadium -- not the musical beats or reverberations of the sound system -- that generated the concert's distinct harmonic tremors.

      

      
        Robot ANYmal can do parkour and walk across rubble
        The quadrupedal robot ANYmal went back to school and has learned a lot. Researchers used machine learning to teach it new skills: the robot can now climb over obstacles and successfully negotiate pitfalls.

      

      
        Sonic youth: Healthy reef sounds increase coral settlement
        Healthy coral reefs have rich soundscapes, full of the croaks, purrs, and grunts of various fishes and the crackling of snapping shrimp. Larval coral uses these sounds as cues to identify the best places to settle and grow. The authors found that sound could potentially be a vital tool in the effort to restore coral reefs. Broadcasting the sounds of a healthy reef to a reef that is degraded encourages coral larvae to settle there. This indicates that it's possible that 'acoustic enrichment' can b...

      

      
        Milk to the rescue for diabetics? Cow produces human insulin in milk
        An unassuming brown bovine from the south of Brazil has made history as the first transgenic cow capable of producing human insulin in her milk. The advancement could herald a new era in insulin production, one day eliminating drug scarcity and high costs for people living with diabetes.

      

      
        Who knew that coprophagy was so vital for birds' survival?
        New research explains how eating feces (known as coprophagy) shapes wild birds' digestive tracts (gut biota), enabling them to absorb lost or deficient nutrients and adjust to seasonal variations in food sources.

      

      
        Batteries for airborne electric vehicles that take off and land vertically
        Researchers are taking cleaner transportation to the skies by creating and evaluating new batteries for airborne electric vehicles that take off and land vertically. Researchers are developing new energy-dense materials, learning how these materials degrade under extreme conditions, and developing battery control systems.

      

      
        The surprising effect of presence hallucinations on social perception
        Neuroscientists have devised a way to alter our social perception and monitor specific types of hallucinations, both in healthy individuals and patients with Parkinson's disease. The test, which is also available online, provides the medical community with a tool to monitor hallucination susceptibility.

      

      
        Scientists propose new theory that explains sand ripples on Mars and on Earth
        Sand ripples are symmetrical. Yet wind -- which causes them -- is very much not. Furthermore, sand ripples can be found on Mars and on Earth. They would be even more fascinating if the same effect found on Mars could be found here on Earth as well. What if one unified theory could explain their formation on both planets?

      

      
        Cheetahs' unrivalled speed explained by their 'sweet spot' size, finds Imperial study
        A new study has answered a long-held question about why medium-sized land animals like cheetahs tend to be fastest.

      

      
        Cicadas' unique urination unlocks new understanding of fluid dynamics
        While most small insects and mammals urinate in droplets, cicadas urinate in jets. Researchers say the finding could be used to create better robots and small nozzles.

      

      
        Peering into the tendrils of NGC 604 with NASA's Webb
        The formation of stars and the chaotic environments they inhabit is one of the most well-studied, but also mystery-shrouded, areas of cosmic investigation. The intricacies of these processes are now being unveiled like never before by NASA's James Webb Space Telescope.

      

      
        Nasa's Webb, Hubble telescopes affirm universe's expansion rate, puzzle persists
        When you are trying to solve one of the biggest conundrums in cosmology, you should triple check your homework. The puzzle, called the 'Hubble Tension,' is that the current rate of the expansion of the universe is faster than what astronomers expect it to be, based on the universe's initial conditions and our present understanding of the universe's evolution.

      

      
        AI-generated food images look tastier than real ones
        Researchers have announced an intriguing discovery -- consumers generally prefer AI-generated images of food over real food images, especially when they are unaware of their true nature.

      

      
        Researchers develop artificial building blocks of life
        For the first time, scientists have developed artificial nucleotides, the building blocks of DNA, with several additional properties in the laboratory.

      

      
        CSI in space: Analyzing bloodstain patterns in microgravity
        As more people seek to go where no man has gone before, researchers are exploring how forensic science can be adapted to extraterrestrial environments. A new study highlights the behavior of blood in microgravity and the unique challenges of bloodstain pattern analysis aboard spacecraft.

      

      
        Interstellar signal linked to aliens was actually just a truck
        Sound waves thought to be from a 2014 meteor fireball north of Papua New Guinea were almost certainly vibrations from a truck rumbling along a nearby road, new research shows. The findings raise doubts that materials pulled last year from the ocean are alien materials from that meteor, as was widely reported.
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It's hearty, it's meaty, it's mold | ScienceDaily
With animal-free dairy products and convincing vegetarian meat substitutes already on the market, it's easy to see how biotechnology can change the food industry. Advances in genetic engineering are allowing us to harness microorganisms to produce cruelty-free products that are healthy for consumers and healthier for the environment.


						
One of the most promising sources of innovative foods is fungi -- a diverse kingdom of organisms that naturally produce a huge range of tasty and nutritious proteins, fats, antioxidants, and flavor molecules. Chef-turned-bioengineer Vayu Hill-Maini, an affiliate in the Biosciences Area at Lawrence Berkeley National Laboratory (Berkeley Lab), is exploring the many possibilities for new flavors and textures that can be made from modifying the genes already present in fungi.

"I think it's a fundamental aspect of synthetic biology that we're benefiting from organisms that have evolved to be really good at certain things," said Hill-Maini, who is a postdoctoral researcher at UC Berkeley in the lab of bioengineering expert Jay Keasling. "What we're trying to do is to look at what is the fungus making and try to kind of unlock and enhance it. And I think that's an important angle that we don't need to introduce genes from wildly different species. We're investigating how we can stitch things together and unlock what's already there."

In their recent paper, publishing on March 14 in Nature Communications, Hill-Maini and colleagues at UC Berkeley, the Joint BioEnergy Institute, and the Novo Nordisk Foundation Center for Biosustainability studied a multicellular fungus called Aspergillus oryzae, also known as koji mold, that has been used in East Asia to ferment starches into sake, soy sauce, and miso for centuries. First, the team used CRISPR-Cas9 to develop a gene editing system that can make consistent and reproducible changes to the koji mold genome. Once they had established a toolkit of edits, they applied their system to make modifications that elevate the mold as a food source. First, Hill-Maini focused on boosting the mold's production of heme -- an iron-based molecule which is found in many lifeforms butis most abundant in animal tissue, giving meat its color and distinctive flavor. (A synthetically produced plant-derived heme is also what gives the Impossible Burger its meat-duping properties.) Next, the team punched up production of ergothioneine, an antioxidant only found in fungi that is associated with cardiovascular health benefits.

After these changes, the once-white fungi grew red. With minimal preparation -- removing excess water and grinding -- the harvested fungi could be shaped into a patty, then fried into a tempting-looking burger.

Hill-Maini's next objective is to make the fungi even more appealing by tuning the genes that control the mold's texture. "We think that there's a lot of room to explore texture by varying the fiber-like morphology of the cells. So, we might be able to program the structure of the lot fibers to be longer which would give a more meat-like experience. And then we can think about boosting lipid composition for mouth feel and further nutrition," said Hill-Maini, who was a Fellow of the Miller Institute for Basic Research in Science at UC Berkeley during the study. "I'm really excited about how can we further look at the fungus and, you know, tinker with its structure and metabolism for food."

Though this work is just the beginning of the journey to tap into fungal genomes to create new foods, it showcases the huge potential of these organisms to serve as easy-to-grow protein sources that avoid the complex ingredients lists of current meat substitutes and the cost barriers and technical difficulties hindering the launch of cultured meat. Additionally, the team's gene editing toolkit is huge leap forward for the field of synthetic biology as a whole. Currently, a great variety of biomanufactured goods are made by engineered bacteria and yeast, the single-celled cousins of mushrooms and mold. Yet despite humanity's long history of domesticating fungi to eat directly or to make staples like miso, multicellular fungi have not yet been harnessed as engineered cellular factories to the same extent because their genomes are far more complex, and have adaptations that make gene editing a challenge. The CRISPR-Cas9 toolkit developed in this paper lays the foundation to easily edit koji mold and its many relatives.

"These organisms have been used for centuries to produce food, and they are incredibly efficient at converting carbon into a wide variety of complex molecules, including many that would be almost impossible to produce using a classic host like brewer's yeast or E. coli," said Jay Keasling, who is a senior scientist at Berkeley Lab and a professor at UC Berkeley. "By unlocking koji mold through the development of these tools, we are unlocking the potential of a huge new group of hosts that we can use to make foods, valuable chemicals, energy-dense biofuels, and medicines. It's a thrilling new avenue for biomanufacturing."

Given his culinary background, Hill-Maini is keen to ensure that the next generation of fungi-based products are not only palatable, but truly desirable to customers, including those with sophisticated tastes. In a separate study, he and Keasling collaborated with chefs at Alchemist, a two-Michelin-starred restaurant in Copenhagen, to play with the culinary potential of another multicellular fungus, Neurospora intermedia. This fungus is traditionally used in Indonesia to produce a staple food called oncom by fermenting the waste products left over from making other foods, such as tofu. Intrigued by its ability to convert leftovers into a protein-rich food, the scientists and chefs studied the fungus in the Alchemist test kitchen. They discovered N. intermedia produces and excretes many enzymes as it grows. When grown on starchy rice, the fungi produces an enzyme that liquifies the rice and makes it intensely sweet. "We developed a process with just three ingredients -- rice, water, and fungus -- to make a beautiful, striking orange-colored porridge," said Hill-Maini. "That became a new dish on the tasting menu that utilizes fungal chemistry and color in a dessert. And I think that what it really shows is that there's opportunity to bridge the laboratory and the kitchen."

Hill-Maini's work on the gene editing research described in this article is supported by the Miller Institute at UC Berkeley. Keasling's lab is supported by the Novo Nordisk Foundation. Both received additional support from the Department of Energy (DOE) Office of Science. The Joint BioEnergy Institute is a DOE Bioenergy Research Center managed by Berkeley Lab.
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What kinds of seismic signals did Swifties send at LA concert? | ScienceDaily
Seattle may have experienced its own Swift Quake last July, but at an August 2023 concert Taylor Swift's fans in Los Angeles gave scientists a lot of shaking to ponder.


						
After some debate, a research team led by Gabrielle Tepp of Caltech concluded that it was likely the dancing and jumping motions of the audience at SoFi Stadium -- not the musical beats or reverberations of the sound system -- that generated the concert's distinct harmonic tremors.

In their study in Seismological Research Letters, Tepp and colleagues show how they were able to identify the seismic signature of individual songs and determine the strength of each song's tremor.

They even have a little bit of data on how Swift's concert stacks up -- seismically, that is -- against other Summer of 2023 SoFi concerts, including Metallica, Beyonce and Morgan Wallen.

The Seattle Swift quake prompted the California Office of Emergency Services to ask seismic network operators in the state to see if any interesting research might be generated at Swift's August concert dates in Los Angeles. Tepp's colleagues set up strong motion sensors at SoFi Stadium, analyzing data collected by those devices along with data from nearby permanent regional seismic network stations.

Previous research shows that "concert tremor" can be recorded as long-duration signals with narrowband, harmonic frequency peaks between 1 and 10 hertz. This kind of low-frequency signal looks like the harmonic tremor recorded from natural sources like volcanoes and human sources like trains.

One of the goals of the research team was to find a way to extract the concert's tremor signals from spectrograms. Spectrograms are graphs that display the strength of various signal frequencies over time. They are often used to display frequencies of sound waves, but they can also help seismologists visualize signals recorded by seismometers and other instruments.




For Tepp, who has studied volcanoes and is also a musician, the concert data was a great opportunity to test methods for detecting seismic signals in spectrograms. "For earthquakes, most of the time they're pretty sharp and easy to identify with waveforms, but when you have something like volcanoes where you have such a wide variety of signals, spectrograms can be really handy in helping to identify the different types of signals," she explained.

Each Swift song had a distinctive tremor signal, the researchers found. For Swift's August 5, 2023 concert, Tepp and colleagues were able to identify 43 of the 45 songs played within the recorded spectrograms.

They also calculated the radiated energy of each song and interpreted that number in terms of the local magnitude of an earthquake that would have radiated the same energy. The songs varied considerably in magnitude, with "Shake It Off" coming in at the largest local magnitude of 0.851. "Keep in mind this energy was released over a few minutes compared to a second for an earthquake of that size. Based on the maximum strength of shaking, the strongest tremor was equivalent to a magnitude -2 earthquake," Tepp said.

But where did all that harmonic tremor come from? "My gut feeling was that if you have a harmonic signal that is nice like these, it had to be from the music or the instruments or something," Tepp said.

Instead, the researchers found that the best explanation of their data was that the movement of the 70,000-plus crowd caused the harmonic tremor. To confirm this, the scientists performed a few experiments of their own. They played songs on a portable PA speaker next to a strong motion sensor. Tepp also plugged in her bass guitar to the speaker and played a simple repetitive beat. She even jumped up and down next to the sensor while rocking out to Swift's "Love Story."

The experimental data confirmed that it was motion and not music that was creating the harmonic tremor. "Even though I was not great at staying in the same place -- I ended up jumping around in a small circle, like at a concert -- I was surprised at how clear the signal came out," Tepp said.




Tepp was surprised that the bass beats "didn't make a harmonic signal, even though they were more accurately on the beat than my jumping."

She thinks that might have more to do with the signal shape -- the bass beats have a rounder, more emergent shape than the "spike" of a jump -- relative to the space between each beat or jump. This relationship "could have implications for why some seismic signals show up as harmonic in spectrograms while other similar ones do not."

The researchers used data pulled from the regional seismic network stations to look at the tremor created by the summer's other headliners at SoFi. Some of the most interesting data came from the Metallica concert.

"Other concerts had nice straight-line harmonic signals, but the signals from the Metallica concert were slanted and kind of weird looking," Tepp said. "We don't have a great explanation for that yet."

One explanation might be found in the fact that the beat rate for Swift's songs doesn't vary much between live and album performances, but Metallica's beat rates "are all over the map," she noted. Videos of the concerts also highlight differences between Swift's highly choreographed shows and Metallica's members wandering the stage.

"The tremor signals themselves are likely coming from the audience, but if the band is varying the beat or speed of songs as they go, maybe the audience is reacting differently," Tepp suggested.

Metallica also "had the weakest signals in terms of the strongest magnitude from each concert," she said.

"Metal fans like to headbang a lot, so they're not necessarily bouncing," Tepp added. "It might just be that the ways in which they move don't create as strong of a signal."
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Robot ANYmal can do parkour and walk across rubble | ScienceDaily
ANYmal has for some time had no problem coping with the stony terrain of Swiss hiking trails. Now researchers at ETH Zurich have taught this quadrupedal robot some new skills: it is proving rather adept at parkour, a sport based on using athletic manoeuvres to smoothly negotiate obstacles in an urban environment, which has become very popular. ANYmal is also proficient at dealing with the tricky terrain commonly found on building sites or in disaster areas.


						
To teach ANYmal these new skills, two teams, both from the group led by ETH Professor Marco Hutter of the Department of Mechanical and Process Engineering, followed different approaches.

Exhausting the mechanical options

Working in one of the teams is ETH doctoral student Nikita Rudin, who does parkour in his free time. "Before the project started, several of my researcher colleagues thought that legged robots had already reached the limits of their development potential," he says, "but I had a different opinion. In fact, I was sure that a lot more could be done with the mechanics of legged robots."

With his own parkour experience in mind, Rudin set out to further push the boundaries of what ANYmal could do. And he succeeded, by using machine learning to teach the quadrupedal robot new skills. ANYmal can now scale obstacles and perform dynamic manoeuvres to jump back down from them.

In the process, ANYmal learned like a child would -- through trial and error. Now, when presented with an obstacle, ANYmal uses its camera and artificial neural network to determine what kind of impediment it's dealing with. It then performs movements that seem likely to succeed based on its previous training.

Is that the full extent of what's technically possible? Rudin suggests that this is largely the case for each individual new skill. But he adds that this still leaves plenty of potential improvements. These include allowing the robot to move beyond solving predefined problems and instead asking it to negotiate difficult terrain like rubble-strewn disaster areas.

Combining new and traditional technologies

Getting ANYmal ready for precisely that kind of application was the goal of the other project, conducted by Rudin's colleague and fellow ETH doctoral student Fabian Jenelten. But rather than relying on machine learning alone, Jenelten combined it with a tried-and-tested approach used in control engineering known as model-based control. This provides an easier way of teaching the robot accurate manoeuvres, such as how to recognise and get past gaps and recesses in piles of rubble. In turn, machine learning helps the robot master movement patterns that it can then flexibly apply in unexpected situations. "Combining both approaches lets us get the most out of ANYmal," Jenelten says.

As a result, the quadrupedal robot is now better at gaining a sure footing on slippery surfaces or unstable boulders. ANYmal is soon also to be deployed on building sites or anywhere that is too dangerous for people -- for instance to inspect a collapsed house in a disaster area.
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Sonic youth: Healthy reef sounds increase coral settlement | ScienceDaily
A healthy coral reef is noisy, full of the croaks, purrs, and grunts of various fishes and the crackling of snapping shrimp. Research suggests that larval animals use this symphony of sounds to help them determine where they should live and grow.


						
Researchers at the Woods Hole Oceanographic Institution (WHOI) recently demonstrated that replaying healthy reef sounds could potentially be used to encourage coral larvae to recolonize damaged or degraded reefs. A reef that has been degraded -- whether by coral bleaching, disease, or direct human impacts -- can't support the same diversity of species and has a much quieter, less rich soundscape. In a paper published on Wednesday, March 13, in Royal Society Open Science, the researchers showed that broadcasting the soundscape of a healthy reef at a degraded reef caused coral larvae to settle at significantly higher rates.

"What we're showing is that you can actively induce coral settlement by playing sounds," said Nadege Aoki, a doctoral candidate at WHOI and first author on the paper. "You can go to a reef that is degraded in some way and add in the sounds of biological activity from a healthy reef, potentially helping this really important step in the coral life cycle."

Corals are immobile as adults, so the larval stage is their only opportunity to select a good habitat. They swim or drift with the currents, seeking the right conditions to settle out of the water column and affix themselves to the seabed. Previous research has shown that chemical and light cues can influence that decision, but Aoki and her colleagues demonstrate that the soundscape also plays a major role in where corals settle.

The researchers conducted their work in the U.S. Virgin Islands, running the same experiment twice in June and July 2022. They collected larvae from Porites astreoides, a hardy species commonly known as mustard hill coral thanks to its lumpy shape and yellow color and distributed them in cups at three reefs along the southern coast of St. John. One of those reefs, Tektite, is relatively healthy. The other two, Cocoloba and Salt Pond, are more degraded with sparse coral cover and fewer fish. At Salt Pond, Aoki and her colleagues installed an underwater speaker system and placed cups of larvae at distances of one, five, 10, and 30 meters from the speakers. They broadcast healthy reef sounds -- recorded at Tektite in 2013 -- for three nights. They set up similar installations at the other two reefs but didn't play any sounds.

When they collected the cups, the researchers found that significantly more coral larvae had settled in the cups at Salt Pond than the other two reefs. On average, coral larvae settled at rates 1.7 times (and up to 7x) higher with the enriched sound environment. The highest settlement rates were at five meters from the speakers, but even the cups placed 30 meters away had more larvae settling to the bottom than at Cocoloba and Tektite.

"The fact that settlement is consistently decreasing with distance from the speaker, when all else is kept constant, is particularly important because it shows that these changes are due to the added sound and not other factors," said Aran Mooney, a marine biologist at WHOI and lead author on the paper. "This gives us a new tool in the toolbox for potentially rebuilding a reef."

Surprisingly, the researchers didn't find much difference between settlement rates at the more-degraded Cocoloba and the healthier Tektite reefs. A previous study in 2017 had found higher settlement rates at Tektite than Cocoloba. Some of this could be attributed to natural variation, Mooney said, but the Tektite reef has also faced several destructive hurricanes, a significant bleaching event, and an outbreak of coral disease in recent years.




"We seem to have lost some of the complexity of Tektite's soundscape over the last decade," Aoki said. "It could be that conditions there are not as good as we thought they were, but we don't know for sure."

The possible drop-in settlement rates at Tektite underscores the severity of the threats that coral reefs are facing and the need for rapid, scalable solutions, the researchers said. Coral reefs support more than a quarter of all marine animals, protect coastlines from strong waves and storms, and provide food and tourism opportunities for millions of people around the world. But researchers estimate that half of all coral reefs have been lost in the last 30 years.

Aoki, Mooney, and their colleagues hope that their work can help with coral restoration efforts. Enhanced soundscapes could be used to increase settlement rates in coral nurseries, for example, or be passively broadcast at reefs in the wild to maintain or improve existing coral populations. People would still need to monitor reef conditions to ensure that coral larvae are able to thrive after they settle, but this is a significant step in the restoration process, and one that would be relatively simple to implement.

"Replicating an acoustic environment is actually quite easy compared to replicating the reef chemical and microbial cues which also play a role in where corals choose to settle," said Amy Apprill, a microbial ecologist at WHOI and a co-author on the paper. "It appears to be one of the most scalable tools that can be applied to rebuild reefs, so we're really excited about that potential."

This research was supported by the Vere and Oceankind Foundations and the National Science Foundation.
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Milk to the rescue for diabetics? Cow produces human insulin in milk | ScienceDaily
An unassuming brown bovine from the south of Brazil has made history as the first transgenic cow capable of producing human insulin in her milk. The advancement, led by researchers from the University of Illinois Urbana-Champaign and the Universidade de Sao Paulo, could herald a new era in insulin production, one day eliminating drug scarcity and high costs for people living with diabetes.


						
"Mother Nature designed the mammary gland as a factory to make protein really, really efficiently. We can take advantage of that system to produce a protein that can help hundreds of millions of people worldwide," said Matt Wheeler, professor in the Department of Animal Sciences, part of the College of Agricultural, Consumer and Environmental Sciences (ACES) at U. of I. He is also affiliated with the Carle Illinois College of Medicine, The Grainger College of Engineering, the College of Veterinary Medicine, the Beckman Institute, and the Carl R. Woese Institute for Genomic Biology.

Wheeler is lead author on a new Biotechnology Journal study describing the development of the insulin-producing cow, a proof-of-concept achievement that could be scaled up after additional testing and FDA approval.

Wheeler's colleagues in Brazil inserted a segment of human DNA coding for proinsulin -- the protein precursor of the active form of insulin -- into cell nuclei of 10 cow embryos. These were implanted in the uteruses of normal cows in Brazil, and one transgenic calf was born. Thanks to updated genetic engineering technology, the human DNA was targeted for expression -- the process whereby gene sequences are read and translated into protein products -- in mammary tissue only.

"In the old days, we used to just slam DNA in and hope it got expressed where you wanted it to," Wheeler said. "We can be much more strategic and targeted these days. Using a DNA construct specific to mammary tissue means there's no human insulin circulating in the cow's blood or other tissues. It also takes advantage of the mammary gland's capabilities for producing large quantities of protein."

When the cow reached maturity, the team unsuccessfully attempted to impregnate her using standard artificial insemination techniques. Instead, they stimulated her first lactation using hormones. The lactation yielded milk, but a smaller quantity than would occur after a successful pregnancy. Still, human proinsulin and, surprisingly, insulin were detectable in the milk.

"Our goal was to make proinsulin, purify it out to insulin, and go from there. But the cow basically processed it herself. She makes about three to one biologically active insulin to proinsulin," Wheeler said. "The mammary gland is a magical thing."

The insulin and proinsulin, which would need to be extracted and purified for use, were expressed at a few grams per liter in the milk. But because the lactation was induced hormonally and the milk volume was smaller than expected, the team can't say exactly how much insulin would be made in a typical lactation.




Conservatively, Wheeler says if a cow could make 1 gram of insulin per liter and a typical Holstein makes 40 to 50 liters per day, that's a lot of insulin. Especially since the typical unit of insulin equals 0.0347 milligrams.

"That means each gram is equivalent to 28,818 units of insulin," Wheeler said. "And that's just one liter; Holsteins can produce 50 liters per day. You can do the math."

The team plans to re-clone the cow, and is optimistic they'll achieve greater success with pregnancy and full lactation cycles in the next generation. Eventually, they hope to create transgenic bulls to mate with the females, creating transgenic offspring that can be used to establish a purpose-built herd. Wheeler says even a small herd could quickly outcompete existing methods -- transgenic yeast and bacteria -- for producing insulin, and could do so without having to create highly technical facilities or infrastructure.

"With regard to mass-producing insulin in milk, you'd need specialized, high-health-status facilities for the cattle, but it's nothing too out of the ordinary for our well-established dairy industry," Wheeler said. "We know what we're doing with cows."

An efficient system to collect and purify insulin products would be needed, as well as FDA approval, before transgenic cows could supply insulin for the world's diabetics. But Wheeler is confident that day is coming.

"I could see a future where a 100-head herd, equivalent to a small Illinois or Wisconsin dairy, could produce all the insulin needed for the country," he said. "And a larger herd? You could make the whole world's supply in a year.
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Who knew that coprophagy was so vital for birds' survival? | ScienceDaily
We all know that the early bird gets the worm, but new research shows they turn to something far more nutritious for their breakfast.


						
Faeces -- either their own, or from other birds -- provides them with essential nutrients, energy, and helps them adapt to new environments and seasonal variations, especially when they are developing.

New research led by the University of South Australia and published in Biological Reviews explains how eating faeces (known as coprophagy) shapes wild birds' digestive tracts (gut biota), enabling them to absorb lost or deficient nutrients and adjust to seasonal variations in food sources.

This is especially important for long-migratory birds, which transition between fasting and fuelling metabolic states as they fly around the world.

Lead author Dr Barbara Drigo, a UniSA microbial ecologist, says consuming faeces modifies bacteria and microbes in the birds' digestive tract, allowing them to adapt to new environments.

There is also some evidence that ingesting faeces could be a form of self-medication to fight infections in birds, although more research is needed to confirm this theory.

While coprophagy provides birds with essential nutrients, it also has a downside, Dr Drigo says, because birds can potentially harbour and transmit diseases to other birds and humans via their faeces.




"Depending on their geographical range, behaviour and interactions with other animals and environments, birds -- especially migratory ones -- can efficiently spread pathogens around the world.

"Eating bird faeces may also increase their exposure to antimicrobials, particularly pesticides and cleaning products, which lead to antimicrobial resistance," Dr Drigo says.

And the reason why humans should never feed bread to birds is that it lowers diversity in their gut microbiota, whereas if birds source food from natural sites, their digestive tract is much healthier.

"Birds foraging in human environments are exposed to chemicals and metals from waste, sewage and refuse, which can alter their microbiota, potentially leading to antimicrobial resistance."

Dr Drigo says a healthy avian gut is essential for regulating birds' biological functions, and eating faeces plays a significant role in this. However, while coprophagy is inherently beneficial, it can expose birds to harmful antimicrobial substances.

"There's an urgent need to thoroughly explore how various forms of coprophagy impact avian gut microbiomes, affecting bird health across their different life stages and environments," she says.
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Batteries for airborne electric vehicles that take off and land vertically | ScienceDaily
Researchers at the Department of Energy's Oak Ridge National Laboratory are taking cleaner transportation to the skies by creating and evaluating new batteries for airborne electric vehicles that take off and land vertically.


						
These aircraft, commonly called eVTOLs, range from delivery drones to urban air taxis. They are designed to rise into the air like a helicopter and fly using wing-borne lift like an airplane. Compared with helicopters, eVTOLs generally use more rotors spinning at a lower speed, making them both safer and quieter.

The airborne EV's aren't just flying cars, and ORNL researchers conclude that eVTOL batteries can't just be adapted from electric car batteries. So far that has been the dominant approach to the technology, which is mostly in the modeling stage. ORNL researchers took a different tack by evaluating how lithium-ion batteries fare under extremely high power draw.

"The eVTOL program presents a unique opportunity for creating a brand new type of battery with very different requirements and capabilities than what we have seen before," said Ilias Belharouak, an ORNL Corporate Fellow who guides the research.

Researchers are developing new energy-dense materials, learning how these materials degrade under extreme conditions, and developing battery control systems. "This requires us to answer questions about the interplay of battery safety, cycle life and stability at high temperatures, while balancing the need for short bursts of high power with energy reserves for longer-range flight," Belharouak said.

The first major takeaway from an extensive eVTOL research project underway at ORNL is that the power and performance demands for eVTOL batteries can significantly reduce their longevity and durability.

Unlike electric vehicle batteries, which typically drain at a steady rate, eVTOL batteries need varying amounts of power for flight stages such as climbing, hovering and descent, with some phases requiring high bursts of power.




"Now we know more about what is required of the eVTOL battery, we'll need to engineer systems differently to achieve that," said ORNL lead researcher Marm Dixit."Our focus is fundamental: What happens to the materials under these specific loads and operating conditions? We are trying to figure out the limitations of the battery chemistry we have now, and then tune the battery to bridge that gap."

The ORNL team made lithium-ion batteries at the DOE Battery Manufacturing Facility located at ORNL and ran them through simulated climb stages of eVTOL aircrafts. Scientists studied what happened inside the battery during cycling -- including how much energy was rapidly accessible during the demanding takeoff phase -- then tested the battery materials afterward for corrosion and other chemical or structural changes.

Systematic investigation linking actual flight profiles to real-time physical battery operation is rare. However, it is key groundwork for developing new battery chemistries to achieve safe flight performance.

The study incorporates testing of a new ORNL-developed electrolyte -- a material through which electrodes exchange ions -- against the current state-of-the art version used in lithium-ion batteries. Using the eVTOL mission profiles, the ORNL electrolyte performed better, retaining more capacity during the most power-demanding flight phases.

These results demonstrate the need for diversifying how battery performance is measured, Dixit said. "Your battery is not just capacity at the end of 1,000 cycles. It's what's happening within a cycle that tells you whether your system is going to work or crash. And the stakes are much higher here because you're asking how safe it is to go up in the air. This is a question we don't know the answer to -- yet."

Members of the research team are working on further improvements to the electrolyte and other battery components as they push the engineering limits for battery power, payload and safety. Recent experiments involved collecting real-world data from drone flights over the lab's campus, then using that information to develop a customized profile of the load and draw on the battery. Batteries made at ORNL were then run through same cycles.

Funding for the project was provided by the U.S. Army Combat Capabilities Development Command Research Laboratory through the Versatile Tactical Power and Propulsion Essential Research Program. ORNL researchers Anuj Bisht and Ruhul Amin and former ORNL researcher Rachid Essehli contributed to the research, which also utilized the Center for Nanophase Materials Sciences, a DOE Office of Science user facility at ORNL.
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The surprising effect of presence hallucinations on social perception | ScienceDaily
If you had to estimate the number of people in a room, without counting them one-by-one, by nature you would overcount them. That's because, simply put from a Darwinian perspective of how we have evolved, it's better to overcount potentially harmful agents and predators than to underestimate them. This overcounting social behaviour is shown to be true in humans as well as animals. It's certainly better to detect too many tigers (even if absent) during a jungle excursion than to miss a hungry one!


						
Now, EPFL neuroscientists show that if you experience hallucinations, especially when related to an illness like Parkinson's disease, then you will over-estimate the number of people in a room to a greater degree. They also show that if you have hallucinations but are asked to estimate the number of boxes in a room, which are inanimate control objects, then no extra over-estimation occurs, shedding light on the social nature of this overcounting. The results are published in Nature Communications.

"The fact that patients of Parkinson's disease have a much higher over-estimation in counting people is mind-blowing because Parkinson's disease is classically viewed as a movement disorder," says Olaf Blanke who leads EPFL's Laboratory of Cognitive Neuroscience which is part of Neuro-X. "We show that Parkinson's may also be a perceptual disorder, especially of social stimuli, and that invisible presences in Parkinson's Disease may impair even more the counting social brain!"

The category of hallucinations investigated by the neuroscientists is called presence hallucinations, for which people report an invisible presence next to them, even though no-one is there. Such hallucinations are considered to be minor compared to visual hallucinations for instance. They may be experienced early on in patients with Parkinson's disease, sometimes even before diagnosis. Presence hallucinations are also a known early marker of cognitive decline in Parkinson's disease.

The results of the study support the idea that the invisible presence (and related brain mechanisms) are responsible for this overcounting of people. When presence hallucinations are experienced -- either due to disease or induced artificially -- this extra presence gets subconsciously translated into an over-estimation of the number of people we think we see. In essence, the invisible presence gets added in the counting process, but only in counting people!

The numerosity experiment and technodelics

To test the hypothesis that presence hallucinations lead to extra over-counting of people, the researchers merge virtual reality with robotics. The researchers refer to this unique combination of VR and robotics as "technodelics" for technology-induced altered states of consciousness, used in the present study for the special case of technology-induced hallucinations. Virtually reality is used for the "human numerosity experiment" which consists of showing virtual, 3D scenes of five, six, seven, or eight people in an empty room for a split-second (200 milliseconds), so too many people and too fast to count them accurately one by one. Robotics is used to induce presence hallucinations artificially, which consists of a robotic finger poking the user's back out-of-sync with the user's own poking movement. In evaluating one's susceptibility to hallucinations, the scientists find that healthy individuals on technodelics indeed overcount.




"The advantage of our technodelics environment is that it gives us an objective way to measure hallucinations which are highly subjective states," explains Louis Albert, lead author of the study. "We are essentially engineering hallucinations, inducing hallucinations and getting a clear, implicit read-out of hallucination susceptibility at a given time."

The platform provides an almost automated way of determining if someone is susceptible to hallucinations, in contrast to current methods that range from simply asking someone if they experience hallucinations, to questionnaires or other methods that involve subjective analysis by medical specialist.

Monitor hallucinations at home

For the study, the researchers also developed a simplified version of the numerosity experiment, which can be done in the lab but also online, unobtrusively, from the comfort of one's own home and without requiring extra training of medical staff.

"We now have an online test that can determine if someone is prone to hallucinations, a much-needed objective tool for measuring hallucination susceptibility in patients," continues Albert. "The test can be carried out independently by patients, directly from home on their computer or tablet, thus has the potential to reach a large demographic at minimal cost. Without the need for specific equipment or specialized staff for hallucination testing and interviewing, and without the need for patients to travel to the clinic, this test is accessible and can reach people living far away from medical centers and in low-income countries."

Some 170 patients with Parkinson's disease were recruited for the online test, of which 69 of them had presence hallucinations. With this version of the test, the scientists also found that patients with presence hallucinations overcount more than patients without hallucinations. Some patients with reported seeing as many as 11 or more people when only 8 were shown.




"We have strategies for determining if a patient with Parkinson's disease experiences presence hallucinations or not, which means that in the future we should be able to identify and monitor those who are more prone to cognitive decline for early treatment," says Fosco Bernasconi, co-author of the study.

Founded in 2022, EPFL's Neuro X Institute specializes in translational research across neuroscience, neural engineering, and neurocomputation. With 14 laboratories comprising a team of 250 experts, the institute aims to accelerate the development of new therapies by integrating advanced research in brain functions, innovative neural interfaces, and AI-driven neurocomputational models.

From body ownership to technodelics

Almost a decade ago, EPFL scientists designed a robotic task to do something entirely different than to evaluate susceptibility to hallucinations, a reminder of the serendipity of science. The robotic task was initially designed to explore embodiment and how the mind uses sensory information to create a feeling of body ownership. But when participants of the task repeatedly reported spooky feelings of being accompanied by ghosts, the EPFL researchers realized -- instead of brushing it off as a coincidence -- that they had stumbled upon a mechanism to provoke presence hallucinations in healthy people with possible applications in people with disease. The researchers knew at this point that they had a subjective way to induce presence hallucinations, thanks to the robotic task that muddles up the user's senses.
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Scientists propose new theory that explains sand ripples on Mars and on Earth | ScienceDaily
Sand ripples are fascinating. They are symmetrical, yet wind -- which causes them -- is very much not. Furthermore, they can be found on Mars and on Earth. They would be even more fascinating if the same effect found on Mars could be found here on Earth as well. What if one unified theory could explain their formation on two different planets of our solar system?


						
That is what Ben-Gurion University of the Negev physicist Prof. Hezi Yizhaq and Prof. Itzhak Katra and their colleagues from Denmark, Germany, Italy, China, and the US contend in a cover article published in Nature Geoscience.

Sand ripples photographed on Mars by NASA's Curiosity rover in 2015 showed two distinct patterns -- large ripples (meter scale) and a shorter "impact" ripples pattern (decimeter scale). The prevailing theory proposed since then argues that the smaller scale ripples are produced by the impact mechanism of the particles transported by the wind like normal ripples on Earth and the larger ripples form due to hydrodynamic instability like subaqueous ripples. Furthermore, it was believed that the physical conditions that produced them on Mars could not produce them on Earth.

However, Prof. Yizhaq and Prof. Katra have proven experimentally using Ben-Gurion University's wind tunnel and Aarhus University's Mars tunnel that such a phenomenon could exist on Earth -- we just haven't noticed it yet because we didn't know we should be looking for it.

Imitating Martian sand was not easy because it's finer than sand here on Earth, explains Prof. Yizhaq, but the breakthrough occurred when they decided to try tiny glass balls to represent fine grains of sand.

Furthermore, the international research team has proposed a unified theoretical framework that would explain sand ripples on Mars and on Earth. At its most basic level, sand ripples on Mars caused by wind look like sand ripples on Earth caused by water.

"There is much more research, both fieldwork and experimentally, needed to prove our theory, but it is amazing to propose something so radically new in a field I have been studying for over 20 years. It is exciting to go out and try to find on Earth what can clearly be seen on Mars," says Prof. Yizhaq.

Prof. Yizhaq is a member of the Department of Solar Energy and Environmental Physics. Prof. Itzhak Katra is a member of the Department of Environmental, Geoinformatics and Urban Planning Sciences.

The research was supported by the Israel Science Foundation (Grant no. 1270/20), the German-Israel Foundation for Scientific Research and Development (GIF) (Grant no. 155-301.10/2018), the National Natural Science Foundation of China, Texas A&M Engineering Experiment Station, Europlanet grant no. 871149, and the Horizon 2020 Research and Innovation Program.
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Cheetahs' unrivalled speed explained by their 'sweet spot' size, finds Imperial study | ScienceDaily
There's a discrepancy in the animal kingdom. While many key traits such as strength, limb length, lifespan and brain size tend to increase with animals' size, maximum running speeds tend to be greatest in medium-sized animals.


						
To explore why, an international team of researchers including Imperial, Harvard University, The University of Queensland and The University of the Sunshine Coast, developed a physical model of how muscles, the universal animal motor, set limits on land animals' top running speeds.

Lead author Dr David Labonte, from Imperial College London's Department of Bioengineering, said: "The fastest animals are neither large elephants nor tiny ants, but intermediately sized, like cheetahs. Why does running speed break with the regular patterns that govern most other aspects of animal anatomy and performance?"

Their findings suggest that there is not one limit to maximum running speed, as previously thought, but two: how fast versus by how far, muscles contract. The maximum speed an animal can reach is determined by whichever limit is reached first -- and that limit is dictated by an animal's size.

Co-author Professor Christofer Clemente, from University of the Sunshine Coast and The University of Queensland, said: "The key to our model is understanding that maximum running speed is constrained both by how fast muscles contract, as well as by how much they can shorten during a contraction.

"Animals about the size of a cheetah exist in a physical sweet spot at around 50kg, where these two limits coincide. These animals are consequently the fastest, reaching speeds of up to 65 miles per hour."

The results are published in Nature Communications.




Testing the limits 

The first limit, termed the 'kinetic energy capacity limit', suggests that the muscles of smaller animals are restrained by how quickly they can contract. Because small animals generate large forces relative to their weight, running for a small animal is a bit like trying to accelerate in a low gear when cycling downhill.

The second limit, called the 'work capacity limit', suggests that the muscles of larger animals are restrained by how far their muscles can contract. Because large animals are heavier, their muscles produce less force in relation to their weight, and running is more akin to trying to accelerate when cycling up a hill in a high gear.

Co-author Dr Peter Bishop from Harvard University said: "For large animals like rhinos or elephants, running might feel like lifting an enormous weight, because their muscles are relatively weaker and gravity demands a larger cost. As a result of both, animals eventually have to slow down as they get bigger."

To test the accuracy of their model, the team compared its predictions to data on land animal speed and size collected from more than 400 species, from large mammals, birds and lizards to tiny spiders and insects.

The model accurately predicted how maximum running speeds vary with body size for animals that differ by more than 10 orders of magnitude in body mass -- from tiny 0.1 milligram mites to six-tonne elephants.




Their findings shed light on the physical principles behind how muscles evolved and could inform future designs for robots that match the athleticism of the best animal runners.

In addition to explaining how fast animals can run, the new model may also provide critical clues for understanding differences between groups of animals. Large reptiles, such as lizards and crocodiles, are generally smaller and slower than large mammals.

Co-author Dr Taylor Dick, from The University of Queensland, said: "One possible explanation for this may be that limb muscle is a smaller percentage of reptiles' bodies, by weight, meaning that they hit the work limit at a smaller body weight, and thus have to remain small to move quickly."

The model, combined with data from modern species, also predicted that land animals weighing heavier than 40 tonnes would be unable to move. The heaviest land mammal alive today is the African elephant at around 6.6 tonnes -- yet some land dinosaurs, like the Patagotitan, likely weighed much more than 40 tonnes.

The researchers say this indicates that we should be cautious to estimate the muscular anatomy of extinct animals from data on non-extinct ones. Instead, they suggest the data indicates that extinct giants might have evolved unique muscular anatomies, which warrant more study.

The study raises questions on how massive dinosaurs managed to move, as well as questions that require more targeted data collection on specific animal groups, like in reptiles or spiders.

While the study looked only at land animals, the researchers will next apply their methods to animals who fly and swim.

Dr Labonte said: "Our study raises lots of interesting questions about the muscle physiology of both extinct animals and those that are alive today, including human athletes. Physical constraints affect swimming and flying animals as much as running animals -- and unlocking these limits is next on our agenda."

This research was funded by Australian Research Council, Human Frontier Science Program, and European Research Council (ERC) under the European Union's Horizon 2020 research and innovation programme.
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Cicadas' unique urination unlocks new understanding of fluid dynamics | ScienceDaily
Cicadas are the soundtrack of summer, but their pee is more special than their music. Rather than sprinkling droplets, they emit jets of urine from their small frames. For years, Georgia Tech researchers have wanted to understand the cicada's unique urination.


						
Saad Bhamla, an assistant professor in the School of Chemical and Biochemical Engineering, and his research group hoped for an opportunity to study a cicada's fluid excretion. However, while cicadas are easily heard, they hide in trees, making them hard to observe. As such, seeing a cicada pee is an event. Bhamla's team had only watched the process on YouTube.

Then, while doing field work in Peru, the team got lucky: They saw numerous cicadas in a tree, peeing.

This moment of observation was enough to disprove two main insect pee paradigms. First, cicadas eat xylem sap, and most xylem feeders only pee in droplets because it uses less energy to excrete the sap. Cicadas, however, are such voracious eaters that individually flicking away each drop of pee would be too taxing and would not extract enough nutrients from the sap.

"The assumption was that if an insect transitions from droplet formation into a jet, it will require more energy because the insect would have to inject more speed," said Elio Challita, a former Ph.D. student in Bhamla's lab and current postdoctoral researcher at Harvard University.

Second, smaller animals are expected to pee in droplets because their orifice is too tiny to emit anything thicker. Because of cicadas' larger size -- with wingspans that can rival a small hummingbird's -- they use less energy to expel pee in jets.

"Previously, it was understood that if a small animal wants to eject jets of water, then this becomes a bit challenging, because the animal expends more energy to force the fluid's exit at a higher speed. This is due to surface tension and viscous forces. But a larger animal can rely on gravity and inertial forces to pee," Challita said.




The cicadas' ability to jet water offered the researchers a new understanding of how fluid dynamics impacts these tiny insects -- and even large mammals. The researchers published this challenge to the paradigm as a brief, "Unifying Fluidic Excretion Across Life from Cicadas to Elephants," in Proceedings of the National Academy of Sciences the week of March 11.

For years, the research group has been studying fluid ejection across species, culminating in a recent arXiv preprint that characterizes this phenomenon from microscopic fungi to colossal whales. Their framework reveals diverse functions -- such as excretion, venom spraying, prey hunting, spore dispersal, and plant guttation -- highlighting potential applications in soft robotics, additive manufacturing, and drug delivery.

Cicadas are the smallest animal to create high-speed jets, so they can potentially inform applications in making jets in tiny robots/nozzles. And because their population reaches trillions, the ecosystem impact of their fluid ejection is substantial but unknown. Beyond bio-inspired engineering, Bhamla believes the critters could also inform bio-monitoring applications.

"Our research has mapped the excretory patterns of animals, spanning eight orders of scale from tiny cicadas to massive elephants," he said. "We've identified the fundamental constraints and forces that dictate these processes, offering a new lens through which to understand the principles of excretion, a critical function of all living systems. This work not only deepens our comprehension of biological functions but also paves the way for unifying the underlying principles that govern life's essential processes."
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Peering into the tendrils of NGC 604 with NASA's Webb | ScienceDaily
The formation of stars and the chaotic environments they inhabit is one of the most well-studied, but also mystery-shrouded, areas of cosmic investigation. The intricacies of these processes are now being unveiled like never before by NASA's James Webb Space Telescope.


						
Two new images from Webb's NIRCam (Near-Infrared Camera) and MIRI (Mid-Infrared Instrument) showcase star-forming region NGC 604, located in the Triangulum galaxy (M33), 2.73 million light-years away from Earth. In these images, cavernous bubbles and stretched-out filaments of gas etch a more detailed and complete tapestry of star birth than seen in the past.

Sheltered among NGC 604's dusty envelopes of gas are more than 200 of the hottest, most massive kinds of stars, all in the early stages of their lives. These types of stars are B-types and O-types, the latter of which can be more than 100 times the mass of our own Sun. It's quite rare to find this concentration of them in the nearby universe. In fact, there's no similar region within our own Milky Way galaxy.

This concentration of massive stars, combined with its relatively close distance, means NGC 604 gives astronomers an opportunity to study these objects at a fascinating time early in their life.

In Webb's near-infrared NIRCam image, the most noticeable features are tendrils and clumps of emission that appear bright red, extending out from areas that look like clearings, or large bubbles in the nebula. Stellar winds from the brightest and hottest young stars have carved out these cavities, while ultraviolet radiation ionizes the surrounding gas. This ionized hydrogen appears as a white and blue ghostly glow.

The bright orange-colored streaks in the Webb near-infrared image signify the presence of carbon-based molecules known as polycyclic aromatic hydrocarbons, or PAHs. This material plays an important role in the interstellar medium and the formation of stars and planets, but its origin is a mystery. As you travel farther from the immediate clearings of dust, the deeper red signifies molecular hydrogen. This cooler gas is a prime environment for star formation.

Webb's exquisite resolution also provides insights into features that previously appeared unrelated to the main cloud. For example, in Webb's image, there are two bright, young stars carving out holes in dust above the central nebula, connected through diffuse red gas. In visible-light imaging from NASA's Hubble Space Telescope, these appeared as separate splotches.

Webb's view in mid-infrared wavelengths also illustrates a new perspective into the diverse and dynamic activity of this region. In the MIRI view of NGC 604, there are noticeably fewer stars. This is because hot stars emit much less light at these wavelengths, while the larger clouds of cooler gas and dust glow. Some of the stars seen in this image, belonging to the surrounding galaxy, are red supergiants -- stars that are cool but very large, hundreds of times the diameter of our Sun. Additionally, some of the background galaxies that appeared in the NIRCam image also fade. In the MIRI image, the blue tendrils of material signify the presence of PAHs.

NGC 604 is estimated to be around 3.5 million years old. The cloud of glowing gases extends to some 1,300 light-years across.
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Nasa's Webb, Hubble telescopes affirm universe's expansion rate, puzzle persists | ScienceDaily
When you are trying to solve one of the biggest conundrums in cosmology, you should triple check your homework. The puzzle, called the "Hubble Tension," is that the current rate of the expansion of the universe is faster than what astronomers expect it to be, based on the universe's initial conditions and our present understanding of the universe's evolution.


						
Scientists using NASA's Hubble Space Telescope and many other telescopes consistently find a number that does not match predictions based on observations from ESA's (European Space Agency's) Planck mission. Does resolving this discrepancy require new physics? Or is it a result of measurement errors between the two different methods used to determine the rate of expansion of space?

Hubble has been measuring the current rate of the universe's expansion for 30 years, and astronomers want to eliminate any lingering doubt about its accuracy. Now, Hubble and NASA's James Webb Space Telescope have tag-teamed to produce definitive measurements, furthering the case that something else -- not measurement errors -- is influencing the expansion rate.

"With measurement errors negated, what remains is the real and exciting possibility we have misunderstood the universe," said Adam Riess, a physicist at Johns Hopkins University in Baltimore. Riess holds a Nobel Prize for co-discovering the fact that the universe's expansion is accelerating, due to a mysterious phenomenon now called "dark energy."

As a crosscheck, an initial Webb observation in 2023 confirmed that Hubble measurements of the expanding universe were accurate. However, hoping to relieve the Hubble Tension, some scientists speculated that unseen errors in the measurement may grow and become visible as we look deeper into the universe. In particular, stellar crowding could affect brightness measurements of more distant stars in a systematic way.

The SH0ES (Supernova H0 for the Equation of State of Dark Energy) team, led by Riess, obtained additional observations with Webb of objects that are critical cosmic milepost markers, known as Cepheid variable stars, which now can be correlated with the Hubble data.

"We've now spanned the whole range of what Hubble observed, and we can rule out a measurement error as the cause of the Hubble Tension with very high confidence," Riess said.




The team's first few Webb observations in 2023 were successful in showing Hubble was on the right track in firmly establishing the fidelity of the first rungs of the so-called cosmic distance ladder.

Astronomers use various methods to measure relative distances in the universe, depending upon the object being observed. Collectively these techniques are known as the cosmic distance ladder -- each rung or measurement technique relies upon the previous step for calibration.

But some astronomers suggested that, moving outward along the "second rung," the cosmic distance ladder might get shaky if the Cepheid measurements become less accurate with distance. Such inaccuracies could occur because the light of a Cepheid could blend with that of an adjacent star -- an effect that could become more pronounced with distance as stars crowd together and become harder to distinguish from one another.

The observational challenge is that past Hubble images of these more distant Cepheid variables look more huddled and overlapping with neighboring stars at ever farther distances between us and their host galaxies, requiring careful accounting for this effect. Intervening dust further complicates the certainty of the measurements in visible light. Webb slices though the dust and naturally isolates the Cepheids from neighboring stars because its vision is sharper than Hubble's at infrared wavelengths.

"Combining Webb and Hubble gives us the best of both worlds. We find that the Hubble measurements remain reliable as we climb farther along the cosmic distance ladder," said Riess.

The new Webb observations include five host galaxies of eight Type Ia supernovae containing a total of 1,000 Cepheids, and reach out to the farthest galaxy where Cepheids have been well measured -- NGC 5468 -- at a distance of 130 million light-years. "This spans the full range where we made measurements with Hubble. So, we've gone to the end of the second rung of the cosmic distance ladder," said co-author Gagandeep Anand of the Space Telescope Science Institute in Baltimore, which operates the Webb and Hubble telescopes for NASA.

Hubble and Webb's further confirmation of the Hubble Tension sets up other observatories to possibly settle the mystery. NASA's upcoming Nancy Grace Roman Space Telescope will do wide celestial surveys to study the influence of dark energy, the mysterious energy that is causing the expansion of the universe to accelerate. ESA's Euclid observatory, with NASA contributions, is pursuing a similar task.

At present it's as though the distance ladder observed by Hubble and Webb has firmly set an anchor point on one shoreline of a river, and the afterglow of the big bang observed by Planck's measurement from the beginning of the universe is set firmly on the other side. How the universe's expansion was changing in the billions of years between these two endpoints has yet to be directly observed. "We need to find out if we are missing something on how to connect the beginning of the universe and the present day," said Riess.
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AI-generated food images look tastier than real ones | ScienceDaily
With the Global Nutrition and Hydration Week 2024 starting today, researchers have announced an intriguing discovery -- consumers generally prefer AI-generated images of food over real food images, especially when they are unaware of their true nature. The new findings have been published in Food Quality and Preference.


						
According to the researchers, the results suggest that AI-generated food visuals excel at enhancing the appeal of depicted foods by leveraging key features such as symmetry, shape, glossiness, and overall lighting and colour. All of these are known to contribute significantly to the attractiveness of food imagery.

Even subtle tweaks in positioning may enhance the appeal of AI-generated food images. Lead author Giovanbattista Califano (Department of Agricultural Sciences, University of Naples Federico II) explained: 'As humans, we tend to feel uneasy with objects pointing towards us, interpreting them as threats, even when it's just food. When tasked with replicating food photos featuring items pointing at the viewer, such as a bunch of carrots or a piece of cake, the AI often positions the food so that it doesn't directly point at the viewer. This warrants further studies, but it's plausible that this approach enhances the perceived attractiveness of the depicted food.'

In the study, the researchers asked 297 participants to rate real or AI-generated food images on a scale from "Not at all appetizing" to "Extremely appetizing." The images depicted a range of natural, processed, and ultra-processed foods, from apples and carrots to chocolate milkshakes and potato fries. When participants were told how each image had been created -- whether through photography or AI -- they tended to rate real and AI-generated versions equally appealing. However, when participants were unaware of the image creation process, the AI-generated version was consistently rated as significantly more appetizing than the real food image.

Study supervisor and co-author Professor Charles Spence (Department of Experimental Psychology, University of Oxford) said: 'While AI-generated visuals may offer cost-saving opportunities for marketers and the industry by reducing the cost of commissioning food photoshoots, these findings highlight potential risks associated with exacerbating 'visual hunger' amongst consumers -- the phenomenon where viewing images of food triggers appetite and cravings. This could potentially influence unhealthy eating behaviours or foster unrealistic expectations about food among consumers.'

Additionally, the researchers also found that AI-generated images tend to depict foods to appear more energy-dense compared to the originals, particularly in the abundance portrayed. For instance, AI may increase the number of fries in the image or add more whipped cream to a dessert. Given that humans have an evolutionary drive to pay more attention to energy-dense foods, this raises concerns that widespread dissemination of such idealized food images could promote cue-induced eating of unhealthy foods.

Furthermore, with the global movement towards more sustainable consumption patterns, including the promotion of 'ugly' fruits and vegetables, there is a concern that constant production of AI-enhanced food images might nudge consumers towards an unrealistic standard of how natural foods should look, potentially harming sustainability efforts.
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Researchers develop artificial building blocks of life | ScienceDaily
The DNA carries the genetic information of all living organisms and consists of only four different building blocks, the nucleotides. Nucleotides are composed of three distinctive parts: a sugar molecule, a phosphate group and one of the four nucleobases adenine, thymine, guanine and cytosine. The nucleotides are lined up millions of times and form the DNA double helix, similar to a spiral staircase. Scientists from the UoC's Department of Chemistry have now shown that the structure of nucleotides can be modified to a great extent in the laboratory.


						
The researchers developed so-called threofuranosyl nucleic acid (TNA) with a new, additional base pair. These are the first steps on the way to fully artificial nucleic acids with enhanced chemical functionalities. The study 'Expanding the Horizon of the Xeno Nucleic Acid Space: Threose Nucleic Acids with Increased Information Storage' was published in the Journal of the American Chemical Society.

Artificial nucleic acids differ in structure from their originals. These changes affect their stability and function. "Our threofuranosyl nucleic acid is more stable than the naturally occurring nucleic acids DNA and RNA, which brings many advantages for future therapeutic use," said Professor Dr Stephanie Kath-Schorr. For the study, the 5-carbon sugar deoxyribose, which forms the backbone in DNA, was replaced by a 4-carbon sugar. In addition, the number of nucleobases was increased from four to six. By exchanging the sugar, the TNA is not recognized by the cell's own degradation enzymes. This has been a problem with nucleic acid-based therapeutics, as synthetically produced RNA that is introduced into a cell is rapidly degraded and loses its effect. The introduction of TNAs into cells that remain undetected could now maintain the effect for longer.

"In addition, the built-in unnatural base pair enables alternative binding options to target molecules in the cell," added Hannah Depmeier, lead author of the study. Kath-Schorr is certain that such a function can be used in particular in the development of new aptamers, short DNA or RNA sequences, which can be used for the targeted control of cellular mechanisms. TNAs could also be used for the targeted transport of drugs to specific organs in the body (targeted drug delivery) as well as in diagnostics; they could also be useful for the recognition of viral proteins or biomarkers.
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CSI in space: Analyzing bloodstain patterns in microgravity | ScienceDaily
As more people seek to go where no man has gone before, researchers are exploring how forensic science can be adapted to extraterrestrial environments.


						
A new study by Staffordshire University and the University of Hull highlights the behaviour of blood in microgravity and the unique challenges of bloodstain pattern analysis aboard spacecraft.

Bloodstain expert Zack Kowalske is a Crime Scene Investigator based in Atlanta, USA, and led the study as part his PhD research at Staffordshire University.

"Studying bloodstain patterns can provide valuable reconstructive information about a crime or accident. However, little is known about how liquid blood behaves in an altered gravity environment. This is an area of study that, while novel, has implications for forensic investigations in space," he commented.

"Forensic science is more than just trying to solve crimes; it additionally has a role in accident reconstruction or failure analysis. With this concept, consider how various forensic disciplines could be utilized in a critical accident onboard a space station or shuttle."

Experiments were conducted aboard a Zero Gravity Corporation modified Boeing 727 parabolic aircraft. A mixture of 40% glycerin and 60% red food colouring was used, simulating the relative density and viscosity of human blood. Blood droplets were propelled from a hydraulic syringe toward a target during periods of reduced gravity between 0.00 and 0.05 g. From these blood stains, the researchers reconstructed the angle of impact.

Co-author Professor Graham Williams, from the University of Hull, explained: "With the lack of gravitational influence, surface tension and cohesion of blood droplets are amplified. What this means is that blood in space has a higher tendency to stick to surfaces until a greater force causes detachment. Within the application of bloodstain formation, it means that blood drops exhibit a slower spread rate and, therefore, have shapes and sizes that would not be reflective on Earth.




"On Earth, gravity and air drag have a noticeable influence on skewing the calculated angle. The initial hypothesis was that because of the absence of gravity, certain mathematical calculations would be more accurate. However, the amplified effect of surface tension became a predominant factor that caused the calculation to have greater variance, even in the absence of gravity."

This is the first study relating to the behavior of blood in free flight. With the rate of technological evolution in space exploration, the authors say that the need for reliable forensic science techniques will become increasingly important.

Zack added: "We find ourselves in a new era of forensic science; just as mid-19th century research asked the question of what a bloodstain meant in relation to cause; we are once again at the beginning of new questions that tie in how new environments influence forensic science.

"Astroforensics is a novel subdiscipline that is in its infancy. Broadening the understanding of all forensic sciences in non-terrestrial environments is critical as we expand into a space-faring species. Research is needed, research that spans across all disciplines."
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Interstellar signal linked to aliens was actually just a truck | ScienceDaily
Sound waves thought to be from a 2014 meteor fireball north of Papua New Guinea were almost certainly vibrations from a truck rumbling along a nearby road, new Johns Hopkins University-led research shows. The findings raise doubts that materials pulled last year from the ocean are alien materials from that meteor, as was widely reported.


						
"The signal changed directions over time, exactly matching a road that runs past the seismometer," said Benjamin Fernando, a planetary seismologist at Johns Hopkins who led the research. "It's really difficult to take a signal and confirm it is not from something. But what we can do is show that there are lots of signals like this, and show they have all the characteristics we'd expect from a truck and none of the characteristics we'd expect from a meteor."

The team will present its findings March 12 at the Lunar and Planetary Science Conference in Houston.

After a meteor entered Earth's atmosphere over the Western Pacific in January 2014, the event was linked to ground vibrations recorded at a seismic station in Papua New Guinea's Manus Island. In 2023, materials at the bottom of the ocean near where the meteor fragments were thought to have fallen were identified as of "extraterrestrial technological" (alien) origin.

But according to Fernando, that supposition relies on misinterpreted data and the meteor actually entered the atmosphere somewhere else. Fernando's team did not find evidence of seismic waves from the meteor.

"The fireball location was actually very far away from where the oceanographic expedition went to retrieve these meteor fragments," he said. "Not only did they use the wrong signal, they were looking in the wrong place."

Using data from stations in Australia and Palau designed to detect sound waves from nuclear testing, Fernando's team identified a more likely location for the meteor, more than 100 miles from the area initially investigated. They concluded the materials recovered from the ocean bottom were tiny, ordinary meteorites -- or particles produced from other meteorites hitting Earth's surface mixed with terrestrial contamination.

"Whatever was found on the sea floor is totally unrelated to this meteor, regardless of whether it was a natural space rock or a piece of alien spacecraft -- even though we strongly suspect that it wasn't aliens," Fernando added.

Fernando's team includes Constantinos Charalambous of Imperial College London; Steve Desch of Arizona State University; Alan Jackson of Towson University; Pierrick Mialle of the Comprehensive Nuclear-Test-Ban Treaty Organization; Eleanor K. Sansom of Curtin University; and Goran Ekstrom of Columbia University.
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