
        
            
                
            
        

    
    
      
        [image: masthead]
      

      Tuesday, November 28, 2023

      

      
        
          	
            Nanotechnology
          
          	8
        

        
          	
            Physics
          
          	8
        

        
          	
            Space and Earth
          
          	13
        

        
          	
            Chemistry
          
          	7
        

        
          	
            Biology
          
          	25
        

        
          	
            Technology
          
          	25
        

        
          	
            Other Sciences
          
          	25
        

      

    

  
    
      
        
          	
          	
            Sections
          
          	
            Physics
          
        

      

      Nanotechnology

      Nanotechnology. The latest news on  nanoscience, nanoelectronics, science and technology. Updated Daily.


      
        Durable, inexpensive electrocatalyst generates clean hydrogen and oxygen from water
        A new electrocatalyst made of nickel (Ni), iron (Fe) and silicon (Si) that decreases the amount of energy required to synthesize H2 from water has been manufactured in a simple and cost-effective way, increasing the practicality of H2 as a clean and renewable energy of the future.

      

      
        Oral delivery a possibility for silica-based nanocarriers for therapeutics
        Take a pill, or get a shot? Given the choice, most people would likely go for the former.

      

      
        Researchers develop photoactivatable nanomedicine for the treatment of age-related macular degeneration
        Researchers at the LKS Faculty of Medicine of the University of Hong Kong (HKUMed), and collaborators from the Zhongshan Ophthalmic Center of Sun Yat-sen University, Guangzhou, have developed a light-activatable prodrug nanomedicine for age-related macular degeneration (AMD) therapy.

      

      
        The 'jigglings and wigglings of atoms' reveal key aspects of COVID-19 virulence evolution
        Richard Feynman famously stated, "Everything that living things do can be understood in terms of the jigglings and wigglings of atoms." This week, Nature Nanotechnology features a study that sheds new light on the evolution of the coronavirus and its variants of concern by analyzing the behavior of atoms in the proteins at the interface between the virus and humans.

      

      
        New platform solves key problems in targeted drug delivery
        In recent years, cell and gene therapies have shown significant promise for treating cancer, cystic fibrosis, diabetes, heart disease, HIV/AIDS and other difficult-to-treat diseases. But the lack of effective ways to deliver biological treatments into the body has posed a major barrier for bringing these new therapies to the market--and, ultimately, to the patients who need them most.

      

      
        This tiny spinal stimulator could someday have a big impact on paralysis
        A Johns Hopkins materials scientist and a team of collaborators have developed a tiny device that may hold promise for restoring mobility to those with lower limb paralysis, a condition affecting approximately 1.4 million Americans.

      

      
        Research advances magnetic graphene for low-power electronics
        National University of Singapore (NUS) physicists have developed a concept to induce and directly quantify spin splitting in two-dimensional materials. By using this concept, they have experimentally achieved large tunability and a high degree of spin-polarization in graphene. This research achievement can potentially advance the field of two-dimensional (2D) spintronics, with applications for low-power electronics.

      

      
        CRISPR-powered optothermal nanotweezers
        Optothermal nanotweezers are an innovative optical design method that has revolutionized classical optical techniques to capture a broad range of nanoparticles. While the optothermal temperature field can be employed for in situ regulation of nanoparticles, challenges remain in identifying their potential for regulating bionanoparticles.
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Durable, inexpensive electrocatalyst generates clean hydrogen and oxygen from water

										

    
        
            [image: Durable, inexpensive electrocatalyst generates clean hydrogen and oxygen from water]
             
                Natural clay magadiite containing silicon (Si) was heated in a sealed vessel in a water-based solution containing iron chloride (FeCl3) and nickel chloride (NiCl2) to create a metallic silicate made up of nickel (Ni), iron (Fe) and Si. The metallic silicate was then reduced by adding electrons to metallic silicate atoms with magnesium, salt and heat to create the more organized intermetallic silicide (ferric-nickel silicide) structure. The graph illustrates the lower voltage required for the ferric-nickel silicide (FeNiSi) alloy electrocatalyst to produce hydrogen and oxygen gas compared to NiSi and FeSi alloys. Credit: Nano Research Energy, Tsinghua University Press
            
        

    



A new electrocatalyst made of nickel (Ni), iron (Fe) and silicon (Si) that decreases the amount of energy required to synthesize H2 from water has been manufactured in a simple and cost-effective way, increasing the practicality of H2 as a clean and renewable energy of the future.

										  
											        

         
        
        
        

      

										 
										 											  



Hydrogen is a highly combustible gas that can help the world achieve its clean energy goals if manufactured in an environmentally responsible way. The primary hurdle to creating hydrogen gas from water is the large amount of energy required for the electrolysis of water, or splitting water molecules into hydrogen gas (H2) and oxygen (O2).

Most H2 produced today is derived from fossil fuels, which contributes to global warming. Manufacturing H2 from water through the hydrogen evolution reaction (HER) requires the use of a catalyst, or agent that lowers the amount of energy required for a chemical reaction. Until recently, these catalysts were made up of rare earth metals, like platinum, reducing the cost-efficiency and practicality of clean hydrogen production.

A group of material scientists from Dalian University of Technology in Dalian, China manufactured an electrocatalyst, or a catalyst that uses electricity, using inexpensive materials and methods to effectively decrease the energy required to generate clean H2 from water. Importantly, the ferric-nickel silicide (FeNiSi) alloy, or mixture, also reduces the energy required to generate O2 from water, making the catalyst bifunctional.

The researchers published their study in Nano Research Energy.

"What really limits the development and practical application of water electrolysis technology is electrocatalytic materials. At present, common catalysts, such as precious metals... are mostly single-function catalysts, which limits the practical application of water electrolysis for hydrogen production. Therefore, the research and development of efficient, stable, cheap and environmentally friendly bifunctional electrocatalytic materials is a primary goal in the field of electrocatalysis," said Yifu Zhang, senior author of the study and researcher in the School of Chemistry at Dalian University of Technology.


											  													    

        
        
        
        
    

											  
											  Transition metal silicide alloys are unique compounds that are commonly used in energy-related fields, are cheaply produced and show promise as potential water hydrolysis electrocatalysts. These alloys are made from transition metals, which are excellent catalysts that freely donate and accept electrons in chemical reactions, and Si atoms, which enhance the stability, heat resistance and accessibility of alloy transition metal atoms when electricity is applied.

Fe and Ni, two transition metals, are well-suited for use in a transition metal silicide for water splitting. "Nickel silicide has been... deeply studied for its low resistance and high metal activity, especially... in electrochemical fields. In addition, many recent studies have shown that Fe-Ni based materials have considerable potential in the field of electrochemical water splitting. The aim of this work was to develop a low-cost, environmentally friendly route to prepare iron nickel silicide as a bifunctional electrolytic water catalyst (EWS)," said Zhang.

The research team manufactured FeNiSi in two steps. First, natural clay magadiite, a source of silicon, iron chloride and nickel chloride were heated under pressure to create a ferric-nickel silicate. The ferric-nickel silicate was then combined and heated with magnesium and sodium chloride (table salt) to develop the ordered structure of the FeNiSi alloy. Importantly, this was the first time a metallic silicide alloy had been manufactured using this type of chemical reaction using metallic silicates as a reaction material.

Electron microscopy and X-ray characterization techniques revealed that the manufacturing process created many pore structures in the final FeNiSi alloy, increasing its surface area and overall electrocatalytic performance. The FeNiSi alloy lowers the potential required to split oxygen and hydrogen from water by 308 mV for the oxygen evolution reaction (OER) and 386 mV for the HER, respectively, at a current of 10 mA*cm[?]2. The electrocatalyst also demonstrated sufficient durability after 15 hours of use.

The research team looks forward to FeNiSi and other transition metal silicates contributing to the synthesis of clean hydrogen gas for future energy needs.

"This work not only provides an easy method for the synthesis of intermetallic silicide with considerable porous structures but also allows the intermetallic silicide to be considered as a bifunctional electrocatalyst for EWS. Low-cost and efficient intermetallic silicide electrocatalysts will provide new opportunities for... renewable energy conversion," said Zhang.

Other contributors include Xuyang Jing, Yang Mu, Zhanming Gao and Xueying Dong from the School of Chemistry at Dalian University of Technology in Dalian, China; Changgong Meng from the School of Chemistry and the College of Environmental and Chemical Engineering at Dalian University of Technology; and Chi Huang from the College of Chemistry and Molecular Sciences at Wuhan University in Wuhan, China.
										 																				
																				

																						More information:
												Xuyang Jing et al, Intermetallic ferric nickel silicide alloy derived from magadiite by magnesiothermic reaction as bifunctional electrocatalyst for overall water splitting, Nano Research Energy (2023). DOI: 10.26599/NRE.2023.9120104
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Oral delivery a possibility for silica-based nanocarriers for therapeutics

										

    
        
            [image: pill vs vaccine]
             
                Credit: Monstera Production from Pexels
            
        

    



Take a pill, or get a shot? Given the choice, most people would likely go for the former.

										  
											        

         
        
        
        

      

										 
										 											  



Ultrasmall fluorescent core-shell hybrid silica nanoparticles--known as Cornell Prime Dots, or C'Dots--are among the nanocarriers for therapeutics that were thought to be viable only by injection, but new Cornell research has shown the potential for their oral administration.

"Because the particles are so small, we always thought it might be possible that they could be taken up in the gastrointestinal tract," said Ulrich Wiesner, the Spencer T. Olin Professor in the Department of Materials Science and Engineering, at Cornell Engineering, whose lab developed C'Dots nearly two decades ago.

"Patients would likely prefer to take pills orally rather than having to go to the hospital to get an injection," Wiesner said. "Most of the current cancer therapies are administered by injections. So the motivation was clearly there."

Wiesner is senior author of "Overcoming Barriers Associated with Oral Delivery of Differently Sized Fluorescent Core-Shell Silica Nanoparticles," which was published Nov. 23 in Advanced Materials.

Co-lead authors are Jacob A. Erstling, Ph.D. '22, and Thomas C. Gardinier, Ph.D. '19, both of whom worked in the Wiesner group and now at Elucida Oncology, Inc., a New Jersey-based biotechnology company co-founded by Wiesner, as well as Nirmalya Bag, a former postdoc in the Department of Chemistry and Chemical Biology in the College of Arts and Sciences and now on the faculty at IIT Kharagpur in India.

In addition to the potential for oral administration of C'Dots for cancer and other therapies, the research has also spurred new interest in ultrasmall silica itself as a health benefit. Silica is the most abundant oxide in the crust of the planet, and is found in green beans, bananas and leafy greens, among other "healthy" foods.

"Ultrasmall silica may actually be a natural material that via intestinal uptake has been circulating in animals over millions of years in evolution," Wiesner said, "and therefore may provide benefits to the body in the same way as small amounts of iron, copper, calcium, magnesium and other minerals are known to be important for our well-being."


											  													    

        
        
        
        
    

											  
											  C'Dots' potential in therapeutic medicine has led to several major discoveries, including their ability--without a cytotoxic drug payload--to induce a cell death program in nutrient-deprived cancer cells known as ferroptosis. The latest C'Dot breakthrough came earlier this year, when combining antibody fragments and a drug with the dots permanently eradicated gastric cancer in treated mice.

Oral administration of C'Dots has been a challenge due to several major barriers: intestinal mucus; intestinal epithelium; and stomach acid. The mucus protects the body from disease by slowing the diffusion of foreign objects toward the intestinal epithelium--including nanoparticles. The epithelial lining, primarily comprised of enterocytes that form tight junctions, is a major obstacle not letting larger objects through.

Wiesner's group performed numerous tests on plain (no drugs attached) nanoparticles of varying sizes, from 5 to 50 nanometers in diameter, and found particles below 20 nanometers (including C'Dots) displayed high enough permeability through the mucosal layer and the epithelium for oral delivery.

The group then performed oral delivery experiments in a small number of mice, and found uptake in the bloodstream and successful renal clearance without a protein corona typically observed for other drug carriers. Wiesner stressed that evidence of uptake via oral delivery in animals is no guarantee of similar results in humans, but "the fact that we see in animals that the particles are being taken up in the bloodstream is significant in and of itself."

The group also developed a polymer-coated pill, which would protect drug-equipped C'Dots from degradation in the acid of the stomach.

C'Dots' ability to induce ferroptosis got Wiesner thinking about possible health benefits of silica, which is found in many healthy foods. Wiesner consulted with Saurabh Mehta, the Janet and Gordon Lankton Professor in the Division of Nutritional Sciences, in the College of Human Ecology.

"We asked him, 'What do you know about anti-tumoral effects in an environment where nutrition is rich in biogenic silica products?'" Wiesner said. "And he said, 'We don't know; nobody ever asked that question.'"

Mehta said silica's effects on the immune system and gut microbiota need further study.

"Silica is ubiquitous in our food system, with its use in different stages of food production, processing and packaging including as a food additive," said Mehta, a co-author. "It's generally considered to be safe; some studies also show that they may have biological activity and health benefits, which need to be further studied."
										 																				
																				

																						More information:
												Jacob A. Erstling et al, Overcoming Barriers Associated with Oral Delivery of Differently Sized Fluorescent Core-Shell Silica Nanoparticles, Advanced Materials (2023). DOI: 10.1002/adma.202305937
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Researchers develop photoactivatable nanomedicine for the treatment of age-related macular degeneration
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                Photodynamic therapy (PDT) offers a clinical solution by utilising non-toxic photosensitisers activated by specific wavelengths of light to generate reactive oxygen species (ROS), which can damage and obliterate neovascularisation. Credit: The University of Hong Kong
            
        

    



Researchers at the LKS Faculty of Medicine of the University of Hong Kong (HKUMed), and collaborators from the Zhongshan Ophthalmic Center of Sun Yat-sen University, Guangzhou, have developed a light-activatable prodrug nanomedicine for age-related macular degeneration (AMD) therapy.

										  
											        

         
        
        
        

      

										 
										 											  



Through the intravenous injection of the nanomedicine and application of light irradiation to diseased eyes, anti-angiogenic and photodynamic combination therapy can be activated, offering a minimally invasive alternative for the treatment of AMD and other ocular disorders characterized by abnormal blood vessel growth. The research has been published in Advanced Science.

According to the Hong Kong Eye Survey data published in 2019, the prevalence of early AMD among individuals aged 70 and older has reached 7.5% in Hong Kong, making AMD the second most common cause of visual impairment and blindness in the adult population of Hong Kong.

Currently, intravitreal injections of antibodies against vascular endothelial growth factor are the first-line treatment for wet AMD. However, this invasive procedure is uncomfortable for patients, and carries the risk of serious ocular complications, such as endophthalmitis and retinal detachment. Therefore, there is an urgent need for novel formulations that enable the delivery of anti-angiogenic agents into the eye without an intravitreal injection, such as intravenous injection.

Additionally, anti-angiogenic agents have limited efficacy in regressing existing neovascularization. Photodynamic therapy (PDT) offers a clinical solution by utilizing non-toxic photosensitizers activated by specific wavelengths of light to generate reactive oxygen species (ROS), which can damage and obliterate neovascularization.

PDT is widely used for the treatment of polypoidal choroidal vasculopathy, a common subtype of wet AMD in Asia. Therefore, combining anti-angiogenesis therapy with PDT may offer a more effective approach to treating wet AMD, thus helping slow down the progression of the disease and improve the vision outcome for patients.

The research team designed a novel photoactivatable prodrug nanosystem. After a single intravenous injection of the nanoparticles into a choroidal neovascularization mouse model, red-light irradiation of the mouse's eye activated the nanoparticles to generate ROS, which not only causes the regression of abnormal neovascularization, but also triggers the release of anti-angiogenic drugs from the nanoparticles to inhibit the growth of new blood vessels. This combinational therapy demonstrated excellent therapeutic efficacy without any noticeable systemic or ocular side effects.

The study represents the first attempt at integrating a photoactivatable anti-angiogenic agent with a photosensitizer into a single nanoformulation for AMD treatment. The treatment procedure is simple and safe, as the therapeutic effect of the anti-angiogenic agent and photosensitizer in ocular lesions can be achieved through the intravenous administration of nanoparticles and light irradiation to the eye.

This pioneering research may open up new avenues for the development of minimally-invasive therapeutics for AMD and other neovascular ocular disorders. The formulation uses US FDA-approved therapeutic agents and excipients, making it promising for future clinical translation.
										 																				
																				

																						More information:
												Shuting Xu et al, Red Light-Triggered Anti-Angiogenic and Photodynamic Combination Therapy of Age-Related Macular Degeneration, Advanced Science (2023). DOI: 10.1002/advs.202301985
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The 'jigglings and wigglings of atoms' reveal key aspects of COVID-19 virulence evolution
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                Illustration of multiple viruses in a fluid turbulent environment interacting with human cells. Credit: Computational Biophysics Group--Auburn University
            
        

    



Richard Feynman famously stated, "Everything that living things do can be understood in terms of the jigglings and wigglings of atoms." This week, Nature Nanotechnology features a study that sheds new light on the evolution of the coronavirus and its variants of concern by analyzing the behavior of atoms in the proteins at the interface between the virus and humans.

										  
											        

         
        
        
        

      

										 
										 											  



The paper, titled "Single-molecule force stability of the SARS-CoV-2-ACE2 interface in variants-of-concern," is the result of an international collaborative effort among researchers from six universities across three countries.

The study introduces significant insights into the mechanical stability of the coronavirus, a key factor in its evolution into a global pandemic. The research team employed advanced computational simulations and magnetic tweezers technology to explore the biomechanical properties of biochemical bonds in the virus. Their findings reveal critical distinctions in the mechanical stability of various virus strains, highlighting how these differences contribute to the virus's aggressiveness and spread.

As the World Health Organization reports nearly 7 million deaths worldwide from COVID-19, with more than 1 million in the United States alone, understanding these mechanics becomes crucial for developing effective interventions and treatments. The group emphasizes that comprehending the molecular intricacies of this pandemic is key to shaping our response to future viral outbreaks.

Delving deeper into the study, the Auburn University team, led by Prof. Rafael C. Bernardi, Assistant Professor of Biophysics, along with Dr. Marcelo Melo and Dr. Priscila Gomes, played a pivotal role in the research by leveraging powerful computational analysis. Utilizing NVIDIA HGX-A100 nodes for GPU computing, their work was essential in unraveling complex aspects of the virus's behavior.

Prof. Bernardi, an NSF Career Award recipient, collaborated closely with Prof. Gaub from LMU, Germany, and Prof. Lipfert from Utrecht University, The Netherlands. Their collective expertise spanned various fields, culminating in a comprehensive understanding of the SARS-CoV-2 virulence factor. Their research demonstrates that the equilibrium binding affinity and mechanical stability of the virus-human interface are not always correlated, a finding crucial for comprehending the dynamics of viral spread and evolution.

Additionally, the team's use of magnetic tweezers to study the force-stability and bond kinetics of the SARS-CoV-2:ACE2 interface in various virus strains provides new perspectives on predicting mutations and adjusting therapeutic strategies. The methodology is unique because it measures how strongly the virus binds to the ACE2 receptor, a key entry point into human cells, under conditions that mimic the human respiratory tract.

The group found that while all the major COVID-19 variants (like alpha, beta, gamma, delta, and omicron) bind more strongly to human cells than the original virus, the alpha variant is particularly stable in its binding. This might explain why it spread so quickly in populations without prior immunity to COVID-19. The results also suggest that other variants, like beta and gamma, evolved in a way that helps them evade some immune responses, which might give them an advantage in areas where people have some immunity, either from previous infections or vaccinations.

Interestingly, the delta and omicron variants, which became dominant worldwide, show traits that help them escape immune defenses and possibly spread more easily. However, they don't necessarily bind more strongly than other variants. Prof. Bernardi says, "This research is important because it helps us understand why some COVID-19 variants spread more quickly than others. By studying the virus's binding mechanism, we can predict which variants might become more prevalent and prepare better responses to them."

This research emphasizes the importance of biomechanics in understanding viral pathogenesis and opens new avenues for scientific investigation into viral evolution and therapeutic development. It stands as a testament to the collaborative nature of scientific research in addressing significant health challenges.
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												Magnus S. Bauer et al, Single-molecule force stability of the SARS-CoV-2-ACE2 interface in variants-of-concern, Nature Nanotechnology (2023). DOI: 10.1038/s41565-023-01536-7. www.nature.com/articles/s41565-023-01536-7
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                Overview of the GEMINI strategy for genetically engineering multifunctional EVs. EV cargo proteins are expressed in producer cells to facilitate incorporation into multiple vesicle populations: MVs, which bud from the cell surface, or exosomes, which are produced by endosomal invaginations into multivesicular bodies. Surface-displayed targeting and fusion proteins aid in binding to and uptake by recipient cells and subsequent cargo release via cell surface fusion or endosomal escape. In the proof-of-principle application explored in this study, the objective is to deliver a Cas9-sgRNA complex to T cells to knock out a gene. Credit: Nature Biomedical Engineering (2023). DOI: 10.1038/s41551-023-01142-x. https://www.nature.com/articles/s41551-023-01142-x
            
        

    



In recent years, cell and gene therapies have shown significant promise for treating cancer, cystic fibrosis, diabetes, heart disease, HIV/AIDS and other difficult-to-treat diseases. But the lack of effective ways to deliver biological treatments into the body has posed a major barrier for bringing these new therapies to the market--and, ultimately, to the patients who need them most.

										  
											        

         
        
        
        

      

										 
										 											  



Now, Northwestern University synthetic biologists have developed a flexible new platform that solves part of this daunting delivery problem. Mimicking natural processes used by viruses, the delivery system binds to target cells and effectively transfers drugs inside.

The workhorses behind this new platform are extracellular vesicles (EVs)--tiny, virus-sized nanoparticles that all cells already naturally produce. In the new study, researchers used the powerful approach of synthetic biology to build DNA "programs" that--when inserted into "producer" cells--direct those cells to self-assemble custom EVs with useful surface features. The programs also direct cells to produce and load the EVs with biological drugs.

In proof-of-concept experiments, the particles successfully delivered biological drugs--in this case CRISPR gene-editing agents that knocked out a receptor used by HIV--to T cells, which are notoriously difficult to target. The researchers also hypothesize the system should work for many drugs and many types of cells.

The research was published today (Nov. 27) in the journal Nature Biomedical Engineering. It marks the first study to successfully use EVs to deliver cargo into T cells.

"The genomics revolution has transformed our understanding of the molecular bases of many diseases, but these insights have not resulted in new medicines for one fundamental reason: We lack the technology needed to deliver targeted medicines to specific sites in the body where they are needed," said Northwestern's Joshua N. Leonard, who led the study.

"These shared delivery challenges are holding us back. By making broadly enabling delivery platforms available, we can remove a huge amount of risk and cost from bringing new drugs to clinical trials or to market. Instead of designing a new delivery system every time a company makes a new drug, we hope that they can instead use modular, reconfigurable platforms like ours, thus accelerating the rate at which gene and cell therapies are developed and evaluated."

The promises, and challenges, of targeted drug delivery

By replacing faulty genes or delivering healthy new genes or cells into a patient, gene and cell therapies hold promise for treating a wide range of diseases. Using a delivery vehicle, gene therapies enter the body to transfer genetic material into specific cells to treat or prevent disease. Cell therapies use a similar approach but transfer full cells, which are typically modified outside the body before being administered.

In the most successful cases, viral vectors--which use parts derived from viruses but cannot cause an infection--have served as the delivery mechanism for both cell and gene therapies. But this strategy comes with limitations. The immune system sometimes recognizes virus parts as foreign and blocks such vectors before they deliver their cargo.

"Viruses have a natural ability to enter cells and deliver cargo," Leonard said. "Borrowing viral parts is an effective strategy for achieving delivery, but then you are somewhat limited to the types of delivery that the virus evolved to do. It takes substantial engineering work to tweak those systems to alter their functions for each application. In this story, we instead attempted to mimic the strategy that viruses have evolved, but we used new biological 'parts' to overcome some limitations of viral vectors and ultimately make new functionalities possible."

To design a multifunctional vehicle, the researchers looked to EVs, which Leonard described as "a blank slate." In all living beings (from yeast to plants to humans), cells naturally shed EVs, which researchers think play an important role in communication among cells and natural processes such as immune function.

"These particles are being shed and taken up by cells all the time--in both healthy and disease processes," Leonard said. "For example, we know that cancer cells shed EVs, and that seems to be a part of the process by which cancer spreads from one site to another. On the flip side, EVs also transfer samples of invading pathogens from infected cells to immune cells, helping the body marshal an effective response."


											  													    

        
        
        
        
    

											  
											  Harnessing a 'blank slate'

For Leonard's EV-based platform, his team developed and synthesized custom DNA molecules that were introduced into a producer cell. The DNA provided instructions for the producer cell to produce new biomolecules and then load those molecules onto the surface and inside the interior of EVs. This effectively generated EVs adorned with specifically designed characteristics--and cargo already in tow.

"We treat the EVs produced by cells as essentially blank slates upon which we can compose new functions by engineering those producer cells to express engineered or natural proteins and nucleic acids," Leonard said. "These alter the EV function and can comprise bioactive, therapeutic cargo."

To be successful, the EVs must target the correct cells, transfer their cargo into those cells and avoid side effects--all while avoiding the patient's always vigilant immune system. Compared to viruses, EVs are likely more capable of evading rejection by the immune system. Because EVs can be produced with materials largely found in a patient's own cells, the body is less likely to treat the particles as a foreign substance.

The T cell challenge

To test the concept, Leonard and his team looked to an attractive yet stubborn target: T cells. Because T cells naturally help the body fight germs and disease, researchers have looked to enhance T cells' natural abilities for immunotherapy applications.

"Most cells are constantly sampling little bits of their environment," said the study's lead author Devin Stranford, a graduate from Leonard's lab and now a scientist at Syenex. "But, for whatever reason, T cells don't do that as much. Therefore, it's challenging to deliver drugs to T cells because they won't actively take them up. You have to get the biology right in order for those delivery events to occur."

In the experiments, the researchers engineered a producer cell to generate EVs loaded with Cas9, a protein that is part of the CRISPR system, paired with an engineered RNA molecule to direct it to recognize and alter a specific sequence of DNA in a cell's genome. The researchers introduced the modified EVs into a culture of T cells. The EVs efficiently bound to the T cells and successfully delivered their cargo, leading to a genetic edit that inactivated the gene encoding a receptor used by HIV to infect T cells. Although treatment of HIV infections was not an immediate goal of this project, this work nonetheless illustrates that promise, demonstrating the types of new therapeutic functions that the technology enables.

"A key goal of this work was using rigorous methods to ensure that the cargo got all the way to where it needed to go," Leonard said. "Because we're making edits to the genome of these cells, we can use powerful technologies like next-generation sequencing to confirm that those exact edits were present in the recipient cells, in the location of the genome where they were intended."

What's next?

Called GEMINI (Genetically Encoded Multifunctional Integrated Nanovesicles), the new platform represents a suite of technologies for genetically engineering cells to produce multifunctional EVs to address diverse patient needs.

"Depending on the treatment, one might need a billion EVs," he said. "But because they are so small, it's actually a tiny amount of material. Others have already demonstrated that EVs can be produced in clinically translatable ways at commercial scale. Indeed, a particular benefit of biologically encoding EV functions, as we have, is that all the complexity goes into engineering the DNA programs. Once that is done, such processes are readily compatible with mature, existing manufacturing methods."

Through Syenex, Leonard hopes to use the GEMINI platform, alongside other synthetic biology technologies, to rapidly generate best-in-case delivery vehicles that enable developers--ranging from academic spinouts to mature biotechnology companies--to design new, life-changing cell and gene therapies.

"By demonstrating the ability to genetically encode cargo and surface compositions of nanovesicles with the GEMINI platform, we can turn a hard biology problem into an easier DNA engineering problem," Leonard said. "That enables us to tap into the ongoing exponential improvements in DNA synthesis and sequencing that have powered the growth of synthetic biology. We are optimistic that these approaches will enable researchers to solve the big delivery challenges and develop new and improved treatments that benefit a wide range of patients."
										 																				
																				

																						More information:
												Devin M. Stranford et al, Genetically encoding multiple functionalities into extracellular vesicles for the targeted delivery of biologics to T cells, Nature Biomedical Engineering (2023). DOI: 10.1038/s41551-023-01142-x. www.nature.com/articles/s41551-023-01142-x
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This tiny spinal stimulator could someday have a big impact on paralysis

										

    
        
            [image: This tiny spinal stimulator could someday have a big impact on paralysis]
             
                Credit: Nano Letters (2023). DOI: 10.1021/acs.nanolett.3c01806
            
        

    



A Johns Hopkins materials scientist and a team of collaborators have developed a tiny device that may hold promise for restoring mobility to those with lower limb paralysis, a condition affecting approximately 1.4 million Americans.

										  
											        

         
        
        
        

      

										 
										 											  



The novel apparatus, a spinal stimulator, can be placed below the injury site through a simple injection, setting it apart from conventional stimulators, which are bulky and must be deployed farther from the nerves that control leg movements.

"The concept behind spinal stimulators is their ability to bypass injured regions, sending essential motor commands from the brain to the spinal region responsible for leg motions. Our innovative approach addresses a key challenge faced by many existing spinal stimulator technologies: achieving precise stimulation and minimal invasiveness," said member Dinchang Lin, an assistant professor in the Whiting School of Engineering's Department of Materials Science and Engineering and a core researcher at Johns Hopkins Institute for NanoBioTechnology.

The team's results are published in Nano Letters.

Conventional spinal stimulators are implanted either on the spinal cord's dorsal surface (facing the person's back) or directly into the spinal tissue. According to Lin, neither strategy is ideal: The former compromises the implant's ability to precisely target important nerves, and the latter not only causes damage to the tissue during implantation surgery but also raises biocompatibility issues.

Lin's team first identified a new site for stimulation, the ventrolateral epidural surface, which is very close to crucial motor neurons in the spinal cord and accessible without surgery. Then they designed a nanoscale, ultra-flexible, and stretchable device that can be inserted via a small injector and a simple syringe pump.

"Applying this new technology in a mouse model, we evoked leg motions using an electric current nearly two orders of magnitude lower than that used in traditional dorsal stimulation. Our stimulator not only enabled a broader range of motions but also allowed us to program the electrode array's stimulation pattern, which resulted in more intricate and natural leg movements reminiscent of stepping, kicking, and waving," said Lin, who led the team's design and selection of the device's scaffold materials, which was customized to achieve optimal mechanical properties and long-term biocompatibility.

The researchers hope that this technology--if eventually proven safe and effective for use in humans-- could someday help restore leg function in people with spinal cord injuries or neuromotor diseases. They also believe that their implantation method with low invasiveness could make it accessible to more people.

"This technology could significantly improve the quality of many patients' lives, lower the cost of personal care, and help them regain confidence and dignity," Lin said.

Team members plan to continue work on the device with an eye to eventual human clinical trials.
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												Dingchang Lin et al, Injectable Ventral Spinal Stimulator Evokes Programmable and Biomimetic Hindlimb Motion, Nano Letters (2023). DOI: 10.1021/acs.nanolett.3c01806
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Research advances magnetic graphene for low-power electronics

										

    
        
            [image: Magnetic graphene for low-power electronics]
             
                Figure showing the diffusion of spin-polarized electrons within a graphene layer placed on top of a ferrimagnetic insulating oxide Tm3Fe5O12 (TmIG). The strong exchange interaction between the graphene and TmIG results in a significant spin splitting of the graphene band structure. This spin splitting, in turn, results in a substantial difference in the density of charge carriers with spin orientations labeled as "spin up" (|) and "spin down" (|). This difference in carrier density gives rise to the generation of a spin-polarized current. Credit: Advanced Materials
            
        

    



National University of Singapore (NUS) physicists have developed a concept to induce and directly quantify spin splitting in two-dimensional materials. By using this concept, they have experimentally achieved large tunability and a high degree of spin-polarization in graphene. This research achievement can potentially advance the field of two-dimensional (2D) spintronics, with applications for low-power electronics.

										  
											        

         
        
        
        

      

										 
										 											  



Joule heating poses a significant challenge in modern electronics, especially in devices such as personal computers and smartphones. This is an effect that occurs when the flow of electrical current passing through a material produces thermal energy, subsequently raising the material's temperature. One potential solution involves the use of spin, instead of charge, in logic circuits. These circuits can, in principle, offer low-power consumption and ultrafast speed, owing to the reduction or elimination of Joule heating. This has given rise to the emerging field of spintronics.

Graphene is an ideal 2D material for spintronics, due to its long spin diffusion length and long spin lifetime even at room temperature. Even though graphene is not inherently spin-polarized, it can be induced to exhibit spin-splitting behavior by placing it near magnetic materials. However, there are two main challenges. There is a lack of direct methods for determining the spin-splitting energy and a limitation in graphene's spin properties and tunability.

A research team led by Professor Ariando from the Department of Physics, NUS, developed an innovative concept to directly quantify spin-splitting energy in magnetic graphene using the Landau fan shift. Landau fan shift refers to the shift of intercept when plotting linear fits of oscillation frequency with charge carriers, which is due to the splitting of energy levels of charged particles in a magnetic field. It can be used to study the fundamental properties of matter. Moreover, the induced spin-splitting energy can be tuned over a broad range by a technique called field cooling.

The observed high spin polarization in graphene, coupled with its tunability in spin-splitting energy, offers a promising avenue for the development of 2D spintronics for low-power electronics.

The findings have been published in the journal Advanced Materials.


											  													    

        
        
        
        
    

											  
											  The researchers performed a series of experiments to validate their approach. They began by creating a magnetic graphene structure by stacking a monolayer graphene on top of a magnetic insulating oxide Tm3Fe5O12 (TmIG). This unique structure allowed them to utilize the Landau fan shift to directly quantify its spin-splitting energy value of 132 meV in the magnetic graphene.

To further corroborate the direct relationship between the Landau fan shift and spin-splitting energy, the researchers performed field cooling experiments for tuning the degree of the spin-splitting in graphene. They also applied X-ray magnetic circular dichroism (XMCD) at the Singapore Synchrotron Light Source to reveal the origins of the spin-polarization.

Dr. Junxiong Hu, the lead author for the research paper, said, "Our work solves the long-standing controversy in 2D spintronics, by developing a concept that uses the Landau fan shift to directly quantify the spin splitting in magnetic materials."

To further support their experimental findings, the researchers collaborated with a theoretical team led by Professor Zhenhua Qiao from the University of Science and Technology of China, to calculate the spin splitting energy using first principle calculations.

The theoretical results obtained were consistent with their experimental data. Moreover, they also used machine learning to fit their experimental data based on a phenomenological model, which provides a deeper understanding of the tunability of spin-splitting energy by field cooling.

Prof Ariando said, "Our work develops a robust and unique route to generate, detect and manipulate the spin of electrons in atomically thin materials. It also demonstrates a practical use of artificial intelligence in materials science. With the rapid development and significant interest in the field of 2D magnets and stacking-induced magnetism in atomically thin van der Waals heterostructures, we believe our results can be extended to various other 2D magnetic systems."

Building upon this proof-of-concept study, the research team plans to explore the manipulation of spin current at room temperature. Their goal is to apply their findings in the development of 2D spin-logic circuitry and magnetic memory/sensory devices.

The ability to efficiently tune the spin polarization of current forms the basis for the realization of all-electric spin field-effect transistors, ushering in a new era of low-power consumption and ultrafast speed electronics.
										 																				
																				

																						More information:
												Junxiong Hu et al, Tunable Spin-Polarized States in Graphene on a Ferrimagnetic Oxide Insulator, Advanced Materials (2023). DOI: 10.1002/adma.202305763
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                Successive microscope frames showing the process of gold-nanoparticle containment, release, and translocation. a A frame-by-frame sequence of DNA@AuNS trapping and releasing, the dotted circle indicates the trapping region. b A frame-by-frame sequence of the translocation of a cluster of trapped DNA@AuNSs. The laser power is 0.33 mW, the AuNS and PEG concentration is 100 mM and 10% (wt%) respectively. Scaler bar = 4 mm. Credit: Light: Science & Applications, doi: 10.1038/s41377-023-01326-9
            
        

    



Optothermal nanotweezers are an innovative optical design method that has revolutionized classical optical techniques to capture a broad range of nanoparticles. While the optothermal temperature field can be employed for in situ regulation of nanoparticles, challenges remain in identifying their potential for regulating bionanoparticles.

										  
											        

         
        
        
        

      

										 
										 											  



To observe the synergistic effects of optothermal manipulation and Clustered Regularly Interspaced Short Palindromic Repeats (CRISPR)-based biodetection, the researchers developed a combination of CRISPR-powered optothermal nanotweezers abbreviated as CRONT.

In a new report in Light: Science & Applications, Jiajie Chen and a research team in optoelectronics engineering, biomedical engineering, and physics, accomplished this by harnessing diffusiophoresis and thermo-osmotic flows for optothermal excitation by successfully enriching DNA functionalized gold nanoparticles, CRISPR-associated proteins, and DNA strands.

The scientists built on an optothermal scheme to enhance CRISPR-associated single-nucleotide polymorphism detection at the single molecule level, to introduce a new CRISPR-based method to observe nucleotide cleavage. The researchers studied this innovative approach as a universal point-of-care diagnostics, biophotonics, and bionanotechnology field.

Optical tweezers

In 1986, Arthur Ashkin invented optical tweezers to regulate nano-objects remotely and received a Nobel prize in physics in 2018 for this groundbreaking discovery and contribution to biological systems. While classical optical tweezers depend on the momentum transformation of light, interdisciplinary combinations across plasmonic optics, electrical field and temperature have effectively addressed the limits.

A variety of innovative approaches have emerged to offer new opportunities in particle analysis and regulation. Optothermal nanotweezers use optical-induced thermodynamic forces to regulate nanoparticles in the micron-scale at sub-micron precision.

When compared to traditional optical tweezers, optothermal tweezers require a lower power density, making them an attractive alternative for biological detection, while reducing adverse optical effects on biological samples. Since thermal effects play a key role during a variety of biological processes, it is possible to leverage the capabilities of the temperature field for practical applications.

The method can be used to regulate bionanoparticles ranging from the micro-to-nanoscale to include bacteria and live cells, as well as single- and double-stranded DNA molecules and proteins.


    
    
    
        
        
    
            
            Translocation of a DNA@AuNS cluster. Credit: Light: Science & Applications, doi: 10.1038/s41377-023-01326-9
  




											  													    

        
        
        
        
    

											  
											  Combining CRISPR with nanotweezers--CRONT

The clustered regularly interspaced short palindrome repeat (CRISPR) system itself offers a remarkable gene editing tool, which too received a Nobel prize in 2020. The method comprised a CRISPR-associated nuclease protein and a target DNA-specific guide RNA.

Biophysicists and bioengineers are increasingly keen to enhance the sensitivity and versatility of DNA detection by combining the CRISPR-Cas system with new sensing modes.

To overcome the existing limits of the method, Chen and colleagues designed a universally applicable optothermal tweezing platform known as CRISPR-powered optothermal nanotweezers to identify bionanoparticles and used the setup to identify in situ DNA molecules, without nucleic acid amplification. The experiments provided ultralow detection volumes at 10 mL to identify single nucleotide polymorphisms to study genetic diversity, disease susceptibility and drug response, to meet the future demands of genomic research and medicine.

The working principle

To enable CRONT (CRISPR-powered optothermal nanotweezers), the scientists designed a microfluidic chamber with a thin layer of gold film deposited on the cover glass. When the team irradiated the gold film with laser illumination, they generated a temperature field surrounding the laser spot. The scientists detailed optimal conditions of CRISPR reactions and initiated the cleavage of the DNA-gold nanofilm conjugate, using dark-field microscopy.

They added a nonionic polymer of polyethylene glycol (PEG) into the water solution as a biological surfactant for excellent biocompatibility.

The presence of multiple nanoparticles and their varying thermophoretic mobility generated a distinct solute concentration. When solutes with increased concentrations influenced those with lower concentrations through osmotic pressure, the outcomes resulted in an interaction known as the diffusiophoretic force. This systematic investigation highlighted the potential for CRONT to be included to conduct biomolecular identification.
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                CRONT system for nucleotide detection and identification. a) A single DNA@AuNS is captured by the CRONT at the laser heating region. The heating laser is turned off at 28.8 s, and cleavage is observed afterward. b) Trapping stiffness measurements at varying laser powers in x/y direction, with the dashed line denoting the maximum stiffness at 0.5 mW. c) Position distribution of the trapped single DNA@AuNS at 0.5 mW. d) Light intensity variation of a trapped DNA@AuNS during the laser activation. The target ssDNA is from part of the Monkeypox (MP) virus sequence. Frames were recorded using dark-field microscopy, and the scale bar is 2 mm. e) Cleavage probability of the DNA@AuNS at different target ssDNA (MP) concentrations. f) Cleavage probability at different crRNA and target ssDNA combination groups (A-E) for specificity test, the target ssDNA concentrations is 250 fM. g) Cleavage probability of the DNA@AuNS at different target dsDNA (MP) concentrations. The optical power set as 0.5 mW in (a), (c-g). h) Cleavage probability of the DNA@AuNS under dsDNA at a lower optical power of 0.16 mW, the inset indicates the temperature distribution. Each capturing event was conducted for 2 min, and each data point comprised 10-17 capturing events over a 40-min period. Each concentration was tested three times. The PEG mass fraction is 10%. The concentration of AuNS and Cas12a is 0.5 mM and 0.125 nM respectively. Credit: Light: Science & Applications, doi: 10.1038/s41377-023-01326-9
            
        

    




Optothermally combining proteins and DNAs

To enable CRISPR-powered optothermal nanotweezers, Chen and colleagues studied the aggregation behaviors of proteins and DNAs by using fluorescence labeling where the length of the rigid stem generated a polyethylene glycol concentration gradient. While a higher laser power did not continuously increase the accumulation rate due to an enlarged thermo-osmotic flow, the accumulation of single-stranded DNA was higher than double-stranded DNA. While protein accumulations are rarely studied in biophysics, the fluorescence-labeled Cas12a proteins showed a tendency to form slight ring-like accumulations, where increasing the laser power increased their accumulation rate.

The team additionally performed experiments on commonly incorporated proteins such as bovine serum albumin with FITC labeling. In the presence of an optothermal field, this protein distribution remained random and unaffected by the presence of polyethylene glycol molecules.

CRISPR-powered optothermal nanotweezers (CRONT) to identify nucleotides 

Chen and team noted how the optothermal field associated with the CRISPR-powered optothermal nanotweezers (CRONT), provided a suitable temperature for CRISPR-based biodetection, with the capacity to enrich bionanoparticles to detect DNA at ultralow concentrations, instead of Brownian motion alone that is governed through the detection of diffusion.

The scientists included the CRISPR-12a scheme to examine single-stranded ambient DNA. The CRONT system successfully identified DNAs at the single molecule level for single nucleotide polymorphisms with high sensitivity and specificity.

Outlook 

In this way, Jiajie Chen and colleagues incorporated diffusiophoresis and thermo-osmotic flows in the boundary layer of an optothermal responsive film to show a new method to regulate CRISPR-powered optothermal nanotweezers at the nanoscale.

This method allowed the immediate implementation of CRISPR-based biosensing with an ultralow detection volume.

Optical tweezers are endowed with DNA identification through CRISPR-based biosensing systems as an avenue for biomolecule enrichment to cleave the CRISPR complex. Such CRISPR-powered optothermal nanotweezers or CRONT systems hold immense promise to advance the understanding of complex biological processes as a versatile detection probe across biomedical research, drug discovery, and disease diagnostics.
										 																				
																				

																						More information:
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        Using the world's three most powerful particle accelerators to reveal the space-time geometry of quark matter
        Physicists from the Eotvos Lorand University (ELTE) have been conducting research on the matter constituting the atomic nucleus utilizing the world's three most powerful particle accelerators. Their focus has been on mapping the "primordial soup" that filled the universe in the first millionth of a second following its inception.

      

      
        
          	
            Nanotechnology
          
          	
            Sections
          
          	
            Space and Earth
          
        

      

    

  
	
	Articles
	Sections
	Next



Using the world's three most powerful particle accelerators to reveal the space-time geometry of quark matter

										

    
        
            [image: Space-time geometry of quark matter revealed]
             
                A montage of reconstructed tracks from actual collision events and photographs of the respective detectors, at the Brookhaven National Laboratory and at CERN. Credit: Montage made by Mate Csanad / Eotvos Lorand University. Original photos for the montage: STAR es PHENIX: Brookhaven National Laboratory and CMS es NA61: CERN
            
        

    



Physicists from the Eotvos Lorand University (ELTE) have been conducting research on the matter constituting the atomic nucleus utilizing the world's three most powerful particle accelerators. Their focus has been on mapping the "primordial soup" that filled the universe in the first millionth of a second following its inception.

										  
											        

         
        
        
        

      

										 
										 											  



Intriguingly, their measurements showed that the movement of observed particles bears resemblance to the search for prey of marine predators, the patterns of climate change, and the fluctuations of stock market.

In the immediate aftermath of the Big Bang, temperatures were so extreme that atomic nuclei could not exists, nor could nucleons, their building blocks. Hence, in this first instance the universe was filled with a "primordial soup" of quarks and gluons.

As the universe cooled, this medium underwent a "freeze-out," leading to the formation of particles we know today, such as protons and neutrons. This phenomenon is replicated on a much smaller scale in particle accelerator experiments, where collisions between two nuclei create tiny droplets of quark matter. These droplets eventually then transition into the ordinary matter through freeze-out, a transformation known to researchers conducting these experiments.

However, the properties of quark matter vary due to differences in pressure and temperature that result from the collision energy in particle accelerators. This variation necessitates measurements to "scan" matter in particle accelerators of different energies, the Relativistic Heavy Ion Collider (RHIC) in the U.S., or the Super Proton Synchrotron (SPS) and the Large Hadron Collider (LHC) in Switzerland.

"This aspect is so crucial that new accelerators are being constructed all over the world, for example in Germany or Japan, specifically for such experiments. Perhaps the most significant question is how the transition between phases occurs: a critical point may emerge on the phase map," explains Mate Csanad, professor of physics at the Department of Atomic Physics, Eotvos Lorand University (ELTE).

The long-term goal of the research is to deepen our understanding of the strong interaction that governs the interactions in quark matter and in atomic nuclei. Our current level of knowledge in this area can be likened to humanity's grasp of electricity during the eras of Volta, Maxwell or Faraday.


											  													    

        
        
        
        
    

											  
											  While they had a notion of the fundamental equations, it took a considerable amount of experimental and theoretical work to develop technologies that have profoundly transformed everyday life, ranging from the light bulb to televisions, telephones, computers, and the internet. Similarly, our understanding of the strong interaction is still embryonic, making research to explore and map it vitally important.
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                Researchers of the Eotvos University working on the data taking of the STAR experiment at the Brookhaven National Laboratory. Credit: Mate Csanad / Eotvos Lorand University
            
        

    




Researchers from ELTE have been involved in experiments at each of these accelerators mentioned above, and their work over the past few years has led to a comprehensive picture of the geometry of quark matter. They achieved this through the application of femtoscopy techniques. This technique utilizes the correlations that arise from the non-classical, quantum-like wave nature of the particles produced, which in the end reveals the femtometer-scale structure of the medium, the particle-emitting source.

"In the previous decades, femtoscopy was operated on the assumption that quark matter follows a normal distribution, i.e., the Gaussian shape found in so many places in nature," explains Marton Nagy, one of the group's lead researchers. However, the Hungarian researchers turned to the Levy process, which is also familiar in various scientific disciplines, as a more general framework, and which is a good description of the search for prey by marine predators, stock market processes and even climate change.

A distinctive trait of these processes is that at certain moments they undergo very large changes (for example, when a shark searches for food in a new area), and in such cases a Levy distribution rather than a normal (Gaussian) distribution can occur.

This research holds significant importance for several reasons. Primarily, one of the most studied features of the freeze-out of quark matter, its transformation into conventional (hadronic) matter, is the femtoscopic radius (also called HBT-radius, noting its relation the well-known Hanbury Brown and Twiss effect in astronomy), which is derived from femtoscopic measurements. However, this scale depends on the assumed geometry of the medium.

As Daniel Kincses, a postdoctoral researcher in the group, summarizes, "If the Gaussian assumption is not optimal, then the most accurate results from these studies can only be obtained under the Levy assumption. The value of the 'Levy exponent,' which characterizes the Levy distribution, also may shed light on the nature of the phase transition. Thus, its variation with collision energy provides valuable insight into the different phases of quark matter."

Researchers from ELTE are actively participating in four experiments: NA61/SHINE at the SPS accelerator, PHENIX and STAR at RHIC, and CMS at the LHC. The NA61/SHINE group of ELTE is led by Yoshikazu Nagai, the CMS group by Gabriella Pasztor; and the RHIC groups by Mate Csanad, who is also coordinating ELTE's femtoscopy research.

The groups are making substantial contributions to the success of experiments in various capacities, ranging from detector development to data acquisition and analysis. They are also engaged in many projects and theoretical research. "What is unique about our femtoscopy research is that it is carried out in four experiments in three particle accelerators--giving us a broad view of the geometry and possible phases of quark matter," states Mate Csanad.

The team presented their latest findings at the Workshop on Particle Correlations and Femtoscopy, held 6-10 November 2023. As part of large-scale collaborations, they have also published related research in The European Physical Journal C, Physics Letters B and Universe.
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        Owner personality and mental well-being associated with human-pet attachment
        University of Helsinki researchers have collected data about the personality traits of thousands of dogs, cats and their owners to explore owner-pet attachment. The data encompass about 2,500 pet owners and 3,300 pets. The work is published in the journal iScience.

      

      
        Research links climate change to vampire bat expansion and rabies virus spillover
        Vampire bats may soon take up residence in the United States and bring with them an ancient pathogen. "What we found was that the distribution of vampire bats has moved northward across time due to past climate change, which has corresponded with an increase in rabies cases in many Latin American countries," said Paige Van de Vuurst, a Ph.D. student in Virginia Tech's Translational Biology, Medicine, and Health Graduate Program.

      

      
        New automatic algorithm unveils key insights into leaf orientation and plant productivity
        Maize (Zea mays L.), the most globally produced cereal, owes its enhanced productivity to genetic, agronomic, and climatic factors, with cultivars adapted to higher density playing a crucial role. Recent research has focused on maize's architectural plasticity, particularly its ability to adapt leaf architecture to maximize light interception under varying densities. This adaptation includes leaf reorientation, a response to intraspecific competition, influenced by changes in red to far-red light...

      

      
        Revolutionizing plant disease diagnosis: Pre-trained models outperform traditional methods
        Diagnosing plant disease is essential to meet the world's growing food demand, which is expected to increase with a population of 9.1 billion by 2050. Diseases can reduce crop yields by 20-40%, so early detection is critical. Traditional disease identification methods include expert analysis and machine learning-based image processing. However, the manual approach is inefficient and error-prone, while machine learning, particularly deep learning methods like Convolutional Neural Networks (CNNs), ...

      

      
        Study show extracellular vesicles can also deliver messages from non-human cells
        Messenger bubbles produced by human cells can pick up bacterial products and deliver them to other cells, University of Connecticut researchers report in the Nov. 16 issue of  Nature Cell Biology. The discovery may explain a key mechanism by which bacteria, whether friendly or infectious, affect our health.

      

      
        Why does puberty trigger us to stop growing?
        All animals start out as a single-celled organism and then start growing. At some point, of course, they need to stop getting bigger, but the process by which this happens is poorly understood.

      

      
        Team discovers protein crucial for B cell differentiation and antibodies
        A cell nucleus is a busy place. Cellular proteins twist and pull DNA, folding the genome into intricate 3D structures that support functioning of its coding parts.

      

      
        Study is the first to document dialect differences in a parrot across its European range
        In the 50 years since monk parakeets arrived in Europe and spread across the continent, the species has developed distinct dialects that vary across countries and cities, according to a team of researchers from the Max Planck Institutes of Animal Behavior in Konstanz and for Evolutionary Anthropology in Leipzig, Germany.

      

      
        A critically endangered Sumatran rhino named Delilah successfully gives birth in Indonesia
        A critically endangered Sumatran rhino was born in Indonesia's western island of Sumatra on Saturday, the second Sumatran rhino born in the country this year and a welcome addition to a species that currently numbers fewer than 50 animals.

      

      
        Culling gray squirrels not necessary for overall biodiversity, expert suggests
        Life on Earth is facing the greatest rate of extinction in history--and humans are the disruptive force, according to a leading ecologist.

      

      
        Advanced AI techniques for predicting and visualizing citrus fruit maturity
        Citrus, the world's most valuable fruit crop, is at a crossroads with slowing production growth and a focus on improving fruit quality and post-harvest processes. Key to this is understanding citrus color change, a critical indicator of fruit maturity, traditionally gauged by human judgment.

      

      
        Stones inside fish ears mark time like tree rings. How they're helping us learn about climate change
        As a marine biologist, I've always found it fascinating to learn about how animals adapt to their habitat. But climate change has made it more important than ever--wild animals' futures may depend on how much we understand about them.

      

      
        Enhancing rice biomass estimation with UAV-based models
        Aboveground biomass (AGB) of rice, vital for carbon pool and yield estimation, is traditionally measured through labor-intensive manual sampling. Recent advancements employ remote sensing, particularly unmanned aerial vehicles (UAVs), to derive vegetation indices (VIs) from plant interactions with the electromagnetic spectrum.

      

      
        Comprehensive analysis of the telomere-to-telomere genome of soybean cultivar ZH13
        Soybean (Glycine max) is one of the most crucial oil and protein crops, and contributes to more than a quarter of the protein utilized in both human food and animal feed. It is widely acknowledged that the cultivated soybean emerged through the domestication of its annual ancestor in the Yellow River basin. Therefore, the exploration of genetic resources within the origin region bears immense significance in advancing the global frontiers of soybean breeding.

      

      
        A novel quantification method for ribonucleotides, which are needed in almost all cellular processes
        RNA (ribonucleic acid), which is made up of ribonucleotides, is a molecule found in all living organisms. RNA is thought to have probably preceded DNA in primordial life billions of years ago. RNA was eventually replaced by DNA as a chemically more stable carrier of genetic information.

      

      
        Q&A: Scientific collaboration paves the way to cleaner technologies for industry
        During the nearly five decades of its operation, the European Molecular Biology Laboratory (EMBL) in Hamburg has developed many fruitful collaborations with other scientific institutions located in the Hamburg metropolitan area. One example is the long-lasting collaboration between researchers at EMBL Hamburg and the Center for Biobased Solutions (CBBS) at the Hamburg University of Technology (TUHH), which has recently yielded new insights into the structure and function of a lipid-degrading enzy...

      

      
        Japanese snail adaptation and speciation in anti-predation escape behavior
        Snails often get a bad rap for being slow and inefficient and are sometimes used to express laziness. However, a team of researchers from Kyoto and Hokkaido has now revealed that snails are anything but lazy, particularly when feeling threatened. Two species of the genus Karaftohelix--K editha and K gainesi--showed opposite behaviors in response to predator-like stimuli.

      

      
        Quality of tidal mudflats changes in gas extraction area of Wadden Sea
        As tidal flats subside due to gas extraction, their composition changes. This is shown in a paper published in this month's Journal of Applied Ecology. "The average grain size in the parts of the mudflats where gas is extracted has decreased over 10% in 12 years. With that, sand is getting finer," says NIOZ researcher Allert Bijleveld. In this period, the composition of the benthic life in subsided areas has also changed in comparison to similar areas where subsidence due to gas extraction did no...

      

      
        Longing to know about longhorn beetles in Australia
        The Titan beetle (Titanus giganteus) is the biggest beetle in the world. It's a dark brown colored longhorn that lives in the Amazon and grows to 17.7 centimeters long.
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                Credit: iScience (2023). DOI: 10.1016/j.isci.2023.108423
            
        

    



University of Helsinki researchers have collected data about the personality traits of thousands of dogs, cats and their owners to explore owner-pet attachment. The data encompass about 2,500 pet owners and 3,300 pets. The work is published in the journal iScience.

										  
											        

         
        
        
        

      

										 
										 											  



Relationships between humans and pets, like those between humans, can be described by examining two dimensions of insecure attachment: anxious and avoidant. Individual differences can be observed between these two attachment styles in terms of respective needs for proximity and independence. An anxiously attached pet owner has a heightened need for proximity and is concerned about losing their pet. In contrast, an avoidantly attached pet owner craves a high degree of independence and fears the loss of personal autonomy.

In addition to investigating the role of owner personality in attachment style, this was the first time the researchers considered the personality traits of the objects of attachment, that is, pets. The significance of mental well-being was examined for owners and pets alike. For the former, the researchers examined symptoms of anxiety and depression, stress, and satisfaction with life. The mental well-being of cats and dogs was studied by exploring unwanted behavior traits, which reflect phenomena similar to human mental well-being challenges.

Mental well-being of both parties visible in type of attachment bond

The study found that cat and dog owners with lower mental well-being scores were more anxiously attached to their pets. In dog owners, such scores were also associated with an avoidant attachment style. The poor "mental well-being" of dogs, that is, unwanted behavior, was associated with both attachment styles: aggression and ADHD-like behavior with avoidantly attached owners, and fear-behavior with anxiously attached owners.

"Avoidantly attached owners perhaps offer insufficient security for their dog in threatening situations, which may provoke fear and aggressive behavior," says Doctoral Researcher Aada Stahl. Such owners may also participate in fewer shared activities with their dog, which is in turn associated with impulsiveness in dogs. Moreover, it is possible that the direction of causality is the opposite, in other words, that unwanted behavior in a dog may contribute to insecure attachment, heightening the owner's need for independence or proximity.


											  													    

        
        
        
        
    

											  
											  Dog and cat personality plays role in insecure attachment

The personality traits of cat and dog owners and their pets were associated with both insecure attachment styles. Owner neuroticism, in particular, was associated with an anxious attachment style.

"The personality trait of neuroticism is characterized by instability in expressing emotions, reflecting insecurity, anxiety and threat detection. This may explain the association, given that attachment anxiety reflects sensitivity to experiencing negative emotions in the context of the relationship," Stahl points out.

In addition, the owners of the most active cats and, on the other hand, the most conscientious cat owners were more anxiously attached. Among dog owners, the more neurotic, agreeable and extroverted owners were less avoidantly attached to their dogs. In general, the more human-sociable dogs and cats had fewer avoidantly attached owners.

"In other words, the tendency of the pet to seek proximity and interaction in a relationship was associated with a similar tendency in the owner," notes Stahl.

Deeper understanding of pet-owner connection helps promote well-being of both

The attachment bond between owner and pet considerably impacts the life they share. Previous research has shown, for example, that attachment style affects the type of care the owner provides to their pet.

"What made this project unique was that it involved dogs, cats and owners alike. We need deeper understanding of the connections between owners and pets and the associated factors so that we can, for example, help people make better decisions when obtaining a pet. It's important to acknowledge that obtaining a pet while experiencing poor mental well-being may not necessarily meet the expectations of improving it.

"On the other hand, the results suggest that interventions targeting dog problem behavior might benefit if the focus was on not only changing pet behavior, but also taking into account factors of owner attachment style," explains Professor Hannes Lohi.
										 																				
																				

																						More information:
												Aada Stahl et al, Pet and owner personality and mental wellbeing associate with attachment to cats and dogs, iScience (2023). DOI: 10.1016/j.isci.2023.108423
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                Paige Van de Vuurst, a Ph.D. student in translational biology, medicine, and health, conducts field research on vampire bats in Colombia this summer. Credit: Paige Van de Vuurst
            
        

    



Vampire bats may soon take up residence in the United States and bring with them an ancient pathogen. "What we found was that the distribution of vampire bats has moved northward across time due to past climate change, which has corresponded with an increase in rabies cases in many Latin American countries," said Paige Van de Vuurst, a Ph.D. student in Virginia Tech's Translational Biology, Medicine, and Health Graduate Program.

										  
											        

         
        
        
        

      

										 
										 											  



Van de Vuurst is the lead author of research recently published in Ecography that predicts that vampire bats--currently only found in Mexico and Central and South America--are on the move, with the United States being a viable home in 27 years. The findings concluded that with shifting seasonality--the differences in temperature between the coldest and warmest seasons--vampire bats have expanded their locations in search of more stable, temperate climates.

The research team, which included both undergraduate and graduate students, also found this expanded reach could be linked to a spillover of rabies. Vampire bats are known carriers of rabies, a disease known for its high mortality rates and often considered the oldest pathogen known by humans, dating back 3,000 years.

Latin America is currently feeling the bite of the rabies spread through the loss of livestock, which has generated fear as the bats' migration patterns expand. The Virginia Tech team aims to vigorously identify and track the bats by traveling to Colombia to help contain the spread to other countries, including the United States and its vital cattle industry.

Why Colombia?

"Colombia is a mega-diverse country, making it a perfect natural laboratory," said Luis Escobar, assistant professor in the Department of Fish and Wildlife Conservation in the College of Natural Resources and Environment. The country boasts having the highest number of hummingbirds and bats, attributed to its tropic climate and proximity to the equator.

Collaborating with three local universities--University of La Salle, Universidad Distrital, and Universidad del Tolima--the collective team traveled all across Colombia to collect more than 70 samples of bat species. This included a range of geographic and climate changes, starting in the hot and humid jungles to cold and cloudy parts of the Andes Mountains that are only accessible by cable car. This allowed the team to secure a variety of samples and observe how changes in climate can change the emergence of diseases in bats.

The team also explored places in Colombia that were previously closed to scientists, including Chaparral, a municipality in the Tolima region that was allowed to start welcoming tourists after the 2016 peace agreement.

The team's research sought to address a knowledge gap that limits the understanding of the spread of rabies and its spillover from wildlife to humans. Their work had three primary aims:

	Determine the role of habitat and virus mutation on rabies spillover to humans and livestock across Latin America
	Identify the effect of changes in biodiversity in rabies virus spillover
	Investigate geographic and environmental factors influencing the spread of bat-borne



    
        
            [image: Research links climate change to vampire bat expansion and rabies virus spillover]
             
                Bat-borne rabies outbreak increase in Latin America. (a) Percentage change in rabies outbreaks in cattle for Latin American countries between the 1970s and 2010s. (b) Regression relationship between northern range expansion of Desmodus rotundus and outbreaks of rabies in Latin America(1970-2019). (Slope = 86.61, R2 = 0.36, p < 0.001.) (c) Reduction in temperature seasonality in D. rotundus capture locations across time. (Slope = [?]0.01, R2 = 0.07, p < 0.001.) Black points and lines: distribution of temperature standard deviations of all D. rotundus occurrence locations from each corresponding year. Credit: Ecography (2023). DOI: 10.1111/ecog.06714
            
        

    






											  													    
        
        
        
        
    

											  
											  Sinking teeth into the experience

This field experience allowed four undergraduate and two graduate students to travel to Colombia. Van de Vuurst led the team's campuswide recruitment efforts, yielding 30 interested students from across disciplines.

In advance of the trip to Colombia to study vampire bats, Escobar and his team met near the Duck Pond to review critical safety information and field sampling protocols.

"We selected a truly stellar group of students, and I could not be prouder of them," said Van de Vuurst.

She was provided an opportunity as an undergraduate to go on an international excursion to Peru. "That trip changed my life, and really opened up the world of ecology for me. I am so glad that we were able to offer that same kind of once in a lifetime research experience to so many students through Luis' hard work and generosity."

For undergraduate Julia Alexander, it was a series of firsts, including first field experience, first time on a plane, and first time out of the country.

As part of the Escobar Lab's research staff, Alexander was able to study disease transmission in vampire bats and other local bat species, working with local communities in the Tolima region. It was critically important for Escobar and Van de Vuurst to be able to offer the international research opportunity, knowing that undergraduate students are not usually able to participate in such an experience.

"I not only learned valuable field skills for my career, but also important life lessons from every challenge faced," Alexander said. "Although this journey was not easy, I wouldn't exchange the experience for anything else."

Crossing borders to collaborate

The value of building a network of international collaboration cannot be understated, especially in terms of the commonalities of technology, facilities, and students between Virginia Tech and their international partners.

In fact, Escobar is hosting Diego Soler-Tovar, assistant professor from Universidad La Salle, who will be working in the Escobar lab through late January 2024, to study the drivers of rabies spread in Latin America.

"We all have one goal: generating samples, new data, and new knowledge," Escobar said.
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												Paige Van de Vuurst et al, Climate change linked to vampire bat expansion and rabies virus spillover, Ecography (2023). DOI: 10.1111/ecog.06714
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New automatic algorithm unveils key insights into leaf orientation and plant productivity

										

    
        
            [image: Revolutionizing maize cultivation: new automatic algorithm unveils key insights into leaf orientation and plant productivity]
             
                Sunshine hours at different periods between the 4 leaves and the 12-leaves stage in the Avignon and Montardon experimental sites in 2021 and 2022, respectively, and distribution of leaves orientations for the R1 treatment and URBANIX G5 Genotype on both sites, as example. Credit: Plant Phenomics
            
        

    



Maize (Zea mays L.), the most globally produced cereal, owes its enhanced productivity to genetic, agronomic, and climatic factors, with cultivars adapted to higher density playing a crucial role. Recent research has focused on maize's architectural plasticity, particularly its ability to adapt leaf architecture to maximize light interception under varying densities. This adaptation includes leaf reorientation, a response to intraspecific competition, influenced by changes in red to far-red light ratios.

										  
											        

         
        
        
        

      

										 
										 											  



However, current studies are limited, often examining only one or two genotypes, and are constrained by time-intensive manual measurements. Recent advances in high-throughput phenotyping, using technologies like RGB cameras and LiDAR, have facilitated more efficient data collection. Despite these advancements, a significant gap persists in the development of automatic, field-based methods for tracking maize leaf orientation--an essential aspect for comprehending genotype-to-environment interactions and optimizing yield under high-density conditions.

In May 2023, Plant Phenomics published a research article titled "Analyzing Changes in Maize Leaves Orientation due to GxExM Using an Automatic Method from RGB Images."

In this study, an automatic algorithm (Automatic Leaf Azimuth Estimation from Midrib detection [ALAEM]) was developed to describe maize leaves orientation in field conditions using vertical RGB images. The algorithm was validated against manual ground measurements and applied to a panel of five maize cultivars sown at different densities and row spacings across two sites in southern France. This work aimed to assess genotypic and environmental influences on leaf orientation and cultivars' plasticity in adapting their leaf orientation.

The validation results showed that ALAEM's estimates of leaf orientation aligned more closely with manual measurements as the maize plants developed. Early stages showed low correlation (R2 = 0.014 at 220 degCd and R2 = 0.125 at 430 degCd), but at 650 degCd, a significant correlation (R2 = 0.36) was observed. The algorithm captured most variability across treatments, genotypes, and sites, with a satisfactory RMSE of 10% deviation.

However, ALAEM's effectiveness varied by site and development stage, influenced by factors such as plot heterogeneity and leaf visibility. ALAEM revealed distinct patterns in leaf orientation across different genotypes and sowing patterns. At 650 degCd, a clear preferential orientation of leaves was noted, especially in high-rectangularity sowing patterns. This orientation varied between sites and was influenced by factors like sunlight conditions and intraspecific competition. The algorithm showed that some hybrids had more pronounced leaf reorientation in response to high-rectangularity sowing, indicating higher plasticity.

Despite its effectiveness, ALAEM has limitations. It relies on vertical RGB images and cannot provide per-leaf-rank azimuths. The algorithm primarily detects upper canopy leaves, with lower-rank leaves often obscured. Illumination conditions during image capture also affect midrib detection accuracy.

Overall, the study highlighted the impact of intraspecific competition and environmental conditions on maize leaf orientation. It identified significant differences among hybrids in leaf reorientation ability under varying sowing patterns, providing insights into their architectural plasticity. This underscores the utility of ALAEM in large-scale phenotyping experiments and advances understanding of maize leaf orientation dynamics in field conditions.
										 																				
																				

																						More information:
												Mario Serouart et al, Analyzing Changes in Maize Leaves Orientation due to GxExM Using an Automatic Method from RGB Images, Plant Phenomics (2023). DOI: 10.34133/plantphenomics.0046
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Revolutionizing plant disease diagnosis: Pre-trained models outperform traditional methods

										

    
        
            [image: Revolutionizing plant disease diagnosis: PDDD-PreTrain models outperform traditional methods]
             
                The role of pre-trained models in plant disease diagnosis. Credit: Plant Phenomics
            
        

    



Diagnosing plant disease is essential to meet the world's growing food demand, which is expected to increase with a population of 9.1 billion by 2050. Diseases can reduce crop yields by 20-40%, so early detection is critical. Traditional disease identification methods include expert analysis and machine learning-based image processing. However, the manual approach is inefficient and error-prone, while machine learning, particularly deep learning methods like Convolutional Neural Networks (CNNs), has revolutionized disease detection by extracting detailed image features.

										  
											        

         
        
        
        

      

										 
										 											  



These models are often pre-trained on non-botanical datasets like ImageNet and lack specific plant diseases domain knowledge, resulting in limited accuracy. This gap highlights the need to develop pre-trained models with specialized knowledge of plant phenotypes and diseases to improve the accuracy of plant disease diagnosis.

In May 2023, Plant Phenomics published a research article titled "PDDD-PreTrain: A Series of Commonly Used Pre-Trained Models Support Image-Based Plant Disease Diagnosis."

In this study, the authors developed a series of pre-trained models for plant disease diagnosis using a comprehensive dataset called PDDD (plant disease diagnosis dataset), which contains over 400,000 images of 40 plant species across 120 disease classes. Different model structures and parameters were explored to suit different diagnostic scenarios and devices. For evaluation, the researchers used methods like classification recognition accuracy and mean average precision (mAP), using datasets like Kaggle plant disease dataset and PlantDoc for testing.

The results showed that the pre-trained models based on the PDDD and PlantVillage datasets significantly outperformed those trained on ImageNet alone. This was evident in tasks like plant disease classification, where the hybrid model combining the PlantVillage and ImageNet datasets excelled. In plant disease detection, the Faster R-CNN model initialized with weights from PDDD and ImageNet showed improved detection accuracy and generalization capacity.

Similarly, in plant disease segmentation, DeeplabV3 models pre-trained on PDDD and ImageNet achieved higher accuracy, highlighting the advantage of incorporating domain-specific knowledge into the models.

In summary, these results highlight the importance of using large-scale, domain-specific datasets for pre-training in plant disease diagnosis. By making these models open-source, the authors aim to aid further research in this field and provide a basis for advanced and efficient plant disease diagnostic methods. The success of these models marks a significant step in the use of deep learning for plant disease diagnosis, suggesting potential applications in precision agriculture and other related fields.
										 																				
																				

																						More information:
												Xinyu Dong et al, PDDD-PreTrain: A Series of Commonly Used Pre-Trained Models Support Image-Based Plant Disease Diagnosis, Plant Phenomics (2023). DOI: 10.34133/plantphenomics.0054
																						
																					


                               											
																					
                              										                                        
										
										
											 
												Citation:
												Revolutionizing plant disease diagnosis: Pre-trained models outperform traditional methods (2023, November 27)
												retrieved 27 November 2023
												from https://phys.org/news/2023-11-revolutionizing-disease-diagnosis-pre-trained-outperform.html
											 

											 
											 This document is subject to copyright. Apart from any fair dealing for the purpose of private study or research, no
											 part may be reproduced without the written permission. The content is provided for information purposes only.
											 

										

                                        
									

								



This article was downloaded by calibre from https://phys.org/news/2023-11-revolutionizing-disease-diagnosis-pre-trained-outperform.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Study show extracellular vesicles can also deliver messages from non-human cells
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                Circulating host-derived EVs capture LPS. Credit: Nature Cell Biology (2023). DOI: 10.1038/s41556-023-01269-8
            
        

    



Messenger bubbles produced by human cells can pick up bacterial products and deliver them to other cells, University of Connecticut researchers report in the Nov. 16 issue of  Nature Cell Biology. The discovery may explain a key mechanism by which bacteria, whether friendly or infectious, affect our health.

										  
											        

         
        
        
        

      

										 
										 											  



Extracellular vesicles (EVs) are like a postal service for our cells. Cells produce the EVs, tiny bubbles with a water-resistant shell made of fatty substances called lipids, and send them into the bloodstream. When another cell comes across an EV, it takes it inside itself and opens it up. Inside the EVs are usually molecules that act as messages informing the receiving cell's behavior or growth.

Now, University of Connecticut School of Medicine immunologists Puja Kumari, Vijay Rathinam, and colleagues report that EVs do something else, entirely unexpected. The walls of an EV can pick up pieces of bacteria, which usually have a lipid section that easily slips into the lipid walls of the EV. The EV then brings the bacterial products along with its other contents inside of whichever human cell snags it.

"We found EVs patrol the circulation for systemic microbial products and alert an immune surveillance network inside the cell," says Kumari, a postdoctoral researcher in the Rathinam lab.

This solves a longstanding mystery. Researchers knew that our cells have receptors inside of them that detect bacterial products. But they didn't know how those bacterial products actually got inside of our cells.

"We understood which microbial products go into circulation," says Rathinam, an associate professor in the department of immunology. The products can come from infectious bacteria invading, or they can come from friendly bacteria, for example, the ones that live in our intestines. When the receptors inside of cells detect them, the signals from bacteria can help the gut, immune system and even brain function properly. Or they can cause cells to explode themselves and cause inflammation, depending on the type of bacteria and the product involved.

"But we didn't know how microbial products reaching the blood from harmful or friendly bacteria go from outside the cell to inside the cell," Rathinam says.

To show that EVs were actually transporting the bacterial pieces and bringing them into cells, Kumari, Rathinam and their colleagues did a series of experiments. First, they injected green-labeled LPS, a product made by bacteria, into mice. After about an hour, they found the green LPS on EVs in the mice's blood. Second, when they transferred these EVs with green LPS to another group of mice, they found green LPS inside the cells in the recipient mice, setting off inflammation.

Although they have not yet tried the experiments with microbial products other than LPS, they suspect a similar thing would happen.

"We think this has a role in normal physiology as well as in infections. Microbial products from microbiota in the gut are released into circulation, and are important for the body. EVs may have a good, beneficial role in that," says Rathinam.
										 																				
																				

																						More information:
												Puja Kumari et al, Host extracellular vesicles confer cytosolic access to systemic LPS licensing non-canonical inflammasome sensing and pyroptosis, Nature Cell Biology (2023). DOI: 10.1038/s41556-023-01269-8
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Why does puberty trigger us to stop growing?
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All animals start out as a single-celled organism and then start growing. At some point, of course, they need to stop getting bigger, but the process by which this happens is poorly understood.

										  
											        

         
        
        
        

      

										 
										 											  



New research from Alexander Shingleton at the University of Illinois Chicago and colleagues identifies a potential trigger that makes fruit flies stop growing, which has implications for understanding human development. The research is published in the Proceedings of the National Academy of Sciences.

In humans, the body's signal to stop growing happens around puberty, though it takes several more years before growth actually ceases. It is important to better understand this process in part because of recent changes in how children experience puberty.

"We know that the onset of puberty is getting younger and younger. But in order to understand why something is changing, you need to understand how it works," said Shingleton, a professor of biological sciences.

So the researchers looked at fruit flies, which undergo the equivalent of puberty when they metamorphosize from larvae into adults. The theory among many biologists has been that a larva stops growing when it reaches a certain body size, which triggers it to start the process of becoming an adult. Other insects do this, such as the kissing bug, which uses a "stretch receptor" in its abdomen to monitor its size, Shingleton explained.

But Shingleton and his co-authors weren't convinced that fruit flies were using such a mechanism. They hypothesized that it had something to do with a steroid hormone involved in fruit fly growth called ecdysone, which is similar to estrogen and testosterone in humans.

The researchers used a mathematical model to explore their idea. The model showed that body size is not the trigger that causes a fruit fly to stop growing. Instead, a "stop growing" switch is triggered by the gland that makes ecdysone. In the larval stage, that gland receives lots of nutritional information that helps it decide how to regulate ecdysone production. But once ecdysone reaches a certain level, the gland no longer needs that nutritional information to make decisions and starts regulating itself.

The researchers believe this switch from needing nutritional information is what triggers the fruit fly to stop growing. "It's not that the fly is measuring itself in a direct way," Shingleton said.

He'd like to see similar studies done on mammals, which could shed more light on the growth-stopping process in humans. But Shingleton suspects that the fruit fly experience is related to ours, given that both involve similar steroid hormones and both fruit flies and humans convey nutritional information via insulin.

The other researchers on the project are UIC undergraduate student Amirali Monshizadeh, John Tyson at Virginia Tech and Stanislav Shvartsman at Princeton.
										 																				
																				

																						More information:
												Tyson, John J. et al, A dynamical model of growth and maturation in Drosophila, Proceedings of the National Academy of Sciences (2023). DOI: 10.1073/pnas.2313224120. doi.org/10.1073/pnas.2313224120
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Team discovers protein crucial for B cell differentiation and antibodies
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                Graphical abstract. Credit: Cell (2023). DOI: 10.1016/j.cell.2023.10.023
            
        

    



A cell nucleus is a busy place. Cellular proteins twist and pull DNA, folding the genome into intricate 3D structures that support functioning of its coding parts.

										  
											        

         
        
        
        

      

										 
										 											  



This choreography is essential for cell development, and the exact steps vary wildly between cell types. Establishing proper communication between genes and far-away control switches at the right time in the right cell is not a small feat. In fact, very few proteins have the right combination of features to organize the genome into the right structures.

In a new study published in Cell, scientists at La Jolla Institute for Immunology (LJI) and Massachusetts General Hospital, Harvard Medical School, show how a protein called IKAROS helps "weave" the genome into the correct structure required for B cell differentiation and generation of a life-saving repertoire of antibodies.

"Without IKAROS, you cannot make a functioning B cell," says LJI Associate Professor Ferhat Ay, Ph.D., who co-led the new study.

Ay is an expert in genomic architecture. He investigates where genes are located--and how certain parts of the genome interact. His lab develops bioinformatics tools to create 3D maps of the genome, which is a key step in understanding the genetic underpinnings of immune cell development.

For the new research, Ay's laboratory partnered with Katia Georgopoulos, Ph.D., of Massachusetts General Hospital, Harvard Medical School, who pioneered previous studies showing that IKAROS is critical for immune cell development.

"IKAROS acts at the root of this development and enables differentiation of the hematopoietic stem cell into a diverse set of immune cells including B cells," says Georgopoulos. These earlier studies showed that IKAROS-loss-of function mutations caused lymphoid malignancies in animal models and were associated with poor prognosis in children and young adults with B cell precursor leukemias.

Could IKAROS serve as an early critical organizer of 3D genome organization needed for proper B cell development?

The Ay and Georgopoulos Labs joined forces to test this hypothesis by harnessing IKAROS mouse genetic models, B cell differentiation approaches, bioinformatics tools and 3D genomic maps to answer big questions about immune cell development.
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                LJI Associate Professor Ferhat Ay, Ph.D., and UC San Diego graduate student Daniela Salgado-Figueroa co-led the new research with scientists at Massachusetts General Hospital, Harvard Medical School. Credit: Matthew Ellenbogen, La Jolla Institute for Immunology
            
        

    






											  													    
        
        
        
        
    

											  
											  Yeguang Hu, Ph.D., an instructor in the Georgopoulos Lab, performed technically demanding experiments to identify which parts of the genome touch each other with and without IKAROS at work. Daniela Salgado-Figueroa, a UC San Diego Bioinformatics Ph.D. student in the Ay Lab, led the analysis of the terabytes of complex data sets that were generated.

The researchers found that IKAROS solves a big problem in B cell development. B cells use receptors with two "arms" to detect pathogens. These arms have a "light chain" region and a "heavy chain" region. When a B cell recognizes a pathogen, it churns out antibodies with matching arms.

B cells assemble heavy chain regions fairly early in development. The Ay and Georgopoulos Labs found that assembling the light chain regions can be tricky because the genes encoding light chain development sit pretty far apart on the DNA. "This whole region needs to be rearranged in a proper 3D conformation," says Ay. "Something needs to bring them together."

Fortunately, IKAROS is on the scene to help with some genome gymnastics. The two labs found that IKAROS binds to specific parts of the genome and controls the formation of very useful loops using these sites as anchors. This looping brings far-away genes together with their control elements, leading to the activation and expression of the genes needed for proper B cell development and light chain rearrangement. Just as important, this folding of the genome keeps other control elements away from genes that should not be expressed in a B cell.

In a follow-up experiment, the researchers introduced IKAROS into human skin cells. They tested whether IKAROS could organize the genome in a cell type that did not produce any IKAROS of its own. And IKAROS prevailed. IKAROS, indeed, changed the 3D organization of a substantial part of the skin cell genome and led to formation of new loops, some of which resembled those from their B cell analysis.

The scientists emphasize that research into how chromatin is organized in the 3D space can help us understand how healthy cells develop--and how an improperly folded genome causes disease such as immunodeficiencies and cancer. Going forward, the researchers are interested in learning more about IKAROS disruption and disease development.

Additional authors of the study included Zhihong Zhang, Margaret Veselits, Sourya Bhattacharyya, Mariko Kashiwagi, Marcus R. Clark, and Bruce A. Morgan.
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												Yeguang Hu et al, Lineage-specific 3D genome organization is assembled at multiple scales by IKAROS, Cell (2023). DOI: 10.1016/j.cell.2023.10.023
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                Monk parakeets were introduced to Europe by the pet trade. Credit: Debbie from Pixabay
            
        

    



In the 50 years since monk parakeets arrived in Europe and spread across the continent, the species has developed distinct dialects that vary across countries and cities, according to a team of researchers from the Max Planck Institutes of Animal Behavior in Konstanz and for Evolutionary Anthropology in Leipzig, Germany.

										  
											        

         
        
        
        

      

										 
										 											  



Using a novel analytical method, the scientists compared the calls made by monk parakeets in eight cities across four countries in Europe, finding that the parrots now "sound" different in each city. The work is published in the journal Behavioral Ecology.

"Just like humans, monk parakeets in Europe have unique ways of communicating based on where they live," says lead author Stephen Tyndel, a doctoral student at the Max Planck Institute of Animal Behavior.

Europe doesn't have any native parrot species. However, several species, including the monk parakeet, have established populations after individuals escaped from the pet trade. Originally from South America, monk parakeets now exist in huge numbers in several countries in Europe.

Like all parrots, monk parakeets have an exceptionally flexible vocal repertoire and can imitate and learn new sounds throughout their lives. Because the invasive parrot spread through Europe only recently, says Tyndel, "monk parakeets are the perfect test tube for studying how complex communication evolves in a species other than our own."

To find out if monk parakeets in Europe developed dialects--that is, calls that differ based on where individuals live--researchers recorded monk parakeets in eight cities across Spain, Belgium, Italy, and Greece. A novel statistical method allowed them to test if parrot calls were different from city to city, and also if calls were different among parks within the same city. "We wanted to find out not only if there are different dialects, but at what geographical scale they occur," says Tyndel.


    
    
    
        
        
    
         
             
         

        Monk parakeets have dialectic differences in European cities
  



City-specific dialects

They discovered that parrots did have different dialects in each city. Parakeets in Brussels, for example, had contact calls that were particularly different from those of other cities, says co-lead author Simeon Smeele, an affiliate scientist at the Max Planck Institute of Animal Behavior and the Max Planck Institute for Evolutionary Anthropology.

For the most part, dialects differed in the frequency modulation structure within each call, "which is super difficult for humans to hear," adds Smeele.


											  													    

        
        
        
        
    

											  
											  But when scientists looked for dialects within parks in each city, they found no differences. Parrots did not have unique calls from one park to the next. "Taken together, this suggests that parrot dialects separated early when birds invaded European cities, but then didn't significantly change further over this time period," says Tyndel.

The results were surprising, says Tyndel. "This suggests that dialects came about through a passive process--birds copying birds make small errors and therefore cities slowly become different from each other--or that they were different to begin with, and that these differences were maintained over time."

But the team hasn't ruled out that dialects might also be formed by an active process that could help birds with social communication, such as recognizing group mates. In parks, monk parakeets live in nests that are highly clustered. The researchers think there might be vocal differences, like slang, in these smaller social units.

"We think that dialects could be used to communicate who is part of what nest cluster, like a password," says Smeele. In the future, the team plans to find out how individuals learn from each other and if smaller groups show dialects within parks.

"This will add to our understanding of parrot communication," says Tyndel, "and provide insights into the ways in which complex communication is linked to the complex social lives of humans and animals."
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												Simeon Q Smeele et al, Multilevel Bayesian analysis of monk parakeet contact calls shows dialects between European cities, Behavioral Ecology (2023). DOI: 10.1093/beheco/arad093
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A critically endangered Sumatran rhino named Delilah successfully gives birth in Indonesia
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                In this undated photo released by Indonesian Ministry of Environment and Forestry, a newly born Sumatran rhino calf walks in its enclosure at Sumatran Rhino Sanctuary at Way Kambas National Park, Indonesia. The critically endangered Sumatran rhino was born on Sumatra Island Saturday, Nov. 25, 2023, the second Sumatran rhino born in the country this year and a welcome addition to a species that currently numbers fewer than 50 animals. Credit: Indonesian Ministry of Environment and Forestry via AP
            
        

    



A critically endangered Sumatran rhino was born in Indonesia's western island of Sumatra on Saturday, the second Sumatran rhino born in the country this year and a welcome addition to a species that currently numbers fewer than 50 animals.

										  
											        

         
        
        
        

      

										 
										 											  



A female named Delilah gave birth to a 25-kilogram (55-pound) male calf at a sanctuary for Sumatran rhinos in Way Kambas National Park in Lampung province, at the southern tip of Sumatra island.

The calf is fathered by a male named Harapan, who was born at the Cincinnati Zoo in 2006. He was the last Sumatran rhino in the world to be repatriated to Indonesia, meaning that the entire population of Sumatran rhinos is now in Indonesia.

Most of the remaining rhinos live on Sumatra, several in captivity. They are threatened by destruction of tropical forest habitat and poachers who kill the animals for their horns, which are prized for making ornaments and for use in traditional medicine in China and other parts of Asia.

"This birth is also the birth of the second Sumatran rhino in 2023. It emphasizes the government commitment of the Indonesian Government on the rhino conservation efforts in Indonesia, especially the Sumatran rhino," Indonesian Environment and Forestry Minister Siti Nurbaya Bakar said in a written statement.
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                In this undated photo released by Indonesian Ministry of Environment and Forestry, veterinarian Zulfi Arsan tends to a newly born Sumatran rhino calf at Sumatran Rhino Sanctuary at Way Kambas National Park, Indonesia. The critically endangered Sumatran rhino was born on Sumatra Island Saturday, Nov. 25, 2023, the second Sumatran rhino born in the country this year and a welcome addition to a species that currently numbers fewer than 50 animals. Credit: Indonesian Ministry of Environment and Forestry via AP
            
        

    




She added that, from the semi-natural breeding efforts, there were five live births of Sumatran rhinos at the Way Kambas sanctuary.

A conservation guard found Delilah with the newborn male calf next to her on Saturday morning, 10 days earlier than the estimated date of delivery.

Delilah and her baby are in good condition as the calf is now able to stand upright and walk. Not long after he was discovered, he was able to breastfeed in a standing position, said a statement from Indonesia' Environment and Forestry Ministry.

The Sumatran rhino is legally protected in Indonesia. The IUCN Red List of Threatened Species describes the Sumatran rhinos as critically endangered: the population is declining and only about 30 mature animals remain.

The yet-to-be-named calf is the first success delivery from Delilah.
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                In this undated photo released by Indonesian Ministry of Environment and Forestry, a female Sumatran rhino named Delilah is seen after giving birth to a calf at Way Kambas National Park, Indonesia. The critically endangered Sumatran rhino was born on Sumatra Island Saturday, Nov. 25, 2023, the second Sumatran rhino born in the country this year and a welcome addition to a species that currently numbers fewer than 50 animals. Credit: Indonesian Ministry of Environment and Forestry via AP
            
        

    




Delilah, a 7-year-old female, was born in an Indonesian sanctuary in 2016.

She was the second calf born to her mother, Ratu, who also gave birth to a male named Andatu in 2012, the first rhino birth in captivity in Indonesia in 124 years. The father, Andalas, was born at the Cincinnati Zoo in 2001.

In September, Ratu, a 23-year-old female rhino, gave birth to a female rhino at the sanctuary in Lampung. Sumatran rhinos typically have a life expectancy of 35 to 40 years, according to the WWF conservation group.
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Life on Earth is facing the greatest rate of extinction in history--and humans are the disruptive force, according to a leading ecologist.

										  
											        

         
        
        
        

      

										 
										 											  



Protecting biodiversity, according to consultant ecologist Nigel Dudley who has worked with international organizations including WWF International and UNESCO, does not mean prioritizing animal lives at all costs or focusing narrowly on nature's economic values.

The author defines biodiversity rights here as "the right of all species to continue their natural span of existence within a functioning ecosystem."

Dudley says the failure of some governments to respect biodiversity rights is threatening the survival of many species and the future of the planet.

His new book, "Why Biodiversity Matters", is a call for action to defend all forms of life that together provide food, water and other vital resources, and mitigate against climate change.

This manifesto for policymakers and other influencers outlines the complex challenges faced from balancing economic development with ecosystem survival, and human rights and the rights of individual animals with biodiversity rights.

Rethinking conservation

A year on from the COP15 summit of the Convention on Biological Diversity, the book argues for a careful rethink on conservation. It calls for a shift away from policies that focus narrowly on how nature can benefit humans economically to a greater focus on the ethical arguments for conservation.

Nigel Dudley says, "It's not that the ecosystem services are unimportant, far from it. But there has been a tendency for the utilitarian and economic values of wild plants and animals to dominate discussion to the exclusion of the basic rights that species have to live their natural evolutionary span."

Based on current evidence including academic research, the book provides new insights into many other topical issues around biodiversity and the ethical challenges around species conservation.

These include the hunting of 'trophy' animals, policies towards non-native or 'invasive' species, the existence of zoos, and the rights of indigenous people in determining what happens on their territories.


											  													    

        
        
        
        
    

											  
											  Invasive species

As a case study, Dudley analyzes the threat to red squirrels from gray ones in the UK and whether routine culling of gray squirrels is justified.

He highlights that red squirrels are not in danger of extinction on a global basis and still have healthy populations in parts of Britain, therefore the routine culling of gray squirrels is not necessary for biodiversity reasons. This is in contrast with places such as long-isolated islands where invasive species have a 'devastating' effect on those that are native.

The author says that control of non-native species like the gray squirrel is only justified if they pose a 'credible threat' for example to the existence of other species.

The book discusses how three important ethical issues--human rights, animal rights and biodiversity rights--interact and sometimes clash.

Nigel Dudley says, "As an example, culling a population of non-native rabbits on an island to protect a unique species of plant doesn't make sense from the perspective of animal rights but it does in terms of biodiversity rights. Conservationists haven't always got the right balance, particularly when it comes to human rights."

The hunting dilemma

Dudley examines the emotive issue of hunting, suggesting it is complex and the ethics should be considered case-by-case. He explains that while hunting has clear implications for animal rights, it only really impacts biodiversity rights if other species are threatened with extinction. A decline in hunting in Germany for example has led to damaging wild boar levels. In contrast, deer populations maintained for hunting have laid bare woodland in Scotland.

Trophy hunting is a particularly complex and emotive issue, Dudley explains, "Personally I find the concept of shooting an animal just to take a photograph posing next to its corpse abhorrent. But hunting reserves protect big area in the tropics. From the long-term perspective of biodiversity, they probably play a positive role."

The book finishes with a draft manifesto for biodiversity rights that attempts to balance the various complicated questions.
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Advanced AI techniques for predicting and visualizing citrus fruit maturity
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                The process of building the dataset. Credit: Plant Phenomics (2023). DOI: 10.34133/plantphenomics.0057
            
        

    



Citrus, the world's most valuable fruit crop, is at a crossroads with slowing production growth and a focus on improving fruit quality and post-harvest processes. Key to this is understanding citrus color change, a critical indicator of fruit maturity, traditionally gauged by human judgment.

										  
											        

         
        
        
        

      

										 
										 											  



Recent machine vision and neural network advancements offer more objective and robust color analysis, but they struggle with varying conditions and translating color data into practical maturity assessments.

Research gaps remain in predicting color transformation over time and developing user-friendly visualization techniques. Additionally, implementing these advanced algorithms on edge devices in agriculture is challenging due to their limited computing capabilities, highlighting a need for optimized, efficient technologies in this field.

In June 2023, Plant Phenomics published a research article titled "Predicting and Visualizing Citrus Colour Transformation Using a Deep Mask-Guided Generative Network."

In this study, researchers developed a novel framework for predicting and visualizing citrus fruit color transformation in orchards, leading to the creation of an Android application. This network model processes citrus images and a specified time interval, outputting a future color image of the fruit.

The dataset, encompassing 107 orange images captured during color transformation, was crucial for training and validating the network. The framework utilizes a deep mask-guided generative network for accurate predictions and has a design requiring fewer resources, facilitating mobile device implementation. Key results include achieving a high Mean Intersection over Union (MIoU) for semantic segmentation, indicating the network's proficiency in varying conditions.

The network also excelled in citrus color prediction and visualization, demonstrated by high peak signal-to-noise ratio (PSNR) and low mean local style loss (MLSL), indicating less distortion and high fidelity of generated images. The generative network's robustness was evident in its ability to replicate color transformation accurately, even with different viewing angles and colors of oranges.

Additionally, the network's merged design, incorporating embedding layers, allowed for accurate predictions over various time intervals with a single model, reducing the need for multiple models for different time frames. Sensory panels further validated the network's effectiveness, with a majority finding high similarity between synthesized and real images.

In summary, this study's innovative approach allows for more precise monitoring of fruit development and optimal harvest timing, with potential applications extending to other citrus species and fruit crops. The framework's adaptability to edge devices like smartphones makes it highly practical for in-field use, demonstrating the potential of generative models in agriculture and beyond.
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												Zehan Bao et al, Predicting and Visualizing Citrus Color Transformation Using a Deep Mask-Guided Generative Network, Plant Phenomics (2023). DOI: 10.34133/plantphenomics.0057
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                Otolith from a bluefin tuna. Credit: University of Southampton
            
        

    



As a marine biologist, I've always found it fascinating to learn about how animals adapt to their habitat. But climate change has made it more important than ever--wild animals' futures may depend on how much we understand about them.

										  
											        

         
        
        
        

      

										 
										 											  



Fish have a kind of stone in their ear that scientists can read like tree rings. My team's new research, published in Nature Communications, has found a way to decode the chemicals in these stones to measure how much energy they used when alive. What we learned could help bluefin tuna survive the climate crisis.

There is still so much we don't know about how animals respond when their habitat suddenly changes. Temperature is one of the most important puzzle pieces, as it affects the rates of the chemical reactions that define life.

For animals, rising temperatures act like inflation. Rising prices mean housing and food take up more of our budget, leaving less money for luxuries. More heat means more of an animal's bodily resources, like food and oxygen, are needed to fuel basic functions, like breathing and moving, leaving less energy for growth and reproduction.

However, heat changes don't affect all animals the same way. Just as the wealthy can use their large cash reserves to weather inflation, animals differ in how close they are to their energy "ceiling."

Warming waters

Animals living in temperatures in the middle of their species' range can increase the rate of their metabolism, meeting the extra cost of living in warmer waters. Those on the warm edge of their species' range might be closer to their limits, where increases in temperature push them into a form of energy debt.

Reserves that might have been used for growth must be diverted to maintain essential life processes. Rising temperatures, through their effects on metabolism, force species to adapt, move somewhere new or die.

Measuring energy expenditure in wild animals is no easy task. Fortunately, metabolic reactions leave chemical traces in the body.

The otolith is a stony lump in the fish ear. Otolith rings, much like tree rings, reveal a fishs's age. At the University of Southampton we have developed a technique to decode the chemistry of otoliths.

Different forms or isotopes of oxygen in the otolith indicate the temperature the fish experienced when it was alive. Carbon isotopes reveal how quickly food was converted into energy. Fish carry their fitness trackers in their ears.

Studying how animals' energy needs shift with temperature can help us predict which animals are most at risk from rising temperatures. Juveniles, for instance, which need to grow quickly so they are strong enough to evade predators, might be more vulnerable to the effects of global warming.

Recently, we applied this new technique to Atlantic bluefin tuna. These fish can grow to two meters long and can swim at 40mph. They also have a high metabolism which allows them to thrive in colder waters than most other tuna species.

Overfishing in the 20th century made Atlantic bluefin tuna populations crash. Fish management policies have allowed bluefin tuna populations in the north Atlantic to recover, and shoals of bluefin are once again regular visitors to waters around the British Isles and northern Europe.

Bluefin tuna spawn in both the western and eastern sides of the Atlantic. But these two spawning populations show different rates of recovery.

The proportion of adult fish with a western (Gulf of Mexico) origin has declined over time. Proportionally more eastern (Mediterranean) origin fish are surviving to adulthood each year.

Our study asked whether these differences in recovery can be explained by temperature. We discovered that the metabolic rates for young tuna peak at around 28degC. Tuna in warmer waters had lower metabolic rates, showing that their bodies were unable to keep up with the energy costs of living in temperatures over 28degC.

In the spawning and nursery grounds of the Gulf of Mexico, temperatures often surpass 28degC. While it has always warmer been in the Gulf of Mexico than the Mediterranean Sea, recent warming means that the area of suitable habitat below the 28degC threshold has become smaller and smaller. Sea temperatures in Florida exceeded 36degC in June 2023.

Slow recovery in western tuna populations could be attributed to these warm water conditions and its effect on growth of juvenile tuna. In contrast, most of the Mediterranean currently remains below 28degC during summer.


											  													    

        
        
        
        
    

											  
											  Looking ahead

The recent recovery of bluefin tuna may not last. We used climate models to predict how quickly ocean warming will start to affect juvenile tuna.

Even middle-of-the-road projections suggest that the eastern half of the Mediterranean Sea will cross the 28degC threshold within 50 years. In the last two years we have seen record average temperatures in the Mediterranean already approaching the 28degC threshold.

We need a long-term solution to protect tuna.

As the oceans continue to warm, tuna may establish new spawning and nursery areas in regions that were previously too cold, for instance further north on the US's eastern coastline. If so, juvenile tuna would be in danger of getting caught unintentionally by fisheries, also known as bycatch,

Bluefin tuna are a sought-after delicacy for sushi in Asia where a single fish can sell for over a million dollars. But they are more than culinary delicacies. Tuna fish are giving us a warning of the challenges that lie ahead for marine wildlife.
										 																				
																				

																						More information:
												Clive N. Trueman et al, Thermal sensitivity of field metabolic rate predicts differential futures for bluefin tuna juveniles across the Atlantic Ocean, Nature Communications (2023). DOI: 10.1038/s41467-023-41930-2
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Enhancing rice biomass estimation with UAV-based models

										

    
        
            [image: Revolutionizing rice biomass estimation: UAV-based models surpass traditional methods in accuracy and efficiency]
             
                Study area. (A) Experiment 1 was conducted in Lingshui, Hainan. (B) Experiment 2 was conducted in Ezhou, Hubei. (C) Experiment 3 was conducted in Huashan, Hubei. In experiment 3, V1 stands for Fengliangyou 4, V2 for Luoyou 9348, and V3 for Changjingyou 582. Three levels of nitrogen fertilizer were set up at N1/4 (36 kg/ha), N1 (144 kg/ha), and N2 (288 kg/ha). Credit: Plant Phenomics (2023). DOI: 10.34133/plantphenomics.0056
            
        

    



Aboveground biomass (AGB) of rice, vital for carbon pool and yield estimation, is traditionally measured through labor-intensive manual sampling. Recent advancements employ remote sensing, particularly unmanned aerial vehicles (UAVs), to derive vegetation indices (VIs) from plant interactions with the electromagnetic spectrum.

										  
											        

         
        
        
        

      

										 
										 											  



However, these methods face challenges: the non-linear VI-biomass relationship leads to saturation at high biomass levels, and sensitivity loss during later growth stages. Additionally, varying effectiveness across rice cultivars and computational demands of advanced machine learning models add complexity.

In May 2023, Plant Phenomics published a research article titled "Estimation of Rice Aboveground Biomass by UAV Imagery with Photosynthetic Accumulation Models," proposing a new model integrating VI and canopy height data from UAVs for more accurate and general biomass estimation throughout the rice growth season, addressing existing gaps in AGB monitoring.

In this study, initial findings revealed weak correlations between VI and AGB for the entire growing season, and limited accuracy in height models. However, the Photosynthetic Accumulation Model (PAM), combining NDVI and canopy height, significantly improved AGB estimation (R2 = 0.95, RMSE = 136.81 g/m2). Additionally, a Simplified Photosynthetic Accumulation Model (SPAM) was developed, requiring fewer observations while maintaining an R2 above 0.8.

Verification of these methods showed consistent accuracy in canopy height estimation across three years using consistent equipment and flight parameters. Remote sensing proved effective in capturing canopy height, correlating well with actual plant heights (R2 = 0.88, RMSE = 0.05 m). LAI estimation was examined using nine VIs, revealing variability in R2 and RMSE across years and indices.

The H x VI model outperformed individual VI models, reducing saturation and hysteresis effects. In biomass estimation, PAM utilized two different VIs, showing that any two from a set of six (NDVI, EVI2, WDRVI, NDRE, OSAVI, and GNDVI) yielded stable results over two years. The correlation between PAM and AGB was significantly positive, with R2 exceeding 0.8 in a two-year experiment.

SPAM's effectiveness was slightly lower than PAM but still outperformed traditional VI and height models. It demonstrated an improvement in estimation accuracy and a decrease in required observation frequency. Model transferability was tested with data collected at a different location in 2022, confirming PAM and SPAM's robustness and generalization ability. These models maintained better linear relationships with AGB across various rice cultivars throughout the growing season.

In conclusion, the study presents a reliable and efficient method for UAV-based estimation of rice AGB over the entire growing season. It offers a quantitative tool for evaluating rice growth and holds potential for large-scale field management and breeding. Future research aims to enhance model generality through multi-year experiments and broader rice cultivar sampling.
										 																				
																				

																						More information:
												Kaili Yang et al, Estimation of Rice Aboveground Biomass by UAV Imagery with Photosynthetic Accumulation Models, Plant Phenomics (2023). DOI: 10.34133/plantphenomics.0056
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Comprehensive analysis of the telomere-to-telomere genome of soybean cultivar ZH13

										

    
        
            [image: Comprehensive analysis of the T2T genome of the soybean cv. Zhonghuang 13]
             
                New comprehensive research on the genome of the Chinese soybean cultivar, identification of key genomic features, and insights into structural variations contribute to our understanding of soybean genetics and evolution. This high-quality reference genome will serve as a valuable resource for future studies in biology and practices in molecular breeding of soybean. Credit: Yadong Wang
            
        

    



Soybean (Glycine max) is one of the most crucial oil and protein crops, and contributes to more than a quarter of the protein utilized in both human food and animal feed. It is widely acknowledged that the cultivated soybean emerged through the domestication of its annual ancestor in the Yellow River basin. Therefore, the exploration of genetic resources within the origin region bears immense significance in advancing the global frontiers of soybean breeding.

										  
											        

         
        
        
        

      

										 
										 											  



In comparison to the cultivar of Williams 82, Zhonghuang 13 (ZH13) boasts higher genetic diversity and ecological type of origin reign. Furthermore, ZH13 is an ideal variety in the breeding strategy called "Potalaization," which allows breeding of novel widely adapted soybean varieties through the use of multiple molecular tools in existing elite widely adapted varieties. To date, however, soybean genome analyses are incomplete and contain many gaps, which have so far limited in-depth investigations into its properties.

To address this, a joint team of researchers from China, including senior author and co-corresponding author Dr. Yadong Wang from the Center for Bioinformatics, School of Computer Science and Technology at the Harbin Institute of Technology, and co-corresponding author Dr. Tianfu Han from the Institute of Crop Sciences at the Chinese Academy of Agricultural Sciences, conducted a telomere-to-telomere (T2T) assembly of the Chinese soybean cultivar ZH13, termed ZH13-T2T. The study was published in The Crop Journal.

"Imagine you have a giant jigsaw puzzle, but it's missing some pieces. This puzzle is like the genetic code, or the 'recipe,' of ZH13. The missing pieces are like gaps in our understanding of this recipe," explained by Dr. Yang Hu, co-corresponding author of the study. "In this effort, we used a super-advanced and precise method to find and fit in all those missing pieces. With this powerful tool, we could see everything--even the tricky parts that were hidden before."

The researchers used a multi-assembler approach to minimize biases and enhance assembly accuracy. Their assembly spanned 1,015,024,879 base pairs (bp), effectively filling in all the gaps from the previous analyses. In the process, they identified more than 50,000 protein-coding genes, of which 707 are novel. ZH13-T2T was found to have longer chromosomes, 421 not-aligned regions (NARs), 112 structure variations (SVs), and a significant expansion of repetitive elements compared to earlier analyses.

"We've delivered the first complete Chinese soybean cultivar T2T genome," said Dr. Bo Liu, the other co-corresponding author. The complete, accurate genome sequence of the ZH13 cultivar can now be used to identify crucial genes, and genetic variants linked to desirable traits."

This information would also contribute to accelerating soybean breeding programs to develop new cultivars with specific enhanced traits, crop yields, improved resistance to pests and diseases, and adaptability to different regions and climates.

"For instance, researchers can use the genomic information to manipulate specific genes that encode improvements in soybean traits, such as photothermal adaptability, oil content, protein quality, or tolerance to abiotic and biotic stressors," concluded by Baiquan Sun, an author of the study.
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												Anqi Zhang et al, A telomere-to-telomere genome assembly of Zhonghuang 13, a widely-grown soybean variety from the original center of Glycine max, The Crop Journal (2023). DOI: 10.1016/j.cj.2023.10.003
																						
																					


                               											
																					
												
													Provided by
																											KeAi Communications Co.
																									

											

                              										                                        
										
										
											 
												Citation:
												Comprehensive analysis of the telomere-to-telomere genome of soybean cultivar ZH13 (2023, November 27)
												retrieved 27 November 2023
												from https://phys.org/news/2023-11-comprehensive-analysis-telomere-to-telomere-genome-soybean.html
											 

											 
											 This document is subject to copyright. Apart from any fair dealing for the purpose of private study or research, no
											 part may be reproduced without the written permission. The content is provided for information purposes only.
											 

										

                                        
									

								



This article was downloaded by calibre from https://phys.org/news/2023-11-comprehensive-analysis-telomere-to-telomere-genome-soybean.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



A novel quantification method for ribonucleotides, which are needed in almost all cellular processes
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                Credit: Nucleic Acids Research (2023). DOI: 10.1093/nar/gkad1091
            
        

    



RNA (ribonucleic acid), which is made up of ribonucleotides, is a molecule found in all living organisms. RNA is thought to have probably preceded DNA in primordial life billions of years ago. RNA was eventually replaced by DNA as a chemically more stable carrier of genetic information.

										  
											        

         
        
        
        

      

										 
										 											  



In mitochondrial diseases, which are genetic diseases caused by mutations compromising mitochondrial functions, the biosynthesis of all nucleotides potentially declines. However, little is known about how much, in which tissues, and with what consequences. This knowledge gap is partly because of the lack of suitable methods to measure ribonucleotides in a typical research laboratory without special chromatography equipment.

Now, researchers have developed the first technique that allows easy measurement of all 12 ribonucleotides from small tissue and cell samples without specialized equipment. "Our assay is based on RNA polymerase and a clever fluorescent RNA molecule called Broccoli, which was originally developed by others to allow fluorescence microscopy of RNA in cells," postdoctoral researcher Janne Purhonen says.

In contrast to DNA, which only stores genetic information, RNA has many roles in cells, such as functioning as messenger RNA, transfer RNA and components of ribosomes. Together these RNA forms carry out protein synthesis according to the instructions encoded in DNA. Apart from being building blocks of RNA, the four ribonucleotides and their three phosphorylated forms are vital for almost all cellular processes as energy sources in enzymatic reactions, as precursors in the synthesis of hundreds of other metabolites, and as signaling molecules.

Rapidly dividing cancer cells require large amounts of nucleotides, and several cancer drugs exploit this need by targeting nucleotide metabolism. Also, rapidly dividing immune cells can be dampened with drugs that inhibit nucleotide biosynthesis in autoinflammatory diseases. Because ribonucleotides take part in almost everything in cellular metabolism, the prospects for the utility of the method in basic research are staggering.

The study was carried out by the research group led by docent Jukka Kallijarvi at the Folkhalsan Research Center and at the University of Helsinki and was published in the journal Nucleic Acids Research.

"The best reward for our work would be that the assay will turn out useful to other researchers in many biological and biomedical fields," Kallijarvi sums up.
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												Janne Purhonen et al, Quantification of all 12 canonical ribonucleotides by real-time fluorogenic in vitro transcription, Nucleic Acids Research (2023). DOI: 10.1093/nar/gkad1091
																						
																						

																					

                               											
																					
                              										                                        
										
										
											 
												Citation:
												A novel quantification method for ribonucleotides, which are needed in almost all cellular processes (2023, November 27)
												retrieved 27 November 2023
												from https://phys.org/news/2023-11-quantification-method-ribonucleotides-cellular.html
											 

											 
											 This document is subject to copyright. Apart from any fair dealing for the purpose of private study or research, no
											 part may be reproduced without the written permission. The content is provided for information purposes only.
											 

										

                                        
									

								



This article was downloaded by calibre from https://phys.org/news/2023-11-quantification-method-ribonucleotides-cellular.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next




										

    
        
            [image: Hamburg collaboration paves the way to cleaner technologies for industry]
             
                Interdisciplinarity and an exchange of innovative ideas allowed researchers to gain insights into the structure and function of a heat-resistant enzyme found in an exotic microbe living in extreme conditions. Credit: Isabel Romero Calvo/EMBL
            
        

    



During the nearly five decades of its operation, the European Molecular Biology Laboratory (EMBL) in Hamburg has developed many fruitful collaborations with other scientific institutions located in the Hamburg metropolitan area. One example is the long-lasting collaboration between researchers at EMBL Hamburg and the Center for Biobased Solutions (CBBS) at the Hamburg University of Technology (TUHH), which has recently yielded new insights into the structure and function of a lipid-degrading enzyme found in a microbe adapted to living in extreme conditions. The findings could help improve chemical processes in various branches of industry.

										  
											        

         
        
        
        

      

										 
										 											  



The study is published in the journal Nature Communications.

In this interview, Matthias Wilmanns and Garo Antranikian, who lead respective research groups at EMBL Hamburg and TUHH, discuss how their collaboration developed over almost two decades.

What motivated you to study enzymes from organisms living in extreme conditions? 

Garo Antranikian: Throughout my career, I was consistently motivated by the wonders of nature, which never failed to inspire my research work. Collaboration with industry further amplified this creative energy leading to the realization of innovative technologies. We are experiencing a sort of a revolution nowadays--a transition to a circular economy and sustainable technologies that rely on biomass like starch, fats, and cellulose. Biology will play a dramatic role in it by enabling ways to use these resources more efficiently.

Biomass can be degraded to compounds useful for various industries, such as the food and the pharmaceutical industries. It's possible to do this via chemical reactions, but they are not very exact and you get side reactions and contamination. However, in nature, enzymes can carry out reactions very precisely and without producing compounds that are harmful for our environment.

In many cases, enzymes are very specific but complex, so we need to study and understand them in more detail to develop efficient and environmentally friendly enzymatic processes useful for the industry.

For scientists like Matthias and [me], it's extremely interesting to learn from nature. With this knowledge and with artificial intelligence, I think it will be possible to develop completely new nature-inspired enzymes in the future, and make totally new products, such as new bioplastics.

That's why we started working together, and we focused in particular on a lipid-degrading enzyme found in extremophiles--microbes adapted to extreme conditions. Enzymes from extremophiles exhibit remarkable resilience in extreme conditions. Particularly, at elevated temperatures, reactions become both faster and more efficient. This characteristic also allows the development of more sustainable and effective industrial processes.

Matthias Wilmanns: This was actually one of the reasons why I found this project motivating. The structures of enzymes from organisms living in extremely high temperatures are more stable and thus more likely to be solved using structural biology methods.
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                Matthias Wilmanns is a group leader and the Head of EMBL Hamburg. Using his expertise as structural biologist, he has a lot of experience studying the structure on enzymes. Credit: Kinga Lubowiecka/EMBL
            
        

    




I had also other reasons, of a more private nature. The organisms adapted to extreme environments come from the most exotic places in the world, and I find it fascinating. For example, the enzyme that we worked on with Garo comes from a microbe isolated from the Solar Lake in the Middle East.

Finally, I have very much enjoyed working with Garo over extended periods of time, especially in recognition of the fact that he has pioneered the field of research with extremophilic organisms.


											  													    

        
        
        
        
    

											  
											  How did you start working together?

Wilmanns: We first met 23 years ago--in 2000. At that time, I was particularly interested in enzymes from extremophilic conditions and wanted to explore their properties at the molecular level that let them adapt to those conditions.

Antranikian: I'm a microbiologist, so I was interested in microbial physiology--how microbes live, how they make products, how they degrade complex chemical compounds, etc. And Matthias knows the technology to analyze enzyme structure, the interaction of these enzymes with other molecules, and so on.

With interdisciplinary research, you can get much better results, so, we need to work together. And especially in Hamburg, where we're lucky to have so many tools and infrastructures available, Matthias and I had good opportunities to do that.

Wilmanns: That's why I'm very positive about the Science City Hamburg Bahrenfeld, and its potential to stimulate scientific exchange in the metropolitan area of Hamburg. The TUHH in Hamburg- Harburg is another leading hub. This concept has the potential to evolve the city even more as a leading hub for research worldwide.

The research that Garo and I have been pursuing for the last two decades is now also highly relevant for the current EMBL program "Molecules to Ecosystems."
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                Garo Antranikian is a group leader and the Head of the Center for Biobased Solutions (CBBS) at the Hamburg University of Technology (TUHH). As a microbiologist with extensive experience in studying microorganisms adapted to extreme environments, he is motivated for his research to help develop innovative technologies for the industry. Credit: Garo Antranikian
            
        

    




What challenges did you overcome to complete this work?

Wilmanns: Our ambition was not just to solve the structure of the enzyme, but to make it useful in terms of possible applications and learn about its mechanisms of function. That's why we aimed to not only solve the structure, but also see how it interacts with lipid molecules as it degrades them.

The ability of lipids to dissolve in water is close to zero, while the enzyme is water soluble. So, there's absolutely no way to get both into a crystal (needed for X-ray crystallography experiments) using conventional methods. We had to find a way around it. It was a lucky break that the enzyme is heat-resistant, because at high temperatures, the lipids mix with the water and the enzyme a little bit--just enough for us to capture them together in an experiment.

What did you learn from this collaboration?

Antranikian: Of course, scientifically, we've learned a lot from each other. But I've also learned to be patient and not to lose hope. And I've learned that from Matthias, because he's more patient than I am.

Wilmanns: For me, Garo opened my mind to research areas I wasn't familiar with before. The collaboration enabled me to learn about the unique research profile of the TUHH and different ways of approaching research, with potential applications very much in the mindset. Through the collaboration, I got to know many researchers with whom I later collaborated.

What advice would you give to other scientists who want to start interdisciplinary projects?

Antranikian: From my experience, I got my best papers when the projects were not well planned [laughs]. This is because when you plan everything and you expect certain results, the level of innovation is very low. You should be very enthusiastic, motivated, and then try to take risks.

Also, you have to try to collaborate with people that you don't naturally expect to collaborate with, who are outside your discipline, and then try to create new ideas. Communication is extremely important, such as interaction with other researchers, institutions, industry etc. Without it, you can't really get innovation.
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												Nikos Pinotsis et al, Discovery of a non-canonical prototype long-chain monoacylglycerol lipase through a structure-based endogenous reaction intermediate complex, Nature Communications (2023). DOI: 10.1038/s41467-023-43354-4
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Japanese snail adaptation and speciation in anti-predation escape behavior
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                Credit: KyotoU/Yuta Morii
            
        

    



Snails often get a bad rap for being slow and inefficient and are sometimes used to express laziness. However, a team of researchers from Kyoto and Hokkaido has now revealed that snails are anything but lazy, particularly when feeling threatened. Two species of the genus Karaftohelix--K editha and K gainesi--showed opposite behaviors in response to predator-like stimuli.

										  
											        

         
        
        
        

      

										 
										 											  



In previous studies, researchers reported that K gainesi, a terrestrial snail almost endemic to Hokkaido, defended itself from its natural enemies by swinging its shell.

"Snails usually seem to escape from predators by withdrawing into their shells, but our study is the first report of a snail escaping in top gear," muses Yuta Morii of Kyoto University's Hakubi Center.

In the new study, published in the journal Behaviour, Morii's team found that K gainesi--also known locally as ezo-maimai--accelerate their forward movement by a factor of 20%-30% in response to external stimuli that mimic the predacious carabid beetle. This resulted in an average speed increase from about 1.05 mm/sec to 1.27 and 1.35 mm/sec.

K gainesi is active day and night, which is rare for snails. In contrast, its nocturnal relative K editha--or hime-maimai--retreats into its shell when responding to threats or discomfort.

"Individuality is also not a uniquely human trait," suggests Reiichi Ueki of Sapporo Keisei High School, "in that non-human animals also demonstrate this animal personality."

The significant differences in this fight-or-flight response between these snail species are evidence of closely related species expressing behavioral syndromes--a suite of correlated behaviors observed across different categories--in the process of speciation.

In the case of the snails, K editha expresses reactive behavioral syndrome, which tends to be labeled as shy and passive. On the other hand, K gainesi is proactive, and seen as bold, active, or aggressive.

"By showcasing multiple behavioral traits within the framework of animal personality and behavioral syndromes, it might be possible to understand their evolutionary processes better," says Morii.

Speaking of his research team, Morii adds, "Collaborating on a volunteer basis with expert and non-expert citizens and students has also been deeply meaningful and rewarding, especially in terms of contributing to science literacy."
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												Yuta Morii et al, The divergence of mobility and activity associated with anti-predator adaptations in land snails, Behaviour (2023). DOI: 10.1163/1568539X-bja10249
																						
																					


                               											
																					
                              										                                        
										
										
											 
												Citation:
												Japanese snail adaptation and speciation in anti-predation escape behavior (2023, November 27)
												retrieved 27 November 2023
												from https://phys.org/news/2023-11-japanese-snail-speciation-anti-predation-behavior.html
											 

											 
											 This document is subject to copyright. Apart from any fair dealing for the purpose of private study or research, no
											 part may be reproduced without the written permission. The content is provided for information purposes only.
											 

										

                                        
									

								



This article was downloaded by calibre from https://phys.org/news/2023-11-japanese-snail-speciation-anti-predation-behavior.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next




										

    
        
            [image: Quality of tidal mudflats changes in gas extraction area of Wadden Sea]
             
                Sieving one of the nearly 5,000 soils samples taken with SIBES on the intertidal mudflats of the Dutch Wadden Sea. Credit: Kees van de Veen
            
        

    



As tidal flats subside due to gas extraction, their composition changes. This is shown in a paper published in this month's Journal of Applied Ecology. "The average grain size in the parts of the mudflats where gas is extracted has decreased over 10% in 12 years. With that, sand is getting finer," says NIOZ researcher Allert Bijleveld. In this period, the composition of the benthic life in subsided areas has also changed in comparison to similar areas where subsidence due to gas extraction did not occur.

										  
											        

         
        
        
        

      

										 
										 											  



Long-term monitoring

The data on soil composition and benthic life are derived from the long-term monitoring program SIBES. In this Synoptic Intertidal Benthic Survey, soil has been sampled annually for 15 years along a web of nodes spaced every 500 meters across the intertidal mud flats. In total, this includes about 5,000 sampling locations.

SIBES shows that the grain size in the areas that are affected by gas extraction around Ameland decreased by an average of 1 micrometer each year between 2008 and 2020, while no decrease was seen in reference areas. Over the entire period, the average grain size decreased from 154 to 138 micrometers. Bijleveld says, "This means that there is increasingly fine soil material in the 'bowl' that is created by gas extraction. That may have consequences for the benthic animals that live there."

Altered life

This study provides the first indication of these alterations in benthic life. The total biomass in the subsided area decreased slightly, although that decrease was not statistically significant compared to the reference areas. The composition of the bottom life did change statistically significant in favor of animals that prefer deeper bottoms, such as cat worms. Conversely, there has been a reduction in animals that prefer shallow mudflats, such as mudsnails, for example.
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                    Taking a soil sample from the boat to determine sediment composition and biodiversity of benthic life. Credit: Kees van de Veen
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                    Cockles that were collected at a sampling station. Credit: Kees van de Veen
                
            

        

    


Hand on tap

In the legal permit for mining activities under the Wadden Sea World Heritage Site, it was agreed upon that gas and salt will be extracted "with a hand on the tap." According to the permit, if gas extraction has effects on natural values, extraction must be slowed down. Because "natural values" are difficult to measure, attention is primarily paid to subsidence. This research now shows that subsidence in itself is not a good signal for a vigilant hand on the tap. Bijleveld says, "Strictly spoken, there has been no net subsidence in recent decades, because the affected area has been refilled on average. But the quality of the soil did change and with it the composition of soil life."

The Dutch petrol company NAM has been extracting gas from under the mud flats near Ameland since the 1980's. The gas extraction area is currently comprised of more silt than expected. However, due to a lack of proper monitoring in the time before extraction began, it is now impossible to determine with certainty whether the silt was already present or if it was caused by the extraction. This research gives a preliminary indication of the latter.


											  													    

        
        
        
        
    

											  
											  Out of sight

Bijleveld advocates for the inclusion of long-term research such as the SIBES monitoring program in decisions regarding mining and other activities in the Wadden Sea. "For the legally required 'hand on the tap," the salt extraction around Harlingen now only looks at the bottom at a very limited number of stations. This leaves the actual effects of subsidence out of sight. For a serious assessment of effects, it is necessary to start measuring even before an intervention and to automatically monitor comparable areas as well through an extensive and long-term study such as SIBES. In addition to any net decrease in the soil elevation, the composition of the soil and soil life in particular, should become a measure," Bijleveld argues.
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The Titan beetle (Titanus giganteus) is the biggest beetle in the world. It's a dark brown colored longhorn that lives in the Amazon and grows to 17.7 centimeters long.

										  
											        

         
        
        
        

      

										 
										 											  



The longhorn family (Cerambycidae) includes more than 33,000 species worldwide. Around 1,400 species are native to Australia.

You can learn about them all in the three-volume Australian Longhorn Beetles series.

The long and short of longhorn beetles

The long horns of Longhorns are their antennae. They use them to sense chemical cues, including alkaloids to help find a host plant or pheromones to help find a mate.

Dr. Adam Slipinski, is a beetle researcher at our Australian National Insect Collection and the lead author of all three volumes on longhorns.

"Some longhorns, like the European house borer (Hylotrupes bajulus) or the Asian longhorn beetle (Anoplophora glabripennis) are quarantine pests. But most longhorns perform the useful roles in nature of pollinating native trees and recycling dead wood," Adam said.

"Telling similar species apart depends on looking at the sculpture and appendixes of the body. Their antennae are very diverse. Some species have spectacular horns longer than their bodies. Others have feathered horns or even short horns."

Like all beetles, longhorns have hard outer wings called elytra, which give beetles their characteristic shape. In some longhorns the elytra are fused, meaning they can't fly. Longhorns may be dull brown or feature colors or patterns. Some species mimic ants and wasps or other beetles that are unpalatable to predators.

Prioninae: a subfamily of giants

In the latest volume, Adam and his co-authors spent four years studying 5000 specimens of longhorns in the subfamily Prioninae.

The book covers 160 species living in the Australo-Pacific region, including 14 species that are new to science.

"Longhorns in this subfamily are heavily built and usually brown or black because they are nocturnal. The few species that are active during the day are colorful," Adam said.

"Most species are very localized, found only in one location. This puts them at risk when the environment changes because they are not very mobile and don't disperse far.


											  													    

        
        
        
        
    

											  
											  "Their larvae, or grubs, develop inside damaged or dead trees. They probably live for several years, feeding on the dead wood. In Australia and in many Pacific nations, larvae of longhorns are treated as delicacies, eaten raw or roasted.

"Adults don't live long, a few weeks or maybe only days in some cases. They need to find a partner, mate, find a host plant and lay eggs."

Adam said the adults probably don't eat, despite many species having large mandibles.

"These are necessary to emerge from the pupal chamber, which the larvae make inside the log they fed on," he said.

If you'd like to spot an adult, you'll need to wait for late spring and summer when the adults emerge. They are often attracted to light, like moths, so you can set up a white sheet with a light bulb. The book notes the best time to do this is a warm night, after rain, when the moon will rise very late in the evening or early in the morning, regardless of its phase.

"Some longhorn beetles may make a hissing sound, but I've never heard this and we're not sure how they would. They don't seem to have the structures other insects use to make sound, but maybe they use their elytra," Adam said.

Dr. Adam Slipinski and Dr. Hermes E. Escalona completed the first and the second volume of Australian Longhorn Beetles in 2013 and 2017. The first volume won the Whitely Medal from the Royal Zoological Society of New South Wales. It also won the 5th J.O. Westwood Medal for Excellence in Taxonomy from the Royal Entomological Society and the Natural History Museum in London.

The third volume of series was co-authored by Roger de Keyzer, research associate from the Australian Museum, and Mengjie Jin, who completed her Ph.D. on phylogeny of Prioninae longhorns. It was published by the Australian Biological Resources Study and CSIRO Publishing.

Adam is now focused on completing volumes three and four of his other series, Australian Beetles, with his co-author John Lawrence who is turning 90 next year.

"Twenty-three years ago, I came to Australia from Poland. In Europe and North America, the beetle fauna was well known and there were many books for identifying beetles," Adam said.

"There was nothing like this in Australia where the beetle fauna is enormous and largely unknown. I wanted to change this, to provide people with a foot in the door to understand Australian beetles and to give back to my new country."
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To reach the world's goal of carbon neutrality by 2050, there must be a fundamental change in electronic materials to create a more reliable and resilient electricity grid. A diamond might be a girl's best friend, but it might also be the solution needed to sustain the electrification of society needed to reach carbon neutrality in the next 30 years.
                                              

                                                                                


Researchers at the University of Illinois Urbana-Champaign have developed a semiconductor device, made using diamond, that has the highest breakdown voltage and lowest leakage current compared to previously reported diamond devices. Such a device will enable more efficient technologies needed as the world transitions to renewable energies.

It is estimated that currently, 50% of the world's electricity is controlled by power devices, and in less than a decade, it is expected that that number will increase to 80%, while simultaneously, the demand for electricity will increase by 50% by 2050.

According to a new report from the National Academies of Sciences, Engineering, and Medicine, "Perhaps the single greatest technological danger to a successful energy transition is the risk that the nation fails to site, modernize, and build out the electrical grid. Without increased transmission capacity, renewables deployment would be delayed, and the net result could be at least a temporary increase in fossil fuel emissions, preventing the nation from achieving its emission reduction goals."

"To meet those electricity demands and modernize the electrical grid, it's very important that we move away from conventional materials, like silicon, to the new materials that we are seeing being adopted today like silicon carbide and the next generation of semiconductors--ultra-wide bandgap materials--such as aluminum nitride, diamond and related compounds," says electrical and computer engineering professor Can Bayram, who led this research, along with graduate student Zhuoran Han. The results of this work were published in the journal IEEE Electron Device Letters.

Most semiconductors are built using silicon and thus far, have met society's electrical needs. But as Bayram points out, "We want to make sure that we have enough resources for everyone, while our needs are evolving. Right now, we are using more and more bandwidth, we are creating more data (that also comes with more storage), and we are using more power, more electricity and more energy in general. The question is: is there a way we can make all of this more efficient, rather than generating more energy and building more power plants?"

                                            
    

        
        
        
        
    

                                        Why diamond?

Diamond is an ultra-wide gap semiconductor with the highest thermal conductivity, which is the ability of a material to transfer heat. Due to these properties, diamond semiconductor devices can operate at much higher voltages and currents (with less material) and will still dissipate the heat without causing a reduction in electrical performance, compared to traditional semiconductor materials like silicon.

"To have an electricity grid where you need high current and high voltage, which makes everything more efficient for applications such as solar panels and wind turbines, then we need a technology that has no thermal limit. That's where diamond comes in," Bayram says.

Although many people associate diamond with expensive jewelry, diamond can be made more affordably and sustainably in the lab, making it a viable and important semiconductor alternative. Natural diamond is formed deep below Earth's surface under immense pressure and heat, but since it is essentially just carbon--of which there is an abundance of--artificially synthesized diamond can be made in weeks rather than billions of years, while also producing 100 times less carbon emissions.

In this work, Bayram and Han show that their diamond device can sustain high voltage, approximately 5 kV, although the voltage was limited by setup of measurement and not from the device itself. In theory, the device can sustain up to 9 kV. This is the highest voltage reported for a diamond device. Besides the highest breakdown voltage, the device also demonstrates the lowest leakage current, which can be thought of like a leaking faucet but with energy. Leakage current affects the overall efficiency and reliability of the device.

Han says, "We built an electronic device better suited for high power, high voltage applications for the future electric grid and other power applications. And we built this device on an ultra-wide bandgap material, synthetic diamond, which promises better efficiency and better performance than current generation devices. Hopefully, we will continue optimizing this device and other configurations so that we can approach the performance limits of diamond's material potential."
                                                                                											

																								More information:
												Zhuoran Han et al, Diamond p-Type Lateral Schottky Barrier Diodes With High Breakdown Voltage (4612 V at 0.01 mA/Mm), IEEE Electron Device Letters (2023). DOI: 10.1109/LED.2023.3310910
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UK police to trial new forensic footwear identification process
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                The new method uses 3D scanning to identify criminal's footwear. Credit: Staffordshire University
            
        

    



Forensic experts in the U.K. are taking new steps to identify criminals caught on CCTV using the shoes they are wearing.
                                              

                                                                                


Staffordshire University and West Yorkshire Police have teamed up to develop a new system that uses 3D scanning technology to help identify the type of footwear worn by criminals. While the analysis of footwear impressions left at crime scenes is an established practice in policing, this new approach focuses on the upper part of the shoe to link offenders to a crime.

Claire Gwinnett, Professor of Forensic and Environmental Science, said, "The number of cases in which footage from body worn cameras, CCTV and even phones is used to catch perpetrators has increased. However, criminals often conceal their face and wear dark clothing which means there are few identifying features apart from their shoes. The big questions [are], how can you identify these shoes and how useful is this as evidence?"

The research team has devised a fast, effective, and affordable method for capturing data from footwear uppers by creating an interactive 3D image of a shoe under both visible light and infrared light.

"Most CCTV cameras use near infrared light during nighttime recordings, which can make the footwear look completely different than in natural light," Professor Gwinnett commented. "So, it was important to develop a method that will help police to quickly identify the type of shoe, how common it is, and importantly, what it looks like under different lighting conditions."

Postdoctoral researcher Dr. Megan Needham has been trialing the method which uses a photography light box, turntable and camera. She explained, "3D scans, rather than still images, enable users to align the 3D model to the angle of the shoe captured on a CCTV camera. We record a video of a shoe on the turntable under each lighting condition, extract the frames and put it into software that stitches it all together to make a 3D model. The idea is that you can set it up and leave it to record then come back when it has finished."

She added, "It is a quick and simple process, taking around 30 minutes in total. The equipment needed for this process costs less than PS500. The aim is for this method to be used by footwear units across the nation, and in the future detention officers in a custody suite to scan a suspect's shoe."

Megan is currently refining the optimum settings for the process before it is piloted by different police forces in the new year. In future, it is hoped that this method could be adopted to populate a national database of footwear uppers which could be accessed by police professionals across the country.

Selina Reidy, an Identification Expert from West Yorkshire Police, said, "With the increasing quantity and improving quality of surveillance footage, we are receiving a growing number of requests to identify the make and model of footwear caught on camera. Having access to a searchable database of interactive, 3D models of footwear under both white and near infrared light will greatly improve the accuracy and efficiency of the current process. This work will expand and improve the current evidence base and, with continued development, will provide an additional forensic capability that informs police investigations."
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Tensor networks: Enhancing interpretability and efficiency in quantum-inspired machine learning

                                        by                                         Intelligent Computing                                    
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                Diagrammatic representations of (A) matrix product state, (B) tree TN, and (C) projected entangled pair state. In (A), we mark the tensors and their indexes of an MPS consisting of 6 tensors {A(m)} (m = 1, ..., 6) according to Eq. 1. Credit: Intelligent Computing (2023). DOI: 10.34133/icomputing.0061
            
        

    



Deep machine learning has achieved remarkable success in various fields of artificial intelligence, but achieving both high interpretability and high efficiency simultaneously remains a critical challenge. Shi-Ju Ran of Capital Normal University and Gang Su of the University of the Chinese Academy of Sciences have reviewed an innovative approach based on tensor networks, drawing inspiration from quantum mechanics. This approach offers a promising solution to the long-standing challenge of reconciling interpretability and efficiency in deep machine learning.
                                              

                                                                                


The review was published Nov. 17 in Intelligent Computing.

Deep machine learning models, especially neural network models, are often considered "black boxes" because their decision-making processes are complex and difficult to explain. According to the authors, "Neural networks, the most powerful machine learning models nowadays, have evolved through decades of delicate designs and optimizations, backed by significant human and capital investments. A typical example showcasing their power is the generative pretraining transformers (GPTs). However, due to the lack of interpretability, even the GPTs suffer from severe problems such as robustness and the protection of privacy."

The lack of interpretability of these models can lead to a lack of trust in their predictions and decisions, limiting their applications in important areas.

Tensor networks, based on quantum information and many-body physics, provide a "white-box" approach to machine learning. The authors state, "Tensor networks play a crucial role in bridging quantum concepts, theories, and methods with machine learning and in efficiently implementing tensor network-based machine learning."

Serving as a mathematical framework, they efficiently represent high-dimensional data or functions, using tensor products to compactly structure multi-dimensional information.

A novel, intrinsically interpretable tensor network-based machine learning framework has emerged. This innovative approach efficiently constructs a probabilistic machine learning model from quantum states represented and simulated by tensor networks. Remarkably, the interpretability of this framework is not only comparable to classical probabilistic machine learning but may even surpass it. This quantum-inspired machine learning scheme introduces fresh perspectives by integrating physical concepts such as entanglement entropy and quantum correlations into machine learning investigations, thereby significantly enhancing interpretability.

                                            
    

        
        
        
        
    

                                        To enhance efficiency, the quantum-inspired tensor network-based machine learning framework must be combined with quantum computational methods and techniques. Tensor networks play a pivotal role in representing quantum operations, serving as mathematical models for intricate processes in quantum mechanics. This innovative approach leverages tensor networks as mathematical representations of quantum circuit models, similar to classical logical circuits. Their efficient handling of quantum gates, executable on various quantum platforms, is key to the success of this approach.

Tensor networks, known for their efficiency in classical computation, offer stable access to qubits, surpassing in several cases the capabilities of quantum computers in the noisy intermediate-scale quantum area. The integration of tensor networks in quantum-inspired machine learning not only addresses the challenges associated with high-dimensional spaces but also enhances the efficiency of machine learning schemes on quantum platforms.

Furthermore, tensor networks find applications in machine learning beyond quantum probabilistic interpretations. They efficiently represent and simulate partition functions of classical stochastic systems, contributing to the enhancement of regular neural networks and the creation of novel machine learning models. Tensor networks play a crucial role in simplifying tasks such as dimensionality reduction, feature extraction and the implementation of support vector machines, showcasing their versatility.

In conclusion, tensor networks offer a breakthrough in addressing the efficiency-interpretability challenge in artificial intelligence, especially in quantum-inspired machine learning.

The authors observe, "Based on previous research, we believe that with more time and investments, tensor networks will eventually achieve equal or higher accuracies, along with improved interpretability, compared to neural networks. We would see tensor networks as a fundamental mathematical tool for studying artificial intelligence, especially when we are equipped with quantum computing hardware."

Their unique ability to blend quantum theories for interpretability and quantum methods for efficiency positions tensor networks as a key tool in navigating the complexities of emergent artificial intelligence.
                                                                                											

																								More information:
												Shi-Ju Ran et al, Tensor Networks for Interpretable and Efficient Quantum-Inspired Machine Learning, Intelligent Computing (2023). DOI: 10.34133/icomputing.0061
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A graphical diagnostics tool for high-speed railway internet connectivity

                                        by                                         KeAi Communications Co.                                    
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                The black line with the arrow shows how traces and logs of carried network experiments are created, transferred, processed, and finally visualized as network performance indicators. Credit: Ruihan Li, et al
            
        

    



As the high-speed railway network in China extends beyond 40,000 kilometers, maintaining seamless internet connectivity for passengers is becoming increasingly challenging. The demand for consistent and reliable online access is particularly crucial for travelers who spend extended hours on trains, relying on the expectation of undisturbed work, study, or entertainment. Addressing this need, a team of researchers from the School of Computer Science at Peking University has developed "HiMoDiag"--an innovative tool designed to enhance the understanding and management of network performance in extremely high-mobility scenarios.
                                              

                                                                                


"HiMoDiag stands out as a TCP-LTE/5G cross-layer performance analysis tool that enables full-stack real-time comprehensive analysis and visualization of network performance from the application layer down to the physical layer," explains Chenren Xu, corresponding author of the study. "It not only captures performance data across all layers of the network between user application and service provider but also visualizes it in a way that's actionable for network operators."

The team published their results in the journal High-speed Railway.

Notably, HiMoDiag is particularly useful in scenarios whereby passengers expect stable internet connectivity to support their work and leisure activities during travel. The tool's real-time analysis and visualization capabilities allow for immediate network performance diagnosis and performance optimization--an aspect that traditional diagnostic tools tend to fall short.

"By integrating cross-layer data analysis, we can now pinpoint and address issues much faster than before," Xu added. "This means less downtime for passengers and a more reliable service overall."


    
        
            [image: A graphical diagnostics tool for high-speed railway internet connectivity]
             
                The top graph shows throughput metrics in the transport layer. The middle and bottom graphs prominently display variations in signal strength and resource allocation in the physical and data link layers. Handovers are included in all three graphs, providing a holistic view of network dynamics. Credit: Ruihan Li, et al
            
        

    




The design of HiMoDiag addresses several challenges, including clock synchronization across network layers and endpoints, managing the substantial data volume resulting from 5G's high bandwidth, and mitigating interference arising from performance indicator transmission.

Through its implementation and evaluation across an extensive dataset collected on trains with a maximum speed of 350 km/h, it has the potential to elevate network performance, thereby ensuring an enhanced user experience for passengers as well as quality of mission-critical service provided by LTE-R or 5G-R. HiMoDiag's experiment platform also allows for flexible control over mobile devices, facilitating various types of network experiments.
                                                                                											

																								More information:
												Ruihan Li et al, TCP-LTE/5 G Cross-layer performance analysis tool for high mobility data networking and a case study on high-speed railway, High-speed Railway (2023). DOI: 10.1016/j.hspr.2023.05.002
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                Rotation invariant features at a point x used by RIConv (Zhang et al. 2019a). The distances and angles are constructed based on the reference vector pm, where p is the representative point and m the centroid of the local point set. Such features give good performance in the classification task, but are not as distinctive as features learned from translation-invariant convolutions. Credit: International Journal of Computer Vision (2022). DOI: 10.1007/s11263-022-01601-z
            
        

    



Image recognition technology has come a long way since 2012 when a group of computer scientists at the University of Toronto created a convolutional neural network (CNN)--dubbed "AlexNet" after its creator Alex Krizhevsky--that correctly identified images much better than others. Its findings have propelled successful use of CNNs in related fields such as video analysis and pattern recognition, and now researchers are now focusing on 3D deep learning networks.
                                              

                                                                                


Unlike the 2D images that AlexNet competently identified, 3D data represent a different challenge. Whereas the basic element of grid-based 2D images is the pixel, and the top left pixel is always the first pixel with all other pixels ordered in relation to it, that is not the case for 3D data. With three dimensions to consider--usually denoted by the axes x, y, and z--3D CNNs deal with 3D "points" instead of pixels. The collection of these points makes up a 3D point cloud which is the direct output of numerous 3D scanners and the most popular 3D data representation.

"3D point clouds are not well-structured and the 3D points are scattered, sparse and orderless," explains Zhang Zhiyuan, Assistant Professor of Computer Science at the SMU School of Computing and Information Systems. "Thus, traditional neural networks like CNNs, which can perform well on the well-structured 2D images, cannot apply itself on orderless 3D point clouds directly, and we need to design new convolution operators for 3D point clouds."

Castle on a (3D point) cloud

This lack of a first 3D point, unlike the first pixel in a 2D image, is called "point order ambiguity." Even though 3D data has been introduced to CNNs with some success and identification accuracy, complex network architecture is necessary and training speed is low. They are also not rotation invariant, i.e., able to identify two objects as rotated versions of each other.

"Existing neural networks can only recognize a 3D object that is in a similar pose contained in the training data," Professor Zhang explains. "Take 3D human recognition, for example. During the training stage, all the 3D human models are in a standing pose, while in the real application (during the testing stage) the network is given the same human model but in a lying down pose. The well-trained neural networks cannot recognize it because they have not seen such a pose.

"Thus, rotation invariant networks are important such that they can be more generalized and effective in real applications. We cannot guarantee that the given 3D object is in the same pose as in the training stage. This is especially true for 3D data since it has more freedom of rotation than 2D data." This issue is resolved by Professor Zhang's paper, "RIConv++: Effective Rotation Invariant Convolutions for 3D Point Clouds." RIConv++ achieves rotation invariance by designing informative rotation invariant features encoding angles and lengths between the 3D points.

                                            
    

        
        
        
        
    

                                        The operation of convolution, which essentially is processing digital data into images comprehensible to humans, and the resolving of point order ambiguity make up the bulk of Professor Zhang's paper, "ShellNet: Efficient Point Cloud Convolutional Neural Networks using Concentric Shell Statistics," published in the International Journal of Computer Vision. ShellNet, the CNN that Professor Zhang details in his paper, includes ShellConv, a program that converts 3D data into shell structures and performs 1D (single-dimension) convolution.

"This is very efficient as only 1D convolution is needed," says Professor Zhang, pointing to how it speeds up training. "ShellConv not only achieves efficiency, it also solves the orderless problem in a very elegant way. It converts the orderless point set into shell structures and creates the order from inner to outer shell."

Professor Zhang's research interests encompass Object Oriented Programming as well as Artificial Intelligence, but this specific paper will have significant implications for the fields of autonomous driving, robot navigation, and unmanned aerial vehicles (UAVs) which require accurate and efficient 3D environment perception including 3D object recognition and 3D scene understanding.

He adds, "Nowadays, researchers mostly focus on how to improve the accuracy by designing complicated networks which are hard to run on intelligent moving devices like robots and UAVs. For such devices, lightweight networks are preferred. Thus, ShellConv and ShellNet change the research focus towards the real applications and effective 3D deep learning techniques."
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												Zhiyuan Zhang et al, RIConv++: Effective Rotation Invariant Convolutions for 3D Point Clouds Deep Learning, International Journal of Computer Vision (2022). DOI: 10.1007/s11263-022-01601-z
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