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        Diamond dust as a potential alternative to contrast agent gadolinium in magnetic resonance imaging
        An unexpected discovery surprised a scientist at the Max Planck Institute for Intelligent Systems in Stuttgart: Nanometer-sized diamond particles, which were intended for a completely different purpose, shone brightly in a magnetic resonance imaging experiment--much brighter than the actual contrast agent, the heavy metal gadolinium.

      

      
        Ultrasensitive photonic crystal detects single particles down to 50 nanometers
        Using an ultrasensitive photonic crystal, TU/e researchers were able to detect single particles down to 50 nanometers in diameter. The new research has just been published in the journal Optica.

      

      
        Imaging technique shows new details of peptide structures
        A new imaging technique developed by engineers at Washington University in St. Louis can give scientists a much closer look at fibril assemblies--stacks of peptides that include amyloid beta, most notably associated with Alzheimer's disease.

      

      
        Cows' milk particles used for effective oral delivery of drugs
        Researchers have found that tiny particles present in cows' milk could offer, for the first time, an effective method for the oral delivery of RNA drugs.
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Diamond dust as a potential alternative to contrast agent gadolinium in magnetic resonance imaging

										

    
        
            [image: Diamond dust as potential alternative to contrast agent gadolinium in magnetic resonance imaging]
             
                In vivo, in ovo T1-weighted MR images of intravenous-injected air-oxidized DND particles at 24 h and 48 h after injection. Representative body T1-weighted MR of A) control chicken embryo (EDD14, no injection), B) chicken embryo 24 h post iv. Gadobutrol (50mL of 30mM), cyan arrowhead is pointing to liver. C) Chicken embryo imaged immediately after iv. air-oxidized DND (50mL of 0.625mM solution), many blood vessels are immediately enhanced (yellow arrowheads), but not the liver (green arrowheads). D) chicken embryo at 24 h after intravenous injection with air-oxidized DNDs. The liver and kidneys are clearly enhanced (making kidneys noticeable) compared to the embryo 24 h after intravenous injection with gadobutrol, where no liver enhancement was present (cyan arrowhead). E) This enhancement was less pronounced at 48 h in the same embryo. Credit: Advanced Materials (2023). DOI: 10.1002/adma.202310109
            
        

    


An unexpected discovery surprised a scientist at the Max Planck Institute for Intelligent Systems in Stuttgart: Nanometer-sized diamond particles, which were intended for a completely different purpose, shone brightly in a magnetic resonance imaging experiment--much brighter than the actual contrast agent, the heavy metal gadolinium.



										      
         
        
        
        

      

																																	
Could diamond dust--in addition to its use in drug delivery to treat tumor cells--one day become a novel contrast agent used for MRI? The research team has now published their discovery in Advanced Materials.

Some of the world's greatest discoveries happened by accident. While the discovery of diamond dust's potential as a future MRI contrast agent may never be considered a turning point in science history, its signal-enhancing properties are nevertheless an unexpected finding which may open-up new possibilities: Diamond dust glows brightly even after days of being injected. Does that mean it could perhaps one day become an alternative to the widely used contrast agent gadolinium?

This heavy metal has been used in clinics to detect tumors, inflammation, or vascular abnormalities for more than 30 years. It enhances the brightness of the image of affected areas. However, when injected into a patient's bloodstream, gadolinium travels not only to tumor tissue but also to surrounding healthy tissue.

It is retained in the brain and kidneys, persisting months to years after the last administration. The long-term effects on the patient are not yet known. Gadolinium also causes a number of other side effects. The search for an alternative has been underway for years.


																																						
    
     




																																			Could diamond dust, a carbon-based material, become a well-tolerable alternative because of an unexpected discovery made in a laboratory at the Max Planck Institute for Intelligent Systems in Stuttgart?

Dr. Jelena Lazovic Zinnanti was working on an experiment using nanometer-sized diamond particles for an entirely different purpose. The research scientist, who heads the Central Scientific Facility Medical Systems at MPI-IS, was surprised when she put the 3 to 5 nanometer particles into tiny drug-delivery capsules made of gelatin. She wanted these capsules to rupture when exposed to heat. She assumed that diamond dust, with its high heat capacity, could help.

"I had intended to use the dust only to heat up the drug carrying capsules," Jelena recollects. "I used gadolinium to track the dust particles' position. I intended to learn if the capsules with diamonds inside would heat up better. While performing preliminary tests, I got frustrated, because gadolinium would leak out of the gelatin--just as it leaks out of the bloodstream into the tissue of a patient.

"I decided to leave gadolinium out. When I took MRI images a few days later, to my surprise, the capsules were still bright. Wow, this is interesting, I thought! The diamond dust seemed to have better signal enhancing properties than gadolinium. I hadn't expected that."

Jelena took these findings further by injecting the diamond dust into live chicken embryos. She discovered that while gadolinium diffuses everywhere, the diamond nanoparticles stayed in the blood vessels, didn't leak out and later shone brightly in the MRI, just as they had done in the gelatin capsules.


																																			While other scientists had published papers showing how they used diamond particles attached to gadolinium for magnetic resonance imaging, no one had ever shown that diamond dust itself could be a contrast agent.

Two years later, Jelena became the lead author of a paper now published in Advanced Materials.

"Why the diamond dust shines bright in our MRI still remains a mystery to us," says Jelena, who worked with Prof. Metin Sitti and researchers from the Physical Intelligence Department at MPI-IS and with Dr. Eberhard Goering from the MPI-IS' neighboring institute, the MPI for Solid State Research. She can only assume the reason for the dust's magnetic properties.

"I think the tiny particles have carbons that are slightly paramagnetic. The particles may have a defect in their crystal lattice, making them slightly magnetic. That's why they behave like a T1 contrast agent such as gadolinium. Additionally, we don't know whether diamond dust could potentially be toxic, something that needs to be carefully examined in the future."

If diamond dust is found to be safe and well tolerated by patients, Jelena believes it has the potential to become a new contrast agent option for future MRI scans, where it would be deposited in tissue with abnormal vasculature, such as tumors, but not in healthy tissue.



																																																					
																				
																						More information:
												Jelena Lazovic et al, Nanodiamond-Enhanced Magnetic Resonance Imaging, Advanced Materials (2023). DOI: 10.1002/adma.202310109
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                SEM image of nanophotonic fiber tip sensor. Credit: Arthur Hendriks
            
        

    


Using an ultrasensitive photonic crystal, TU/e researchers were able to detect single particles down to 50 nanometers in diameter. The new research has just been published in the journal Optica.




										      
         
        
        
        

      

																																	What do volcanic lava, fire smoke, automobile exhaust fumes, and printer toner have in common? They are all sources of ultrafine particles--particles with a diameter below 100 nanometers, which can pose serious health risks if inhaled.

Due to their small size, ultrafine nanoparticles are difficult to detect and measure without expensive and sometimes bulky equipment. To overcome these issues, our researchers have designed a new ultra-sensitive fiber-tip sensor that can detect single particles with diameters down to 50 nanometers in size. In the future, the new sensor will be used in studies to control and evaluate indoor air quality at schools.

Nanoparticles are very much part of the everyday world that we call home. For example, in medical testing, devices are available to check for nanoparticles like pathogens and biomarkers for diseases such as cancer.

And in drug development, a host of nanoparticles are used to make the drug delivery systems of the future.

One class of nanoparticle that is garnering plenty of attention due to its connection with the air that we breathe is the ultrafine particle (UFP), a particle with a diameter below 100 nanometers (nm).

Exposure to UFPs--which can be found in smoke, exhaust fumes, and even printer toners--can have serious health risks, especially if these particles are directly inhaled.

"When UFPs lodge in the lungs, it can pose a severe health risk because once in the lungs, they can absorb toxins that we might breathe in from the air around us. As a result, those toxins then stay in the body," says Arthur Hendriks, Ph.D. researcher at the Department of Applied Physics and Science Education. "So, to help prevent this, accurate ways of detecting UFPs are needed so as to monitor indoor air quality."

For example, research on indoor air quality is at the forefront of the Horizon Europe project LEARN, which is seeking to control and evaluate indoor air quality at schools and to assess the impact of air quality on children's health, and part of this requires accurate ways to detect UFPs.


																																						
    
     




																																			The small-big problem

But detecting UFPs is easier said than done though, and ironically, detection of such small particles relies on the use of large and expensive equipment.

"Large and expensive isn't the answer. We need small, compact, accurate, and cheap devices to make it easier to detect UFPs in factories, hospitals, offices, and schools," notes Hendriks.

So, what is the state-of-the-art now then? "There are sensors based on fiber-optic technologies that can measure liquids and gases with good accuracy. But these sensors not suitable for measuring small particles like UFPs and so their application are limited in that sense," says Hendriks.

"Lab-on-fiber" technologies have been used to detect biological cells at the micrometer scale (1,000 times larger than the nanometer scale). "But this technology cannot detect single nanoparticles similar in size to UFPs," says Hendriks.

A fiber-tip solution

To meet the demand for a new UFP sensing technology, Hendriks and his TU/e collaborators, which includes Andrea Fiore--professor at the Department of Applied Physics and Science Education, developed a nanophotonic fiber-tip sensor that is sensitive to tiny changes in the environment around the sensor, so much so that it can detect a single nanoparticle the same size as UFPs.

"Our sensor design is small and compact, and importantly, it clearly indicates when a detection has occurred," says Hendriks.

The researchers' sensor work is based on a photonic crystal, a periodic or repeating structure that can reflect light in all directions. "A defect, or error, is then added to the crystal, which is known as a photonic crystal cavity, or PhCC for short," says Hendriks.

A PhCC allows light to be trapped in the crystal for an extended period. Hendriks says, "In essence, this is something we call the Q-factor, which is a measure of how well light can be trapped in the defect over time. In our case, the light is confined to a tiny volume, which is below 1 mm3. This is known as the mode volume, and to measure tiny nanoparticles, this needs to be very small."

The researchers were able to place the PhCC on the tip of a fiber using a method developed by Andrea Fiore's group back in 2020. When a tiny particle comes close to the PhCC in the crystal, it disturbs the cavity by changing its refractive index. "So, the tiny particle changes the wavelength of the trapped light in the cavity, and we measure this change."


																																			Challenges

The major challenge faced by the researchers was that standard cavities cannot be read out using fibers. A standard cavity on a fiber wouldn't have worked as light from the fiber will not couple to the cavity.

The dream scenario for the researchers was to optimize key factors in the device. First, a high Q-factor was required to allow for more accurate tracking of the wavelength of the cavity. Second, a small mode volume was needed as this allows for the detection of smaller particles. Third, a higher coupling efficiency was a necessity to ensure that light from the fiber can couple to the cavity and back, making it possible to measure the cavity wavelength through the fiber.

To solve all these challenges, the researchers used a method developed by researchers at Stanford University to optimize factors such as the Q-factor, mode volume and coupling efficiency at the same time.

Unprecedented sensitivity

"Our setup provides unprecedented sensitivity in comparison to previous technologies out there," points out Hendriks. "Using the sensor, we were able to detect in real-time single UFPs with diameters as low as 50 nanometers. In my opinion, that's just astounding."

The next step for Hendriks and his colleagues is to suspend the cavities so that the quality factor and the coupling efficiency are even higher, which could result in nanophotonic cavities with best-in-class characteristics, but still readable through the fiber.

"Our approach could be used to detect even smaller particles. Or even in other applications like single-photon emitters and nano-optomechanical sensors," says Hendriks. "And an additional application of the new approach might even be the detection of single biological molecules."

Next up for the UFP sensor will be the European project LEARN, which aims at controlling and evaluating air quality at schools, and it will be done in collaboration with the Microsystems group at TU/e.


																																																					
																				
																						More information:
												Arthur L. Hendriks et al, Detecting single nanoparticles using fiber-tip nanophotonics, Optica (2024). DOI: 10.1364/OPTICA.516575
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Imaging technique shows new details of peptide structures
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                Single-molecule orientation-localization microscopy captures fluorescence from Nile red molecules as they transiently bind to fibrils composed of engineered KFE8 peptides. Credit: Weiyan Zhou
            
        

    


A new imaging technique developed by engineers at Washington University in St. Louis can give scientists a much closer look at fibril assemblies--stacks of peptides that include amyloid beta, most notably associated with Alzheimer's disease.



										      
         
        
        
        

      

																																	
These cross-b fibril assemblies are also useful building blocks within designer biomaterials for medical applications, but their resemblance to their amyloid beta cousins, whose tangles are a symptom of neurodegenerative disease, is concerning. Researchers want to learn how different sequences of these peptides are linked to their varying toxicity and function, for both naturally occurring peptides and their synthetically engineered cousins.

Now, scientists can get a close enough look at fibril assemblies to see there are notable differences in how synthetic peptides stack compared with amyloid beta. These results stem from a fruitful collaboration between lead author Matthew Lew, an associate professor of electrical and systems engineering, and Jai Rudra, an associate professor of biomedical engineering, in WashU's McKelvey School of Engineering.

"We engineer microscopes to enable better nanoscale measurements so that the science can move forward," Lew said.

In a paper published recently in ACS Nano, Lew and colleagues outline how they used the Nile red chemical probe to light up cross-b fibrils. Their technique, called single-molecule orientation-localization microscopy (SMOLM), uses the flashes of light from Nile red to visualize the fiber structures formed by synthetic peptides and by amyloid beta.


																																						
    
     




																																			The bottom line: These assemblies are much more complicated and heterogenous than anticipated. That's good news because it means there's more than one way to safely stack proteins. With better measurements and images of fibril assemblies, bioengineers can better understand the rules that dictate how protein grammar affects toxicity and biological function, leading to more effective and less toxic therapeutics.

First, scientists need to see the difference between them, something very challenging because of the tiny scale of these assemblies.

"The helical twist of these fibers is impossible to discern using an optical microscope, or even some super-resolution microscopes, because these things are just too small," Lew said.

With high-dimensional imaging technology developed in Lew's lab the past couple years, they are able to see the differences.

A typical fluorescence microscope uses florescent molecules as light bulbs to highlight certain aspects of a biological target. In the case of this work, they used one of those probes, Nile red, as a sensor for what was around it. As Nile red randomly explores its environment and collides with the fibrils, it emits flashes of light that they can measure to determine where the fluorescent probe is and its orientation. From that data, they can piece together the full picture of engineered fibrils that stack very differently from natural ones such as amyloid beta.

Their image of these fibril assemblies made the cover of ACS Nano and was put together by first author Weiyan Zhou, who color-coded the image based on where the Nile reds were pointing. The resulting image is a bluish red flowing assembly of peptides that looks like a river valley.

The researchers plan to continue to develop techniques such as SMOLM to open new avenues of studying biological structures and processes at the nanoscale.

"We are seeing things you can't see with existing technology," Lew said.



																																																					
																				
																						More information:
												Weiyan Zhou et al, Resolving the Nanoscale Structure of b-Sheet Peptide Self-Assemblies Using Single-Molecule Orientation-Localization Microscopy, ACS Nano (2024). DOI: 10.1021/acsnano.3c11771
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Cows' milk particles used for effective oral delivery of drugs
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                Apical-out culture of human (biopsy-derived) colon intestinal epithelial organoids (IEOs) and transport of milk extracellular vesicles (mEVs). A Brightfield image of IEOs cultured in Matrigel (basal-out) and PET transwells inserts (apical-out), and the schematic for development of apical-out IEOs from basal-out polarity. B Depicted schematic of basal-out and apical-out IEOs. C Confocal immunofluorescent staining images of IEOs with apical-out and basal-out polarity. D Confocal immunofluorescent staining images of mEVs transporting across apical-out IEOs after incubation for 4 h. Nucleus in blue (DAPI), apical zonula occludens (ZO-1) tight junction protein in green, and mEVs in red. Schematics were drawn by Figdraw. Credit: Journal of Nanobiotechnology (2023). DOI: 10.1186/s12951-023-02173-x
            
        

    


Researchers have found that tiny particles present in cows' milk could offer, for the first time, an effective method for the oral delivery of RNA drugs.



										      
         
        
        
        

      

																																	
Ribonucleic acid (RNA) therapies are a powerful new class of drugs that offer a way to target previously untreatable diseases on a molecular level. They are based on nucleic acids, which are a component of our DNA. While they can be effectively delivered by injection, such as with the COVID-19 mRNA vaccine, so far there has been no successful way to deliver them orally, as the drugs are destroyed by the harsh conditions of the gut.

In a new study published in the Journal of Nanobiotechnology, Dr. Driton Vllasaliu and his team of researchers have found that tiny particles in cows' milk called extracellular vesicles (EVs) could effectively protect and deliver RNA drugs following oral administration.

"Oral administration of drugs is the most acceptable, convenient, and usually the cheapest way to take medicines as it doesn't rely on health care professionals. The ability to deliver 'biological' drugs, such as RNA therapies, is often regarded as the 'holy grail' of drug delivery but has remained a stubborn challenge. This study is significant as it suggests oral delivery of RNA drugs using technology based on milk EVs may be possible," explained Dr. Vllasaliu.


																																						
    
     




																																			He added, "This could lead to the disruptive and sustainable manufacturing of affordable and accessible oral nucleic acid therapies for a plethora of diseases, leading to great societal impacts."

EVs are nanoscale transporters that carry biological molecules throughout the body in a protective coat, controlling and regulating the access of molecules into cells. While EVs have been investigated extensively for drug delivery, the use of milk EVs for oral delivery of RNA drugs has not been widely reported. However, milk EVs are naturally suited for gut uptake as it is thought that these systems evolved as a means for the transfer of biological molecules from mother to child.

After extracting the EVs from cows' milk, Dr. Vllasaliu and his collaborators loaded them with RNA molecules to treat inflammatory bowel disease (IBD). The EVs were able to transport the therapeutic RNA molecules across the gut barrier in advanced laboratory models of the human intestine. In animal studies (mice), the RNA-loaded milk EVs reduced IBD-related inflammation.

These results demonstrate the method as a proof-of-concept success with RNA-based therapies for the first time. RNA-based therapies are a new therapeutic method that has already had a significant impact in the medical world, most notably with the COVID-19 mRNA vaccine.

RNA therapies work by influencing the production of proteins. They can block the production of harmful proteins that cause diseases or encourage the production of proteins that are missing or deficient in the body. For example, the COVID-19 vaccine provides mRNA, which subsequently produces a specific protein to immune cells that stimulates the production of antibodies against the virus.

Although the study utilized IBD as a disease, it is thought that following oral administration, milk EVs are capable of delivering RNA payloads to the bloodstream. This would open the doors for the oral administration of RNA therapies for an incredibly broad range of diseases including heart diseases, diabetes, vaccines against other viral infections, and much more.

The use of milk EVs is a safe method of drug delivery as many people are already regularly exposed to these. Importantly, unlike synthetic nanoparticles currently used for RNA delivery (by injection), milk EVs are thought to not trigger responses by the immune system that lead to adverse effects.



																																																					
																				
																						More information:
												Yunyue Zhang et al, Probing milk extracellular vesicles for intestinal delivery of RNA therapies, Journal of Nanobiotechnology (2023). DOI: 10.1186/s12951-023-02173-x
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        IRIS beamline at BESSY II gets a new nanospectroscopy end station
        The IRIS infrared beamline at the BESSY II storage ring now offers a fourth option for characterizing materials, cells and even molecules on different length scales. The team has extended the IRIS beamline with an end station for nanospectroscopy and nanoimaging that enables spatial resolutions down to below 30 nanometers. The instrument is also available to external user groups.

      

      
        First experimental proof for brain-like computer with water and salt
        Theoretical physicists at Utrecht University, together with experimental physicists at Sogang University in South Korea, have succeeded in building an artificial synapse. This synapse works with water and salt and provides the first evidence that a system using the same medium as our brains can process complex information.

      

      
        Airborne single-photon lidar system achieves high-resolution 3D imaging
        Researchers have developed a compact and lightweight single-photon airborne lidar system that can acquire high-resolution 3D images with a low-power laser. This advance could make single-photon lidar practical for air and space applications such as environmental monitoring, 3D terrain mapping and object identification.

      

      
        Demonstration of heralded three-photon entanglement on a photonic chip
        Photonic quantum computers are computational tools that leverage quantum physics and utilize particles of light (i.e., photons) as units of information processing. These computers could eventually outperform conventional quantum computers in terms of speed, while also transmitting information across longer distances.

      

      
        A molecular fingerprint beyond the Nyquist frequency
        Ultrashort pulses play a significant role in spectroscopic applications. Their broad spectral bandwidth enables simultaneous characterization of the sample at various frequencies, eliminating the need for repeated measurements or laser tuning. Moreover, their extreme temporal confinement allows for temporal isolation of the sample's response from the main excitation pulse.
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IRIS beamline at BESSY II gets a new nanospectroscopy end station
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                Infrared image of the nucleolus in the nucleus of a fibroblast cell. The scale bar corresponds to 500 nanometers. Credit: HZB
            
        

    


The IRIS infrared beamline at the BESSY II storage ring now offers a fourth option for characterizing materials, cells and even molecules on different length scales. The team has extended the IRIS beamline with an end station for nanospectroscopy and nanoimaging that enables spatial resolutions down to below 30 nanometers. The instrument is also available to external user groups.



										    
																					
The infrared beamline IRIS at the BESSY II storage ring is the only infrared beamline in Germany that is also available to external user groups and is therefore in great demand. Dr. Ulrich Schade, in charge of the beamline, and his team continue to develop the instruments to enable unique, state-of-the-art experimental techniques in IR spectroscopy.

As part of a recent major upgrade to the beamline, the team, together with the Institute of Chemistry at Humboldt University Berlin, has built an additional infrared near-field microscope.

"With the nanoscope, we can resolve structures smaller than a thousandth of the diameter of a human hair and thus reach the innermost structures of biological systems, catalysts, polymers and quantum materials," says Dr. Alexander Veber, who led this extension.

The new nanospectroscopy end station is based on a scanning optical microscope and enables imaging and spectroscopy with infrared light with a spatial resolution of more than 30 nm. To demonstrate the performance of the new end station, Veber analyzed individual cellulose microfibrils and imaged cell structures. All end stations are available to national and international user groups.

Details related to the upgrade are published in the Journal of Synchrotron Radiation.



																														
																				
																						More information:
												Alexander Veber et al, Infrared spectroscopy across scales in length and time at BESSY II, Journal of Synchrotron Radiation (2024). DOI: 10.1107/S1600577524002753
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                Below shows a graphical representation of the synapse. The synapse consists of colloidal spheres with nano-channels between them. Credit: Utrecht University
            
        

    


Theoretical physicists at Utrecht University, together with experimental physicists at Sogang University in South Korea, have succeeded in building an artificial synapse. This synapse works with water and salt and provides the first evidence that a system using the same medium as our brains can process complex information.



										      
         
        
        
        

      

																																	
The results appear in the journal Proceedings of the National Academy of Sciences.

In the pursuit of enhancing the energy efficiency of conventional computers, scientists have long turned to the human brain for inspiration. They aim to emulate its extraordinary capacity in various ways.

These efforts have led to the development of brain-like computers, which diverge from traditional binary processing to embrace analog methods akin to our brains. However, while our brains operate using water and dissolved salt particles called ions as their medium, most current brain-inspired computers rely on conventional solid materials.

This raises the question: Could we not achieve a more faithful replication of the brain's workings by adopting the same medium? This intriguing possibility lies at the heart of the burgeoning field of iontronic neuromorphic computing.

Artificial synapse

In the latest study published in PNAS, scientists have, for the very first time, demonstrated a system reliant on water and salt exhibiting the ability to process intricate information, mirroring the functionality of our brains. Central to this discovery is a minute device measuring 150 by 200 micrometers, which mimics the behavior of a synapse--an essential component in the brain responsible for transmitting signals between neurons.


																																						
    
     




																																			Tim Kamsma, a Ph.D. candidate at the Institute for Theoretical Physics and the Mathematical Institute of Utrecht University, and the lead author of the study, expresses his excitement, stating, "While artificial synapses capable of processing complex information already exist based on solid materials, we now show for the first time that this feat can also be accomplished using water and salt. We are effectively replicating neuronal behavior using a system that employs the same medium as the brain."
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                Microscopic picture of the artificial synapse. Credit: Utrecht University
            
        

    



Ion migration

The device, developed by scientists in Korea and referred to as an iontronic memristor, comprises a cone-shaped microchannel filled with a solution of water and salt. Upon receiving electrical impulses, ions within the liquid migrate through the channel, leading to alterations in ion concentration.

Depending on the intensity (or duration) of the impulse, the conductivity of the channel adjusts accordingly, mirroring the strengthening or weakening of connections between neurons. The extent of change in conductance serves as a measurable representation of the input signal.

An additional finding is that the length of the channel impacts the duration required for concentration changes to dissipate. "This suggests the possibility of tailoring channels to retain and process information for varying durations, again akin to the synaptic mechanisms observed in our brains," says Kamsma.

The genesis of this discovery can be traced back to an idea conceived by Kamsma, who began his doctoral research not long ago. He transformed this concept--centered around the utilization of artificial ion channels for classification tasks--into a robust theoretical model.

"Coincidently, our paths crossed with the research group in South Korea during that period," says Kamsma. "They embraced my theory with great enthusiasm and swiftly initiated experimental work based on it."

Remarkably, the initial findings materialized just three months later, closely aligning with the predictions outlined in Kamsma's theoretical framework. "I thought wow!" he reflects. "It's incredibly gratifying to witness the transition from theoretical conjecture to tangible real-world outcomes, ultimately resulting in these beautiful experimental results."


																																			A significant step forward

Kamsma underscores the fundamental nature of the research, highlighting that iontronic neuromorphic computing, while experiencing rapid growth, is still in its infancy. The envisioned outcome is a computer system vastly superior in efficiency and energy consumption compared to present-day technology. However, whether this vision will materialize remains speculative at this juncture. Nevertheless, Kamsma views the publication as a significant step forward.

"It represents a crucial advancement toward computers not only capable of mimicking the communication patterns of the human brain but also utilizing the same medium," he asserts. "Perhaps this will ultimately pave the way for computing systems that replicate the extraordinary capabilities of the human brain more faithfully"



																																																					
																				
																						More information:
												Tim M. Kamsma et al, Brain-inspired computing with fluidic iontronic nanochannels, Proceedings of the National Academy of Sciences (2024). DOI: 10.1073/pnas.2320242121
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                A new compact and lightweight single-photon airborne lidar system could make single-photon lidar practical for air and space applications such as 3D terrain mapping. Credit: Feihu Xu, University of Science and Technology of China
            
        

    


Researchers have developed a compact and lightweight single-photon airborne lidar system that can acquire high-resolution 3D images with a low-power laser. This advance could make single-photon lidar practical for air and space applications such as environmental monitoring, 3D terrain mapping and object identification.



										    
																																	Single-photon lidar uses single-photon detection techniques to measure the time it takes laser pulses to travel to objects and back. It is particularly useful for airborne applications because it enables highly accurate 3D mapping of terrain and objects even in challenging environments such as dense vegetation or urban areas.

"Using single-photon lidar technology on resource-limited drones or satellites requires shrinking the entire system and reducing its energy consumption," said research team member Feihu Xu from University of Science and Technology of China.

"We were able to incorporate recent technology developments into a system that, in comparison to other state-of-the-art airborne lidar systems, employs the lowest laser power and the smallest optical aperture while still maintaining good performance in terms of detection range and imaging resolution."



    
    
    
        
        
    
         
             
         

        The video shows 3D images acquired using the single-photon airborne lidar system aboard a small plane. Credit: Feihu Xu, University of Science and Technology of China
  

In Optica the researchers show that the system has the capability to achieve an imaging resolution that surpasses the diffraction limit of light when used with sub-pixel scanning and a new 3D deconvolution algorithm. They also demonstrate the system's ability to capture high-resolution 3D images during daytime over large areas aboard a small plane.

"Ultimately, our work has the potential to enhance our understanding of the world around us and contribute to a more sustainable and informed future for all," said Xu.


																																						
    
     




																																			"For example, our system could be deployed on drones or small satellites to monitor changes in forest landscapes, such as deforestation or other impacts on forest health. It could also be used after earthquakes to generate 3D terrain maps that could help assess the extent of damage and guide rescue teams, potentially saving lives."
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                The researchers demonstrated the system's real-world ability by using it aboard a small plane to capture high-resolution 3D images during daytime over large areas. Credit: Feihu Xu, University of Science and Technology of China
            
        

    



Shrinking single-photon lidar

The new airborne single-photon lidar system works by sending light pulses from a laser toward the ground. These pulses bounce off objects and are then captured by very sensitive detectors called single-photon avalanche diode (SPAD) arrays. These detectors provide enhanced sensitivity to single photons, enabling more efficient detection of the reflected laser pulses so that a lower-power laser could be used. To reduce the overall system size, the researchers used small telescopes with an optical aperture of 47 mm as the receiving optics.

Measuring the time-of-flight of the returned single photons makes it possible to calculate the time it takes for the light to travel to the ground and back. The detailed 3D images of the terrain can then be reconstructed from this information using computational imaging algorithms.

"A key part of the new system is the special scanning mirrors that perform continuous fine scanning, capturing sub-pixel information of the ground targets," said Xu. "Also, a new photon-efficient computational algorithm extracts this sub-pixel information from a small number of raw photon detections, enabling the reconstruction of super-resolution 3D images despite the challenges posed by weak signals and strong solar noise."


																																			Ground and air testing

The researchers conducted a series of tests to validate the capabilities of the new system. A pre-flight ground test confirmed the effectiveness of the technique and showed that the system was able to perform lidar imaging with a resolution of 15 cm from 1.5 km away with default settings. Once they implemented sub-pixel scanning and 3D deconvolution, the researchers were able to demonstrate an effective resolution of 6 cm from the same distance away.

The investigators also conducted daytime experiments with the system aboard a small airplane over several weeks in Yiwu City, Zhejiang Province, China. These experiments successfully revealed detailed features of various landforms and objects, confirming the functionality and reliability of the system in real-world scenarios.

The team is now working to enhance the performance and integration of the system, with a long-term goal of installing it on a spaceborne platform such as a small satellite. The stability, durability and cost-effectiveness of the system also needs improving before it could be commercialized.


																																																					
																				
																						More information:
												Yu Hong et al, Airborne single-photon LiDAR towards small-size and low-power payload, Optica (2024). DOI: 10.1364/OPTICA.518999
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Demonstration of heralded three-photon entanglement on a photonic chip

										 by Ingrid Fadelli										 										 , Phys.org
										 									

									
										

    
        
            [image: The demonstration of heralded three-photon entanglement on a photonic chip  ]
             
                The heralded generation scheme for a 3-GHZ state. Credit: Hui Wang.
            
        

    


Photonic quantum computers are computational tools that leverage quantum physics and utilize particles of light (i.e., photons) as units of information processing. These computers could eventually outperform conventional quantum computers in terms of speed, while also transmitting information across longer distances.



										      
         
        
        
        

      

																																	
Despite their promise, photonic quantum computers have not yet reached the desired results, partly due to the inherently weak interactions between individual photons. In a paper published in Physical Review Letters, researchers at University of Science and Technology of China demonstrated a large cluster state that could facilitate quantum computation in a photonic system, namely three-photon entanglement.

"Photonic quantum computing holds promise due to its operational advantages at room temperature and minimal decoherence," Hui Wang, co-author of the paper, told Phys.org.

"However, the inherent challenge lies in the weak interaction between single photons, hindering the realization of deterministic two-qubit gates essential for scalability. To address this issue, the concepts of fusion and percolation have emerged over the past two decades within our field."

Past studies suggest that fusion and percolation could be scalable approaches to realize quantum computation in photonic systems without the need for deterministic entangling gates, such as those required by superconducting qubits and trapped ions. As part of their study, Wang and his colleagues employed a strategy that entails fusing small resource states, such as the heralded 3-GHZ state they demonstrated, into large-scale cluster states that are suitable for realizing measurement-based quantum computing.


																																						
    
     




																																			"The percolation theorem dictates that success is achievable if the success probability of fusion gate exceeds a specific threshold," Wang said.

"In this framework, the initial phase involves generating the necessary resource state, with the smallest essential state being the three-photon Greenberger-Horne-Zeilinger (3-GHZ) state. Two primary methods exist for deterministic 3-GHZ state generation: (i) utilizing single-photon emitters like quantum dots, which though theoretically deterministic, face efficiency limitations with current technologies; and (ii) near-deterministically generating entangled clusters in a heralded fashion, enabling instant validation of success without perturbing the target state."



    
        
            [image: The demonstration of heralded three-photon entanglement on a photonic chip  ]
             
                Active optical switches used in our experiment. Credit: Hui Wang.
            
        

    



Of the two methods that generate a 3-GHZ state, the near-deterministic generation of entangled clusters in a heralded fashion currently appears to be the most promising. Employing this method, the researchers were able to this state from a single-photon source in a photonic chip.

Their work is a significant milestone on the path towards realizing fault-tolerant photonic quantum computing. Specifically, their efforts could accelerate the development of large-scale optical quantum computers that rely on 3-GHZ states to process quantum information.

"Our experimental setup necessitates six single photons for injection into a 10-mode passive interferometer," Wang explained.


																																			"Our implementation utilizes an InAs/GaAs quantum dot as the single-photon source. Noting this is the state-of-the-art single-photon source among all physical systems. The programmable interferometer, sourced from Quix, demonstrates an overall efficiency of 50%. Through the application of a specific unitary transformation, the resulting output state across ports 1-6 manifests as a dual-rail encoded heralded 3-GHZ state, contingent upon the detection of single photons in both ports and in just one of the ports."

The first report of heralded single photons dates back to 1986, while the first heralded entangled photon pairs were realized in 2010. The recent work by Wang and his collaborators builds on these previous advances, demonstrating a large cluster state that could play a key role in enabling fault-tolerant, measurement-based quantum computing utilizing photonic chips.

Notably, the paper was published around the same time as two related studies by other teams, featured in Physical Review Letters and Nature Photonics, which gathered other impressive results. Collectively, these developments suggest that we are moving closer to the effective realization of fault-tolerant photonic quantum computers.

"In the foreseeable future, achieving a demonstration of a fusion gate surpassing the percolation threshold using eight single photons is within reach," Wang added.

"Building upon the success of the heralded 3-GHZ state presented in this study, multiple 3-GHZ resource states can be amalgamated to form a more extensive entangled state. Furthermore, the exploration of large-scale entangled state generation on integrated quantum optical platforms is underway."



																																																					
																				
																						More information:
												Si Chen et al, Heralded Three-Photon Entanglement from a Single-Photon Source on a Photonic Chip, Physical Review Letters (2024). DOI: 10.1103/PhysRevLett.132.130603. On arXiv: DOI: 10.48550/arxiv.2307.02189
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A molecular fingerprint beyond the Nyquist frequency

										

    
        
            [image: Molecular fingerprint beyond the nyquist frequency]
             
                Visual summary of compressed sensing of field-resolved molecular fingerprints. Credit: Ultrafast Science (2024). DOI: 10.34133/ultrafastscience.0062
            
        

    


Ultrashort pulses play a significant role in spectroscopic applications. Their broad spectral bandwidth enables simultaneous characterization of the sample at various frequencies, eliminating the need for repeated measurements or laser tuning. Moreover, their extreme temporal confinement allows for temporal isolation of the sample's response from the main excitation pulse.



										      
         
        
        
        

      

																					
This response, which carries comprehensive spectroscopic information, lasts from tens of femtoseconds to nanoseconds (10[?]15 to 10[?]9 seconds) and is commonly probed by a shorter pulse at various time delays. When merged with other techniques, such as multi-dimensional coherent spectroscopy or hyperspectral imaging, ultrafast spectroscopy facilitates the identification of unknown constituents.

However, the ambition of real-time measurements faces obstacles, primarily due to the extensive data recording required across the high bandwidth spectrum for each pixel, introducing considerable delays in data capture, extending processing time, and increasing data volume.

Researchers have developed a technique to speed up spectroscopic analysis. Kilian Scheffter, a doctoral student working with Hanieh Fattahi, head of the "Femtosecond Fieldoscopy" group at MPL, explains, "The response of molecules to ultrashort excitation pulses is typically sparse in many samples, which implies that the response occurs only at specific frequencies known as molecular fingerprints."

"By strategically randomizing the measurement points in time, an established approach called compressed sensing can efficiently reconstruct the signal by using fewer data points than the limit dictated by the Nyquist criterion. However, the main challenge has been to change the temporal overlap of the probe pulses and the femtosecond excitation pulses randomly."

"Collaborating with our partners in Germany and France, we've successfully employed acoustic waves to modulate this temporal overlap randomly. This innovation expands the application of compressed sensing to real-time spectroscopic measurement."

"Accelerating time domain spectroscopy offers several advantages, for example, in simplifying the label-free imaging of fragile specimens, real-time environmental monitoring and open-air diagnostics of toxic and hazardous gases, and molecular endoscopy," says Dr. Hanieh Fattahi.

The work is published in the journal Ultrafast Science.



																														
																				
																						More information:
												Hanieh Fattahi et al, Compressed Sensing of Field-resolved Molecular Fingerprint Beyond the Nyquist Frequency, Ultrafast Science (2024). DOI: 10.34133/ultrafastscience.0062
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        Is your dog aggressive? A vet explains 'rage syndrome'
        Dog aggression is a condition that can hit home for pet owners, as it can be unsettling, stressful, and even dangerous, not only for the dog but also for other pets, family members, and strangers.

      

      
        Deer are expanding north, and that's not good for caribou: Scientists evaluate the reasons why
        As the climate changes, animals are doing what they can to adapt. Researchers from UBC Okanagan--which includes partners from Biodiversity Pathways' Wildlife Science Center, the Alberta Biodiversity Monitoring Institute, the University of Alberta, and Environment and Climate Change Canada--wanted to evaluate why deer densities in the boreal forest are rapidly increasing.

      

      
        Examining the impact of gene-based breeding on agriculture and medicine
        A research team has demonstrated that gene-based breeding (GBB) offers a transformative approach to advancing plant and animal breeding, showing remarkable predictability, speed, and cost-effectiveness. The review highlights GBB's impact on improving crop and livestock genetics, while also laying the foundation for molecular precision agriculture and medicine.

      

      
        Advancing mei (Prunus mume) breeding: Genomic insights into ornamental and cold resistance traits
        A research team has provided an overview for understanding the genetic basis of ornamental and cold resistance traits in Mei (Prunus mume), a tree valued both for its ornamental and cultural significance in China.

      

      
        Enhancing heat tolerance in cool-season turfgrasses
        A research team reviewed the physiological and morphological changes in cool-season turfgrasses under high temperature stress, alongside advances in molecular characterization of their temperature regulatory networks. They proposed methods to enhance the turfgrasses' heat tolerance and highlighted the challenges in researching heat tolerance mechanisms.

      

      
        Sweetpotato genetics: A comprehensive update to the 'Taizhong 6' genome annotation
        A research team has substantially enhanced the annotation of the sweetpotato genome "Taizhong 6," introducing a more comprehensive and detailed version, v1.0.a2. This update utilizes 12 Nanopore full-length RNA libraries and 190 Illumina RNA-seq libraries, resulting in the identification of 360 new genes, modification or addition of 31,771 gene models, and refined gene nomenclature.

      

      
        Fourier transform infra-red spectroscopy models unravel cell wall composition and nutritional quality in buffel grass
        A research team developed Fourier transform infra-red (FTIR) spectroscopy-based partial least squares regression (PLSR) models to assess Cenchrus spp (buffel grass) accessions, discovering significant correlations between cell wall composition and digestibility metrics like neutral detergent fiber (NDF) and indigestible NDF (iNDF).

      

      
        Study pinpoints most helpful habitat for least flycatcher
        A new University of Alberta study helps define the most helpful breeding habitat for the least flycatcher, a species of bird in rapid decline. The findings are published in The Wilson Journal of Ornithology.

      

      
        Scientists confine, study Chinook at restored Snoqualmie River habitat
        In newly restored river channels on the Snoqualmie, baby Chinook salmon are confined in 19 enclosures about the size of large suitcases as they munch on little crustaceans and invertebrate insects floating or swimming by.

      

      
        New experimental evidence unlocks a puzzle in vascular tissue engineering
        Angiogenesis is a process of forming hierarchical vascular networks in living tissues. Its complexity makes the controlled generation of blood vessels in laboratory conditions a highly challenging task.

      

      
        Scientists replace fishmeal in aquaculture with microbial protein derived from soybean processing wastewater
        Scientists from Nanyang Technological University, Singapore (NTU Singapore) and Temasek Polytechnic have successfully replaced half of the fishmeal protein in the diets of farmed Asian seabass with a "single cell protein" cultivated from microbes in soybean processing wastewater, paving the way for more sustainable fish farming practices. The findings are published in the journal Scientific Reports.

      

      
        Advanced cell atlas opens new doors in biomedical research
        Researchers at Karolinska Institutet have developed a web-based platform that offers an unprecedented view of the human body at the cellular level. The aim is to create an invaluable resource for researchers worldwide to increase knowledge about human health and disease. The study is published in Genome Biology.

      

      
        How worrying is bird flu's jump to dairy cows? Here's what experts say
        Since 2022, a highly contagious strain of bird flu has spread across the U.S. at an unprecedented rate, resulting in the deaths of more than 90 million birds in commercial and backyard poultry flocks, plus thousands more in the wild.

      

      
        Scientists regenerate neural pathways in mice with cells from rats
        Two independent research teams have successfully regenerated mouse brain circuits in mice using neurons grown from rat stem cells. Both studies, published April 25 in the journal Cell, offer valuable insights into how brain tissue forms and present new opportunities for restoring lost brain function due to disease and aging.

      

      
        Study reveals protein's key role in helping cilium transmit signals to the rest of the cell
        The essential role played by a protein in the functioning of cells is revealed in new work from the laboratory of Universite de Montreal medical professor Frederic Charron, holder of the Canada Research Chair in Developmental Neurobiology.

      

      
        Making sustainable biotechnology a reality: Joined forces aim to improve biocatalysts
        Everything biobased: plastic, medicine, and fuel. It seems like a futuristic utopia. But for how long? A collaboration of researchers now proposes an idea to accelerate the development process. By combining machine learning and laboratory automation, this biobased ideal may become a reality sooner rather than later.

      

      
        The rise of microbial cheaters in iron-limited environments: Study reveals their evolutionary history
        Competition and cooperation are fundamental forces that govern the evolutionary and ecological dynamics among species. The balance between these forces varies across ecological contexts, with some environments favoring cooperative behaviors that promote mutual benefit, while others reward competitive strategies that maximize individual fitness.

      

      
        Nordic wolverines have the worst genetic diversity status, comprehensive Eurasian-wide study shows
        The Fennoscandian wolverines have the lowest genetic diversity out of all the wolverine populations in the vast Eurasian continent. The new study covers the Eurasian range of the wolverine, which has not been studied on such a large scale before. Samples were collected across a wide geographical area from Norway to eastern Russia.

      

      
        Advancing cassava brown streak disease resistance
        A research team reviewed the advancements in managing cassava brown streak disease (CBSD), highlighting the integration of new plant breeding technologies (NPBTs) with traditional breeding to enhance resistance. These efforts are crucial for providing African farmers with CBSD-resistant cassava varieties that also deliver high yields and meet market preferences.
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Dog aggression is a condition that can hit home for pet owners, as it can be unsettling, stressful, and even dangerous, not only for the dog but also for other pets, family members, and strangers.



										      
         
        
        
        

      

																																	Because some forms of aggression are rare and unexpected, such as rage syndrome, Dr. Lori Teller, a clinical professor at the Texas A&M School of Veterinary Medicine and Biomedical Sciences, provides guidance on how owners can recognize and respond to the varying signs of aggression.

What is rage syndrome?

Rage syndrome, a serious and complex condition that causes dogs to become aggressive without any apparent trigger, can be challenging to diagnose and treat effectively.

"Dogs with rage syndrome have episodes of extreme aggression toward a person or other animals that occur seemingly out-of-the-blue and without provocation, yet they otherwise appear friendly and happy," Teller said.

The exact cause of rage syndrome remains unclear, though Teller pointed out that there can be genetic and neurological factors involved. Nevertheless, owners should remain vigilant for varying signs of the disorder.

"No identifiable trigger leading up to the attack is one clear sign of rage syndrome," Teller said. "Additional signs include confusion or seeming dazedness during or immediately after an episode, glazed eyes, dramatic escalation of aggression without any warning, and unpredictability of episodes."

Other forms of aggression vs. rage syndrome

On the other hand, it's important not to confuse conflict- or fear-based aggression with rage syndrome. Aggressions stemming from conflict or fear are more common than rage syndrome because they are natural responses to perceived threats or conflicts in the environment.

"There is usually an identifiable trigger for other forms of aggression, unlike with rage syndrome, but some owners have a hard time reading a dog's body language or recognizing the trigger, making it challenging at first to determine what type of aggression a dog may have," Teller explained.

"With fear-based or conflict aggression, a dog will often exhibit warning signs before attacking, such as a hunched body posture, lip-licking, trembling, baring teeth, growling or snapping."

Aggression of this type is often defensive in nature, yet Teller says dogs also exhibit predatory behaviors that, while appearing aggressive, are actually offensive in nature and are driven by a dog's natural instincts to pursue prey.


																																						
    
     




																																			How owners should respond

When a dog is in the midst of an aggressive episode, owners should avoid intervening physically, as this could lead to injuries. Once the dog has calmed down, owners should take them to their veterinarian for a thorough examination.

"The veterinarian will obtain a complete behavioral history and probably perform some diagnostic tests to rule out a medical problem that has led to the aggressive behaviors," Teller explained. "An example of a medical problem that may trigger an aggressive response is when someone touches a painful area, such as with osteoarthritis or an ear infection."

Teller also noted that rage syndrome can be caused by seizure-like activity in the brain, so veterinarians may recommend an electroencephalogram, a test that measures electrical activity in the brain, or an advanced imaging modality such as an MRI or CT scan, which takes detailed images of the brain to identify any abnormalities in its structure.

Managing aggression in dogs, however, will require a comprehensive approach that addresses both the underlying causes and immediate behavioral issues.

"Depending on the underlying cause of aggression, the dog may be put on an anxiolytic medication to relieve anxiety, an anticonvulsant to control the risk of seizures, or a combination of medications," Teller said. "A behavioral modification plan will also be instituted, and in some cases, a referral may be made to a veterinary behaviorist."

By understanding the differences between forms of aggression and seeking professional help when needed, owners can provide the necessary care and support for their dogs. The impact of aggression on a dog's life can be minimized as a result, leading to a safer and happier environment for both the dog and its owners.
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Deer are expanding north, and that's not good for caribou: Scientists evaluate the reasons why
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                An infographic to outline research into the expansion of white-tail deer into the boreal forest of western Canada. Credit: UBC Okanagan
            
        

    


As the climate changes, animals are doing what they can to adapt. Researchers from UBC Okanagan--which includes partners from Biodiversity Pathways' Wildlife Science Center, the Alberta Biodiversity Monitoring Institute, the University of Alberta, and Environment and Climate Change Canada--wanted to evaluate why deer densities in the boreal forest are rapidly increasing.



										      
         
        
        
        

      

																																	
The research is published in the journal Global Change Biology.

Over the past century, white-tailed deer have greatly expanded their range in North America, explains Melanie Dickie, a doctoral student with UBC Okanagan's Wildlife Restoration Ecology Lab.

In the boreal forest of Western Canada, researchers have considered that both changing climate and increased habitat alteration have enabled deer to push farther north. Climate change can create milder winters, while habitat alteration from forestry and energy exploration creates new food sources for deer.

As they conclude their study, researchers caution that what is good for the deer isn't necessarily suitable for other species, such as the threatened woodland caribou.

Dickie, as well as fellow UBCO and Biodiversity Pathways researchers Drs. Adam Ford, Michael Noonon, Robin Steenweg and Rob Serrouya, have monitored the white-tailed deer's movement into the western boreal forest for more than five years.

As global temperatures climb, the researchers note that deer expansion is uprooting existing predator-prey dynamics.


																																						
    
     




																																			"The expansion of white-tailed deer into the boreal forest has been linked to caribou declines," explains Dickie. "Deer are ecosystem disruptors in the northern boreal forests. Areas with more deer typically have more wolves, and these wolves are predators of caribou--a species under threat. Deer can handle high predation rates, but caribou cannot."

Understanding white-tailed deer populations continues to be one piece of the caribou recovery puzzle.

"The trick is that human land use and climate are often intertwined. As we move northward, the climate becomes harsher and human land use decreases, making it difficult to isolate these two factors," says Dr. Serrouya. "The debate over the relative effect of climate or habitat change isn't unique to deer in the boreal, either; it's one of the most pressing issues facing applied ecologists globally."

The researchers determined that the northern Alberta-Saskatchewan border provided a convenient experimental location. While both sides have a consistent climate, habitat alteration is, on average, 3.6-fold higher on the Alberta side.

Between 2017 and 2021, the research team maintained 300 wildlife cameras throughout the region to collect motion-triggered images of large mammals. These images were used to estimate white-tailed deer density.

Key findings from the study include that deer density was significantly lower in areas with colder, snowier winters. While human land use was associated with higher deer densities, the effect of human-caused habitat change was much smaller than that of climate.

Winter severity is expected to decline as climate change progresses. This means that deer are expected to keep expanding northwards and increase in abundance, adding an increased risk to the caribou.

"When planning for caribou recovery, we need to consider these new forest residents," says Dr. Ford. "We are now well into the United Nations Decade on Ecosystem Restoration, but when doing restoration, we have to account for new pathways of species interacting in the food web."



																																																					
																				
																						More information:
												Habitat alteration or climate: What drives the densities of an invading ungulate?, Global Change Biology (2024). DOI: 10.1111/gcb.17286
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Examining the impact of gene-based breeding on agriculture and medicine

										

    
        
            [image: Transforming agriculture and medicine: The impact of gene-based breeding (GBB)]
             
                Gene-based breeding (GBB) for pure-line varieties. Credit: Tropical Plants (2024). DOI: 10.48130/tp-0024-0005
            
        

    


A research team has demonstrated that gene-based breeding (GBB) offers a transformative approach to advancing plant and animal breeding, showing remarkable predictability, speed, and cost-effectiveness. The review highlights GBB's impact on improving crop and livestock genetics, while also laying the foundation for molecular precision agriculture and medicine.



										      
         
        
        
        

      

																																	
This strategic integration of genomics into breeding and health care could significantly improve the quality and efficiency of global food supplies and health services, marking a pivotal shift from traditional methods to more targeted, gene-based strategies.

Amid rapidly growing global populations and climate change, food production and security have emerged as critical global challenges. The dramatic shifts in climate, such as rising temperatures and unpredictable rainfall, are exacerbating these challenges, compelling the agricultural sector to innovate ways to sustain and increase food supply.

The consensus among researchers is that developing genetically improved crop varieties and livestock strains offers a sustainable solution. Various molecular techniques are pivotal, with GBB as particularly effective for developing new varieties with complete intellectual properties.

A study published in Tropical Plants extensively covers GBB, highlighting its transformative impact on the development of crop varieties and livestock strains.


																																						
    
     




																																			GBB employs sophisticated artificial intelligence to optimize every phase of the breeding cycle--from parent selection through progeny evaluation--using genetic markers like SNPs and InDels to drive decision-making.

This approach has significantly outperformed traditional methods in terms of speed, accuracy, and cost efficiency. Particularly notable are the applications of GBB in cotton and maize, where it has been instrumental in enhancing fiber length and grain yield. In cotton, studies using GBB have achieved a prediction accuracy for fiber length of 0.83-0.86, correlating strongly with actual phenotypes and demonstrating superior performance over genomic selection methods.

Similarly, in maize, the integration of GBB has enabled the prediction of inbred line grain yields and F1 hybrid performance with high reliability, providing a substantial improvement over conventional selection methods.

This review also emphasizes the broader implications of GBB for molecular precision agriculture and medical science, suggesting that this technology could revolutionize fields beyond agriculture. For example, the potential for adapting these methodologies to human and veterinary medicine could lead to breakthroughs in genotypic medicine, offering more personalized and effective treatments based on genetic profiles.


																																			According to the study's researcher, Prof. Hong-Bin Zhang, "GBB can be a revolutionary technology for breeding in all field crops, vegetable crops, fruit trees, and livestock for either pure-line varieties (or strains) or hybrid varieties, but only a preliminary GBB system has been established to date in maize and cotton. Additional research is necessary to develop the GBB in maize and cotton into robust GBB systems that are suited for enhanced breeding across environments and populations in different breeding programs."

Overall, this review highlights that GBB represents a pioneering advancement in genetic science, with the power to significantly enhance both agricultural output and medical treatments through precise genetic manipulation and analysis.



																																																					
																				
																						More information:
												Hong-Bin Zhang, Gene-based Breeding (GBB), a novel discipline of biological science and technology for plant and animal breeding, Tropical Plants (2024). DOI: 10.48130/tp-0024-0005
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Advancing mei (Prunus mume) breeding: Genomic insights into ornamental and cold resistance traits
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                Eleven cultivar groups of Mei and representative functional genes in five aspects. 1, Versicolor Group; 2, Dragon Group; 3, Pendent Group; 4, Cinnabar Purple Group; 5, Single Flowered Group; 6, Flavescens Group; 7, Blireiana Group; 8, Apricot Mei Group; 9, Pink Double Group; 10, Alboplena Group; 11, Green Calyx Group. Credit: Ornamental Plant Research (2024). DOI: 10.48130/opr-0024-0004
            
        

    


A research team has provided an overview for understanding the genetic basis of ornamental and cold resistance traits in Mei (Prunus mume), a tree valued both for its ornamental and cultural significance in China.



										      
         
        
        
        

      

																																	
By employing cutting-edge biotechnological approaches, including whole-genome sequencing and resequencing, scientists have laid a solid foundation for targeted breeding programs. These advancements promise to greatly enhance the efficiency of breeding Mei trees with distinctive characteristics and high resistance, aligning with both aesthetic and practical needs in contemporary horticulture.

Genomics, which delves into the complete genetic blueprint of organisms, has revolutionized plant science by overcoming challenges like large, complex genomes. The pioneering Arabidopsis genome sequence in 2,000 spurred advancements in sequencing technologies, leading to the sequencing of approximately 400 plant genomes, including Mei (Prunus mume).

This progress has enriched our understanding of genetic variation and aided breeding technologies. However, further research is needed to decode the specific genetic mechanisms influencing the ornamental and functional traits of Mei for enhanced breeding applications.

The study published in Ornamental Plant Research on 4 March 2024, provides a comprehensive overview of the development and expansion of genome projects over the past decade, highlighting advances in whole-genome sequencing, resequencing, and genetic mapping.


																																						
    
     




																																			This review highlights the completion of the Mei genome project, which has catalyzed research into the genetic underpinnings of ornamental and cold resistance traits in this culturally significant tree.

Through advanced genomic techniques, researchers have delineated the complex genetic network influencing traits such as flower fragrance, color variation, and cold hardiness. This includes the identification of key gene families like benzyl alcohol acetyltransferase (BEAT), which influences Mei's unique floral scent, and cold-resistance genes.

The review underscores the implications of these discoveries for breeding programs, emphasizing the potential to develop Mei cultivars with enhanced ornamental qualities and environmental adaptability.

According to the study's lead researcher, Prof. Lidan Sun, "The efforts to improve genetic makeup will continue to be greatly impacted by this new information and the resources that are now available."

This foundational genetic insight is set to revolutionize Mei breeding, making it possible to meet aesthetic and practical goals more efficiently.



																																																					
																				
																						More information:
												Dongqing Fan et al, Prunus mume genome research: current status and prospects, Ornamental Plant Research (2024). DOI: 10.48130/opr-0024-0004
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Enhancing heat tolerance in cool-season turfgrasses
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                Morphological and physiological characteristics of cool-season turfgrasses under heat stress. Credit: Grass Research (2024). DOI: 10.48130/grares-0024-0008
            
        

    


A research team reviewed the physiological and morphological changes in cool-season turfgrasses under high temperature stress, alongside advances in molecular characterization of their temperature regulatory networks. They proposed methods to enhance the turfgrasses' heat tolerance and highlighted the challenges in researching heat tolerance mechanisms.



										      
         
        
        
        

      

																																	
This work holds significant value for improving the ornamental and functional quality of urban and sports greenery, potentially leading to the development of more resilient turfgrass varieties.

Turfgrasses are categorized into cool-season and warm-season types, based on their climatic origins. Cool-season turfgrasses perform optimally at temperatures ranging from 15-24degC aboveground and 10-18degC underground. These grasses, known for their dark green foliage and adaptability to cold, face challenges when exposed to temperatures above 30degC, experiencing issues such as wilting, yellowing, and seedling death.

This temperature sensitivity adversely affects their aesthetic appeal and increases maintenance costs, particularly in temperate and transitional zones. Current research is centered on understanding the physiological and biochemical reactions of turfgrass to heat stress, pinpointing heat-tolerance genes, and elucidating the underlying molecular mechanisms. This knowledge is crucial for breeding heat-resistant varieties and improving turf management practices.

The study published in Grass Research on 10 April 2024, details the physiological and morphological impacts of high temperature on cool-season turfgrasses, examines advances in molecular characterization, proposes improvement strategies, and highlights research gaps in understanding heat tolerance mechanisms.


																																						
    
     




																																			High temperature stress leads to suboptimal conditions for the growth of cool-season turfgrasses, resulting in reduced seed germination rates, decreased root vitality and tillering, wilting and yellowing leaves, and the occurrence of dead seedlings. For example, the germination rates of "Yatsyn," "Nui," and "Mathilde" varieties were significantly reduced to 3.3%, 29.7%, and 1.6% at 36degC, respectively, and the root vitality and tillering in species like tall fescue and creeping bentgrass decreased significantly under high temperature stress.

Meanwhile, high temperature stress results in membrane damage, ROS accumulation, photosynthesis damage, disturbed carbohydrate metabolism, disturbed fatty acid metabolism, disturbed transpiration and osmotic regulation, and phytohormone imbalance in cool-season turfgrasses. In addition, they summarized molecular mechanisms of cool-season turfgrasses to high temperature stress.

Heat stress induces expression of heat stress-related genes (HSFs, F-box, MBF1C, HOXs, etc) or miRNA, which controls the expression of downstream genes to regulate plant heat tolerance. Finally, the review proposes strategies to improve thermotolerance in cool-season turfgrasses, including cultivation and maintenance management, breeding of heat tolerant turfgrass varieties by genetic engineering.

It identifies gaps in understanding the exact molecular mechanisms behind heat tolerance and suggests focusing future research on these areas to aid in developing heat-tolerant cool-season turfgrasses.

According to the study's lead researcher, Zhulong Chan, "We aim to provide references for the research on characterization of heat tolerance mechanism and breeding heat tolerant cold-season turfgrass."

This research brings comprehensive insights for enhancing the aesthetic and functional aspects of urban and sports turf, potentially paving the way for the creation of more robust turfgrass varieties.



																																																					
																				
																						More information:
												Tianxiao Sun et al, How do cool-season turfgrasses respond to high temperature: progress and challenges, Grass Research (2024). DOI: 10.48130/grares-0024-0008
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Sweetpotato genetics: A comprehensive update to the 'Taizhong 6' genome annotation
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                Graphical abstract. Credit: Tropical Plants (2024). DOI: 10.48130/tp-0024-0009
            
        

    


A research team has substantially enhanced the annotation of the sweetpotato genome "Taizhong 6," introducing a more comprehensive and detailed version, v1.0.a2. This update utilizes 12 Nanopore full-length RNA libraries and 190 Illumina RNA-seq libraries, resulting in the identification of 360 new genes, modification or addition of 31,771 gene models, and refined gene nomenclature.



										      
         
        
        
        

      

																																	
The improved annotation includes detailed miRNA expression profiles, benefiting gene functional studies in sweetpotato and advancing genomic analyses across the Convolvulaceae family, thus providing a critical resource for future agricultural and genetic research.

Sweetpotato (Ipomoea batatas) is a vital crop in developing countries, providing essential nutrients and combating vitamin A deficiency in Africa as a hexaploid species. The first genome sequence, cultivar Taizhong 6, utilized Illumina sequencing, later enhanced with third-generation sequencing technologies, leading to a high-quality, chromosome-scaled genome assembly. However, challenges remain in achieving precise genome annotations due to the limitations of short-read sequencing.

Recently, advancements in long-read sequencing, like Oxford Nanopore Technologies, have facilitated more accurate annotations and allowed deeper insights into gene structure and alternative splicing.

A study published in Tropical Plants on 21 March 2024, builds on this progress using a refined annotation pipeline that incorporated both Nanopore full-length and extensive RNA-seq datasets, enhancing the current genome annotation for sweetpotato.


																																						
    
     




																																			In this study, researchers improved the annotation of the I. batata genome to version 1.0.a2, utilizing a comprehensive approach integrating Nanopore full-length transcriptomes and Illumina RNA-seq data across various developmental stages and tissues of sweetpotato.

Their method employed BRAKER for initial gene predictions, enriched by various genomic hints, followed by consensus model generation through EVidenceModeler (EVM). Notably, the updated annotation now contains 42,751 protein-coding genes, enhancing the model with 3' and 5' UTRs and increasing the average exon count per gene.

Significantly, this revision added or modified 31,771 gene models, incorporating 8,736 alternative splicing isoforms, and introduced a new gene nomenclature for clearer reference. This more detailed annotation aids in precise genomic studies and supports advanced functional genomics in sweetpotato.

Moreover, integrating miRNA data and their targets offers new insights into gene regulation, particularly during different developmental stages of storage roots, enhancing our understanding of sweetpotato biology and aiding targeted breeding efforts. The comprehensive gene function predictions were executed using InterProScan and eggNOG mapper, providing a richer annotation crucial for ongoing research and breeding programs focused on improving sweetpotato cultivars for global agriculture.

According to the study's lead researcher, Prof. Guopeng Zhu, "Our study contributes to an updated genome annotation for the sweetpotato genome, which will significantly facilitate gene functional studies in sweetpotato and promote genomic analyses across the Convolvulaceae family."

Overall, this enhanced genomic framework facilitates deeper functional genomics in sweetpotato and supports advanced breeding programs by integrating detailed miRNA data and gene function predictions to improve cultivar traits.



																																																					
																				
																						More information:
												Bei Liang et al, Genome reannotation of the sweetpotato (Ipomoea batatas (L.) Lam.) using extensive Nanopore and Illumina-based RNA-seq datasets, Tropical Plants (2024). DOI: 10.48130/tp-0024-0009
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Fourier transform infra-red spectroscopy models unravel cell wall composition and nutritional quality in buffel grass
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                Buffel accessions were harvested, seed heads removed, divided into upper and lower strata, oven dried and each stratum separated into leaf and stem tissue. The four tissues are indicated by color; lower stem (red), lower leaf including sheath (green), upper stem (blue), and upper leaf including sheath (orange). Credit: Grass Research (2024). DOI: 10.48130/grares-0023-0029
            
        

    


A research team developed Fourier transform infra-red (FTIR) spectroscopy-based partial least squares regression (PLSR) models to assess Cenchrus spp (buffel grass) accessions, discovering significant correlations between cell wall composition and digestibility metrics like neutral detergent fiber (NDF) and indigestible NDF (iNDF).



										      
         
        
        
        

      

																																	
The successful application of these models in predicting tissue-specific traits and the impact of environmental conditions over different years highlights their potential for enhancing breeding strategies and agricultural practices. This approach promises to significantly improve the efficiency of selecting and breeding buffel grass with desirable agronomic traits.

Introduced to Australia in the early twentieth century, buffel grasses (Cenchrus ciliaris, Cenchrus pennisetiformis and Cenchrus setiger) are prized for their resilience to drought and salinity, and high biomass output, making them excellent for grazing and environmental rehabilitation.

However, their robustness also leads to ecological challenges, as they can become invasive in non-agricultural areas. Current research on buffel grass largely targets improving forage quality through studies on ruminal digestibility under varying environmental conditions. Traditional methods have limited these studies due to their capacity constraints.

A study published in Grass Research on 17 January 2024, uses chemometric regression models to analyze a diverse collection of Cenchrus accessions. It focuses on understanding the relationships between cell wall composition, digestibility, and plant structure to enhance grazing management and forage quality evaluation.


																																						
    
     




																																			Utilizing FTIR spectroscopy alongside PLSR, this research developed models to assess cell wall components in buffel grass, achieving cross-validated R2 values above 0.80 and low RMSE, indicating robust predictive capability. These models successfully distinguished tissue types and strata levels in the grass, identifying specific cell wall compositions such as higher lignin and carbohydrates in the stem tissue compared to leaf tissue.

Differences were notable between 2019 and 2021 harvests, reflecting environmental impacts on plant biochemistry. Notably, NDF and iNDF values were consistently higher in stem tissues, particularly in the lower strata, aligning with the expected biomass composition.

The models also demonstrated significant year-to-year variations, suggesting environmental and methodological influences on plant traits.

According to the study's lead researcher, Christopher W. Brown, "This study successfully demonstrated a powerful tool that has been able to proficiently characterize the cell wall composition of buffel in different tissues and along its vertical canopy, providing greater insight into digestibility."

This study provides a fast, efficient way to analyze plant material, enhancing understanding of forage quality and supporting better pasture management decisions.



																																																					
																				
																						More information:
												Christopher W. Brown et al, Application of FTIR spectrometry for the assessment of cell wall composition and nutritional quality of Cenchrus spp accessions, Grass Research (2024). DOI: 10.48130/grares-0023-0029
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Study pinpoints most helpful habitat for least flycatcher
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                Exploring the nesting productivity and preferred breeding habitat of the small olive-gray bird could guide conservation measures if its population continues to drop in North America, says professor Glen Hvenegaard. Credit: University of Alberta
            
        

    


A new University of Alberta study helps define the most helpful breeding habitat for the least flycatcher, a species of bird in rapid decline. The findings are published in The Wilson Journal of Ornithology.




										      
         
        
        
        

      

																																	Research exploring the nesting productivity and preferred breeding habitat of the small olive-gray bird could guide conservation measures if its population continues to drop in North America, says study co-author Glen Hvenegaard, a professor of environmental science at Augustana Campus.

"If we know what that type of habitat is, we could be proactive about protecting this bird."

Because of habitat disturbance and insecticide use, which has likely affected their food supply, aerial insectivores, a group of birds that feed on insects while flying, and includes the least flycatcher, have declined by 59% in Canada over the last 50 years--"the worst drop of any group of birds"--and is also sliding by 1.8% per year in Alberta, he adds.

Though it is not currently considered threatened, the least flycatcher--so named because it's the tiniest of its group--is designated as a sensitive species under the Alberta wild species general status listing.

"It could be at risk if its numbers continue to decline," Hvenegaard says. "If that downward trend continues, it may require some conservation action, so it's important to know about their breeding habitat and where they are most productive, before we get to that stage."


																																						
    
     




																																			The bird is a valuable part of the ecosystem, keeping the insect population balanced and also serving as food for other birds like hawks and owls.

The research team, which included members of the Beaverhill Bird Observatory, measured the least flycatcher's nesting success and habitat use in the Beaverhill Natural Area, where it is the most common bird seen. The wooded area adjoins the Beaverhill Lake Heritage Rangeland Natural Area in central Alberta.

The researchers monitored 28 nests for success in egg laying, incubation and hatching, up to the stage where the chicks were old enough to fly.

In total, 22 of the nests, or 79%, were deemed successful. On average, 3.9 eggs were laid per nest, 3.4 of them hatched and 3.1 of the chicks matured enough to leave the nest.

The team also recorded the types and heights of the area's main nesting trees: 75% of the nests were found in trembling aspen and 25% in balsam poplars.

The researchers found that the more successful nests were higher up in the trees, likely because the eggs had more leaf cover and less predation from birds and small mammals, Hvenegaard notes.

All of the information can help establish new parameters for identifying the birds' critical habitat, and "provides more conservation tools" to help protect the population if it does become endangered, Hvenegaard adds.

"We've now learned more about the types of breeding habitats they prefer, such as slightly taller aspen trees, so we could manage forests for tree ages and species."


																																			The results demonstrate the value of the BeaverHill Natural Area, he says, noting that the nesting success and breeding density for the least flycatcher was higher there than in similar studies elsewhere across North America.

"It tells us that designating places like the Beaverhill Natural Area, and managing habitat within these protected areas, could be important proactive tools, showing what the birds need to survive."

The research also shows the importance of ongoing monitoring programs by volunteer groups such as the Beaverhill Bird Observatory, Hvenegaard suggests. The study included data from a census run by the observatory, showing the bird had a high breeding density within the Beaverhill Natural Area.

"Without this work, we wouldn't have the information to detect population change."


																																																					
																				
																						More information:
												Myrthe Van Brempt et al, Nesting biology and breeding density of Least Flycatchers (Empidonax minimus) in the Beaverhill Natural Area, Alberta, Canada, The Wilson Journal of Ornithology (2024). DOI: 10.1676/22-00110
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Scientists confine, study Chinook at restored Snoqualmie River habitat
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In newly restored river channels on the Snoqualmie, baby Chinook salmon are confined in 19 enclosures about the size of large suitcases as they munch on little crustaceans and invertebrate insects floating or swimming by.



										      
         
        
        
        

      

																																	What's in the salmon's stomachs, tracked by scientists, could hold clues about the species' survival.

The river channels near Fall City were excavated with heavy machinery and restored over the past two years -- as part of the biggest habitat restoration project completed by King County. The channels span nearly a mile and give the river room to widen and narrow and, crucially, provide slow-moving water with logs and plants in which juvenile salmon can thrive.

Puget Sound Chinook are threatened under the Endangered Species Act, so these new refuges could help sustain the fish and their importance to local tribes, as well as to endangered southern resident orcas, which depend on Chinook as a primary prey.

Decades ago, the Snoqualmie ran unobstructed -- constantly changing paths and bending across floodplains -- gathering water from the mountains and eventually joining the Snohomish River and flowing to the sea. That changed when settlers hardened the river banks with levees and revetments made out of stone.

That process removed the logjams and slow-moving waters crucial to young salmon. Streams and rivers that are warming because of climate change also threaten salmon throughout the Northwest.

To figure out how the fish are faring in the reconstructed channels, King County research scientist Josh Kubo on Wednesday swept a net through the river to see what kind of tiny salmon food is available.


																																						
    
     




																																			Kubo also analyzes the stomach contents of 90 salmon held in the enclosures, as well as the stomachs of wild chum, pink, coho, and Chinook salmon. To complete the task, he flushes the fish's stomach with a small tube of water.

The study will evaluate the first six to eight weeks of the juvenile Chinook salmon's life when it is most threatened in the watershed.

"It's what's called the 'bottleneck area,' where there is one of the biggest losses, and so we have the biggest chance to help improve that survival," Kubo said.

The results of the study will eventually be published, but recent observations showed the juvenile Chinook in the enclosures were eating well, with stomachs full of aquatic and terrestrial insects and even zooplankton, Kubo said.

The tiny baby Chinook salmon -- each around 2 inches long -- are just part of one of the science experiments along the river. The Snoqualmie Tribe is also monitoring 17 wells around the area to see how the restored floodplain will interact with groundwater and temperature. That information is crucial, especially in the summer when salmon rely on groundwater to replenish parts of the river with cool water.

The project, which costs $19 million and consists of 145 acres, involved removing a levee from one bank and a stone revetment from the other. King County planted native trees and shrubs and added new structures to prevent flooding and erosion. Ground work like excavating the channel was completed last year, according to project manager Fauna Nopp.


																																			Representatives from the local flood district and agriculture interests were also involved with the project, she said. Local landowners were enthusiastic about the restoration project since large floods have damaged local roads, structures and farmland, Nopp said.

In 2009, a flood scoured a large amount of topsoil from land owned by nearby Fall City Farms, and floods have routinely damaged a nearby asphalt road near the river, King County geologist Todd Hurley said. The restored flood plain, which will give the river more room during heavy rains, is expected to lessen flooding upstream near a pumpkin patch, barn and rental house owned by Fall City Farm, Nopp said. The project also rebuilt and rerouted a portion of the local road away from the river.

The Raging River empties into the Snoqualmie River just upstream around Fall City, which means the restored flood plain should have a good source of gravel and wood for salmon habitat. Due to the confluence with the Raging River, the area had long been used by Native Americans before white settlers arrived, Hurley said.

"We saw thousands of fish in this reach this year, the first year that it was constructed, so it's a little hard for me not to get too excited," he said.


																																																					
																					
																															 
												  (c)2024 The Seattle Times.

Distributed by Tribune Content Agency, LLC.
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New experimental evidence unlocks a puzzle in vascular tissue engineering
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Angiogenesis is a process of forming hierarchical vascular networks in living tissues. Its complexity makes the controlled generation of blood vessels in laboratory conditions a highly challenging task.



										      
         
        
        
        

      

																																	
A promising approach to the engineering of vascular structures relies on the use of microstructured biomaterials which may help guide angiogenesis and which, as such, have been extensively studied worldwide--in particular in view of the treatment of vascular diseases.

Recently, scientists at the Institute of Physical Chemistry of the Polish Academy of Sciences have successfully unlocked a puzzle in vascular tissue engineering, providing important experimental evidence towards understanding and controlling of the sprouting angiogenesis in vitro. The study is published in the journal APL Bioengineering.

Angiogenesis is a complex process that involves the formation of new blood vessels from the pre-existing ones via a process of vessel division and sprouting. Angiogenesis can occur in any part of the body and is so complex that its control and/or mimicking in a laboratory setting has become one of the central challenges of bioengineering.

Full understanding and controlling of the formation of vascular networks could help manage a wide range of diseases, ranging from regeneration of blood vessels that have been damaged by trauma to the treatment of metastatic cancer, making controlled angiogenesis a holy grail of regenerative medicine.


																																						
    
     




																																			Following this lead, researchers at the Institute of Physical Chemistry of the Polish Academy of Sciences (ICP PAS) conducted a series of experiments on the evolution of the sprouting capillary networks using fibrin gels as the supporting tissue-like material and established possible general dynamical principles governing the sprouting angiogenesis.

Before this breakthrough research, the study of the evolution of the sprouting microvascular networks has been largely based on the analysis of a single, or at most several time points in the culture. Though this approach was sufficient to estimate the overall trends in growth, it never allowed to decipher the different stages of the microvascular evolution in vitro.

To uncover the possible rules governing the angiogenic dynamics, many and diverse theoretical approaches at various levels of complexity have been proposed. Unfortunately, a direct comparison of the theoretical predictions with the experiments has been limited due to the scarcity of the time-resolved experimental data, hence most theoretical studies relied only on a qualitative comparison of the late-time morphologies.

This puzzle has been recently solved with new experiments and custom-developed automated image analysis tools by a team of researchers from IPC PAS and their collaborators from Institute of Theoretical Physics of University of Warsaw. In their work, the researchers demonstrated the possibility of extracting detailed statistical-topological features of sprouting microvascular networks.


																																			One of the goals of the project was the development of more reliable and reproducible angiogenesis-based drug testing assays as well as new strategies for vascular tissue engineering. How does it work?

Researchers isolated sprouting microvascular networks and monitored their growth day-by-day for 14 days under well-controlled culture conditions. They recorded a range of morphometric parameters such as the overall length of the sprouts, their area, as well as the statistical distributions of the lengths of individual branches or the branching angles.

Based on microscopic images collected from multiple parallel experiments, large-scale statistical analysis was performed. At the same time, the observations were focused on the dynamics of the vascular network formation to determine the characteristic features of the angiogenic growth processes. The goal was to understand the complexity of the early stages of angiogenesis which include the formation of sprouts and their bifurcations followed by the formation of interconnections, etc.

Dr. Rojek, the first author of this work says, "We think our work is unique since we build our model of the formation and evolution of sprouting vascular networks on large amount of biological data.

"Up to now, most conclusions and rules have been provided by mathematical modeling, which is a very powerful tool but often suffers from oversimplifications and fails to reproduce the actual biological systems. This underlines how important is the close collaboration between experimentalists and theoreticians."


																																						
    
     




																																			The authors developed new image-analysis protocols that allowed them to determine the abovementioned parameters in an automated manner.

"Our software, written in Python programming language, is optimized for the processing of a large amount of data from multiple experiments. It provides a solid background in terms of implementation and offers fast computation time.

"The time-resolved data spanning the whole lifetime of the networks, allowed us to propose basic rules governing the topological development of the sprouting microvasculatures," adds Ph.D. candidate Antoni Wrzos and prof. Szymczak who led the development of the data-analysis software.

Scientists performed studies via day-by-day tracking of the evolution of sprouting networks with the use of Python programming language to deliver the details of the topology of the networks including the branching angles and their distributions. Presented studies resulted in a broad library of data on the typical network formation stages.

In particular, those stages included (i) an initial inactive stage when the cells proliferated without forming sprouts, (ii) a rapid growth stage in which sprouts elongated and branched, and (iii) a final maturation stage in which the rate of growth slowed down. Analyzes also delivered data on the growth differences in different media indicating the impact of the added vascular endothelial growth factor on the behavior of cultured cells.

The most important effect of the "enriched" media was the earlier sprouting and the increase in the number of branches, whereas of the linear rate of growth of branches remained independent of the added growth factor. The statistical morphometric analysis performed by researchers from IPC PAS additionally revealed that the branching angles fluctuated around an average value which, quite surprisingly, appeared close to the "magic" value of 72 degrees characteristic of the so-called Laplacian growth models, the latter typically applied to describe growth of crystals or the dissolution of fractured rocks.


																																			The analogy suggests that--just as in the Laplacian models--the advancing tips of the sprouts may tend to follow the local gradients of the growth factor concentration.

"Collectively, our results, due to their high statistical relevance, may serve, e.g., as a benchmark for predictive models. Future studies could potentially provide for better understanding of how the external cues affect vascularization in biomaterials with embedded endothelial seeds and help to optimize tissue repair strategies, e.g., via proper design of the prevascularized wound dressings," remarks Dr. Guzowski.

As the angiogenesis is a complex process that depends on many factors, in this work researchers delivered findings that can be useful in the understanding of angiogenesis in vitro, e.g., during the drug testing assays as well as in tissue engineering. The presented work can be a step towards faster and more effective testing of new drugs and the development of personalized medical treatments.

Based on the numerical analyses, proposed studies have a potential for enhancement of the outcomes of high-throughput screening studies. The authors point out the importance of the development of data libraries as one of the most critical steps in identification of potential drug candidates as well as in future applications in bioengineering. Besides the scientific aspect of the demonstrated studies, the authors emphasize the importance of interdisciplinarity in research.



																																																					
																				
																						More information:
												Katarzyna O. Rojek et al, Long-term day-by-day tracking of microvascular networks sprouting in fibrin gels: From detailed morphological analyses to general growth rules, APL Bioengineering (2024). DOI: 10.1063/5.0180703
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Scientists from Nanyang Technological University, Singapore (NTU Singapore) and Temasek Polytechnic have successfully replaced half of the fishmeal protein in the diets of farmed Asian seabass with a "single cell protein" cultivated from microbes in soybean processing wastewater, paving the way for more sustainable fish farming practices. The findings are published in the journal Scientific Reports.




										      
         
        
        
        

      

																																	The use of a cultivated protein is new to aquaculture production, say the scientists from the Singapore Centre for Environmental Life Sciences Engineering (SCELSE) leading NTU's efforts in the study, and Temasek Polytechnic's Aquaculture Innovation Centre (AIC).

Farmed aquaculture species rely heavily on feed made from wild-caught fish, known as fishmeal, which is not sustainable and contributes to overfishing of the seas.

Single cell protein, a sustainable alternative, can be cultivated from food processing wastewater. In particular, the wastewater from soybean processing contains organisms with probiotic potential that are essential for healthy fish growth.

Wastewaters from the food-processing industry are free of pathogens and other contaminants, make them suitable for growing microbes. Normally after processing the wastewater is discharged and flows into a wastewater reclamation plant. Its nutrients are not recovered, resulting in a lost opportunity to maximize resource use.

Co-lead author of the study, Dr. Ezequiel Santillan, senior research fellow at SCELSE, said, "Our study represents a significant step forward in sustainable aquaculture practices. By harnessing microbial communities from soybean processing wastewater, we have demonstrated the feasibility of producing single cell protein as a viable alternative protein replacement in fish feed, reducing the reliance on fishmeal and contributing to the sustainability of the aquaculture industry."

The joint research team said that their waste-to-resource approach tackles food security and waste reduction, supporting the development of a circular economy with zero waste as outlined in the United Nations Paris Agreement.

The study is also aligned with AIC's focus on enhancing food security and resilience. With the aquaculture industry aiming to meet 30% of Singapore's total nutritional needs by 2030, AIC has been actively championing intensive aquaculture production with innovation and technology.


																																						
    
     




																																			Replacing half of the usual fish feed for Asian seabass

To demonstrate their approach, the team added soybean processing wastewater from a food processing company in Singapore into bioreactors--a controlled environment for biological and chemical reactions--to cultivate single cell protein.

The laboratory-scale bioreactors were operated in repeated cycles of controlled nutrient and low air supply (micro-aerobic conditions) for over four months at 30degC. These conditions suggest that the team's method can be easily reproduced at ambient temperatures in tropical regions like Singapore, further reducing the environmental footprint of fishmeal production.

After producing their single cell protein, the research team fed two groups of young Asian seabass over 24 days. One group received a conventional fishmeal diet, while the other group was fed a diet of half regular fishmeal and half single cell protein. Both diets provided the same amount of nutritional content for the young fish.

At the end of the experiment, the growth of both groups was evaluated, and researchers found that the fish had grown the same amount. Interestingly, the group of fish on the new diet showed more consistent and less variable growth than the traditional diet group.

NTU Professor Stefan Wuertz at the School of Civil and Environmental Engineering and SCELSE's Deputy Centre Director said, "The findings suggest that diets including single cell protein may help fish grow more uniformly, and exploring how this diet affects fish on a deeper level could be interesting for future research.


																																			More importantly, our study has successfully demonstrated the potential for converting soybean processing wastewater into a valuable resource for aquaculture feed, contributing to the transition to a circular bioeconomy."

Co-principal investigator of the study, Dr. Diana Chan, Head, Aquaculture Innovation Centre at Temasek Polytechnic said, "The results of our fish feeding performance trials are promising for the aquaculture industry, offering an alternative protein source to meet the increasing need to replace fishmeal which has become very costly and unsustainable in supply."

For their next steps, the research team will conduct trials over longer growth periods with higher fishmeal replacement levels. Researchers will also expand the study to include additional aquaculture species and different types of food processing wastewater.


																																																					
																				
																						More information:
												Ezequiel Santillan et al, Microbial community-based protein from soybean-processing wastewater as a sustainable alternative fish feed ingredient, Scientific Reports (2024). DOI: 10.1038/s41598-024-51737-w
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Researchers at Karolinska Institutet have developed a web-based platform that offers an unprecedented view of the human body at the cellular level. The aim is to create an invaluable resource for researchers worldwide to increase knowledge about human health and disease. The study is published in Genome Biology.




										      
         
        
        
        

      

																					
Simultaneous measurement of numerous biomolecular variables, known as multi-omics, enables deep and comprehensive profiling of human biology. The new Single Cell Atlas (SCA) is based on analyses of thousands of human tissue samples from 125 different adult and fetal tissues. The researchers combined eight cutting-edge omics technologies, including single-cell RNA sequencing, whole-genome sequencing, and spatial transcriptomics to map and localize genes expressed in the tissue.

Paving the way for new discoveries

The platform provides unique insights into individual cell properties and their interactions within tissues. The extensive collection of data is freely accessible through the platform's website.

"The Single Cell Atlas not only saves time and resources but also fosters a collaborative environment for scientists from diverse fields, paving the way for new discoveries and innovations," says Lu Pan, researcher at the Institute of Environmental Medicine, Karolinska Institutet, and the study's first author.



    
    
    
        
        
    
            
            Credit: Single Cell Atlas
  

Looking ahead, the team plans to refine the SCA by introducing more detailed analyses and annual updates. These enhancements will fill gaps in tissue representation and expand the sample size, allowing for more precise research.

"The creation of the SCA marks a significant step forward in biomedical research," says Xuexin Li, researcher at the Department of Physiology and Pharmacology (previously at the Department of Medical Biochemistry and Biophysics), Karolinska Institutet. "Our goal is to continually enrich the atlas, making it an invaluable resource for understanding human health and disease."



																														
																				
																						More information:
												Lu Pan et al, Single Cell Atlas: a single-cell multi-omics human cell encyclopedia, Genome Biology (2024). DOI: 10.1186/s13059-024-03246-2
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Since 2022, a highly contagious strain of bird flu has spread across the U.S. at an unprecedented rate, resulting in the deaths of more than 90 million birds in commercial and backyard poultry flocks, plus thousands more in the wild.



										      
         
        
        
        

      

																																	Then, in late March, the virus made a jump to another species that surprised many scientists: cows.

Dairy cattle in eight states have since tested positive for the virus, the U.S. Department of Agriculture's tracker showed on Tuesday. So far, there have been no reported cases in Georgia.

But there have been other developments that are worrying influenza experts.

On Tuesday, the Food and Drug Administration said it had found inactive fragments of the virus in commercially available pasteurized milk, but said consumers who drink it are not at risk of infection.

"To date, we have seen nothing that would change our assessment that the commercial milk supply is safe," the FDA said in a statement.

An employee at one of the Texas dairy farms with positive cases in its cows also contracted the virus, the Atlanta-based Centers for Disease Control and Prevention confirmed April 1. The worker's case is only the second-ever human case reported in the U.S. The man, who worked in close contact with cows and likely caught the virus from cattle, developed only a mild eye infection and has recovered.

The CDC says the threat to the general population remains low and the USDA says there are no signs the virus has changed in ways that could allow it to spread more efficiently to and among people. Still, experts say any transmission from mammals to humans is an unwelcome opportunity for the virus to adapt in ways that could heighten the risk to humans.

The coming weeks could be key to determining whether the virus' emergence in cows is the start of a growing public health threat or not.

As the situation evolves, here's what you need to know:


																																						
    
     




																																			What is bird flu?

Highly pathogenic avian influenza (HPAI)--also known as bird flu--refers to the disease caused by a group of viruses that have spread among wild birds around the world for decades.

In birds, the virus spreads in fecal droppings and through respiratory secretions, causing lethargy, tremors, seizures and death. The virus' high transmissibility, combined with the fact that most commercial poultry are kept in close quarters, means cases in poultry facilities typically require culling of entire flocks of tens of thousands of birds to stop the spread.

A growing list of land and marine mammals have also contracted bird flu, including seals, sea lions, mink, otters, foxes, cats and now, cows. Tens of thousands of mammals across at least 26 countries have died.

There have also been sporadic infections in humans, too, but typically only in people who have had close, unprotected contact with infected animals, primarily poultry. Since 1997, there have been 890 reported human infections globally with the bird flu subtype prevalent among wild birds currently, known as H5N1. Of those, roughly 50% of cases were fatal, but reported symptoms have varied widely, from none at all to severe disease. Overall, the CDC says the spectrum of illness caused by the strains circulating right now is unknown.


																																			How did cows catch it?

Bird flu was likely originally transmitted to cows by wild migrating birds, according to a USDA memo published April 16. The agency adds there is now evidence of cow-to-cow spread in some recent cases.

The virus may have also spread from dairy cattle to nearby poultry and barn cats on some farms, too, but the exact pathways are not yet known. In the latest cases, the sickened cows have survived but other animals, including cats and poultry, have died.

Compared to birds, cows are experiencing mild symptoms: low energy, fever, dehydration and reduced appetite, plus thick, discolored milk and a decrease in production, the USDA says.

The raw milk of infected cows has been found to contain high concentrations of H5N1 and USDA has warned dairy workers to avoid any exposure to unpasteurized milk. To tamp down the spread, the agency has recommended "particular attention" to disinfecting milking equipment, as well as pens and other surfaces.

In the meantime, the USDA and the FDA both say that pasteurization has proven to kill viruses and bacteria, and there is no risk of infection from drinking commercial milk. And so far, the limited number of cases, plus cows' relatively quick recovery from infection means there's no threat to the country's milk supply, for now.

Raw milk from sick cattle, however, has tested positive for the virus, and the CDC has urged people not to consume raw, unpasteurized milk. Dairy advocacy groups, like the Dairy Alliance, which represents farmers in Georgia and other Southeastern states, are echoing that sentiment.

"With raw milk, it's always a risk, regardless of this virus," said Geri Berdak, CEO of the Dairy Alliance, which counts roughly 75 farms in Georgia among its members. "There are absolutely no safety concerns with pasteurized milk."


																																						
    
     




																																			Why are cow cases worrisome?

Most humans aren't regularly in close proximity to wild birds or many of the other mammals that have contracted bird flu during the current outbreak.

But cows are a domesticated species regularly in close contact with people on farms. That is troubling to Seema Lakdawala, an associate professor of microbiology and immunology at Emory University.

"I'm always concerned when bird viruses are getting into mammals ... but the cows are concerning because like pigs, they have a really extensive contact network," said Lakdawala.

Pigs, which are vulnerable to both avian and flu viruses, have long been identified as a potential "mixing vessel," where bird and human influenza viruses could recombine to create a new strain that spreads more effectively from person-to-person. So far, there's no evidence this is occurring.

While bird flu has appeared in many mammal species during the current outbreak, cows were not considered likely candidates to catch the disease, experts say. Virologists have long known cattle were vulnerable to influenza type D viruses, but not influenza A viruses like the current bird flu strain, Lakdawala said. Influenza A is one of two main subtypes that typically cause illness in humans.

David Skallnecht, a professor emeritus at the University of Georgia's College of Veterinary Medicine, said he didn't expect cattle to catch the virus, but was not terribly shocked that they had.

"I don't think anyone really saw this coming, but there's one thing that needs to be clear: As far as susceptibility goes, you can probably infect anything on the planet with flu, if you give it the right dose and the right virus," Skallnecht said.

The concern now, Lakdawala said, is whether the virus, as it circulates among cattle, could change in ways that make it more transmissible to humans, or from person to person.

"It's not known how the virus will evolve in cattle and whether it will gain some of the mutations that we think of in terms of sensitivity to influenza in humans," Lakdawala said.


																																			What's being done to stop the spread?

Georgia is not one of the country's top-10 milk-producing states, but with an estimated 92,000 dairy cattle, it is still home to a robust milk industry.

Georgia's response to the cases in dairy cows is being led by the Georgia Department of Agriculture (GDA) and its Commissioner, Tyler Harper. In a statement, Harper said his "team is in constant communication with our federal partners as well as dairy producers, veterinarians, and public health officials ... "

So far, the GDA is hewing closely to the USDA's latest guidance issued April 12.

The USDA has urged dairy producers to monitor animals for signs of illness, to minimize the movement of cattle and to conduct testing of animals before they are transported, along with a host of other recommendations.

But while some states have restricted the import of cattle from regions with cases of the virus, Georgia has not. In a statement, GDA spokesman Matthew Agvent said Georgia has imported cattle from states with positive cases, but no cows from affected herds have been brought to Georgia.

If a cow in Georgia does test positive, Agvent said movement of that herd "would be restricted and it would be monitored until clinical signs are resolved." Agvent added that GDA is working closely with the Georgia Department of Public Health to develop an operational plan in the event that a human case does occur.

To prevent human cases, Agvent said the agency recommends dairy workers follow CDC guidance and wear personal protective equipment around cattle, and avoid contact with their eyes, nose, and mouth, among other measures.


																																						
    
     




																																			What else?

In the CDC's most recent update published Friday, the agency said it is possible there could be more human infections. But absent genetic changes that would make the virus more transmissible to people or evidence of sustained person-to-person spread, the agency reiterated its view that the virus poses a low risk to the general public

As of last week, the USDA said that it had not found any evidence the virus has mutated in ways that would allow it to spread more easily to and among people.

In the meantime, the CDC has begun testing FDA-approved antiviral drugs used against seasonal flu on the strain of virus that infected a worker in Texas. The agency said it found the virus was "susceptible" to all of those commercially-available drugs.

The CDC is also exploring whether existing candidate vaccine viruses could protect against this strain of bird flu, in case the mass production of vaccines is needed. The agency's early analysis suggests two of those candidates would likely offer protection.

Amid the worry about the cow cases, other experts, like UGA's Skallnecht, say we cannot lose sight of the toll the virus has taken on wild animals. The disease has ravaged populations around the world, including in species that had bounced back after decades-long conservation efforts, like the bald eagle and the California condor.

Though recent developments are concerning, Skallnecht said there are early signs that immunity is developing in certain bird species. If true, that could help pump the brakes on the virus' unfettered spread in the wild.

"It's probably not going to go away, but it may be less of a problem," Skallnecht said. "That's what we're hoping for."


																																																					
																					
																															 
												  2024 The Atlanta Journal-Constitution.

Distributed by Tribune Content Agency, LLC.
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Scientists regenerate neural pathways in mice with cells from rats
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Two independent research teams have successfully regenerated mouse brain circuits in mice using neurons grown from rat stem cells. Both studies, published April 25 in the journal Cell, offer valuable insights into how brain tissue forms and present new opportunities for restoring lost brain function due to disease and aging.




										      
         
        
        
        

      

																																	"This research helps to show the brain's potential flexibility in using synthetic neural circuits to restore brain functions," says Kristin Baldwin, a professor at Columbia University in New York and corresponding author of one of the two papers. Baldwin's team restored mouse olfactory neural circuits, the interconnected neurons in the brain responsible for the sense of smell, and their function using stem cells from rats.

"Being able to generate brain tissues from one species inside another can help us understand brain development and evolution in different species," says Jun Wu, an associate professor at the University of Texas Southwestern Medical Center in Dallas and corresponding author of the other paper.

Wu's team developed a CRISPR-based platform that could efficiently identify specific genes that drive the development of specific tissues. They tested the platform by silencing a gene needed for forebrain development in mice and then restoring the tissue using rat stem cells.

Mice and rats are two distinct species that evolved independently for approximately 20 to 30 million years. In previous experiments, scientists were able to replace pancreases in mice using rat stem cells through a process called blastocyst complementation.

For this process to work, researchers inject rat stem cells into mice blastocysts--early-stage embryos--that lack the ability to develop a pancreas due to genetic mutations. The rat stem cells then developed into the missing pancreas and complement its function.


																																						
    
     




																																			But, to date, generating brain tissues using stem cells from a different species through blastocyst complementation has not been reported. Now, using CRISPR, Wu's team tested seven different genes and found that knocking out Hesx1 could reliably generate mice that had no forebrain.

The team then injected rat stem cells in blastocysts of Hesx1 knockout mice, and the rat cells filled in the niche to form a forebrain in mice. Rats have bigger brains than mice, but the rat-origin forebrains developed at the same pace and size as that of mice. In addition, rat neurons were able to transmit signals to the neighboring mouse neurons and vice versa.

The researchers didn't test whether the forebrain from rat stem cells changed mice's behaviors. "There's a lack of good behavioral tests to distinguish rats from mice," Wu says. "But from our experiment, it seems like these mice with rat forebrain don't behave out of the ordinary."

In the other study, Baldwin's team used specific genes to either kill or silence mouse olfactory sensory neurons used for the sense of smell and injected rat stem cells into the mice embryos. The silencing model mimics what is seen in neurodevelopmental disorders, where certain neurons cannot communicate well with the brain. The killing model removed the neurons entirely, simulating degenerative diseases.


																																			They found blastocyst complementation restored mouse olfactory neural circuits differently depending on the model. When mouse neurons were present but silent, the rat neurons helped form better-organized brain regions compared to the killing model. However, when the team tested these rat-mouse chimeras by training them to find a hidden cookie buried in a cage, rat neurons were best at rescuing behaviors in the killing model.

"This really surprising result allows us to look at what's different between those two disease models and try to identify mechanisms that could help restore functions in either type of brain disease," Baldwin says. Her team also tested blastocyst complementation in disease model mice using cells from mice with normal olfactory systems. They showed that intraspecies complementation rescued cookie finding in both models.

"Right now, people are being transplanted with stem cell-derived neurons for Parkinson's disease and epilepsy in clinical trials. How well will that work? And will different genetic backgrounds between the patient and the transplanted cells pose a barrier? This study provides a system in which we can evaluate the possibilities for same species brain complementation at a much larger scale than a clinical trial," Baldwin says.

Blastocyst complementation is still far from clinical application in humans, but both studies suggest stem cells from different species can synchronize their development with the host's brain.


																																						
    
     




																																			Scientists have also been experimenting with growing human organs in other species like pigs using blastocyst complementation. Last year, scientists generated embryonic kidneys using human stem cells in pigs, offering a potential solution for the many people on waitlists for transplants.

"Our aspiration is to enrich pig organs with a certain percentage of human cells, with the aim of improving outcomes for organ recipients. But currently there are still many technical and ethical challenges that we need to overcome before we can test this in clinical trials," says Wu.

Besides the studies' implications in medicine, the teams are also interested in using this approach to study the brains of many wild rodents that were not accessible in the laboratory setting.

"There are over 2,000 living rodent species in the world. Many of them behave differently from the rodents we commonly study in the lab. Interspecies neural blastocyst complementation can potentially open the door to study how the brains from those species develop, evolve, and function," Wu says.


																																																					
																				
																						More information:
												Functional sensory circuits built from neurons of two species, Cell (2024). DOI: 10.1016/j.cell.2024.03.042. www.cell.com/cell/fulltext/S0092-8674(24)00358-1

Generation of rat forebrain tissues in mice, Cell (2024). DOI: 10.1016/j.cell.2024.03.017. www.cell.com/cell/fulltext/S0092-8674(24)00308-8


																						
																						
												
													Journal information:
																											Cell
														
															
																
															
														 
																									

											

																					

                               											
																					
                              										                                        
										
										
											 
												Citation:
												Scientists regenerate neural pathways in mice with cells from rats (2024, April 25)
												retrieved 25 April 2024
												from https://phys.org/news/2024-04-scientists-regenerate-neural-pathways-mice.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/2024-04-scientists-regenerate-neural-pathways-mice.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Study reveals protein's key role in helping cilium transmit signals to the rest of the cell

										


    
        
            [image: Researchers identify protein's function in signal transmission by cilium in cells]
             
                Schematic of Numb's role during the activation of Hh signaling. Credit: Nature Communications (2024). DOI: 10.1038/s41467-024-47244-1
            
        

    


The essential role played by a protein in the functioning of cells is revealed in new work from the laboratory of Universite de Montreal medical professor Frederic Charron, holder of the Canada Research Chair in Developmental Neurobiology.




										      
         
        
        
        

      

																					Published in Nature Communications and done jointly with researchers led by Xuecai Ge at the University of California at Merced, the study opens the door to a better understanding of the mechanisms underlying certain pathologies.

Most of the body's cells have a structure called the primary cilium, or simply, cilium. This structure acts as an antenna, responsible for detecting signals in the cell's environment. Some of these signals are responsible for stimulating cell proliferation.

In the new study, Charron identified a protein called "Numb" with his collaborators Sabrina Schlienger, Wei-Ju Chen and Vanesa Jimenez Amilburu of the molecular biology of neural development research unit of the UdeM-affiliated Montreal Clinical Research Institute (IRCM).

Numb is essential for the cilium to transmit an external signal for proliferation to the rest of the cell. Without it, the signal is detected by the cilium but its information is not transmitted to the rest of the cell, preventing its effect from taking place.

In the absence of Numb, proliferation of certain brain cells does not occur. Charron's study is important because it demonstrates a new aspect of what is required for the cilium to transmit signals to the rest of the cell.

When the transmission of the signal received by the cilium is disrupted, defects in brain development, such as cerebellar hypoplasia, can occur, as observed in mouse models studied by Charron and his team.

"Subsequent work will enable us to study this ciliary role of Numb in disease in greater detail, ultimately paving the way for new therapies," said Patricia Yam, co-first author of the study and a senior research associate at the IRCM.


																														
																				
																						More information:
												Xiaoliang Liu et al, Numb positively regulates Hedgehog signaling at the ciliary pocket, Nature Communications (2024). DOI: 10.1038/s41467-024-47244-1
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Making sustainable biotechnology a reality: Joined forces aim to improve biocatalysts
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Everything biobased: plastic, medicine, and fuel. It seems like a futuristic utopia. But for how long? A collaboration of researchers now proposes an idea to accelerate the development process. By combining machine learning and laboratory automation, this biobased ideal may become a reality sooner rather than later.



										      
         
        
        
        

      

																					
Biobased products could be as cheap as products made from fossil fuels. However, there is still a way to go. The development of cost-effective biobased processes requires the creation of stable and improved enzymes: biocatalysts that accelerate the production of desired compounds. For bioproducts, enzymes are produced in bacteria, in which DNA is changed to optimize the catalytic function of the enzymes.

Unfortunately, it is a slow and labor-intensive process to modify and test improved enzymes using traditional methods. It requires introducing changes in the DNA of the bacteria and then screening which effect this has on enzyme properties. Nowadays, computational tools, especially machine learning, help to expand the possibilities for enzyme engineering.

This can be combined with advances in laboratory automation and genetic engineering, which help to develop efficient screening methods for engineered enzymes. By relying on this combined approach, enzymes can be engineered faster and more reliably than before.

An article on the researchers was recently published in Nature Communications. Researcher Lennart Schada von Borzyskowski (Institute of Biology Leiden), a co-author of the study, says, "We wrote this paper as a team with specialists from different areas of research, and we think that enzyme engineering will also be teamwork in the future."

"One researcher cannot be an expert in biochemistry, genetic engineering, and machine learning at the same time. Improving enzymes for sustainable biotechnology is a challenging task, and only collaboration makes it possible to succeed."



																														
																				
																						More information:
												Enrico Orsi et al, Automated in vivo enzyme engineering accelerates biocatalyst optimization, Nature Communications (2024). DOI: 10.1038/s41467-024-46574-4
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The rise of microbial cheaters in iron-limited environments: Study reveals their evolutionary history
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                Enb1 is the key transporter mediating the uptake of enterobactin-bound iron in St. bombicola. Genes related to enterobactin biosynthesis and candidate genes for transport are native fungal genes or underwent horizontal gene transfer (HGT) from a bacterial operon. Credit: Molecular Biology and Evolution (2024). DOI: 10.1093/molbev/msae045
            
        

    


Competition and cooperation are fundamental forces that govern the evolutionary and ecological dynamics among species. The balance between these forces varies across ecological contexts, with some environments favoring cooperative behaviors that promote mutual benefit, while others reward competitive strategies that maximize individual fitness.



										      
         
        
        
        

      

																																	
Among microbial communities, chemicals that are secreted into the environment provide opportunities for both cooperation and exploitation, giving rise in some cases to microbial "cheaters." These cheaters exploit the cooperative behaviors of their counterparts, benefitting from the secreted compounds without paying the metabolic costs of production.

In a new article published in Molecular Biology and Evolution, researchers from the University of Wisconsin-Madison and Vanderbilt University reveal the evolutionary history of secreted iron uptake molecules in yeasts, shedding new light on the cooperative and competitive dynamics that shape iron-limited microbial communities.

Most organisms require iron for numerous biological processes but are unable to absorb the most common form of iron in the environment. Iron is therefore often a limited resource in biological communities. To overcome this scarcity, microorganisms have evolved the ability to scavenge iron from the environment using siderophores, molecules with a high affinity for the type of iron found in the environment.

Siderophores are synthesized inside the cell and then secreted into the environment, where they bind to iron; the iron-bound molecules must then be imported back into the cell before the iron can be released and used in cellular metabolism. Siderophores secreted into the environment can be exploited by cheaters, who gain a fitness advantage from taking up iron-bound siderophores without investing energy in their production.


																																						
    
     




																																			While most yeasts are unable to produce siderophores, a research team led by Chris Hittinger found that yeasts in the Wickerhamiella/Starmerella (W/S) clade could produce a siderophore called enterobactin. The genes required to synthesize enterobactin were apparently horizontally transferred from an ancient bacterium into the ancestor of W/S yeasts.

Intriguingly, however, the W/S yeasts had no apparent way to reimport the enterobactin siderophore once it was bound to iron. "We did not find any bacterial gene coding for an enterobactin transporter in their genomes," says Liang Sun, lead author of the new paper.

"Secreting enterobactin without bringing it back into the cell for iron uptake would not be a smart move for a yeast cell, so we were very curious as to how those yeasts could potentially utilize the iron bound to enterobactin."

To solve this puzzle, the team searched the genome of Starmerella bombicola for an alternative mechanism for siderophore transport. Through targeted gene disruption experiments and phylogenomic analyses, the team identified a gene known as ENB1 as crucial for the uptake of enterobactin-bound iron in St. bombicola. Surprisingly, ENB1 is an ancient fungal gene that is likely to date back hundreds of millions of years, predating the divergence of the fungal lineages Basidiomycota and Ascomycota.

Further analyses revealed a complex history of ENB1 within yeasts. The researchers proposed that ENB1 was horizontally transferred from an ancestor of the W/S clade to an ancient lineage of Saccharomycetales, the group that includes Saccharomyces cerevisiae, which is used to make bread, beer, and wine. This transfer, along with subsequent gene duplications and losses, has shaped the patchy distribution of enterobactin utilization currently observed among yeasts.


																																			These findings have several interesting implications for the history of iron uptake in yeast. As enterobactin uptake apparently predates the ability to produce enterobactin in W/S yeasts, the ancestors of this clade were likely cheaters who benefited from the production of enterobactin by other microbes in their environment.

Subsequently, the W/S clade acquired enterobactin biosynthesis genes from a bacterium within an ecological context in which being a producer was more advantageous than being a cheater.

Based on what is known about the distribution of these yeasts, the authors of the study propose that this occurred in an insect gut, where competition for iron among bacteria, yeasts, and the host can be fierce. The ability of W/S yeasts to produce enterobactin and to import it using the Enb1 transporter may have provided a fitness advantage in this highly competitive, iron-limited environment.

In contrast, the retention of ENB1 in cheaters like S. cerevisiae "may be associated with ecological niches where bacterial and fungal cohabitants produce enterobactin in response to iron scarcity," according to the study's authors. "Conversely, the loss of ENB1 may have occurred in yeasts dwelling in environments with relatively high iron availability or where enterobactin producers are absent."

While these results are intriguing, additional research is needed to fully uncover the mechanisms by which the fungal and bacterial enterobactin genes became integrated in W/S yeasts. According to Sun, these genes must be tightly co-regulated, as "unbalanced secretion and import of enterobactin could hinder iron uptake and subsequently lead to growth defects in the yeasts."

Unfortunately, Sun notes that the metabolic and regulatory networks of these yeasts are not well understood, which could make future studies challenging, "Studying the regulation of this particular pathway may therefore require additional effort to fill in some of these gaps."

Despite these hurdles, this system offers a unique model for further research into the evolutionary dynamics of siderophore transporters in yeasts and their role in promoting cooperation and cheating within microbial communities.



																																																					
																				
																						More information:
												Liang Sun et al, Functional and Evolutionary Integration of a Fungal Gene With a Bacterial Operon, Molecular Biology and Evolution (2024). DOI: 10.1093/molbev/msae045
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Nordic wolverines have the worst genetic diversity status, comprehensive Eurasian-wide study shows

										

    
        
            [image: The status of the Nordic wolverines is the worst, a comprehensive Eurasian-wide study shows]
             
                Maps with geographic distribution of sample locations and wolverine range, as well as the distribution of mitochondrial control region haplotypes and microsatellite-based Structure results. Credit: Diversity and Distributions (2024). DOI: 10.1111/ddi.13846
            
        

    


The Fennoscandian wolverines have the lowest genetic diversity out of all the wolverine populations in the vast Eurasian continent. The new study covers the Eurasian range of the wolverine, which has not been studied on such a large scale before. Samples were collected across a wide geographical area from Norway to eastern Russia.



										      
         
        
        
        

      

																																	
The study, led by the University of Oulu, Finland, reveals significant insights into wolverine (Gulo gulo) population structure, genetic diversity, and demographic history across the Eurasian range. The study identified a distinct substructure within the wolverine populations, with the most distinct group found in Fennoscandia. This particular population has also experienced a genetic bottleneck during the 20th century. The research is published in the journal Diversity and Distributions.

Genetic diversity is important as it helps species adapt to environmental changes such as climate change, which is rapid in the north. Isolated populations with low genetic diversity can suffer from inbreeding, increased mutational load, and negative fitness effects.

"Now we know the distribution of genetic diversity of the Eurasian wolverine. We know where it is the most diverse and where the least, which populations are well-connected, and which need reconnecting. The results of our study help us to specify how we should invest the management strategies in Fennoscandia," concludes Dominika Bujnakova, a Doctoral Researcher at the University of Oulu.


																																						
    
     




																																			"Such extensive data on Eurasian wolverines has not been studied before. Unfortunately, the data shows that the genetic status of wolverines in the Nordic countries is the worst," says Senior Research Fellow Laura Kvist.

"The new study is significant because of its wide geographical coverage, as usually studies focus on smaller areas. It is now possible to compare the situation of wolverines in different regions, which underlines the importance of geographically broad studies."

The researchers' extensive collaboration included a variety of museum sample materials from 1830-2021, including bones, teeth, pelt, hair, and muscle tissue. Scat samples were collected from the wild, for example in eastern Russia.

Living in northern Eurasia and North America, the wolverine is adapted to the cold and plays an important role in its ecosystem as a predator and scavenger. In Finland, the wolverine is an endangered species. There are roughly 450 wolverines in Finland while in Scandinavia there is about 1000 individuals. The wolverine is one of Finland's large carnivores, and it also causes heated debates and conflicts with farmers and reindeer herders.

Previously, clear genetic differences have been found in Finnish wolverine populations between northern (fell) wolverines and eastern Finnish (forest) wolverines.

New findings further emphasize the need for enhanced connectivity between the Fennoscandian wolverines and other Eurasian populations to ensure gene flow and the species' long-term survival. For example, conservation corridors may mitigate the negative effects of habitat fragmentation, and human-carnivore conflicts should also be mitigated. In addition to the Nordic countries, the study provides evidence on the current status of wolverine populations for management authorities across Eurasia.

The study is beneficial as a reference for studies on other species and showcases the importance of global scientific cooperation in wildlife conservation. The research was the result of an international collaboration led by the University of Oulu with researchers from universities and research institutions from Denmark and Russia.



																																																					
																				
																						More information:
												Dominika Bujnakova et al, Expanding from local to continental scale--A genetic assessment of the Eurasian wolverine, Diversity and Distributions (2024). DOI: 10.1111/ddi.13846
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Advancing cassava brown streak disease resistance
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                Symptoms of cassava brown streak disease. (a) Leaf chlorosis without distortion of the lamina and brown lesions on a green stem. (b) Storage root constrictions. (c) Mild necrosis of cassava storage roots. (d) Severe necrosis of cassava storage roots. Credit: Tropical Plants (2024). DOI: 10.48130/tp-0024-0006
            
        

    


A research team reviewed the advancements in managing cassava brown streak disease (CBSD), highlighting the integration of new plant breeding technologies (NPBTs) with traditional breeding to enhance resistance. These efforts are crucial for providing African farmers with CBSD-resistant cassava varieties that also deliver high yields and meet market preferences.



										      
         
        
        
        

      

																																	
The team also advocates for a collaborative network of African breeders, access to modern technologies, strengthened stakeholder capacities, controlled planting material movement, and efficient trait introgression in breeding programs to achieve these goals. The paper is published in the journal Tropical Plants.

Cassava, a staple for 800 million people, primarily grown in over 100 tropical and subtropical countries, faces significant yield challenges due to cassava brown streak disease (CBSD), particularly in Africa where production significantly lags behind potential yields.

Despite the resilience of cassava in harsh conditions and its substantial starch content, CBSD has drastically hindered productivity. Current research focuses on breeding CBSD-resistant varieties through traditional and new plant breeding technologies (NPBTs), yet problems like the breakdown of resistance in once-tolerant varieties and the need for sustainable, disease-free planting material distribution remain critical.

A study outlines existing breeding strategies for combating CBSD and highlights the benefits of incorporating NPBTs to quickly develop and distribute CBSD-resistant cassava varieties to African farmers.


																																						
    
     




																																			The review first introduces that cassava is a highly heterozygous crop, typically propagated asexually using stem cuttings or tissue culture systems. Due to the characteristics of protogyny, hermaphroditism, and mainly hybrid fertilization in cassava, controlling pollination can produce full sibling offspring.

However, challenges arise due to the crop's high heterozygosity and the environmental sensitivity of its flowering, complicating controlled breeding efforts. The author detailed the methods for screening cassava CBSD resistant germplasm under two different conditions, field and greenhouse.

Emphasizing the critical role of NPBTs, the review advocates for their integration into cassava breeding programs to expedite the development of varieties resistant to CBSD. By leveraging both traditional and modern breeding techniques, the review underscores the need for a multifaceted approach to overcome breeding challenges and improve cassava's resilience and yield in diverse environments.

According to the study's researcher, Prof. Hong-Bin Zhang, "CBSD remains an important constraint to cassava production in Eastern and Central Africa. Efforts to develop CBSD resistance will need to be an important part of modernized breeding approaches that aim to develop improved varieties with balanced trait sets that meet the needs of user-focused product profiles."

Overall, the review explores cassava's complex reproduction, emphasizing the integration of new plant breeding technologies to enhance the development of disease-resistant varieties and address the challenges of genetic diversity and environmental sensitivities in breeding programs.
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												Jean Pierre Bizimana et al, Breeding strategies for mitigating cassava brown streak disease in Africa, Tropical Plants (2024). DOI: 10.48130/tp-0024-0006
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      Technology

      Tech Xplore internet news portal provides the latest news on electronics, technology, and engineering.


      
        Electric cars and digital connectivity dominate at Beijing auto show
        Global automakers and EV startups unveiled new models and concept cars at China's largest auto show on Thursday, with a focus on the nation's transformation into a major market and production base for digitally connected, new-energy vehicles.

      

      
        Using sodium to develop rechargeable batteries may bolster the EU's green ambitions
        A green industrial future for Europe may depend on an element that is part of a household staple: table salt.  Dr. John Abou-Rjeily, a researcher at Tiamat Energy in France, is using sodium to develop rechargeable batteries. Sodium is a part of sodium chloride, an ionic compound that is the technical name for ordinary salt.

      

      
        US reinstates open internet rules rescinded under Trump
        The US Federal Communications Commission voted on Thursday to reinstate tougher rules to guarantee open access to the internet, reversing a decision made during the Trump administration.

      

      
        Honda announces US$11 bn EV battery and vehicle plant in Canada
        Japanese auto giant Honda announced Thursday the largest automotive investment in Canada's history, worth Can$15 billion (US$11 billion), for a massive new EV battery and vehicle assembly plant.

      

      
        Machine learning and extended reality used to train welders
        Ever since the ancient Egyptians hammered two pieces of gold together until they fused, the art of welding has continuously progressed.
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Electric cars and digital connectivity dominate at Beijing auto show

                                        by Ken Moritsugu                                                                                                                    
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                Visitors take photos of a Zeekr car during the opening of China Auto Show in Beijing, China, Thursday, April 25, 2024. Credit: AP Photo/Tatan Syuflana
            
        

    


Global automakers and EV startups unveiled new models and concept cars at China's largest auto show on Thursday, with a focus on the nation's transformation into a major market and production base for digitally connected, new-energy vehicles.


                                        
                                              
                                        
                                                                                                                                    Toyota and Nissan both announced tie-ups with major Chinese technology companies as they strive to meet customer demand for AI-enabled online connectivity in cars, from social media apps to autonomous driving features.

Electric vehicles accounted for about a quarter of all auto sales in China last year. Hybrids, which have trailed EVs, are expected to be a growing segment going forward.

China's largest EV maker, BYD, showed off two "dual-mode" plug-in cars that can run either solely on electricity or as hybrids. The other is a hybrid off-road SUV from its luxury Yangwang brand in the 1 million yuan-plus ($140,000) range.

"China's EVs, represented by (BYD's) Qin and Han series, have successfully realized the large-scale replacement of traditional fuel cars, and this trend is irreversible," said Lu Tian, the head of sales for BYD's Dynasty models. The cars are named after former imperial dynasties.

An executive from Chery, a more traditional Chinese maker, offered a more moderate perspective. Li Xueyong, a deputy general manager, said they envision a future of 40% fuel vehicles, 30% hybrids and 30% electric. The company plans to develop both fuel-powered and new-energy cars.
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                Visitors look at an MG car during the opening of China Auto Show in Beijing, China, Thursday, April 25, 2024. Credit: AP Photo/Tatan Syuflana
            
        

    



BYD has been expanding rapidly into overseas markets, launching its low-priced Dolphin Mini, sold as the Seagull in China, in Latin American markets this year.

It's building a factory in Brazil on the site of a former Ford plant that closed when the U.S. maker left the country. Two other Chinese automakers including Chery already have factories in Brazil.


                                                                                                        
    
        
        
        
    

                                                                                                                                            BYD accounted for 41% of EV sales in Brazil in the first three months of this year, though the overall number is still relatively low.

In Mexico, Chinese vehicles went from about 2.6% of the market in 2021 to 19.2% in the first quarter of this year. Most of those were gasoline-powered vehicles, as there are few charging stations and the cost of electricity makes it expensive to do so at home.

Chinese makers are making inroads in Europe too, raising concern in some countries that they pose a potential threat to European automakers and jobs. The EU is weighing whether to impose tariffs on China-made EVs because of government subsidies that drove the industry's growth.
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                Visitors check at an MG car during the opening of China Auto Show in Beijing, China, Thursday, April 25, 2024. Credit: AP Photo/Tatan Syuflana
            
        

    



A proliferation of EV makers, encouraged by tax breaks as well as green-energy subsides, has prompted a fierce price war that is expected to lead to a shakeout and consolidation of the industry in the coming years.

For foreign players aside from American EV maker Tesla, it has challenged them to accelerate the development of new electric car models to stay competitive in the world's largest auto market.

"No other region of the world has a transformation of the automotive industry that is as fast-paced as in China," Volkswagen CEO Oliver Blume said Wednesday at an event previewing its appearance at the auto show.

"This market has become something of a fitness center for us," he said. "We have to work harder and faster to keep."

Other automakers expressed similar sentiments. Japan's Nissan sent many top executives to the Beijing auto show to feel first-hand the pace of change in China, company President Makoto Uchida said.
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                Visitors look at a Great Wall's Haval car during the opening of China Auto Show in Beijing, China, Thursday, April 25, 2024. Credit: AP Photo/Tatan Syuflana
            
        

    



Nissan was going to sign a memorandum or understanding with Baidu, a Chinese search engine and AI company, later Thursday. Uchida said Nissan needs to meet the needs of Chinese customers and the speed at which the market is changing.

"If we cannot do these two aspects, it will very difficult to keep our business in China," he said.


                                                                                                                                            Toyota announced a tie-up with Tencent, the maker of the widely-used WeChat messaging and e-payment app.

Volvo, the Swedish brand bought by China's Geely group, stressed a simpler approach to the digitalization of its cars.

Likely aiming at a somewhat older audience, the company said its new EX30 electric SUV has an audio system and tablet screen that are easy to operate and uses sustainable fabrics in its interior.

"We believe that technology should be measured by its utility, not just its novelty," said Xiaolin Yuan, Volvo's Asia-Pacific head.
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                    Visitors take photos of a Zeekr car during the opening of China Auto Show in Beijing, China, Thursday, April 25, 2024. Credit: AP Photo/Tatan Syuflana
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                    Visitors photograph a Lamborghini car during the opening of China Auto Show in Beijing, China, Thursday, April 25, 2024. Credit: AP Photo/Tatan Syuflana
                
            

        

            	
            
                [image: Electric cars and digital connectivity dominate at Beijing auto show]
                 
                    The BYD Han EV car sedan is shown during Auto China 2024 held in Beijing, Thursday, April 25, 2024. Credit: AP Photo/Ng Han Guan
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                    Founder and CEO of the electric car manufacturer Nio, William Li, waves to the media during a press conference at the opening of the China Auto Show in Beijing, China, Thursday, April 25, 2024. Credit: AP Photo/Tatan Syuflana
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                    Founder and CEO of the electric car manufacturer Nio, William Li speaks during a press conference at the opening China Auto Show in Beijing, China, Thursday, April 25, 2024. Credit: AP Photo/Tatan Syuflana
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                    Attendees take photos of the BYD Qin L Dmi unveiled during Auto China 2024 held in Beijing, Thursday, April 25, 2024. Credit: AP Photo/Ng Han Guan
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                    Visitors take photos of a MG concept car during an opening of China Auto Show in Beijing, China, Thursday, April 25, 2024. Credit: AP Photo/Tatan Syuflana
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                    The all electric Mini Aceman is unveiled at the BMW booth during Auto China 2024 held in Beijing, Thursday, April 25, 2024. Credit: AP Photo/Ng Han Guan
                
            

        

    

The EX30 will sell for 210,000 to 260,000 yuan ($29,000--$36,000) in China, the company announced.

American brands at the show included Lincoln, Cadillac, Buick and Chevrolet. Ford presented a muscular look tied to its history, telling the story of the Mustang and Bronco--which it described as a "sports utility vehicle" when it was launched in 1966--and showing the latest versions of those models.
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A green industrial future for Europe may depend on an element that is part of a household staple: table salt. Dr. John Abou-Rjeily, a researcher at Tiamat Energy in France, is using sodium to develop rechargeable batteries. Sodium is a part of sodium chloride, an ionic compound that is the technical name for ordinary salt.


                                        
                                              
                                        
                                                                                                                                    
The idea behind sodium-ion batteries is to reduce Europe's reliance on the lithium-ion ones that power everything from toothbrushes and mobile phones to mopeds and cars.

Today's batteries include materials such as lithium, nickel and cobalt that are both scarce and toxic, whereas sodium is one of the most plentiful elements on Earth.

"Sodium-ion batteries are based on more abundant and safer materials than lithium-ion batteries," said Abou-Rjeily. "There's not enough lithium ions and cobalt and nickel to meet everyone's needs."

He is a research and development engineer at Tiamat, which designs and manufactures sodium-ion batteries.

Abou-Rjeily led a research project to develop sodium-ion batteries that have commercial appeal and can serve as a new foundation for European manufacturing.

Called NAIMA, the project ran from December 2019 through May 2023. It featured companies, research institutions and universities in Bulgaria, Belgium, France, Germany, the Netherlands, Slovenia, Spain and Sweden.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Battery charge

Batteries are central to Europe's drive to replace fossil fuels with renewable-energy sources such as wind and solar power. More clean energy in Europe requires new storage capacity that batteries can provide.

The European battery market could be worth as much as EU250 billion a year as of 2025. Europe aims to increase its share of global battery-cell production to as high as 25% this decade from 3% in 2018, chipping away at Asia's 85% dominance.

The research covers all segments of the supply chain--from access to raw materials needed to make batteries and the infrastructure required for storing energy to "smart grids" that automatically charge vehicles when power is cheapest and battery designs that ensure recycling.

Lithium-ion batteries can store lots of energy in a small space, making them winners for smart phones and electric cars. Sodium-ion batteries are slightly bigger and potentially cheaper, making them candidates for storing energy in places such as homes, power tools and small vehicles.

French connection

Abou-Rjeily, a trained chemist from Lebanon, moved to France in 2016 to pursue an interest in environmental sustainability.


                                                                                                                                            He is at home with Tiamat, whose sodium-ion batteries exclude lithium, cobalt and copper and largely avoid nickel too. The company is a spinoff from the French National Center for Scientific Research, or CNRS, which was among the NAIMA participants.

Lithium, cobalt, copper and nickel are on an EU list of critical raw materials, highlighting concerns in Europe about reliance on foreign suppliers and supply squeezes.

For example, when it comes to lithium-ion batteries worldwide, China manufactured almost 80% of them in 2021.

Furthermore, most global production of lithium-ion batteries is expected to go to the automotive industry.

Tiamat plans in 2026 to open a gigafactory in the French city of Amiens to produce sodium-ion batteries suitable initially for equipment such as power tools, according to Abou-Rjeily.

He said NAIMA helped advance the company's battery know-how.



    
    
    
        
        
    
         
             
         

        Credit: Horizon: The EU Research & Innovation Magazine
  

The project also helped partners move forward with a type of sodium-ion battery for renewable-energy storage. This kind of battery could also one day be suitable for some cars.

While it wouldn't ever challenge the 500-kilometer capacity of lithium-ion batteries, this sodium-ion type could be more competitive for smaller stretches, according to Abou-Rjeily.

"They could be cheaper for short and medium driving distances," he said.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Home base

An energy link between cars and homes through sodium-ion batteries is a vision of Dr. Magdalena Graczyk-Zajac, a visiting professor at the Technical University Darmstadt in Germany.

Also an electrochemist at the German energy company EnBW, she is involved in a project to develop a sodium-ion battery for homes. Called SIMBA, the project is due to wrap up in June 2024 after three and a half years.

Graczyk-Zajac paints a future where energy captured by photovoltaic panels on homes is stored in a rechargeable household sodium-ion battery. The battery would then power the homes and charge the inhabitants' electric vehicles.

Graczyk-Zajac said such a scenario would mean a big cut in transportation costs.

"You could be driving your car for free for eight to nine months of the year," she said.

Household gains

While sodium-ion and lithium-ion batteries work in a similar way, sodium is a larger ion than lithium. That's one reason that a sodium-ion battery takes up a little more space.

For home storage, such a battery would be placed underground or in a garage, so a slightly larger battery wouldn't matter much, according to Graczyk-Zajac.

SIMBA, which involves almost 20 research institutes, universities and companies from across Europe, has put together some essential components of a home sodium-ion battery for laboratory testing.

One part, the anode, is made from hard carbon, which can be manufactured from wood or biowaste. Another--the cathode--can be made of a material called Prussian white.


                                                                                                                                            While lithium-ion cathodes frequently contain cobalt, this Prussian white cathode contains iron, which is a more abundant and cheaper metal.

This cathode was developed by Altris, a spinoff in 2017 from Uppsala University in Sweden--one of the SIMBA participants.

Altris made headlines in November 2023 when its industry partner, Sweden-based Northvolt, announced that it would make batteries in Europe with the cathode.

In general, sodium-ion batteries promise households in Europe the chance for cheaper and cleaner energy.

The batteries also offer the prospect of financial gains through the storage and then either sale of spare electricity to the grid when home production is higher than needed or later use in the home.

Graczyk-Zajac recommends the later-use option. "A householder would save more money by just keeping that energy," she said.
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US reinstates open internet rules rescinded under Trump
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The US Federal Communications Commission voted on Thursday to reinstate tougher rules to guarantee open access to the internet, reversing a decision made during the Trump administration.


                                        
                                              
                                        
                                                                                    "This agency, the nation's leading communications authority, believes every consumer deserves internet access that is fast, open and fair," said FCC chair Jessica Rosenworcel ahead of the vote.

The rules bring back government oversight for internet providers by classifying broadband as a utility-like service, regulated like water and phone companies.

The commission voted 3-2 along party lines to reinstate the open internet rules that were originally adopted in 2015.

"These net neutrality policies ensure you can go where you want and do what you want online without your broadband provider making choices for you," Rosenworcel added.

"They make clear your broadband provider should not have the right to block websites, slow services, or censor online content," she said.

Under president Donald Trump, after a politically-charged debate, the FCC scrapped the order.

Backers of net neutrality argue the rules, which were challenged in court, prevented powerful internet providers like Comcast and AT&T from shutting out rival services and creating "fast" and "slow" lanes for online services.

But others worried that such rules were a heavy-handed effort to reclassify internet providers as utilities, which could discourage investment in the fast-evolving sector.

Under Trump, the FCC said the change in the approach to net neutrality taken by the FCC was part of a return to "a light-touch regulatory framework."
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                Honda's new Canadian factory will have a production capacity of 240,000 electric vehicles per year and a batteries output of 36 GWh per year.
            
        

    


Japanese auto giant Honda announced Thursday the largest automotive investment in Canada's history, worth Can$15 billion (US$11 billion), for a massive new EV battery and vehicle assembly plant.


                                        
                                              
                                        
                                                                                                                                    Honda chief executive Toshihiro Mibe told a joint news conference with Prime Minister Justin Trudeau and other officials that electric vehicles (EVs) will start rolling off the new assembly line in 2028.

Once fully operational, the factory will have a production capacity of 240,000 vehicles per year, and a batteries output of 36 GWh per year.

"The world is changing rapidly, and we must work toward realizing carbon neutrality to sustain the global environment," Mibe said.

Honda estimates that 1,000 new jobs will be created at the facility, which is to be built next to its existing Civic and CR-V assembly plants north of Toronto that already employ 4,200 workers.

Trudeau touted Ottawa's efforts to set up "a whole ecosystem" around the production of electric batteries, positioning Canada as an attractive destination for electric vehicle investment, with generous tax incentives, renewable energy access and its rare mineral deposits.

"Because of the choices our government has made over the past few years, Canada now ranks first, globally in Bloomberg's ranking of lithium-ion battery supply chains," Trudeau said.

Leading the 'EV revolution'

Ontario Premier Doug Ford noted that his province is "the only place in the world that six of the largest automakers call home" and with Honda's investment is now "leading the world in the electric vehicle revolution."


                                                                                                        
    
        
        
        
    

                                                                                                                                            In the federal budget last week, Trudeau's government introduced a new business tax credit, granting companies a 10 percent rebate on construction costs for new facilities used in key segments of the electric vehicle supply chain.

The estimated value of the federal tax credit for Honda's new facility is Can$2.5 billion, while Ford said the province is contributing another Can$2.5 billion in incentives.

In the last four years, automotive and battery makers have announced more than Can$31 billion in investments in electric vehicle manufacturing across Canada.

Canada's strategy follows that of the neighboring United States, whose Inflation Reduction Act has provided a host of incentives for green industry.

Since 2021, Honda has made big outlays as it aggressively pursues its objective of becoming 100 percent electric in its automobile segment by 2040.

Its new facility in Alliston, Ontario will be the first to tap into Canada's EV supply chain investment tax credit and joins recently announced Volkswagen and Stellantis battery plants in Canada.

Honda will also build a cathode active material and precursor processing plant as well as a separator plant through joint ventures with chemical companies POSCO Future M and Asahi Kasei in order to complete its local EV supply chain.
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                The researchers modified the welding helmet by fixing it to the Meta Quest Pro XR headset and interfaced the Seeed ESP32S3 board to a Unity software program running the XR display, using the Quest Pro's USB-C port and the Serial Port Utility Pro plugin. The adjustable Quest head strap and connected battery replace the traditional helmet insert, and additional components were 3D-printed with PLA filament. Credit: Carnegie Mellon University
            
        

    


Ever since the ancient Egyptians hammered two pieces of gold together until they fused, the art of welding has continuously progressed.


                                        
                                              
                                        
                                                                                                                                    Iron Age blacksmiths used heat to forge and weld iron. The discovery of acetylene in the early days of the industrial revolution added a versatile new fuel to welding. At the end of the 19th century, two engineers invented metal arc welding, and more recently, the rise of robotic welding systems and advances in high-strength alloys expanded welding applications.

Despite a long history of technological improvements, welding remains a challenging skill to learn. It requires a combination of technical knowledge and manual dexterity. And given its prevalence throughout numerous industries, including manufacturing, construction, aerospace and automotive, the need for skilled welders remains strong. According to the American Welding Society, U.S. employers are now facing a deficit of 375,000 welders.

At Carnegie Mellon University, researchers are addressing the problem by developing a new way to train welders that once again applies an emerging technology. Dina El-Zanfaly, an assistant professor in the School of Design, and Daragh Byrne, an associate teaching professor in the School of Architecture, worked with a team of researchers to develop an extended reality (XR) welding helmet and torch system to help welders acquire the embodied knowledge they need to master the challenging skill.

"Not only is this a really cool project, but it also incorporates the key objectives of the MFI mission," said Sandra DeVincent Wolf, the executive director of MFI. "It is groundbreaking research that advances manufacturing technology, contributes to workforce development and engages partners from the local community."


                                                                                                        
    
        
        
        
    

                                                                                                                                            Extended reality combines virtual reality (VR), which is a computer-generated environment that simulates a realistic or imaginary experience; augmented reality (AR), which combines computer-generated information with a user's real-world environment; and mixed reality (MR), where real-world and digital objects coexist and interact in real time. Together, these features create an immersive experience that allows users to interact with information, environments and digital content in real-time.

Training welders requires the development of hand-eye coordination and a keen perception of the position and movement of the body in space. This embodied knowledge is acquired through hands-on interactions with tools, and materials and can be difficult to replicate in training scenarios.

The Carnegie Mellon researchers worked to better understand the training challenges by organizing a series of co-design workshops. They worked with eight instructors and four students at the Industrial Arts Workshop (IAW), a nonprofit youth welding training program in the Hazelwood neighborhood of Pittsburgh, to develop a system that integrates a welding helmet and torch with a Meta Quest Pro and a machine learning model that enhances the embodied learning of welding in three key ways.

Visual XR guides and integrated motion sensing

The highly immersive and embodied nature of welding practice makes it exceptionally difficult for an instructor to visually monitor the process and provide feedback to the student in a timely, safe and audible manner. Neither written instruction nor feedback can convey the nuanced, hands-on skill in real-time.


                                                                                                                                            The researchers overcame these obstacles by modifying a welding helmet with a Meta Quest headset that displays a series of visual feedback mechanisms, which guide the student during training sessions and provide a record of their performance that instructors can assess during or after the session.

Two separate XR indicators within the welding helmet show the slight changes and adjustments the welding student should make to maintain the correct angle of the welding gun that is connected to the Quest Touch controller. The status icons, which are near the top of the headset viewport, allow users to see the feedback without taking their focus away from the active weld. The status icons also give a much clearer overview of performance for instructors and users while viewing the live playback.

The researchers leveraged feedback from the workshop instructors to determine how to calibrate the XR representation of the weld to a real workpiece so that users can set the start and endpoints of the weld line with the welding gun to set the position of the scrolling guideline they need to follow.
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                A welder uses the gun to place coordinate locations for the start and end of the weld, linking the real-world weld line to a graphic representation in the XR display. Credit: Carnegie Mellon University
            
        

    



Sensing sonic cues during welding practice

The Carnegie Mellon researchers learned from workshop instructors that experienced welders are able to assess welds through active listening. So instead of evaluating welds visually after they are completed, their system can use an auditory-based method to diagnosis the weld in real time.

"For example, a good welding speed should sound like sizzling bacon, not popcorn, according to the instructors," explained El-Zanfaly.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Metal inert gas welding involves extruding a metal wire through the tip of the welding gun, shielding the wire with inert gas, and using the heat generated by short-circuit current between the wire and the workpiece to fuse the two metals together. Incorrect settings of this system result in poor-quality welds. For example, if the amperage of the welder is set too low, it will result in an excessively thin weld bead and lead to inconsistent penetration of the working plate.

According to prior research and feedback from the AIW instructors, different settings result in changes of the welding sound, which offers potentially important training feedback. But the extreme heat, light and sound conditions in the welding space--together with the bulky welding helmet and other personal protective gear needed to guard against the intense heat, sparks, ultraviolet radiation and metal splatter--limits the welder's ability to perceive this auditory stimulus.

By employing tiny machine learning (TinyML) enabled sound detection to recognize key factors such as settings and tip distance, the researchers trained and deployed their model to provide visual feedback that indicates errors detected by sounds, such as those made when the tip of the gun is held too far away from the welding plate.

The researchers asked experienced welders to repeatedly perform the same welding movement, only changing one setting per weld. They collected more than 20 minutes of audio data, evenly distributed across the category settings to use in training and testing a TinyML classification model.

TinyML focuses on deploying and running machine learning models on resource-constrained devices, such as a microcontroller, which in this case was connected to the augmented helmet to provide feedback. The researchers trained the TinyML model to alert trainees to attend to common errors, such as incorrect settings and gun tip distance.

Sound was also used to detect the beginning and end of welds. Researchers collected 19 minutes of welding sound using recordings from five different devices simultaneously--two microcontrollers, two Samsung smartphones and a USB microphone--to train a classification system that could detect welding with 97% accuracy. This classifier replaced the need to electromechanically detect interactions with the physical button on the welding gun, which was used to initiate welding tracking and to make the system more portable.


                                                                                                                                            Pre-welding meditation

During the workshops, researchers saw that instructors encouraged students to use mediation and breathing exercises before starting to weld as a way to induce relaxation and foster a sense of focus to offset the effects of the welding environment, which can be overwhelming due to loud noises, sparks, heat and the smell of burning.

In order to enhance mindfulness practices, the researchers programmed the platform to begin each welding session by encouraging trainees to engage in breathing exercises. They also placed an anemometer near the mouth and nose inside the welding helmet to measure the exhaled wind speed of breath and track the breathing pattern over time in order to develop system prompts to help welding students regulate their breathing for improved task performance.

The system's ability to sense motion, detect sound and enhance users' focus through mediation and breathing exercises can help students transfer the skills they acquire in the virtual training to actual welding practice. Its ability to provide guidance in real time provides numerous advantages for both students and instructors who otherwise must rely on information derived after a weld is complete to assess the performance. The overall approach could also inform crafts and skill training in XR systems beyond welding training.

"A really exciting aspect of our work is the ability of our system to enable in-situ welding experiences using a lightly modified off-the-shelf XR and welding setup," explained El-Zanfaly.

Their work has already received recognition--receiving awards at the 2023 Association for Computing Machinery (ACM) Conference on Interactive Surfaces and Spaces and at the 2024 ACM Conference on Tangible, Embedded, and Embodied Interactions.

Moving forward, the team plans to pursue numerous opportunities to improve both the technical dimensions of the work and the embodied experience. They plan to deploy the platform in A/B lab studies and over multiple weeks at IAW to assess how extended use of this device contributes to the formation of skills, habits and the novice experience.
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