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      Nanotechnology

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


      
        An efficient protein delivery system with spider minor ampullate silk protein nanoparticles
        In a study published in the journal MedComm, researchers have developed an efficient protein delivery carrier based on spider silk proteins (spidroins), derived from Araneus ventricosus minor ampullate silk protein (MiSp). The MiSp-based nanoparticles are able to serve as an effective delivery system with high loading efficiency and a sustained release profile at physiological pH.

      

      
        Researchers create power-generating, gel electret-based device for wearable sensors
        A team of researchers from NIMS (National Institute for Materials Science), Hokkaido University and Meiji Pharmaceutical University has developed a gel electret capable of stably retaining a large electrostatic charge. The team then combined this gel with highly flexible electrodes to create a sensor capable of perceiving low-frequency vibrations (e.g., vibrations generated by human motion) and converting them into output voltage signals. This device may potentially be used as a wearable health c...

      

      
        Mini liver model innovations promise more effective drug testing
        A laboratory-grown mini liver model uniquely created with liver cells and a synthetic nanoscaffold has shown to be effective in mimicking the liver, promising a new and more effective testing method for medicines that is more ethical than animal testing.
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            [image: Spider minor ampullate silk protein nanoparticles: an effective protein delivery system capable of enhancing systemic immune responses]
             
                Preparation and characterization of NM-NPs. Credit: MedComm (2024). DOI: 10.1002/mco2.573
            
        

    


In a study published in the journal MedComm, researchers have developed an efficient protein delivery carrier based on spider silk proteins (spidroins), derived from Araneus ventricosus minor ampullate silk protein (MiSp). The MiSp-based nanoparticles are able to serve as an effective delivery system with high loading efficiency and a sustained release profile at physiological pH.




										      
         
        
        
        

      

																																	Under subcutaneous or intramuscular administration, protein antigen carried by these nanoparticles could enhance antigen-specific immune responses in mouse models, through a mechanism involving antigen-depot and long-term antigen persistence effect at the injection site, as well as efficient internalization by lymph nodes and uptake by dendritic cells.

Protein vaccines are often poorly immunogenic due to rapid degradation by proteases or promoting tolerance. As a potential alternative, nanoparticles as carriers can deliver antigens to antigen-presenting cells (APCs) and regulate the antigen presentation pathway or act as immune potentiators, enhancing subsequent antigen-specific immune responses.

Among the particle-based carriers, spidroins have attracted significant attention due to their desirable characteristics, including biocompatibility, biodegradability, and the ability to induce only a mild immune response. In particular, they could be easily prepared by salting out with a potassium phosphate solution and sterilized with steam. Also, their size, stability, and drug loading/release kinetics are able to be easily tailored by adjusting the particle formation process and post-treatment of the material.


																																						
    
     




																																			There are at least seven different types of spidroins that form a variety of silk types, each with unique properties suitable for diverse biological applications. This study focuses on the spider minor ampullate silk, since it is mechanically strong, does not super-contract in water, and fibrillizes through a non-nucleation dependent pathway.

The team designed a customized spidroin covering a globular N-terminal domain and a repetitive region for generation of nanoparticles. They first investigated the influence of protein inclusion body solubilization methods on sphere properties, and then selected lysozyme as a model antigen to study the delivery efficiency under different administration routes, including parenteral [subcutaneous (s.c.), intramuscular (i.m.), and intravenous (i.v.) injections] and non-parenteral (per-oral) administration routes.

This study demonstrates that the MiSp-based nanoparticle is a promising candidate for delivering antigen safely and effectively under various administration routes. It highlights how spider silk nanoparticles could be a powerful tool in medicine, particularly for delivering vaccines effectively and safely.

This study was led by Dr. Xingmei Qi and Dr. Sidong Xiong (Soochow University, China) and Dr. Gefei Chen (Karolinska Institutet, Sweden).


																																																					
																				
																						More information:
												Hairui Yu et al, Spider minor ampullate silk protein nanoparticles: an effective protein delivery system capable of enhancing systemic immune responses, MedComm (2024). DOI: 10.1002/mco2.573
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Researchers create power-generating, gel electret-based device for wearable sensors

										

    
        
            [image: Creation of a power-generating, gel electret-based device]
             
                (a) Photographs of an alkyl-p liquid and an alkyl-p gel in vials. (b) Response of an alkyl-p gel-based vibration sensor to 17 Hz vibrations. Credit: Takashi Nakanishi National Institute for Materials Science
            
        

    


A team of researchers from NIMS (National Institute for Materials Science), Hokkaido University and Meiji Pharmaceutical University has developed a gel electret capable of stably retaining a large electrostatic charge. The team then combined this gel with highly flexible electrodes to create a sensor capable of perceiving low-frequency vibrations (e.g., vibrations generated by human motion) and converting them into output voltage signals. This device may potentially be used as a wearable health care sensor.



										      
         
        
        
        

      

																																	
The study is published in the journal Angewandte Chemie International Edition.

Interest in the development of soft, lightweight, power-generating materials has been growing in recent years for use in soft electronics designed for various purposes, such as health care and robotics. Electret materials capable of stably retaining electrostatic charge may be used to develop vibration-powered devices without external power sources.

NIMS has been leading efforts to develop a low-volatility, room-temperature alkyl-p liquid composed of a p-conjugated dye moiety and flexible yet branched alkyl chains (a type of hydrocarbon compound). The alkyl-p liquids exhibit excellent charge retention properties, can be applied to other materials (e.g., through painting and impregnation) and are easily formable.

However, when these liquids have been combined with electrodes to create flexible devices, they have proven difficult to immobilize and seal, resulting in leakage issues. Moreover, the electrostatic charge retention capacities of alkyl-p liquids needed to be increased in order to improve their power generation capabilities.


																																						
    
     




																																			The research team recently succeeded in creating an alkyl-p gel by adding a trace amount of a low-molecular-weight gelator to an alkyl-p liquid. The elastic storage modulus of this gel was found to be 40 million times that of its liquid counterpart, and it could be simplified by fixation and sealed.

Moreover, the gel-electret obtained by charging this gel achieved a 24% increase in charge retention compared to the base material (i.e., the alkyl-p liquid), thanks to the improved confinement of electrostatic charges within the gel. The team then combined flexible electrodes with the gel-electret to create a vibration sensor. This sensor was able to perceive vibrations with frequencies as low as 17 Hz and convert them into an output voltage of 600 mV--83% higher than the voltage generated by an alkyl-p liquid electret-based sensor.

In future research, the team aims to develop wearable sensors capable of responding to subtle vibrations and various strain deformations by further improving the charging electret characteristics (i.e., charge capacity and charge life) and strength of the alkyl-p gel. Additionally, since this gel is recyclable and reusable as a vibration sensor material, its use is expected to help promote a circular economy.



																																																					
																				
																						More information:
												Akito Tateyama et al, Alkyl-p Functional Molecular Gels: Control of Elastic Modulus and Improvement of Electret Performance, Angewandte Chemie International Edition (2024). DOI: 10.1002/anie.202402874
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Mini liver model innovations promise more effective drug testing
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                (A) SEM images of S-NS 005 on day 5; (B) S-NS 005 (C) S-NS 01 with HepG2 cells staining with Hoechst 33342(Red), coumarin-loaded PCL nanofiber fragments (Green) and overlay (Yellow). Scale bar: 50 mm. Objective: 10x. Credit: ACS Applied Materials & Interfaces (2024). DOI: 10.1021/acsami.3c17384
            
        

    


A laboratory-grown mini liver model uniquely created with liver cells and a synthetic nanoscaffold has shown to be effective in mimicking the liver, promising a new and more effective testing method for medicines that is more ethical than animal testing.



										      
         
        
        
        

      

																																	
The mini liver model, which was created in Dr. Bahijja Raimi-Abraham's laboratory, uses a novel approach that combines liver cells with synthetic scaffolds. These mini livers, or 3D liver spheroids, are designed to mimic the structure and function of the human liver more accurately than traditional 2D cell culture models. This approach offers a promising alternative to animal models for preclinical drug screening and toxicity testing.

"This research marks a crucial milestone in the pursuit of ethical and effective drug testing methods. By accurately replicating human liver functions, our laboratory-grown mini liver model not only addresses the ethical concerns associated with animal testing but also offers a more reliable platform for evaluating drug safety and efficacy," said Dr. Raimi-Abraham, Senior Lecturer in Pharmaceutics.

Drug discovery research has used animal models for decades to test the safety of new medical candidates. However, animal models pose significant ethical concerns and practical challenges, including physiological differences between animals and humans, high costs, and tissue availability. Consequently, there is growing interest in developing non-animal testing methods, one of which is using laboratory-grown human cell models.

The liver plays a crucial role in drug development as a major site for drug metabolism. However, drug-induced liver injury (DILI) is a key roadblock as metabolic reactions can result in toxic side effects. This can result in acute liver failure and a frequent factor in drug withdrawals during clinical trials.
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                Characterization of nanofibers. (A) SEM images for PCL nanofiber mesh. (B) SEM images for nanoscaffolds. (C) Distribution of the length and diameter of the nanoscaffolds (Taken from 100 different nanofibers). (D) ATR-FTIR for Raw PCL, PCL nanofibre mesh and nanoscaffolds. Credit: ACS Applied Materials & Interfaces (2024). DOI: 10.1021/acsami.3c17384
            
        

    



To overcome this barrier, Dr. Raimi-Abraham's team have designed a new laboratory-grown mini liver model created with liver cells and a synthetic nanoscaffold that effectively mimics liver cells for drug testing. The synthetic nanoscaffold was constructed to provide a supportive structure for the liver cells, creating a "cell soup" that contains the liver cells and the connecting nanoscaffold.


																																						
    
     




																																			Their results, published in ACS Applied Materials & Interfaces, highlights the success of the new laboratory-grown mini livers, which demonstrated superior cell assembly and liver replication. Further analysis showed that these models exhibited enhanced drug metabolism capabilities compared to other mini liver models that didn't use the nanoscaffold.

This indicates that the new laboratory-grown mini liver model could have the potential to replace animal testing in drug screening. By addressing the ethical and practical of animal models, including physiological differences, associated high costs and limited tissue availability, this innovative approach shows great potential as a more accurate and ethical alternative.

"This research represents a pivotal moment in my Ph.D. journey, offering both a profound sense of achievement and a glimpse into the future of biomedical innovation. Developing the mini liver model has not only been a testament to the potential of nanotechnology in advancing medical research but also a deeply rewarding experience in overcoming complex scientific challenges," said Lina Wu, China Scholarship Council Ph.D. Researcher, King's.

In response to ethical concerns, medical regulators including the US Food and Drug Administration (FDA) and the Medicines and Healthcare products Regulatory Agency (MHRA) have advocated for the increased uptake of non-animal models in drug discovery and development. The FDA Modernization Act 2.0 now permits alternatives to animal testing for drug and biological product applications. Dr. Bahijja Raimi-Abraham and her team believe their laboratory-grown mini livers represent a critical step in this transition.

Beyond mini liver models, The Raimi-Abraham lab aims to apply their nanoscaffold technology to develop models for other organs and create mini-organ models integrated with microbes to model specific infectious diseases such as malaria. Further research will also look more closely at the molecular mechanisms which the nanoscaffolds use to support the cells within the models.



																																																					
																				
																						More information:
												Lina Wu et al, In Situ Self-Assembling Liver Spheroids with Synthetic Nanoscaffolds for Preclinical Drug Screening Applications, ACS Applied Materials & Interfaces (2024). DOI: 10.1021/acsami.3c17384
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      The latest news in physics, materials science, quantum physics, optics and photonics, superconductivity science and technology.  Updated Daily.


      
        An alternative way to manipulate quantum states
        Researchers at ETH Zurich have shown that quantum states of single electron spins can be controlled by currents of electrons whose spins are evenly aligned. In the future, this method could be used in electronic circuit elements.

      

      
        New photonic chip spawns nested topological frequency comb
        Scientists on the hunt for compact and robust sources of multicolored laser light have generated the first topological frequency comb. Their result, which relies on a small silicon nitride chip patterned with hundreds of microscopic rings, appears in the journal Science.

      

      
        Turning infrared light visible: New device uses 2D material to up-convert infrared light
        The human eye can only see light at certain frequencies (called the visible spectrum), the lowest of which constitutes red light. Infrared light, which we can't see, has an even lower frequency than red light. Researchers at the Indian Institute of Science (IISc) have now fabricated a device to increase or "up-convert" the frequency of short infrared light to the visible range.

      

      
        High-temperature superconductivity: Exploring quadratic electron-phonon coupling
        A new study published in Physical Review Letters (PRL) explores the potential of quadratic electron-phonon coupling to enhance superconductivity through the formation of quantum bipolarons.
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            [image: An alternative way to manipulate quantum states]
             
                Left: Single pentacene molecules (yellow) on the insulating layer (blue). Right: Electrons with spins aligned in parallel (small arrows) tunnel from the tungsten tip (top) to the molecule (bottom). Credit: ETH Zurich / Aishwarya Vishwakarma und Stepan Kovarik
            
        

    


Researchers at ETH Zurich have shown that quantum states of single electron spins can be controlled by currents of electrons whose spins are evenly aligned. In the future, this method could be used in electronic circuit elements.



										      
         
        
        
        

      

																																	
Electrons have an intrinsic angular momentum, the so-called spin, which means that they can align themselves along a magnetic field, much like a compass needle. In addition to the electric charge of electrons, which determines their behavior in electronic circuits, their spin is increasingly used for storing and processing data.

Already, one can buy MRAM memory elements (magnetic random access memories), in which information is stored in very small but still classical magnets--that is, containing very many electron spins. The MRAMs are based on currents of electrons with spins aligned in parallel that can change the magnetization at a particular point in a material.

Pietro Gambardella and his collaborators at ETH Zurich now show that such spin-polarized currents can also be used to control the quantum states of single electron spins. Their results, which have just been published in the journal Science, could be used in different technologies in the future, for instance in the control of quantum states of quantum bits (qubits).


																																						
    
     




																																			Tunnel currents in single molecules

"Traditionally, electron spins are manipulated using electromagnetic fields such as radio-frequency waves or microwaves," says Sebastian Stepanow, a Senior Scientist in Gambardella's laboratory. This technique, also known as electron paramagnetic resonance, was developed in the mid-1940s and has since been used in different fields such as materials research, chemistry and biophysics.

"A few years ago, it was demonstrated that one can induce electron paramagnetic resonance in single atoms; however, so far the exact mechanism for this has been unclear," says Stepanow.

To study the quantum mechanical processes behind this mechanism more closely, the researchers prepared molecules of pentacene (an aromatic hydrocarbon) on a silver substrate. A thin insulating layer of magnesium oxide had previously been deposited on the substrate. This layer ensures that the electrons in the molecule behave more or less as they would in free space.

Using a scanning tunneling microscope, the researchers first characterized the electron clouds in the molecule. This involves measuring the current that is created when the electrons tunnel quantum mechanically from the tip of a tungsten needle to the molecule. According to the laws of classical physics, the electrons should not be able to hop across the gap between the tip of the needle and the molecule because they lack the necessary energy. Quantum mechanics, however, allows the electrons to "tunnel" through the gap in spite of that lack, which leads to a measurable current.
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                PhD student Stepan Kovarik in front of the vacuum chamber in which the samples for the experiment are produced. Credit: D-MATL / Kilian Dietrich, Maria Feofilova and Hasan Baysal
            
        

    



Miniature magnet on the tip of a needle

This tunnel current can be spin-polarized by first using the tungsten tip to pick up a few iron atoms, which are also on the insulating layer. On the tip, the iron atoms create a kind of miniature magnet. When a tunnel current flows through this magnet, the spins of the electrons in the current all align parallel to its magnetization.

The researchers applied a constant voltage as well as a fast-oscillating voltage to the magnetized tungsten tip, and they measured the resulting tunnel current. By varying the strength of both voltages and the frequency of the oscillating voltage, they were able to observe characteristic resonances in the tunnel current. The exact shape of these resonances allowed them to draw conclusions about the processes that occurred between the tunneling electrons and those of the molecule.


																																			Direct spin control by polarized currents

From the data, Stepanow and his colleagues were able to glean two insights. On the one hand, the electron spins in the pentacene molecule reacted to the electromagnetic field created by the alternating voltage in the same way as in ordinary electron paramagnetic resonance. On the other hand, the shape of the resonances suggested that there was an additional process that also influenced the spins of the electrons in the molecule.

"That process is the so-called spin transfer torque, for which the pentacene molecule is an ideal model system," says Ph.D. student Stepan Kovarik. Spin transfer torque is an effect in which the spin of the molecule is changed under the influence of a spin-polarized current without the direct action of an electromagnetic field. The ETH researchers demonstrated that it is also possible to create quantum mechanical superposition states of the molecular spin in this way. Such superposition states are used, for instance, in quantum technologies.

"This spin control by spin-polarized currents at the quantum level opens up various possible applications," says Kovarik. In contrast to electromagnetic fields, spin-polarized currents act very locally and can be steered with a precision of less than a nanometer. Such currents could be used to address electronic circuit elements in quantum devices very precisely and thus, for instance, control the quantum states of magnetic qubits.



																																																					
																				
																						More information:
												Stepan Kovarik et al, Spin torque-driven electron paramagnetic resonance of a single spin in a pentacene molecule, Science (2024). DOI: 10.1126/science.adh4753
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                A new chip with hundreds of microscopic rings generated the first topological frequency comb. Credit: E. Edwards
            
        

    


Scientists on the hunt for compact and robust sources of multicolored laser light have generated the first topological frequency comb. Their result, which relies on a small silicon nitride chip patterned with hundreds of microscopic rings, appears in the journal Science.




										      
         
        
        
        

      

																																	Light from an ordinary laser shines with a single, sharply defined color--or, equivalently, a single frequency. A frequency comb is like a souped-up laser, but instead of emitting a single frequency of light, a frequency comb shines with many pristine, evenly spaced frequency spikes. The even spacing between the spikes resembles the teeth of a comb, which lends the frequency comb its name.

The earliest frequency combs required bulky equipment to create. More recently, researchers have been focused on miniaturizing them into integrated, chip-based platforms. Despite big improvements in shrinking the equipment needed to generate frequency combs, the fundamental ideas haven't changed. Creating a useful frequency comb requires a stable source of light and a way to disperse that light into the teeth of the comb by taking advantage of optical gain, loss and other effects that emerge when the source of light gets more intense.

In the new work, JQI Fellow Mohammad Hafezi, who is also a Minta Martin professor of electrical and computer engineering and physics at the University of Maryland (UMD), JQI Fellow Kartik Srinivasan, who is also a Fellow of the National Institute of Standards and Technology, and several colleagues have combined two lines of research into a new method for generating frequency combs.


																																						
    
     




																																			One line is attempting to miniaturize the creation of frequency combs using microscopic resonator rings fabricated out of semiconductors. The second involves topological photonics, which uses patterns of repeating structures to create pathways for light that are immune to small imperfections in fabrication.

"The world of frequency combs is exploding in single-ring integrated systems," says Chris Flower, a graduate student at JQI and the UMD Department of Physics and the lead author of the new paper. "Our idea was essentially, could similar physics be realized in a special lattice of hundreds of coupled rings? It was a pretty major escalation in the complexity of the system."

By designing a chip with hundreds of resonator rings arranged in a two-dimensional grid, Flower and his colleagues engineered a complex pattern of interference that takes input laser light and circulates it around the edge of the chip while the material of the chip itself splits it up into many frequencies.

In the experiment, the researchers took snapshots of the light from above the chip and showed that it was, in fact, circulating around the edge. They also siphoned out some of the light to perform a high-resolution analysis of its frequencies, demonstrating that the circulating light had the structure of a frequency comb twice over. They found one comb with relatively broad teeth, and nestled within each tooth, they found a smaller comb hiding.

Although this nested comb is only a proof of concept at the moment--its teeth aren't quite evenly spaced and they are a bit too noisy to be called pristine--the new device could ultimately lead to smaller and more efficient frequency comb equipment that can be used in atomic clocks, rangefinding detectors, quantum sensors and many other tasks that call for accurate measurements of light.

The well-defined spacing between spikes in an ideal frequency comb makes them excellent tools for these measurements. Just as the evenly spaced lines on a ruler provide a way to measure distance, the evenly spaced spikes of a frequency comb allow the measurement of unknown frequencies of light. Mixing a frequency comb with another light source produces a new signal that can reveal the frequencies present in the second source.


																																			Repetition breeds repetition

At least qualitatively, the repeating pattern of microscopic ring resonators on the new chip begets the pattern of frequency spikes that circulate around its edge.

Individually, the microrings form tiny little cells that allow photons--the quantum particles of light--to hop from ring to ring. The shape and size of the microrings were carefully chosen to create just the right kind of interference between different hopping paths, and taken together, the individual rings form a super-ring. Collectively, all the rings disperse the input light into the many teeth of the comb and guide them along the edge of the grid.

The microrings and the larger super-ring provide the system with two different time and length scales, since it takes light longer to travel around the larger super-ring than any of the smaller microrings. This ultimately leads to the generation of the two nested frequency combs: One is a coarse comb produced by the smaller microrings, with frequency spikes spaced widely apart. Within each of those coarsely spaced spikes lives a finer comb, produced by the super-ring.

The authors say that this nested comb-within-a-comb structure, reminiscent of Russian nesting dolls, could be useful in applications that require precise measurements of two different frequencies that happen to be separated by a wide gap.
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                A schematic of the new experiment. Incoming pulsed laser light (the pump laser) enters a chip that hosts hundreds of microrings. Researchers used an IR camera above the chip to capture images of light circulating around the edge of the chip, and they used a spectrum analyzer to detect a nested frequency comb in the circulating light. Credit: C. Flower
            
        

    



Getting things right

It took more than four years for the experiment to come together, a problem exacerbated by the fact that only one company in the world could make the chips that the team had designed.


																																						
    
     




																																			Early chip samples had microrings that were too thick with bends that were too sharp. Once input light passed through these rings, it would scatter in all kinds of unwanted ways, washing out any hope of generating a frequency comb.

"The first generation of chips didn't work at all because of this," Flower says. Returning to the design, he trimmed down the ring width and rounded out the corners, ultimately landing on a third generation of chips, delivered in mid-2022.

While iterating on the chip design, Flower and his colleagues also discovered that it would be difficult to deliver enough laser power into the chip. In order for their chip to work, the intensity of the input light had to exceed a threshold--otherwise no frequency comb would form.

Normally, the team would have reached for a commercial CW laser, which delivers a continuous beam of light. But those lasers delivered too much heat to the chips, causing them to burn out or swell and become misaligned with the light source. The team needed to concentrate the energy in bursts to deal with these thermal issues, so they pivoted to a pulsed laser that delivers its energy in a fraction of a second.

But that introduced its own problems: Off-the-shelf pulsed lasers had pulses that were too short and contained too many frequencies. They tended to introduce a jumble of unwanted light--both on the edge of the chip and through its middle--instead of the particular edge-constrained light that the chip was designed to disperse into a frequency comb. Due to the long lead time and expense involved in getting new chips, the team needed to make sure they found a laser that balanced peak power delivery with longer duration, tunable pulses.


																																			"I sent out emails to basically every laser company," Flower says. "I searched to find somebody who would make me a custom tunable and long-pulse-duration laser. Most people said [that] they [didn't] make that, and they're too busy to do custom lasers. But one company in France got back to me and said, 'We can do that. Let's talk.'"

His persistence paid off, and after a couple of shipments back and forth from France to install a beefier cooling system for the new laser, the team finally sent the right kind of light into their chip and saw a nested frequency comb come out.

The team says that while their experiment is specific to a chip made from silicon nitride, the design could easily be translated to other photonic materials that could create combs in different frequency bands. They also consider their chip the introduction of a new platform for studying topological photonics, especially in applications where a threshold exists between relatively predictable behavior and more complex effects--like the generation of a frequency comb.


																																																					
																				
																						More information:
												Christopher J. Flower et al, Observation of topological frequency combs, Science (2024). DOI: 10.1126/science.ado0053
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Turning infrared light visible: New device uses 2D material to up-convert infrared light

										

    
        
            [image: Turning infrared light visible]
             
                From left to right: Schematic of the nonlinear optical mirror used for up-conversion imaging. Energy diagram showing the sum frequency generation process used for up-conversion. Representative up-converted images of IISc logo and spokes where the object pattern at 1,550 nm is upconverted to 622 nm wavelength. Credit: Jyothsna KM
            
        

    


The human eye can only see light at certain frequencies (called the visible spectrum), the lowest of which constitutes red light. Infrared light, which we can't see, has an even lower frequency than red light. Researchers at the Indian Institute of Science (IISc) have now fabricated a device to increase or "up-convert" the frequency of short infrared light to the visible range.



										      
         
        
        
        

      

																																	
Up-conversion of light has diverse applications, especially in defense and optical communications. In a first, the IISc team used a 2D material to design what they call a non-linear optical mirror stack to achieve this up-conversion, combined with widefield imaging capability. The stack consists of multilayered gallium selenide fixed to the top of a gold reflective surface, with a silicon dioxide layer sandwiched in between.

Traditional infrared imaging uses exotic low-energy bandgap semiconductors or micro-bolometer arrays, which usually pick up heat or absorption signatures from the object being studied.

Infrared imaging and sensing is useful in diverse areas, from astronomy to chemistry. For example, when infrared light is passed through a gas, sensing how the light changes can help scientists tease out specific properties of the gas. Such sensing is not always possible using visible light.

However, existing infrared sensors are bulky and not very efficient. They are also export-restricted because of their utility in defense. There is, therefore, a critical need to develop indigenous and efficient devices.

The method used by the IISc team involves feeding an input infrared signal along with a pump beam onto the mirror stack. The nonlinear optical properties of the material constituting the stack result in a mixing of the frequencies, leading to an output beam of increased (up-converted) frequency, but with the rest of the properties intact. Using this method, they were able to up-convert infrared light of wavelength around 1550 nm to 622 nm visible light. The output light wave can be detected using traditional silicon-based cameras.



    
        
            [image: Turning infrared light visible]
             
                Lead author Jyothsna KM aligning optical beams for up-conversion experiments. Credit: Harinee Natarajan
            
        

    



"This process is coherent--the properties of the input beam are preserved at the output. This means that if one imprints a particular pattern in the input infrared frequency, it automatically gets transferred to the new output frequency," explains Varun Raghunathan, Associate Professor in the Department of Electrical Communication Engineering (ECE) and corresponding author of the study published in Laser & Photonics Reviews.


																																						
    
     




																																			The advantage of using gallium selenide, he adds, is its high optical nonlinearity, which means that a single photon of infrared light and a single photon of the pump beam could combine to give a single photon of light with up-converted frequency.

The team was able to achieve the up-conversion even with a thin layer of gallium selenide measuring just 45 nm. The small size makes it more cost-effective than traditional devices that use centimeter-sized crystals. Its performance was also found to be comparable to current state-of-the-art up-conversion imaging systems.

Jyothsna K Manattayil, Ph.D. student at ECE and first author, explains that they used a particle swarm optimization algorithm to speed up the calculation of the right thickness of layers needed. Depending on the thickness, the wavelengths that can pass through gallium selenide and get up-converted will vary. This means that the material thickness needs to be tweaked depending on the application.

"In our experiments, we have used infrared light of 1,550 nm and a pump beam of 1,040 nm. But that doesn't mean that it won't work for other wavelengths," she says. "We saw that the performance didn't drop for a wide range of infrared wavelengths, from 1,400 nm to 1,700 nm."

Going forward, the researchers plan to extend their work to up-convert light of longer wavelengths. They are also trying to improve the efficiency of the device by exploring other stack geometries.

"There is a lot of interest worldwide in doing infrared imaging without using infrared sensors. Our work could be a gamechanger for those applications," says Raghunathan.



																																																					
																				
																						More information:
												Jyothsna Konkada Manattayil et al, 2D Material Based Nonlinear Optical Mirror for Widefield Up-Conversion Imaging from Near Infrared to Visible Wavelengths, Laser & Photonics Reviews (2024). DOI: 10.1002/lpor.202400374
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            [image: High-temperature superconductivity: Exploring quadratic electron-phonon coupling]
             
                Conceptual image of the formation of quantum bipolarons. The blue spheres represent the positively charged ions in the lattice of the material and the two red dots are the Cooper pairs. Credit: Pavel A. Volkov.
            
        

    


A new study published in Physical Review Letters (PRL) explores the potential of quadratic electron-phonon coupling to enhance superconductivity through the formation of quantum bipolarons.




										      
         
        
        
        

      

																																	Electron-phonon coupling is the interaction between electrons and vibrations in a lattice called phonons. This interaction is crucial for superconductivity (resistance-free electrical conductance) in certain materials as it facilitates the formation of Cooper pairs.

Cooper pairs are pairs of electrons bound together via attractive interactions. When these Cooper pairs condense into a coherent state, we get superconducting properties.

Electron-phonon coupling can be categorized based on its dependence on phonon displacement, which means how much the lattice vibrates. The most commonly considered case is when electron density linearly couples to lattice displacements, causing a lattice distortion to surround every electron.

The researchers wanted to study if superconductivity can be enhanced for materials exhibiting quadratic coupling, which is when the interaction energy is proportional to the square of the phonon displacement.

Phys.org spoke to the co-authors of the study, Zhaoyu Han, a Ph.D. candidate at Stanford University and Dr. Pavel Volkov, Assistant Professor at the Department of Physics, University of Connecticut.

Speaking of his motivation behind pursuing this research, Han said, "It has been one of my dreams to identify and propose new mechanisms that may help achieve high-temperature superconductivity."

Dr. Volkov said, "The superconductivity of doped strontium titanate was discovered more than 50 years ago, however, its mechanism remains an open question, with conventional mechanisms being unlikely. This is why I started looking into alternative electron-phonon coupling mechanisms."


																																						
    
     




																																			Linear coupling and its challenges for superconductivity

As mentioned earlier, coupling can be categorized as linear or quadratic coupling.

Linear coupling refers to the scenario when the coupling is proportional to the displacement of the phonons. On the other hand, quadratic coupling depends on the square of phonon displacement.

They can be identified by studying the symmetry of the material, experimental observations, and theoretical frameworks. Their implications for superconductivity, however, appear quite different.

Linear coupling, seen in most superconducting materials, is extensively studied because of its prevalence in many materials and has a theoretical framework.

However, conventional superconductors with linear electron-phonon coupling face limitations. These materials have a low critical temperature, which is the temperature below which the material can exhibit superconductivity.

Han explained, "The critical temperatures for these superconductors are usually below 30 Kelvin or -243.15 degrees Celsius. This is partly because the Cooper pair binding energy and the kinetic energy are exponentially suppressed in the weak and strong coupling regimes, respectively."

In weak coupling, the electron-phonon interactions are weak due to the low binding energy. In strong coupling, the interactions are stronger, leading to a higher effective mass of the Cooper pairs, suppressing superconductivity.

However, the suppression hinders any efforts to improve the critical temperatures in such materials by just increasing the coupling strength, encouraging the researchers to explore materials with quadratic electron-phonon coupling, which are not as well understood.


																																			Holstein model and quantum bipolarons

The Holstein model is a theoretical framework used to describe the interaction between electrons and phonons. It has previously been used to study the generic physics of linear electron-phonon coupling.

The researchers extended the Holstein model to incorporate quadratic electron-phonon coupling in their study.

The Holstein model helps calculate quantities such as the binding energy of Cooper pairs and the critical temperature of superconductors.

In conventional materials, the binding of electrons mediated by phonons leads to the formation of Cooper pairs.

The interaction is linear, meaning that the strength of the coupling increases with the amplitude of lattice vibrations. This interaction can be understood using classical physics principles and is well-supported by experimental observations like isotope effects.

In the case of quadratic coupling, this is totally different. By extending the Holstein model to incorporate the second-order dependence of the coupling on phonon displacement, the researchers account for quantum fluctuations (random motion) of phonons and zero-point energy (the energy of phonons at 0 Kelvin).

The electrons interact with the quantum fluctuations of phonons, forming "quantum bipolarons." Unlike linear coupling, the origin of the attractive interactions is purely quantum mechanical.


																																						
    
     




																																			Superconductivity in weak and strong coupling limit

The researchers found that when the electron-phonon interaction is weak, the mechanism by which electrons pair up to form Cooper pairs is not effective, similar to the linear case. This leads to a low critical temperature which can be affected by the mass of the ions (isotope effect), but in a different way than in the linear case.

In other words, the material's (low) critical temperature can change significantly with different atomic masses.

In contrast, when the electron-phonon interactions are strong, we get the formation of quantum bipolarons, which can become superconducting at a temperature set by their effective mass and density.

Below the critical temperature, the condensate of quantum bipolarons can move freely without disturbing the crystal. More mobility leads to a superconducting state, which is more stable and has a higher critical temperature. Unlike the linear mechanism, the quantum bipolaron mass is only mildly enhanced with coupling, allowing for higher critical temperatures.

"Our work demonstrates that this mechanism allows for higher transition temperatures, at least for strong coupling. What's also good is that this mechanism does not require any special preconditions to be operative, and there are quite realistic conditions where it will be dominant," explained Dr. Volkov.

Han predicted, "Based on fundamental physical constants relevant for solid materials, an optimistic estimation of the critical temperature achievable by this mechanism can be of the order of 100 Kelvin."


																																			Future work

"The potential implication, first and foremost, would be an enhancement of superconducting transition temperature. Superconductivity also sensitively depends on the properties of electrons; so, to achieve strong coupling we propose using specifically engineered superlattices for electrons," explained Dr. Volkov.

The researchers mention that theoretically, the next step would be to find the optimal regime of coupling strength for superconductivity. The researchers also hope that experimentalists will explore superlattice materials with large quadratic electron-phonon couplings.

"Experimentally, creating superlattices via patterning or using interfaces between twisted materials could be a promising path to realize the type of superconductivity we predicted," said Dr. Volkov.

Han also pointed out, "It is crucial to identify materials with large quadratic electron phonon couplings from ab initio calculations, since this has not been systematically explored."


																																																					
																				
																						More information:
												Zhaoyu Han et al, Quantum Bipolaron Superconductivity from Quadratic Electron-Phonon Coupling, Physical Review Letters (2024). DOI: 10.1103/PhysRevLett.132.226001. On arXiv: DOI: 10.48550/arxiv.2312.03844
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Simons Observatory begins measurements to probe Big Bang inflation

										

    
        
            [image: Simons Observatory begins measurements to probe Big Bang inflation]
             
                Doctoral candidates Zachary Huber, left, and Ben Keller install detector array components for the Simons Observatory in one of the dilution refrigerators in Michael Niemack's laboratory. Credit: Michael Niemack
            
        

    


Almost 14 billion years ago, the universe was born in a blur of mystery. The new Simons Observatory in Chile's Atacama Desert may soon answer the great scientific question of what happened in that tiny fraction of a second after the Big Bang.



										      
         
        
        
        

      

																																	The Simons Observatory consists of a large aperture telescope and three smaller telescopes with about half a meter apertures--"very human-sized," said Michael Niemack, professor of physics and astronomy in the College of Arts and Sciences, who leads the Cornell team in the multi-institution collaboration. Two of the small aperture telescopes have completed their initial testing and the first scientific observations have begun, marking a major milestone in the decade-long project.

The large aperture telescope, when it comes online, will provide the best measurements of the Hubble constant and help explain why and how the universe is currently expanding, while the three small aperture telescopes will shed light on the initial inflation of the universe.

The large aperture telescope, said Niemack, is similar to the Fred Young Submillimeter Telescope (FYST) that he also works on, which Cornell and its partners are building in Chile, except that the Simons Observatory telescope is designed to work at longer wavelengths than FYST.

"The Simons Observatory telescopes can measure signals from the possible exponential expansion that we believe occurred a fraction of a second after the Big Bang," said Niemack. Those signals are fluctuations in the polarization of the cosmic microwave background (CMB) caused by gravitational waves generated in the instant after the Big Bang.

"These telescopes use some of the most advanced cosmic microwave background detector arrays ever built," he said.



    
        
            [image: Simons Observatory begins measurements to probe Big Bang inflation]
             
                Doctoral candidate Ben Keller and Princeton collaborator Suzanne Staggs install a detector array into one of the Simons Oservatory small aperture telescopes last October. Credit: Yuhan Wang
            
        

    



The beginning of scientific observations has been an exciting moment for Niemack's team, which currently includes four undergraduate students, seven graduate students, three postdocs and a local high school volunteer. The team has spent years working on the detector array designs, as well as implementing and testing each of the subsystems of the telescope as part of the collaboration led by principal investigator Brian Keating of the University of California, San Diego.


																																						
    
     




																																			"We have discoveries that we hope to make with these telescopes, but we don't know for sure what we will learn about the universe and its earliest galaxies and galaxy clusters as these new telescopes come online," said doctoral student Zachary Huber. "I'm excited to see these discoveries, whether they end up being the ones we expected or not."

There are seven detector arrays in each of the small aperture telescopes, arranged in a hexagonal shape with one in the middle surrounded by the other six. Each of these arrays has almost 2,000 detectors inside it.

"The detectors have to be cooled to very low temperatures--minus 273 degrees C, or about a 10th of a degree above absolute zero, to make them extremely sensitive to the tiny changes in intensity of the light from the early universe that we measure with our telescopes," Niemack said.

The detector array is very complex, Niemack said. Optical components actually gather the light; little antennas measure each of the two different linear polarizations of the light behind each of the optical components. Nano-fabricated structures transmit the light through circuits in the detector array and then convert that light into heat that can be measured using superconducting transition edge sensor devices that operate at the superconducting transition point, which enable them to be used as exquisitely sensitive thermometers.


																																			Doctoral student Ben Keller, in addition to his work testing parts of the detector arrays for the telescope and characterizing the performance of the detectors, also got a particularly nerve-wracking job: he was one of the group who had to hand-carry the detector arrays from the U.S. to Chile.

"Since each array costs hundreds of thousands of dollars and is extremely fragile, carrying them through four airports was very daunting," Keller said. "Of course, for the installation of them on the telescope we had to be even more careful."

The Simons Observatory is located 17,000 feet up Cerro Toco in the Andes mountain range, which makes the work challenging and requires the use of oxygen supplementation.

"Working at that elevation was very exhausting," Keller said. "The air is thin and the sun is really intense. On my first day there I got sunburned through two layers of clothing."

Huber was in Chile last year with two of their Yale University collaborators installing several computers, networking devices, a massive storage drive and other computing infrastructure that will process and store data coming in from the telescopes.

"Part of the motivation for joining this particular trip was that we will eventually need to procure and install very similar equipment for FYST," said Huber, who has been working on doing that in the past year.

Even once all four Simons Observatory telescopes are actively doing science, the research and development for Niemack and his team on the instruments doesn't end. The Simons Observatory has already begun to build more detectors and more optics for the large aperture telescope, as well as solar panels to provide power to the observatory.
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            [image: Why Scientists Are Intrigued by Air in NASA's Mars Sample Tubes]
             
                This image shows the rock core from "Berea" inside inside the drill of NASA's Perseverance Mars rover. Each core the rover takes is about the size of a piece of classroom chalk: 0.5 inches (13 millimeters) in diameter and 2.4 inches (60 millimeters) long. Credit: NASA/JPL-Caltech/ASU/MSSS
            
        

    


Atmospheric scientists get a little more excited with every rock core NASA's Perseverance Mars rover seals in its titanium sample tubes, which are being gathered for eventual delivery to Earth as part of the Mars Sample Return campaign. Twenty-four have been taken so far.



										      
         
        
        
        

      

																																	Most of those samples consist of rock cores or regolith (broken rock and dust) that might reveal important information about the history of the planet and whether microbial life was present billions of years ago. But some scientists are just as thrilled at the prospect of studying the "headspace," or air in the extra room around the rocky material, in the tubes.

They want to learn more about the Martian atmosphere, which is composed mostly of carbon dioxide but could also include trace amounts of other gases that may have been around since the planet's formation.

"The air samples from Mars would tell us not just about the current climate and atmosphere, but how it's changed over time," said Brandi Carrier, a planetary scientist at NASA's Jet Propulsion Laboratory in Southern California. "It will help us understand how climates different from our own evolve."

The value of headspace

Among the samples that could be brought to Earth is one tube filled solely with gas deposited on the Martian surface as part of a sample depot. But far more of the gas in the rover's collection is within the headspace of rock samples. These are unique because the gas will be interacting with rocky material inside the tubes for years before the samples can be opened and analyzed in laboratories on Earth.


																																						
    
     




																																			What scientists glean from them will lend insight into how much water vapor hovers near the Martian surface, one factor that determines why ice forms where it does on the planet and how Mars' water cycle has evolved over time.

Scientists also want a better understanding of trace gases in the air at Mars. Most scientifically tantalizing would be the detection of noble gases (such as neon, argon, and xenon), which are so nonreactive that they may have been around, unchanged in the atmosphere, since forming billions of years ago.

If captured, those gases could reveal whether Mars started with an atmosphere. (Ancient Mars had a much thicker atmosphere than it does today, but scientists aren't sure whether it was always there or whether it developed later). There are also big questions about how the planet's ancient atmosphere compared with early Earth's.

The headspace would additionally provide a chance to assess the size and toxicity of dust particles--information that will help future astronauts on Mars.

"The gas samples have a lot to offer Mars scientists," said Justin Simon, a geochemist at NASA's Johnson Space Center in Houston, who is part of a group of over a dozen international experts that helps decide which samples the rover should collect. "Even scientists who don't study Mars would be interested because it will shed light on how planets form and evolve."



    
        
            [image: Why Scientists Are Intrigued by Air in NASA's Mars Sample Tubes]
             
                A sealed tube containing a sample of the Martian surface collected by NASA's Perseverance Mars rover is seen here, after being deposited with other tubes in a "sample depot." Other filled sample tubes are stored within the rover. Credit: NASA/JPL-Caltech
            
        

    



Apollo's air samples

In 2021, a group of planetary researchers, including scientists from NASA, studied the air brought back from the moon in a steel container by Apollo 17 astronauts some 50 years earlier.

"People think of the moon as airless, but it has a very tenuous atmosphere that interacts with the lunar surface rocks over time," said Simon, who studies a variety of planetary samples at Johnson. "That includes noble gases leaking out of the moon's interior and collecting at the lunar surface."


																																			The way Simon's team extracted the gas for study is similar to what could be done with Perseverance's air samples. First, they put the previously unopened container into an airtight enclosure. Then they pierced the steel with a needle to extract the gas into a cold trap--essentially a U-shaped pipe that extends into a liquid, like nitrogen, with a low freezing point. By changing the temperature of the liquid, scientists captured some of the gases with lower freezing points at the bottom of the cold trap.

"There's maybe 25 labs in the world that manipulate gas in this way," Simon said. Besides being used to study the origin of planetary materials, this approach can be applied to gases from hot springs and those emitted from the walls of active volcanoes, he added.

Of course, those sources provide much more gas than Perseverance has in its sample tubes. But if a single tube doesn't carry enough gas for a particular experiment, Mars scientists could combine gases from multiple tubes to get a larger aggregate sample--one more way the headspace offers a bonus opportunity for science.
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        UK's rarest rainforest beetles go on multi-day 'adventures'
        A new study delving into the lives of one of the UK's rarest beetles shows them to be athletes and adventurers--sometimes traveling the scaled-up equivalent of several kilometers a night in search of food and mates.

      

      
        How calcium reduces macrocracking in sweet cherries
        Researchers at the University of Hannover have uncovered new insights into the mode of action of calcium in the reduction of macrocracking in sweet cherry fruit. The findings shed light on the mechanisms underlying this phenomenon, offering significant implications for cherry growers and the fruit industry at large.

      

      
        Scientists discover surprising link between ancient biology and restricted human hair growth
        University of Manchester scientists have linked one of the ways that cells respond to stressful conditions with restricted healthy hair growth.

      

      
        Scotland's capercaillie population offered extinction lifeline
        Researchers might have solved the riddle of how to save one of Scotland's most iconic protected species from eating another.

      

      
        Greening the food supply chain: Developing sustainable food systems through interdisciplinary collaboration
        Sustainability is a hot topic in just about every field that engages with the environment, including agriculture. An interdisciplinary group of researchers in UConn's College of Agriculture, Health and Natural Resources has published a paper outlining the current state of sustainable food production research in the Journal of Agriculture and Food Research.

      

      
        Insecticides contribute to drop in butterfly species across US MidWest: Study
        Insecticide use is a major factor causing a decrease in the size and diversity of butterfly populations across the US Midwest, reports Braeden Van Deynze of the Washington Department of Fish and Wildlife and colleagues in a study published June 20 in the open-access journal PLOS ONE.

      

      
        Wild chimpanzees seek out medicinal plants to treat illness and injuries, study finds
        Chimpanzees appear to consume plants with medicinal properties to treat their ailments, according to a study published on June 20 in the open-access journal PLOS ONE by Elodie Freymann from the University of Oxford, UK, and colleagues.

      

      
        Wild yeasts from Patagonia could yield new flavors of lagers: Genetic mutations enhance alcohol production
        New strains of yeast for brewing lager beers, created by hybridizing wild strains of yeast from Patagonia with brewer's yeast, can yield novel flavors and aromas, reports a new study by Jennifer Molinet and Francisco Cubillos of the Universidad de Santiago de Chile, published June 20 in the journal PLOS Genetics.

      

      
        Hurricane changed 'rules of the game' in monkey society
        A devastating hurricane transformed a monkey society by changing the pros and cons of interacting with others, new research shows.

      

      
        Citizen scientists gather eDNA in water samples for global biodiversity census
        Kara Andres, a postdoctoral fellow with the Living Earth Collaborative at Washington University in St. Louis, collected samples of water from Simpson Lake, in Valley Park, Mo., as part of a coordinated global effort to use environmental DNA--genetic material shed by organisms into the environment--to document the current state of biodiversity.

      

      
        Climate change accelerates emergence of insects, study shows
        Researchers at La Trobe University's Center for Freshwater Ecosystems have exposed the hidden consequences of climate change on Alpine stream ecosystems, which could see an earlier emergence of insects.

      

      
        Rare bone marrow cells revealed in new comprehensive atlas
        While research has uncovered many details about how blood cells function within bone marrow, the work of other cells existing in that space has remained a relative mystery. Now, researchers from the Perelman School of Medicine at the University of Pennsylvania and Children's Hospital of Philadelphia (CHOP) have published a "bone marrow atlas" in Cell that provides a first-of-its-kind, full view of all the cells existing within it, offering a better understanding of both healthy and diseased blood...

      

      
        Researchers reveal effects of climate change on above- and belowground biomass distribution on Tibetan plateau
        Global warming has significantly altered plant growth patterns on the Tibetan Plateau (TP) over the past three decades. Plants adjust their growth trajectories in response to climate change, prioritizing leaf and stem growth or root extension to better absorb nutrients from the sun, atmosphere, or soil. Therefore, it is important to understand the mechanisms and dynamics of plant growth in permafrost regions of the TP, where significant amounts of carbon dioxide are absorbed, stored, and emitted.

      

      
        New species of Callicarpa discovered in Hunan, China
        Callicarpa L. (Lamiaceae) consists of 140 species that are trees or shrubs, and there are about 53 species in China, mainly distributed south of the Yangtze River. Some plants of Callicarpa are used as traditional medicine in China. In addition, they are also landscape plants with potential for utilization and development due to the abundant flowers and the colorful fruits.

      

      
        Study uncovers genetic key to overcoming water stress in cucumbers
        Waterlogged conditions, a consequence of heavy rainfall or inadequate drainage, disproportionately affect crops with delicate root systems like cucumbers. These conditions not only impede root respiration and plant development but also threaten agricultural productivity on a global scale.

      

      
        Advanced algae sensor tested in Toledo proves valuable tool in protecting drinking water
        Advanced technology tested nearly two years ago in the water treatment system that serves Toledo could prove valuable in efforts to protect the water that pours out of taps well beyond northwest Ohio, according to research published by The University of Toledo.

      

      
        Transcriptomic insights into Chinese cabbage's unique morphology
        Understanding the genetic mechanisms behind leaf development is crucial for improving crop yields and resilience. In Chinese cabbage, the formation of leafy heads involves complex gene interactions that determine leaf shape and orientation. Despite progress in model plants like Arabidopsis, the molecular basis of these processes in Brassica species remains less clear.

      

      
        Researchers discover Raja Ampat's reef manta rays prefer staying close to home--which could help save more of them
        The reef manta ray (Mobula alfredi) is a tough swimmer. They can travel hundreds of kilometers to feed themselves. The longest recorded movement for an individual reef manta ray was 1,150km, observed in eastern Australia.

      

      
        Researchers uncover enzyme communication mechanism that could aid drug development
        A mechanism that could help scientists harness enzymes for use in drug discovery has been discovered in a research breakthrough at the University of Birmingham.

      

      
        Nigeria's mountain streams are a haven for special creatures--they need protection
        Nigeria has many freshwater ecotourism attractions. Among them are the Ikogosi warm spring, the Osun-Osogbo river, and the Olumirin, Owu, Arinta and Ekor waterfalls.

      

      
        What actually makes avocados bad for the environment?
        The soaring demand for avocados in Europe and North America has led to a trebling of global production in just over 20 years. However, this popular fruit is increasingly controversial because of the environmental impacts of farming and distributing them around the world.

      

      
        Climate change is helping the H5N1 bird flu virus spread and evolve
        The spread of the highly pathogenic avian influenza virus H5N1 among animals is unprecedented having been found on all continents--except Oceania--with the United Nations calling it "a global zoonotic animal pandemic."
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UK's rarest rainforest beetles go on multi-day 'adventures'
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                A blue ground beetle. Credit: Dr Nick Royle
            
        

    


A new study delving into the lives of one of the UK's rarest beetles shows them to be athletes and adventurers--sometimes traveling the scaled-up equivalent of several kilometers a night in search of food and mates.



										    
																																	Confined mostly to temperate rainforests fragments in southwest England, the blue ground beetle is an elusive animal about which little is known. However, working alongside the Woodland Trust and others, scientists investigated how and where they thrive.

This could provide an invaluable insight on how the Trust and others could protect and restore these rare habitats, which are typically small and patchily distributed in the UK.

Dr. Nick Royle of the University of Exeter, who led the study with Ph.D. researcher Brogan Pett, said, "Blue ground beetles are one of the largest and rarest species of ground beetle in the UK with a very restricted distribution, mostly on Dartmoor. However, we know relatively little about its biology, particularly how it uses the habitat it is found in, and what characteristics are essential for it to thrive. Such knowledge is essential to be able to develop successful conservation practices to boost populations, which are currently highly fragmented."
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                The beetles mostly live in temperate rainforests in south-west England. Credit: Dr Nick Royle
            
        

    



Scientists from the University of Exeter are working on a Natural Environment Research Council Ph.D. research project to track how these beetles move about their forested habitats in Dartmoor National Park, using a unique kind of tracker--a "beetle backpack."

The team placed radio trackers on 36 of the insects to record their daily movements. They found that some beetles were faster and more adventurous than others.

Researcher Brogan Pett said, "Individuals varied considerably in how active they were and how much they moved around the forest. One male whose tag number was R9 turned out to be a real athlete, traveling over 25m within the forest each night, which is the scaled-up equivalent of several kilometers.


																																						
    
     




																																			"The beetles are only active for a few months a year during warm, humid evenings in late spring and early summer to feast on slugs and other prey and to search for mates, so they have a limited time to get things done. Our radio-tracking revealed that they also prefer to stay away from the outside border of their woodland habitat, with individuals resting up during the day in mossy logs of decaying deadwood or in cracks in trees in shady parts of the forest."

One characteristic shared by all the beetles was a preference for old growth temperate rainforest, with plenty of decaying deadwood and an abundance of available prey.

Sam Manning, Woodland Trust site manager, said, "The data from the project will help inform vital decisions about how we manage our precious rainforests. Blue ground beetles are an important indicator of a healthy rainforest here in the southwest, so we can see exactly what is it they need to thrive and repopulate.

"The research has already shown that blue ground beetles prefer occupying areas with old growth temperate rainforest characteristics, with high availability of decayed dead wood on the ground and forest canopy cover. It will help us to create a resilient landscape and establish what scale of woodland habitat restoration and new connections are needed to help build that resilience."

Otherwise known as Atlantic woodland, temperate rainforest is found in areas subject to the influence of the sea. These places have high rainfall and humidity and a low annual variation in temperature. In the UK, they lie to the west coast of the country but are very rare.

This unique habitat of ancient oak, birch, ash, pine and hazel woodland is made even more diverse by open glades, boulders, crags, ravines and river gorges.

The Woodland Trust is working with various partners in the south-west, Scotland and Wales to form multi-partner alliances to help protect these environments for the future. Full analysis of the findings are due out in the autumn.
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How calcium reduces macrocracking in sweet cherries
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Researchers at the University of Hannover have uncovered new insights into the mode of action of calcium in the reduction of macrocracking in sweet cherry fruit. The findings shed light on the mechanisms underlying this phenomenon, offering significant implications for cherry growers and the fruit industry at large.



										      
         
        
        
        

      

																					
The work is published in the journal J. Amer. Soc. Hort. Sci..

Macrocracking, a prevalent issue in sweet cherry production, has long plagued growers worldwide, leading to substantial economic losses. Despite numerous studies highlighting the benefits of calcium (CA) application in mitigating this problem, the exact mechanisms by which calcium exerts its protective effects have remained elusive until now.

This new study utilized advanced imaging techniques and biochemical analyses to delve deep into the cellular processes at play during cherry fruit development. Through a series of experiments, the team elucidated the crucial role of calcium in strengthening cell walls and enhancing structural integrity, thus reducing susceptibility to macrocracking. It appears that calcium acts as a key regulator of cell wall metabolism in sweet cherry fruit.

By promoting cross-linking of cell wall components and modulating enzyme activity, calcium confers greater resistance to mechanical stress, thereby minimizing the incidence of macrocracks. When CA comes into contact with the cell wall through a microscopic crack in the cuticle, the extension of this microscopic crack into a macrocrack is inhibited even at low CA concentrations. At the CA concentrations typically used, there is no effect of CA on water uptake or on cuticle deposition.

By understanding the intricacies of calcium's mode of action, growers can tailor their cultivation practices to enhance fruit quality and reduce post-harvest losses effectively.

Moritz Knoche is a Professor for fruit science at the Institute for Horticultural Production Systems at Leibniz University Hanover, Germany. The research of his team focuses on fruit surface disorders such as cracking, russeting, water soaking and skin spots in temperate and tropical fruit crops.

He and his team recently identified the mechanism of sweet cherry fruit cracking. The so-called "Zipper model" provides a coherent explanation for cracking of sweet cherry fruit that is consistent with all experimental findings to date. The research on the mode of action of CA in modifying cracking investigates the effect of CA on the individual steps involved in the Zipper.



																														
																				
																						More information:
												Andreas Winkler et al, Mode of Action of Calcium in Reducing Macrocracking of Sweet Cherry Fruit, J. Amer. Soc. Hort. Sci. (2024). DOI: 10.21273/JASHS05354-23
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Scientists discover surprising link between ancient biology and restricted human hair growth

										

    
        
            [image: Surprising link between ancient biology and restricted human hair growth found]
             
                MPC1 is expressed in the human hair follicle and MPC inhibition stalls cell cycle progression and disrupts the expression of hair follicle signaling pathway genes. A) MPC1 and PDK immunoreactivity in the human hair follicle. CTS-connective tissue sheath. DP-dermal papilla; DSC-dermal sheath cup; GL-germinative layer; HS-hair shaft; IRS-inner root sheath; L-ORS-lower outer root sheath; SG-sebaceous gland. Regional analysis (zones of analysis indicated by red dashed lines) performed on 7 anagen hair follicles from 3 donors. Mann Whitney test, p value *** 0.0006. Scale bar 50 mm. B) Fluorescent EdU labeling on human hair follicle tissue sections shows how UK-5099 treatment blocks DNA replication in the hair follicle both within the bulge epithelium and hair matrix (HM). DP--dermal papilla. Scale bar 50 mm. C) Quantitative analysis of EdU and Ki-67 in the bulge and hair matrix following UK-5099 treatment. Ordinary One-way Anova with Multiple Comparisons. EdU analyses: Adjusted p-values *** 0.0002, **** <0.0001. Ki-67 analyses: Adjusted p-values ** 0.0018; *** 0.0006; **** <0.0001. N = 2-3 donors (6-10 independent anagen hair follicles per condition). Plotted line is the mean. D) Dot plot of the top 10 enriched IPA pathways following 40 mM UK-5099 treatment. Analysis conducted on 1206 genes with 2-fold change and padj <0.05. See also S3 Fig in S1 File. E) Volcano plot annotated with differentially expressed genes involved with FGF, IGF, TGFb and Wnt signaling with an adjusted p value < 0.05 following treatment of human hair follicles with 40 mM UK-5099. Credit: PLOS ONE (2024). DOI: 10.1371/journal.pone.0303742
            
        

    


University of Manchester scientists have linked one of the ways that cells respond to stressful conditions with restricted healthy hair growth.



										      
         
        
        
        

      

																																	
The Manchester Hair Research Group team unexpectedly discovered the link in a lab experiment where they were testing a drug to see if it would cultivate human scalp hair follicles in a dish. The study inadvertently led to a link to the cellular stress response--an ancient biological mechanism that occurs across life from yeast and roundworms through to humans.

The study is published in PLOS ONE.

The team hopes that their work in targeting the pathway might one day lead to treatments for hair loss.

Known in full as the Integrated Stress Response (ISR), it is triggered in stressful cellular conditions such as poor nutrient availability, viral infection, or when there is a buildup of misshapen proteins in cells. The ISR allows cells to put a brake on regular activities by making fewer new proteins, entering a partial stasis to adapt and deal with the stress. However, if it doesn't work, it can cause cells to die.

ISR is already the subject of great interest to scientists studying cancer, neurodegenerative disorders and aging.

Dr. Talveen Purba, Research Fellow at The University of Manchester and senior author of the study, said, "We were testing a drug that targets metabolism in human hair follicles to influence how cells generate energy, which--based on the work of others--we expected to stimulate stem cells. However, we found the opposite was true: Hair growth was instead blocked, as cells, including stem cells, quickly stopped dividing."


																																						
    
     




																																			They also found signs that mitochondria were dysfunctional, and there were disruptions in how cells communicate with each other. Using a combination of experimental approaches to look more closely, the team found signs that ISR activation was to blame.

Derek Pye, chief technician of the research group and co-author of the study, said, "When we look at hair follicles under the microscope, it's striking how consistent the response is between hair follicles from different people."

Following on from this early-stage research, the team is now looking to better understand the broader implications of the ISR in hair follicles, and examine its activity in people with hair loss conditions.

Dr. Purba added, "We're incredibly hopeful as we believe the activation of this pathway could play an important biological role in restricting hair growth in people with hair loss conditions, meaning that targeting it could lead to new treatments."



																																																					
																				
																						More information:
												Derek Pye et al, Activation of the integrated stress response in human hair follicles, PLOS ONE (2024). DOI: 10.1371/journal.pone.0303742
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Scotland's capercaillie population offered extinction lifeline
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                Illustration of experimental design. Credit: Journal of Applied Ecology (2024). DOI: 10.1111/1365-2664.14693
            
        

    


Researchers might have solved the riddle of how to save one of Scotland's most iconic protected species from eating another.



										      
         
        
        
        

      

																																	
The capercaillie is a ground-nesting bird that, with just over 500 left in the wild, is in danger of extinction in the UK. One contributor to its decline is the eating of eggs and chicks by predators including another protected species, the pine marten.

Now a trial in the Cairngorms which involved placing artificial nests filled with chicken's eggs and leaving deer meat in strategic locations to feed hungry predators and discourage them from further foraging during the breeding season, has seen an increase of 83% in nest survival.

The research, newly published in the Journal of Applied Ecology, shows this sort of diversionary feeding could be a significant contributor to saving the capercaillie from extinction. As a result of the study, it is already being rolled out by Forestry and Land Scotland (FLS), the RSPB Scotland and other partners in Deeside.

Ph.D. researcher Jack Bamber from the University of Aberdeen's School of Biological Sciences led the study, supervised by ecologists from the universities of Aberdeen and St Andrews, alongside FLS.

Part of the Cairngorms Connect Predator Project, the research was conducted across 60sqkm of land managed by the Cairngorms Connect Partnership.


																																						
    
     




																																			"A major obstacle in effective conservation management is the conflict between recovering predators eating endangered prey. This challenge is becoming commonplace in the era of ecosystem restoration. In Scotland the much-celebrated recovery of the pine marten, a nest predator, and the conservation of one of its potential prey, the capercaillie, epitomizes this issue," said Jack.

"Some often advocate for lethal predator control, which isn't desirable for protected species, so alternative conservation interventions are needed. Diversionary feeding, a non-lethal intervention strategy, is a potential solution to this conflict but direct evidence that it leads to significant reductions in nest depredation pressure was lacking.

"Our idea was to fill the bellies of pine martens and other predators, like badgers, in capercaillie strongholds, predicting that once full of free food they would no longer search for eggs."

Working in partnership with land managers in the Cairngorms National Park, the team placed 720 artificial nests filled with chicken eggs in historic capercaillie habitat. Half of them had diversionary feeding stations with deer carrion set up nearby and the survival of the nests were monitored over an eight week period.

"It is the first time this method has been trialed directly to alleviate ground nest predation and the results showed that diversionary feeding, deployed specifically during the breeding season, increased the chance of a nest surviving by 83% compared to the nests without carrion available," added Jack.


																																			"This suggests that reducing nest predation pressure through diversionary feeding could contribute to more successful capercaillie breeding.

"Importantly, diversionary feeding of pine martens and badgers at key times of the year can achieve positive conservation outcomes without lethal control of protected predators. Our study provides a timely solution for a conservation emergency, with implications for any place capercaillie call home."

Kenny Kortland, wildlife ecologist with FLS and lead of the Cairngorms Connect Predator Project, said, "Predators are an important part of Scotland's biodiversity but they can have a negative impact on rare species in certain circumstances. This exemplary research has provided strong evidence that we can reduce the impacts of predators without resorting to killing them. FLS and other managers are now rolling out this diversionary feeding to help capercaillie."

Richard Mason, site manager at RSPB Scotland Abernethy, said "Capercaillie are struggling in Scotland and we need innovative solutions to be developed and implemented quickly for their populations to recover. Through dedication and collaboration, this project has been conceived, delivered, tested and rolled out on a landscape scale in less than four years.

"We are delighted that RSPB Scotland Abernethy Forest was included in the trial area. The number of capercaillie here has been increasing in recent years and diversionary feeding has likely contributed to this increase. We hope that, alongside habitat restoration and other work, diversionary feeding helps to secure a future for Capercaillie in Scotland."



																																																					
																				
																						More information:
												Jack A. Bamber et al, Evaluating diversionary feeding as a method to resolve conservation conflicts in a recovering ecosystem, Journal of Applied Ecology (2024). DOI: 10.1111/1365-2664.14693
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Greening the food supply chain: Developing sustainable food systems through interdisciplinary collaboration
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Sustainability is a hot topic in just about every field that engages with the environment, including agriculture. An interdisciplinary group of researchers in UConn's College of Agriculture, Health and Natural Resources has published a paper outlining the current state of sustainable food production research in the Journal of Agriculture and Food Research.




										      
         
        
        
        

      

																																	The group includes Yangchao Luo, associate professor of nutritional sciences; Zhenlei Xiao, associate professor-in-residence of nutritional sciences; and Abhinav Upadhyay, assistant professor of animal science. Bai Qu, Luo's Ph.D. student, is the lead author on the paper.

Sustainable food production focuses on creating food systems that are environmentally sound, economically viable, and socially equitable.

"It focuses on the entire food supply chain, from farm to table, ensuring that each step is sustainable, minimizes waste, and reduces the carbon footprint," Luo says.

The paper outlines the key features of sustainable food production including environmental stewardship, economic vitality, innovation and adaptation, and social responsibility.

The paper also reviews green technologies like urban agriculture, food nanotechnology, and plant-based foods, all of which play a role in reducing the negative impacts of food production.

"This is not a new concept, but I think with the development of emergent technology, a lot of things are going on now, it is very important to revisit this concept," Luo says.


																																						
    
     




																																			This publication provides a holistic and interdisciplinary perspective on the topic.

"Sustainable food production is a very collaborative topic," Luo says. "You cannot do everything on your own."

Sustainable food production encompasses the concept of a circular economy in which the waste from one process or product can be reused elsewhere.

"People have not cared about the waste generated, the impact to the environment, whether it's sustainable or not," Luo says. "People are pretty much profit driven. Now we have to change the whole concept or else the entire agricultural industry cannot be sustainable."

This paper reflects the College and UConn's broader commitment to sustainability, Luo explains.

"There's many things in the College and at the University, campus-wide, that flow into this area that really inspire me to dive deeper into this topic," Luo says.

Luo, co-chair for CAHNR's committee for sustainable agriculture and food production, is currently working with a group of students to develop an organic poultry feed additive made from microalgae.

"You cannot think about sustainable agriculture from a single discipline," Luo says. "It has to be highly collective and collaborative from all three areas--society, environment, and community health. You have to connect all three angles together."


																																																					
																				
																						More information:
												Bai Qu et al, Perspectives on sustainable food production system: Characteristics and green technologies, Journal of Agriculture and Food Research (2024). DOI: 10.1016/j.jafr.2024.100988
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Insecticides contribute to drop in butterfly species across US MidWest: Study

										

    
        
            [image: Insecticides contributed to loss of butterflies across American MidWest]
             
                Evolution of pest control technology in North American corn and soybean production. Hypothesized impact refers to hypothesized impact on butterfly metrics. Credit: Van Deynze et al., 2024, PLOS ONE, CC-BY 4.0 (creativecommons.org/licenses/by/4.0/)
            
        

    


Insecticide use is a major factor causing a decrease in the size and diversity of butterfly populations across the US Midwest, reports Braeden Van Deynze of the Washington Department of Fish and Wildlife and colleagues in a study published June 20 in the open-access journal PLOS ONE.



										      
         
        
        
        

      

																					Like many insects, butterfly populations worldwide are in decline. Experts have pointed to habitat loss, climate change and pesticides as likely factors contributing to the problem, but the primary drivers of this troubling trend remain murky. In the new study, researchers analyzed 17 years of data on land use, climate, pesticide application, and butterfly populations across 81 counties in five states in the Midwest. They identified the biggest factors impacting butterfly populations.

The researchers found that insecticide use was most strongly linked not only to declines in the size of butterfly populations, but also to the number of species living in each region, causing an 8% drop in diversity. Specifically, crop seeds treated with neonicotinoid insecticides appeared to have the largest impact. This pesticide was also the most important factor explaining the decline in populations of the popular and well-studied monarch butterfly in the Midwest.

The study shows that the shift from reactive insecticides, which are applied after an infestation begins, to a prophylactic insecticide applied to crop seeds has had a negative effect on butterfly diversity and population sizes in the Midwest. The researchers call for publicly available, reliable, comprehensive and consistently reported pesticide use data, particularly for neonicotinoid seed treatments. They say this data is needed to fully understand the causes of butterfly decline.

The authors add, "We have taken a large step toward pinpointing the cause of decades of butterfly declines. Of the three causes typically invoked, insecticides rise above climate and land use changes as the most negative factors."
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                Prairie set at Kellogg Biological Station in Hickory Corners, Michigan. Note Monarch in the center part of the image. Credit: Kurt Stepnitz, CC-BY 4.0 (creativecommons.org/licenses/by/4.0/)
            
        

    






																														
																				
																						More information:
												Insecticides, more than herbicides, land use, and climate, are associated with declines in butterfly species richness and abundance in the American Midwest, PLoS ONE (2024). DOI: 10.1371/journal.pone.0304319
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Wild chimpanzees seek out medicinal plants to treat illness and injuries, study finds
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                A Budongo chimpanzee feeding on the fruit of F. exasperate. Credit: Elodie Freymann, CC-BY 4.0 (creativecommons.org/licenses/by/4.0/)
            
        

    


Chimpanzees appear to consume plants with medicinal properties to treat their ailments, according to a study published on June 20 in the open-access journal PLOS ONE by Elodie Freymann from the University of Oxford, UK, and colleagues.



										      
         
        
        
        

      

																																	Many plants produce compounds that have medicinal effects on humans and other animals. Wild chimpanzees eat a variety of plant matter, including some that is nutritionally poor but may treat or lessen the symptoms of illness. However, it is hard to determine whether chimpanzees self-medicate, by intentionally seeking out plants with properties that help their specific ailments, or passively consume plants that happen to be medicinal.

The authors of the present study combined behavioral observations of wild chimpanzees (Pan troglodytes) with pharmacological testing of the potentially medicinal plants they eat. They monitored the behavior and health of 51 chimpanzees from two habituated communities in the Budongo Central Forest Reserve in Uganda.

Next, they collected plant extracts from 13 species of trees and herbs in the reserve that they suspected the chimpanzees might be using to self-medicate, and tested them for their anti-inflammatory and antibiotic properties.

These included plants that they observed sick or injured chimpanzees eating, but were not part of their normal diet, and plants that previous research has suggested chimpanzees might consume for their medicinal properties.

The researchers found that 88% of the plant extracts inhibited bacterial growth, while 33% had anti-inflammatory properties. Dead wood from a tree in the Dogbane family (Alstonia boonei) showed the strongest antibacterial activity and also had anti-inflammatory properties, suggesting that it could be used to treat wounds.


																																						
    
     




																																			Bark and resin from the East African mahogany tree (Khaya anthotheca) and leaves from a fern (Christella parasitica) exhibited potent anti-inflammatory effects. The researchers observed a male Chimpanzee with an injured hand seek out and eat leaves of the fern, which may have helped to reduce pain and swelling. They also recorded an individual with a parasitic infection consuming bark of the cat-thorn tree (Scutia myrtina).

The results suggest that chimpanzees seek out specific plants for their medicinal effects. The study is one of the first to provide both behavioral and pharmacological evidence of the medicinal benefits to wild chimpanzees of feeding on bark and dead wood.

The medicinal plants growing in Budongo Central Forest Reserve could also be helpful for the development of new drugs to address the challenges of antibiotic resistant bacteria and chronic inflammatory diseases, the authors say.

The authors add, "In this paper, we demonstrate how watching and learning from our primate cousins may fast-track the discovery of novel medicines, while also emphasizing the importance of protecting our forest pharmacies."


																																																					
																				
																						More information:
												Pharmacological and behavioral investigation of putative self-medicative plants in Budongo chimpanzee diets, PLoS ONE (2024). DOI: 10.1371/journal.pone.0305219
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Wild yeasts from Patagonia could yield new flavors of lagers: Genetic mutations enhance alcohol production
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                Yeast from the Patagonia Mountains. Credit: Francisco Cubillos, (CC-BY 4.0, creativecommons.org/licenses/by/4.0/)
            
        

    


New strains of yeast for brewing lager beers, created by hybridizing wild strains of yeast from Patagonia with brewer's yeast, can yield novel flavors and aromas, reports a new study by Jennifer Molinet and Francisco Cubillos of the Universidad de Santiago de Chile, published June 20 in the journal PLOS Genetics.



										      
         
        
        
        

      

																					Lager beers, which are brewed at low temperatures, dominate the global market, accounting for over 90% of commercial beer varieties. However, the flavors and aromas found in lagers are limited by a lack of genetic diversity in the yeast used to brew them. There are only two types of this yeast used worldwide. Both resulted from the hybridization of common brewer's yeast (Saccharomyces cerevisiae) and a wild, cold-tolerant strain (Saccharomyces eubayanus).

In the new study, researchers created new types of lager yeasts in the lab by hybridizing brewer's yeast with natural isolates of wild S. eubayanus from Patagonia at low temperatures. They grew the resulting hybrids in ways to encourage their fermentation qualities.

Further analysis showed that the strains had mutations in genes that enhanced their ability to metabolize certain types of sugars, which resulted in unique aroma profiles and high alcohol production.

The researchers said the success of the new strains could be traced back, in part, to the fact that they inherited their mitochondria--the organelle that powers the cell--from the cold-tolerant wild strains, not the brewer's yeast.

Overall, the new findings show that the genetic diversity found in wild yeast strains can be tapped to develop new lager yeasts that are suitable for industrial production. The study's authors encourage others to explore wild yeasts as a way to expand the range of currently available beer styles.

The authors add, "Our study takes advantage of the great genetic diversity of wild Patagonian yeast to create novel hybrid strains of lager beer with enhanced fermentation capacity and unique aroma profiles. Through interspecific hybridization, experimental evolution, and the identification of fermentation-associated genetic changes, we expand the repertoire of industrial yeast available for lager brewing."


																														
																				
																						More information:
												Wild Patagonian yeast improve the evolutionary potential of novel interspecific hybrid strains for lager brewing, PLoS Genetics (2024). DOI: 10.1371/journal.pgen.1011154
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Hurricane changed 'rules of the game' in monkey society
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                Macaques in the shade on Cayo Santiago. Credit: Lauren Brent
            
        

    


A devastating hurricane transformed a monkey society by changing the pros and cons of interacting with others, new research shows.



										      
         
        
        
        

      

																																	
Hurricane Maria hit Puerto Rico in 2017, killing more than 3,000 people. It also destroyed 63% of vegetation on Cayo Santiago (also known as Monkey Island), which is home to a population of rhesus macaques.

Even now, tree cover remains far below pre-hurricane levels and--in this hot part of the world--that makes shade a scarce and precious resource for the macaques.

The study, led by the universities of Pennsylvania and Exeter and published in the journal Science, shows the storm damage altered the evolutionary benefits of tolerating others and sharing shade--giving a survival advantage to tolerant macaques.

With many ecosystems changing rapidly due to human activity, this study is an example of a species adapting its social strategy to survive.

"In response to the drastic changes caused by the hurricane, macaques persistently increased tolerance and decreased aggression towards each other," said Dr. Camille Testard, from the University of Pennsylvania.


																																						
    
     




																																			"This enabled more macaques to access scarce shade, which is critical for survival."

Dr. Testard added, "We examined 10 years of data on the strength and number of macaques' social ties, before and after the hurricane.

"Before the hurricane, tolerating others had no impact on risk of death.

"Afterwards, macaques that displayed more than average social tolerance--and were therefore better able to share shade--were 42% less likely to die than those that were less tolerant."

This represents a sudden change in "selection pressure"--the evolutionary benefits or costs of different traits or behaviors.

Social behavior was assessed by recording aggression and how often individuals were seen sitting together.

"Macaques aren't the best at sharing resources--be they food or shade. They are well known to live in an aggressive, highly competitive society," said Professor Lauren Brent, from the University of Exeter.

"But in the heat caused by ecological changes, often around 40C, the macaques had to share space or die."

Dr. Testard added, "To access shade, they need to tolerate--and be tolerated by--others, and we found that this tolerance spills over into other daily interactions.

"Macaques that began sharing shade also spend time together in the mornings, before the day's heat forces them to seek shade.

"In effect, the hurricane changed the rules of the game in the monkeys' society."

Professor Brent added, "For group-living animals, social relationships may allow them to cope with disturbances in the environment, including human-induced climate change.

"We were surprised the macaques' social behavior was so flexible, making them resilient to this environmental change, but some species may not display this same flexibility."

The research team included Arizona State University and New York University.



																																																					
																				
																						More information:
												C. Testard et al, Ecological disturbance alters the adaptive benefits of social ties, Science (2024). DOI: 10.1126/science.adk0606. www.science.org/doi/10.1126/science.adk0606
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Citizen scientists gather eDNA in water samples for global biodiversity census
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                Kara Andres, a postdoctoral fellow with the Living Earth Collaborative at Washington University in St. Louis. Credit: Washington University in St. Louis
            
        

    


Kara Andres, a postdoctoral fellow with the Living Earth Collaborative at Washington University in St. Louis, collected samples of water from Simpson Lake, in Valley Park, Mo., as part of a coordinated global effort to use environmental DNA--genetic material shed by organisms into the environment--to document the current state of biodiversity.



										    
																					
The sampling took place on the UN's International Day of Biodiversity. The census effort is published in Nature.

The project was organized by researchers at ETH Zurich, in Switzerland, who equipped teams of volunteer scientists and citizens in more than 80 countries with water sampling kits to dip into about 800 lakes worldwide.

Biodiversity surveys similar to this global project could also allow researchers to take a snapshot of ecosystem health at a more local scale.

For example, Missouri and the Ozarks are well-known to residents and visitors for their abundance of lakes, rivers and streams, which offer excellent paddling and outdoor recreation opportunities. These water bodies also provide important habitat for many types of wildlife.

"While we may have a decent grasp on the types of species in our streams, we still know relatively little about how different species are impacted by human activities or to what extent our efforts to conserve habitats and species are successful," Andres said. "I view environmental DNA (eDNA) as a powerful tool for providing data that can inform conservation and management efforts.

"Taking a sample of eDNA is more efficient than using conventional sampling methods and allows us to understand biodiversity in multiple species groups, from fish to mussels to insects and more," she said. "We may be able to sample many more streams in far less time, allowing for a more comprehensive look into the health of Missouri streams."



																														
																				
																						More information:
												Lydia Larsen, Why citizen scientists are gathering DNA from hundreds of lakes--on the same day, Nature (2024). DOI: 10.1038/d41586-024-00520-y
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Climate change accelerates emergence of insects, study shows
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Researchers at La Trobe University's Center for Freshwater Ecosystems have exposed the hidden consequences of climate change on Alpine stream ecosystems, which could see an earlier emergence of insects.



										      
         
        
        
        

      

																					
The study, now published in Global Change Biology, and led by Senior Lecturer in Environment and Genetics Dr. Michael Shackleton, focused on streams around Falls Creek and projected significant alterations in water temperatures from climate warming and its impact on aquatic life.

It was found that the rate at which temperature accumulates over the years will increase, which likely influences how organisms grow and develop.

"These shifts may have significant impacts on aquatic organisms, particularly those emerging from alpine streams in Autumn and the food webs they service," Dr. Shackleton said.

"In the future, late-season organisms might emerge from river systems into air temperatures up to 12 degrees higher than what they currently experience.

"As a result, we expect insects, in particular, will emerge earlier in the year because they will have gained enough heat energy to become adults earlier on."

Researchers used sophisticated modeling techniques and analyzed past water temperature data to predict future stream water temperatures under climate change scenarios.
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                Line plots of modeled mean water temperature over days of the year (solid lines), starting from July 1st, and yearly average (dashed lines) under current measured temperatures (blue), and future temperatures predicted under rcp 4.5 (yellow) and rcp 8.5 (red) for each site. Numbers to the right indicate the average yearly temperature under each scenario. rcp, representative concentration pathway. Credit: Global Change Biology (2024). DOI: 10.1111/gcb.17364
            
        

    



The study urgently calls for proactive conservation efforts to mitigate the impacts of climate change on vulnerable ecosystems.

"As warmer climates influence the metabolism of insects, the availability of food resources and egg-laying locations, and reproductive potential, there are profound implications for ecosystem structures and function," Dr. Shackleton said.

"Aquatic species maturing and moving on to land represents an important flux of energy and nutrients, however changes to the life cycle of varying animals may separate predator to prey interactions.

"This earlier emergence of insects is just one example of how climate change is reshaping our natural world."



																														
																				
																						More information:
												M. E. Shackleton et al, Out of the frying pan into the fire: Predicted warming in alpine streams suggests hidden consequences for aquatic ectotherms, Global Change Biology (2024). DOI: 10.1111/gcb.17364
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Rare bone marrow cells revealed in new comprehensive atlas
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                Credit: Cell (2024). DOI: 10.1016/j.cell.2024.04.013
            
        

    


While research has uncovered many details about how blood cells function within bone marrow, the work of other cells existing in that space has remained a relative mystery. Now, researchers from the Perelman School of Medicine at the University of Pennsylvania and Children's Hospital of Philadelphia (CHOP) have published a "bone marrow atlas" in Cell that provides a first-of-its-kind, full view of all the cells existing within it, offering a better understanding of both healthy and diseased blood production.




										      
         
        
        
        

      

																																	"For the first time, we will have a comprehensive framework to view the full gene expression and spatial organization of bone marrow cells," said senior study author Kai Tan, Ph.D., a professor of Pediatrics in the Perelman School of Medicine and an investigator in CHOP's Center for Childhood Cancer Research. "Although our paper is foundational, we envision the atlas will be used to develop new diagnostic tests, identify new CAR-T or other therapeutic targets, and discover spatial biomarkers of disease."

Bone marrow mostly consists of blood cells. However, a small percentage of non-blood cells may play an important role in conditions such as leukemia, other blood cancers, or bone marrow failure syndromes. Through the team's efforts, researchers and doctors now have a much clearer picture of the functions of the rarer but key cells in the bone marrow such as stromal cells, bone cells, and endothelial (blood vessel) cells.

By using single-cell RNA sequencing, the researchers were able to capture the full gene expression profiles of tens of thousands of individual cells, uncovering the complete mix of cell types that make up an organ.

Through work aided by both an artificial intelligence technique called machine learning and painstaking hand-labeling of individual cells, the team was able to discern both that healthy bone marrow has very distinct spatial organization and stromal cells are more closely associated with blood-producing cells than previously understood.


																																						
    
     




																																			As a result, researchers were able to create an encyclopedia cataloging which of these rare non-blood cells produce factors known to be important in human blood production, which will help guide researchers to focus on future studies.

"When applied to leukemia patient samples, these techniques identify the expansion of mesenchymal cells, a type of rare non-blood cell, at the cancer cell site in the bone marrow," said the study's co-senior author Ling Qin, Ph.D., a professor of Orthopedic Surgery at Penn Medicine. "This reveals a potential new direction for future disease treatment."

The study is part of the broader Human BioMolecular Atlas Program (HuBMAP), which includes 42 diverse research teams at universities across 14 states and four countries. Researchers are collaborating to create the next generation of molecular analysis technologies and computational tools, which will allow researchers to create foundational tissue maps and construct a full map, or atlas, of the function and relationships among cells in the human body.

"Studies of this magnitude are only possible with monumental team efforts," said Shovik Bandyopadhyay, Ph.D., a lead author of the study and a physician-scientist in-training in Tan's lab. "With the collaboration of multiple institutions and scientific consortia, we were able to gain fundamental insight into the microscopic building blocks of the human body."

Overall, the team is optimistic about the doors their techniques and research are opening.

"We are just beginning to scratch the surface of what's possible," Tan said. "Future research can build on our work, expediting bone marrow studies with the hope that one day these digital pathways will lead to health care breakthroughs in acute leukemia and other bone marrow disorders."


																																																					
																				
																						More information:
												Shovik Bandyopadhyay et al, Mapping the cellular biogeography of human bone marrow niches using single-cell transcriptomics and proteomic imaging, Cell (2024). DOI: 10.1016/j.cell.2024.04.013
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Researchers reveal effects of climate change on above- and belowground biomass distribution on Tibetan plateau
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Global warming has significantly altered plant growth patterns on the Tibetan Plateau (TP) over the past three decades. Plants adjust their growth trajectories in response to climate change, prioritizing leaf and stem growth or root extension to better absorb nutrients from the sun, atmosphere, or soil. Therefore, it is important to understand the mechanisms and dynamics of plant growth in permafrost regions of the TP, where significant amounts of carbon dioxide are absorbed, stored, and emitted.



										      
         
        
        
        

      

																					
Researchers from the Northwest Institute of Eco-Environment and Resources (NIEER) of the Chinese Academy of Sciences, in cooperation with collaborators, collected the plant samples from the continuous permafrost region of the TP and analyzed the meteorological data between 1995 and 2021.

The study, titled "Changes in above- versus belowground biomass distribution in permafrost regions in response to climate warming," was published in PNAS on June 10.

The results show that plants in the alpine wetlands exhibited a significant increase of 17% in aboveground growth, while plants in the drier alpine meadows and steppes experienced a decrease of 26% and 48%, respectively, in belowground growth.

"In ecosystems with higher moisture levels, climate warming increases aboveground plant growth. However, in drier ecosystems such as alpine meadows and alpine steppes, plants tend to allocate more of their biomass below ground," said Dr. Yun Hanbo of NIEER, first author of the study.

"These trends were primarily driven by changes in soil temperature, which increased three-fold over the study period. In the meadows and steppes, where water is scarcer than in wetlands, the higher moisture content in the soil made the plants more sensitive to temperature changes," said Dr. Yun.

Current ecosystem models have not been able to replicate these specific observations of vegetation types. According to Dr. Yun, these findings could be used to improve projections of carbon cycling in permafrost ecosystems.



																														
																				
																						More information:
												Hanbo Yun et al, Changes in above- versus belowground biomass distribution in permafrost regions in response to climate warming, Proceedings of the National Academy of Sciences (2024). DOI: 10.1073/pnas.2314036121
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New species of Callicarpa discovered in Hunan, China
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                Morphological characteristics of Callicarpa yongshunensis. Credit: WBG
            
        

    


Callicarpa L. (Lamiaceae) consists of 140 species that are trees or shrubs, and there are about 53 species in China, mainly distributed south of the Yangtze River. Some plants of Callicarpa are used as traditional medicine in China. In addition, they are also landscape plants with potential for utilization and development due to the abundant flowers and the colorful fruits.



										      
         
        
        
        

      

																					
In recent years, the wild Callicarpa resources have been gradually decreasing. The establishment of Callicarpa germplasm repositories consisting of species introduced from the wild will help to conserve the genetic diversity of this genus and counteract the genetic erosion caused by natural or artificial elements.

Researchers from the Wuhan Botanical Garden (WBG) of the Chinese Academy of Sciences have collected 49 taxa of Callicarpa since 2021, representing 75% of the taxa in China. In the process, one Callicarpa species with a rather large population cultivated in WBG caught the researchers' attention.

The species has procumbent branches, evergreen leaves, white fruits, scarless nodes, and stellate pubescence-free fruits, which distinguish this species from all other known Callicarpa species.

Specimens of this species were collected in Yongshun and Shimen, Hunan, China. Based on detailed morphological comparison and molecular phylogenetic studies, the researchers determined that it was a new species and named it Callicarpa yongshunensis Wen B.Xu, Xiao D.Li & Yan L.Liu.
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                Microscopic morphological characteristics of Callicarpa yongshunensis flower. Credit: WBG
            
        

    



The species is morphologically similar to C. luteopunctata H. T. Chang and C. giraldii Hesse ex Rehd. in the inflorescence, glandular color and leaf shape features, but differs in its procumbent, evergreen shrub and white fruits; while its white fruits are similar to those of C. longifolia Lamk, but its procumbent, scarless nodes and stellate pubescence-free fruits distinguish it from the latter.

The study, titled "Callicarpa yongshunensis (Lamiaceae): A new species from Hunan, China," was published in PhytoKeys.



																														
																				
																						More information:
												Wen-Bin Xu et al, Callicarpa yongshunensis (Lamiaceae): A new species from Hunan, China, PhytoKeys (2024). DOI: 10.3897/phytokeys.241.119343
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Study uncovers genetic key to overcoming water stress in cucumbers
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                Comparison of morphology and anatomy between waterlogging-tolerant YZ026A and waterlogging-sensitive YZ106A. Credit: Horticulture Research (2024). DOI: 10.1093/hr/uhae062
            
        

    


Waterlogged conditions, a consequence of heavy rainfall or inadequate drainage, disproportionately affect crops with delicate root systems like cucumbers. These conditions not only impede root respiration and plant development but also threaten agricultural productivity on a global scale.



										      
         
        
        
        

      

																																	
As climate change intensifies the frequency and severity of such events, there is an urgent need to understand the genetic basis of waterlogging tolerance. This understanding is essential for developing crops that can withstand these harsh conditions, ensuring food security in a changing climate.

Yangzhou University's research team has unlocked a key genetic adaptation in cucumbers, a discovery that could redefine their resilience to waterlogging.

Their study, published in Horticulture Research, meticulously details how the CsPrx73 gene orchestrates a robust defense mechanism, including the promotion of adventitious roots and the scavenging of reactive oxygen species (ROS).

The study's comprehensive RNA-seq-based comparative transcriptome analysis has identified a complex network of 2616 differentially expressed genes (DEGs) that are responsive to waterlogging stress. The CsPrx73 gene, a standout among these, is central to the cucumber's adaptive response.


																																						
    
     




																																			Overexpression of CsPrx73 in transgenic cucumber plants has been shown to significantly enhance the formation of adventitious roots, which are vital for the plant's survival in waterlogged conditions. Moreover, these plants exhibit an enhanced capacity for ROS scavenging, a critical defense mechanism against the oxidative damage induced by waterlogging.

The study further reveals the ERF transcription factor CsERF7-3's pivotal regulatory role, binding to the promoter of CsPrx73 and initiating its expression, thereby activating the plant's defense mechanisms against water stress. This intricate molecular dialogue presents a novel target for crop improvement strategies and provides a foundation for understanding the broader genetic responses to environmental stress.

Dr. Xuehao Chen, a corresponding author and a leading voice in horticulture at Yangzhou University, remarked, "The elucidation of the CsPrx73 gene's role is a significant stride in advancing our understanding of plant stress biology. This discovery could be instrumental in the strategic development of crops that exhibit superior resilience to waterlogging, a critical advancement for sustainable agriculture in the era of climate change."

The research holds profound implications for the future of agriculture, particularly in the realm of cucumber cultivation. By harnessing the power of the CsPrx73 gene, breeders are now empowered to cultivate new strains that are inherently resistant to waterlogging, potentially ensuring yield stability even in the most saturated conditions.

The broader application of these genetic insights could extend to a variety of crops, fortifying them against environmental stress and enhancing global food security in the face of escalating climate challenges.



																																																					
																				
																						More information:
												Jiawei Pan et al, RNA-seq-based comparative transcriptome analysis reveals the role of CsPrx73 in waterlogging-triggered adventitious root formation in cucumber, Horticulture Research (2024). DOI: 10.1093/hr/uhae062
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Advanced algae sensor tested in Toledo proves valuable tool in protecting drinking water
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                Graphical abstract. Credit: Science of The Total Environment (2024). DOI: 10.1016/j.scitotenv.2024.171121
            
        

    


Advanced technology tested nearly two years ago in the water treatment system that serves Toledo could prove valuable in efforts to protect the water that pours out of taps well beyond northwest Ohio, according to research published by The University of Toledo.



										      
         
        
        
        

      

																																	
UToledo scientists installed a real-time algae sensor at the Toledo low service pump station in eastern Lucas County in 2022 as part of a wider-reaching initiative aimed at the early detection and management of harmful algal blooms sponsored by the U.S. Army Corps of Engineers. The installation put the facility on the map as the first in the nation to test out the fluorescence-based technology that detects a pigment that scientists believed could flag the release of toxins from blue-green algal cells.

In research published recently in Science of the Total Environment, their analysis of the resulting data confirms that the technology works as intended.

"The instrument is able to detect blue-green algal cell lysis in real time, providing an early warning of potentially elevated levels of microcystin toxin in the raw water supply," said Dr. Kuo-Pei Tsai, lead author on the article and a postdoctoral associate at the UToledo Lake Erie Center. "That means the water treatment plant staff could immediately begin to take precautions if another catastrophe occurred like the one in 2014."

Scientists now have ample tools to detect and monitor harmful algal blooms, which in Lake Erie are caused by cyanobacteria, also called blue-green algae. Harmful algal blooms have been a focus of particularly intense research since the Toledo water crisis that left half a million residents without safe tap water for three days in 2014.


																																						
    
     




																																			But one complicating factor water plant managers face is that harmful algal blooms are not uniformly harmful. Most of the time, intact cyanobacterial cells can be easily filtered from incoming water along with their toxins. When the cells start to break down, however, their toxins are released into the water, requiring managers to apply chemical treatments to absorb or destroy the toxins.

The breakdown process is called lysis. It can result from outbreaks of naturally occurring viruses in the environment, called cyanophages, as scientists hypothesize happened during the 2014 water crisis, or through the application of algaecides or water treatment chemicals. When cyanophages attack a bloom, large pulses of toxin can be released in a matter of hours.
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                Dr. Thomas Bridgeman, professor of ecology and director of the UToledo Lake Erie Center, right, and Dr. Kuo-Pei Tsai, a postdoctoral associate, read data coming from the online algae monitoring system that was tested in Toledo's low service pump station in eastern Lucas County in 2022. Credit: University of Toledo
            
        

    



Traditionally, water treatment plant operators have relied on relatively slow and costly assays to directly monitor both cell-bound and free toxin levels in the water. The PhycoSens, the device produced by German company bbe Moldaenke and installed at the pump station by the UToledo Lake Erie Center, complements but does not replace these assays, by detecting in real time a byproduct of cyanobacterial lysis: a pigment called unbound phycocyanin.

Scientists hypothesized that the detection of the pigment would serve as an indicator that cyanobacterial cell membranes are breaking down and potentially releasing microcystin, and that the instrument's reports on water samples taken every quarter-hour during the harmful algal bloom season would alert operators to jump into action.


																																			"The instrument will allow water treatment plant operators to see when the condition of a harmful algal bloom in their source water is changing rapidly and to respond appropriately," said Dr. Thomas Bridgeman, professor of ecology and director of the UToledo Lake Erie Center and senior author of the research article.

"Without real-time data of this kind, the conservative approach may be to overtreat water with chemicals to ensure safety, which adds expense and can detract from water's taste. This technology will allow treatment plant operators to better match their responses to the severity of the situation, saving money and improving taste while still providing a high level of safety."

The Phyco-Sens took samples between mid-July and mid-October in 2022, offering researchers a vast cache of data to analyze. Additional laboratory studies with cyanobacteria, treatment chemicals and cyanophages helped them to reach the conclusion that the presence of unbound phycocyanin is indeed a useful indicator of the onset of cyanobacterial cell lysis, and in turn, the potential release of microcystin.

Dr. Youngwoo Seo, professor in the Department of Civil and Environmental Engineering and Chemical Engineering, leads the three-year project that began in 2021. Dr. Dae-Wook Kang, assistant professor in the same department, joins Bridgeman as a co-investigator.

The researchers and their collaborators are working with municipal drinking water treatment plants in Bowling Green, Celina and Oregon in addition to Toledo, where the Phyco-Sens is deployed again this year and already taking samples ahead of the harmful algal bloom season.



																																																					
																				
																						More information:
												Kuo-Pei Tsai et al, Field and laboratory studies of fluorescence-based technologies for real-time tracking of cyanobacterial cell lysis and potential microcystins release, Science of The Total Environment (2024). DOI: 10.1016/j.scitotenv.2024.171121
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Transcriptomic insights into Chinese cabbage's unique morphology
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                LMD of heading Chinese cabbage CC-Z16 shoot apical meristem and surrounding leaf primordium at the rosette stage (six weeks after sowing). (A) Representative transverse section of the SAM and leaf primordium. Targeted meristem (SAM) and mesophyll cells (leaf abaxial/adaxial cells without epidermal cells) before (B) and after (C) LMD. Credit: Horticulture Research (2024). DOI: 10.1093/hr/uhae059
            
        

    


Understanding the genetic mechanisms behind leaf development is crucial for improving crop yields and resilience. In Chinese cabbage, the formation of leafy heads involves complex gene interactions that determine leaf shape and orientation. Despite progress in model plants like Arabidopsis, the molecular basis of these processes in Brassica species remains less clear.



										      
         
        
        
        

      

																																	
Based on these challenges, it is necessary to conduct in-depth research to uncover the genetic regulation of leaf development in crops like Chinese cabbage.

Researchers from Hebei Agricultural University, in collaboration with Wageningen University & Research, have published an article in Horticulture Research detailing the transcriptomic analysis of Chinese cabbage. The study focuses on the gene expression patterns during leaf initiation, a key phase in the plant's development.

The study delves into the molecular mechanisms driving leaf development in Chinese cabbage, particularly the initiation of leaf primordia and the establishment of adaxial-abaxial polarity. Researchers utilized laser microdissection to isolate cells from the shoot apical meristem (SAM) and leaf primordia, followed by RNA sequencing to profile gene expression.

Key findings include the identification of genes involved in hormone signaling pathways, such as auxin, cytokinin, and gibberellin, which play critical roles in leaf formation.


																																						
    
     




																																			The study also highlighted the expression of transcription factors like HD-ZIP III, KANADI, and YABBY, essential for adaxial-abaxial polarity establishment. Notably, the gene expression patterns in Chinese cabbage showed similarities and differences compared to model plants like Arabidopsis, reflecting the unique evolutionary path of Brassica species.

The analysis revealed that gene expression in the SAM clustered with the adaxial side of leaf primordia, while the abaxial side aligned with the expanding rosette leaves. This co-expression pattern underscores the intricate regulatory networks governing leaf development. The study provides a comprehensive catalog of differentially expressed genes, offering a foundation for future research on leafy head formation and crop improvement.

Dr. Guusje Bonnema, a co-author from Wageningen University, stated, "This study advances our understanding of the genetic basis of leaf development in Brassica crops. By elucidating the gene expression patterns associated with leaf primordia and polarity, we can better understand the formation of leafy heads in Chinese cabbage, paving the way for targeted breeding strategies to enhance crop performance."

The insights from this study have significant implications for agriculture and crop breeding. Understanding the genetic regulation of leaf development enables breeders to develop Chinese cabbage varieties with optimized leaf shapes and sizes, enhancing yield and quality.

The knowledge of gene expression patterns in leaf development is a valuable resource for future genetic engineering and breeding programs, addressing global food security challenges.



																																																					
																				
																						More information:
												XiaoXue Sun et al, Transcriptomic analyses to summarize gene expression patterns that occur during leaf initiation of Chinese cabbage, Horticulture Research (2024). DOI: 10.1093/hr/uhae059
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The reef manta ray (Mobula alfredi) is a tough swimmer. They can travel hundreds of kilometers to feed themselves. The longest recorded movement for an individual reef manta ray was 1,150km, observed in eastern Australia.




										      
         
        
        
        

      

																																	
But even though they are able to swim long distances, our study on reef manta rays in Raja Ampat, Southwest Papua, discovered they are more likely to swim short distances. They appear to prefer staying close to their local habitats, strengthening their social bonds and forming distinct populations.

Our research--involving researchers from Indonesia, New Zealand and Australia and published in the Royal Society Open Science journal in April--increases our understanding of this globally vulnerable species.

Policymakers can use our findings to enhance conservation efforts for the species in Raja Ampat waters, which currently are facing challenges due to fishing and tourism.

Why don't reef manta rays roam far?

Our study found reef manta rays occupy three distinct habitats within Raja Ampat. As of February 2024, we recorded 1,250 individual manta rays around Waigeo Island's extensive coral reef ecosystem in the northwest of Raja Ampat; 640 manta rays around the coral reef ecosystem in the southeast of Misool, southern Raja Ampat; and no more than 50 manta rays in the Ayau atoll ecosystem up north.


																																						
    
     




																																			Within their own habitat, the manta rays tend to move around from one area to another, sticking to relatively short distances within 12 kilometers. They only occasionally make longer trips to similar areas in other habitats across Raja Ampat.

We believe there are a few reasons why reef manta rays in Raja Ampat do not often venture far. The first reason is the presence of natural barriers, such as deep waters--over 1,000 meters below sea level--between Ayau Atoll and Waigeo Island, as well as the sea between Misool and Kofiau, which is 800-900 meters deep.

Traveling through deep waters poses increased risks to reef manta rays due to potential encounters with natural predators, such as killer whales (Orcinus orca) and large sharks, which frequently inhabit deep open water.

The second reason is that each habitat is well-equipped with sufficient resources, such as food and cleaning stations, reducing the need for the reef manta rays to travel extensively.

Our previous research has identified dozens of feeding areas and cleaning stations in each habitat occupied by local populations of reef manta rays in Raja Ampat.

Raja Ampat's 'small town' of reef manta rays

The habits of reef manta rays in Raja Ampat are gradually forming a unique population.


																																			We have found that they do not form a single large population, but instead split into three local populations, creating a metapopulation. A metapopulation consists of several local populations of the same species, each occupying its own habitat but all situated within the same geographic region.

Think of a metapopulation as a small town, consisting of three hamlets. When each hamlet has enough food and water, the people prefer to stay in their own settlement. But they still live in the same town and occasionally visit each other.

We found this movement pattern based on our tracking process from 2016 to 2021 using acoustic telemetry, which functions similarly to office check-in systems.

In the tracking process, we combined this acoustic tracking with network analysis to map out the movement network of the manta rays, consisting of nodes and links. Nodes represent important areas for the manta rays, like cleaning stations and feeding areas, and links represent the movement between these key areas.

The metapopulation occurs because individual manta rays migrate between local populations. Based on our observation, the migrating manta rays usually head back to their original area--it is often seasonal--while those that spread out generally do not return.

This movement pattern means there is less mixing of individuals between local populations compared to within a single local population.


																																						
    
     




																																			How to better protect reef manta rays

Some conservation policies and efforts have successfully increased the populations of reef manta rays in Raja Ampat.

But increased human activities such as fishing and tourism in eastern Indonesia still pose challenges. While manta rays are not directly caught or hunted, they often get entangled in fishing lines and nets, which may cause harm and sometimes death.

Additionally, with the increasing popularity of Raja Ampat as a top tourism destination, overcrowding and aggressive behavior by divers and snorkelers in Raja Ampat disrupt manta ray cleaning and feeding, which may affect their health and fitness.

Conservation strategies for reef manta rays require a more precise and targeted approach to effectively address these growing challenges.

The recognition of these rays as a metapopulation comprising three distinct local populations can inform a strategy shift in conservation management.

Recently, we have presented our research findings and recommendations to the authorities responsible for managing the Raja Ampat Marine Protected Area (MPA) network.


																																			We recommend the MPA management authority in Raja Ampat create and implement three separate management units, each tailored to the specific needs of one of the local manta ray populations.

Separate units are necessary because each habitat has different demographics and is far apart, making it difficult to manage them as a single unit. This strategy is feasible because local rangers in each habitat already conduct regular patrols and monitoring.

We also see the urgent need to protect a critical area for various activities of reef manta rays in Raja Ampat called Eagle Rock, which is currently outside existing protected zones. Located in west of Waigeo, Eagle Rock could be effectively safeguarded by expanding the Raja Ampat MPA network to encompass this area.

Protecting Eagle Rock is crucial, not only because it serves as a vital migration corridor connecting significant areas and habitats within the South East Misool MPA, Dampier Strait MPA, Raja Ampat MPA, and West Waigeo MPA, but also due to the increased threat from nickel mining activities on Kawe Island.

MPAs prohibit industrial fishing, restrict tourism and all unsustainable activities--including mining--to minimize environmental impact.

Besides mapping out the movement patterns and networks of key areas and habitats of reef manta rays in Raja Ampat, our research lays the groundwork for future studies, including genetic analysis and satellite tracking.

These advanced techniques can offer deeper insights into the population structure, home range, and distribution of reef manta rays in the region, helping to enhance management and conservation strategies.
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												Edy Setyawan et al, Spatial connectivity of reef manta rays across the Raja Ampat archipelago, Indonesia, Royal Society Open Science (2024). DOI: 10.1098/rsos.230895
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Researchers uncover enzyme communication mechanism that could aid drug development
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                Condensation reaction of the tomaymycin NRPS. Credit: Science Advances (2024). DOI: 10.1126/sciadv.adm9404
            
        

    


A mechanism that could help scientists harness enzymes for use in drug discovery has been discovered in a research breakthrough at the University of Birmingham.



										      
         
        
        
        

      

																																	
In a study published in Science Advances, the Integrative Structural Biology team has succeeded in pinpointing a communication mechanism between proteins making up complex enzymatic machinery that produce organic molecules, called natural products, with a wide range of disease-fighting properties.

The research is an important step in the quest for new approaches to combat antimicrobial resistance which will require new biologically active molecules--the natural products--with antibacterial, antiviral or anticancer properties.

Scientists continually search for new natural products, synthesized in microorganisms by enzymes, and test them for suitable properties.

But scientists are also taking a different approach, attempting to understand the enzymatic machinery themselves. These enzymes are known to be modular in nature, with each module fitting together in a certain way.

By understanding better how these modules fit together to create each specific natural product, scientists would be able to design or modify enzymes, which in turn would enable them to engineer new natural products, or even to fine tune the existing ones that are already known to have useful properties.


																																						
    
     




																																			Team lead Professor Teresa Carlomagno, Academic Lead of the Henry Wellcome Building for Nuclear Magnetic Resonance the University of Birmingham, said, "These enzymes are capable of producing huge varieties of bioactive substances that could be useful in drug discovery. However, we don't fully understand the principles governing how they work, or how they are assembled. Our research provides a valuable step towards understanding, and potentially exploiting these principles, which could help us design useful new enzymes."

The team was able to use sophisticated equipment for structural biology based in the Henry Wellcome Building for Nuclear Magnetic Resonance, at the University of Birmingham. This enabled them to take a closer look at dynamic communication processes within the enzymatic machinery, which cannot be examined using other structural techniques, such as X-ray crystallography, because the processes are very dynamic.

Using the example of the anti-cancer drug Tomaymycin, the researchers showed how the two modules making up the enzyme were able to "find" each other and join together to form the correct configuration.

"While we are still a long way from being able to engineer new enzymes, this work opens up some really exciting new possibilities for future research and is a step towards a new approach in drug discovery," said Professor Carlomagno.



																																																					
																				
																						More information:
												Megha N. Karanth et al, The specificity of intermodular recognition in a prototypical nonribosomal peptide synthetase depends on an adaptor domain, Science Advances (2024). DOI: 10.1126/sciadv.adm9404
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                Agbokim Waterfalls, Agbokim, Cross River state, Nigeria. Credit: Ei'eke/Wikimedia Commons, CC BY-SA
            
        

    


Nigeria has many freshwater ecotourism attractions. Among them are the Ikogosi warm spring, the Osun-Osogbo river, and the Olumirin, Owu, Arinta and Ekor waterfalls.




										      
         
        
        
        

      

																																	
Their scenic beauty and lush forests make these sites popular, but the impacts of human activities are likely to pose a growing threat to once-pristine freshwater systems.

The biodiversity and conservation value of these places has not been well researched. The conservation value of a freshwater ecosystem lies in its ability to support rare and threatened species, as well as species that indicate high ecological integrity. This is the ability of an ecosystem to support and maintain ecological processes and a diverse community of organisms.

To fill some of the gaps, my freshwater biodiversity research group collected samples of insects and other small creatures from four freshwater systems in the Obudu mountains, along the border of Nigeria and Cameroon. The area falls into the Lower Guinea Forest Biodiversity hotspot, where endemic and threatened species like western gorilla, red-eared monkey and drill gorilla are found.

There has been no previous study on the freshwater conservation value of the mountains, despite their known importance for biodiversity on land.

We also collected samples of invertebrate species from the Agbokim waterfalls and the Kwa river of the Cross River National Park, all along the Cameroon border.

Our findings revealed that the sites have very high conservation values. They have rare, notable and threatened invertebrates in the freshwater systems. These should be protected better.


																																						
    
     




																																			Freshwater macroinvertebrates

Freshwater macroinvertebrates include aquatic insects like dragonflies, mayflies, caddisflies, stoneflies, bugs and beetles; mollusks like snails and mussels; crustaceans like crabs and shrimps; and annelids (segmented worms). Macroinvertebrates, particularly the stress-sensitive ones like mayfly, stonefly, and caddisfly, have been described as the best indicators of freshwater quality. Stress-sensitive insects are insects that decline in population when their environment is disturbed.

Understandably, conservation attention is often focused on larger animals like crocodiles, monkeys and gorillas. These are the flagship species often used to draw attention to a conservation area.

But the biodiversity and conservation value of the freshwater ecosystems are also important. Healthy freshwater systems are an essential requirement for animal and human life on land.

Freshwater macroinvertebrates are ecological engineers with several functions in freshwater ecosystems. They serve as food for fish in the water. The adult insects that emerge from the water are food for animals in the forests near the water.

Also, the presence of certain invertebrate species is a good indicator of good water and environmental quality.


																																			Importance of this border area

We found that the freshwater systems of the Obudu mountains had more species of stress-sensitive mayfly, stonefly and caddisfly larvae when compared with similar studies in Nigeria. The Afundu stream in the mountains in particular had as many as 30 species of these stress-sensitive insects. The Kwa river of the Cross River National Park ranked second in terms of stress-sensitive insects, that is below 30 species.

This is a good indicator of a pristine natural environment. There is a direct correlation between their diversity and the health of a freshwater ecosystem and its adjacent forest. The presence of many species is an extra sign of a healthy freshwater system.

We also found two endangered damselflies, Africocypha centripunctata and Allocnemis vicki, in the Obudu mountains, and some rare mayfly species at Agbokim waterfalls, Kwa river and the Obudu mountains. The three sites have very high conservation values based on their species compositions and several biological indices.

The endangered damselflies are found only along the Nigeria-Cameroon border. With such a narrow range of distribution, endemic species like these are easily eradicated. Once gone, they can't be replaced. That is why any environment that is home to one of these species is usually given very high conservation attention.


																																						
    
     




																																			Looking forward

The three sites in our study appear to be havens for freshwater biodiversity. They are also candidate sites for conservation in Nigeria. Aside from the section of the Kwa river that we studied and a stream in the Obudu mountains (the Becheve Nature Reserve stream), the streams we investigated are not currently receiving due conservation attention. Considering the fact that ecotourists often visit the sites, they need to be well protected.

Since the Cross River National Park shares borders with the Obudu mountains, biodiversity conservation in the region would be greatly enhanced if the National Park Service of Nigeria extended its operations in the mountains. It could also partner with other organizations to do this.

Currently, the Nigerian Conservation Foundation focuses only on the Becheve Nature Reserve. The site that had the highest number of stress-sensitive insects in our study, Afundu stream, was not under the management of any statutory organization.

These sites need protection because they could support other rare and threatened plants and animals--not all of them aquatic.

There is also a need for a more detailed ecological inventory of plants and animals in the pristine freshwater systems of Nigeria and their associated riparian forests. Without detailed studies, natural sites in Nigeria may, as a result of human activities, lose rare and threatened species before they are reported.
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The soaring demand for avocados in Europe and North America has led to a trebling of global production in just over 20 years. However, this popular fruit is increasingly controversial because of the environmental impacts of farming and distributing them around the world.




										      
         
        
        
        

      

																																	
These issues are not inherent to avocados themselves, which could still be a part of a sustainable, healthy diet. But rather they reflect some of the deep-rooted problems associated with their production.

Avocados are native to Central and South America, where the warm, temperate climate provides ideal growing conditions. There are hundreds of varieties, however the one that most of us are familiar with today is the Hass variety, which can be traced back to a single tree planted almost 100 years ago.

Part of the avocado's rise in popularity over recent decades has come from its marketing as a "superfood." While some health claims may have been overstated, they are indeed a good source of vitamins, minerals and unsaturated fats, which give them their satisfying, creamy texture.

So why have avocados become so controversial? Like a lot of modern agriculture, most avocado plantations rely heavily on fertilizer and fossil fuels, contributing to rising greenhouse gas emissions. They have smaller yields than a lot of other crops and so have a higher carbon footprint per kilogram of fruit.

On average, avocados have a carbon footprint of around 2.5kg of CO2 equivalent (kg CO2e) per kg--that's all the greenhouse gases resulting from producing and transporting avocados, such as carbon dioxide, methane and nitrous oxide, rolled into the CO2 equivalent of warming.


																																						
    
     




																																			The carbon footprint of avocados is more than twice as high as bananas (0.9kg CO2e per kg) and over five times higher than apples (0.4kg CO2e per kg), although it is only slightly worse than tomatoes (2kg CO2e per kg).

But these figures are small compared to the global average carbon footprint of most animal-derived products. A kilogram of eggs has a carbon footprint of 4.6kg CO2e, a kilogram of chicken comes in at 9.8kg CO2e, and a kilogram of beef results in a whopping 85kg CO2e on average.

For those outside the Americas, the large distances avocados often travel may not be as big a deal as is commonly believed, at least in carbon terms. The vast majority of avocados are shipped, which is relatively low carbon because of the huge quantities that can be transported in a single voyage. Even when they are transported thousands of miles, shipping results in just 0.2kg CO2e per kg of avocados, which is often much less than the footprint from growing them.

Shipping does entail other issues. Over-reliance on shipping has created a food system that is vulnerable to shocks and disruptions, where logjams and logistical bottlenecks (for example, the blockage of the Suez canal by a container ship in 2021), famines or wars in one part of the world can lead to disruptions or food shortages in many other countries.

The problem is likely to increase as the climate crisis deepens. This issue is not unique to avocados, but moving towards more locally supplied foods may build more resiliency and help protect against future food shortages.


																																			An environmental burden

Avocado trees are very thirsty plants, requiring an average of around 1,000 liters of water per kg. This is higher than most other fruits and vegetables but lower than some cereals such as rice. The main issue is that avocados are grown in regions that are already water-stressed.

Mexico, the world's top avocado producer, is experiencing prolonged periods of drought, so irrigating avocado plantations may be undermining the local population's access to water. This issue of fair water distribution could get worse in the coming decades.

There are also impacts on nature to consider. Traditionally, avocado trees were planted in mixed plots with other crops and harvested as a subsistence food, with only the surplus being exported. This practice changed as demand from the US and Europe increased.


																																						
    
     




																																			Avocados are now primarily grown as an export crop, with production switching to large, monoculture plantations to maximize productivity. These monocultures have pushed out other native crops and are much more vulnerable to pests and disease than mixed planting.

All this means greater volumes of pesticide chemicals and synthetic fertilizers need to be used. These, in turn, negatively affect biodiversity, soil quality and human health.

Worse still, in some regions new avocado plantations are driving deforestation. As much as 25,000 hectares of forest are being cleared every year in the state of Michoacan, Mexico's main avocado producing region that supplies most of the avocados sold in the US.

Michoacan has rich forest cover that is home to several endangered animals such as jaguars, cougars and coyotes. Increasing avocado production in this region could therefore be a massive threat to biodiversity.

Finally, there are the human impacts to consider. While the avocado trade can help the local populations by providing income for farmers, they are also the ones who are feeling the brunt of the environmental issues. In addition, avocado plantations have been linked to organized crime and human rights abuses, with some towns and villages getting so sick of the problems that they have outlawed avocados altogether.


																																			Frustratingly, there aren't any easy answers. Looking for fairtrade or organically produced avocados might help in terms of the human and biodiversity impacts, but the certification processes are far from perfect and often too expensive for small-scale farmers in developing countries. They also may not result in lower emissions than monoculture plantations.

Avocados aren't the only food with an environmental burden. They have a much lower carbon footprint than most animal products and are just one of many crops where a single variety dominates the market. But neither should we dismiss the damage that avocado production is having on nature and local populations.

The best advice for consumers may be to consider alternative varieties of avocado where possible to reduce the demand for monoculture plantations. Where these aren't available, the next best thing is probably to try to keep avocados as a treat rather than a regular staple.
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The spread of the highly pathogenic avian influenza virus H5N1 among animals is unprecedented having been found on all continents--except Oceania--with the United Nations calling it "a global zoonotic animal pandemic."




										      
         
        
        
        

      

																																	
H5N1 is known to be able to infect over 350 species of birds and close to 60 species of mammals with migratory waterfowl--including ducks, swans, geese and gulls--being especially susceptible to various avian-borne influenza viruses.

H5N1-infected waterfowl are normally asymptomatic carriers, however, these birds can infect other species (including mammals) along their migratory routes. This global transference allows disease to spread, and for virus genetics and virulence to continually adapt.

Alarmingly, evidence indicates that climate change seems to be impacting the emergence of zoonotic viruses like H5N1. As global climate conditions change, avian migratory patterns and routes are also changing.

Higher temperatures and extreme weather has resulted in large-scale population shifts in a range of temperate species. These changes have led to diseases emerging in areas--and in genetic configurations--entirely unique and unprecedented.

H5N1 is a clear indication that disease monitoring and response efforts are an essential part of any climate change adaptation and mitigation strategy.


																																						
    
     




																																			H5N1

The ecology and genetics of H5N1 viruses have evolved significantly since first being detected in China in 1997.

The H5N1 virus has been detected in the polar regions and the first confirmed case of a polar bear dying from H5N1 was recorded in Alaska in 2022. Antarctica has seen significant rates of mortality in its native elephant and fur seal populations as a result of viral exposure.

Non-migratory wild birds are highly susceptible to H5N1 infections brought on the wings of their more transitory cousins. There have been approximately 75,000 bird casualties globally as per the World Animal Health Information System. However, efforts to accurately estimate the total number of wild birds which have died as a result of H5N1 are hampered by issues in data quality and availability.


																																			Meanwhile, a 2022 report on the state of wild birds in the United States estimated that over three billion birds have been lost in part due to climate related factors.

On land, the H5N1 virus has been detected in dairy cattle, and in 2024, a Texas agricultural worker was infected with H5N1. These cases suggest that H5N1 is adapting to infect mammalian hosts.

In March of this year, reports began to emerge of unusual deaths in young goats on a farm in Minnesota. That same farm had individuals in its poultry flock test positive for H5N1 and the goats and poultry shared similar spaces and water sources. It was later determined that the H5N1 strains in both the poultry and goats were highly related.

In May of 2024, the U.S. Department of Agriculture confirmed the detection of H5N1 in alpacas on a farm in Idaho. Similar to previous cases, this farm also had a backyard poultry population test positive for H5N1 with unusually high amounts of the virus detected across the farm. To date, 12 states in the U.S. have reported outbreaks of H5N1 with 101 dairy herds affected.



    
    
    
        
        
    
         
             
         

        A report on H5N1 produced by PBS NewsHour.
  

The discoveries of H5N1 on farms, alongside recent analysis of viral dispersal patterns, reiterate the importance of climate change shifting the migratory patterns of birds in the spread of viruses around the globe.


																																						
    
     




																																			Climate change and H5N1

There is increasing evidence that climate change is accelerating the global spread and emergence of new H5N1 variants with evidence that wider seasonal variation is enabling the emergence of novel H5N1 variants.

In North America, the warmer winters and earlier onset of spring which global warming is causing could allow some moisture-reliant pathogens to survive and spread more easily. Meanwhile, cooler and wetter conditions can enhance the survival of influenza viruses in bird droppings and contaminated water.

Simply put, the spread of influenza viruses around the globe is dictated by their ability to survive long enough in a place to be able to transmit elsewhere--and climate change is, in some cases, making this survival more likely.

The recent cases of poultry-to-human and cattle-to-human transmissions underscore the threats posed by these viruses and the importance of understanding how climate change is affecting their spread.


																																			Implications and mitigation

The H5N1 virus poses a significant threat to public health and the recent cases in the U.S.--coupled with H5N1's high mortality rates in humans--underscores the need for vigilant monitoring.

Dealing with viruses is always a challenge, however, climate change is upending many conventional understandings as shifting waterfowl migration patterns and environmental conditions force us to change strategies. Strengthening health-care infrastructure, and educating communities about H5N1 risks are essential components of a comprehensive response strategy.

Promoting sustainable agricultural practices, such as improving biosecurity in poultry and cattle farms, reducing livestock population density and enhancing barn ventilation systems, is crucial. Innovative smart farming technology can also help track viral infections in poultry barns.

Conservation efforts are essential to maintain healthy ecosystems and minimize viral spread. Restoring natural habitats can mitigate the effects of climate change on wild bird populations, thereby reducing the risk of H5N1 spillover.

In the future, global leaders will need to be vigilant with respect to the trajectory of H5N1. International collaboration on disease management will be crucial for implementing climate adaptation strategies to safeguard the health of both our planet and its inhabitants against viruses like H5N1.
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At a time when the general public may not yet accept driverless taxis and ride-hailing vehicles, teledriving could offer many of the same benefits, according to a new study led by a University of Michigan researcher. The research is published in the journal Management Science.



                                        
                                              
                                        
                                                                                                                                    With more cars on the road, fewer drivers and fewer riderless miles, ride-sharing services could become faster and more affordable.

Teledriving typically involves a driver operating a car while sitting in front of a bank of screens that show video feeds from cameras on the car, as well as sensors and augmented reality technology. Once a passenger has been picked up, transported and dropped off, the driver can disconnect from that vehicle and connect to any other that is available in an area of need. Several private teledriving companies are already in operation, including Halo.Car and Vay in Las Vegas.

One of the main advantages of teledriving, according to researchers led by Saif Benjaafar, U-M professor of industrial and operations engineering, is that drivers do not need to be where the vehicles are--for instance, driving from areas of low demand to areas of high demand with no rider. In this vein, teledriving can eliminate what ride hailing services refer to as the 'wild goose chase' scenario. At times when vehicle supply is low, cars need to be dispatched to customers located far away even if it's not the most efficient pairing between rider and driver.

"Teledriving allows you to get away with far fewer drivers than vehicles without impacting the quality of service because you can still leverage the excess vehicles to get quickly to customers--a reduction of 30% to 40% in some of the test cases we considered," said Benjaafar, who specializes in supply chains and logistics.


                                                                                                        
    
        
        
        
    

                                                                                                                                            "There's an opportunity to significantly increase how busy the drivers are. One of the challenges for ride services has always been having drivers who are sitting idle. Quite a bit of that inefficiency can be eliminated."

The remaining drivers also stand to benefit as this system would shift vehicle ownership, and the cost and risk that it entails, onto the rideshare company. Teledriving may broaden labor participation as driving becomes a desk job, the researchers suggest.

Finally, the team is optimistic that the separation of drivers and riders could improve the safety of both, particularly women who have been disproportionately the targets of in-vehicle assault and other criminal behavior. However, teledriving systems also need to guard against reckless driving in a work environment that feels more like a video game.

Using computer modeling that factors in supply, demand and road congestion over both time and space, researchers showed that a higher number of available vehicles than drivers can shorten wait times in periods of high demand, even with fewer drivers. This is because the likelihood of a driver going on a wild goose chase is reduced.

"This research can be applied to the world/community by improving the efficiency and cost-effectiveness of ride-hailing and other on-demand transportation services," said Xiaotang Yang, a postdoctoral fellow at the University of Toronto's Rotman School of Management.


                                                                                                                                            "By using teledriving, platforms can potentially operate with fewer drivers while maintaining or even improving service quality, which can lower operational costs and make these services more accessible. Additionally, this approach can help reduce traffic congestion and waiting times, leading to a better overall experience for users."

Benjaafar's deep dive into the benefits and efficiencies of teledriving comes as efforts to bring autonomous ride services into the mainstream have stalled for a variety of reasons. Safety is key among them, and a regular stream of news articles chronicling crashes involving vehicles without human drivers only reinforces those concerns.

"Full autonomy may take longer to become a reality," Benjaafar said. "In the meantime, there are these technologies that can serve as a bridge toward full autonomy, including putting the human driver back into the loop."

The research was initiated while Benjaafar and Yang were at the University of Minnesota. They were joined by Zicheng Wang, now an assistant professor at the Chinese University of Hong Kong-Shenzhen.
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In the face of the dual challenges of climate change and energy security, conducting in-depth research on energy and carbon emission (E&C) systems has become crucial for nations to address environmental issues and promote sustainable development. The system of E&C is highly interconnected and intricate, encompassing various levels and domains, exhibiting significant spatial and temporal variations.


                                        
                                              
                                        
                                                                                                                                    
Consequently, analyzing the complex and intricate relationships within this system poses significant challenges. Fortunately, complex network theory (CNT) offers a promising approach to a deeper understanding of the inherent mechanisms and evolutionary patterns of E&C systems.

A team led by Mei Sun from Jiangsu University in Zhenjiang, China, recently provided a comprehensive overview of the application of complex network models within energy and carbon emission (E&C) systems. This work aims to advance research in this field.

Network modeling of E&C systems involves modeling and analyzing each participant and their interrelationships. This approach offers valuable insights into the structure, operation, and internal mechanisms of these systems. These insights enhance our understanding and facilitate the development of effective strategies for addressing environmental and energy challenges.

The team published their review in Energy and Climate Management on June 18, 2024.

"In this review, we introduce the theoretical basis of complex network models. We then examine the progress of their application in the field of energy and carbon emissions. We explore the trends and hotspots in this field by employing keyword co-occurrence and literature co-citation analysis. Most importantly, we provide an example of renewable energy trade to illustrate the practical application of network modeling.


                                                                                                        
    
        
        
        
    

                                                                                                                                            "This example demonstrates how network modeling can be used to analyze and understand the dynamics of renewable energy trade. Finally, we outline future research directions and challenges, focusing on index interpretation, multi-agent modeling, and integrating multiple methodologies," said Sun, senior author of the review paper and professor at the Institute of Carbon Neutrality Development, Jiangsu University, China.

As complex network theory continues to mature, its practical application in understanding and explaining various complex systems, including energy and carbon emissions, is growing. Complex network modeling provides a robust analytical and research framework for analyzing and forecasting energy and carbon prices, evaluating energy carbon footprints, and optimizing supply chain connections.

"Despite the progress made, there are still several challenges to address in current research. One such challenge is the limited coupling of different types of energy networks, which is essential for constructing more reliable and efficient low-carbon energy transition systems. In addition, exploring network dynamics and time-varying characteristics in current research requires further enhancement to better adapt to the rapid changes in energy markets and policies," Sun said.
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