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


      
        Quantum pumping in molecular junctions: Theoretical model could lead to switches and amplifiers
        Researchers have developed a new theoretical modeling technique that could potentially be used in the development of switches or amplifiers in molecular electronics. The modeling technique is a collaboration between researchers at the University of Jyvaskyla, Finland, and Wroclaw University of Science and Technology, Poland.

      

      
        Method to separate microplastics from water could also speed up blood analyses
        Researchers have demonstrated a way to speed up--and potentially scale up--the process for separating particles in fluids, which can be used for studying microplastics in drinking water or even analyzing cancer cells from blood.

      

      
        Scientists create material that can take the temperature of nanoscale objects
        University of California, Irvine scientists have discovered a one-dimensional nanoscale material whose color changes as temperature changes. The team's results appear in Advanced Materials.
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Quantum pumping in molecular junctions: Theoretical model could lead to switches and amplifiers

										

    
        
            [image: Quantum pumping in molecular junctions]
             
                The study focuses on the quantum pump effect in a benzenedithiol molecule connected to two copper electrodes and coupled with cavity photons. Credit: Senior Lecturer Riku Tuovinen
            
        

    


Researchers have developed a new theoretical modeling technique that could potentially be used in the development of switches or amplifiers in molecular electronics. The modeling technique is a collaboration between researchers at the University of Jyvaskyla, Finland, and Wroclaw University of Science and Technology, Poland.



										      
																					The paper is published in the journal Nano Letters.

Molecular electronics is the study of how electrons move in junctions formed by individual molecules and how this can be used in electronic devices. The time scales of the theoretical models typically used in these processes are very fast compared to those observed experimentally and aligning them has been a challenge.

Using a new modeling technique developed by researchers at the University of Jyvaskyla and Wroclaw University of Science and Technology, a setup was investigated in which a benzenedithiol molecule is coupled to copper electrodes and interacts with light in a cavity. The new theoretical method provides an experimentally relevant time scale for the study of molecular junctions.

"Our theoretical results show that the molecular system we studied can produce significant light emission and high harmonic generation," says Senior Lecturer Riku Tuovinen from the University of Jyvaskyla.

Interestingly, the way these effects occur is more akin to what has been observed in solid state materials rather than in atomic or molecular systems.

"The study also found that symmetries in the configuration can either suppress or enhance certain light frequencies," says Tuovinen, "so the configuration could potentially be used as a switch or amplifier in molecular electronics."

The researchers refer to the studied setting as a kind of molecular quantum pump.

"Similar to how the efficiency of the famous Archimedes' screw depends on the tilting angle and the spiral step, the efficiency of molecular quantum pumps depends on the magnitude and phase difference of the driving voltages," explains Tuovinen.


																														
																				
																						More information:
												Riku Tuovinen et al, Electroluminescence Rectification and High Harmonic Generation in Molecular Junctions, Nano Letters (2024). DOI: 10.1021/acs.nanolett.4c02609
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Method to separate microplastics from water could also speed up blood analyses

										

    
        
            [image: Method to separate microplastics from water could also speed up blood analyses]
             
                A microchip that could help reduce the process time for blood analysis is displayed by Selim Tanriverdi, a PhD student at KTH. Credit: David Callahan - KTH Royal Institute of Technology CC-BY-SA
            
        

    


Researchers have demonstrated a way to speed up--and potentially scale up--the process for separating particles in fluids, which can be used for studying microplastics in drinking water or even analyzing cancer cells from blood.



										      
																																	Reporting in Microsystems & Nanoengineering, a team led by researchers at KTH Royal Institute of Technology describe a speedier and more precise method of elasto-inertial microfluidics, a process that involves controlling the movement of tiny particles in fluids by using both the elastic properties of the fluid and the forces that come into play when the fluid moves.

Selim Tanriverdi, a Ph.D. student at KTH and lead author of the study, says the improved technique offers a diverse range of potential uses in medical testing, environmental monitoring and manufacturing. The method can help quickly sort cells or other particles in blood samples, remove pollutants in water to analyze, or enable development of better materials by separating different components more efficiently, he says.

The microfluidic device is comprised of specially engineered channels that can handle relatively large amounts of fluid quickly, making it perfect for applications requiring fast and continuous separation of particles, Tanriverdi says. Within these channels, particles can be sorted and lined up--a crucial step for separating different types of particles.



    
        
            [image: Method to separate microplastics from water could also speed up blood analyses]
             
                A schematic of the design of the microfluidic chip. The inlet is followed by a straight focusing section. The main channel is split in two parallel channels where bottom channel has slightly higher resistance as highlighted in the box. This resistance causes particles to follow upper channel that allows to observe migration.
            
        

    



The improved accuracy is enabled by using special fluids designed specifically with high polymer concentrations. This imparts a viscoelastic character that can push like water and spring back, in a way comparable to an egg white. By combining these forces, particles can be guided to move in specific ways.

"We showed how the sample throughput can be increased within our microfluidic channel," he says. "This would lower the process time for blood analysis, which is crucial for a patient."

The study found that larger particles were easier to control and remained focused even when the fluid flow increased. Smaller particles needed optimal flow rates to stay in line but showed improved control under the right conditions.

Development of the method has its roots in a project to develop technologies for monitoring micro- and nano- plastics in water. Tanriverdi had served as a Marie Sklodowska-Curie researcher on the project, titled MONPLAS.


																																																					
																				
																						More information:
												Selim Tanriverdi et al, Elasto-inertial focusing and particle migration in high aspect ratio microchannels for high-throughput separation, Microsystems & Nanoengineering (2024). DOI: 10.1038/s41378-024-00724-2
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Scientists create material that can take the temperature of nanoscale objects

										

    
        
            [image: Scientists create material that can take the temperature of nanoscale objects]
             
                With the help of a microscope, UC Irvine postdoctoral scholar Dmitri Cordova inspects a sample of the crystal that the lab of Professor Maxx Arguilla used to discover the new nano-scale thermometers. Credit: Lucas Van Wyk Joel
            
        

    


University of California, Irvine scientists have discovered a one-dimensional nanoscale material whose color changes as temperature changes. The team's results appear in Advanced Materials.



										      
																																	"We found that we can make really small and sensitive thermometers," said Maxx Arguilla, UC Irvine professor of chemistry whose research group led the study. "It's one of the most applied and translatable works to come out of our lab."

Arguilla likened the thermometers to "nano-scale mood rings," referring to the jewelry that changes color depending on the wearer's body temperature. But instead of simply taking a qualitative temperature reading, the changes in the color of these materials "can be calibrated and used to optically take temperature readings at the nanoscale," Arguilla said.

"The need to measure temperature is important because a lot of biological and industrial processes depend on tracking minute changes in temperature," he added. "We may now have thermometers that we could try poking into the cells."

According to Dmitri Cordova, a postdoctoral scholar in Arguilla's group, the optical thermometers can also potentially measure the temperatures and assess the efficiencies of micro- and nano-electronics, including circuits and data storage devices. Industries already have optical thermometers they use when fabricating computer components, but the team's new material is "at least an order of magnitude more sensitive," Cordova said.

The breakthrough happened when Cordova and colleagues grew crystals in their lab, that--at nanometer-length scales--resemble helical "slinkies." They grew the crystals at first so they could subject them to heat stress to see at what temperatures the crystals disintegrate.


																																						
    
     




																																			Cordova and undergraduate researcher Leo Cheng noticed that the colors of the crystals systematically shifted from yellow to orange, depending on the temperature.

The team then took precise measurements of the temperature range the colors corresponded with, and they found that light yellow colors corresponded to temperatures around -190 degrees Celsius, while red-orange colors corresponded to temperatures around 200 degrees Celsius.

"We spent a lot of effort trying to make sure the measurements were precise," said Arguilla.

To retrieve nanoscale samples of the material, the lab stuck a piece of adhesive tape to bulk-scale crystals, peeled it back and transferred nanoscale samples stuck to the tape onto transparent substrates.

"We can peel off these structures, and we can use them as nanoscale thermometers that can be transferred, reconfigured and coupled with other materials or surfaces," said Arguilla.

Arguilla explained that the discovery is the first step toward discovering new classes of materials to take temperature readings at nanometer scales.

Next, his lab plans to test other nano-scale materials to see if they can develop thermometers that can measure a wider range of temperatures.

"We're now trying to hack the materials design rules to make even more sensitive materials," Arguilla said. "We're trying to open the toolbox for optical thermometry from the bulk scale down to the nanoscale."

Co-authors include Yinong Zhou, Griffin M. Milligan, Leo Cheng, Tyler Kerr, Joseph Ziller, and Ruqian Wu.


																																																					
																				
																						More information:
												Dmitri Leo Mesoza Cordova et al, Sensitive Thermochromic Behavior of InSeI, a Highly Anisotropic and Tubular 1D van der Waals Crystal, Advanced Materials (2024). DOI: 10.1002/adma.202470162
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        Theoretical research holds promise for advancing modular quantum information processing
        The operation of a quantum computer relies on encoding and processing information in the form of quantum bits--defined by two states of quantum systems such as electrons and photons. Unlike binary bits used in classical computers, quantum bits can exist in a combination of zero and one simultaneously--in principle allowing them to perform certain calculations exponentially faster than today's largest supercomputers.

      

      
        Enhanced two-photon microscopy method could reveal insights into neural dynamics and neurological diseases
        Researchers have developed a new two-photon fluorescence microscope that captures high-speed images of neural activity at cellular resolution. By imaging much faster and with less harm to brain tissue than traditional two-photon microscopy, the new approach could provide a clearer view of how neurons communicate in real time, leading to new insights into brain function and neurological diseases.

      

      
        Novel light transport model improves X-ray phase contrast imaging
        Researchers at the University of Houston unveiled an advancement in X-ray imaging technology that could provide significant improvements in medical diagnostics, materials and industrial imaging, transportation security and other applications.

      

      
        New semiconductor material AlYN promises more energy-efficient and powerful electronics
        Researchers at Fraunhofer IAF have made a breakthrough in the field of semiconductor materials: With aluminum yttrium nitride (AlYN), they have succeeded in fabricating and characterizing a new and promising semiconductor material using the MOCVD process.

      

      
        Electromagnetic vortex cannon could enhance communication systems
        Vortex rings, a mysterious and fascinating natural phenomenon, display breathtaking structures and behaviors in both air and electromagnetic waves. Imagine an air cannon that can shoot vortex rings, creating a perfect air vortex that travels gracefully through the air as if an invisible hand is sketching an elegant curve in the sky. This vortex phenomenon is not just a spectacle of physics but a masterpiece of nature.

      

      
        Physicists throw world's smallest disco party with a levitating ball of fluorescent nanodiamond
        Physicists at Purdue are throwing the world's smallest disco party. The disco ball itself is a fluorescent nanodiamond, which they have levitated and spun at incredibly high speeds. The fluorescent diamond emits and scatters multicolor lights in different directions as it rotates. The party continues as they study the effects of fast rotation on the spin qubits within their system and are able to observe the Berry phase.
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Theoretical research holds promise for advancing modular quantum information processing

										

    
        
            [image: URI-led study holds promise for advancing modular quantum information processing]
             
                Schematic illustration of a system for cavity-mediated coupling of two parametrically driven quantum dot spin qubits via sidebands. Credit: PRX Quantum (2024). DOI: 10.1103/PRXQuantum.5.020339
            
        

    


The operation of a quantum computer relies on encoding and processing information in the form of quantum bits--defined by two states of quantum systems such as electrons and photons. Unlike binary bits used in classical computers, quantum bits can exist in a combination of zero and one simultaneously--in principle allowing them to perform certain calculations exponentially faster than today's largest supercomputers.



										      
																																	To reach their full potential, quantum computers need millions of quantum bits, or qubits. But a challenge arises as quantum information processing systems are scaled to many qubits. Highly complex electronics are needed to control even a few qubits and scaling that complex circuitry represents a major hurdle.

In recent theoretical research, a team of physicists, led by University of Rhode Island professor Vanita Srinivasa, envisions a modular system for scaling quantum processors with a flexible way of linking qubits over long distances to enable them to work in concert to perform quantum operations. The ability to carry out such correlated or "entangling" operations between linked qubits is the basis of the enhanced power quantum computing holds compared with current computers.

A new paper on their research, co-authored by Srinivasa, Jacob M. Taylor of the University of Maryland and the National Institute of Standards and Technology, and Jason R. Petta of the University of California, Los Angeles, was recently published in the journal PRX Quantum.

"Each qubit in a quantum computer operates at a specific frequency. Realizing the capabilities unique to a quantum computer relies on being able to control each qubit individually via a distinct frequency, as well as to link pairs of qubits by matching their frequencies," said Srinivasa, director of URI's Quantum Information Science program and an assistant professor of physics.


																																						
    
     




																																			"As a quantum processor is scaled to larger numbers of qubits, being able to simultaneously achieve both of these operations for every qubit becomes very challenging. In our work, we describe how applying oscillating voltages effectively generates extra frequencies for each qubit in order to link multiple qubits without having to match all of their original frequencies. This allows qubits to be linked while simultaneously allowing each qubit to retain a distinct frequency for individual control."

Using semiconductors to build quantum processors is in principle very promising for scaling qubits to large numbers. The advanced semiconductor technology that exists today forms the basis for fabricating chips with billions of tiny transistors and can be harnessed to make qubits that are compact in size, Srinivasa said. Additionally, storing qubits in an internal property of electrons and other semiconductor particles known as spin provides enhanced protection from the quantum information loss inherent in every quantum computing platform.

However, scaling up a quantum processor by simply adding more and more spin qubits and their associated control circuitry to a single array of qubits is very challenging in practice. The theoretical work by Srinivasa and her colleagues addresses this problem by providing a step-by-step guide that shows multiple ways to entangle spin qubits over long distances with flexibility in matching their frequencies.

The resulting flexibility opens a pathway to semiconductor-based modular quantum information processing, which represents an alternative approach for building many-qubit systems using small arrays of qubits--modules--that can already be made today, and connecting them with robust, long-range entangling links.


																																			"This approach to scaling is like building a larger system using fixed-size LEGO blocks, which are like individual modules, and connecting them using longer pieces that are strong enough to maintain the connection between the blocks for a sufficient time before external influences break the links," Srinivasa said.

"Provided fast and reliable long-distance links between qubits are available, such a modular approach allows scaling while providing more space for the spin qubit control circuitry." Fully modular semiconductor-based quantum processors have yet to be demonstrated.

While there are many types of qubits and a corresponding variety of ways for them to interact, the researchers chose to study quantum dot-based spin qubits that interact through microwave photons in a superconducting cavity. Quantum dots are atom-like structures created to confine electrons--and other particles used to define qubits--to small spaces within semiconductors and control them individually by applying voltages. Likewise, superconducting cavities are fabricated structures that confine photons but are much larger than quantum dots, with a size set by the wavelength of microwaves.

Recent experiments have demonstrated long-distance links between quantum dot spin qubits using microwave cavity photons. (The first demonstration for two spin qubits in silicon was achieved by co-author Jason Petta's experimental research group.)


																																						
    
     




																																			However, tuning all of the qubit and photon frequencies so they precisely match and can exchange energy--a condition called resonance--to establish a link has been a problem even at just the two-qubit level, the paper says. To address this problem, the researchers present a highly tunable approach for linking qubits using microwave photons that does not rely on simultaneous resonance among all original qubit and cavity frequencies.

In their paper, the researchers provide comprehensive guidelines for tailored long-distance entangling links that allow flexibility by making multiple frequencies available for each qubit to become linked with microwave cavity photons of a given frequency, "like multiple keys that can fit a given lock," Srinivasa said.

Extra frequencies can be generated by applying an oscillating voltage to each spin qubit that moves the spins back and forth in the quantum dots. If this back-and-forth motion is fast enough, two sideband frequencies--one higher and one lower in frequency than the original qubit frequency--are created for each qubit in addition to their characteristic frequency.

The addition of the sideband frequencies results in three ways to tune each qubit into resonance with microwave cavity photons, and consequently nine different conditions under which two qubits can be linked.

This flexibility in resonance conditions would make it much easier to add qubits to a system because they do not all need to be tuned to the same frequency. Furthermore, the nine ways for two qubits to be linked enable several different types of entangling operations to be selected simply by setting the oscillating voltages appropriately, without having to modify the structure of either the quantum dots or the cavity photons.


																																			The versatility in types of entangling links enables an expanded set of elementary quantum operations with which to perform calculations. Finally, the researchers show that their proposed entangling method is less sensitive to leakage of photons out of the cavity than previous approaches, allowing for more robust long-distance links between spin qubits.

"The combination of flexibility in matching frequencies, versatility in tailoring the types of quantum entangling operations between qubits, and reduced sensitivity to cavity photon leakage renders our proposed sideband frequency-based approach promising for realizing a modular quantum processor using semiconductor qubits," Srinivasa said.

"I am excited for the next step, which is to apply these ideas to real quantum devices in the laboratory and find out what we need to do to make the approach work in practice."


																																																					
																				
																						More information:
												V. Srinivasa et al, Cavity-Mediated Entanglement of Parametrically Driven Spin Qubits via Sidebands, PRX Quantum (2024). DOI: 10.1103/PRXQuantum.5.020339
																						
																						

																					

                               											
																					
                              										                                        
										
										
											 
												Citation:
												Theoretical research holds promise for advancing modular quantum information processing (2024, August 15)
												retrieved 15 August 2024
												from https://phys.org/news/2024-08-theoretical-advancing-modular-quantum.html
											 

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

										

                                        
									

								



This article was downloaded by calibre from https://phys.org/news/2024-08-theoretical-advancing-modular-quantum.html



	
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next




										

    
        
            [image: New microscope offers faster, high-resolution brain imaging]
             
                The experimental setup shows the optical components, including the DMD and beam scanners, for the two-photon microscope with the adaptive line-excitation scheme. Credit: Molly M Bechtel, University of California, Davis
            
        

    


Researchers have developed a new two-photon fluorescence microscope that captures high-speed images of neural activity at cellular resolution. By imaging much faster and with less harm to brain tissue than traditional two-photon microscopy, the new approach could provide a clearer view of how neurons communicate in real time, leading to new insights into brain function and neurological diseases.



										      
																																	"Our new microscope is ideally suited for studying the dynamics of neural networks in real time, which is crucial for understanding fundamental brain functions such as learning, memory and decision-making," said research team leader Weijian Yang from the University of California, Davis.

"For example, researchers could use it to observe neural activity during learning to better understand communication and interaction among different neurons during this process."

In Optica, the researchers describe the new two-photon fluorescence microscope, which incorporates a new adaptive sampling scheme and replaces traditional point illumination with line illumination.

They show that the new method enables in vivo imaging of neuronal activity in a mouse cortex and can image at speeds ten times faster than traditional two-photon microscopy while also reducing the laser power on the brain more than tenfold.

"By providing a tool that can observe neuronal activity in real time, our technology could be used to study the pathology of diseases at the earliest stages," said Yunyang Li, the first author of the paper.

"This could help researchers better understand and more effectively treat neurological diseases such as Alzheimer's, Parkinson's and epilepsy."


    
    
    
        
        
    
         
             
         

        In-vivo imaging of the neuronal activity in mouse primary visual cortex. Left, high-resolution neuronal map; middle, high-speed neuronal activity recording captured by the two-photon microscope with the adaptive line-excitation scheme; right, extracted neuronal activity traces of representative neurons. Credit: Shu Guo and Yunyang Li, University of California, Davis
  



																																						
    
     




																																			High-speed imaging with less damage

Two-photon microscopy can image deep into scattering tissue such as a mouse brain by scanning a small point of light across the entire sample area to excite fluorescence and then collecting the resulting signal point by point. This process is then repeated to capture each imaging frame. Although two-photon microscopy provides detailed images, it is slow and can damage brain tissue.

In the new work, the researchers aimed to overcome these limitations through a new sampling strategy. Rather than using a point of light, they use a short line of light to illuminate specific parts of the brain where neurons are active.

This enables a larger area to be excited and imaged at once, thus speeding up the imaging process significantly. Also, because it only images neurons of interest--not the background or inactive areas--the total light energy deposited to the brain tissue is reduced, lowering the risk for potential damage. They called this scheme adaptive sampling.

The researchers accomplished this by using a digital micromirror device (DMD)--a chip containing thousands of tiny mirrors that can be individually controlled--to dynamically shape and steer the light beam, enabling precise targeting of active neurons. They achieved adaptive sampling by turning individual DMD pixels on and off in a way that adjusts to the neuronal structure of the brain tissue being imaged.



    
        
            [image: New microscope offers faster, high-resolution brain imaging]
             
                A new two-photon fluorescence microscope can capture high-speed images of neural activity at cellular resolution thanks to a new adaptive sampling scheme and line illumination. The illustration shows the adaptive sampling scheme, in which a laser beam patterned by a digital micromirror device selectively illuminates neurons in the brain tissue to image their activity. Credit: Wei Wei and Mei Xueting, LINGO.AI LLC
            
        

    



The researchers also developed a technique to use the DMD to mimic high-resolution point scanning. This allows a high-resolution image to be reconstructed from fast scans, providing a quick way to identify neuronal regions of interest. This is critical for the subsequent high-speed imaging with the short-line excitation and adaptive sampling scheme.

"These developments--each crucial on its own--come together to create a powerful imaging tool that significantly advances the ability to study dynamic neural processes in real time, with reduced risk to living tissue," said Yang.

"Importantly, our technique can be combined with other techniques like beam multiplexing and remote focusing to further increase the imaging speed or to achieve volumetric 3D imaging."


																																			Capturing neural activity

The researchers demonstrated the new microscope by using it to image calcium signals--indicators of neural activity--in living mouse brain tissue. The system captured these signals at a speed of 198 Hz, which is significantly faster than traditional two-photon microscopes and demonstrates the ability to monitor rapid neuronal events that would be missed by slower imaging methods.



    
        
            [image: New microscope offers faster, high-resolution brain imaging]
             
                Weijian Yang (right) with graduate students Shu Guo (left) and Yunyang Li (middle) in front of the new two-photon microscope. Credit: Molly M Bechtel, University of California, Davis
            
        

    



They also showed that the adaptive line-excitation technique coupled with advanced computational algorithms makes it possible to isolate the activity of individual neurons. This is important for accurately interpreting complex neural interactions and understanding the functional architecture of the brain.

Next, the researchers are working to integrate voltage imaging capabilities into the microscope to capture a direct and extremely rapid readout of neural activity.

They also plan to use the new method for real neuroscience applications, such as observing neural activity during learning and studying brain activity in disease states. Additionally, they aim to improve the microscope's user-friendliness and reduce its size to enhance its utility in neuroscience research.


																																																					
																				
																						More information:
												Weijian Yang et al, High-speed two-photon microscopy with adaptive line-excitation, Optica (2024). DOI: 10.1364/OPTICA.529930
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Novel light transport model improves X-ray phase contrast imaging

										

    
        
            [image: Researchers unveil groundbreaking technique in x-ray imaging]
             
                Retrieved X-ray attenuation and Laplacian of phase image of a wasp. Credit: University of Houston
            
        

    


Researchers at the University of Houston unveiled an advancement in X-ray imaging technology that could provide significant improvements in medical diagnostics, materials and industrial imaging, transportation security and other applications.



										      
																																	In a paper featured on the cover of Optica, Mini Das, Moores professor at UH's College of Natural Sciences and Mathematics and Cullen College of Engineering, and Jingcheng Yuan, a physics graduate student at UH, introduce a novel light transport model for a single-mask phase imaging system that enhances non-destructive deep imaging for visibility of light-element materials, including soft tissues such as cancers and background tissues like plastics and explosives.

"Older X-ray technology relies on X-ray absorption to produce an image," Das said. "But this method struggles with materials of similar density, leading to low contrast and difficulty distinguishing between different materials, which is a challenge across medical imaging, explosive detection and other fields."

X-ray phase contrast imaging, or PCI, has gained considerable attention in recent years for its potential to provide enhanced contrast for soft tissues by utilizing relative phase changes as the X-rays go through an object. Among many techniques available, the single-mask differential stands out for its simplicity and effectiveness in translating to practical applications and in yielding higher contrast images compared to other methods. And it does so in a much more simple and efficient way with single-shot, low-dose imaging.


																																						
    
     




																																			"Our new light transport model enables the understanding of contrast formation and how multiple contrast features mingle in acquired data," Das said. "As a result, it allows the retrieval of images with two distinct types of contrast mechanisms from a single exposure, which is a significant advancement over traditional methods."
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                Retrieved phase gradient maps of a wasp (colors represent positive and negative gradient). Credit: University of Houston
            
        

    



The design uses an X-ray mask with periodic slits, creating a compact setup that enhances edge contrast.

"This mask aligns with detector pixels, allowing us to capture differential phase information which shows variations between materials more clearly. The main advantage of this is that it simplifies the setup and reduces the need for high-resolution detectors or complex, multi-shot processes," Das added.

Das's team has already tested its model via rigorous simulations and on their in-house developed laboratory benchtop X-ray imaging system. The next goal, she says, is to integrate the technology into portable systems and retrofit existing imaging setups to test it in real-world environments, such as hospitals, industrial-ray imaging and airports.

"Our research opens up new possibilities for X-ray imaging by providing a simple, effective and low-cost method for enhancing image contrast which is a critical need for non-destructive deep imaging," Das says.

"It makes phase contrast imaging more accessible and practical, leading to better diagnostics and improved security screening. It is a versatile solution for a wide range of imaging challenges. We are in the process of testing the feasibility for a number of applications."


																																																					
																				
																						More information:
												Jingcheng Yuan et al, Transport-of-intensity model for single-mask X-ray differential phase contrast imaging, Optica (2024). DOI: 10.1364/OPTICA.510537
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            [image: New semiconductor material: AlYN promises more energy-efficient and powerful electronics]
             
                The different color nuances of the AlYN/GaN wafers result from different yttrium concentrations and growth conditions. Credit: Fraunhofer IAF
            
        

    


Researchers at Fraunhofer IAF have made a breakthrough in the field of semiconductor materials: With aluminum yttrium nitride (AlYN), they have succeeded in fabricating and characterizing a new and promising semiconductor material using the MOCVD process.



										      
																																	Due to its excellent material properties and its adaptability to gallium nitride (GaN), AlYN has enormous potential for use in energy-efficient high-frequency and high-performance electronics for information and communications technology.

Aluminum yttrium nitride (AlYN) has attracted the interest of many research groups around the world due to its outstanding material properties. However, the growth of the material has been a major challenge. Until now, AlYN could only be deposited by magnetron sputtering.

Researchers at the Fraunhofer Institute for Applied Solid State Physics IAF have now succeeded in fabricating the new material using metal-organic chemical vapor deposition (MOCVD) technology, thus enabling the development of new, diverse applications.

"Our research represents a milestone in the development of new semiconductor structures. AlYN is a material that enables increased performance while minimizing energy consumption, paving the way for innovations in electronics that our digitally connected society and its ever-increasing technology demands urgently need," says Dr. Stefano Leone, scientist at Fraunhofer IAF in the field of epitaxy.

With its promising material properties, AlYN could become a key material for future technological innovations.

Recent research had already demonstrated the material properties of AlYN, such as ferroelectricity. In developing the new compound semiconductor, the researchers at Fraunhofer IAF focused primarily on its adaptability to gallium nitride (GaN): The lattice structure of AlYN can be optimally adapted to GaN and the AlYN/GaN heterostructure promises significant advantages for the development of future-oriented electronics.


																																						
    
     




																																			From layer to heterostructure

In 2023, the Fraunhofer IAF research group achieved groundbreaking results when it succeeded in depositing a 600 nm thick AlYN layer for the first time. The layer with wurtzite structure contained an unprecedented yttrium concentration of more than 30%.

Now the researchers have achieved another breakthrough: they have fabricated AlYN/GaN heterostructures with a precisely adjustable yttrium concentration, which are characterized by excellent structural quality and electrical properties. The novel heterostructures have an yttrium concentration of up to 16%. The research is published in the journal APL Materials.

The structural analysis group, led by Dr. Lutz Kirste, continues to perform detailed analyses to further the understanding of the structural and chemical properties of AlYN.

The Fraunhofer researchers have already measured very promising electrical properties of AlYN that are of interest for use in electronic components. "We were able to observe impressive values for sheet resistance, electron density and electron mobility. These results showed us the potential of AlYN for high-frequency and high-performance electronics," Leone reports.


																																			AlYN/GaN heterostructures for high-frequency applications

Due to its wurtzite crystal structure, AlYN can be adapted very well to the wurtzite structure of gallium nitride with a suitable composition. An AlYN/GaN heterostructure promises to enable the development of semiconductor components with improved performance and reliability.

In addition, AlYN has the ability to induce a two-dimensional electron gas (2DEG) in heterostructures. Recent research results from Fraunhofer IAF show optimal 2DEG properties in AlYN/GaN heterostructures at an yttrium concentration of about 8%.

The material characterization results also show that AlYN can be used in high electron mobility transistors (HEMTs). The researchers observed a significant increase in electron mobility at low temperatures (more than 3000 cm2/Vs at 7 K). The team has already made significant progress in demonstrating the epitaxial heterostructure required for fabrication, and continues to explore the new semiconductor for the development of HEMTs.

The researchers are also optimistic about industrial applications: Using AlYN/GaN heterostructures grown on 4-inch SiC substrates, they demonstrated the scalability and structural uniformity of the heterostructures. The successful creation of AlYN layers in a commercial MOCVD reactor enables scaling up to larger substrates in larger MOCVD reactors.

This method is considered the most productive for the fabrication of large-area semiconductor structures and underlines the potential of AlYN for the mass production of semiconductor devices.


																																						
    
     




																																			Development of non-volatile memories

Due to its ferroelectric properties, AlYN is highly suitable for the development of non-volatile memory applications. Another important advantage is that the material has no limitation on layer thickness. Therefore, the research team at Fraunhofer IAF encourages further research into the properties of AlYN layers for non-volatile memories, as AlYN-based memories can drive sustainable and energy-efficient data storage solutions.

This is particularly relevant for data centers, which have to cope with the exponential growth in computing capacity for artificial intelligence and have significantly higher energy consumption.

The challenge of oxidation

A major obstacle to the industrial use of AlYN is its susceptibility to oxidation, which affects its suitability for certain electronic applications.

"In the future, it will be important to explore strategies to reduce or overcome oxidation. The development of high-purity precursors, the use of protective coatings, or innovative manufacturing techniques could contribute to this.

"The susceptibility of AlYN to oxidation is a major research challenge to ensure that research efforts are focused on areas with the greatest chance of success," concludes Leone.


																																																					
																				
																						More information:
												Isabel Streicher et al, Two-dimensional electron gases in AlYN/GaN heterostructures grown by metal-organic chemical vapor deposition, APL Materials (2024). DOI: 10.1063/5.0203156
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Electromagnetic vortex cannon could enhance communication systems

										

    
        
            [image: Electromagnetic vortex cannon Launched!]
             
                Air cannons produce visible vortex rings by generating rotating air pressure differences, while electromagnetic cannons emit electromagnetic vortex pulses using coaxial horn antennas. The electromagnetic system also demonstrates self- resilience properties and skyrmion topology, offering unique potential in high-capacity communication, target detection, and data encoding due to their complex wave dynamics and topological features. Credit: Ren Wang; Pan-Yi Bao; Zhi-Qiang Hu; Shuai Shi; Bing-Zhong Wang; Nikolay I. Zheludev; Yijie Shen
            
        

    


Vortex rings, a mysterious and fascinating natural phenomenon, display breathtaking structures and behaviors in both air and electromagnetic waves. Imagine an air cannon that can shoot vortex rings, creating a perfect air vortex that travels gracefully through the air as if an invisible hand is sketching an elegant curve in the sky. This vortex phenomenon is not just a spectacle of physics but a masterpiece of nature.



										      
																																	The creation of air vortices is a captivating blend of science and aesthetics. When an air cannon fires, the instantaneous pressure difference causes the air to form a rotating ring structure that propagates steadily through the air, showcasing the unique shape and dynamics of the vortex. Applying the same principle to electromagnetic waves, we can envision an "electromagnetic vortex cannon" that directly emits electromagnetic vortex rings. Thanks to the dedicated efforts of researchers, this concept is gradually becoming a reality.

Recently, Associate Professor Ren Wang from the University of Electronic Science and Technology of China, Assistant Professor Yijie Shen from Nanyang Technological University in Singapore, and their collaborators from the University of Southampton in the UK proposed a method using coaxial horn antennas to directly emit electromagnetic vortices. They observed the resilient propagation characteristics and skyrmion topological structures of these vortices.

Their work, titled "Observation of Resilient Propagation and Free-Space Skyrmions in Toroidal Electromagnetic Pulses," has been published as a Featured Article in Applied Physics Reviews.


																																						
    
     




																																			These scientists summarize the operational principle of their electromagnetic cannon, saying, "The principle involves utilizing ultra-wideband, radially polarized, conical coaxial horn antennas to create a rotating electromagnetic wave structure. When the antenna emits, it generates an instantaneous pressure difference that forms these vortex rings, which maintain their shape and energy over long distances. The uniqueness of this method lies in its ability to produce electromagnetic pulses with complex topological features, such as skyrmions, that showcase remarkable resilience and self-healing properties during propagation."

"The potential applications of this technology are vast and exciting. In high-capacity communication systems, these vortex pulses could revolutionize how we transmit information by offering efficient and robust methods of data encoding. The unique spectral and polarization characteristics of the vortex rings allow them to carry more information compared to traditional waves, making them ideal candidates for next-generation communication networks.

"Furthermore, their ability to maintain structural integrity even in the presence of environmental disturbances positions them as valuable tools in remote sensing and target detection. By analyzing the unique patterns of these vortex pulses, we can develop more precise and reliable methods for detecting and locating objects, whether in defense systems or space exploration," the scientists say.


																																			"As we reflect on the implications of our findings, [we're] particularly excited about how this research could lead to groundbreaking advancements in metrology and information processing. The spatiotemporal inseparability of the vortex pulses provides a foundation for developing new techniques in complex data encoding and high-precision measurements. Additionally, the skyrmion textures embedded within the vortex rings offer intriguing possibilities for topological data storage and processing, potentially leading to more efficient ways of managing and analyzing large datasets.

"This work not only demonstrates the incredible versatility of electromagnetic vortex rings but also sets the stage for future innovations in wireless technology, creating opportunities to redefine our understanding of electromagnetic phenomena," the scientists add.


																																																					
																				
																						More information:
												Ren Wang et al, Observation of resilient propagation and free-space skyrmions in toroidal electromagnetic pulses, Applied Physics Reviews (2024). DOI: 10.1063/5.0218207
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Physicists throw world's smallest disco party with a levitating ball of fluorescent nanodiamond

										

    
        
            [image: Purdue physicists throw world's smallest disco party]
             
                Prof. Tongcang Li (left), Dr. Yuanbin Jin (middle) and Kunhong Shen perform experiments with levitated and rotating fluorescent diamonds at Purdue University. Credit: Purdue University, Charles Jischke.
            
        

    


Physicists at Purdue are throwing the world's smallest disco party. The disco ball itself is a fluorescent nanodiamond, which they have levitated and spun at incredibly high speeds. The fluorescent diamond emits and scatters multicolor lights in different directions as it rotates. The party continues as they study the effects of fast rotation on the spin qubits within their system and are able to observe the Berry phase.



										      
																																	The team, led by Tongcang Li, professor of Physics and Astronomy and Electrical and Computer Engineering at Purdue University, published their results in Nature Communications. Reviewers of the publication described this work as "arguably a groundbreaking moment for the study of rotating quantum systems and levitodynamics" and "a new milestone for the levitated optomechanics community."

"Imagine tiny diamonds floating in an empty space or vacuum. Inside these diamonds, there are spin qubits that scientists can use to make precise measurements and explore the mysterious relationship between quantum mechanics and gravity," explains Li, who is also a member of the Purdue Quantum Science and Engineering Institute.

"In the past, experiments with these floating diamonds had trouble in preventing their loss in vacuum and reading out the spin qubits. However, in our work, we successfully levitated a diamond in a high vacuum using a special ion trap. For the first time, we could observe and control the behavior of the spin qubits inside the levitated diamond in high vacuum."

The team made the diamonds rotate incredibly fast--up to 1.2 billion times per minute! By doing this, they were able to observe how the rotation affected the spin qubits in a unique way known as the Berry phase.


																																						
    
     




																																			"This breakthrough helps us better understand and study the fascinating world of quantum physics," he says.

The fluorescent nanodiamonds, with an average diameter of about 750 nm, were produced through high-pressure, high-temperature synthesis. These diamonds were irradiated with high-energy electrons to create nitrogen-vacancy color centers, which host electron spin qubits.

When illuminated by a green laser, they emitted red light, which was used to read out their electron spin states. An additional infrared laser was shone at the levitated nanodiamond to monitor its rotation. Like a disco ball, as the nanodiamond rotated, the direction of the scattered infrared light changed, carrying the rotation information of the nanodiamond.



    
        
            [image: Purdue physicists throw world's smallest disco party]
             
                This graph illustrates a diamond particle levitated above a surface ion trap. The fluorescent diamond nanoparticle is driven to rotate at a high speed (up to 1.2 billion rpm) by alternating voltages applied to the four corner electrodes. This rapid rotation induces a phase in the nitrogen-vacancy electron spins inside the diamond. The diagram in the top left corner depicts the atomic structure of a nitrogen-vacancy spin defect inside the diamond. Credit: Kunhong Shen.
            
        

    



The authors of this paper were mostly from Purdue University and are members of Li's research group: Yuanbin Jin (postdoc), Kunhong Shen (Ph.D. student), Xingyu Gao (Ph.D. student) and Peng Ju (recent Ph.D. graduate). Li, Jin, Shen, and Ju conceived and designed the project and Jin and Shen built the setup.

Jin subsequently performed measurements and calculations and the team collectively discussed the results. Two non-Purdue authors are Alejandro Grine, principal member of technical staff at Sandia National Laboratories, and Chong Zu, assistant professor at Washington University in St. Louis. Li's team discussed the experiment results with Grine and Zu who provided suggestions for improvement of the experiment and manuscript.


																																			"For the design of our integrated surface ion trap," explains Jin. "We used a commercial software, COMSOL Multiphysics, to perform 3D simulations. We calculate the trapping position and the microwave transmittance using different parameters to optimize the design. We added extra electrodes to conveniently control the motion of a levitated diamond. And for fabrication, the surface ion trap is fabricated on a sapphire wafer using photolithography. A 300-nm-thick gold layer is deposited on the sapphire wafer to create the electrodes of the surface ion trap."

So which way are the diamonds spinning and can they be speed or direction manipulated? Shen says yes, they can adjust the spin direction and levitation.

"We can adjust the driving voltage to change the spinning direction," he explains. "The levitated diamond can rotate around the z-axis (which is perpendicular to the surface of the ion trap), shown in the schematic, either clockwise or counterclockwise, depending on our driving signal. If we don't apply the driving signal, the diamond will spin omnidirectionally, like a ball of yarn."

Levitated nanodiamonds with embedded spin qubits have been proposed for precision measurements and creating large quantum superpositions to test the limit of quantum mechanics and the quantum nature of gravity.

"General relativity and quantum mechanics are two of the most important scientific breakthroughs in the 20th century. However, we still do not know how gravity might be quantized," says Li. "Achieving the ability to study quantum gravity experimentally would be a tremendous breakthrough. In addition, rotating diamonds with embedded spin qubits provide a platform to study the coupling between mechanical motion and quantum spins."


																																						
    
     




																																			This discovery could have a ripple effect in industrial applications. Li says that levitated micro and nano-scale particles in vacuum can serve as excellent accelerometers and electric field sensors. For example, the US Air Force Research Laboratory (AFRL) are using optically-levitated nanoparticles to develop solutions for critical problems in navigation and communication.

"At Purdue University, we have state-of-the-art facilities for our research in levitated optomechanics," says Li. "We have two specialized, home-built systems dedicated to this area of study. Additionally, we have access to the shared facilities at the Birck Nanotechnology Center, which enables us to fabricate and characterize the integrated surface ion trap on campus. We are also fortunate to have talented students and postdocs capable of conducting cutting-edge research. Furthermore, my group has been working in this field for ten years, and our extensive experience has allowed us to make rapid progress."


																																																					
																				
																						More information:
												Yuanbin Jin et al, Quantum control and Berry phase of electron spins in rotating levitated diamonds in high vacuum, Nature Communications (2024). DOI: 10.1038/s41467-024-49175-3
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        Researchers propose method to manage the invasive weed congress grass
        The invasive North American plant species Parthenium hysterophorus, commonly known as Santa Maria feverfew and famine weed, is now present in Africa, Australia, and India, where it is locally known in English as congress grass.

      

      
        Beer in space: Researchers study microgravity's effect on fermentation
        A recent study by University of Florida researchers provides insight into how beer yeast might behave when fermented in outer space. The research is published in the journal Beverages.

      

      
        Enhanced model enables more realistic biofilms for studying ventilator pneumonia
        Scientists at The University of Warwick have made a breakthrough which could help find new treatments for a deadly infection that can affect up to 40% of hospital patients using mechanical ventilators. The study is published in Microbiology.

      

      
        New genetic analysis of Lyme disease-causing bacteria could improve diagnosis and treatment
        A genetic analysis of Lyme disease bacteria may pave the way for improved diagnosis, treatment and prevention of the tick-borne ailment.

      

      
        Tiny South American deer debuts at New York City zoo
        A tiny South American deer that will weigh only as much as a watermelon when fully grown is making its debut at the Queens Zoo in New York City.

      

      
        Transforming satellite imagery: Innovative fusion method for precision agriculture
        Remote sensing plays a vital role in monitoring agricultural landscapes, yet current satellite sensors often struggle with the trade-off between spatial and temporal resolution.

      

      
        Newly discovered protein stops DNA damage
        Researchers from Western University have discovered a protein that has the never-before-seen ability to stop DNA damage in its tracks. The finding could provide the foundation for developing everything from vaccines against cancer, to crops that can withstand the increasingly harsh growing conditions brought on by climate change.

      

      
        A new advanced framework to assess the impact of invasive plants on ecosystems
        Researchers from the University of Freiburg and Justus Liebig University Giessen have developed a framework to better assess the impact of invasive plant species on ecosystems.

      

      
        How researchers reconstructed the ancestor of all life on Earth
        Understanding how life began and evolved on Earth is a question that has fascinated humans for a long time, and modern scientists have made great advances when it comes to finding some answers. Now, our recent study hopes to offer new insights into the origin of life on Earth.

      

      
        Trees compete for space, light and resources, and those clashes can leave battle scars
        When you walk through a forest, it may feel like a static setting where very little is happening. But trees are constantly interacting and reacting to each other as they grow. There's intense competition for light and space. Every shift affects the overall makeup of the forest in some way.

      

      
        Why do plants wiggle? New study provides answers
        In a new study, physicists from the United States and Israel may have gotten to the bottom of a quirky behavior of growing plants--and a mystery that intrigued Charles Darwin himself during the later decades of his life.

      

      
        Islands in the sky: Could steep-sided hilltops offer safe haven to threatened species?
        Species are disappearing at an alarming rate around the world. But Australia's extinction crisis is especially severe--since European colonization, we have lost about 100 species of animals and plants. The loss of 33 mammal species is largely due to canny invasive predators such as foxes and cats as well as destruction of habitat.

      

      
        Nearly 25% of European landscape could be rewilded, say researchers
        Europe's abandoned farmlands could find new life through rewilding, a movement to restore ravaged landscapes to their wilderness before human intervention. A quarter of the European continent, 117 million hectares, is primed with rewilding opportunities, researchers report August 15 in the journal Current Biology.

      

      
        Wildly divergent skinks provide a window into how evolution works
        A diverse group of lizards known as the social skinks is helping scientists answer questions about some of the fundamental workings of evolution.

      

      
        Skin cell discovery could help Atlantic salmon fend off sea lice
        Scientists at the Institute of Aquaculture are central to a study that could hold the key to improving Atlantic salmon's resistance to sea lice. The parasites--which feed on the fish's skin and fins, causing open wounds that can lead to infection--reduce the market value of farmed fish and can have knock-on impacts on wild salmon populations.

      

      
        Implementing a new pathway to measure and value biodiversity
        In October, world leaders will gather at the United Nations Biodiversity Conference in Cali, Colombia, to put an ambitious plan to halt human-induced species extinction into action. The conference, COP16, will focus on the historic Kunming-Montreal Global Biodiversity Framework, which sets 23 targets and four overarching goals to halt human-induced species extinction.

      

      
        Surprise finding in study of environmental bacteria could advance search for better antibiotics
        In what they labeled a "surprising" finding, Johns Hopkins Medicine researchers studying bacteria from freshwater lakes and soil say they have determined a protein's essential role in maintaining the germ's shape. Because the integrity of a bacterial cells envelope or enclosure is key to its survival, the finding could advance the search for new and better antibiotics.

      

      
        Dutch bluetongue cases accelerating: official
        Cases of bluetongue, a viral disease affecting sheep and cows, have shot up in the Netherlands according to official figures published Thursday, as the virus spreads also in France and Germany.

      

      
        Cactus dreams: Revealing the secrets of mescaline making
        Mescaline, a natural hallucinogen known since ancient times, was not only a favorite of artists and bohemians but also a mainstay of brain research throughout the first half of the 20th century, until it was eclipsed in the 1950s by the much more potent, synthetic LSD. Now, with the resurgence of interest in psychedelics as potential therapies for psychiatric disorders, mescaline research is again raising hope for treatment.

      

      
        Rare butterfly only found on Pa. military base should be listed as endangered, feds say
        The eastern subspecies of the regal fritillary butterfly, marked by orange forewings and dark hindwings, is found in only one location in North America and is threatened with extinction.

      

      
        California is home to millions of urban trees: What happens when they die?
        To stop California's 6 million urban trees from knocking out power lines, crashing through houses, or lying across streets when they die, humans have to intervene.

      

      
        Zebrafish use surprising strategy to regrow spinal cord: Findings could help identify ways to heal spinal cord damage
        Zebrafish are members of a rarefied group of vertebrates capable of fully healing a severed spinal cord. A clear understanding of how this regeneration takes place could provide clues toward strategies for healing spinal cord injuries in people. Such injuries can be devastating, causing permanent loss of sensation and movement.

      

      
        Could manure and compost act like probiotics, reducing antibiotic resistance in urban soils?
        Urban soils often contain chemical contaminants, such as heavy metals or trace amounts of antibiotics, along with higher levels of antibiotic-resistant bacteria. New research from the University of Maryland suggests that, in some cases, boosting urban soil health with compost and treated manure may reduce the amount of "bad" bacteria. Understanding these dynamics has important implications for improving the quality and safety of fresh produce in urban agriculture.
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Researchers propose method to manage the invasive weed congress grass
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                Parthenium hysterophorus (Santa Maria feverfew). Credit: Vinayaraj/Wikimedia Commons, CC BY-SA
            
        

    


The invasive North American plant species Parthenium hysterophorus, commonly known as Santa Maria feverfew and famine weed, is now present in Africa, Australia, and India, where it is locally known in English as congress grass.



										      
																					According to new research published in the International Journal of Environment and Waste Management, congress grass has become a serious concern for food security, biodiversity, and public health in India and beyond.

The species is highly resilient and can quickly displace native plants and crops, threatening agricultural systems. It grows well even under poor climate and soil conditions in which crops usually struggle, and it is one of the most destructive weeds agriculture sees.

Not only is P. hysterophorus very resilient, it has allelopathic properties, which means it releases chemicals that suppress the growth of nearby plants. This gives it even more of an advantage over native plants and crop plants, allowing it to soak up water and nutrients and block sunlight from reaching seedlings.

This results in an even worse impact on biodiversity and ecosystems and on agricultural productivity where it is rife. In addition to ecological and agricultural problems, the plant is very allergenic and toxic to livestock.

The current research proposes a new approach to dealing with this weed. Instead of focusing on attempting to eradicate it, the team suggests that it might be harvested and composted so that any nutrient loss can be reincorporated into the farm. Moreover, proper composting will destroy the plant's seeds and so reduce the risk of it spreading. The approach benefits from all the economic and ecological advantages of avoiding herbicide use.

Satish Kumar Ameta of Mewar University in Rajasthan, India, and colleagues suggest that governmental and non-governmental organizations have an important role to play in educating farmers about the potential of exploiting a weed in this way so that it might be adopted as a sustainable practice.


																														
																				
																						More information:
												Satish Kumar Ameta et al, Management of an obnoxious weed Parthenium hysterophorus through composting: a contrivance for recycling the nutrients, International Journal of Environment and Waste Management (2024). DOI: 10.1504/IJEWM.2024.139280
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Beer in space: Researchers study microgravity's effect on fermentation
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                A clinostat simulates microgravity during the experiment. Credit: Andrew MacIntosh
            
        

    


A recent study by University of Florida researchers provides insight into how beer yeast might behave when fermented in outer space. The research is published in the journal Beverages.



										      
																																	While the concept may initially sound trivial, it has far-reaching applications, according to the study, a collaboration between researchers from the UF/IFAS food science and human nutrition department and the horticultural sciences department.

Fermentation is an essential process in the creation of food products including bread, yogurt and kombucha. Biofuels and many pharmaceuticals are also generated through fermentation. But the researchers chose to analyze beer yeast fermentation because humans have brewed beer for thousands of years, and there is an established foundation of knowledge about it.

"We are absolutely going to be conducting fermentations under microgravity in the future, as we continue space exploration, and there are going to be outcomes that will be very difficult for us to predict," said study author Andrew MacIntosh, a UF/IFAS associate professor of food science.

"It's essential that we look at what some of those outcomes may be, now, so we can decide which processes are going to be the first ones we perform under microgravity, how we adapt them and how we can take advantage of the changes we see."

Pedro Fernandez Mendoza led the study as an undergraduate researcher. His team took barley grown in Live Oak, Florida, and mashed it to create wort, a liquid solution of extracted grains. They divided the wort into six identical samples and initiated fermentation by combining the samples in tubes with Saccharomyces pastorianus, the species of beer yeast used for brewing lagers.


																																						
    
     




																																			Three tubes acted as controls, and three tubes were placed inside a clinostat, a device that simulates microgravity by rotating samples around a horizontal axis.

As the researchers hypothesized, microgravity did not adversely affect the number of yeast cells or their viability. Instead, the rate of fermentation increased. They attributed this result to the cells' constant suspension, a state which maximized nutrient availability by preventing settling.

Surprisingly, however, the yeast exposed to microgravity produced fewer esters, the byproducts of fermentation that create both desirable and undesirable beer flavors. While suspension could be responsible, the researchers learned a yeast gene that regulates ester production might also play a part; the gene was expressed less in yeast samples exposed to microgravity than in control samples.

The researchers concluded the ester levels observed in the microgravity samples would likely lead to the creation of a higher-quality product compared to those observed in the control samples.

MacIntosh said the team's research marks only the beginning of understanding how microgravity can be leveraged to improve products used every day.

"This study is definitely the first piece in the puzzle, and I'm excited to do more," he said.


																																																					
																				
																						More information:
												Pedro Fernandez Mendoza et al, Brewing Beer in Microgravity: The Effect on Rate, Yeast, and Volatile Compounds, Beverages (2024). DOI: 10.3390/beverages10020047
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Enhanced model enables more realistic biofilms for studying ventilator pneumonia
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                Schematic and applications of the in vitro endotracheal tube (IVETT) biofilm model. P. aeruginosa biofilms are shown as an example to illustrate the model. Credit: Microbiology (2024). DOI: 10.1099/mic.0.001480
            
        

    


Scientists at The University of Warwick have made a breakthrough which could help find new treatments for a deadly infection that can affect up to 40% of hospital patients using mechanical ventilators. The study is published in Microbiology.



										      
																																	Ventilator-associated pneumonia (VAP) is a common infection in patients using ventilators, particularly for those with existing respiratory conditions like COVID-19.

VAP is transmitted by germs that stick to the breathing tubes, which are often resistant to antibiotics. Up to 40% of ventilated patients in intensive care wards will develop VAP, with 10% of those patients dying as a result.

In a study, published in Microbiology, researchers recreated hospital conditions to improve understanding of the infection.

They used the same type of tubes that go into patients' airways and created a special mucus to simulate the conditions inside a human body. Bacteria and fungi formed a slimy layer called a biofilm on these tubes.

Dr. Dean Walsh, Research Fellow, University of Warwick, said, "Our study found that the biofilms in our model were different and more complex than those usually grown in standard lab conditions, making them more realistic.

"The biofilms formed in this new model were very tough to get rid of, even with strong antibiotics, much like what happens in real patients.

"Significantly, when we combined antibiotics with enzymes that break down the biofilm's protective slime layer, the biofilms were more successfully removed than with antibiotics alone. With the enzymes, we could halve the concentration of antibiotics needed to kill the biofilms. So, that suggests we can use our model to identify new VAP treatments that attack the slime layer."


																																						
    
     




																																			Dr. Freya Harrison, School of Life Sciences, University of Warwick, added, "VAP is a killer, and there are currently no cost-effective ways of making the tubes harder for microbes to colonize. Our new model can help scientists develop better therapies and design special tubes that prevent biofilms, which could improve the health of patients on ventilators."

This project was part of an international research program in antimicrobial resistance that brings together colleagues at the University of Warwick with those at Monash University in Melbourne and is supported by the Monash-Warwick Alliance.

Professor Ana Traven, co-Director of the Monash-Warwick Alliance program in emerging superbug threats, and co-author of the study, added, "It is exciting that we could join forces with our colleagues at Warwick for this important study. Many promising new anti-infectives fail because experiments done in the laboratory do not recapitulate very well the more complex infections that occur in patients.

"As such, the development of laboratory models that mimic disease, such as was done in this study, is important for accelerating the discovery of credible antimicrobial therapies that have a higher chance of clinical success."


																																																					
																				
																						More information:
												Dean Walsh et al, A new model of endotracheal tube biofilm identifies combinations of matrix-degrading enzymes and antimicrobials able to eradicate biofilms of pathogens that cause ventilator-associated pneumonia, Microbiology (2024). DOI: 10.1099/mic.0.001480
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New genetic analysis of Lyme disease-causing bacteria could improve diagnosis and treatment
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A genetic analysis of Lyme disease bacteria may pave the way for improved diagnosis, treatment and prevention of the tick-borne ailment.



										      
																																	By mapping the complete genetic makeup of 47 strains of Lyme disease-causing bacteria from around the world, an international team has created a powerful resource for identifying the specific bacterial strains that infect patients. Researchers said this could enable more accurate diagnostic tests and treatments tailored to the exact type or types of bacteria causing each patient's illness.

"This comprehensive, high-quality sequencing investigation of Lyme disease and related bacteria provides the foundation to propel the field forward," said Steven Schutzer, a Rutgers New Jersey Medical School professor and co-author of the study published in mBio.

"Every modern research project--from clinical to public health to ecology and evolution to bacterial physiology to medical-tool development to host-bacteria interaction--will benefit from this work."

Researchers said the genetic information uncovered in this study--which explains how the bacteria evolves and spreads and the genes are essential for survival--may help scientists develop more effective vaccines against Lyme disease.

Lyme disease is the most common tick-borne illness in North America and Europe, affecting hundreds of thousands of people a year. The disease arises from bacteria belonging to the Borrelia burgdorferi sensu lato group, which infect humans through the bite of infected ticks.


																																						
    
     




																																			Symptoms can include fever, headache, fatigue and a characteristic skin rash. If left untreated, the infection can spread to joints, the heart and the nervous system, causing more severe complications.

Case numbers are increasing steadily, with 476,000 new cases each year in the US, and may grow faster with climate change, the study authors said.

The research team sequenced the complete genomes of Lyme disease bacteria representing all 23 known species in the group. Most of these hadn't been sequenced before this effort. The project included multiple strains of the bacteria most commonly associated with human infections and species not previously known to cause disease in humans.

By comparing these genomes, the researchers reconstructed the evolutionary history of Lyme disease bacteria, tracing the origins back millions of years. They discovered the bacteria likely originated before the breakup of the ancient supercontinent Pangaea, explaining the current worldwide distribution.

The study also revealed how these bacteria exchange genetic material within and between species. This process, known as recombination, allows the bacteria to evolve rapidly and adapt to new environments. The researchers identified specific hot spots in the bacterial genomes where this genetic exchange occurs most frequently, often involving genes that help the bacteria interact with their tick vectors and animal hosts.

"By understanding how these bacteria evolve and exchange genetic material, we're better equipped to predict and respond to changes in their behavior, including potential shifts in their ability to cause disease in humans," said Weigang Qiu, a professor of biology at City University of New York and senior author of the study.


																																			To facilitate ongoing research, the team has developed web-based software tools (BorreliaBase.org) that allow scientists to compare Borrelia genomes and identify determinants of its ability to infect humans.

Looking ahead, the researchers plan to analyze more strains of Lyme disease bacteria, particularly from understudied regions. They also aim to investigate the functions of genes unique to disease-causing strains, which could reveal new targets for therapeutic interventions.

As factors such as climate change help Lyme disease expand its geographic range, this research provides valuable tools and insights for combating this rising public health threat.

"This is a seminal study, a body of work that provides researchers with data and tools going forward to better tailor treatment against all causes of Lyme disease and provides a framework toward similar approaches against other infectious diseases caused by pathogens," said Benjamin Luft, the Edmund D. Pellegrino Professor of Medicine at the Renaissance School of Medicine at Stony Brook University.

Other scientists among the study's 20 authors were Claire Fraser and Emmanuel Mongodin of the University of Maryland School of Medicine and Sherwood Casjens of the University of Utah School of Medicine.


																																																					
																				
																						More information:
												Natural selection and recombination at host-interacting lipoprotein loci drive genome diversification of Lyme disease and related bacteria, mBio (2024). DOI: 10.1128/mbio.01749-24
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Tiny South American deer debuts at New York City zoo
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                This photo, provided by the Wildlife Conservation Society's Queens Zoo, shows a southern pudu fawn, one of the smallest deer species in the world, born at the zoo at about 2 pounds, June 21, 2024, in the Queens borough of New York. Credit: Terria Clay/Wildlife Conservation Society's Queens Zoo via AP
            
        

    


A tiny South American deer that will weigh only as much as a watermelon when fully grown is making its debut at the Queens Zoo in New York City.



										    
																					The southern pudu fawn weighed just 2 pounds (just under 1 kilo) when it was born June 21, the Wildlife Conservation Society, which runs New York City's zoos, said in a news release Thursday. It is expected to weigh 15 to 20 pounds (7 to 9 kilograms) in adulthood.

The southern pudu, one of the world's smallest deer species, is listed as near threatened by the International Union for Conservation of Nature. It is native to Chile and Argentina, where its population is decreasing because of factors including development and invasive species.

The Queens Zoo breeds southern pudus in collaboration with other zoos in an effort to maintain genetically diverse populations, the conservation society said. Eight pudu fawns have been born there since 2005.

The newborn fawn will share a Queens Zoo habitat with its parents. There are two more pudus at the conservation society's Prospect Park Zoo in Brooklyn.


																														
																					
																															 
												  (c) 2024 The Associated Press. All rights reserved. This material may not be published, broadcast, rewritten or redistributed without permission.
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Transforming satellite imagery: Innovative fusion method for precision agriculture
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                The reference (A) and these fusion results (B to E) of the ablation experiment in subarea-1. All images use RGB. Credit: Journal of Remote Sensing (2024). DOI: 10.34133/remotesensing.0159
            
        

    


Remote sensing plays a vital role in monitoring agricultural landscapes, yet current satellite sensors often struggle with the trade-off between spatial and temporal resolution.



										      
																																	High spatial resolution images, while detailed, are often limited by infrequent captures and cloud interference, reducing their utility in rapidly changing environments. Conversely, images with better temporal resolution lack the necessary spatial detail for precise analysis.

These challenges underscore the need for advanced fusion methods that can better serve agricultural applications.

A team from the State Key Laboratory of Remote Sensing Science at Beijing Normal University, in collaboration with other institutions, has developed StarFusion, a new spatiotemporal fusion method.

Published in the Journal of Remote Sensing, the study combines deep learning and traditional regression techniques to address the limitations of current fusion methods. StarFusion effectively merges high-resolution Gaofen-1 data with medium-resolution Sentinel-2 data, resulting in significantly enhanced imagery for agricultural monitoring.

StarFusion represents an innovative approach to spatiotemporal image fusion, blending the strengths of deep learning and traditional regression models. By integrating a super-resolution generative adversarial network (SRGAN) with a partial least squares regression (PLSR) model, StarFusion achieves high fusion accuracy while preserving fine spatial details.


																																						
    
     




																																			The method effectively manages challenges like spatial heterogeneity and limited cloud-free image availability, making it highly practical for real-world agricultural applications.

Extensive testing across various agricultural sites has shown that StarFusion outperforms existing techniques, particularly in maintaining spatial detail and enhancing temporal resolution. Its capability to function with minimal cloud-free data sets it apart, providing a reliable solution for crop monitoring in regions plagued by frequent cloud cover.

"StarFusion represents a valuable attempt in remote sensing technology for agriculture," said Professor Jin Chen, the study's lead author. "Its ability to generate high-quality images with improved temporal resolution will greatly enhance precision agriculture and environmental monitoring."

StarFusion offers significant advantages for digital agriculture, providing high-resolution imagery essential for detailed crop monitoring, yield prediction, and disaster assessment. Its ability to produce accurate images despite cloud cover and limited data availability makes it particularly valuable for agricultural management in regions with challenging weather conditions.

As this technology evolves, StarFusion is expected to play a crucial role in advancing agricultural productivity and sustainability.


																																																					
																				
																						More information:
												Shuaijun Liu et al, A Hybrid Spatiotemporal Fusion Method for High Spatial Resolution Imagery: Fusion of Gaofen-1 and Sentinel-2 over Agricultural Landscapes, Journal of Remote Sensing (2024). DOI: 10.34133/remotesensing.0159
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Newly discovered protein stops DNA damage
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                Structural characterization of DdrC domains. Credit: Nucleic Acids Research (2024). DOI: 10.1093/nar/gkae635
            
        

    


Researchers from Western University have discovered a protein that has the never-before-seen ability to stop DNA damage in its tracks. The finding could provide the foundation for developing everything from vaccines against cancer, to crops that can withstand the increasingly harsh growing conditions brought on by climate change.



										      
																																	The researchers found the protein--called DdrC (for DNA Damage Repair Protein C)--in a fairly common bacterium called Deinococcus radiodurans (D. radiodurans), which has the decidedly uncommon ability to survive conditions that damage DNA--for example, 5,000 to 10,000 times the radiation that would kill a regular human cell. Lead researcher Robert Szabla says Deinococcus also excels in repairing DNA that has already been damaged.

"It's as if you had a player in the NFL who plays every game without a helmet or pads," says Szabla, a grad student in Western's Department of Biochemistry. "He'd end up with a concussion and multiple broken bones every single game, but then miraculously make a full recovery overnight in time for practice the next day." He and his colleagues discovered that DdrC is a key player in this repair process.

Every cell has a DNA repair mechanism to fix damage. "With a human cell, if there are any more than two breaks in the entire billion base pair genome, it can't fix itself and it dies," he says. "But in the case of DdrC, this unique protein helps the cell to repair hundreds of broken DNA fragments into a coherent genome."

Szabla and his team used the Canadian Light Source (CLS) at the University of Saskatchewan (USask) to determine the 3D shape of the protein, from which they then worked backwards to better understand its "superpower" to neutralize DNA damage.



    
    
    
        
        
    
         
             
         

          

"The Canadian Light Source was instrumental in that," says Szabla. "It's the most powerful X-ray source in Canada." The group's findings were published in the journal Nucleic Acids Research.


																																						
    
     




																																			Turns out that DdrC scans for breaks along the DNA and when it detects one it snaps shut--like a mousetrap. This trapping action has two key functions. He explains, "It neutralizes it (the DNA damage), and prevents the break from getting damaged further. And it acts like a little molecular beacon. It tells the cell 'Hey, over here. There's damage. Come fix it.'"

Typically, says Szabla, proteins form complicated networks that enable them to carry out a function. DdrC appears to be something of an outlier, in that it performs its function all on its own, without the need for other proteins. The team was curious whether the protein might function as a "plug-in" for other DNA repair systems.

They tested this by adding it to a different bacterium: E. coli. "To our huge surprise, it actually made the bacterium over 40 times more resistant to UV radiation damage," he says. "This seems to be a rare example where you have one protein and it really is like a standalone machine."

He says that, in theory, this gene could be introduced into any organism--plants, animals, humans--and it should increase the DNA repair efficiency of that organism's cells.

"The ability to rearrange and edit and manipulate DNA in specific ways is the holy grail in biotechnology," says Szabla. "What if you had a scanning system such as DdrC which patrolled your cells and neutralized damage when it happened? This might form the basis of a potential cancer vaccine."

The Western team is just getting started studying Deinococcus. "DdrC is just one out of hundreds of potentially useful proteins in this bacterium. The next step is to prod further, look at what else this cell uses to fix its own genome--because we're sure to find many more tools where we have no idea how they work or how they're going to be useful until we look," he concludes.


																																																					
																				
																						More information:
												Robert Szabla et al, DdrC, a unique DNA repair factor from D. radiodurans, senses and stabilizes DNA breaks through a novel lesion-recognition mechanism, Nucleic Acids Research (2024). DOI: 10.1093/nar/gkae635
																						
																						

																					

                               											
																					
                              										                                        
										
										
											 
												Citation:
												Newly discovered protein stops DNA damage (2024, August 15)
												retrieved 15 August 2024
												from https://phys.org/news/2024-08-newly-protein-dna.html
											 

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

										

                                        
									

								



This article was downloaded by calibre from https://phys.org/news/2024-08-newly-protein-dna.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



A new advanced framework to assess the impact of invasive plants on ecosystems
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                Model visualization of spatio-temporal dynamics of invader impacts based on the suggested framework. Credit: Werner et al.
            
        

    


Researchers from the University of Freiburg and Justus Liebig University Giessen have developed a framework to better assess the impact of invasive plant species on ecosystems.



										    
																																	Outlined in a study published in the journal NeoBiota, the framework combines new technologies and techniques to learn and predict how invasive plants alter ecosystems over time and in different environments.

Invasive plant species threaten biodiversity and ecosystem health worldwide. However, predicting the exact impact of these invasions is challenging due to the complexity of interactions between invading species, native communities, and impacted ecosystems.



    
    
    
        
        
    
            
            Beyond scientific analysis, novel technologies also facilitate communication of ecological impacts. Credit: Pensoft Publishers
  

The new framework addresses this challenge by integrating several advancements:


	Environmental mapping: Progress in remote sensing and ecological monitoring allow researchers to capture detailed information about the environmental conditions of invaded areas. Drones, satellites, and advanced sensory networks can be used to create detailed ecosystem maps, which show how invasive species interact with their environment.

	Functional tracers: These are specific indicators that reflect changes in ecosystem functions caused by invasive species. For example, nitrogen isotopes can be used to track the impact of nitrogen-fixing invasive plants on ecosystems.

	Spatio-temporal modeling: By combining environmental data with new modeling techniques, such as AI, researchers can create detailed models showing the spread and impact of invasive species on ecosystems over time. Such models can predict how changes in environmental conditions, such as climate change, might influence an invasive species' success.
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                    Mechanisms determine plant invasion impact. Examples of important factors for each category are given in the boxes. Credit: Werner et al.
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                    Framework for integrating fine-scale environmental heterogeneity and functional changes into spatial models of invader-ecosystem interactions. Credit: Werner et al.
                
            

        

    

"The framework we've introduced offers researchers deeper insights into how invasive plant species interact with their environments, enabling more targeted management to lessen their ecological impact. We advocate for stronger collaboration between ecologists and technical experts to refine and expand these methods," the authors emphasize.

"Going forward, further research and integration of the wide range of recent methods and tools are needed to enhance the framework's effectiveness," they conclude.


																																																					
																				
																						More information:
												Christiane Werner et al, An integrative framework to assess the spatio-temporal impact of plant invasion on ecosystem functioning, NeoBiota (2024). DOI: 10.3897/neobiota.94.126714
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Understanding how life began and evolved on Earth is a question that has fascinated humans for a long time, and modern scientists have made great advances when it comes to finding some answers. Now, our recent study hopes to offer new insights into the origin of life on Earth.



										      
																																	Around 375 million years ago, our fish-like ancestors breathed through gills. Over 600 million years ago, the common ancestor of all animals emerged--the microscopic urmetazoan. Billions of years before all of that happened, however, the common ancestor of all living organisms, the last universal common ancestor (Luca), must have existed.

Scientists have worked on identifying Luca over the decades with different ideas about what Luca was like. Another point of contention is Luca's age. The earliest fossil evidence we have for life is around 3.4 billion years old. Some studies push back Luca's age close to the birth of Earth, 4.5 billion years ago. Others think this is impossible because of the time it would take to establish the genetic code and DNA replication machinery.

Luca was not the first form of life; it was the organism from which all living organisms have descended. Nevertheless, scientists think living organisms may have existed way before Luca. Understanding what Luca was like, and when it lived, is important for helping us figure out how life has evolved on Earth.

In our recent study, published in Nature Ecology & Evolution, we used a combination of scientific methods to reconstruct Luca's genome and show how the genes we found might have allowed Luca to live. This project was the result of several years of work and an international team of collaborators.


																																						
    
     




																																			The nature of Luca

To reconstruct Luca's genome, we needed a sample of genomes (all the genetic information in an organism) from across different groups of bacteria and archaea (single cell organisms distinct from bacteria) so that we could be sure we were sampling modern life. We excluded eukaryotes (plants, animals, and fungi) because scientists think they evolved from a union of archaea and bacteria, much later on. We had a set of 700 genomes (350 archaea and 350 bacteria), already curated from a 2022 study some of us were involved in.

We sorted these genes into different families to understand their purpose in modern organisms. We used a database for this, called KEGG, that helps scientists figure out organisms' metabolic pathways (how they sustain life).

Next, we used these families to infer phylogenetic trees (or phylogenies, somewhat like a family tree) to understand the relationship between different species and see how they evolved over time. We also built a separate set of 57 genes that are common to all the 700 organisms in our study and that are probably in almost all life. These types of genes have not changed much over the last few billion years.

We used these 57 genes to build a species tree, which shows the Darwinian relationship of the different organisms. We could then combine our KEGG gene trees with the species tree, by modeling rates of gene duplication, gene transfer and loss. This also allowed us to calculate the likelihood of different gene families being present in Luca.

Reconstructing Luca's genome allowed us to estimate its metabolism, as if it were alive today. We picture Luca as quite a complex organism such as modern bacteria and archaea, with a small genome. However, we did not find evidence for photosynthesis (which some bacteria use) or nitrogen fixation, a chemical process some modern bacteria and archaea use to stay alive.


																																			How old was Luca?

We also tried a new method to estimate Luca's age by using genes which we think duplicated before Luca together with information from fossils.

Normally, to infer evolutionary timelines, we would obtain a phylogeny of our species of interest with homologous genes, which trace back to a common ancestor.

Then, we would find a group of species that are distantly related (an outgroup) to our species of interest to establish the root of the phylogeny.

The "branches" that connect the species in a phylogeny hold information about the rate at which genetic changes (mutations) happened and the time at which species diverged. We can use fossil or geological evidence to inform the molecular clock about potential minimum ages at which speciation events took place.

With Luca, however, we have two problems. There is no outgroup to the origin of life and there are not many fossils or much geological evidence from the early Earth that we can use to calibrate the molecular clock.


																																						
    
     




																																			To overcome these restrictions, we used paralogous genes that scientists had already traced to Luca. Paralogous genes are related to each other through gene duplication. This can happen when a species splits into two, each with its own copy of the duplicated gene.

We estimate that Luca roamed the Earth around 4.2 billion years ago. If our time estimate is close to the truth, things such as the genetic code, protein translation, and life itself must have evolved rapidly, almost right after the Earth was formed.

Our reconstruction of Luca is not the first, and it certainly will not be the last. More and more organisms are being discovered and sequenced each year, computers are getting more powerful, and evolutionary models are continuously improving. Therefore, our understanding of Luca may change when more data and powerful techniques are available.

For instance, we should consider that there were probably many other organisms living at the time of Luca which are no longer represented by any organisms today. If any of Luca's early descendants did not make it to the modern day, and their genes did not survive, then we will never be able to map these gene families back to Luca, which means our reconstruction of Luca may be incomplete.

Despite all technical limitations, our study provides a new way to understand Luca. But there is still much more work to be done to better understand how life has evolved since the formation of our planet Earth.
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When you walk through a forest, it may feel like a static setting where very little is happening. But trees are constantly interacting and reacting to each other as they grow. There's intense competition for light and space. Every shift affects the overall makeup of the forest in some way.



										      
																																	Forest scientists like me spend a lot of time thinking about forest succession--a predictable process in which plant species colonize and dominate a piece of land. The basic sequence is for land to evolve from an open field to brush and shrubs, then to young trees and ultimately to large, mature trees. Disturbances, such as a major storm or wildfire, can interrupt or set back forest succession.

I study ecological changes in species composition, tree arrangement and forest development that occur during succession and after disturbances. My research team analyzes conditions in mixed-species deciduous, or leafy, forests. Using tree rings, we reconstruct what previous forests looked like years ago.

By applying observed patterns and processes, researchers can model forests' future growth and development. Here are some insights into what may be happening among the trees around you on a forest walk.


																																						
    
     




																																			Jockeying for space and light

Forest communities contain trees of different species, shapes and sizes. Each species needs specific amounts of sunlight and space to thrive and grows at its own rate.

Many trees distance themselves from other trees to minimize interaction with their neighbors--a pattern that researchers call crown shyness. If you look upward, you may notice gaps between trees, and branches near the gaps with broken twigs and fewer leaves. In contrast, branches and leaves that have ample space and sunlight to grow will be denser and healthier.

Mixed-species leafy forests often support more than 30 woody species, which means that they can evolve in many different ways. Understanding how trees interact allows people who manage forests, whether the setting is rural or urban, to prescribe practices that will guide forest growth.



    
    
    
        
        
    
         
             
         

        Trees adapt dynamically to their surroundings and have distinct strategies for growing and competing.
  

When a forest is first becoming established, it can have thousands of tree seedlings per acre. But only 50 to 100 trees per acre may survive and grow to maturity. Foresters work to understand which trees will outcompete others and which trees will surrender growing space.

One of the most important zones for understanding forest growth is the canopy--the forest's ceiling, which includes all the leaves, branches and twigs in trees' crowns. A typical mixed-species forest will have multiple canopy layers, made up of species with varying growth rates. As trees die, they relinquish growing space, which surviving trees capture by growing and expanding their crowns.


																																			How windstorms shape forests

A mature tree will experience many weather events during its lifetime. Windstorms force trees to sway and bump their neighbors, which causes crown abrasion--damage to buds and branch tips. These impacts may slow and reduce branch growth. Crown abrasion is a sign that tree stands are too dense and competition among trees is undermining healthy growth.

However, crown abrasion can actually help some species. For example, oaks, a slower-growing species, have dense tissues and stout branches that can abrade and damage branches of faster-growing trees such as poplar and gum, which have weaker, less dense wood. This allows oaks to emerge above their initially faster-growing rivals.

Some forests are monocultures, dominated by one tree species. For example, in large areas of the Western U.S., forests were burned or clear-cut in the 1800s and later regenerated with lodgepole pine, which is native to Western mountain areas. The trees all grew back at the same rate, unlike mixed forests where some species grow more quickly than others.

This produced tall, slender trees that sway more during windy events. Because of crown abrasion or shyness, the pines have small crowns that don't expand as far out to the sides as they normally would.

These forests eventually become stagnant. Space between trees shrinks because the trees' small crowns don't keep neighboring trees at "arm's length." Tree growth diminishes, and the trees' vitality declines.



    
    
    
        
        
    
         
             
         

        Kirk Hanson, forestry director at the nonprofit Northwest Natural Resource Group, explains how thinning can make forests healthier.
  

Thinning these forests or carrying out prescribed burns can increase spacing between the trees and provide more space for crown growth.


																																						
    
     




																																			Watching trees battle

To study branch movement during wind events, my students and I use accelerometers--devices that measure how quickly the speed of a moving object changes. Most modern smartphones contain built-in accelerometers that help apps such as Google Maps pinpoint the phone's position.

We fasten the accelerometers near the ends of branches, where they measure branch movements in three dimensions. By linking this data in real time to wind speed measurements, we can determine branch movements and acceleration in response to different wind speeds.

In one study, we analyzed how interactions among different tree species changed the forest canopy in bottomland hardwood forests along rivers and streams in central Mississippi. These forests were composed mainly of cherrybark oak and sweetgum trees. Both species are common in mixed stands, but they have different crown forms and growth rates.

Initially, sweetgums were more numerous and prominent in young forests. But as time went on, thanks to trees bumping into each other, cherrybark oaks started to become stronger in spaces vacated by abraded sweetgum branches. Eventually, the oak outcompeted the declining sweetgum and came to dominate the forest canopy.

Managing from the top down

Forest environments are constantly changing and are affected by many factors, from insect invasions and plant diseases to climate change and natural disasters. Physical crown abrasion between species is not as well understood as some of these other stresses, but it clearly contributes to the development of diverse, mixed-species deciduous forests.

Our research suggests that when crown abrasion reduces the crown size and growth of faster-growing species, slower-growing stouter species can emerge and become more prominent. This finding can help scientists and foresters develop and manage healthy, productive forests.
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                Researchers mapped out the movements of five sunflower plants over the course of a week (black lines) before those plants eventually formed a zig-zag pattern (blue line). Credit: Physical Review X (2024). DOI: 10.1103/PhysRevX.14.031027
            
        

    


In a new study, physicists from the United States and Israel may have gotten to the bottom of a quirky behavior of growing plants--and a mystery that intrigued Charles Darwin himself during the later decades of his life.



										      
																																	For many humans, plants might seem stationary and even a little dull. But green things actually move a lot. If you watch a timelapse video of a sunflower seedling poking up from the soil, for example, it doesn't just shoot straight up. Instead, as the sunflower grows, its crown spins in circles, twists into corkscrews and, in general, wiggles around--albeit very slowly.

Now, researchers co-led by Orit Peleg at CU Boulder and Yasmine Meroz at Tel Aviv University have discovered one role for these chaotic movements, also known as "circumnutations." In greenhouse experiments and computer simulations, the group showed that sunflowers take advantage of circumnutations to search the environment around them for patches of sunlight.

"A lot of people don't really consider the motion of plants because, as humans, we're usually looking at plants at the wrong frame rate," said Peleg, a co-author of the study and an associate professor in the BioFrontiers Institute and Department of Computer Science.

The team published its findings Aug. 15 in the journal Physical Review X.

The findings could one day help farmers to come up with new strategies for growing an array of crops in more efficient arrangements.

"Our team does a lot of work on social interactions in insect swarms and other groups of animals," said Chantal Nguyen, lead author and a postdoctoral researcher at BioFrontiers.

"But this research is particularly exciting because we're seeing similar dynamics in plants. They're rooted to the ground."


    
    
    
        
        
    
         
             
         

        Time lapse video of sunflowers wiggling as they grow. Credit: University of Colorado at Boulder
  



																																						
    
     




																																			Darwin's cucumbers

Nguyen added that plants don't usually shift around like animals but, instead, move by growing in different directions over time. This phenomenon enchanted Darwin long after he returned from his voyage on the HMS Beagle, according to historical accounts.

In the 1860s, Darwin, who was then suffering from a range of ailments that limited his own mobility, spent days observing plants at his home. He planted seeds from cucumbers and other species, then traced how their crowns moved around from day to day--the resulting maps look wild and haphazard.

"I am getting very much amused by my tendrils--it is just the sort of niggling work which suits me," he wrote a friend in 1863.

Amused or not, Darwin couldn't explain why some of his tendrils twisted.

It's a mystery that has also perplexed Meroz, a physicist by training. One 2017 study pointed her in the right direction. In it, scientists led by the University of Buenos Aires grew lines of sunflowers under cramped conditions. They discovered that the plants naturally and consistently arranged themselves into a zig-zag pattern, almost like the teeth of a zipper. The arrangement likely helps the plants maximize their access to sunlight as a group.

Meroz wondered if plant wiggles could be the engine that drives such patterns in plant growth.

"For climbing plants, it's obvious that it's about searching for supports to twine on," said Meroz, a professor of plant sciences and food security. "But for other plants, it's not clear why it's worth it."
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                Darwin's illustration of the motion of a carnation over four days in June. Credit: "The power of movement in plants," 1896, by Charles Darwin and Francis Darwin
            
        

    





																																			Here comes the sun

To find out, she and her colleagues grew five, one-week-old sunflowers in rows. Then, like Darwin before them, they mapped out how the plants moved over the course of a week.

Next, Nguyen and Peleg developed a computer program to analyze the patterns behind the sunflower growth. The researchers could also use their computer simulations to see what would happen if the sunflowers moved more or less--in other words, if they wiggled haphazardly or in a slow and steady pattern.

If the digital plants didn't wiggle at all, the group discovered, they would all wind up all leaning away from each other in a straight line. If they wiggled too much, in contrast, they would grow in a random pattern. If they moved with just the right amount of randomness, however, the sunflowers formed that tell-tale zig-zag, which, in real life plants, provides a lot of access to sunlight. Nguyen explained that plants seem to circumnutate to find where the best light is coming from, then grow in that direction.

"When you add a little bit of noise into the system, it allows the plant to explore its surroundings and settle into those configurations that allow each plant to find maximum light exposure," she said. "That happens to lead to this nice zig-zag pattern that we see."

In future experiments, the researchers will test out how sunflowers grow in more complicated arrangements. Meroz, for her part, is glad to see plants get some credit for the movers and shakers they really are.

"If we all lived at the same time scales as plants, you could walk down the street and see them moving," she said. "Maybe we'd all have plants as pets."
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												Chantal Nguyen et al, Noisy Circumnutations Facilitate Self-Organized Shade Avoidance in Sunflowers, Physical Review X (2024). DOI: 10.1103/PhysRevX.14.031027
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Species are disappearing at an alarming rate around the world. But Australia's extinction crisis is especially severe--since European colonization, we have lost about 100 species of animals and plants. The loss of 33 mammal species is largely due to canny invasive predators such as foxes and cats as well as destruction of habitat.



										      
																																	To try to stem the losses, many scientists and conservationists are turning to rewilding. This promising approach involves reintroducing species to their former habitats or relocating them to new areas where they have a better chance of survival.

To date, rewilding in Australia has worked best on islands free of foxes and cats and in fenced-off safe havens, which act like islands on the mainland.

But is there a way we could bring back vulnerable native species beyond the fence?

In research published today, we show how the humble mesa has the potential to act as a reintroduction site for threatened species. You might associate these flat-topped, steep-sided landforms with American gunslinger westerns. But Australia has plenty of its own mesas.

What's special about mesas?

By our count, there are now 23 fenced safe havens across Australia, and the number has been growing in recent years.


																																						
    
     




																																			These sites work. But they require ongoing human input. You have to fence the land, make sure it stays fenced, and control for feral predators. When funding runs out, the havens can fall into disrepair and predators may eventually break back in.

We need supplementary approaches to add to our rewilding toolkit--outside the fences.

The reason we began investigating mesas is their shape. By definition, a mesa is an isolated flat-topped landform, elevated from its surrounding landscape by steep sides. The Spanish word "mesa" translates to "table" in English, reflecting their distinctive shape. But don't be confused--a mesa is different to a tableland such as the Atherton Tablelands in northern Queensland. A mesa is generally smaller and stands alone.

We theorized the steep, largely vegetation-free sides of a mesa could act as natural barriers, slowing down fox and cat incursions. Better still, the isolation of these landforms might give extra protection to species vulnerable to fire.

Luckily for us, these landforms aren't reserved for lonely cowboys on horseback and an Ennio Morricone soundtrack. We scoured satellite images and found 91 mesas just in New South Wales, each with a flat top larger than ten hectares.


																																			Sky-islands: Putting mesas to the test

To test our theories, we chose Mount Talaterang. This remote mountain in Morton National Park has a flat top of 317 hectares, making it one of the largest mesas we found in New South Wales.

We set up cameras on top of the mesa as well as in the surrounding bushland at the bottom of the steep slopes and gathered four months of data.

The results were exciting. As we had hoped, the top of the mesa was almost entirely free of invasive mammals. There were no foxes or rabbits. Feral cats were present atop the mesa, but in significantly lower numbers than in the lowlands. Better still, we spotted higher numbers of small native mammals such as antechinus species and spotted-tailed quoll atop the mesa than in the bush below.

By contrast, we spotted far more invasive mammals in the bush below the mesa. Specifically, we sighted foxes 633 times, and cats 338 times, whereas no foxes were recorded on the mesa, and we recorded only 5 sightings of cats.

On the mesa, we captured 26 instances of antechinuses and 20 of quolls, but saw zero antechinus and only one quoll in the lowlands.

What's next?

These findings come from a single mesa, so we should be cautious about drawing wide conclusions. But because the difference is so pronounced, we hope our research spurs greater interest in testing whether mesas such as Mount Talaterang could offer a wilder way of rewilding, where we harness natural landforms for protection.


																																						
    
     




																																			Mount Talaterang lies within Morton National Park. This park covers part of the historic range of locally threatened or regionally extinct species such as the southern brown bandicoot, long-nosed potoroo, parma wallaby, and the eastern quoll, which may be suitable future rewilding candidates.

To boost the chances of successful rewilding, we need to know more about what life would look like for these threatened species if we release them on a mesa. Would there be enough food? Are there reliable water sources? Will climate change make it harder to survive on top of these landforms?

Mesas crop up around the world, from South Africa to South America and Europe. But the rewilding potential of mesas in these regions has not yet been explored, to our knowledge.

We hope our research triggers new interest in these "sky islands" and other ways of rewilding species which we can use to supplement the proven methods of traditional fenced havens and islands.
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Nearly 25% of European landscape could be rewilded, say researchers
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                This figure depicts how nearly 25% of the European continent is primed for rewilding opportunities, which include passive rewilding (gradients of blue) that allows the natural recolonization of animals, as well as active rewilding (yellow, brown, and red) where animals are manually reintroduced to the area. Credit: Araujo and Alagador, Current Biology.
            
        

    


Europe's abandoned farmlands could find new life through rewilding, a movement to restore ravaged landscapes to their wilderness before human intervention. A quarter of the European continent, 117 million hectares, is primed with rewilding opportunities, researchers report August 15 in the journal Current Biology.



										      
																																	They provide a roadmap for countries to meet the 2030 European Biodiversity Strategy's goals to protect 30% of land, with 10% of those areas strictly under conservation.

The team found that 70% of the rewilding opportunities in Europe lie in colder climates. Northern Europe--particularly Scandinavia, Scotland, and the Baltic states--and several highland regions in the Iberian Peninsula show the greatest potential.

"There are many areas in Europe that have a low enough human footprint, as well as the presence of key animal species, to potentially be rewilded," says first author and biogeographer Miguel B. Araujo of the National Museum of Natural Sciences, CSIC, Spain, and the University of Evora, Portugal. "We also highlight the need for different strategies depending on the conditions of each region."

The researchers established criteria to determine areas with rewilding potentials: extensive tracts of land, covering more than 10,000 hectares, with little human disturbance that feature vital species. Based on the size of the land and the types of animals that inhabit the area, they further identified two strategies for rewilding--passive and active.

Passive rewilding relies on natural recolonization, where animals gradually move back into abandoned areas on their own. The approach works best in regions with a healthy population of key herbivores, such as deer, ibex, moose, and rabbits, as well as carnivores, such as wolves, bears, and lynxes.


																																						
    
     




																																			Regions without key herbivore or carnivore species would require active rewilding by reintroducing the missing species to kickstart the ecosystem's recovery. Both strategies aim to create a self-sustaining, biodiverse landscape.

"I often refer to herbivores as the ecosystem engineers as they graze and shape the vegetation, while predators would be the architects creating 'fear landscapes' that herbivores avoid," says Araujo. "The interaction between herbivores and carnivores creates mosaic patterns in the landscapes, essential for biodiversity."

Some countries, including the United Kingdom, France, Spain, and Scandinavian nations, are positioned to reach their conservation goals if they adopt the study's suggested rewilding zones and strategies.

However, given that Europe is densely populated with humans, other countries wouldn't meet their conservation aims if they relied solely on the study's recommendations, highlighting the need for alternative conservation approaches. These countries include Ireland, Italy, Belgium, the Netherlands, and Denmark.

"Conservation strategies involving ecological restoration of densely populated areas could help some countries reach conservation goals," says Araujo.

"Countries could reclaim land to turn it into conservation areas or establish networks of small, protected habitats. Traditional multi-use landscapes, like the oak parklands in the Iberian Peninsula and various extensive agricultural and forestry systems across Europe, could also help if managed sustainably."

As governments and organizations continue to invest in land conservation, the researchers hope their findings and framework will help these efforts to acquire or manage areas with the greatest potential for successful rewilding. However, despite the prospects, the researchers caution that time is of the essence.

"We're racing against time," says Araujo. "The areas that look most promising for rewilding today may not be the same in 50 years due to the impacts of climate change."
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												Expanding European protected areas through rewilding, Current Biology (2024). DOI: 10.1016/j.cub.2024.07.045. www.cell.com/current-biology/f ... 0960-9822(24)00948-5
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                Novel morphologies can exceed expectations of uncorrelated trait evolution. Credit: Current Biology (2024). DOI: 10.1016/j.cub.2024.07.039
            
        

    


A diverse group of lizards known as the social skinks is helping scientists answer questions about some of the fundamental workings of evolution.



										      
																																	Skinks are a large group of lizards that typically follow a similar body plan.

But one group, known as the social skinks in the tribe Tiliquini, show a wide variety of forms from big-bodied, short-legged species to long-tailed and long-legged animals. These wildly divergent skinks are giving biologists the chance to study the very basics of evolution.

They have all evolved within the last 20 million years, allowing researchers to track how the different species developed different traits.

Dr. Ian Brennan is a researcher at the Natural History Museum who studies reptiles. He was part of the team that built a new family tree for these skinks and then used it to answer questions about their evolution.

"This group in particular has got really weird," explains Brennan. "And this amount of morphological variation in a relatively short period of time is pretty interesting."

"Our first goal was to build an evolutionary tree for the group to understand their relationships and to appreciate how these species are related to one another. Once we had the tree, our second goal was to look at how they got from being a standard skink form, which is what they look like at the base of the tree, to these really derived and really modified forms that are embedded deep in the tree."

They found that the lizards seem to have gone through periods of relatively slow, steady evolution, punctuated by periods of rapid change. The results are published in the journal Current Biology.


																																						
    
     




																																			Let's talk about skinks

There are about 1,500 species of skink, spread across almost every environment apart from the polar and the subarctic regions. These include species that burrow, others which climb and some that swim.

But despite this huge geographic distribution and diversity in behaviors, by and large, most skinks look pretty similar. The basic shape is one of a smooth, tube-like body, well developed legs, and not much of a neck.

"Skinks are a group that are generally pretty morphologically conserved," explains Brennan. "Like, when somebody who is familiar with lizards sees a skink, they go, that's a skink!"

"You just know what they look like."

The social skinks mix things up. Named because unusually for lizards, many of the species within this group live in highly gregarious family groups, they also push the boundaries of what skinks look like.

Some species have shrunk, evolving short tails and legs, and are covered with spines. This allows them to lodge themselves within the crevices of trees and bark. Others have developed incredible long, prehensile tails and long legs that enable scrambling through the treetops. Whereas the blue-tongued skinks have increased in size, becoming large-bodied and covering themselves in bone-embedded skin as they roam around the Australian outback.

It is this diversity of features that has allowed Brennan and his colleagues to investigate some of the foundations of evolution.


																																			Evolutionary answers

One evolutionary theory suggests that the evolution of different traits, such as large body size or elongated limbs, happens slowly over time. This would mean that species such as the blue-tongued skinks would have developed each distinctive characteristic gradually, in a process known as Darwinian gradualism.

Another theory, called Simpsonian jump, instead argues that these features can appear abruptly. This would mean that the blue-tongued skinks evolved their characteristic short limbs and long bodies in just a short period of time.

What the researchers found was something of a mix. There were times in which evolution was gradual, but this was peppered with rapid spurts of inventiveness.

"We tested this idea using comparative methods to look at the evolution of these traits," explains Brennan. "And we found that across most traits we see this heterogeneous pattern."

"Evolution might be gradual for long periods of time, but then it's punctuated by these periods where you have huge amounts of change."

It seems likely that these rapid bursts of evolution are linked to, for example, species arriving on a new island or exploring a new lifestyle such as becoming nocturnal. And it is probable that this pattern is far more widespread within nature than has been realized.

"Where we have looked, the jump patterns are more common than we would have thought," says Brennan. "But we just haven't really looked at it across enough groups to be certain."

This relatively modest group of lizards is helping the researchers answer some of the key questions about evolution, but it could also shed light on other interesting topics. As one of the few groups of reptiles in which social behavior has evolved, Brennan hopes that the new evolutionary tree could in the future inform how and why sociality evolved in reptiles.
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												Ian G. Brennan et al, Evolutionary bursts drive morphological novelty in the world's largest skinks, Current Biology (2024). DOI: 10.1016/j.cub.2024.07.039
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Scientists at the Institute of Aquaculture are central to a study that could hold the key to improving Atlantic salmon's resistance to sea lice. The parasites--which feed on the fish's skin and fins, causing open wounds that can lead to infection--reduce the market value of farmed fish and can have knock-on impacts on wild salmon populations.



										      
																																	Various treatments have been developed to tackle sea lice infestations in Atlantic salmon aquaculture--which costs the industry more than PS700m a year--but these are often costly and ineffective. They can also be damaging to the environment and negatively affect animal welfare.

The new study reveals insights into how coho salmon--a cousin of Atlantic salmon--fight off the parasites, and it could pave the way for new genetic approaches. The findings are published in the journal BMC Biology.

Findings show a type of skin cell--known as keratinocyte--plays a key role in triggering localized swelling that helps coho salmon kill and remove sea lice.

An international team of researchers included three scientists at the University of Stirling's Institute of Aquaculture in the Faculty of Natural Sciences--Dr. Rose Ruiz-Daniels, Dr. Sean Monaghan and Professor James Bron.

Dr. Ruiz-Daniels, co-first author of the study carried out during her post doc at the Roslin Institute, said, "Sea lice is a major issue for farmed salmon. In this study we used new techniques to sequence cells of different salmonid species to discover how some can expel sea lice, forging fresh pathways for biotechnological solutions to tackle sea lice in Atlantic salmon."


																																						
    
     




																																			Sea lice resistance

While Atlantic salmon are highly susceptible to sea lice, coho salmon have an innate resistance to them. In coho salmon, the attachment of sea lice triggers localized swelling. However, there is minimal swelling in Atlantic salmon, and the outermost layer of their skin rapidly breaks down.

Until now, the cell-level mechanisms underlying the differences in resistance between the species--which split from a common ancestor around thirty million years ago--have remained unknown.

The team which made the discovery was led by scientists at the Roslin Institute and Norwegian food science research institute Nofima (The Norwegian Institute of Food, Fisheries and Aquaculture Research). They analyzed the molecular and cellular mechanisms that underlie coho salmon's sea lice resistance and compared this to the response in Atlantic salmon.

Genetic shield

After exposing both species to the parasites, researchers investigated the cell types and gene expression patterns of their responses by analyzing skin samples using a novel type of RNA sequencing that allows the characterization of gene expression of individual cells.

They found that, while both species mount similar immune and wound-healing responses, keratinocytes in the three outermost layers of coho salmon's skin play a central role in their response to infection.

Their findings suggest that keratinocytes in the bottom layer direct the expansion and movement of cells in the middle and top layers, which can eventually encapsulate and expel the parasites. Findings also revealed that sea lice can weaken the immune system of Atlantic salmon.

Using gene editing, it could be possible to enhance Atlantic salmon's sea lice resistance.

Dr. Sarah Salisbury, Postdoctoral Research Fellow at the Roslin Institute, said, "We were able to pinpoint with unprecedented resolution the types of cells responsible for the skin swelling response used by coho salmon to resist sea lice, as well as those cells targeted by sea lice in Atlantic salmon to weaken this host species. These insights pave the way for the development of transformative therapies to counter this devastating parasite."


																																																					
																				
																						More information:
												S. J. Salisbury et al, Keratinocytes drive the epithelial hyperplasia key to sea lice resistance in coho salmon, BMC Biology (2024). DOI: 10.1186/s12915-024-01952-8
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In October, world leaders will gather at the United Nations Biodiversity Conference in Cali, Colombia, to put an ambitious plan to halt human-induced species extinction into action. The conference, COP16, will focus on the historic Kunming-Montreal Global Biodiversity Framework, which sets 23 targets and four overarching goals to halt human-induced species extinction.



										      
																																	Pollution, climate change, habitat loss, and exploitation of nature have pushed a million plant and animal species to the brink of extinction and humans have altered 75% of land and 66% of marine environments.

As global leaders look for a way to unify efforts to reach the biodiversity goals adopted by 196 parties--with the idea of setting a defined target, similar to the 2015 Paris Agreement to limit temperature increases to 1.5 degrees Celsius from pre-industrial levels--a new paper by Yale scientists is proposing a different approach, one that the authors argue is better tailored to the nature of the problem.

The paper, published in PNAS and co-authored by Eli Fenichel, Knobloch Family Professor of Natural Resource Economics, Oswald Schmitz, Oastler Professor of Population and Community Ecology, and Monica Dean, of the University of Southern California, calls for a hierarchical system of measuring the economic value of biodiversity that begins with assessing the value of individual species and then aggregating these values to reflect the overall biodiversity of ecosystems.

They suggest that diplomacy should focus on a process for starting with a few country-specific species in each nation and a plan to build on that framework. They note that this approach follows the path of measuring economies, something that was also very hard when the international community started that process.


																																						
    
     




																																			Economic importance

Over half the global GDP is dependent on nature, according to the World Economic Forum. In the U.S., nature-dependent sectors amount to $2.1 trillion of the GDP. Yet existing biodiversity indexes, and indexes of biodiversity in general, are unable to connect biodiversity and the economy because they are unable to provide unique measures of changes in biodiversity, the authors contend.

"In adopting the Kunming-Montreal Global Biodiversity Framework, global policymakers have determined that valuing the contribution of biodiversity to humans is necessary for halting and reversing the loss of global biodiversity. However, by leaving open the methodology for how best to perform that valuation, a discordant set of valuation measures and approaches are being undertaken globally--leading to incongruous outcomes and a likelihood that the goals of the GBF will not be achieved," they wrote.

They argue that it is not possible to develop a single measure of biodiversity that, when it changes, leads to a well-defined change in value.

Instead, biodiversity could be defined over a classification system that connects biodiversity to its value for people. The process would begin by measuring the value changes in individual species. For example, a particular plant species might be valued for its role in preventing soil erosion, while an animal species might be important for its role in pollination or tourism.

"You can't summarize biodiversity into one metric," Fenichel said. "It is not a productive conversation. It's fundamentally a local issue and takes local action. We need to understand how different elements of biodiversity matter for people differently in different places."

Changes in biodiversity can be viewed as a subset of the change in natural capital wealth, the authors suggest. This approach requires thinking of biodiversity as a "shorthand for the assemblage of life in a specified area that includes an accounting for specific ecological relationships, and not as a physical measure itself."

Countries could choose a first set of species, perhaps a keystone species, that are viewed as ecologically, socially, and economically important and conditioning valuation on local ecological interactions and interactions with people.

"I think biodiversity means a lot of different things to different people, but however we measure biodiversity, it has to talk through economic data because we cannot deal with loss of nature and biodiversity as if it's unconnected to economic decisions and people's livelihoods," Fenichel said.


																																			Guiding investment in conservation

Policymakers can use the clearly defined economic valuation of biodiversity to guide investments in conservation, ensuring that biodiversity considerations are integrated into economic planning and development and helping to close the more than $700 billion per year biodiversity finance gap.

"Our approach recognizes that species cannot be valued as mere static entities unto themselves. We argue for taking a more holistic valuation approach that accounts for how changes in species are tied to their contributions to ecological functioning that sustains ecosystems and human well-being," Schmitz said.

The authors note that while the initial system they propose may be imperfect, the statistical measures can evolve over time, as other measures have in national economic accounting.

"We just need a process to start. We know this won't give us great international comparability in the short term, but changes in biodiversity are probably not really comparable internationally, and once we have a process, we can learn from it and improve. It will help us make better decisions," Fenichel said.


																																																					
																				
																						More information:
												Eli P. Fenichel et al, The path to scientifically sound biodiversity valuation in the context of the Global Biodiversity Framework, Proceedings of the National Academy of Sciences (2024). DOI: 10.1073/pnas.2319077121
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Surprise finding in study of environmental bacteria could advance search for better antibiotics
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In what they labeled a "surprising" finding, Johns Hopkins Medicine researchers studying bacteria from freshwater lakes and soil say they have determined a protein's essential role in maintaining the germ's shape. Because the integrity of a bacterial cells envelope or enclosure is key to its survival, the finding could advance the search for new and better antibiotics.



										      
																																	The research, described August 15 in the journal mBio, suggests that loss of a protein called OpgH in a widely studied bacterium known as Caulobacter crescentus creates a cascade of activity that disrupts the bubble-like cell envelope protecting the bacterium, resulting in the cell's death.

OpgH is an enzyme that creates glucose-containing molecules known as osmoregulated periplasmic glucans, or OPGs, which fill up the gelatinous in-between spaces of the protective cell envelope.

"In our experiments, when we get rid of the protein OpgH in Caulobacter bacteria, which halts production of OPG sugar molecules, the bacteria can't survive," says senior study author Erin Goley, Ph.D., professor of biochemistry at the Johns Hopkins University School of Medicine.

While Caulobacter crescentus bacteria themselves are not generally thought to cause diseases, OPGs found abundantly in gram-negative bacteria--bacteria in an enclosed shell-like membrane--play a role in antibiotic resistance and disease outcomes.

As a result, efforts to better understand the role of the sugar molecules in gram-negative bacteria, including Caulobacter, are seen as a way to aid in the development of new drugs that target disease-causing bacteria that have OPGs, including Brucella, Pseudomonas, Salmonella and E. coli.

If it's true that the proteins that make or modify these sugar molecules are essential to bacterial survival, Goley notes, they could be good drug targets for antibiotics themselves. Or, in organisms where OPGs are not essential, a drug that targets some part of the OPG pathway might sensitize the cells to existing antibiotics, she says.


																																						
    
     




																																			In this study, scientists used a molecular tool called an inducible promoter, dialing down the presence of the OpgH protein in Caulobacter to observe the effects on the shape of the bacteria cell and how loss of the OpgH protein affects a signaling pathway known as CenKR, which identifies and repairs problems in the cell envelope.

They also manipulated the cell to make too much of the protein CenR, thus hyperactivating the CenKR pathway responsible for regulating the shape of the cell envelope.

After dialing up or down the OpgH or CenR proteins, scientists placed the bacteria cells on a pad of gel that prevented them from moving. Then, researchers used a specialized microscope to observe their shapes and activities.

"We found that they became misshapen as we dialed down the OpgH protein and halted production of sugar OPG molecules, or hyperactivated the CenKR signaling pathway that maintains the cell envelope," Goley says.

"Then we also looked at where some of the molecular players that helped to grow the cell and keep the shape of the cell were located," she says. "The molecular players were not in the correct locations, suggesting that OpgH and CenR are integral to maintaining the cell's shape."

Once the cell envelope loses its shape, all of the bacteria eventually burst open and die, Goley says.


																																			"We established a model for how either depleting OPGs or activating the signaling pathway affects cell shape and growth," Goley says.

While characterizing the sugar molecule's role in Caulobacter's cell structure is an important first step, Goley cautioned that "it will take some time to develop a complete picture about how they function across gram-negative species of bacteria."

In Caulobacter, the sugar molecules resemble closed rings, and in E. coli, they look like trees, with branches sticking off of chained structures. Understanding their shape and all of the decorations that associate with the molecules can help researchers characterize the cell envelope, she says.

"In the next phase of research, we hope to investigate all of the enzymes that make, decorate and break down these molecules--so we can get a full picture of their metabolism and how they maintain the cell envelope," Goley says. "Once we uncover how these enzymes function, that's great, because those are things drugs can target."


																																																					
																				
																						More information:
												Allison K. Daitch et al, OpgH is an essential regulator of Caulobacter morphology, mBio (2024). journals.asm.org/doi/10.1128/mbio.01443-24
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Dutch bluetongue cases accelerating: official
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Cases of bluetongue, a viral disease affecting sheep and cows, have shot up in the Netherlands according to official figures published Thursday, as the virus spreads also in France and Germany.



										    
																					Bluetongue was registered at 3,807 locations in the Netherlands, a rise of nearly 1,000 since the last report on Monday, according to the Dutch Ministry of Agriculture, Fisheries, Food Security and Nature.

That was the fastest half-week rise since the virus was first reported in the country in September. The last time the virus appeared in the Netherlands before that was in 2009.

Just a month ago, there were only around 100 locations reporting bluetongue.

Bluetongue is a non-contagious, insect-borne viral disease that affects ruminants such as sheep and cows but not pigs or horses. It is difficult to control once it takes hold.

The virus is not a risk to humans, but in animals it causes high fevers, mouth ulcers and swollen heads.

Symptoms also include excessive salivation, the swelling of lips, tongue, and jaw, and the loss of offspring for pregnant animals, in proportions varying from farm to farm.

Germany has registered 1,885 outbreaks since the start of 2024, officials said on Tuesday, compared to just 23 in the whole of 2023.

France has announced a vaccination campaign in a bid to nip the virus in the bud in the country, which is beginning to see the first cases.
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Cactus dreams: Revealing the secrets of mescaline making
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Mescaline, a natural hallucinogen known since ancient times, was not only a favorite of artists and bohemians but also a mainstay of brain research throughout the first half of the 20th century, until it was eclipsed in the 1950s by the much more potent, synthetic LSD. Now, with the resurgence of interest in psychedelics as potential therapies for psychiatric disorders, mescaline research is again raising hope for treatment.



										      
																																	Unfortunately, reawakened attention is pushing its natural source, the small, slow-growing peyote cactus, to the brink of extinction. In a new study published in Molecular Plant, Weizmann Institute of Science researchers have made the first, crucial move toward ensuring sustainable production of mescaline: They have revealed, step by step, how exactly it is manufactured in peyote.

"Learning how to copy this natural process with biotechnology will help ensure a steady supply of mescaline for the development of new psychiatric drugs," says Dr. Shirley (Paula) Berman, who led this research in Prof. Asaph Aharoni's lab in Weizmann's Plant and Environmental Sciences Department.

Scientists are still not sure why a select few cacti produce mescaline. Possibly, it protects the bulbous, ground-hugging peyote, which has no spines, by imparting a bitter taste to its flesh or deterring insects and other predators from consuming the cactus by altering their physiological state. In that case, however, why does the towering San Pedro cactus, a distant relative of peyote that does have spines, also produce mescaline, though in smaller amounts?

The biochemical pathway of mescaline manufacture has been studied for years, but most of the steps remained hypothetical, and the enzymes involved in each step were unknown.


																																						
    
     




																																			In the new study, Berman and colleagues started out by deciphering the entire genome of the peyote cactus, determining which genes are expressed in which parts of the plant, particularly in the outer layers of its crown, called the button, where the highest concentration of mescaline was measured.

Using mass spectroscopy, they then identified a series of candidate molecules that were possibly involved in mescaline production. They also selected candidate genes for each type of enzyme having the potential for catalyzing the relevant biochemical reactions and tested their activities after expressing each gene in bacteria, yeast or model plants.

With this knowledge in hand, they completed the puzzle by reconstructing the entire pathway of mescaline manufacture in peyote.

Starting with one amino acid--tyrosine--mescaline generation proceeds in six steps that involve four families of enzymes and three types of biochemical reactions. The researchers documented all of these, down to the minutest detail, even determining how very similar enzymes might help produce different plant chemicals from a particular molecule, depending on the way this molecule docks within each enzyme's 3D structure.

Throughout the study, they compared mescaline manufacture in peyote to the significantly different way in which it is made in the San Pedro cactus, gaining more insights into the biology of both.

Finally, the scientists set out to reconstruct the pathway outside of the cacti, and they managed to recreate five of the six mescaline manufacture steps, including the generation of all the intermediate molecules, in a model tobacco plant.


																																			The task was challenging because the plant kept hijacking some of these intermediates for processes unrelated to mescaline. This led the researchers to conclusions as to which intermediates would need to be produced in larger amounts in an artificially engineered pathway in order to arrive at the desired result.

"In future studies, we hope to reproduce the entire pathway in the lab, so as to develop a method for manufacturing useful quantities of natural mescaline in yeast or in plants that are larger and faster-growing than peyote," Berman says.

She adds that the peyote population is dwindling in nature, partly because of unsustainable harvesting by peyote hunters who cut the plant too close to the root. Creating alternative sources of natural mescaline could help preserve the endangered cactus while ensuring a supply of mescaline for permitted uses.

Though it is banned in many countries, its use is usually allowed in religious ceremonies and, with special permission, in scientific and medical research.

"Mescaline interacts with receptors for the brain chemical serotonin, which serves as the target for an entire group of drugs against depression, OCD and other mood-related disorders," Berman explains. "Next-generation drugs that will be developed on the basis of mescaline and other psychedelics might be longer-lasting and have fewer side effects than the existing ones."

In addition to making mescaline available for drug discovery, causing plants other than peyote to make mescaline will also enable studies clarifying the hallucinogen's functions in the cacti.

Berman says, "We can only guess what these functions could be, but we'll know what they are if we see, for example, that insects avoid a plant engineered to produce large quantities of mescaline, or that this plant is unusually resistant to UV radiation."


																																																					
																				
																						More information:
												Paula Berman et al, The biosynthetic pathway of the hallucinogen mescaline and its heterologous reconstruction, Molecular Plant (2024). DOI: 10.1016/j.molp.2024.05.012
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The eastern subspecies of the regal fritillary butterfly, marked by orange forewings and dark hindwings, is found in only one location in North America and is threatened with extinction.



										      
																																	That location: The 17,000-acre Fort Indiantown Gap National Guard Training Center in Pennsylvania, the most heavily used National Guard training center in the U.S. with firing ranges and combat simulation areas that get extensive use.

This month, the U.S. Fish and Wildlife Service (NWS) proposed that the eastern (Argynnis idalia idalia) subspecies of the regal fritillary, a large butterfly, be placed on the federal endangered species list. The NWS also proposed listing the western (Argynnis idalia occidentalis) subspecies as threatened.

What's special about the eastern regal fritillary butterfly?

Once found fluttering from New Brunswick to North Carolina, the eastern regal fritillary is now limited to the base in Lebanon and Dauphin Counties--about five miles north of Hershey. The caterpillars and emerging butterflies need the habitat to support larvae, sources of nectar, and tall sheltering grassland.

Officials say additional protection is needed because the butterfly can't migrate to other areas if its current habitat is degraded or lost. Climate change and drought also threaten that habitat, as changes in temperature and moisture can impact bloom times of native violets, whose flowers the caterpillars need to survive. Adult regal fritillaries are large, about the size of a monarch, with wingspans of 2.67 to 4.13 inches.

Despite the loss of grassland habitats across the rest of its native range, the eastern regal fritillary has survived thanks to proactive efforts at Fort Indiantown Gap, notes the NWS. The military installation has, effectively, maintained the last population of the eastern regal fritillary in the world through a range of conservation practices.


																																						
    
     




																																			What's the military base doing to protect the butterflies?

Indeed, the base has long had a wildlife management plan, which includes the eastern regal fritillary. As the result of a lawsuit in the 1990s by the North American Butterfly Association, base officials set aside 219 acres "of prime training fields" that harbored the biggest population centers of the butterfly. It then added additional areas to include other pockets where they were also found.

The land management includes increasing or maintaining the butterfly's current population of more than 1,000 through use of prescribed fires that delays or halts growth of shrubs and trees, while keeping the grassland intact. The fields where the butterflies contain native grasses that provide the violets for caterpillars and other nectar plants for adults. The grassland is native to the base.

But the conservation location is definitely an odd pairing, given that the base provides facilities and services to various U.S. Armed Forces that require land and airspace to practice combat skills and operations on a year-round basis. On average there are about 2,100 soldiers, state workers and civilians who work there daily, and the base's mission is unlikely to change.

There, soldiers bivouac, maneuver, and train with military vehicles, weapons firing, and air-to-ground weapons. There's a 50-foot rappel tower, an 11-station obstacle course, and four nuclear, biological and chemical chambers for training. Smoke and other practice grenades are used on site, as are booby traps.


																																			What additional protections are there?

So conservation managers at the base research and monitor wildlife habitat amid "rugged grasslands, shrublands, and oak / hickory forests that stand up well to military training, provide cover and concealment."

The plan calls for restrictions to military use, including vehicles, in some areas. Base officials even host a public bird tour each spring, with stops at several eastern regal fritillary grassland habitats. Sometimes only a few people show up. Other times, a few hundred attend.

Further cementing efforts: The military base formalized an agreement in February that commits efforts to conserve the eastern regal fritillary. And in May, the Army gave $1 million to the base, NWS, and Temple University to help implement a plan that includes managing habitat, long-term monitoring, and establishing a new population in collaboration with the Pennsylvania Game Commission.
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California is home to millions of urban trees: What happens when they die?
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To stop California's 6 million urban trees from knocking out power lines, crashing through houses, or lying across streets when they die, humans have to intervene.



										      
																																	A handful of arborists and Conservation Corps of Long Beach members gathered recently at a scrappy plot of land in the corner of a city park to do just that.

Early in the morning, corps members used a construction vehicle to grab one of the dozens of logs from under the shade structure and drop it onto the giant orange wood milling machine.

"You guys know what's up--same routine," Tito Leulusoo, the corps' staff supervisor, called out to the group. "Should be easy. Let's get it."

The saw whirred to life. Corps members slowly, cleanly sliced bark from one side of the log. This piece of wood, once a thick eucalyptus tree living in the city, will one day become a bench--perhaps in one of Long Beach's urban parks.

It's the seedling of a vision the corps dreamed up just a few years ago. The corps has been planting trees since its inception in 1987, and now it wants to take care of the trees after they die, turning them into usable lumber for houses, desks, benches, sculptures--you name it.

"The only limit is your imagination," said John Mahoney, an Urban Wood Manager at West Coast Arborists. "It's humankind's favorite building material, as far as you look into the past, as far as you can look into the future--it's the warmth of wood."

Dan Knapp, the executive director of the Conservation Corps of Long Beach, hopes to see the program grow into something much bigger. Right now, they're working on and off with some borrowed equipment, but Knapp wants to see a crew of corps members dedicated to the project full time, with their own mill and kiln to dry the wood, and a storefront to sell it--all located on the same plot.


																																						
    
     




																																			For every tree the corps mills, it hopes to plant two.

The amount of lumber available in cities is no small quantity. Each year, more trees fall in cities than are harvested from national forests, and researchers estimate that urban trees could replace roughly 10% of the United States' annual lumber consumption.

After the corps won a $1 million grant from Cal Fire in 2022 to get the program started, the corps immediately turned to one of the state's longtime leaders in urban lumber: West Coast Arborists.

The organization quickly agreed to help the corps. The resource of urban lumber is vast. "It would be silly for us to think we could take it on, on our own," Mahoney said. "It's going to take everyone to grow this whole movement. ... You can save the world as long as you don't want credit."

West Coast Arborists say their urban lumber has ended up in the homes of A-list celebrities (they're not at liberty to name names), provided the bodies of acoustic guitars and appeared at the Los Angeles County Fair (as part of the show where a guy balances on a log rolling across a lagoon ).

"You never hear where the wood was grown," Mahoney said, "but for us, it's just cool to think that trees grown in Long Beach are now in Architectural Digest ... like what the heck, that's so cool."

Mahoney comes from a family of tree lovers, and he's filled with fun facts about trees--from how fungi can dye wood any color of the rainbow to the proper way to calculate a tree's age. (Always add five years to the ring count, the first few years get smushed together into the center of the tree, he said.)


																																			During the milling session, Mahoney and a colleague gave pointers to corps members as they worked the behemoth milling machine.

For Knapp, the excitement over urban lumber isn't just the environmental benefits--it's the opportunity to reach young people who are unsure of how to move forward in life and provide them with employment and career development opportunities.

"We attract young folks, I think, in a key part of their lives," Knapp said. "You can be a high school dropout. You can be formerly incarcerated. You can be all these things, and you're coming to us."

The corps provides members with opportunities to finish their GED, attend college or vocational school, and meet with employers.

"I was that typical story of where you're on a bad path," Leulusoo said. "The Corps steered me into the right path."

High school hadn't been working out for Leulusoo, who was born and raised in Long Beach. Some of his family members were in the corps, so he decided to join.

Both Marco Navarrete and Madisen Tanore joined the corps after starting their college education. They just couldn't ignore the itch to get their hands dirty and have a direct impact on their community.

"The corps, they let you experiment with whatever you want," said Navarrete, who grew up in L.A. He's studying psychology but hopes to go into project management. "It's something that'll help me out here ... whether it be with the corps, or anywhere in Long Beach, really."


																																						
    
     




																																			For some of the five corps members onsite, it was their first day at the yard. They had come from working on road construction, water irrigation and an assortment of other corps projects to spend the day with a down-to-business Leulusoo and giddy Mahoney to learn the art of wood milling.

The corps has even developed a 40-hour training program with West Coast Arborists designed to prepare corps members for entry-level jobs in the field. Knapp's hope is, if they don't end up with a job from West Coast Arborists, they can use their skills in sustainable logging in Southern California forests, which are becoming overwhelmed with flammable vegetation.

Building an urban lumber project from the ground up isn't easy--and if cities want to capitalize on the full 10% of lumber consumption that urban lumber can fill, it's an even harder challenge.

First, cities need to know where the dying trees are. Lara Roman, a research ecologist with the Forest Service, said there are two approaches cities can take: proactive and reactive.

"Reactive management is when all there is capacity to do is just respond to the latest emergency, and that is generally viewed, in urban forestry, as not the ideal system," said Roman. "The ideal system would be, they've already got an up-to-date inventory and know where all the trees at most risk are."

An inventory of all the trees in a region allows the city to send crews to clear at-risk trees when an intense storm is looming or remove a certain species of tree that's susceptible to a pest marching its way across the country toward Southern California.


																																			But these inventories are difficult and costly to make and maintain. "Doing a tree inventory is very, very expensive. You have to pay somebody to go walk every single street and measure every single tree," said Natalie Love, who helped compile inventories into a database of 6 million urban trees in California as a researcher at California Polytechnic State University. "It's a lot of manual labor."

Even if organizations get word of a downed tree, preserving it for lumber processing takes additional care, and not all trees are still in shape to be used as lumber, especially if they died from disease or pests.

In that case, it's typically chipped into mulch and composted, since California bans residents (including companies and the government) from sending dead trees to landfills.

However, this negates one of the key benefits of urban trees: they gather carbon from the atmosphere and store it in their wood.

"Carbon sequestration of urban trees is very short-lived," Love said. "If a tree is up for 30 years, that means it has 30 years of carbon sequestration, but if the city comes and chops it down and turns it into wood chips, and then those wood chips rot, that carbon then just goes back into the atmosphere."

Yet if arborists use the chipped trees as mulch to support gardens, new trees or other plant life, they can still keep the carbon out of the air.

"Mulch is awesome," said Mahoney, launching into another tree fact. "What's the highest end use of a tree?" he said, referring to which end-of-life use sequesters the most carbon. Turns out mulch is second to lumber, with firewood in third and landfills in dead last.

"Am I anti-mulch? No. Not every tree is good for lumber," Mahoney said. In urban lumber, "we're basically sorting the pearls out."


																																																					
																					
																															 
												  2024 Los Angeles Times. Distributed by Tribune Content Agency, LLC.
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Zebrafish use surprising strategy to regrow spinal cord: Findings could help identify ways to heal spinal cord damage

										

    
        
            [image: Zebrafish use surprising strategy to regrow spinal cord]
             
                The top image shows fluorescently labeled cells in the spinal cord of a zebrafish recovering one week after an injury, and the bottom image shows recovery four weeks after an injury. Researchers at Washington University School of Medicine in St. Louis describe the dramatic changes within nerve cells that make regeneration possible. Such findings could inspire the development of new therapies for spinal cord injuries in people. Credit: MOKALLED LAB
            
        

    


Zebrafish are members of a rarefied group of vertebrates capable of fully healing a severed spinal cord. A clear understanding of how this regeneration takes place could provide clues toward strategies for healing spinal cord injuries in people. Such injuries can be devastating, causing permanent loss of sensation and movement.



										      
																																	A new study from Washington University School of Medicine in St. Louis maps out a detailed atlas of all the cells involved--and how they work together--in regenerating the zebrafish spinal cord.

In an unexpected finding, the researchers showed that survival and adaptability of the severed neurons themselves is required for full spinal cord regeneration. Surprisingly, the study showed that stem cells capable of forming new neurons--and typically thought of as central to regeneration--play a complementary role but don't lead the process.

The study is published Aug. 15 in the journal Nature Communications.

Unlike humans' and other mammals' spinal cord injuries, in which damaged neurons always die, the damaged neurons of zebrafish dramatically alter their cellular functions in response to injury, first to survive and then to take on new and central roles in orchestrating the precise events that govern healing, the researchers found. Scientists knew that zebrafish neurons survive spinal cord injury, and this new study reveals how they do it.

"We found that most, if not all, aspects of neural repair that we're trying to achieve in people occur naturally in zebrafish," said senior author Mayssa Mokalled, Ph.D., an associate professor of developmental biology.

"The surprising observation we made is that there are strong neuronal protection and repair mechanisms happening right after injury. We think these protective mechanisms allow neurons to survive the injury and then adopt a kind of spontaneous plasticity--or flexibility in their functions--that gives the fish time to regenerate new neurons to achieve full recovery.


																																						
    
     




																																			"Our study has identified genetic targets that will help us promote this type of plasticity in the cells of people and other mammals."

By mapping out the evolving roles of various cell types involved in regeneration, Mokalled and her colleagues found that the flexibility of the surviving injured neurons and their capacity to immediately reprogram after injury lead the chain of events that are required for spinal cord regeneration.

If these injury-surviving neurons are disabled, zebrafish do not regain their normal swim capacity, even though regenerative stem cells remain present.

When the long wiring of the spinal cord is crushed or severed in people and other mammals, it sets off a chain of toxicity events that kills the neurons and makes the spinal cord environment hostile against repair mechanisms.

This neuronal toxicity could provide some explanation for the failure of attempts to harness stem cells to treat spinal cord injuries in people. Rather than focus on regeneration with stem cells, the new study suggests that any successful method to heal spinal cord injuries in people must start with saving the injured neurons from death.

"Neurons by themselves, without connections to other cells, do not survive," Mokalled said.

"In zebrafish, we think severed neurons can overcome the stress of injury because their flexibility helps them establish new local connections immediately after injury. Our research suggests this is a temporary mechanism that buys time, protecting neurons from death and allowing the system to preserve neuronal circuitry while building and regenerating the main spinal cord."


																																			There is some evidence that this capacity is present but dormant in mammalian neurons, so this may be a route to new therapies, according to the researchers.

"We are hopeful that identifying the genes that orchestrate this protective process in zebrafish--versions of which also are present in the human genome--will help us find ways to protect neurons in people from the waves of cell death that we see following spinal cord injuries," she said.

While this study is focused on neurons, Mokalled said spinal cord regeneration is extremely complex, and future work for her team will delve into a new cell atlas to understand the contributions of other cell types to spinal cord regeneration, including non-neuronal cells, called glia, in the central nervous system as well as cells of the immune system and vasculature.

They also have ongoing studies comparing the findings in zebrafish to what is happening in mammalian cells, including mouse and human nerve tissue.


																																																					
																				
																						More information:
												Zebrafish use surprising strategy to regrow spinal cord, Nature Communications (2024). DOI: 10.1038/s41467-024-50628-y
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Could manure and compost act like probiotics, reducing antibiotic resistance in urban soils?

										

    
        
            [image: Could manure and compost act like probiotics, reducing antibiotic resistance in urban soils?]
             
                NFSC Ph.D. student Qingyue Zeng (left), first author of the paper, and undergraduate student Derek Konsen collecting soil cores in an amended plot at a local urban farm. Credit: Ryan Blaustein, UMD
            
        

    


Urban soils often contain chemical contaminants, such as heavy metals or trace amounts of antibiotics, along with higher levels of antibiotic-resistant bacteria. New research from the University of Maryland suggests that, in some cases, boosting urban soil health with compost and treated manure may reduce the amount of "bad" bacteria. Understanding these dynamics has important implications for improving the quality and safety of fresh produce in urban agriculture.



										      
																																	The study was published the Journal of Food Protection.

"Urban farming brings people together and now we see that it can help clean up the environment, at least from certain antibiotic-resistant bacteria," said Ryan Blaustein, an assistant professor in the Department of Nutrition and Food Science at UMD and an author of the study. "Growing organically may promote healthier vegetable 'microbiomes' that we are exposed to as consumers."

Urban farmers and community gardeners often amend their soil with biological additives, like animal manure, or composts made from mixtures of plant material and food scraps that may include fruits and vegetables, eggs, milk, meat, or shellfish waste.

These types of soil amendments are regulated, and must be properly composted or pasteurized before application, because they carry a risk of introducing microbes like salmonella and E. coli, which cause food-borne illness. But little is known about the potential effects of using organic soil amendments on antibiotic resistance in bacteria in urban food systems.

To help fill this gap, Blaustein and his colleagues analyzed soils and leafy green vegetables like kale and lettuce from seven urban farms and community gardens around Washington, D.C. They tested for levels of total bacteria and bacteria resistant to antibiotics like ampicillin and tetracycline. At each location, they tested leafy greens as well as soil that had been treated with manure or compost and soil that had not been treated.


																																						
    
     




																																			Their results showed that amended soils treated with manure or compost had much more total bacteria than untreated soils, but not necessarily more harmful bacteria or antibiotic-resistant strains. Meaning, the proportion of resistant bacteria and food safety indicators were actually lower in the amended soil. Further studies need to be done to determine the long-term impacts, but their results suggest that manure and compost could act like probiotics for the soil, perhaps introducing or stimulating beneficial bacteria that outcompetes and suppresses the antibiotic-resistant bacteria.

The researchers also found that the pH in soil was strongly associated with concentrations of tetracycline-resistant bacteria, suggesting that managing pH has applications for controlling associated risks. In addition, they saw large differences in bacteria levels between sites, sometimes within the same farm, depending on what amendments were used and what greens were grown. Blaustein said these results highlight the need to build a systems-level understanding of soils in urban farming environments.

This information has important implications for understanding the role of compost and manure for improving soil health and managing harmful bacteria and ensuring a healthy food supply from urban agricultural settings.


																																																					
																				
																						More information:
												Qingyue Zeng et al, Effects of Organic Soil Amendments on Antimicrobial-Resistant Bacteria in Urban Agriculture Environments, Journal of Food Protection (2024). DOI: 10.1016/j.jfp.2024.100344
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        Studies highlight challenges and solutions in making large language models trustworthy
        Amid the skyrocketing popularity of large language models (LLMs), researchers at Lawrence Livermore National Laboratory are taking a closer look at how these artificial intelligence (AI) systems perform under measurable scrutiny.
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                The design of benchmark in TRUSTLLM. Credit: arXiv (2024). DOI: 10.48550/arxiv.2401.05561
            
        

    


Amid the skyrocketing popularity of large language models (LLMs), researchers at Lawrence Livermore National Laboratory are taking a closer look at how these artificial intelligence (AI) systems perform under measurable scrutiny.


                                        
                                              
                                        
                                                                                                                                    LLMs are generative AI tools trained on massive amounts of data in order to produce a text-based response to a query. This technology has the potential to accelerate scientific research in numerous ways, from cyber security applications to autonomous experiments. But even if a billion-parameter model has been trained on trillions of data points, can we still rely on its answer?

Two Livermore co-authored papers examining LLM trustworthiness--how a model uses data and makes decisions--were accepted to the 2024 International Conference on Machine Learning.

"This technology has a lot of momentum, and we can make it better and safer," said Bhavya Kailkhura, who co-wrote both papers.

More effective models

Training on vast amounts of data isn't confirmation of a model's trustworthiness. For instance, biased or private information could pollute a training dataset, or a model may be unable to detect erroneous information in the user's query. And although LLMs have improved significantly as they have scaled up, smaller models can sometimes outperform larger ones. Ultimately, researchers are faced with the twin challenges of gauging trustworthiness and defining the standards for doing so.


                                                                                                        
    
        
        
        
    

                                                                                                                                            In "TrustLLM: Trustworthiness in Large Language Models," Kailkhura joined collaborators from universities and research organizations around the world to develop a comprehensive trustworthiness evaluation framework. They examined 16 mainstream LLMs--ChatGPT, Vicuna, and Llama2 among them--across eight dimensions of trustworthiness, using 30 public datasets as benchmarks on a range of simple to complex tasks. The work is published on the arXiv preprint server.

Led by Lehigh University, the study is a deep dive into what makes a model trustworthy. The authors gathered assessment metrics from the already extensive scientific literature on LLMs, reviewing more than 600 papers published during the past five years.

"This was a large-scale effort," Kailkhura said "You cannot solve these problems on your own."

The team's resulting TrustLLM framework defines the following dimensions. A fair model avoids discriminatory outcomes, such as refusing to respond to demographic stereotypes or gender biases. Machine ethics measures a model's recognition of human morals and emotions, such as discerning between right and wrong if a user's query implies harming another person. Privacy measures whether a model reveals sensitive information even if the training dataset contains, for example, phone numbers.

Additionally, robustness refers to a model's ability to handle anomalies or unexpected data, and safety refers to its resilience against data manipulation or exploitation attempts, such as a request to provide ingredients for an explosive device. A truthful model presents facts, states its limitations--such as if asked about a rapidly changing current event--and doesn't "hallucinate" inaccurate or nonsensical information.


                                                                                                                                            Two other dimensions are more difficult to measure because of the complex, large-scale nature of LLMs. Accountability means providing the origin(s) of the output, while transparency refers to detailed explanations of decision-making steps and rationale.

These standards are high. As recent copyright-related headlines point out, LLMs don't cite their sources, nor do their owners assume responsibility for amalgamated datasets. Furthermore, training datasets can contain any number of imperfections, innocent or adversarial. A reasonably ethical model might be vulnerable to attacks.

"You can't look at one single aspect of trustworthiness. You have to look at how the model performs in all the metrics," Kailkhura said.

TrustLLM evaluations yielded mixed results. Most models refused to provide private information when instructed to follow a privacy policy, and answers to multiple-choice questions were more accurate than open-ended questions. Proprietary (closed-source) models tended to perform better than open-source models, which Kailkhura said could be attributed to companies' investments in development.

Still, the best performing model in identifying stereotypes achieved only 65% accuracy, and performance across models varied considerably when faced with unexpected data. The team also noticed a trend of over-alignment, where models' safety scores are padded with false positives.
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None of the tested models was truly trustworthy according to TrustLLM benchmarks. The good news, however, is that the study exposed where these models fail, which can encourage focus on trustworthiness as LLM developers continue to improve the technology.

"LLMs are foundational models of increasing importance to the Lab and its national security applications, which is why our AI safety research is critical," Kailkhura said.


                                                                                                        
    
        
        
        
    

                                                                                                                                            More efficient models

As LLMs scale up, computational performance will continue to pose a challenge. Another conference paper investigates trustworthiness in the context of compression, where a model is modified to reduce the amount of data and compute resources necessary for efficiency.

For example, compressing a model from 13 billion to 7 billion parameters can cut its latency in half, depending on the computing hardware running it. State-of-the-art compression techniques are designed to boost a model's response speed, but they often prioritize performance over trustworthy results.

"Our research provides practical guidance for producing lightweight, trustworthy LLMs in research projects or applications throughout the Lab," said James Diffenderfer, who co-authored "Decoding Compressed Trust: Scrutinizing the Trustworthiness of Efficient LLMs Under Compression" alongside Kailkhura, Brian Bartoldson and colleagues from several universities. The team applied five compression techniques to leading LLMs, testing the effects on various trustworthiness metrics. The work is published on the arXiv preprint server.

This work builds on prior research in convolutional neural networks (CNNs) with compression techniques like pruning (removing nonessential parameters from the model) and quantization (reducing the model's computational precision)--both of which can be applied to LLMs alone or in combination.


                                                                                                                                            "Past Livermore research with CNNs showed that these techniques could affect accuracy and robustness," Diffenderfer said. "To make LLMs more ubiquitous and usable through compression, it's important to perform these studies and identify strategies to make LLMs more efficient without degrading their trustworthiness."

The team discovered that compression via quantization was generally better--i.e., the model scored higher on trust metrics--than compression via pruning. Furthermore, they saw improved performance of 4-bit quantized models on certain trustworthiness tasks compared to models with 3- and 8-bit compression. Even at the same compression level, some models scored higher on ethics and fairness tasks and lower on privacy tasks, for instance.

"The effect on performance for each task varied based on the quantization algorithm used to compress the LLM," Diffenderfer said. "Certain forms of compression are better suited for deploying lightweight LLMs without overly compromising their trustworthiness."

In some cases, compression can even improve a model's trustworthiness. Yet too much compression can backfire, as trustworthiness scores dropped after a certain point.

"We wanted to find that line. How much can we compress these LLMs before they start behaving in a manner that is less useful?," he said.

The rapid pace of LLM development raises new questions even as researchers answer existing ones. And with growing emphasis on this technology among the AI/ML community and at top conferences, understanding how LLMs work is the key to realizing their potential.

"By performing large-scale empirical studies, we observed certain compression algorithms improve the performance of LLMs while others harm the performance," Diffenderfer said. "These results are valuable for producing efficient, trustworthy models in the future or designing improved architectures that are intrinsically more efficient and trustworthy."


                                                                                                        
    
        
        
        
    

                                                                                                                                            More valuable models

Livermore's LLM research extends beyond these papers and reveals important insights into the high-stakes arena of AI safety, which is the focus of the October 2023 White House Executive Order. The Laboratory Directed Research and Development program funds projects that tackle different aspects of safety, and the Lab's experts continually explore ways to maximize AI/ML benefits while minimizing risks. (Visit the Data Science Institute's website for a list of high-profile publications on these topics.)

"Any major technological breakthrough results in both positive and negative impacts. In the Department of Energy and national security context, AI technologies come with the responsibility to be safe and secure," Kailkhura said. "I have been working on this problem for a while now, and I am pretty confident that we will improve powerful AI models and solve key scientific challenges with them. We need to be proactive and move quickly."


                                                                                                                                                                            
                                        											
																								More information:
												Lichao Sun et al, TrustLLM: Trustworthiness in Large Language Models, arXiv (2024). DOI: 10.48550/arxiv.2401.05561

Junyuan Hong et al, Decoding Compressed Trust: Scrutinizing the Trustworthiness of Efficient LLMs Under Compression, arXiv (2024). DOI: 10.48550/arxiv.2403.15447
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