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      Nanotechnology

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


      
        New cost-effective method can detect low concentrations of pharmaceutical waste and contaminants in water
        Pharmaceutical waste and contaminants present a growing global concern, particularly in the context of drinking water and food safety. Addressing this critical issue, a new study by researchers at Bar-Ilan University's Department of Chemistry and Institute of Nanotechnology and Advanced Materials has resulted in the development of a highly sensitive plasmonic-based detector, specifically targeting the detection of harmful piperidine residue in water.

      

      
        DNA attached to nanoparticles found to contribute to lupus symptoms
        Autoimmune diseases are mysterious. It wasn't until the 1950s that scientists realized that the immune system could harm the organs of its own body. Even today, the fundamental causes and inner workings of most autoimmune diseases remain poorly understood, limiting the treatment options for many of these conditions.

      

      
        Scientists invent coin-sized device to rapidly isolate blood plasma for diagnostics and precision medicine
        Scientists at Nanyang Technological University, Singapore (NTU Singapore), have developed a coin-sized chip that can directly isolate blood plasma from a tube of blood in just 30 minutes, which is more convenient and user-friendly as compared to the current gold standard, multi-step centrifugation process.

      

      
        New method for analyzing nanoporous materials
        In addition to their main components, the properties of crystalline and nanoporous materials often depend crucially on guest atoms or ions that are embedded in the tiny pores of their lattice structure. This applies to high-tech materials used in sensor or separation technology as well as to natural materials. The bluish gemstone aquamarine, for example, would be colorless without such guest components.

      

      
        An approach to design high-power lithium sulfur batteries
        Lithium-sulfur (Li-S) batteries are a promising alternative to lithium-ion batteries (LiBs), the most common rechargeable battery technology. As sulfur is abundant on Earth, these batteries could be cheaper and more environmentally friendly than LiBs, while also potentially exhibiting higher energy densities.
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New cost-effective method can detect low concentrations of pharmaceutical waste and contaminants in water
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Pharmaceutical waste and contaminants present a growing global concern, particularly in the context of drinking water and food safety. Addressing this critical issue, a new study by researchers at Bar-Ilan University's Department of Chemistry and Institute of Nanotechnology and Advanced Materials has resulted in the development of a highly sensitive plasmonic-based detector, specifically targeting the detection of harmful piperidine residue in water.



										      
         
        
        
        

      

																																	
The team's work is published in the journal Environmental Science: Nano.

Piperidine, a small potent molecule that serves as a building block in the pharmaceutical and food additive industries, poses significant health risks to both humans and animals due to its toxic nature. Detecting even miniscule amounts of piperidine is essential for ensuring drinking water and food safety. The plasmonic substrate developed at Bar-Ilan University, comprising triangular cavities milled in a silver thin film and protected by a 5-nanometer layer of silicon dioxide, offers unparalleled sensitivity to piperidine, detecting low concentrations in water.

Mohamed Hamode, a Ph.D. student at Bar-Ilan's Department of Chemistry, in collaboration with Dr. Elad Segal, developed the dime-sized device using a focused ion microscope to drill nanometer-sized holes on a metal surface. By programming the beam with a custom-built computer program, Hamode creates holes of various shapes.

These holes, smaller than the wavelength of visible light, enhance the electrical field on the surface, leading to concentrated light in very small areas. This amplification enables optical phenomena to be significantly increased, allowing for the identification of a low concentration of molecules that were previously undetectable with optical probes.


																																						
    
     




																																			Due to its confined and enhanced electromagnetic field, the plasmonic substrate offers an efficient alternative to other substrates currently used in Surface Enhanced Raman Spectroscopy (SERS), opening avenues for the use of cost-effective and portable Raman devices that enable quicker and more affordable analysis.

"This study represents a significant advancement in the field of environmental monitoring," said senior researcher Prof. Adi Salomon, of Bar-Ilan's Department of Chemistry and Institute of Nanotechnology and Advanced Materials. "By leveraging nano-patterned metallic surfaces, we've demonstrated the detection of low concentrations of piperidine in water using affordable optics, offering a promising solution for environmental analytical setups."

The findings of the study underscore the potential of plasmonic-based detectors in revolutionizing environmental monitoring, particularly in the detection of pharmaceutical waste and contaminants. Next week, Mohamed Hamode will present the innovation at an international conference on microscopy taking place in Italy.



																																																					
																				
																						More information:
												Mohamed Riad Hamode et al, Plasmonic Based Raman sensor for Ultra-sensitive detection of Pharmaceutical waste, Environmental Science: Nano (2024). DOI: 10.1039/D3EN00821E
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DNA attached to nanoparticles found to contribute to lupus symptoms
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                A healthy cell's internal structure (left) compared to a cell that has taken up nanoparticles coated with DNA (right). The large cavities are the places where the nanoparticle was internalized, helping researchers better understand what cell receptors are being activated. Credit: Proceedings of the National Academy of Sciences (2024). DOI: 10.1073/pnas.2319634121
            
        

    


Autoimmune diseases are mysterious. It wasn't until the 1950s that scientists realized that the immune system could harm the organs of its own body. Even today, the fundamental causes and inner workings of most autoimmune diseases remain poorly understood, limiting the treatment options for many of these conditions.



										      
         
        
        
        

      

																																	
Over the past several years, however, research has found clues for how autoimmune diseases might arise. This research has shown that DNA attached to small particles within the bloodstream is a likely culprit involved in many autoimmune diseases, especially systemic lupus erythematosus, or just lupus for short, which primarily affects young women and can cause kidney damage.

However, due to the large variety in sizes of both particles and DNA in the blood, testing to what extent and under what circumstances these DNA-particle combinations play a role in disease has been extremely difficult.

Researchers at Duke University have now developed a way to systematically test how these DNA-bound particles interact with the immune system. By using tiny particles of specific sizes, attaching DNA strands of certain lengths and exposing the resulting complexes to immune cells in a lab dish, the researchers show a better fundamental understanding of these diseases may be possible.

The results were published in the Proceedings of the National Academy of Sciences.


																																						
    
     




																																			"Our approach identified the cellular pathway that causes the harmful response to these hybrid particles, and showed that DNA bound to the surfaces of nanoparticles is protected from being degraded by enzymes," said Christine Payne, the Yoh Family Professor of Mechanical Engineering and Materials Science. "We think these are extremely important results that will form the basis for future studies with our novel system."

While DNA is usually locked away within a cell's nucleus, it often gets into the bloodstream when cells die or are attacked by viruses and bacteria. While most so-called "cell-free DNA" only lasts minutes before being broken down by the body, in some people and situations, it can persist for much longer. In recent work, high levels of cell-free DNA have been closely related to the severity of lupus symptoms, and many doctors are now testing ways to use it to monitor disease activity.

Cell-free DNA may escape elimination largely by forming complexes with other molecules or attaching itself to naturally occurring particles. Depending on the origin of the DNA, it can range in length from a few hundred base pairs to several thousand. And the particles it can attach to range from 100 to 1000 nanometers in diameter.

"Experimenting with the particles actually found in blood is difficult because they come in so many different sizes and combinations," said Dr. David Pisetsky, professor of medicine and integrative immunobiology at the Duke University School of Medicine.


																																			"Where previous work has focused on using nanoparticles for therapy, here we're exploring using participles to understand disease mechanisms, which can be very informative for important medical questions." Payne worked with members of her laboratory to fabricate tightly controlled synthetic particles at both ends of the naturally occurring size spectrum.

They then attached DNA strands from E. Coli, either a few hundred base pairs long or 10,000 base pairs long, to particles both large and small. With a wide range of synthetic DNA-particle complexes in hand, they mixed various combinations with human macrophages, a type of white blood cell that surrounds and kills microorganisms, removes dead cells, and stimulates the action of other immune cells.

"I joined the lab over a year ago and have been working on characterizing the nanoparticle coronas to understand their size, amount of DNA, and how the DNA degrades," said Diego Montoya, a third-year undergraduate student working in Payne's lab and a co-author on the paper. "It's been a lot of fun and a privilege working with everyone on this research."

The first important observation the team made was that DNA attached to nanoparticles was protected from degrative enzymes and that larger nanoparticles provided more protection.

"We think the enzymes might not be able to access the DNA to destroy it because of the shape the DNA makes with the surface of the nanoparticle," said Faisal Anees, a Ph.D. student in Payne's lab. "But there might be other effects going on, so that's a question we're trying to answer more definitively now."


																																						
    
     




																																			The results showed that the macrophages responded to all types of DNA-particle complexes by producing inflammatory signals for other cells to follow, a hallmark of many autoimmune diseases. They also demonstrated that this response is created through a specific signaling pathway called cGAS-STING.

The researchers stress that the combined results do not yet provide a smoking gun for the cause of lupus or other autoimmune diseases, which are likely varied and nuanced.

"All the ways the immune system attacks itself are really complex, hard to understand, and difficult to treat," Payne said. "This approach gives researchers a way to drill down and pinpoint factors that they wouldn't be able to with a purely biological system."

"We now have a well-defined model system that gives us the ability to ask these questions about causation versus correlation," added Pisetsky, who has been researching autoimmune diseases for almost half a century. "It also gives us a new method for exploring potential therapies."



																																																					
																				
																						More information:
												Faisal Anees et al, DNA corona on nanoparticles leads to an enhanced immunostimulatory effect with implications for autoimmune diseases, Proceedings of the National Academy of Sciences (2024). DOI: 10.1073/pnas.2319634121
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                Prototype of the ExoArc system, which allows for a one-step automated isolation of high-quality blood plasma useful for diagnostics and precision medicine. Credit: Nanyang Technological University
            
        

    


Scientists at Nanyang Technological University, Singapore (NTU Singapore), have developed a coin-sized chip that can directly isolate blood plasma from a tube of blood in just 30 minutes, which is more convenient and user-friendly as compared to the current gold standard, multi-step centrifugation process.



										      
         
        
        
        

      

																																	
Named ExoArc, the device can achieve high blood plasma purity by removing more than 99.9% of blood cells and platelets precisely and gently in just one step.

This will greatly speed up clinical analysis of the cell-free DNA and RNA molecules, as well as nanoparticles commonly known as extracellular vesicles. These particles are often used to screen for biomarkers that are tell-tale signs specific to certain cancers and diseases.

Currently, the only way to isolate blood plasma is by using a centrifuge, which spins blood samples at high speeds to separate blood cells from plasma.

However, even after two rounds of spinning in the centrifuge, there will still be some cells and platelets present in the blood plasma which can break down or degrade, releasing additional bio-content, thus leading to unwanted materials that affect the accuracy of diagnostic tests.

As a proof of concept, the team built a portable prototype device (measuring 30 cm x 20 cm x 30 cm) to house the ExoArc chip (3.5 cm x 2.5 cm x 0.3 cm), which has a large touchscreen interface to adjust settings, as well as internal pumps and pipings for the processing of blood samples and collection of the isolated blood plasma.


																																						
    
     




																																			Together with clinician-scientists from National Cancer Center Singapore (NCCS), Tan Tock Seng Hospital (TTSH), and the Agency for Science, Technology and Research (A*STAR), the team clinically validated ExoArc by analyzing the microRNA profile of blood plasma in healthy people and cancer patients using a biomarker panel and found it was able to diagnose non-small cell lung cancer with a sensitivity of 90%.

As an innovation, ExoArc currently has two patent applications filed through NTUitive, NTU's innovation and enterprise company, and its study findings have been published recently in ACS Nano.

Lead scientist of the study, NTU Associate Professor Hou Han Wei, said the team aimed to find a quicker solution that could replace the centrifuge, while still yielding high-quality plasma for disease screening and research.

"It has been nearly 160 years since the invention of the first centrifuge and about 50 years since modern high-speed centrifuges became a standard tool in laboratories for preparing blood samples. Despite these advancements, separating complex liquids like blood, which comprises various cell types and a diverse range of biological materials, remains a challenge," explained Assoc Prof Hou, a biomedical engineer from the School of Mechanical and Aerospace Engineering and Lee Kong Chian School of Medicine (LKCMedicine).


																																			"By leveraging unique flow phenomenon in tiny channels in a chip that is about the size of a dollar coin, we can now efficiently separate small biological materials based on their size without using any physical membrane or filters. We have transformed this breakthrough technology into a device about size of a small desktop printer, featuring disposable plastic chips to prevent cross-contamination in clinical testing."

Co-author of the paper, Professor Darren Lim, senior consultant in the Division of Medical Oncology at NCCS and Director of Research at the SingHealth Duke-NUS Lung Center, explained the importance of high-quality blood plasma.

"Reducing contamination from degraded blood cells is crucial for the accuracy of diagnostic tests. Our study shows that this device allows quicker and more precise clinical diagnoses, significantly decreasing the waiting time for test results, reducing patients' anxiety and ultimately improving their overall care. This is particularly significant for cancer treatment," said Prof Lim.

In another demonstration of its broad application, the team used ExoArc to study microRNA molecules from blood plasma samples from healthy individuals and those with type 2 diabetes mellitus using quantitative polymerase chain reaction (PCR).

From just one tube of blood, they identified 293 different microRNA molecules. The research team also found that the microRNA profile from plasmas and extracellular vesicles from individuals with type 2 diabetes had a different composition as compared to healthy participants. This suggests the potential of ExoArc in helping to isolate and identify disease-related biomarkers.

Associate Professor Rinkoo Dalan, Senior Consultant specializing in diabetes and endocrinology at Tan Tock Seng Hospital, said the initial results are promising and show the potential of ExoArc being able to help drive precision medicine.

"This technology can help clinicians better predict and manage complications of chronic metabolic conditions like diabetes, by providing more accurate, timely, and individualized information. By detecting specific biomarkers accurately, we can tailor treatments to the unique needs of each patient, potentially improving outcomes and enhancing the quality of care," said Assoc Prof Dalan, who is also a teaching faculty at LKCmedicine.


																																						
    
     




																																			ExoArc vs. conventional centrifuge

The current gold-standard method of isolating blood plasma relies on centrifuges, which is not foolproof and is highly dependent on the skill of the technicians who manually extract the plasma after each spin.

Even after two centrifugation rounds, which can take up to an hour, residual biological cells can remain in the plasma, potentially contaminating RNA tests and leading to inaccurate results.

One of the key reasons is that blood tests are time-sensitive, requiring processing within a day or even a few hours to prevent the rapid degradation of biological material from cells. This breakdown introduces additional DNA, RNA or vesicles into the plasma, which can distort test outcomes.

Laboratories typically wait to accumulate multiple blood samples before using the centrifuge, extending the isolation process by several hours. This delay combined with the extended duration of centrifugation and operator variability, sometimes makes it challenging to compare scientific findings between different research labs.

Unlike the centrifuge machine which usually processes multiple tubes of blood samples, ExoArc technology can be scaled up by designing multiple channels to simultaneously isolate blood plasma as and when blood samples are received in clinics or hospitals in a faster and more consistent manner.

In the future, this process could be automated into a one-step process, which would significantly reduce the time needed to prepare samples for testing and will streamline the diagnostic process, potentially helping to reduce overall cost. By adjusting the size cutoff, this platform technology can also be used to isolate bacteria or viruses from blood or other biofluids.

The development of ExoArc is backed by a Proof-of-Concept and Proof-of-Value grant from the NTUitive Gap Fund, under the NTU Innovation and Entrepreneurship initiative. This initiative seeks to turn research into practical innovations that address societal challenges, like an aging population, and generate significant economic benefits for Singapore.



																																																					
																				
																						More information:
												Sheng Yuan Leong et al, High-Throughput Microfluidic Extraction of Platelet-free Plasma for MicroRNA and Extracellular Vesicle Analysis, ACS Nano (2024). DOI: 10.1021/acsnano.3c12862
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                A z-contrast image of an aquamarine crystal at atomic resolution using the ASTEM microscope. The yellow arrows mark caesium ions in the crystal pores. Credit: FELMI-ZFE
            
        

    


In addition to their main components, the properties of crystalline and nanoporous materials often depend crucially on guest atoms or ions that are embedded in the tiny pores of their lattice structure. This applies to high-tech materials used in sensor or separation technology as well as to natural materials. The bluish gemstone aquamarine, for example, would be colorless without such guest components.



										      
         
        
        
        

      

																																	
Determining the type and position of guest components is difficult, as many materials react sensitively to the radiation emissions from electron microscopes.

Thanks to a new method developed by a team led by Daniel Knez and Ferdinand Hofer at the Institute of Electron Microscopy and Nanoanalysis at Graz University of Technology (TU Graz), this can now be done with less radiation and is therefore much easier. The researchers published their findings in the journal Communications Materials.

"The uniqueness of our method lies in the fact that we can determine the three-dimensional distribution of ions in crystal channels or nanopores based on a single electron microscope image," says Daniel Knez.

The mysterious blue color of aquamarine

The researchers developed their method while analyzing the gemstone aquamarine. Until now, it was not known where exactly the iron that lends the stone its blue color is positioned in the crystal.

One hypothesis was that individual iron atoms are stuck in the pores and create this effect from there. But this has now been refuted. In their experiments, the researchers have established beyond doubt that there is no iron in the pores, but instead cesium ions. The color-conferring iron atoms are located in close proximity to the cesium ions, but are integrated into the columns of the crystal lattice.
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                Ferdinand Hofer (left) and Daniel Knez next to the Austrian Scanning Transmission Electron Microscope (ASTEM) at the Institute of Electron Microscopy and Nanoanalytics at TU Graz. Credit: Lunghammer--TU Graz
            
        

    



A single image with atomic resolution as a basis

For their experiments, the researchers recorded a so-called Z-contrast image of the aquamarine crystal at atomic resolution using the ASTEM microscope, a scanning transmission electron microscope. The electron beam of the ASTEM microscope is focused on the surface of the crystal sample, also penetrating into the pores of the material. If it hits ions stored there, they appear as bright dots in the image.

Based on the strength of the contrast with empty pores and the neighboring lattice structures, the researchers can determine the type of embedded ions and also estimate how deep they are located in the pores.

These data were statistically analyzed and compared with a large number of simulations of the crystal structure in order to be able to estimate the various factors influencing the measured signal.

Innovative method opens up new possibilities for materials science

In addition to basic research, the new method is also suitable for the targeted development of new materials. "Our method can be used to precisely determine the position of doping elements, i.e. targeted function-controlling additives, in nanoporous materials such as zeolites or metal-organic framework compounds," says Ferdinand Hofer.

This facilitates the optimization of (single-atom) catalysts and solid-state electrolytes in future batteries or the development of biomedical applications for controlling drug uptake.



																																																					
																				
																						More information:
												Daniel Knez et al, Three-dimensional distribution of individual atoms in the channels of beryl, Communications Materials (2024). DOI: 10.1038/s43246-024-00458-8
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An approach to design high-power lithium sulfur batteries

										 by Ingrid Fadelli										 										 , Phys.org
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                Electrocatalysts design to improve SRR kinetics in Li||S batteries. Credit: Nature Nanotechnology (2024). DOI: 10.1038/s41565-024-01614-4
            
        

    


Lithium-sulfur (Li-S) batteries are a promising alternative to lithium-ion batteries (LiBs), the most common rechargeable battery technology. As sulfur is abundant on Earth, these batteries could be cheaper and more environmentally friendly than LiBs, while also potentially exhibiting higher energy densities.



										      
         
        
        
        

      

																																	
Despite these advantages, the deployment of Li-S batteries has so far been limited, as many of these batteries also have a low cycle life and a high self-discharge rate. In addition, the predicted high energy density of Li-S batteries often becomes far lower when in real applications, due to the high rates at which they charge and discharge.

A chemical reaction that plays a central role in ensuring the high capacity of Li-S batteries is the so-called sulfur reduction reaction (SRR). This reaction has been widely studied, yet its kinetic tendencies at high current rates remain poorly understood.

Researchers at the University of Adelaide, Tianjin University and Australian Synchrotron recently carried out a study aimed at delineating the kinetic trend of SRR, to inform the future development of high-power Li-S batteries. Their paper, published in Nature Nanotechnology, also introduces a nanocomposite carbon electrocatalyst that was found to boost the performance of Li-S batteries, attaining a discharge capacity retention of approximately 75%.

"The activity of electrocatalysts for the sulfur reduction reaction (SRR) can be represented using volcano plots, which describe specific thermodynamic trends," Huan Li, Rongwei Meng and their colleagues wrote in their paper. "However, a kinetic trend that describes the SRR at high current rates is not yet available, limiting our understanding of kinetics variations and hindering the development of high-power Li||S batteries. Using Le Chatelier's principle as a guideline, we establish an SRR kinetic trend that correlates polysulfide concentrations with kinetic currents."


																																						
    
     




																																			To further examine the kinetic trend of the SRR at high currents, the researchers also collected synchrotron X-ray adsorption spectroscopy measurements and ran various molecular orbital computations. Overall, their results suggest that orbital occupancy in catalysts based on transition metals is linked to the concentration of polysulfide in batteries, and consequently also SRR kinetic predictions.

Based on the kinetic trend they delineated, Li, Meng and their collaborators designed a new nanocomposite electrocatalyst comprised of a carbon-based material and CoZn clusters. They then integrated this catalyst in a Li-S battery cell and tested its performance, focusing on its charge-discharge rates.

"When the electrocatalyst is used in a sulfur-based positive electrode (5 mg cm[?]2 of S loading), the corresponding Li||S coin cell (with an electrolyte:S mass ratio of 4.8) can be cycled for 1,000 cycles at 8degC (that is, 13.4 A gS[?]1, based on the mass of sulfur) and 25degC," the researchers wrote.

"This cell demonstrates a discharge capacity retention of about 75% (final discharge capacity of 500 mAh gS[?]1) corresponding to an initial specific power of 26,120 W kgS[?]1 and specific energy of 1,306 Wh kgS[?]1."

Overall, the recent study by Li, Meng and their colleagues shows that increased polysulfide concentrations promote faster SRR kinetics; thus, catalysts that boost polysulfide concentration could speed up this reaction. This result was validated both via theoretical computations and experimental measurements.

Building on their observations, the researchers already introduced one electrocatalyst that was found to enhance the capacity retention and cyclic stability of an Li-S battery. In the future, their work could inspire the design of other promising catalysts, potentially contributing to the development of new high-power Li-S battery technologies.



																																																					
																				
																						More information:
												Huan Li et al, Developing high-power Li||S batteries via transition metal/carbon nanocomposite electrocatalyst engineering, Nature Nanotechnology (2024). DOI: 10.1038/s41565-024-01614-4
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        Team proposes using AI to reconstruct particle paths leading to new physics
        Particles colliding in accelerators produce numerous cascades of secondary particles. The electronics processing the signals avalanching in from the detectors then have a fraction of a second in which to assess whether an event is of sufficient interest to save it for later analysis. In the near future, this demanding task may be carried out using algorithms based on AI, the development of which involves scientists from the Institute of Nuclear Physics of the PAS.

      

      
        Scientists investigate how cerium is produced in the universe
        Cerium is a rare Earth metal that has numerous technological applications, for example, in some types of lightbulbs and flat-screen TVs. While the element is rare in Earth's crust, it is slightly more abundant in the universe. However, much is unknown about how it is synthesized in stars.

      

      
        High-efficiency hollow-core optical fiber cable for medical procedures
        A research group led by Prof. Jiang Haihe from the Hefei Institutes of Physical Science of the Chinese Academy of Sciences has designed a 6-hole microstructure anti-resonant air-core fiber (AR-HCF) with a larger core diameter of 78 mm.

      

      
        Coalescence-fragmentation cycles based on human conflict
        In 1960, Lewis Fry Richardson famously observed that the severity of a wartime event is described by a simple power law distribution that scales according to the size of the conflict. Statisticians have since proposed various modifications, but they continue to agree that the casualty count in a violent conflict tends to scale with the size of the insurgent group that caused the conflict.
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Team proposes using AI to reconstruct particle paths leading to new physics

										

    
        
            [image: Artificial intelligence to reconstruct particle paths leading to new physics]
             
                The principle of reconstructing the tracks of secondary particles based on hits recorded during collisions inside the MUonE detector. Subsequent targets are marked in gold, and silicon detector layers are marked in blue. Credit: IFJ PAN
            
        

    


Particles colliding in accelerators produce numerous cascades of secondary particles. The electronics processing the signals avalanching in from the detectors then have a fraction of a second in which to assess whether an event is of sufficient interest to save it for later analysis. In the near future, this demanding task may be carried out using algorithms based on AI, the development of which involves scientists from the Institute of Nuclear Physics of the PAS.



										      
         
        
        
        

      

																																	
Electronics has never had an easy life in nuclear physics. There is so much data coming in from the Large Hadron Collider, the most powerful accelerator in the world, that recording it all has never been an option. The systems that process the wave of signals coming from the detectors therefore specialize in forgetting--they reconstruct the tracks of secondary particles in a fraction of a second and assess whether the collision just observed can be ignored or whether it is worth saving for further analysis. However, the current methods of reconstructing particle tracks will soon no longer suffice.

Research presented in Computer Science, by scientists from the Institute of Nuclear Physics of the Polish Academy of Sciences (IFJ PAN) in Cracow, Poland, suggests that tools built using artificial intelligence could be an effective alternative to current methods for the rapid reconstruction of particle tracks. Their debut could occur in the next two to three years, probably in the MUonE experiment that supports the search for new physics.

In modern high-energy physics experiments, particles diverging from the collision point pass through successive layers of the detector, depositing a little energy in each. In practice, this means that if the detector consists of ten layers and the secondary particle passes through all of them, its path has to be reconstructed on the basis of ten points. The task is only seemingly simple.


																																						
    
     




																																			"There is usually a magnetic field inside the detectors. Charged particles move in it along curved lines and this is also how the detector elements activated by them, which in our jargon we call hits, will be located with respect to each other," explains Prof. Marcin Kucharczyk, (IFJ PAN).

"In reality, the so-called occupancy of the detector, i.e. the number of hits per detector element, may be very high, which causes many problems when trying to reconstruct the tracks of particles correctly. In particular, the reconstruction of tracks that are close to each other is quite a problem."

Experiments designed to find new physics will collide particles at higher energies than before, meaning that more secondary particles will be created in each collision. The luminosity of the beams will also have to be higher, which in turn will increase the number of collisions per unit time. Under such conditions, classical methods of reconstructing particle tracks can no longer cope. Artificial intelligence, which excels where certain universal patterns need to be recognized quickly, can come to the rescue.

"The artificial intelligence we have designed is a deep-type neural network. It consists of an input layer made up of 20 neurons, four hidden layers of 1,000 neurons each and an output layer with eight neurons. All the neurons of each layer are connected to all the neurons of the neighboring layer. Altogether, the network has two million configuration parameters, the values of which are set during the learning process," says Dr. Milosz Zdybal (IFJ PAN).


																																			The deep neural network thus prepared was trained using 40,000 simulated particle collisions, supplemented with artificially generated noise. During the testing phase, only hit information was fed into the network. As these were derived from computer simulations, the original trajectories of the responsible particles were known exactly and could be compared with the reconstructions provided by the artificial intelligence. On this basis, the artificial intelligence learned to correctly reconstruct the particle tracks.

"In our paper, we show that the deep neural network trained on a properly prepared database is able to reconstruct secondary particle tracks as accurately as classical algorithms. This is a result of great importance for the development of detection techniques. While training a deep neural network is a lengthy and computationally demanding process, a trained network reacts instantly. Since it does this also with satisfactory precision, we can think optimistically about using it in the case of real collisions," stresses Prof. Kucharczyk.

The closest experiment in which the artificial intelligence from IFJ PAN would have a chance to prove itself is MUonE (MUon ON Electron elastic scattering). This examines an interesting discrepancy between the measured values of a certain physical quantity to do with muons (particles that are about 200 times more massive equivalents of the electron) and predictions of the Standard Model (that is, the model used to describe the world of elementary particles).


																																						
    
     




																																			Measurements carried out at the American accelerator center Fermilab show that the so-called anomalous magnetic moment of muons differs from the predictions of the Standard Model with a certainty of up to 4.2 standard deviations (referred as sigma). Meanwhile, it is accepted in physics that a significance above 5 sigma, corresponding to a certainty of 99.99995%, is a value deemed acceptable to announce a discovery.

The significance of the discrepancy indicating new physics could be significantly increased if the precision of the Standard Model's predictions could be improved. However, in order to better determine the anomalous magnetic moment of the muon with its help, it would be necessary to know a more precise value of the parameter known as the hadronic correction. Unfortunately, a mathematical calculation of this parameter is not possible.

At this point, the role of the MUonE experiment becomes clear. In it, scientists intend to study the scattering of muons on electrons of atoms with low atomic number, such as carbon or beryllium. The results will allow a more precise determination of certain physical parameters that directly depend on the hadronic correction.

If everything goes according to the physicists' plans, the hadronic correction determined in this way will increase the confidence in measuring the discrepancy between the theoretical and measured value of the muon's anomalous magnetic moment by up to 7 sigma--and the existence of hitherto unknown physics may become a reality.

The MUonE experiment is to start at Europe's CERN nuclear facility as early as next year, but the target phase has been planned for 2027, which is probably when the Cracow physicists will have the opportunity to see whether the artificial intelligence they have created will do its job in reconstructing particle tracks. Confirmation of its effectiveness in the conditions of a real experiment could mark the beginning of a new era in particle detection techniques.



																																																					
																				
																						More information:
												Milosz Zdybal et al, Machine Learning based Reconstruction for the MUonE Experiment, Computer Science (2024). DOI: 10.7494/csci.2024.25.1.5690
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Scientists investigate how cerium is produced in the universe

										

    
        
            [image: Scientists use n_TOF to investigate how cerium is produced in the Universe]
             
                The experimental setup. Credit: n_TOF collaboration
            
        

    


Cerium is a rare Earth metal that has numerous technological applications, for example, in some types of lightbulbs and flat-screen TVs. While the element is rare in Earth's crust, it is slightly more abundant in the universe. However, much is unknown about how it is synthesized in stars.



										      
         
        
        
        

      

																																	
Now, in a new study published in Physical Review Letters, the n_TOF collaboration at CERN investigates how cerium is produced in stars. The results differ from what was expected from theory, indicating a need to review the mechanisms believed to be responsible for the production of cerium--and other heavier elements--in the universe.

"The measurement we carried out enabled us to identify nuclear resonances never observed before in the energy range involved in the production of cerium in stars," explains Simone Amaducci of INFN's Southern National Laboratories and first author of the study. "This is thanks to the very-high-energy resolution of the experimental apparatus at CERN and the availability of a very pure sample of cerium 140."

The abundance of elements heavier than iron observed in stars (such as tin, silver, gold, and lead) can be reproduced mathematically by hypothesizing the existence of two neutron capture processes: the slow (s) process and the rapid (r) process.

The s process corresponds to a neutron flux of 10 million neutrons per cubic centimeter while the r process has a flux of more than one million billion billion neutrons per cubic centimeter. The s process is theorized to produce about half of the elements heavier than iron in the universe, including cerium.


																																						
    
     




																																			CERN's Neutron Time-of-Flight facility (n_TOF) is designed to study neutron interactions, such as those that occur in stars. In this study, the scientists used the facility to measure the nuclear reaction of the cerium 140 isotope with a neutron to produce isotope 141.

According to sophisticated theoretical models, this particular reaction plays a crucial role in the synthesis of heavy elements in stars. Specifically, the scientists looked at the reaction's cross-section: the physical quantity that expresses the probability that a reaction occurs. The scientists measured the cross section at a wide range of energies with an accuracy 5% higher than previous measurements.

The results open up new questions about the chemical composition of the universe. "What intrigued us at the beginning was a discrepancy between theoretical star models and observational data of cerium in the stars of the M22 globular cluster in the Sagittarius constellation," explains Sergio Cristallo of INAF's Abruzzo Astronomical Observatory, who proposed the experiment.

"The new nuclear data differs significantly, up to 40%, from the data present in the nuclear databases currently used, definitely beyond the estimated uncertainty."

These results have notable astrophysical implications, suggesting a 20% reduction in the contribution of the s process to the abundance of cerium in the universe. This means a paradigm shift is required in the theory of cerium nucleosynthesis: other physical processes that are not currently included would need to be considered in calculations of stellar evolution.

Furthermore, the new data has a significant impact on scientists' understanding of the chemical evolution of galaxies, which also affects the production of heavier elements in the universe.



																																																					
																				
																						More information:
												S. Amaducci et al, Measurement of the Ce140(n,g) Cross Section at n_TOF and Its Astrophysical Implications for the Chemical Evolution of the Universe, Physical Review Letters (2024). DOI: 10.1103/PhysRevLett.132.122701
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High-efficiency hollow-core optical fiber cable for medical procedures

										

    
        
            [image: High-efficiency hollow-core optical fiber cable aids medical procedures]
             
                AR-HCF cross section structure. Credit: Huang Lei
            
        

    


A research group led by Prof. Jiang Haihe from the Hefei Institutes of Physical Science of the Chinese Academy of Sciences has designed a 6-hole microstructure anti-resonant air-core fiber (AR-HCF) with a larger core diameter of 78 mm.



										    
																					
"This is the first time that 2.79 mm high-energy pulsed laser has been transmitted with good efficiency at room temperature," said Prof. Jiang. The study was published in Optics & Laser Technology.

Traditional medical laser devices often face challenges such as complex structures and low efficiency. The AR-HCF overcomes these problems with its simple design, high transmission efficiency, and flexibility.

In this study, the researchers designed a simple structure with high coupling transmission efficiency, high damage threshold, and flexible transmission AR-HCF to replace the light guide arm in laser energy transmission.

With an average coupling transmission efficiency of 77.3% and a maximum of 85%, the optical fiber cable system shows impressive performance.

This innovation enables efficient transmission of high-energy pulsed lasers, particularly in the mid-infrared range, which is critical for medical procedures.



            	
            
                [image: High-efficiency hollow-core optical fiber cable aids medical procedures]
                 
                    The 2.79 mm AR-HCF space transmission experimental device. Credit: Huang Lei
                
            

        

            	
            
                [image: High-efficiency hollow-core optical fiber cable aids medical procedures]
                 
                    AR-HCF loss at different bending radii and bending directions. Credit: Huang Lei
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												Lei Huang et al, High-efficiency 6-hole structure anti-resonant hollow-core fiber 2.79 mm Cr,Er:YSGG high-energy pulse laser transmission system, Optics & Laser Technology (2024). DOI: 10.1016/j.optlastec.2024.110743
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Coalescence-fragmentation cycles based on human conflict

										

    
        
            [image: Coalescence-fragmentation cycles based on human conflict]
             
                Distribution of power-law exponents for various fitting methods. Power-laws are fitted to a coalescence and fragmentation process simulated with size-biased kernels as in (2, 3), M = 10 4 , F = 0.3 , and 20,000 samples. We write MLE and KS-MLE as in the main text, "PL" for power law, "Range" for finite range, "Exp" for an exponential cut-off, "R" for the poweRlaw package, "Python" for the powerlaw package, and "Num" for the numerical maximum likelihood estimation in the bbmle package. The theoretical value is 2.5, which all methods deviated from with varying amounts of bias. Credit: The European Physical Journal B (2024). DOI: 10.1140/epjb/s10051-024-00654-y
            
        

    


In 1960, Lewis Fry Richardson famously observed that the severity of a wartime event is described by a simple power law distribution that scales according to the size of the conflict. Statisticians have since proposed various modifications, but they continue to agree that the casualty count in a violent conflict tends to scale with the size of the insurgent group that caused the conflict.



										      
         
        
        
        

      

																					
In a study published in The European Physical Journal B, Brennen Fagan, of the University of York, UK, and his colleagues analyze models of how complex systems coalesce and fragment based on these warfare dynamics. Their work evaluates the robustness of these models and elucidates the relationship between microscopic dynamics and observed phenomena.

In finite populations, groups coalesce, and they fragment. These processes tend to balance one another, resulting in groups whose size distribution is described by a power law. Fagan surmised that these observed distributions result from the same basic self-organization that shapes human conflicts.

Complex systems also feature finer-scale changes in group distributions: gelation, where most of the population is absorbed into a single large group, and shattering, where large groups break into individuals. Moreover, models suggest an emergent phenomenon: stochastic cycles of gelling and shattering.

Fagan and his colleagues performed simulations to examine how standard models of coalescence and fragmentation vary with different underlying or additional rules common to applications. They found that the basic power law distribution persisted when individuals moved to and from randomly chosen groups and with partial rather than total shattering. But for broader distributions of fragment sizes, the gel-shatter cyclicity no longer occurred.

The results should be applicable to a wide variety of systems, ranging from the physical interactions between asteroids and dust to probabilistic, economic, biological, and social structures--such as the insurgent warfare that inspired the analysis.

The research is published in The European Physical Journal B.
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												Brennen T. Fagan et al, Robustness of steady state and stochastic cyclicity in generalized coalescence-fragmentation models, The European Physical Journal B (2024). DOI: 10.1140/epjb/s10051-024-00654-y
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        Researchers publish dataset of over 6,000 agri-environmental policies from all over the world
        There can be no analysis without data. In this spirit, researchers from the University of Bonn and the Swiss Federal Institution of Technology (ETH) Zurich have published a database containing over 6,000 agri-environmental policies, thus enabling their peers as well as policymakers and businesses to seek answers to all manner of different questions.

      

      
        Decommissioned offshore structures could offer only limited ecological benefits, analysis of studies suggests
        Decommissioned offshore structures offer limited long-term ecological benefits if they are simply left in the ocean to serve as artificial reefs, a new study suggests.

      

      
        Bird flu is causing thousands of seal deaths. Scientists aren't sure how to slow it down
        Avian influenza is killing tens of thousands of seals and sea lions in different corners of the world, disrupting ecosystems and flummoxing scientists who don't see a clear way to slow the devastating virus.

      

      
        Team reports on the occurrence of antibiotic resistance genes in the western Qinghai Lake basin
        Antibiotic resistance genes (ARGs) have been widely detected in water, sediment, gut and even the phycosphere of algae. In strong anthropogenic activity areas, antibiotic resistance caused by ARGs can pose a significant threat to human health. Despite the numerous published studies on the occurrence and distribution of ARGs in these areas, there is a dearth of literature on the presence and dispersal of ARGs in remote and pristine environments with limited antibiotic usage.

      

      
        Improving root senescence recognition with a new semantic segmentation model
        Roots play a vital role in plant health, adapting to environmental changes and indicating crop growth. However, studying root senescence is challenging due to difficulties in obtaining clear in situ root images. Traditional methods are limited, and while in situ cultivation and advanced imaging techniques offer some solutions, they face issues such as high costs and low image quality. Recent advances in deep learning, particularly semantic segmentation models like SegNet and UNet, have improved r...

      

      
        Improving plant health diagnostics: The dawn of microfluidic devices for rapid miRNA detection
        In natural environments, plants encounter biotic and abiotic stresses that can significantly affect their productivity and health. Recognizing the importance of timely stress diagnosis, researchers have developed various sensors and devices to detect plant hormones, heavy metal responses, and pathogen invasions.

      

      
        Interior green wall plants treated with antigibberellin plant growth regulators show controlled stem growth
        As more businesses recognize the many benefits of having plants in the workplace, interior green walls, also known as living walls, have gained popularity in recent years for their aesthetic appeal and environmental benefits. However, managing plant growth within these structures presents unique challenges, particularly regarding stem elongation, which can impact the overall appearance and health of the green wall.

      

      
        The next antioxidant superfood? Canadian sea buckthorn berries offer diabetes and obesity potential
        New research published in the Journal of the Science of Food and Agriculture illuminates the untapped potential of the shrub sea buckthorn as a rich source of natural antioxidants in North America.

      

      
        Recreating development in a petri dish to understand how plants live
        Plants have an extremely high capacity to adapt to their environment. When the seeds of pea sprouts left over from cooking are soaked in water, the sprouts and leaves grow back. Associate Professor Kondo Yuki of Kobe University's Graduate School of Science has focused his research on vascular bundles, which are essential for environmental adaptation.

      

      
        Seven billion newly hatched chicks are killed every year--but a ban is not the solution, says study
        With Easter just around the corner, we are surrounded by a ubiquity of eggs and adorable yellow chicks that symbolize life and resurrection. In stark contrast is the fact that around seven billion male layer chicks, are shredded or gassed alive by the egg industry every year, just hours after they hatch. Male chicks of course cannot lay eggs, and they are furthermore not worth fattening up like broilers, due to decades of specialized breeding toward either egg laying or meat production--but not bo...

      

      
        Scientists create novel technique to form human artificial chromosomes
        Human artificial chromosomes (HACs) capable of working within human cells could power advanced gene therapies, including those addressing some cancers, along with many laboratory applications, though serious technical obstacles have hindered their development. Now a team led by researchers at the Perelman School of Medicine at the University of Pennsylvania has made a significant breakthrough in this field that effectively bypasses a common stumbling block.

      

      
        Research reveals new starting points for the rapid and targeted development of future drugs
        Many important medicines, such as antibiotics and anticancer drugs, are derived from natural products of bacteria. The enzyme complexes that produce these active ingredients have a modular design that makes them ideal tools for synthetic biology. By exploring protein evolution, a team led by Helge Bode from the Max Planck Institute for Terrestrial Microbiology in Marburg, Germany, has found new "fusion sites" that enable faster and more targeted drug development.

      

      
        Research challenges 'universal mechanism' concept, aiming to understand specific protein interactions
        Heat shock proteins (HSPs) are the chaperones of cellular stress response because they help guide the folding and unfolding of other proteins.

      

      
        Harnessing computational intelligence for 3D modeling of maize canopies
        Understanding the structure of crop canopies is essential for optimizing crop production as it significantly influences resource utilization efficiency, yield and stress resistance. While research has integrated canopy studies into various agricultural practices, the construction of accurate 3D models remains challenging due to complex spatial distributions and technological limitations.

      

      
        High speed protein movies to aid drug design
        Researchers from the University of Southampton have developed technology to help scientists observe proteins in motion. Understanding how proteins move will allow novel drugs to be designed.

      

      
        In a first, team identifies mysterious exporter for brassinosteroid plant hormone
        When you are reading this article, there are multiple hormones working diligently inside your body to stabilize your health status. Just as in human beings, it is impossible for plants to grow and reproduce without being regulated by phytohormones. One of the phytohormones is the brassinosteroid (BR) hormone, also named as the sixth phytohormone.

      

      
        Rose essential oil: A safe pesticide for organic agriculture
        Plant-derived essential oils (EOs) find applications in various industries, such as detergents, cosmetics, pharmacology, and food additives. Moreover, EOs have an exceptional safety profile, and their numerous bioactivities greatly benefit human health. Beyond these benefits, EOs have also been found to illicit insect-repellent responses by inducing neurotoxic effects.

      

      
        Two keys needed to crack three locks for better engineered blood vessels
        Blood vessels engineered from stem cells could help solve several research and clinical problems, from potentially providing a more comprehensive platform to screen if drug candidates can cross from the blood stream into the brain to developing lab-grown vascular tissue to support heart transplants, according to Penn State researchers.

      

      
        A product that kills agricultural pests is also deadly to native Pacific Northwest snail
        A product used to control pest slugs on farms in multiple countries is deadly to least one type of native woodland snail endemic to the Pacific Northwest, according to scientists who say more study is needed before the product gains approval in the United States.

      

      
        Decoding the plant world's complex biochemical communication networks
        A Purdue University-led research team has begun translating the complex molecular language of petunias. Their grammar and vocabulary are well hidden, however, within the countless proteins and other compounds that fill floral cells.

      

      
        New research shows unintended harms of organic farming
        Organic farming is often touted as a more sustainable solution for food production, leveraging natural forms of pest control to promote eco-friendly cultivation.

      

      
        New rice variety adapted to suit conditions in Madagascar--improved phosphorus absorption  and increased zinc content
        A new variety of rice that is adapted to life in low-phosphorus soils, that contains an exceptionally large amount of zinc and that was developed specifically for the conditions in Madagascar where it is grown, has recently been certified in the country.

      

      
        In a first, evolutionary biologists have identified a gene that influences visual preferences in tropical butterflies
        Tropical Heliconius butterflies are well known for the bright color patterns on their wings. These striking color patterns not only scare off predators--the butterflies are poisonous and are distasteful to birds--but are also important signals during mate selection.

      

      
        Parrots love playing tablet games, and it's helping researchers understand them
        Touchscreens have long been integral to our everyday life--humans use them to work, play, talk with loved ones and snag Lightning Deals on Prime Day. In recent years, they've shown potential for the animal kingdom as well, leading to a growing body of academic research and a proliferation of consumer products promising to leverage technology to enhance our relationships with our pets.
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            [image: All countries' agri-environmental policies at a glance]
             
                The charts show the relationship between the percentage of a country's gross domestic product generated by the agriculture industry and how many national agri-environmental policies it has. Richer countries tend to introduce more sets of agri-environmental regulations. Credit: Chart: Wuepper et al., Nature Food, 2024
            
        

    


There can be no analysis without data. In this spirit, researchers from the University of Bonn and the Swiss Federal Institution of Technology (ETH) Zurich have published a database containing over 6,000 agri-environmental policies, thus enabling their peers as well as policymakers and businesses to seek answers to all manner of different questions.



										      
         
        
        
        

      

																																	
The researchers have used two examples to demonstrate how this can be done: how a country's economic development is linked to its adoption of agri-environmental policies and how such policies impact soil erosion.

Their study has now been published in Nature Food.

Although agriculture is vital for our survival and well-being, it is also responsible for significant greenhouse gas emissions, biodiversity loss and soil degradation. Countries are therefore adopting all manner of different policies to make agriculture sustainable, from regulations to paying for agri-environmental services.

Every year, new laws, programs, and schemes are introduced all over the world while others are abolished, making it hard to keep track of developments. This is a problem for researchers and policy decision-makers alike: How are they to go about making comparisons? How can they tell which measures work in which circumstances?

Together with colleagues at ETH Zurich, Professor David Wuepper from the Institute for Food and Resource Economics at the University of Bonn has now put together an extensive, easy-to-use database containing 6,124 policies, from over 200 countries, that were adopted between 1960 and 2022.


																																						
    
     




																																			In their work, the team focused on measures meeting certain criteria.

"First and foremost, the measure has to be relevant in some way to agriculture, such as land use, nitrogen fertilizers or pesticides. But forest conservation is included too because it's linked to agriculture in many countries," explains Wuepper, who is also a member of the PhenoRob Cluster of Excellence at the University of Bonn. The measures also have to have national significance, meaning that they cannot be focused too strongly on the local level, for example. New thematic areas can be added to the database at any time.

"We deliberately gave it a modular structure so we can keep on expanding it," Wuepper adds.
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                The chart shows the number of national agri-environmental policies in each country. It can be seen that there are a particularly large number of agri-environmental policies in the EU member states. Credit: Chart: Wuepper et al., Nature Food, 2024.
            
        

    



Old question meets new data

Wuepper and his co-authors were quick to use their database to shine new light on an old but contentious question: How does a country's economic development tie in with its adoption of agri-environmental policies?

"You might expect higher-income countries to implement a larger number of eco-friendly measures because the environment is becoming increasingly important in relative terms on the policy front," Wuepper explains.

Thanks to his database, he has now been able to confirm that this is indeed the case. "We've shown that richer countries actually do introduce more measures, generally speaking," he says.

Here too, however, it is the exceptions that prove the rule. "This trend doesn't apply across the board. For instance, the Middle Eastern have relatively few agri-environmental policies in place given their income level. This demonstrates that countries need to make an active effort to implement sustainable policies and that it won't happen by itself," Wuepper notes.

What these policies then actually achieve, however, is another question entirely. "But this is also something that can--and should--be investigated with the help of the database," Wuepper says, and in fact an initial analysis of this kind is included in the article that has been published.


																																			National policies help fight the problem of soil erosion

The database helped Wuepper answer a question that had been on his mind for some time: in a previous research project at ETH Zurich, he had studied what impact countries have on soil erosion.

"Comparing levels of soil erosion along national borders showed that countries exert significant influence," Wuepper reveals. "At the time, we were able to demonstrate a link to agriculture, and we also thought that national policies might be an influencing factor. However, we couldn't look into it because we didn't have the data on the countries' relevant policies to compare on a global scale."

Armed with their new policy database, the researchers have now been able to investigate the extent to which this significant influence that countries exert on global erosion can be explained by their policies. They have found that national soil management policies account for at least 43 percent of a country's impact on soil erosion.

The database is accessible to the general public at this link.
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Decommissioned offshore structures could offer only limited ecological benefits, analysis of studies suggests
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Decommissioned offshore structures offer limited long-term ecological benefits if they are simply left in the ocean to serve as artificial reefs, a new study suggests.



										      
         
        
        
        

      

																																	
The research, published in the journal Nature Sustainability, saw researchers carrying out a comprehensive analysis of existing studies into the environmental impacts of marine artificial structures--including oil and gas platforms and offshore wind farms--all over the world.

It highlighted that such installations can offer some ecological benefits--including increasing the diversity and abundance of fish species--in areas where the seafloor is mostly comprised of sand.

However, there was limited conclusive evidence that oil and gas platforms and offshore wind farms could provide further substantial benefits if they are left in the sea after being decommissioned.

In particular, the available evidence did not allow the researchers to draw clear conclusions on how the structures compare to natural rocky reefs--a key element in being able to determine whether they can function as artificial reefs.

As a result, they say more detailed investigations are needed into the best way to manage such structures at end-of-life, as repurposing them into artificial reefs may not provide the intended benefits.


																																						
    
     




																																			The study was carried out by researchers at the University of Plymouth, Plymouth Marine Laboratory and the Center for Environment, Fisheries and Aquaculture Science (Cefas).

They analyzed data from more than 530 scientific studies on the effects of marine artificial structures in the sea. These ranged from oil and gas platforms and offshore wind farms established during the 20th and 21st century to accidental shipwrecks--some of which had lain on the seabed for over 400 years--and purpose-built artificial reefs.

It is particularly timely with global governments and other agencies setting targets of achieving net-zero emissions by 2050 as part of their decarbonization agendas, resulting in the decommissioning of existing offshore platforms and the construction of thousands of new ones.

Dr. Anaelle Lemasson, Post-Doctoral Research Fellow at the University of Plymouth and the study's lead author, said, "Many of the structures we see in the ocean today were put in place at a time when environmental considerations weren't in people's minds. There were also no legal requirements covering possible environmental impacts, or what might happen to these structures once they reached the end of their useful lives.

"That is certainly changing, and transitions away from fossil fuels mean it is vital we have this debate now. It is also critical that we learn lessons from the past, particularly at a time when increases in ORE installations are likely to result in more artificial structures being sited out at sea."


																																			The research was carried out as part of the Decommissioning--Relative Effects of Alternative Management Strategies (DREAMS) project, a consortium of industry and academics looking at the ecological effects of manmade structures in the North Sea.

It uncovered a considerable amount of research looking at the impact of the structures in situ; however, there was very little research demonstrating the direct effects of decommissioning.

The study's senior author, Dr. Antony Knights, served as Co-Principal Investigator on the DREAMS project at the University of Plymouth. Now based at University College Cork, he added, "This study highlights just some of the challenges facing those working on the decommissioning of offshore structures. With limited existing evidence, it is almost impossible to give a definitive answer as to how best to deal with these platforms and other structures when they reach the end of their lives.

"For the time being, the best solution might be to deal with decommissioning on a case-by-case basis, but it is clearly something that needs addressing so it can be built into future development plans."



																																																					
																				
																						More information:
												A global meta-analysis of ecological effects from offshore marine artificial structures, Nature Sustainability (2024). DOI: 10.1038/s41893-024-01311-z
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Bird flu is causing thousands of seal deaths. Scientists aren't sure how to slow it down

										

    
        
            [image: Bird flu is causing thousands of seal deaths. Scientists aren't sure how to slow it down]
             
                A gray seal swims in Casco Bay, off Portland, Maine, in this Sept. 15, 2020 file photo. Seal die-offs from the bird flu have been detected everywhere from New England to Chile. Credit: AP Photo/Robert F. Bukaty, files
            
        

    


Avian influenza is killing tens of thousands of seals and sea lions in different corners of the world, disrupting ecosystems and flummoxing scientists who don't see a clear way to slow the devastating virus.



										      
         
        
        
        

      

																																	
The worldwide bird flu outbreak that began in 2020 has led to the deaths of millions of domesticated birds and spread to wildlife all over the globe. This virus isn't thought to be a major threat to humans, but its spread in farming operations and wild ecosystems has caused widespread economic turmoil and environmental disruptions.

Seals and sea lions, in places as far apart as Maine and Chile, appear to be especially vulnerable to the disease, scientists said. The virus has been detected in seals on the east and west coasts of the U.S., leading to deaths of more than 300 seals in New England and a handful more in Puget Sound in Washington. The situation is even more dire in South America, where more than 20,000 sea lions have died in Chile and Peru and thousands of elephant seals have died in Argentina.

The virus can be controlled in domesticated animals, but it can spread unchecked in wildlife and marine mammals such as South America's seals that lacked prior exposure to it have suffered devastating consequences, said Marcela Uhart, director of the Latin America program at the Karen C. Drayer Wildlife Health Center at the University of California, Davis.
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                A baby harbor seal rest of Eastern Egg Rock off the coast of Maine in this July 9, 2007 file photo. Seal die-offs from the bird flu have been detected everywhere from New England to Chile. Credit: AP Photo/Robert F. Bukaty, file
            
        

    



"Once the virus is in wildlife, it spreads like wildfire, as long as there are susceptible animals and species," Uhart said. "Movement of animals spreads the virus to new areas."

Scientists are still researching how the seals have contracted bird flu, but it is most likely from contact with infected seabirds, Uhart said. High mortality has affected South American marine mammals consistently since the virus arrived late in 2022, and birds in Peru and Chile have died by the hundreds of thousands from the virus since then, she noted.


																																						
    
     




																																			The virus is still spreading and was detected in mainland Antarctica for the first time in February.

The deaths of seals and sea lions disrupts ecosystems where the marine mammals serve as key predators near the top of the food chain. Seals help keep the ocean in balance by preventing overpopulation of the fish species they feed on.
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                Dead elephant seals line the beach at Punta Delgada, Chubut, Argentina, on Oct. 10, 2023. Bird flu has killed tens of thousands of seals and sea lions around the world and scientists aren't sure how to stop it. Credit: Ralph Vanstreels/UC Davis via AP
            
        

    



Many species affected, such as South American sea lions and Southern elephant seals, have relatively stable populations, but scientists worry about the possibility of the virus jumping to more jeopardized animals. Scientists have said bird flu might have played a role in the deaths of hundreds of endangered Caspian seals in Russia last year.

"The loss of wildlife at the current scale presents an unprecedented risk of wildlife population collapse, creating an ecological crisis," the World Organisation for Animal Health, an intergovernmental organization, said in a statement.

In New England, scientists with the Cummings School of Veterinary Medicine at Tufts University found an outbreak of bird flu that killed more than 330 harbor and gray seals along the North Atlantic coast in 2022 turned out to be worse than initially thought. It's possible the seals contracted the virus from gulls by coming into contact with sick gulls' excrement or by preying on an infected bird, the scientists reported.
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                Dead elephant seals line the beach at Punta Delgada, Chubut, Argentina, on Oct. 10, 2023. Bird flu has killed tens of thousands of seals and sea lions around the world and scientists aren't sure how to stop it. Credit: Ralph Vanstreels/UC Davis via AP
            
        

    



The U.S. government determined the seal die-off was an "unusual mortality event" attributable to bird flu. The National Oceanic and Atmospheric Administration has declared the event is over, but concerns remain about a possible repeat.

"Marine mammals are still pretty unique in the scale of the outbreaks that are occurring," said Wendy Puryear, an author of the Tufts study. "One of the connections is there is a lot of virus that circulates in coastal birds. A lot of opportunities for those wild birds to host the virus and pass it on to marine mammals."


																																			Some scientists and environmental advocates say there could be a link between the outbreaks and climate change and warming oceans. Warmer sea temperatures off northern Chile decrease the population of forage fish, and that makes sea lions weaker and more susceptible to disease, said Liesbeth van der Meer, director of the environmental group Oceana in Chile.
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                A gray seal surveys it's surroundings on a ledge off the coast of Camden, Maine, in this April 25, 2011 file photo. Scientists are working to understand how to deal with the dangers to the seal population caused by bird flu. Credit: AP Photo/Robert F. Bukaty, files
            
        

    



Scientists and environmentalists are hopeful vaccinating poultry will help lessen the spread of the disease, van der Meer said, adding that it's also important for people to avoid potentially infected animals in the wild.

"Authorities have carried out campaigns about the disease, strongly recommending to stay away from seabirds or marine mammals with symptoms or found dead in the coastal areas," van der Meer said.

Even seals in aquariums are not considered completely safe from bird flu. The New England Aquarium, where outdoor harbor seal exhibits delight thousands of visitors every year, has taken strict sanitation precautions to prevent transmission of the virus to its animals, said Melissa Joblon, the Boston aquarium's director of animal health.

Staff aren't allowed to bring backyard poultry products to the aquarium, and an awning protects the seal exhibit from birds that could carry the virus, she said.
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                A young harbor seals rests on a small island in Casco Bay, off Portland, Maine, in this Sept. 16, 2020 file photo. Avian influenza is killing tens of thousands of seals and sea lions in different corners of the world, disrupting ecosystems and challenging scientists who don't see a clear way to slow the devastating virus. Credit: AP Photo/Robert F. Bukaty, files
            
        

    



"We do know that it's a risk for the animals that reside here," said Joblon, adding that none of the aquarium's seals have been infected.

The deaths of marine mammals are even more concerning because of mutations of the avian virus, according to a paper in the journal Nature Communications last fall. The mutations "warrant further examination and highlight an urgent need for active local surveillance to manage outbreaks and limit spillover into other species, including humans," the study stated.


																																						
    
     




																																			Another study, published in the journal Emerging Infectious Diseases in February, found the bird flu virus has adapted to spread between birds and mammals. Researchers found nearly identical samples of the virus in dead sea lions, a dead seal and a dead seabird. They said the finding is significant because it confirms a multispecies outbreak that can affect marine mammals and birds.
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                    Dead sea lions are seen on an Atlantic Patagonian beach near Viedma, Rio Negro province, Argentina, in this Aug. 28, 2023, file photo. Bird flu is killing sea mammals from New England to Chili. Credit: AP Photo/Juan Macri, files
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                    Harbor seals keep watch from a small island off Portland, Maine, in this July 30, 2020 file photo. The problem of bird flu jumping from birds to marine mammals, such as seals, is worse than initially thought, scientists say. Credit: AP Photo/Robert F. Bukaty, file
                
            

        

    

More seal deaths could disrupt critical ecosystems around the world, said Lynda Doughty, executive director of Marine Mammals of Maine, a marine mammal rescue organization that responded to seals with bird flu during the New England outbreak.

"You need this happy ecosystem. If we're taking out some important species, what is the trickle down effect of that? That's the million dollar question," Doughty said.
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Team reports on the occurrence of antibiotic resistance genes in the western Qinghai Lake basin

										

    
        
            [image: Occurrence of antibiotic resistance genes in the western Qinghai Lake basin]
             
                Nitrate increased the diversity and abundances of microbial community in water ecosystem of the western Qinghai Lake basin, but has no effect on the distribution of ARGs. In contrast to microbiology, intI1 promoted the spread of ARGs in that water ecosystem. Credit: Chenxi Wu, et al.
            
        

    


Antibiotic resistance genes (ARGs) have been widely detected in water, sediment, gut and even the phycosphere of algae. In strong anthropogenic activity areas, antibiotic resistance caused by ARGs can pose a significant threat to human health. Despite the numerous published studies on the occurrence and distribution of ARGs in these areas, there is a dearth of literature on the presence and dispersal of ARGs in remote and pristine environments with limited antibiotic usage.



										      
         
        
        
        

      

																					
Qinghai Lake, located in the northeastern part of the Qinghai-Tibet Plateau, is the largest saltwater lake in mainland China. Notably, it is an important water body for maintaining ecological security. The typical geographical and humanistic features of the Qinghai Lake basin, especially in the northern region, are high altitude (more than 3,000 m), oxygen-deficient environment, low temperature, and sparse human population. Due to governmental protection and national nature reserve policies, the Qinghai Lake basin is less affected by anthropogenic activity.

Nevertheless, it must be acknowledged that the Qinghai Lake basin is a closed watershed with no river outflow. As such, the lake can easily become a sink of ARGs from the watershed and surrounding rivers. In light of this unique geographical background, no prior investigations have explored the occurrence and transmission of ARGs under varied nutrient conditions within the Qinghai Lake basin.

To that end, a team of researchers in China has investigated the microbial community and ARGs in two typical rivers of the western Qinghai Lake basin. The team's findings are published in the journal Water Biology and Security.

"We found that the microbial community was unique in the western Qinghai Lake basin," notes Chenxi Wu, corresponding author of the study. "Specifically, cold-resistant Planomicrobium sp. was the predominant genus due to the low temperature."

Furthermore, the team noted that although ARGs in the western Qinghai Lake basin were significantly lower than that in strong anthropogenic activity areas, a strong correlation between ARGs and intI1 indicated the potential rapid proliferation and spread of ARGs through cross- or co-selection if antibiotic pollution occurs in that area.

The team's findings emphasize the adaptation of bacteria to the environment and the facilitation of anthropogenic activity in the propagation of ARGs in natural environments.



																														
																				
																						More information:
												Jia Jia et al, Characteristics of microbial communities and antibiotic resistance genes in typical rivers of the western Qinghai Lake basin, Water Biology and Security (2024). DOI: 10.1016/j.watbs.2024.100249
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Improving root senescence recognition with a new semantic segmentation model

										

    
        
            [image: Revolutionizing root senescence recognition with SegFormer-UN: A leap forward in plant health monitoring]
             
                The Overall Process of Dataset Acquisition and Model Training. Credit: Plant Phenomics
            
        

    


Roots play a vital role in plant health, adapting to environmental changes and indicating crop growth. However, studying root senescence is challenging due to difficulties in obtaining clear in situ root images. Traditional methods are limited, and while in situ cultivation and advanced imaging techniques offer some solutions, they face issues such as high costs and low image quality. Recent advances in deep learning, particularly semantic segmentation models like SegNet and UNet, have improved root identification but still require further optimization.



										      
         
        
        
        

      

																																	
In March 2024, Plant Phenomics published a research article titled "Improved Transformer for Time Series Senescence Root Recognition." This study focuses on utilizing the RhizoPot system and exploring root segmentation models to enhance root senescence recognition, aiming to fill the gap in efficient, accurate root analysis for better plant health monitoring.

This paper evaluates eight segmentation models, including PSPNet, SegNet, UNet, DeeplabV3plus, TransUNet, SwinUNet, SETR, and a novel approach which is named SegFormer-UN trained uniformly for 100 epochs. The SegFormer-UN model, particularly its "Small" version, demonstrates superior performance with higher mIoU and mRecall rates of 81.06% and 86.29%, respectively, while maintaining lower computational demands (FLOPs and Params).

Further, a "Large" version of SegFormer-UN even outperforms this with the highest recorded mIoU, mRecall, and mF1 scores. This indicates a clear advancement over traditional methods and other TransFormer neural networks, despite the deeper model requiring more computational resources.

In-depth analysis through ablation studies reveals that altering the upsampling method alone diminishes performance metrics compared to the base model, highlighting the complexity of optimizing segmentation accuracy. However, modifications in the decoder structure, specifically adopting the UNet and DeeplabV3plus decoders, show varied results. SegFormer-UN stands out by significantly enhancing the accuracy and reducing computational load, proving the effectiveness of integrating advanced decoders with the model's architecture.


																																						
    
     




																																			Furthermore, the paper explores root senescence extraction, demonstrating the SegFormer-UN model's ability, which can accurately classify and extract senescent roots rapidly, leveraging GPU acceleration. This method significantly outperforms traditional image processing techniques, reducing processing time from 31 minutes to about 4 minutes per image, and provides more precise root system identification despite challenges with occlusion by soil particles.

Additionally, time-series analysis of root senescence, utilizing dimensionality reduction and clustering, indicates an increase in senescence proportion over time, validated by high R-Squared values from polynomial fitting.

In conclusion, the SegFormer-UN model, particularly its application to root segmentation and senescence extraction, exhibits a significant advancement in accuracy, efficiency, and computational economy. This study not only sets a new benchmark for root segmentation models but also emphasizes the potential for deep learning techniques in agricultural research, particularly in understanding root systems and their senescence patterns.



																																																					
																				
																						More information:
												Hui Tang et al, Improved Transformer for Time Series Senescence Root Recognition, Plant Phenomics (2024). DOI: 10.34133/plantphenomics.0159
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Improving plant health diagnostics: The dawn of microfluidic devices for rapid miRNA detection

										

    
        
            [image: Revolutionizing plant health diagnostics: The dawn of microfluidic devices for rapid miRNA detection]
             
                Overview of the developed miRNA detection system with microfluidic device. Credit: Plant Phenomics
            
        

    


In natural environments, plants encounter biotic and abiotic stresses that can significantly affect their productivity and health. Recognizing the importance of timely stress diagnosis, researchers have developed various sensors and devices to detect plant hormones, heavy metal responses, and pathogen invasions.



										      
         
        
        
        

      

																																	
Current research is focused on miR399, a microRNA that is critical for phosphate homeostasis in plants, which could serve as a general biomarker for detecting phosphorus starvation. Despite the availability of various miRNA detection methods such as northern blotting, microarray, and real-time PCR, these methods are often time-consuming and complex. The development of microfluidic technology for point-of-care (POC) applications shows promise for rapid, simple, and sensitive miRNA detection, potentially revolutionizing plant stress diagnosis and management.

However, there are still challenges in adapting these technologies for widespread agricultural use, highlighting the need for further research to make these diagnostic tools more accessible and effective for precision farming.

In March 2024, Plant Phenomics published a research article titled "Microfluidic device for simple diagnosis of plant growth condition by detecting miRNAs from filtered plant extracts."

To tackle the issue of identifying microRNAs (miRNAs) in plants, a novel microfluidic device system has been developed. The system focuses on detecting miR399, which is a biomarker for phosphorus deficiency stress. The device employed micro-flow channels to immobilize DNA on glass surfaces, facilitating the creation of DNA-probed areas for miRNA detection through sandwich hybridization.


																																						
    
     




																																			The method detected artificially synthesized miR399c, demonstrating the device's high specificity in identifying miRNA presence, even at low concentrations. Further experiments validated the device's effectiveness in detecting miR399c within tomato leaf extracts. Enhancements were made through the use of RNase inhibitors, DTT buffers, and size-fraction filtration to improve detection sensitivity.

Subsequent studies expanded the device's application to detect endogenous miRNAs in tomatoes, revealing an increase in sly-miR399 expression under phosphorus-deficient conditions. The study demonstrated the device's potential for rapid and accurate stress diagnosis in agricultural settings, highlighting its ease of use and the possibility for early intervention in crop management.

The microfluidic device's capacity to diagnose phosphorus deficiency stress in tomatoes by detecting sly-miR399 expression was further demonstrated in cultivation experiments. These experiments showed that the device could effectively identify phosphorus deficiency, enabling timely adjustments in nutrient provision to prevent growth failure.

In conclusion, the development and application of this microfluidic device represent a significant advancement in the field of plant phenomics. It offers a practical tool for the early diagnosis of nutrient deficiency stress. The device's simplicity, accuracy, and potential for point-of-care diagnostics underscore its value in enhancing sustainable agriculture and precision farming, by facilitating early intervention and informed cultivation management decisions.



																																																					
																				
																						More information:
												Yaichi Kawakatsu et al, Microfluidic device for simple diagnosis of plant growth condition by detecting miRNAs from filtered plant extracts, Plant Phenomics (2024). DOI: 10.34133/plantphenomics.0162
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Interior green wall plants treated with antigibberellin plant growth regulators show controlled stem growth

										

    
        
            [image: Interior green wall plants treated to control stem growth]
             
                Green wall experimental design used for Expt. 1. The six blocks of treatments with the three spiderwort selections of zebra plant, 'Burgundy' zebra plant, and inch plant are denoted with red squares, placement of light/temperature sensors (one per block) are shown with magenta circles, sentinel pots used to determine need for irrigation are shown with blue triangles (eight dispersed throughout the green wall), and average light levels (mmol*m[?]2*s[?]1) per block are reported in white boxes. Average light levels were determined by averaging the light reading at each pot location in each block. Credit: American Society for Horticultural Science
            
        

    


As more businesses recognize the many benefits of having plants in the workplace, interior green walls, also known as living walls, have gained popularity in recent years for their aesthetic appeal and environmental benefits. However, managing plant growth within these structures presents unique challenges, particularly regarding stem elongation, which can impact the overall appearance and health of the green wall.



										      
         
        
        
        

      

																																	In most cases, professional interiorscaping firms are hired to maintain these systems. Most green walls cover a large area, making maintenance a significant expense. Plants in interior environments tend to develop unattractive growth with elongated internodes in response to low light levels, as well as low-quality light, leading to a less aesthetically pleasing plant display.

To maintain a green wall appearance, an interiorscaper must trim specific plants or replace them altogether. This frequent labor activity by the interiorscaping firm increases maintenance costs that must be passed on to clients.

A recent Kansas State University study has focused on the application of antigibberellin plant growth regulators (PGRs to) potted zebra plants and inch plants, two common household plants in the spiderwort genus, used in interior green walls. The results demonstrated that treatment with antigibberellin PGRs effectively slowed stem elongation in both species, leading to more compact and easier-to-maintain growth patterns.

Spiderwort (Tradescantia sp.) plants are commonly used in interior plantscaping, including zebra plant, purple heart (Tradescantia pallida "Purple Heart'), and oyster plant (Tradescantia spathacea). Spiderworts can tolerate light levels as low as 30 to 50 mmol*m[?]2*s[?]1, but more light is preferred. Plants need to be maintained at a temperature between 65 and 80 degF and be allowed to dry down between watering events. To maintain an attractive plant, vining species must be pinched regularly.


																																						
    
     




																																			Antigibberellin application slowed growth in internode length of spiderwort selections during the first month after installation in a green wall. Antigibberellins were more effective in zebra plants at reducing overall stem growth rate and less so on inch plants. Paclobutrazol, applied both as a foliar spray and drench, resulted in similar reduction in stem elongation. The authors recommend a pre-installation foliar spray of 80 ppm or 4 ppm drench for controlling stem growth across spiderwort selections

The results of this research indicate that administering antigibberellin plant growth regulators (PGRs) to plants prior to their placement in green walls effectively retards stem elongation. This method aids in preserving the visual appeal of green walls, while simultaneously promoting the health and durability of the plants, potentially leading to decreased maintenance expenses.


																																																					
																				
																						More information:
												Lane W. Wiens et al, Treatment of Potted Zebra Plant and Inch Plant with Antigibberellin Plant Growth Regulators Slows Stem Elongation in an Interior Green Wall, HortTechnology (2023). DOI: 10.21273/HORTTECH05178-22
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The next antioxidant superfood? Canadian sea buckthorn berries offer diabetes and obesity potential

										


    
        
            [image: The next antioxidant superfood? Canadian sea buckthorn berries offer diabetes and obesity potential]
             
                Renan Danielski, co-author of the study with powdered sea buckthorn berries. Credit: Renan Danielski, Memorial University of Newfoundland
            
        

    


New research published in the Journal of the Science of Food and Agriculture illuminates the untapped potential of the shrub sea buckthorn as a rich source of natural antioxidants in North America.




										      
         
        
        
        

      

																																	The study, which was carried out by researchers at the Memorial University of Newfoundland in Canada and led by Professor Fereidoon Shahidi, outlines the unique nutritional profile of sea buckthorn berries grown in Canada and highlights their commercial potential as a bioactive-loaded superfood.

Sea buckthorn is a deciduous, thorny plant found along the coasts of northwestern Europe as well as temperate regions of central Asia. Its berries and leaves are widely used for their nutritional, pharmaceutical and functional properties--sea buckthorn oil is rich in omega-3 and omega-6 fatty acids, vitamins E, B, and A and polyphenols.

In Canada, the plant was introduced in the early 2000s following research by governmental agencies on the crop's commercial potential. As Renan Danielski, a Ph.D. student at the University of Newfoundland and author on the study, explains, "Sea buckthorn is a unique crop with vast potential for utilization. Popular in Asia and northwestern Europe, there is an opportunity to replicate this success in North America by leveraging the unique qualities of locally grown varieties."

Motivated by the experimental status and limited commercialization of sea buckthorn in North America to date, the researchers set out to characterize the unique composition of polyphenols, a class of compounds with antioxidative properties, in Canadian cultivars.


																																						
    
     




																																			"Understanding how our cultivar compares globally can help communicate the benefits to consumers and establish a market presence," notes Fereidoon Shahidi, Professor of Biochemistry at Memorial University of Newfoundland and corresponding author of the study.

The study's findings highlight the presence of key polyphenolic compounds in sea buckthorn pomace and seeds, each boasting potential health benefits ranging from cardiovascular protection to anti-inflammatory properties. Importantly, geographical factors influence the polyphenolic profile of sea buckthorn berries, with the researchers identifying several distinct compounds with enhanced bioactivity which are only contained in the sea buckthorn cultivar grown in Newfoundland.

Moreover, the sea buckthorn extracts demonstrated promising in vitro antidiabetic and anti-obesity potential, paving the way for further investigation into their mechanisms and potential therapeutic applications.

"This is a first step in understanding how sea buckthorn polyphenols can modulate our physiology in a beneficial manner. Future research needs to focus on understanding the mechanisms behind those effects and further experimentation using animal models and humans. If these effects are confirmed in vivo, we can envision the use of sea buckthorn polyphenols for therapeutic and pharmacological purposes, aiding in the prevention and treatment of diabetes, obesity, and many other conditions," remarks Danielski.

The findings of this study pave the way for harnessing sea buckthorn berries as a valuable source of natural antioxidants in North America. As consumer interest in functional foods and "nutraceuticals" continues to grow, sea buckthorn presents itself as a sustainable and health-enhancing option.
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												Renan Danielski et al, Phenolic composition and bioactivities of sea buckthorn (Hippophae rhamnoides L.) fruit and seeds: an unconventional source of natural antioxidants in North America, Journal of the Science of Food and Agriculture (2024). DOI: 10.1002/jsfa.13386
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Recreating development in a petri dish to understand how plants live
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                Vascular bundles responsible for transport within the plant (veins of Arabidopsis thaliana). Credit: Kondo Yuki
            
        

    


Plants have an extremely high capacity to adapt to their environment. When the seeds of pea sprouts left over from cooking are soaked in water, the sprouts and leaves grow back. Associate Professor Kondo Yuki of Kobe University's Graduate School of Science has focused his research on vascular bundles, which are essential for environmental adaptation.



										      
         
        
        
        

      

																																	Vascular bundles have multifaceted functions, such as vessels for water and nutrient transport, plant body support, and electrical signal transmission, and were originally differentiated from vascular stem cells. He is trying to clarify how the fate of the diverse cells that make up these vascular bundles is determined using culture techniques developed in-house.

Kondo explains, "Vascular bundles are made up of a wide variety of cells, including vessel cells, which, like blood vessels in animals, transmit water and minerals absorbed by roots to leaves and shoots; sieve tube cells, which carry sugars and hormones produced by photosynthesis; fiber cells, which support the body; and cells responsible for loading and unloading substances into and from transport tubes."

"The fate of these cells branches out from vascular stem cells, which have pluripotency (can develop into any type of cell), and the process is similar to high school students choosing between science and humanities streams and narrowing down their choices for undergraduate studies. However, the mechanisms of how stem cells differentiate into different cells and perform their functions are largely unclarified. My research is motivated by the desire to tackle and unravel this mystery."


																																						
    
     




																																			In the search for the fate-determining points of vascular stem cells, the plant scientist has developed a method for producing sieve tube and vessel cells from leaf cells of Arabidopsis thaliana. Using this method, which he has named VISUAL (Vascular cell Induction Culture System Using Arabidopsis Leaves), cells that are already destined to become leaves can be transformed into sieve tubes and vessels.

Furthermore, he succeeded for the first time in differentiating sieve tube cells, which had been considered difficult to study due to their lack of morphological characteristics, from vessel cells, which had already been induced to differentiate within vascular bundles.

Kondo explains, "When cotyledons (embryonic leaves) of Arabidopsis thaliana on a petri dish are cultivated for about four days with the plant hormones auxin and cytokinin as well as a compound known as bikini, the mesophyll cells that constitute leaves change their fate into large numbers of sieve and vessel cells."

"This is the VISUAL method we developed. Leaves originally possess chloroplasts responsible for photosynthesis since they are leaves, but when cultivation begins under a VISUAL environment, chloroplasts gradually break down."

"Although there are still many things that are not understood about its mechanism, this method allows leaf cells to be reset (reprogrammed) once and become stem cells with the potential to differentiate into various types of cells. Once they become stem cells, they seem to undergo rapid differentiation all the way to vascular bundle cells from that point onwards."
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                Large numbers of vascular bundle cells (vessel and sieve tube cells) induced in cotyledons by VISUAL. Credit: Kondo Yuki
            
        

    



Research on plant cells contributing to the goal of carbon neutrality

VISUAL achieves the transformation of mesophyll cells into cells constituting vascular bundles. Furthermore, it has become clear that the reprogramming capacity varies depending on the concentration of hormones and compounds and the age of the leaves, so recently, he has been trying to produce only targeted cells by adjusting the culture conditions.


																																			The Kobe University researcher explains, "Until now, only vessel and sieve tube cells could be produced, but by modifying VISUAL, I have also succeeded in inducing differentiation into sieve companion cells, which are adjacent to sieve tube cells and are involved in the maintenance of sieve tube cell life."

"Through tissue culture techniques, we can replicate the process of vascular bundle development in a petri dish, allowing us to observe the key factors involved in the fate determination of plant cells."

Based on previous research findings, Kondo also started initiatives related to the Sustainable Development Goals (SDGs). In a joint research project with the Faculty of Engineering of Kobe University, research is underway to design plant cells so that cellulose, which can be used as bioethanol, can be extracted efficiently.

Currently, extracting cellulose from wood requires a significant amount of energy to remove unwanted substances. However, Kondo aims to create cells that make the removal of unnecessary components easier without consuming energy by combining VISUAL and genetic modification techniques. This research represents a carbon-neutral effort using plant-derived energy and holds great promise as a measure towards two SDGs goals: energy and climate change.

Furthermore, research is underway to cultivate various types of plants using VISUAL, including ginkgo trees on the Kobe University campus. Trees that take several years to cultivate can be induced and analyzed in a few weeks with VISUAL, contributing to shorter cycles and greater efficiency in plant research.


																																						
    
     




																																			The plant scientist has worked on a variety of research topics, from phytohormone signaling to fate determination and cell induction, but since his undergraduate days, he has been focused on vascular bundles in his research.

Kondo concludes, "The latest research shows that the environment in which plants grow, and the nutrients, such as sucrose, in the soil influence the development of vascular stem cells. Understanding this is precisely the goal of our research. Plants have the ability to survive in harsh environments, such as grass growing out of cracks in hard asphalt or the Jomon cedars on Yakushima Island surviving for thousands of years."

"Where does this power come from? I dedicate every day of my research to understanding the way plants live."
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With Easter just around the corner, we are surrounded by a ubiquity of eggs and adorable yellow chicks that symbolize life and resurrection. In stark contrast is the fact that around seven billion male layer chicks, are shredded or gassed alive by the egg industry every year, just hours after they hatch. Male chicks of course cannot lay eggs, and they are furthermore not worth fattening up like broilers, due to decades of specialized breeding toward either egg laying or meat production--but not both.



										      
         
        
        
        

      

																																	
Calculations show that it costs one dollar to kill each chick--an annual cost of approximately seven billion dollars, and thus this also constitutes a significant expense for the industry.

"While the ethical aspect of systematically killing so many animals is obvious to many of us, the ways we currently try to solve the problem are also problematic from a wider perspective," says Rebecca Rutt, an associate professor at the Department of Food and Resource Economics who researches industrial animal production.

In the wake of pressure from animal rights organizations, a few countries have now banned chick culling, including Germany, Austria, and France. In Denmark, where the practice remains legal, more than three million day-old male layer chicks are culled every year--including those from free-range and organic production systems. However, according to Rebecca Rutt, the imposition of bans is not a real solution:

"In countries where killing has been made illegal, male chicks are often exported. They end up in places where they are kept alive as cheaply as possible and often under poor conditions, just long enough for them to be legally slaughtered, at which point they are often used to make products like pet food. So from an animal welfare perspective, the bans are no solution," says Rutt, who, together with research colleague Jostein Jakobsen from the University of Oslo, studied the ongoing and emerging alternatives to chick culling coming from the biotech sector.


																																						
    
     




																																			Patch-up solutions?

Many animal welfare organizations point out that a better solution would be to avoid having male-layer chicks born in the first place. In response, biotech companies in several countries are vying to develop technologies for this purpose, and in some cases, even being publicly subsidized to do so.

The technologies include several methods to determine an embryo's sex so males can be destroyed prior to incubation and hatching--ideally as early as possible. One, at least, is even attempting to alter the sex of chicks through environmental stimuli, utilizing birds' natural genetic plasticity.

"The technological solutions are presented as a multi-win because the industry actors may save money on incubation and human labor costs, there's less energy expended, and, of course, the lives of the newborn chicks are spared. Taken on its own, this seems like a good solution. But at the same time, such 'solutions' also serve to uphold an industry that is riddled with ethical problems for those chickens that live," says Rebecca Rutt.

These include the widespread keel bone fractures in egg-laying hens, pecking and cannibalism among stressed chickens that lack space and sunlight, and/or that are kept in flock sizes too large to allow them to establish a natural hierarchy, not to mention the 'turbo' chickens which fatten so quickly that their organs and legs cannot bear their own body weight.


																																			Chickens that can do both

According to the researcher, resolving dilemmas in the industry and our food system requires that it is approached as a whole:

"Chick culling can be seen as an expression of an industry driven by efficiency logics due to intense competition. Combined with decades of intensified breeding, the system has rendered male 'layers' effectively worthless" says Rutt.

This breeding has roots especially in the 1950s in the United States. Here, chickens began to be aggressively bred so that some would lay as many and as large eggs as possible while others would gain as much weight as possible in the shortest time. This has resulted in hens that currently lay around 300 eggs a year but are not very meaty and broilers that put on two kilos in just 35 days.

"My own and colleagues' research has found that quite a few farmers would like to produce differently, such as at a smaller scale including a slower pace, to allow better living conditions, and perhaps return to the 'heritage' or 'dual purpose' breeds of the past that provided both eggs and eventually meat--though at much smaller quantities. Yet most today wouldn't survive economically."

"So such shifts would require more fundamental changes that must be driven by legislation, which typically follows from public pressure," says Rutt.

She concludes, "Shedding more light on practices like male chick culling, and putting current 'solutions' into the wider perspective, is an important part of informing this process."

The study is published in the journal Environment and Planning E: Nature and Space.
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Scientists create novel technique to form human artificial chromosomes
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Human artificial chromosomes (HACs) capable of working within human cells could power advanced gene therapies, including those addressing some cancers, along with many laboratory applications, though serious technical obstacles have hindered their development. Now a team led by researchers at the Perelman School of Medicine at the University of Pennsylvania has made a significant breakthrough in this field that effectively bypasses a common stumbling block.



										      
         
        
        
        

      

																																	
In a study published in Science, the researchers explained how they devised an efficient technique for making HACs from single, long constructs of designer DNA. Prior methods for making HACs have been limited by the fact that the DNA constructs used to make them tend to join together--"multimerize"--in unpredictably long series and with unpredictable rearrangements.

The new method allows HACs to be crafted more quickly and precisely, which in turn will directly speed up the rate at which DNA research can be done. In time, with an effective delivery system, this technique could lead to better engineered cell therapies for diseases like cancer.

"Essentially, we did a complete overhaul of the old approach to HAC design and delivery," said Ben Black, Ph.D., the Eldridge Reeves Johnson Foundation Professor of Biochemistry and Biophysics at Penn. "The HAC we built is very attractive for eventual deployment in biotechnology applications, for instance, where large scale genetic engineering of cells is desired. A bonus is that they exist alongside natural chromosomes without having to alter the natural chromosomes in the cell."

The first HACs were developed 25 years ago, and artificial chromosome technology is already well advanced for the smaller, simpler chromosomes of lower organisms such as bacteria and yeast. Human chromosomes are another matter, due largely to their greater sizes and more complex centromeres, the central region where X-shaped chromosomes' arms are joined.


																																						
    
     




																																			Researchers have been able to get small artificial human chromosomes to form from self-linking lengths of DNA added to cells, but these lengths of DNA multimerize with unpredictable organizations and copy numbers--complicating their therapeutic or scientific use--and the resulting HACs sometimes even end up incorporating bits of natural chromosomes from their host cells, making edits to them unreliable.

In their study, the Penn Medicine researchers devised improved HACs with multiple innovations: These included larger initial DNA constructs containing larger and more complex centromeres, which allow HACs to form from single copies of these constructs. For delivery to cells, they used a yeast-cell-based delivery system capable of carrying larger cargoes.

"Instead of trying to inhibit multimerization, for example, we just bypassed the problem by increasing the size of the input DNA construct so that it naturally tended to remain in predictable single-copy form," said Black.

The researchers showed that their method was much more efficient at forming viable HACs compared to standard methods, and yielded HACs that could reproduce themselves during cell division.

The potential advantages of artificial chromosomes--assuming they can be delivered easily to cells and operate like natural chromosomes--are many. They would offer safer, more productive, and more durable platforms for expressing therapeutic genes, in contrast to virus-based gene-delivery systems which can trigger immune reactions and involve harmful viral insertion into natural chromosomes.


																																			Normal gene expression in cells also requires many local and distant regulatory factors, which are virtually impossible to reproduce artificially outside of a chromosome-like context. Moreover, artificial chromosomes, unlike relatively cramped viral vectors, would permit the expression of large, cooperative ensembles of genes, for example to construct complex protein machines.

Black expects that the same broad approach his group took in this study will be useful in making artificial chromosomes for other higher organisms, including plants for agricultural applications such as pest-resistant, high-yield crops.

Researchers from the J. Craig Venter Institute, the University of Edinburgh, and the Technical University Darmstadt were also involved in the study.
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                Bacteria are a source of molecular "assembly lines" that can be used and optimized for the production of new bioactive substances. Credit: MPI f. Terrestrial Microbiology / Chris Kettner
            
        

    


Many important medicines, such as antibiotics and anticancer drugs, are derived from natural products of bacteria. The enzyme complexes that produce these active ingredients have a modular design that makes them ideal tools for synthetic biology. By exploring protein evolution, a team led by Helge Bode from the Max Planck Institute for Terrestrial Microbiology in Marburg, Germany, has found new "fusion sites" that enable faster and more targeted drug development.



										      
         
        
        
        

      

																																	
The team's paper is published in the journal Science.

Industry often follows the assembly line principle: Components are systematically assembled into complex products, with different production lines yielding different products. However, not humans are the actual inventors of this principle, but bacteria. Non-ribosomal peptide synthetases (NRPS) are bacterial enzymes that--like production lines--produce an immense variety of natural products. They enable bacteria to survive in a wide variety of natural habitats. Humans have benefited significantly from these enzyme complexes, as they are the origin of many important drugs like antibiotics.

Multitude of enzyme variants generates diversity of natural substances

Bode's research group is investigating the use of these enzyme systems for the targeted production of drugs in the laboratory. The researchers modify parts of the enzymes and thus the functional properties of the entire enzyme complexes (NRPS engineering) in order to produce products with new properties. However, although this concept has been pursued for several years, it has not yet worked as hoped.

"We realized that there is a great opportunity in taking nature as a model. If we understand the natural processes, we will know which areas of the enzyme are best suited for NRPS engineering," explains researcher Kenan Bozhuyuk.


																																						
    
     




																																			Recombination following the natural model

To find out which subunits of the enzyme work particularly well together, the team focused on the question: What are the positions that evolution itself applies to establish or change the new "assembly lines" to create the required active compounds? Together with the group of Georg Hochberg from the Max Planck Institute for Terrestrial Microbiology and Michael Groll from the Technical University Munich, the team screened for "hotspots" of natural recombination.

"We analyzed several tens of thousands of enzymes bioinformatically and then combined the analysis with laboratory experiments to verify the predicted target sites," explain first authors Leonard Prave and Carsten Kegler.

In fact, the team found a new "fusion point" for the targeted production of functional NRPS hybrids. They were even able to combine NRPS sequences from completely different organisms, such as bacteria and fungi.

The researchers then tested their new knowledge in a medical context: They constructed a new, pharmacologically active peptide. The comprehensive study demonstrates the great potential of bacterial natural products as the basis for new drugs.

The aim is to create customized medicines

"Research in both synthetic biology and evolutionary biochemistry has made enormous progress in recent years," said Bode, Director at the Max Planck Institute in Marburg. "The key advantage of our approach is that we are using evolutionary processes that have proven themselves over millions of years. Our evolution-inspired fusion sites are more versatile and have higher success rates."

The team's concept combines synthetic biology with the high-throughput methods needed to discover biologically active compounds faster and more cost-effectively. In this way, the researchers hope to develop customized biological drugs with improved therapeutic properties--something that is becoming increasingly important in view of the rise in drug resistance and drug intolerance.
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Research challenges 'universal mechanism' concept, aiming to understand specific protein interactions

										

    
        
            [image: When it comes to heat shock proteins, it's all about stress]
             
                Apostolidou at the Protein Society 37th Annual Symposium presenting on her now-published research. Credit: Duke University
            
        

    


Heat shock proteins (HSPs) are the chaperones of cellular stress response because they help guide the folding and unfolding of other proteins.



										      
         
        
        
        

      

																																	
Understanding how these chaperones work could also help researchers understand how diseases like Alzheimer's function. While fundamental to the survival and function of cells across the natural kingdoms, HSPs, which are actually just one type of chaperone, can provide a greater understanding of cellular biology as it pertains to stress.

At least that's what Dimitra Apostolidou, a Ph.D. candidate in mechanical engineering and materials science at Duke University, has been researching.

These proteins, which perform their bedrock work from simple organisms like E. coli to complicated ones like humans, offer up insights into the cellular mechanisms that help protect us against stress.

HSPs were initially discovered due to their increased presence in cells exposed to higher temperatures. This discovery highlighted temperature as a critical stress factor, paralleling how fever can detrimentally affect human health. However, Apostolidou points out that HSPs respond not only to thermal stress but also to a myriad of other stress factors, demonstrating their vital role in cellular defense mechanisms.

Apostolidou says the scientific community recognizes five major classes of HSPs, with the HSP70 family being particularly noteworthy. Humans possess up to 17 variations of this protein, contrasting sharply with E. coli, which harbors a single variant known as DnaK.


																																						
    
     




																																			These proteins perform various functions within cells, including aiding other proteins in maintaining their structure and functionality amidst stressful conditions. She emphasizes the significance of HSPs in regulating vital cellular processes, pointing out how their malfunction can lead to diseases like Alzheimer's, Parkinson's and cataracts due to protein aggregation.

By expanding the range of substrates used in studies, Apostolidou's research aims to deepen our understanding of complex proteins like HSPs and challenge the prevailing idea of a "universal mechanism" at play. "I don't want to come across as though this has solved the problem, but we have to try and understand how these systems work for various proteins," she said.

Substrates are engineered versions of a protein that researchers can use to get a fuller understanding of how chaperones work. Apostolidou's previous work describes a new substrate that could allow new types of studies with individual proteins one at a time.

Her recent work published in Protein Science suggests that not all proteins require the same chaperones for proper function, and though chaperones act upon them, what should really be noted is what the proteins do in response as well as the state they are in. The extent of this highly dynamic relationship could have far-reaching implications for our understanding of cellular mechanics and disease pathology.


																																			Beyond her scientific work, Apostolidou shared that she was driven by a desire to pivot from physics and polymer science to biology, bringing her all the way from Athens to Durham, North Carolina.

"Athens is a big city, but coming to Durham it felt smaller and more intimate," she shared. "One thing I will say, I made many incredible friends through the program--I'd even go grocery shopping with one of them every Sunday."

Though the culture shift was an adjustment for Apostolidou, she credits the research collaborations through labs with Piotr E. Marszalek, professor of mechanical engineering and materials science, and the support of her graduate peers with helping her feel welcome.

"When I joined the lab, the previous graduate students were very welcoming," she said. "After my time in that space, I learned how important collaboration was to everyone there."
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Harnessing computational intelligence for 3D modeling of maize canopies
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                Fig. 1. The complete methodological process. Credit: Plant Phenomics
            
        

    


Understanding the structure of crop canopies is essential for optimizing crop production as it significantly influences resource utilization efficiency, yield and stress resistance. While research has integrated canopy studies into various agricultural practices, the construction of accurate 3D models remains challenging due to complex spatial distributions and technological limitations.



										      
         
        
        
        

      

																																	
Current methods struggle to capture detailed morphological data due to issues such as resolution and cost. To address these issues, there is an emerging interest in applying Computational Intelligence (CI) techniques. These techniques have shown promise in various agricultural applications but haven't yet been explored for constructing 3D models of maize canopies.

In March 2024, Plant Phenomics published a research article titled "Three-dimensional modelling of maize canopies based on computational intelligence." This research aims to integrate CI into 3D plant canopy modeling, particularly focusing on overcoming the challenges of internal occlusion and resource competition among densely planted crops.

The study presents a computational intelligence-based 3D modeling method for maize canopies, focusing on visualizing and validating the structure of maize canopies across different planting densities and varieties. Using this method, 3D models for the JNK728 and JK968 maize varieties were constructed at densities of 3, 6, and 9x104 plants per hectare.


																																						
    
     




																																			The models demonstrated the method's ability to capture the effects of planting density on canopy structure, including increased shading and adjustments in leaf azimuth angles to optimize light capture. The models were validated and showed significant improvements in simulating the distribution of leaf azimuth angles, The R2 values indicated a high degree of consistency with measured data, especially after optimization through a reflective approach.

The study also validated the models' accuracy in representing canopy coverage, showing a correlation with actual canopy conditions and highlighting the models' limitations in capturing elements like fallen leaves and weeds. The distribution of leaf azimuth angles close to 90deg increases with planting density, suggesting an adaptive response of maize leaves to environmental stress by aligning more perpendicular to the row direction. This trend was further validated through the construction of 3D models across a gradient of planting densities.

The computational process, though time-intensive, highlights the efficiency and potential of computational intelligence in 3D canopy modeling. The iterative optimization of sunlit leaf area ratios and the intelligent adjustment of 3D phytomers' azimuth angles reflect the application of swarm intelligence principles to crop canopy modeling.

The study highlights the significance of precise crop canopy modeling to comprehend plant competition for light resources. It suggests further enhancements and future work to improve the models' accuracy and practicality by considering a broader range of environmental factors and incorporating more detailed phenotypic and growth information.



																																																					
																				
																						More information:
												Yandong Wu et al, Three-Dimensional Modeling of Maize Canopies Based on Computational Intelligence, Plant Phenomics (2024). DOI: 10.34133/plantphenomics.0160
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High speed protein movies to aid drug design
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                Microscopic crystals grown in droplets during the crystallography process. Credit: University of Southampton
            
        

    


Researchers from the University of Southampton have developed technology to help scientists observe proteins in motion. Understanding how proteins move will allow novel drugs to be designed.



										    
																																	
X-ray crystallography is a scientific method that produces a 3D picture of molecules with exquisite, atomic-level detail. It has been used to determine the structure of many thousands of proteins--nature's molecular machines.

The new challenge for scientists is to use X-ray crystallography to create "movies" of proteins in action. This is staggeringly difficult, with only a handful made. Efforts are hampered by the protein structure being blurred while capturing each frame in the movie.

Now, a team from the Institute for Life Sciences at the University of Southampton, working in collaboration with Diamond Light Source and Douglas Instruments, have addressed this challenge by miniaturizing protein crystals and developing a method for fast mixing. Their findings are published in the journal IUCrJ.



    
    
    
        
        
    
            
            Rapid lysozyme nucleation and growth. Credit: IUCrJ (2024). DOI: 10.1107/S2052252524001799
  

The first author, Jack Stubbs, explains how the crystals are analyzed. "The protein crystals are delivered, one by one, into an intense X-ray beam to capture snapshots of the crystals from every possible angle. The resulting scattered, X-ray patterns are used to decipher the protein structure.


																																						
    
     




																																			"The method can also be used to capture 3D pictures of the proteins at different time-points. Piece these together and you effectively have a movie of proteins in action, which gives clues to their function."

During this process, it is important that the X-ray "snapshots" capture proteins in the same shape, at the same moment in time, to avoid "blurring" their structure. It is this problem the team has grappled with.



    
    
    
        
        
    
            
            Droplet merging by surfactant exchange to destabilize the interface. Credit: IUCrJ (2024). DOI: 10.1107/S2052252524001799
  

The researchers have developed a "droplet microfluidic method" to produce millions of droplets--each of which acts as a miniature test tube, as small as a trillionth of a liter, for proteins to crystallize. At such vanishingly small volumes, the tiny amount of protein available means that crystals can only grow to a few microns in length--about the same size as a bacterium.

Droplets also have a peculiar ability for mixing. As a droplet moves, the contents circulate, much like stirring, to drive rapid mixing. The team demonstrated mixing times approaching 1 millisecond, 1/1000th of a second. This sets a new standard for time-resolved crystallography.

Lead scientist, Dr. Jonathan West, stated, "Our research marks a significant advance for time-resolved serial crystallography. The ability to engineer microcrystal size and start reactions by rapid mixing opens up exciting possibilities for understanding protein structural dynamics with millisecond precision."

The implications of this research extend beyond the laboratory. By sharing these cutting-edge methods with crystallography scientists, the researchers aim to greatly extend our understanding of how proteins move, how motion lends itself to function and how drugs can alter movement.



																																																					
																				
																						More information:
												Jack Stubbs et al, Droplet microfluidics for time-resolved serial crystallography, IUCrJ (2024). DOI: 10.1107/S2052252524001799
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In a first, team identifies mysterious exporter for brassinosteroid plant hormone
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                Model of brassinosteroid export and signaling in plants. Credit: Science (2024). DOI: 10.1126/science.adj4591
            
        

    


When you are reading this article, there are multiple hormones working diligently inside your body to stabilize your health status. Just as in human beings, it is impossible for plants to grow and reproduce without being regulated by phytohormones. One of the phytohormones is the brassinosteroid (BR) hormone, also named as the sixth phytohormone.



										      
         
        
        
        

      

																																	
In a new study published in Science, researchers led by Prof. Sun Linfeng from the Division of Life Sciences and Medicine of the University of Science and Technology of China (USTC), together with Prof. Eugenia Russinova from the VIB-UGent Center for Plant Systems Biology, have discovered the first BR exporter and presented its structure in both the substrate-unbound and the brassinosteroid-bound states.

Brassinosteroid (BR) hormones play a key role in regulating plant development and physiology, including adaptation to environmental stresses. They are also widely used in agriculture due to the high economic benefits and impressive effects. Previous studies on BR have clarified their synthesis, metabolism and signaling processes, while the key mechanism by which the synthesized BR inside the cell is exported out to execute its function remains unknown. However, with the first BR exporter recognized in this latest finding, scientists are taking a major step forward.

The newly collaborated BR exporter, ABCB19, used to be commonly recognized as a transporter protein for another crucial phytohormone, auxin. However, the mutant phenotype of ABCB19 does not completely match that of typical auxin transporter proteins. Based on this, the team raised the bold question of whether ABCB19 has substrates other than auxin.


																																						
    
     




																																			The researchers sought all kinds of evidence to test their hypothesis. They first tested the ATPase activities of the Arabidopsis ABCB19 in the presence of different phytohormones including auxins and brassinosteroids. Results show that the ATPase activity of ABCB19 can be stimulated by the bioactive brassinosteroids in a dose-dependent manner, but not by auxins or the brassinosteroid-biosynthesis precursors. Meanwhile, in vitro and in vivo assays were used to evaluate the transport of brassinosteroids by ABCB19.
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                ABC19 exporting brassinosteroid (BR) in plants. Credit: QIE Mingqing
            
        

    



With the help of cryo-electron microscopy, the researchers were able to witness the process of ABC19 exporting brassinosteroids, as well as to determine the unique architecture of ABC19 which enables it to bind with brassinosteroids.

Furthermore, plant physiological and genetic analyses were performed to confirm the role of ABCB19 in brassinosteroid signaling. All the experimental results point to the conclusion that BR is the substrate of ABC19.

"We were quite puzzled for a while because our experiment results didn't agree with the common belief that ABC19 is an auxin exporter. But when it turned out that brassinosteroid is also its substrate, we were so thrilled," said Ying Wei, first author of the study.

"This is a very unexpected and exciting discovery," commented one of the reviewers.

"Past research focused more on the cell level, which might be the reason why all these years we overlooked the fact that brassinosteroid is the transport substrate," explained Prof. Sun. This new study elucidated the role of Arabidopsis ABCB19 as brassinosteroid exporter and opened up new ideas for research on the ABC family.

"Future research will unravel the mechanisms regulating the ABCB19 activation and substrate preference and hopefully identify additional brassinosteroid exporters. Such mechanisms will help us design more effective strategies to improve plant productivity and resilience via modulating endogenous brassinosteroid amounts and distribution," said Prof. Russinova.



																																																					
																				
																						More information:
												Wei Ying et al, Structure and function of the Arabidopsis ABC transporter ABCB19 in brassinosteroid export, Science (2024). DOI: 10.1126/science.adj4591. www.science.org/doi/10.1126/science.adj4591
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Rose essential oil: A safe pesticide for organic agriculture
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                Researchers at TUS have discovered that rose essential oil (REO) activates tomato pest-defense genes and attracts herbivore predators. Therefore, REO could be used as an environmentally friendly pesticide in organic farming. Credit: Gen-ichiro Arimura from Tokyo University of Science (TUS), Japan
            
        

    


Plant-derived essential oils (EOs) find applications in various industries, such as detergents, cosmetics, pharmacology, and food additives. Moreover, EOs have an exceptional safety profile, and their numerous bioactivities greatly benefit human health. Beyond these benefits, EOs have also been found to illicit insect-repellent responses by inducing neurotoxic effects.



										      
         
        
        
        

      

																																	
Terpenoids are abundant in plant EOs and have garnered widespread attention as they can regulate plant defense responses by regulating the expression of defense genes. For example, soybean and komatsuna plants, when grown near mint, experience a significant improvement in defense properties and become resistant to herbivores.

This phenomenon occurs through a process known as "eavesdropping," wherein volatile compounds are released from the mint plant. These volatile compounds trigger the activation of defense genes, protecting against potential herbivore threats.

Today, applying chemical pesticides is the method of choice for crop protection, but the damage they cause to the environment and ecosystems, along with the need to increase food productivity, stresses the need for safer alternatives. Thus, there is an urgent need for investigation of plant defense potentiators.

In this regard, the availability of EOs makes them attractive candidates as environmentally friendly plant defense activators. However, there is a lack of sufficient proven examples to meet the demand.

To address this, a research team led by Professor Gen-ichiro Arimura from the Department of Biological Science and Technology at the Tokyo University of Science (TUS) assessed the efficacy of 11 EOs in activating tomato defense responses. The team's findings were published in the Journal of Agricultural and Food Chemistry on March 18, 2024.


																																						
    
     




																																			"EOs used as fragrances for various purposes contain odor components, which may have the ability to work like volatile compounds in conferring pest resistance. We aimed to investigate the effects of these EOs on plants' insect pest resistance," says Prof. Arimura.

The team profiled the effects of terpenoid-enriched EOs on tomato plants. They applied ethanol-diluted solutions of 11 different EOs to the soil of potted tomato plants, performed molecular analyses to study the gene expression inside leaf tissue, and observed that rose EO (REO) increased the transcript levels of PIR1 and PIN2, the genes involved in plant defense.

Tomato plants treated with REO exhibited reduced leaf damage caused by the Spodoptera litura (a moth species) larvae and Tetranychus urticae (a mite pest).

Furthermore, to explore the possibility of broader application, the researchers conducted a field experiment to measure REO activity in field conditions. They observed a 45.5% reduction in tomato pest damage compared to the control solution.

The researchers believe that REO could serve as a viable alternative to pesticides during the winter and spring seasons when pest infestation is less severe and could potentially reduce pesticide usage by almost 50% during summers.

Prof. Arimura says, "REO is rich in b-citronellol, a recognized insect repellent, which enhances REO's efficacy. Owing to this, damage caused by the moth larvae and mites was significantly minimized, confirming REO as an effective biostimulant. The findings also showed that a low concentration of REO did not repel T. urticae but attracted Phytoseiulus persimilis, a predator of these spider mites, thus exhibiting a dual function of REO."

Overall, the study highlights the role of b-citronellol-enriched EO in activating defense genes in tomato leaves. Additionally, it provides evidence that REO is an effective biostimulant for enhancing plant defense against pests, which is also safe as it does not lead to phytotoxicity or leave any toxic residues behind.

"Our study suggests a practical approach to promoting organic tomato production that encourages environmentally friendly and sustainable practices. This research may open doors for new organic farming systems. The dawn of potent environmentally friendly and natural pesticides is upon us," concludes Prof. Arimura.



																																																					
																				
																						More information:
												Eiki Kaneko et al, Novel Potential of Rose Essential Oil as a Powerful Plant Defense Potentiator, Journal of Agricultural and Food Chemistry (2024). DOI: 10.1021/acs.jafc.3c08905
																						
																						

																					

                               											
																					
                              										                                        
										
										
											 
												Citation:
												Rose essential oil: A safe pesticide for organic agriculture (2024, March 21)
												retrieved 22 March 2024
												from https://phys.org/news/2024-03-rose-essential-oil-safe-pesticide.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/2024-03-rose-essential-oil-safe-pesticide.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Two keys needed to crack three locks for better engineered blood vessels
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                Two proteins can trigger the signaling cascades needed to help differentiate stem cells into endothelial cells that can form tubular-like vessels in a dish, according to a team led by Penn State researchers. The finding has implications for developing drug-testing platforms and other clinical applications. Credit: Lian Lab/Penn Stte
            
        

    


Blood vessels engineered from stem cells could help solve several research and clinical problems, from potentially providing a more comprehensive platform to screen if drug candidates can cross from the blood stream into the brain to developing lab-grown vascular tissue to support heart transplants, according to Penn State researchers.



										      
         
        
        
        

      

																																	
Led by Xiaojun "Lance" Lian, associate professor of biomedical engineering and of biology, the team discovered the specific molecular signals that can efficiently mature nascent stem cells into the endothelial cells that comprise the vessels and regulate exchanges to and from the blood stream.

The researchers have published their findings in Stem Cell Reports. The team already holds a patent on foundational method developed 10 years ago and has filed a provisional application for the expanded technology described in this paper.

The researchers found they could achieve up to a 92% endothelial cell conversion rate by applying two proteins--SOX17 and FGF2--to human pluripotent stem cells. This type of stem cell, which the researchers derived from a federally approved stem cell line, can differentiate into almost any other cell type if provided the right proteins or other biochemical signals. SOX17 and FGF2 engage three markers in stem cells, triggering a growth cascade that not only converts them to endothelial cells but also enables them to form tubular-like vessels in a dish.


																																						
    
     




																																			The more efficient differentiation and lab-grown vessels could allow researchers to grow an artificial blood brain barrier to test neurological drugs under development, according to Lian. Other eventual clinical uses may include reestablishing vascular structures after heart damage.

"Drugs designed to treat brain diseases need to pass through the blood brain barrier to be effective," Lian said. The blood brain barrier is a membrane packed with vessels and regulates what can pass from the blood into the brain. "Our cells can form a tight layer in a dish, onto which we could add various chemicals and see how they pass through."

Next, Lian said, the team will collaborate with industry partners to advance the artificial blood brain barrier and begin testing various drugs. Getting to this point, however, required a decade of investigating the molecular mechanism underpinning how stem cells convert to endothelial cells.

"In 2014, we published a protocol using a small molecule that could help the cells differentiate about 20% of the time, but we've now found that just one gene, SOX17, is sufficient for differentiating the about 80% of cells into endothelial cells," said Lian. "That was completely unknown."

In their prior stem cell differentiation process, the low efficiency resulted in heterogenous cell populations, making them difficult to sort and to obtain enough for other research or clinical applications. Lian explained that the researchers knew some of the cells were endothelial cells, but they couldn't predict the other cell types.


																																			To make more homogenous populations, the researchers examined the proteins at play during the process. They first noticed that cells expressed SOX17 during differentiation, so they removed the cells' ability to express the protein and analyzed how its absence changed function.

"Before knocking down SOX17 expression, about 20% of stem cells would become endothelial cells," Lian said "After, differentiation dropped to about 5% at best. We found that SOX17 is required for this process. It was a lucky and surprising finding."

With the addition of SOX17, 80% of stem cells could differentiate. But the researchers wanted to do better, Lian said. The stem cells produce three markers, but SOX17 only triggers two of them to begin the differentiation process. The third marker, called CD31, doesn't work when only exposed to SOX17.

"That was a problem for us. We spent two to three years figuring out why," Lian said, explaining that another protein, called FGF2 could induce the marker without affecting SOX17's influence on the other two markers. The combination results in up to 92% of the stem cells differentiating into endothelial cells--a more than 350% increase in efficiency from the researchers' original approach. "Sometimes science is very difficult, but we do not give up."

With all three markers activated, the differentiated cells can form tubular-like vessels in a dish. They can also uptake proteins, like blood vessels in the body. The researchers tested this ability by inducing inflammation to see if the endothelial cells could detect the protein signal involved--they could.

"Our cells are indeed functional," Lian said. "With SOX17 and FGF2, we can determine the fate of these stem cells to be precisely what we need."



																																																					
																				
																						More information:
												Michael W. Ream et al, Direct programming of human pluripotent stem cells into endothelial progenitors with SOX17 and FGF2, Stem Cell Reports (2024). DOI: 10.1016/j.stemcr.2024.02.006
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A product that kills agricultural pests is also deadly to native Pacific Northwest snail
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                Pacific sideband snail. Credit: William P. Leonard
            
        

    


A product used to control pest slugs on farms in multiple countries is deadly to least one type of native woodland snail endemic to the Pacific Northwest, according to scientists who say more study is needed before the product gains approval in the United States.



										      
         
        
        
        

      

																																	
Dee Denver of the Oregon State University College of Science led a 10-week laboratory project that showed the effect of a biotool marketed as Nemaslug on the Pacific sideband snail. The study appears in PLOS One.

Nemaslug is based on the organism Phasmarhabditis hermaphrodita, a species of tiny, parasitic worm known as a nematode.

The speed of the Pacific sidebands' demise depended on the concentration of Nemaslug exposure and the size and maturity of the snails, but by the end of the study, all 90 were dead, whereas all 30 snails in a control group were still alive.

"This finding is a big deal because there are strong efforts to bring this commercialized nematode to U.S. markets to control invasive pests, such as the gray field slug, that cause damage to a variety of agricultural crops," said Denver, who heads OSU's Department of Integrated Biology and directs the university's School of Life Sciences.

"Our research is the first to demonstrate that these nematodes infect and kill a non-target gastropod species in the Northwest, which--due to its rainy climate--is a land slug and snail biodiversity hotspot."


																																						
    
     




																																			If P. hermaphrodita were sold and released in Oregon and similar environments, Denver said, there is "strong potential" that the nematodes would infect and kill a range of non-target native species including the iconic Pacific banana slug, dealing a blow to biodiversity and creating other negative ecosystem impacts.

Before Nemaslug is made available in the United States, more research is needed to investigate the effects it might have on non-pest slugs and snails, including research in conditions that mimic those species' natural environments, he added.

Presently, Nemaslug is sold in Canada, Kenya and the United Kingdom and throughout the European Union.

For it to be made available in the U.S., Denver said, it would need both the approval of the federal Department of Agriculture as well as the sign-off of regulators in individual states where it was distributed.

The nematodes sold as Nemaslug work by entering small openings in the bodies of host slugs and fatally infecting them. The nematodes then reproduce inside the dead host and disperse in search of new hosts.

Denver and his co-authors--biologists and crop and soil scientists at OSU--note that the history of biocontrol of agricultural pests is somewhat checkered, in part because unintended consequences for non-target species remain understudied and hard to predict.

One biocontrol effort involving the introduction of a non-native snail, they point out, led to the extinction of hundreds of native snail species on Hawai'i and other Pacific islands.


																																			"Terrestrial slugs and snails make up more than one-third of the total documented animal species extinctions since the year 1500," Denver said. "Beyond factors like rising global temperatures and habitat loss, gastropods have historically suffered greatly from poorly designed and executed biocontrol attempts."

Collaborating on this research were Dana Howe of the Department of Integrative Biology and Andrew Colton, Casey Richart and Rory McDonnell of the Department of Crop and Soil Science in the College of Agricultural Sciences.

In 2018, a paper by some of the same collaborators described the first report of P. hermaphrodita in Oregon, and last year, another paper was the first report of a similar nematode, P. californica, in Washington state.

P. californica, discovered in 2013 as a species new to science, is sold in England, Scotland and Wales as Nemaslug 2.0; Denver and McDonnell found P. californica in Oregon for the first time during a 2018-19 nematode survey.

How widespread either species is in the Northwest has not been determined, Denver said.



																																																					
																				
																						More information:
												Dee Denver et al, The biocontrol nematode Phasmarhabditis hermaphrodita infects and increases mortality of Monadenia fidelis, a non-target terrestrial gastropod species endemic to the Pacific Northwest of North America, in laboratory conditions, PLOS ONE (2024). DOI: 10.1371/journal.pone.0298165
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Decoding the plant world's complex biochemical communication networks
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                The DNA transfer method shown involves using a syringe to inject a specific species of bacterium into the petunia stigma to activate targeted genes, then isolating the resulting proteins. Credit: Purdue Agricultural Communications / Tom Campbell
            
        

    


A Purdue University-led research team has begun translating the complex molecular language of petunias. Their grammar and vocabulary are well hidden, however, within the countless proteins and other compounds that fill floral cells.



										      
         
        
        
        

      

																																	
Being rooted to the ground, plants can't run away from insects, pathogens or other threats to their survival. But plant scientists have long known that they do send warnings to each other via scent chemicals called volatile organic compounds.

"They use volatiles because they can't talk," said Natalia Dudareva, Distinguished Professor of Biochemistry and Horticulture and Landscape Architecture at Purdue. "Plants inform neighboring plants about pathogen attacks. It looks almost like immunization. Under normal conditions, you don't see any changes in the receiver plant. But as soon as a receiver plant is infected, it responds much faster. It's prepared for response."

Plant scientists have long known about this immunization-like priming, but until a few years ago, they had no way to study the process. They needed a marker showing that the plants had detected the volatile compounds.

Dudareva and 13 co-authors describe new details of the detection process in Science. The team includes researchers from Purdue, Universite Jean Monnet Saint-Etienne in France and the University of California-Davis.

Scientists know little about plant receptors for volatiles. Mammals and insects have them, too, but the way they perceive volatiles is too different to help researchers study the process in plants, Dudareva said.


																																						
    
     




																																			A research team led by Purdue University scientists has documented new details about how petunias use volatile organic compounds to communicate.
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                Ph.D. candidate Shannon Stirling in Natalia Dudareva's Lab, transfers DNA into a petunia by using a syringe to inject bacterium into the stigma to activate targeted genes, then isolating the resulting proteins. Credit: Purdue Agricultural Communications / Tom Campbell
            
        

    



In 2019, in the journal Nature Chemical Biology, Dudareva and her associates published their discovery of a new physiological process in a report titled "Natural fumigation as a mechanism for volatile transport between flower organs." The study described how a plant's floral tubes produce volatile compounds to sterilize their stigma, the part of the pistil that collects pollen, to protect against attack by pathogens.

"There are a lot of sugars on the stigma, especially in petunias. It means that bacteria will grow very nicely without these volatiles present," Dudareva said. "But if the stigma does not receive tube-produced volatiles, it's also smaller. This was interorgan communication. Now we had a good marker--stigma size--to study this communication process."

Measurements made from photographs showed statistical differences in the stigma size upon exposure to volatiles, said the Science study's lead author, Shannon Stirling, a Ph.D. student in horticulture and landscape architecture at Purdue. "You can see that this is a consistent trend," she said. "Once you've looked at enough stigmas, you can see by eye that there is a slight difference in size."


																																			Combined with the genetic manipulation of the potential proteins involved, the work surprisingly revealed that a karrikin-like signaling pathway played a key role in petunia cellular signaling.

"Karrikins aren't produced by plants," Stirling said. "They're produced when plants burn, and our plants have never been exposed to smoke or fire."

The team also documented the importance of the karrikin-like pathway in the detection of volatile sesquiterpenes. Many plants use sesquiterpenes to communicate with other plants, among other functions.

Surprisingly, the identified karrikin receptor showed the ability to selectively perceive signaling from one type of sesquiterpene compound but not its mirror image, a trait called "stereospecificity." The receptor appears to be highly selective to the compound, said study co-author Matthew Bergman, a postdoctoral researcher in biochemistry at Purdue.
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                A research team led by Purdue University scientists has documented new details about how petunia flowers use volatile organic compounds to communicate. Credit: Purdue Agricultural Communications / Tom Campbell
            
        

    



"The plant produces many different volatile compounds and is exposed to plenty of others," Bergman said. "It's quite remarkable how selective and specific this receptor is exclusively for this signal being sent from the tubes. Such specificity ensures that no other volatile signals are getting by. There's no false signaling."

For Stirling, the study required mastering a painstaking method for temporarily altering the levels of proteins of the petunia pistils to identify the signal-receptor protein interactions. "Pistils and stigmas are small. They're a little difficult to work with because of their size," she said. "Even the sheer amount of stigmas you need to get enough sample for anything is quite large because they don't weigh much."

This method involved injecting a certain species of bacterium into the stigma to introduce targeted genes, then isolating the resulting proteins.

"It's not easy to manipulate such a small organ," Bergman noted. "But Shannon was able to gently prick the stigma with a syringe and infiltrate it with this bacterium so delicately. She's quite an expert at this."

Petunias are often brightly colored and smell nice, but the Purdue scientists also value them because they serve as a fertile model system for their research.

"They've proven quite fruitful thus far," Bergman said.



																																																					
																				
																						More information:
												Shannon A. Stirling et al, Volatile communication in plants relies on a KAI2-mediated signaling pathway, Science (2024). DOI: 10.1126/science.adl4685
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New research shows unintended harms of organic farming

										

    
        
            [image: A new study published in Science finds that expanding organic cropland can lead to increased pesticide use in surrounding non-organic fields, offsetting some environmental benefits]
             
                A new study published in Science finds that expanding organic cropland can lead to increased pesticide use in surrounding non-organic fields, offsetting some environmental benefits.
            
        

    


Organic farming is often touted as a more sustainable solution for food production, leveraging natural forms of pest control to promote eco-friendly cultivation.



										      
         
        
        
        

      

																																	But a new study published in Science on Thursday finds that expanding organic cropland can lead to increased pesticide use in surrounding non-organic fields, offsetting some environmental benefits.

These harmful "spillover effects" can be mitigated if organic farms are clustered together and geographically separated from conventional farms, the researchers found.

"Despite policy pushes to increase the amount of organic agriculture, there remain key knowledge gaps regarding how organic agriculture impacts the environment," said lead author Ashley Larsen, of the University of California, Santa Barbara.

Although organic agricultural practices generally improve environmental conditions such as soil and water quality, the trade-offs aren't very well understood.

For example, organic fields could harbor more beneficial species that prey on insects, such birds, spiders and predatory beetles and fewer pests. Or, the lack of chemical pesticides and genetically modified seeds could mean they harbor more pests.

To find out, Larsen and colleagues analyzed data on some 14,000 fields in Kern County, California, across seven years.

Kern County produces high-value crops including grapes, watermelons, citrus, tomatoes, potatoes and much more, making it one of the most valuable crop producing regions in the United States.


																																						
    
     




																																			The team paired digitized maps of fields and the crops grown on them with records of pesticide applications and whether a field had an organic certification.

"Surrounding organic agriculture leads to an increase in pesticide use on conventional fields, but also leads to a larger decrease on nearby organic fields," said Larsen, with the effect manifesting primarily in insecticides, which specifically target insects.

The level of pesticides in conventional fields decreased the further away they were from organic fields.

But the situation could be completely remedied if organic fields were grouped together, the researchers found, based on a less-detailed national level analysis they also carried out.

"Spatially clustering organic fields and spatially separating organic and conventional fields could reduce the environmental footprint of both organic and conventional cropland," the team concluded.

Writing in a related commentary, Erik Lichtenberg of the University of Maryland said that the authors had shown farmers' decisions about pesticide are influenced by the presence of nearby organic fields--but it's not fully clear why.

The value of the crops, their susceptibility to pests, and farmers' personal risk tolerances likely all play roles.

"Which mobile pests are involved, where they originate in the landscape, or how and why they move across the landscape are poorly understood," said Lichtenberg, calling for more research in this area.


																																																					
																				
																						More information:
												Ashley E. Larsen et al, Spillover effects of organic agriculture on pesticide use on nearby fields, Science (2024). DOI: 10.1126/science.adf2572

Erik Lichtenberg, Collateral impacts of organic farming, Science (2024). DOI: 10.1126/science.ado4083
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                Prof. Matthias Wissuwa in a field of the new rice variety Matrivika. Credit: Gabriel Schaaf
            
        

    


A new variety of rice that is adapted to life in low-phosphorus soils, that contains an exceptionally large amount of zinc and that was developed specifically for the conditions in Madagascar where it is grown, has recently been certified in the country.



										      
         
        
        
        

      

																																	The variety was created under the leadership of plant scientist Professor Matthias Wissuwa from the Japan International Research Center for Agricultural Sciences (JIRCAS) and the PhenoRob Cluster of Excellence at the University of Bonn which he joined as a visiting professor in spring 2023, together with the Africa Rice Center and the National Centre of Applied Research for Rural Development in Madagascar (FOFIFA)

Professor Wissuwa's research focuses on developing plant varieties with improved nutrient use efficiency and stress tolerance, specifically on abiotic stress factors such as phosphorus deficiency, iron toxicity, drought and salt stress. His research team makes targeted use of genetic resources from gene banks all over the world to harness the natural genetic variation present in old traditional cultivars for its stress tolerance research and to apply its findings to modern, high-yield varieties.

One property in particular was a priority when creating the new variety, known as Mavitrika. "The variety was developed specifically to strive in low-phosphorus conditions, because Malagasy soils contain very little of it," Wissuwa explains. "However, plants need this essential nutrient for growth and development."

The aim was for the new variety to be both better at absorbing phosphorus from the soil and to use it more efficiently. "The new rice variety we have developed is ideally suited to the conditions in Madagascar. Having larger and more efficient roots allows it to take up more phosphorus and that increases yield."

Wissuwa points out that the new variety also boasts improved nutritional value, most notably thanks to a higher content of the important micronutrient zinc in the grain.

Mavitrika is the first zinc-biofortified variety to be approved in Madagascar. "Zinc deficiency is common among the Malagasy people, and rice--which is their main staple--will be able to combat this deficiency if its zinc content is increased," says Professor Gabriel Schaaf from the department of Plant Nutrition at INRES and member of the PhenoRob Cluster of Excellence who was involved in the determination of zinc in the grain.


																																						
    
     




																																			Successful test under real-life conditions

"One unique feature of the experiments including cultivation and phenotyping was that, rather than taking place on the research institutes' test sites, they were actually grown and selected directly on the farmers' fields," says Professor Wissuwa.

With the new zinc-biofortified rice variety proving successful under these real-life conditions, it has now been officially released in Madagascar--specifically at a formal ceremony held on March 21, 2024 in the presence of the prime minister Christian Louis Ntsay and ministers of Agriculture, Ratohiarijaona Rakotoarisolo Suzelin, and higher education, Razafiharison Andriamanantena.

"Matthias Wissuwa is playing a significant role in studying nutrient acquisition, notably as part of the PhenoRob Cluster of Excellence," says its Speaker Professor Heiner Kuhlmann. "Our shared vision is to transform crop production and optimize it by developing and deploying new technologies, and the licensing of this rice variety will benefit society enormously."
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                Prof. Dr. Richard Merrill: How butterflies choose mates: gene controls preferences. Credit: Carolin Bleese / LMU
            
        

    


Tropical Heliconius butterflies are well known for the bright color patterns on their wings. These striking color patterns not only scare off predators--the butterflies are poisonous and are distasteful to birds--but are also important signals during mate selection.



										      
         
        
        
        

      

																																	
A team led by evolutionary biologist Richard Merrill from LMU Munich, in cooperation with researchers from the Universidad del Rosario in Bogota (Colombia) and the Smithsonian Tropical Research Institute (Panama), has now exploited the diversity of warning patterns of various Heliconius species to investigate the genetic foundations of these preferences.

In the process, the scientists identified a gene that is directly linked to evolutionary changes in a visually guided behavior, the first time such a connection has been demonstrated in an animal, as they report in the journal Science.

For their study, the researchers carried out hundreds of behavioral experiments to investigate the mating preferences of three Heliconius species in Colombia: Heliconius melpomene and Heliconius timareta, both of which have a bright red band on their forewing, and Heliconius cydno, which has a white forewing band. They discovered that males of all three species prefer partners that look like themselves, with no differences in the preferences of the two more distantly related red species.

Using genomic analyses, the researchers demonstrated that the preference for red females is associated with a genomic region where hybridization between these two red species has resulted in sharing of genetic material.

"We managed to identify regucalcin1 as a key gene controlling visual preference, in these butterflies," says Matteo Rossi, who carried out research on the butterflies in Merrill's lab alongside fellow Ph.D. candidate Alexander Hausmann. "If regucalcin1 is silenced, it impairs courtship toward conspecific females, proving a direct link between gene and behavior," explains Rossi.


																																						
    
     




																																			Genetic exchange through hybridization

Further analyses by the scientists showed that regucalcin1 was transferred from H. melpomene to H. timareta sometime in their evolutionary past.

"We've known for quite a while that the red color pattern gene was introduced from one species to the other through hybridization, and suspected that the same might be true for the corresponding preference. To finally show it, and identify the specific gene is really exciting," says Carolina Pardo-Diaz, Dean of Biology at the Universidad del Rosario, and one of the lead authors on the paper. Thanks to regucalcin1, the attractiveness of red females and thus the reproductive success of H. timareta was increased.

"We see differences in visual preferences all around us in nature when animals choose who to mate with. With our results, we were able to establish a direct link between a particular visual preference and a specific gene for the first time, and also demonstrate that hybridization can play an important role in the evolution of these behaviors," emphasizes Merrill.



																																																					
																				
																						More information:
												Matteo Rossi et al, Adaptive introgression of a visual preference gene, Science (2024). DOI: 10.1126/science.adj9201. www.science.org/doi/10.1126/science.adj9201
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Parrots love playing tablet games, and it's helping researchers understand them
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                Northeastern University researchers showed a group of parrots and their caregivers how to play a simple tablet game, then used it to collect data. Credit: Matthew Modoono/Northeastern University
            
        

    


Touchscreens have long been integral to our everyday life--humans use them to work, play, talk with loved ones and snag Lightning Deals on Prime Day. In recent years, they've shown potential for the animal kingdom as well, leading to a growing body of academic research and a proliferation of consumer products promising to leverage technology to enhance our relationships with our pets.



										      
         
        
        
        

      

																																	
Northeastern assistant professor Rebecca Kleinberger and her collaborators have been at the forefront of that exploration, using computer interaction to enrich and understand the lives of dogs, orcas and parrots. Their latest research begs the next logical question: If animals are going to use touchscreens, how should we design for them?

In a new study released Wednesday, Kleinberger; Megan McMahon, an undergraduate studying behavioral neuroscience; and collaborators Ilyena Hirskyj-Douglas at the University of Glasgow and Jennifer Cunha in Florida used a bare-bones, Balloon Pop-style tablet game to collect data on a group of 20 pet birds' tactile interactions with their touchscreens.

In doing so, they hoped to establish a framework to build tech intentionally designed for parrot use.

"Cognitive enrichment is a crucial component for parrot health and well-being, and tablet games are one method of providing this enrichment," McMahon says. "Designing apps specifically made for birds and their unique touchscreen tendencies makes this form of enrichment more accessible."



    
    
    
        
        
    
         
             
         

        Credit: Northeastern University
  

The parrot participants ranged from small species, like a green-cheeked parakeet, to a hyacinth macaw, the world's largest. All had prior experience using touchscreens and completed the study in their homes. With the help of their caregivers, they learned to use a basic app game on Samsung Galaxy tablets. Adapted by McMahon, the game challenged the birds to tap multi-colored target circles of different sizes on varying locations around their screens with their beaks and tongues.


																																						
    
     




																																			The birds engaged in short sessions (no longer than 30 minutes) each day, playing the game over the course of three months. Seventeen completed the study; three dropped out after showing slight signs of aggression or a lack of interest during the training period. The game collected information on the birds' accuracy, tap locations and frequency, as well as tactile elements like touch pressure and drag rate.

The team's data evaluated how well existing, human-based touchscreen design principles translated to parrots. Specifically, they honed in on Fitts' Law, a formula that predicts human pointing movement toward targets.

Some of the paper's findings are intuitive enough: Parrots primarily use their tongues to work tablets, for example, which means their eyes are much closer to the screen than a human's. As a result, they are quantifiably less accurate, and they fare better hitting larger targets. There was also a lot of variability in performance based on the birds' size--smaller birds tended to have more trouble.

But the data-based assessment revealed much about the parrots themselves, as well. Kleinberger was surprised "just how fast some parrot species can control their tongue," she says. "Some parrots could touch the tablet up to 41 times in a row, resulting in a touch every few milliseconds."

That led to a real-time ergonomic adjustment: the team added a "multi-tap threshold" to the app's interface during the study, making it less frustrating for the birds to use. "This ...is a good example of how studying animals' bodies can inform the design of new interfaces to empower animals," Kleinberger says.


																																			The findings, to be presented at the CHI conference on Human Factors in Computing Systems in May, signal a next step for Kleinberger and her collaborators. Their past research has shown that parrots--with their prodigious intelligence, high sociability and singular physical capabilities--are uniquely poised to benefit from touchscreen technology.

Last year, the team showed a group of parrots how to video call one another, finding that the birds both overwhelmingly enjoyed the activity and could make the calls themselves, when given the option.



    
    
    
        
        
    
            
              

The latest research further bolsters the case that touchscreens can enrich parrots' lives. In surveys after the study was completed, human handlers said the experience was positive for their birds, and that participating in the study together was a great bonding experience. Kleinberger says that is by design. She stresses that the systems her lab is developing are meant for humans and animals to use together, and as an enhancement to their interactions rather than as a replacement.

As with humans and touchscreens, there are potential drawbacks--some familiar ("Participants in our study often emphasized the risk of their birds' overuse, likening their screen time needs to those of children," the paper reads); others uniquely avian ("When asked what risks tablet applications could pose to parrots, the most common answer was 'potential damage to the tablet.'")

In the longer term, the researchers hope the findings will serve as a starting point in adapting screen technologies for parrots and, eventually, other species. Kleinberger thinks it can bring some academic rigor to the booming "pet tech" market, "with new products promising to improve animal welfare with often very little data and research to back up the claims," she says.

"My goal is for these insights not only to benefit the pet tech industry but also to offer valuable guidance to the wider research community, technology developers, [and] pet owners," Kleinberger says.



																																																					
																				
																						More information:
												No More Angry Birds: Investigating Touchscreen Ergonomics to Improve Tablet-Based Enrichment for Parrots. hdl.handle.net/2047/D20629623
																						
																					


                               											
																					
                              																					 
												  

This story is republished courtesy of Northeastern Global News news.northeastern.edu.
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