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        Novel framework allows for tunable ultrasound propagation in microscale metamaterials
        Acoustic metamaterials--architected materials that have tailored geometries designed to control the propagation of acoustic or elastic waves through a medium--have been studied extensively through computational and theoretical methods. Physical realizations of these materials to date have been restricted to large sizes and low frequencies.

      

      
        Light-activated, drug-carrying liposomes show potential for minimally invasive glaucoma treatments
        More than 4 million people in the U.S. have glaucoma, a group of eye diseases that can damage the optic nerve and lead to vision loss. It's the second-leading cause of blindness worldwide and there's currently no cure, but there's a way to help prevent vision loss through early detection and treatment.

      

      
        Sugar-like nanoparticle covering could boost cancer drug delivery
        A spoonful of sugar might actually help medicine go down, according to recent research from the University of Mississippi. And it could reduce the harmful side effects of cancer treatment. Instead of a literal spoonful of sugar, however, the researchers tried using glycopolymers--polymers made with natural sugars like glucose--to coat tiny particles that deliver cancer-fighting medication directly to tumors. They found that glycopolymers help keep proteins from sticking to the nanoparticles, reduci...
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Novel framework allows for tunable ultrasound propagation in microscale metamaterials

										 by Anne Wilson, 										 										 Massachusetts Institute of Technology									
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                A new study presents a design framework for controlling ultrasound wave propagation in microscopic acoustic metamaterials. The researchers focused on cubic lattice with braces comprising a "braced-cubic" design. Credit: Massachusetts Institute of Technology
            
        

    


Acoustic metamaterials--architected materials that have tailored geometries designed to control the propagation of acoustic or elastic waves through a medium--have been studied extensively through computational and theoretical methods. Physical realizations of these materials to date have been restricted to large sizes and low frequencies.



										      
																																	"The multifunctionality of metamaterials--being simultaneously lightweight and strong while having tunable acoustic properties--make them great candidates for use in extreme-condition engineering applications," explains Carlos Portela, the Robert N. Noyce Career Development Chair and assistant professor of mechanical engineering at MIT.

"But challenges in miniaturizing and characterizing acoustic metamaterials at high frequencies have hindered progress towards realizing advanced materials that have ultrasonic-wave control capabilities."

A new study coauthored by Portela; Rachel Sun, Jet Lem, and Yun Kai of the MIT Department of Mechanical Engineering (MechE); and Washington DeLima of the U.S. Department of Energy Kansas City National Security Campus presents a design framework for controlling ultrasound wave propagation in microscopic acoustic metamaterials.

A paper on the work, "Tailored Ultrasound Propagation in Microscale Metamaterials via Inertia Design," was published in the journal Science Advances.

"Our work proposes a design framework based on precisely positioning microscale spheres to tune how ultrasound waves travel through 3D microscale metamaterials," says Portela. "Specifically, we investigate how placing microscopic spherical masses within a metamaterial lattice affects how fast ultrasound waves travel throughout, ultimately leading to wave guiding or focusing responses."


																																						
    
     




																																			Through nondestructive, high-throughput laser-ultrasonics characterization, the team experimentally demonstrates tunable elastic-wave velocities within microscale materials. They use the varied wave velocities to spatially and temporally tune wave propagation in microscale materials, also demonstrating an acoustic demultiplexer (a device that separates one acoustic signal into multiple output signals).

The work paves the way for microscale devices and components that could be useful for ultrasound imaging or information transmission via ultrasound.

"Using simple geometrical changes, this design framework expands the tunable dynamic property space of metamaterials, enabling straightforward design and fabrication of microscale acoustic metamaterials and devices," says Portela.

The research also advances experimental capabilities, including fabrication and characterization, of microscale acoustic metamaterials toward application in medical ultrasound and mechanical computing applications, and underscores the underlying mechanics of ultrasound wave propagation in metamaterials, tuning dynamic properties via simple geometric changes and describing these changes as a function of changes in mass and stiffness.

More importantly, the framework is amenable to other fabrication techniques beyond the microscale, requiring merely a single constituent material and one base 3D geometry to attain largely tunable properties.

"The beauty of this framework is that it fundamentally links physical material properties to geometric features. By placing spherical masses on a spring-like lattice scaffold, we could create direct analogies for how mass affects quasi-static stiffness and dynamic wave velocity," says Sun, first author of the study.

"I realized that we could obtain hundreds of different designs and corresponding material properties regardless of whether we vibrated or slowly compressed the materials."


																																																					
																				
																						More information:
												Rachel Sun et al, Tailored ultrasound propagation in microscale metamaterials via inertia design, Science Advances (2024). DOI: 10.1126/sciadv.adq6425
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Light-activated, drug-carrying liposomes show potential for minimally invasive glaucoma treatments
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More than 4 million people in the U.S. have glaucoma, a group of eye diseases that can damage the optic nerve and lead to vision loss. It's the second-leading cause of blindness worldwide and there's currently no cure, but there's a way to help prevent vision loss through early detection and treatment.



										      
																																	The two main treatment options, however, are inefficient and have downsides. Medicated eyedrops are noninvasive but can't be absorbed for full effectiveness. Repeated injections into the eye can lead to infections or inflammation, not to mention patient discomfort.

Researchers at Binghamton University are exploring several new glaucoma treatments that would be less invasive. In a study recently published in the Journal of Materials Chemistry B, Assistant Professor Qianbin Wang and Ph.D. student Dorcas Matuwana from the Thomas J. Watson College of Engineering and Applied Science's Department of Biomedical Engineering shared their findings for drug-carrying liposomes that could be activated in the eye using near-infrared light.

Also contributing to the research were BME Assistant Professor Siyuan Rao; Eunji Hong, Ph.D. '23; Sizhe Huang, Ph.D. '24; and Ph.D. students Xinxin Xu, Geunho Jang and Ruobai Xiao.

"The first problem we found is that most pharmacological compounds are hydrophobic, which means they have low water solubility," Wang said. "The second problem is using a thermal effect to trigger the release--how do we do that without affecting a patient's comfort or having side effects?"

The liposomes--which are small, spherical, artificial vesicles that can deliver drugs and other molecules to specific sites in the body--have gold nanorods embedded on their fatty surface. The gold heats up under a specific near-infrared wavelength and breaks down the membrane to release the needed medication, which is mixed with cyclodextrin to aid their absorption into the eye.


																																						
    
     




																																			The Binghamton researchers tested the liposomes to treat glaucomatous neurodegeneration in mice, and they view it as a better alternative to current treatments.

"We're calling it 'minimally invasive' because it would be a one-time injection that's efficient enough to induce the lowered intraocular pressure that's needed to maintain glaucoma," Matuwana said.

"For our system, it's a direct injection. We would inject it once and deliver the drug using near-infrared light. There would be no need to constantly go back and get injections into the eye, which is very invasive."

Wang and Matuwana came to Binghamton last year from the University of Massachusetts Amherst, when Wang became a faculty member at Watson College and transferred his Neuromechanics Lab to the BME Department.

"Working with Dr. Wang is amazing," Matuwana said. "He always wants the best from you. With this publication, he's highlighted as an emerging investigator, and for us as students, we want to improve constantly to get the best results for him."

Wang and his Neuromechanics Lab are already researching refinements for this liposome technique and want to explore other options, including genetic engineering.

"Currently, glaucoma does not have a comprehensive treatment," he said. "We are trying to contribute to this field to see if we can find a better way to treat glaucoma in the future."


																																																					
																				
																						More information:
												Dorcas Matuwana et al, Near-infrared activated liposomes for neuroprotection in glaucoma, Journal of Materials Chemistry B (2024). DOI: 10.1039/D4TB00745J
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Sugar-like nanoparticle covering could boost cancer drug delivery
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                Thomas Werfel, right, associate professor of biomedical engineering, recently published an article in ACS Nano in October that shows cancer drug delivery can be improved by coating the nanoparticles that contain the medication in a sugar-like substance called glycopolymer. This coating prevents immune response and improves drug delivery. Credit: Kevin Bain/Ole Miss Digital Imaging Services.
            
        

    


A spoonful of sugar might actually help medicine go down, according to recent research from the University of Mississippi. And it could reduce the harmful side effects of cancer treatment. Instead of a literal spoonful of sugar, however, the researchers tried using glycopolymers--polymers made with natural sugars like glucose--to coat tiny particles that deliver cancer-fighting medication directly to tumors. They found that glycopolymers help keep proteins from sticking to the nanoparticles, reducing the body's immune response to the treatment.



										      
																																	As a result, the body was better able to respond to treatment.

"The real heart of the problem is that cancer drugs are incredibly toxic," said Thomas Werfel, associate professor of biomedical engineering.

"They have a very narrow therapeutic window, meaning that the dose at which they work is very close to the dose at which they become toxic. And so as soon as you get enough dose for it to get rid of the tumor, it's also causing all this toxicity, all these off-target effects that you don't want.

"Why is that happening? That's happening because a fraction of the cancer drug gets to the cancer--in most cases, well less than 1%; over 99% goes everywhere else in the body."

That toxic medication leaking into other parts of the body can cause serious conditions such as leukemia, trigger allergic reactions and even spawn other cancers. If more of the cancer treatment reaches the tumor, however, those side effects could be reduced.

Werfel and Kenneth Hulugalla, a third-year doctoral student in biomedical engineering from Kandy, Sri Lanka, published their findings in ACS Nano in October.


																																						
    
     




																																			Nanoparticles--particles smaller than one-thousandth the width of a human hair--have proven to be an effective option for cancer treatment and can deliver drugs directly to tumors. But proteins--including those that trigger an immune response--tend to gather around the nanoparticles, causing the body to tag the treatment as a foreign invader.
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                Kenneth Hulugalla, a third-year doctoral student in biomedical engineering from Kandy, Sri Lanka, studies breast cancer samples in Werfel Labs. Hulugalla and Thomas Werfel, associate professor of biomedical engineering, recently published research that shows cancer drug delivery can be improved by using a sugar-like coating on nanoparticles. Credit: Kevin Bain/Ole Miss Digital Imaging Services.
            
        

    



This immune response reduces the effectiveness of the drug.

"PEG (polyethylene glycol) for the past 30 years has been the gold standard to shield these particles from that happening," Hulugalla said.

When first used, it works extremely well. But after the first time, the body's immune system can recognize and tag the drug as foreign quickly. Once that happens, the drug can't get to the tumor and work.

Glycopolymers don't have that problem, the researchers said.

"Our findings highlight that the nanoparticles we're using significantly reduce unwanted immune responses while dramatically enhancing drug delivery, both in cell and animal models. This research could be an important step towards developing more effective cancer treatments."

Werfel and Hulugalla tested glycopolymer-coated nanoparticle treatments in mice with breast cancer and found that more nanoparticles reached the tumors in the glycopolymer treatment compared to a PEG-based particle. The next phase of their study will include loading those nanoparticles with medication and ensuring that the product is still effective against cancer.

"One aspect of what we want to do long term is not just study this in a defensive way, but also an offensive way," Werfel said. "If we think about what we've looked at here, we've seen that the glycopolymers stimulate the immune system less. So, the particles stay in the body longer. They get to the tumor better. That's great.

"The other thing people have been working at for a long time is, how can we actively target the tumor? What specific signatures can we use to force more of the particle to accumulate, or more of the drug to accumulate at the tumor? That's at the forefront of our mindset for next steps."


																																																					
																				
																						More information:
												Kenneth Hulugalla et al, Glycopolymeric Nanoparticles Enrich Less Immunogenic Protein Coronas, Reduce Mononuclear Phagocyte Clearance, and Improve Tumor Delivery Compared to PEGylated Nanoparticles, ACS Nano (2024). DOI: 10.1021/acsnano.4c08922
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        Photon qubits challenge AI, enabling more accurate quantum computing without error-correction techniques
        In an era where AI and data are driving the scientific revolution, quantum computing technology is emerging as another game-changer in the development of new drugs and new materials.

      

      
        Using matter waves, scientists unveil novel collective behaviors in quantum optics
        A research team led by Dominik Schneble, Ph.D., Professor in the Department of Physics and Astronomy, has uncovered a novel regime, or set of conditions within a system, for cooperative radiative phenomena, casting new light on a 70-year-old problem in quantum optics.

      

      
        Ultra-compact optical design enhances virtual and augmented reality device cameras
        Researchers from Seoul National University College of Engineering announced they have developed an optical design technology that dramatically reduces the volume of cameras with a folded lens system utilizing "metasurfaces," a next-generation nano-optical device.

      

      
        Megapixel fluorescence microscopy through scattering layers made simple
        A team from The Hebrew University of Jerusalem has introduced a new method for megapixel-scale fluorescence microscopy through complex scattering media. This approach resolves high-resolution images from several tens of widefield fluorescence-microscope frames without requiring specialized equipment such as spatial-light modulators or intensive computational processing.

      

      
        Do pipe organs create an auto-tune effect? Understanding largest class of music instrument's effects on concert halls
        The pipe organ, with its strong timber base and towering metal pipes, stands as a bastion in concert halls and church sanctuaries. Even when not in use, the pipe organ affects the acoustical environment around it.
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Photon qubits challenge AI, enabling more accurate quantum computing without error-correction techniques

										

    
        
            [image: Photon qubits challenge AI, enabling more accurate quantum computing without error-correction techniques]
             
                Orbital Angular Momentum Quantum-based VQE - Hydrogen (H2) Molecule / A quantum processing device based on orbital angular momentum qubit states is implemented by using spatial light modulators. The ground state energy of a H2 molecular model based is estimated on VQE. Credit: Korea Institute of Science and Technology
            
        

    


In an era where AI and data are driving the scientific revolution, quantum computing technology is emerging as another game-changer in the development of new drugs and new materials.



										      
																																	Dr. Hyang-Tag Lim's research team at the Center for Quantum Technology at the Korea Institute of Science and Technology (KIST) has implemented a quantum computing algorithm that can estimate interatomic bond distances and ground state energies with chemical accuracy using fewer resources than conventional methods, and has succeeded in performing accurate calculations without the need for additional quantum error mitigation techniques.

The work is published in the journal Science Advances.

Quantum computers have the disadvantage of rapidly increasing errors as the computational space grows at the current level. To overcome this, the Variational Quantum Eigensolver (VQE) method, which combines the advantages of classical and quantum computers, has emerged.

VQE is a hybrid algorithm designed to use a Quantum Processing Unit (QPU) and a Classical Processing Unit (CPU) together to perform faster computations.

Global research teams, including IBM and Google, are investigating it in a variety of quantum systems, including superconducting and trapped-ion systems. However, qubit-based VQE is currently only implemented up to 2 qubits in photonic systems and 12 qubits in superconducting systems, and is challenged by error issues that make it difficult to scale when more qubits and complex computations are required.



    
        
            [image: Photon qubits challenge AI, enabling more accurate quantum computing without error-correction techniques]
             
                Orbital Angular Momentum Quantum Based VQE - LiH Molecules / Scheme for orbital angular momentum qudit based VQE experiment. Estimation of the ground state energy of the LiH molecular model which corresponds to 16 dimensions with the same experimental setup for the four-dimensional hydrogen molecule. Credit: Korea Institute of Science and Technology
            
        

    



Instead of qubits, the team utilized a higher-dimensional form of quantum information called a qudit. A qudit is a quantum unit that can have multiple states, including 0, 1, and 2, in addition to the 0 and 1 that a traditional qubit can represent, which is advantageous for complex quantum computations.


																																						
    
     




																																			In this study, a qudit was implemented by the orbital angular momentum state of a single-photon, and dimensional expansion was possible by adjusting the phase of a photon through holographic images. This allowed for high-dimensional calculations without complex quantum gates, reducing errors.

The team used the method to perform quantum chemistry calculations with VQE to estimate the bond length between hydrogen molecules in four dimensions and lithium hydride (LiH) molecules in 16 dimensions, the first time 16-dimensional calculations have been realized in photonic systems.

While conventional VQEs from IBM, Google, and others are required error mitigation techniques for chemical accuracy, the KIST team's VQE achieved chemical accuracy without any error mitigation techniques. This demonstrates how high accuracy can be achieved with fewer resources, showing the potential for widespread application in industries where molecular properties are important. It is also expected to be useful in solving complex problems such as climate modeling.

"By securing qudit-based quantum computing technology that can achieve chemical accuracy with fewer resources, we expect it to be used in various practical fields, such as developing new drugs and improving battery performance," said Dr. Hyang-Tag Lim of KIST.


																																																					
																				
																						More information:
												Byungjoo Kim et al, Qudit-based variational quantum eigensolver using photonic orbital angular momentum states, Science Advances (2024). DOI: 10.1126/sciadv.ado3472
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Using matter waves, scientists unveil novel collective behaviors in quantum optics

										

    
        
            [image: Using Matter Waves, Scientists Unveil Novel Collective Behaviors in Quantum Optics]
             
                Representation of an array of matter-wave emitters held in an optical lattice tube (atomic excitations in red, emitted matter waves in blue, and effective vacuum coupling in green), along with data for directional superradiant emission. Credit: Alfonso Lanuza
            
        

    


A research team led by Dominik Schneble, Ph.D., Professor in the Department of Physics and Astronomy, has uncovered a novel regime, or set of conditions within a system, for cooperative radiative phenomena, casting new light on a 70-year-old problem in quantum optics.



										      
																																	Their findings on previously unseen collective spontaneous emission effects, in an array of synthetic (artificial) atoms, are published in Nature Physics, accompanied by a theoretical paper in Physical Review Research.

Spontaneous emission is a phenomenon in which an excited atom falls to a lower-energy state and spontaneously emits a quantum of electromagnetic radiation in the form of a single photon. When a single excited atom decays and emits a photon, the probability of finding the atom in its excited state falls exponentially to zero as time progresses.

In 1954, the Princeton physicist R. H. Dicke considered what happens when a second, unexcited atom is put in its immediate vicinity. He argued that the probability of finding an excited atom would surprisingly fall to only one-half. The excited system consists of two simultaneous scenarios, one in which the atoms are in phase, leading to stronger emission (called superradiance), and one in which they are opposite in phase, when no emission occurs (subradiance). When both atoms are initially excited, the decay always turns superradiant.

Schneble and colleagues used a platform of ultracold atoms in a one-dimensional optical lattice geometry to implement arrays of synthetic quantum emitters that decay by emitting slow atomic matter waves. In contrast, conventional processes emit photons traveling at the speed of light. This difference enabled them to access collective radiative phenomena in novel regimes.


																																						
    
     




																																			By preparing and manipulating arrays of emitters hosting weakly and strongly interacting many-body phases of excitations, the researchers demonstrated directional collective emission and studied the interplay between retardation and super- and subradiant dynamics.

"Dicke's ideas are of great significance in quantum information science and technology (QIST). For example, there are intense efforts to harness super- and subradiance in arrays of quantum emitters coupled to one-dimensional waveguides," says Schneble, also a member of Stony Brook's Center for Distributed Quantum Processing (CDQP).

"In our work, we are able to prepare and manipulate subradiant states with unprecedented control. We can shut off spontaneous emission and observe where the radiation hides in the array. To our knowledge, this is a first such demonstration," says Schneble.

The work by the Stony Brook team, which included two former Ph.D. students Youngshin Kim and Alfonso Lanuza, provides new insights into some fundamental concepts of quantum optics.

Schneble explains that in Dicke's theory, the photons do not play an active role since they move quickly between nearby emitters on the time scale of the decay. However, there are situations that can break this assumption, such as in a channel of a long-distance quantum network, where a guided photon escaping from a decaying emitter might need a long time to reach the neighboring one. This unexplored regime is exactly what the researchers were able to access because the emitted matter waves in their system are billions of times slower than photons.
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																																			"We see how collective decay from a superradiant state containing a single excitation takes time to form," says co-author Kim. "It only happens once neighboring emitters have been able to communicate."

The team points out that keeping track of slow radiation in a system of emitters is a daunting theoretical challenge.

Co-author Lanuza likens this challenge to a complicated game of catch and release: "A photon emitted by an atom can be caught back a few times before escaping, or even be bound to the atom. The rules of the game become complicated when multiple atoms and photons participate--atoms exchanging photons, photons bouncing off excited atoms, and photons getting trapped between atoms are just a few of the processes involved."

Despite this complicated photon and atom interplay, he was able to find mathematical solutions for the case of two emitters with up to two excitations and arbitrary vacuum coupling. This aspect of the work may lead to uncovering other complicated or unexpected collective atomic decay behaviors in future experiments.

"Overall, our results on collective radiative dynamics establish ultracold matter waves as a versatile tool for studying many-body quantum optics in spatially extended and ordered systems," concludes Schneble.


																																																					
																				
																						More information:
												Youngshin Kim et al, Super- and subradiant dynamics of quantum emitters mediated by atomic matter waves, Nature Physics (2024). DOI: 10.1038/s41567-024-02676-w

Alfonso Lanuza et al, Exact solution for the collective non-Markovian decay of two fully excited quantum emitters, Physical Review Research (2024). DOI: 10.1103/PhysRevResearch.6.033196
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Ultra-compact optical design enhances virtual and augmented reality device cameras

										 by 										 Seoul National University College of Engineering									

									
										

    
        
            [image: SNU Department of Electrical and Computer Engineering's Optical Engineering and Quantum Electronics Laboratory develops ultra-compact camera technology optimized for VR/AR devices]
             
                A schematic of a next-generation ultra-thin camera that utilizes metasurfaces, a nano-optical device, to secure light paths: By aligning metasurfaces horizontally on a glass substrate, light reflects multiple times within the substrate, securing space-efficient light paths in a folded manner. Credit: Seoul National University College of Engineering
            
        

    


Researchers from Seoul National University College of Engineering announced they have developed an optical design technology that dramatically reduces the volume of cameras with a folded lens system utilizing "metasurfaces," a next-generation nano-optical device.



										      
																																	By arranging metasurfaces on the glass substrate so that light can be reflected and moved around in the glass substrate in a folded manner, the researchers have realized a lens system with a thickness of 0.7mm, which is much thinner than existing refractive lens systems. The research was published on Oct. 30 in the journal Science Advances.

Traditional cameras are designed to stack multiple glass lenses to refract light when capturing images. While this structure provided excellent high-quality images, the thickness of each lens and the wide spacing between lenses increased the overall bulk of the camera, making it difficult to apply to devices that require ultra-compact cameras, such as virtual and augmented reality (VR-AR) devices, smartphones, endoscopes, drones, and more.

To address this limitation, the researchers have developed an ultra-thin camera system that reduces the thickness of a conventional lens system by less than half, using a new lens module design that incorporates metasurfaces.

Metasurfaces, which are being touted as the next generation of nano-optical devices, have the ability to precisely control the three properties of light--intensity, phase, and polarization--on a pixel-by-pixel basis. This is because the nanostructures that make up a metasurface are arranged in periods of a few hundred nanometers (nm), which is shorter than the wavelength of light.


																																						
    
     




																																			According to the team, by designing a metasurface optimized for a specific wavelength (852 nm) and arranging multiple sheets horizontally on a glass substrate, light can be reflected multiple times inside the substrate, thereby space-efficiently securing the light paths in a folded manner. The team presented a structure for a miniaturized camera that captures images with a system of thin, folded lens modules that adjust the path of light.



    
        
            [image: SNU Department of Electrical and Computer Engineering's Optical Engineering and Quantum Electronics Laboratory develops ultra-compact camera technology optimized for VR/AR devices]
             
                (Left) Comparison of thickness between a conventional smartphone lens module and the developed metasurface lens module. (Center) Microscopic image of the metasurface nanofabrication. (Right) Image of the nanostructures composing the metasurface. Credit: Science Advances
            
        

    



The system not only overcomes the physical limitations of thick conventional lens modules, but also delivers superior image quality. This is because it provides a 10-degree field of view within a very small system footprint of 0.7 millimeters thick, and delivers high-resolution images close to the diffraction limit at an aperture of f/4 and a wavelength of 852 nm.

Thanks to these strong competitive advantages, the miniaturized camera technology developed by the researchers is expected to be widely applied in various advanced optical device industries such as VR-AR devices, smartphones, medical endoscopes, and miniaturized drones.

"This research is significant in that it provides a creative breakthrough to innovatively reduce the thickness of cameras by introducing nano-optical devices," said Youngjin Kim, first author of the paper.

"We will continue our research to lead the innovation of thin and light cameras with metasurfaces that combine excellent performance and industrial benefits thanks to their nanometer-scale light tuning freedom and fabrication through semiconductor processes."
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																																			"Our research focuses on efficiently utilizing the lens space by using metasurfaces," said Taewon Choi, co-first author of the study. "The folded lens system is very thin, unlike conventional systems that are thick due to the combination of multiple lenses, so it will play an important role in the virtual and augmented reality industry, where device miniaturization and lightweight are essential."

The Optical Engineering and Quantum Electronics Laboratory, where the research was conducted, is currently led by Prof. Yoonchan Jeong following the passing of Prof. Byoungho Lee in November 2022. The lab continues its active research in 3D displays, holography, and metasurfaces. Researcher Young Jin Kim will continue his research on overcoming the limitations of imaging devices such as cameras by utilizing metasurfaces. Taewon Choi plans to continue his research on the application of metasurfaces in VR-AR devices, camera sensors, image sensors, and other related industries.


																																																					
																				
																						More information:
												Youngjin Kim et al, Metasurface folded lens system for ultrathin cameras, Science Advances (2024). DOI: 10.1126/sciadv.adr2319
																						
																						

																					

                               											
																					
												
													Provided by
																											Seoul National University College of Engineering
																									

											

                              										                                        
										
										
											 
												Citation:
												Ultra-compact optical design enhances virtual and augmented reality device cameras (2024, November 20)
												retrieved 21 November 2024
												from https://phys.org/news/2024-11-ultra-compact-optical-virtual-augmented.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/2024-11-ultra-compact-optical-virtual-augmented.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Megapixel fluorescence microscopy through scattering layers made simple

										

    
        
            [image: Megapixel fluorescence microscopy through scattering layers made simple]
             
                Imaging of pollen grains and fluorescent beads through a scattering diffuser: Left - uncorrected microscope images, Center - images corrected using the suggested method, Right - images captured without the scattering layer for comparison. Credit: Gil Weinberg, Elad Sunray, Ori Katz as published in Science Advances
            
        

    


A team from The Hebrew University of Jerusalem has introduced a new method for megapixel-scale fluorescence microscopy through complex scattering media. This approach resolves high-resolution images from several tens of widefield fluorescence-microscope frames without requiring specialized equipment such as spatial-light modulators or intensive computational processing.



										      
																																	By efficiently correcting distortions caused by light scattering, the technique allows for clear imaging of dense and challenging targets. Its compatibility with conventional microscopy setups, coupled with the use of established matrix-based techniques, makes it practical for widespread use.

A study published in Science Advances, led by Ph.D. student Gil Weinberg, MSc student Elad Sunray, and Prof. Ori Katz from the Institute of Applied Physics at The Hebrew University of Jerusalem, introduces a new approach to fluorescence imaging.

This innovative method overcomes the detrimental effects of extreme light scattering in conventional fluorescence microscopy--one of the most crucial imaging techniques in life sciences. The study unveils a high-resolution imaging technique capable of resolving complex scattering media, with promising applications in biological research, materials science, and beyond.

Random light scattering within or through dense and complex samples often hinders fluorescence imaging, leading to significant image distortion. While noninvasive coherent imaging through complex media has progressed in recent years, fluorescence imaging has remained limited by requirements for sparse targets, complex wavefront controls, or large data sets.


																																						
    
     




																																			The researchers demonstrate megapixel-scale image reconstruction with fewer than 150 widefield fluorescence-microscope frames acquired under unknown random changing illuminations, all without using spatial light modulators (SLMs) or intensive computational resources.

Its memory-efficient implementation drastically reduces computational demands, enabling the imaging of large and intricate samples. Unlike previous approaches, this technique does not depend on assumptions about object sparsity or requires managing low-order wavefront distortions.

Central to the approach is the construction of a "virtual fluorescence-based reflection matrix," an analog to the well-studied coherent reflection matrix in optics and ultrasound imaging, using a limited number of randomly illuminated frames.

Once this mathematical equivalence is formulated, any of the well-established, powerful computational scattering-compensation techniques developed for coherent imaging can be applied to incoherent fluorescence imaging.

This advancement improves biological research, enabling clearer visualization of structures within dense tissues. Its compatibility with conventional microscopy setups enhances accessibility for both academic and industrial researchers, contributing to progress in optical imaging and providing new possibilities for exploring complex systems.


																																																					
																				
																						More information:
												Gil Weinberg et al, Noninvasive megapixel fluorescence microscopy through scattering layers by a virtual incoherent reflection-matrix, Science Advances (2024). DOI: 10.1126/sciadv.adl5218. www.science.org/doi/10.1126/sciadv.adl5218
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Do pipe organs create an auto-tune effect? Understanding largest class of music instrument's effects on concert halls
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                Ashley Snow studied the resonant effects of the D-K Organ on concert hall acoustics at Coe College in Cedar Rapids, Iowa. Credit: Ashley Snow
            
        

    


The pipe organ, with its strong timber base and towering metal pipes, stands as a bastion in concert halls and church sanctuaries. Even when not in use, the pipe organ affects the acoustical environment around it.



										      
																																	Researcher Ashley Snow from the University of Washington sought to understand what effects the world's largest class of musical instrument has on the acoustics of concert halls that house them.

"The question is how much the pipe organ contributes to an acoustic environment--and the bigger question is, what portion of music is the acoustic environment, and vice versa?" Snow said.

Snow will present data on the sympathetic resonance of pipe organs and its effect on concert hall acoustics on Wednesday, Nov. 20, at 11:00 a.m. ET as part of the virtual 187th Meeting of the Acoustical Society of America, running Nov. 18-22, 2024.

Snow hypothesized that the pipe organ creates an auto-tune effect since its pipes sympathetically resonate to the same frequencies they are tuned to. This effect may enhance the overall musical sound of ensembles that play in concert halls with organs.

A sine-sweep--a resonance test in which a sine-wave shaped signal is used to excite a system--was played through loudspeakers facing the organ pipes and measuring the response with a microphone at different positions. Data was gathered by placing microphones inside and around the organ pipes during a musical performance and a church service.


																																						
    
     




																																			"I was way up in the ranks dangling a probe microphone into the pipes, trying my hardest not to make a sound or fall," Snow said.

Snow verified experimentally that sympathetic resonance does occur in organ pipes during musical performances, speeches, and noises at frequencies that align with musical notes, and that the overall amplitude increases when the signal matches the resonance of one or more pipes.

Investigation into the significance of these effects on the overall quality of musical performance to listeners in the audience is still ongoing. Snow hopes to expand this research by comparing room acoustics between rooms with and without the presence of an organ, along with categorizing and mathematically modeling the tuning system of various world instruments.

"What about the sympathy of a marimba, cymbal, or piano strings? Or the mode-locking of horns in a band? Would it sound the same if these things were separated from each other? For better or for worse? I want people to think about that," said Snow.
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        Astronomers take first close-up picture of a star outside our galaxy
        Located a staggering 160,000 light-years from us, the star WOH G64 was imaged thanks to the impressive sharpness offered by the European Southern Observatory's Very Large Telescope Interferometer (ESO's VLTI). The new observations reveal a star puffing out gas and dust in the last stages before it becomes a supernova.
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Astronomers take first close-up picture of a star outside our galaxy
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                The star WOH G64, taken by the GRAVITY instrument on the European Southern Observatory's Very Large Telescope Interferometer (ESO's VLTI). This is the first close-up picture of a star outside our own galaxy, the Milky Way. The star is located in the Large Magellanic Cloud, over 160 000 light-years away. The bright oval at the center of this image is a dusty cocoon that enshrouds the star. A fainter elliptical ring around it could be the inner rim of a dusty torus, but more observations are needed to confirm this feature. Credit: ESO/K. Ohnaka et al.
            
        

    


Located a staggering 160,000 light-years from us, the star WOH G64 was imaged thanks to the impressive sharpness offered by the European Southern Observatory's Very Large Telescope Interferometer (ESO's VLTI). The new observations reveal a star puffing out gas and dust in the last stages before it becomes a supernova.



										      
																																	"For the first time, we have succeeded in taking a zoomed-in image of a dying star in a galaxy outside our own Milky Way," says Keiichi Ohnaka, an astrophysicist from Universidad Andres Bello in Chile.

"We discovered an egg-shaped cocoon closely surrounding the star," says Ohnaka, the lead author of a study reporting the observations published today in Astronomy & Astrophysics. "We are excited because this may be related to the drastic ejection of material from the dying star before a supernova explosion."

While astronomers have taken about two dozen zoomed-in images of stars in our galaxy, unveiling their properties, countless other stars dwell within other galaxies, so far away that observing even one of them in detail has been extremely challenging. Up until now.

The newly imaged star, WOH G64, lies within the Large Magellanic Cloud, one of the small galaxies that orbits the Milky Way. Astronomers have known about this star for decades and have appropriately dubbed it the "behemoth star." With a size roughly 2,000 times that of our sun, WOH G64 is classified as a red supergiant.

Ohnaka's team had long been interested in this behemoth star. Back in 2005 and 2007, they used ESO's VLTI in Chile's Atacama Desert to learn more about the star's features, and carried on studying it in the years since. But an actual image of the star had remained elusive.


																																						
    
     




																																			For the desired picture, the team had to wait for the development of one of the VLTI's second-generation instruments, GRAVITY. After comparing their new results with other previous observations of WOH G64, they were surprised to find that the star had become dimmer over the past decade.

"We have found that the star has been experiencing a significant change in the last 10 years, providing us with a rare opportunity to witness a star's life in real time," says Gerd Weigelt, an astronomy professor at the Max Planck Institute for Radio Astronomy in Bonn, Germany and a co-author of the study. In their final life stages, red supergiants like WOH G64 shed their outer layers of gas and dust in a process that can last thousands of years.

"This star is one of the most extreme of its kind, and any drastic change may bring it closer to an explosive end," adds co-author Jacco van Loon, Keele Observatory Director at Keele University, UK, who has been observing WOH G64 since the 1990s.

The team thinks that these shed materials may also be responsible for the dimming and for the unexpected shape of the dust cocoon around the star. The new image shows that the cocoon is stretched-out, which surprised scientists, who expected a different shape based on previous observations and computer models.

The team believes that the cocoon's egg-like shape could be explained by either the star's shedding or by the influence of a yet-undiscovered companion star.

As the star becomes fainter, taking other close-up pictures of it is becoming increasingly difficult, even for the VLTI. Nonetheless, planned updates to the telescope's instrumentation, such as the future GRAVITY+, promise to change this soon.

"Similar follow-up observations with ESO instruments will be important for understanding what is going on in the star," concludes Ohnaka.


																																																					
																				
																						More information:
												K. Ohnaka et al, Imaging the innermost circumstellar environment of the red supergiant WOH G64 in the Large Magellanic Cloud, Astronomy & Astrophysics (2024). DOI: 10.1051/0004-6361/202451820
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        Scientists uncover cross-species neural mechanism for early detection of life motion in visual processing
        Visual systems of both humans and animals can detect life motion from the environment at the earliest stage of visual processing, research by scientists from the Chinese Academy of Sciences (CAS) uncovered.

      

      
        Single gene causes embryo notochord deformity in zebrafish, study reveals
        Can a single protein-encoding gene determine whether a vertebrate embryo develops normally? Yes, according to Osaka Metropolitan University researchers, who found that suppression of Pcdh8 is essential for the notochord to elongate properly in zebrafish.

      

      
        Growing grains and legumes in the same fields could be a win-win for crop performance and sustainability
        An innovative experiment growing perennial cereal grains and legumes in the same fields is sprouting benefits for crop performance and sustainability, according to a new University of Alberta study appearing in the Journal of Animal Science.

      

      
        Morning glory plants that can resist weed killer can also fend off chewing insects
        Morning glory plants that can resist the effects of glyphosate also resist damage from herbivorous insects, according to a University of Michigan study.

      

      
        Plant biologists uncover surprising ways transcription factors regulate plant development
        Within all complex, multicellular living systems such as plants and humans, there exists a set of genetic elements that can be likened to the blueprints, tools, and specialized personnel at a construction site for an expanding development.

      

      
        New method uses AI to design artificial proteins
        Protein design aims to create customized antibodies for therapies, biosensors for diagnostics, or enzymes for chemical reactions. An international research team has now developed a method for designing large new proteins better than before and producing them with the desired properties in the laboratory.

      

      
        3D snapshots unveil the intricate dance of RNA folding
        In a groundbreaking development, researchers from the United States and Denmark have successfully captured 3D images of individual RNA nanoparticles in the midst of their folding process. Utilizing a cutting-edge electron microscopy technique, the team has unlocked new insight into the intricate folding dance leading to the final shape of RNA molecules.

      

      
        A clever wolf repeatedly snuck into a Minnesota ranch
        Nothing seemed to stop Wolf 04D.

      

      
        Canada AI project hopes to help reverse mass insect extinction
        Researchers in Canada are using artificial intelligence to monitor the ongoing mass extinction of insects, hoping to collect data that can help reverse species collapse and avert catastrophe for the planet.

      

      
        Human ancestor Lucy still has secrets 50 years after discovery
        She was, for a while, the oldest known member of the human family. Fifty years after the discovery of Lucy in Ethiopia, the remarkable remains continue to yield theories and questions.

      

      
        Romania sanctuary seeks to save bears as hunting resumes
        At a bear sanctuary in the heart of Romania's Carpathians, several cubs believed to have been orphaned have just arrived.

      

      
        Mixed forests can reduce the risk of forest damage in a warmer climate
        Forests with few tree species pose a considerably higher risk of being damaged, and the introduced lodgepole pine is especially vulnerable. This is the finding of a new study published in Ecosphere by researchers from Umea University and the Swedish University of Agricultural Science in Uppsala. The results can be useful for preventing forest damage and financial losses related to the forest industry.

      

      
        Iron-clad defense: How microbes shield tomato crops from bacterial wilt
        Ralstonia solanacearum is a soil-borne pathogen that devastates tomato and other Solanaceae crops globally. Traditional chemical controls have proven inadequate and environmentally damaging.

      

      
        Scientists develop culture system to unlock secrets of the skin microbiome
        The human skin is home to a wide variety of bacteria. The composition of the community of bacteria--called the "skin microbiota"--has serious implications for skin health. A healthy balance between different species of bacteria on the skin often translates to healthy skin.

      

      
        Low-cost phenotyping system unveils key insights into quantitative disease resistance in wild tomatoes
        Quantitative disease resistance (QDR) is a complex but durable form of plant disease resistance that provides partial protection against a broad range of pathogens. Unlike qualitative resistance, driven by major resistance (R) genes, QDR is polygenic and manifests in various ways, such as delayed lesion development or reduced infection frequency.

      

      
        Plant biologists show how two genes work together to trigger embryo formation in rice
        Rice is a staple food crop for more than half the world's population, but most farmers don't grow high-yielding varieties because the seeds are too expensive. Researchers from the University of California's Davis and Berkeley campuses have identified a potential solution: activating two genes in rice egg cells that trigger their development into embryos without the need for fertilization, which would efficiently create high-yielding clonal strains of rice and other crops.

      

      
        Noninvasive plant stress phenotyping: A multi-organ approach to combat abiotic stressors
        Noninvasive phenotyping has emerged as a vital tool in plant science, enabling the study of stress indicators without disrupting plant growth. While most studies have historically focused on analyzing stress responses in leaves, this novel research adopts a multi-organ view, assessing the dynamic interplay between leaves, stems, and roots when exposed to abiotic stress.
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Scientists uncover cross-species neural mechanism for early detection of life motion in visual processing

										 by Chen Na, 										 										 Chinese Academy of Sciences									
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                Dynamic causal modeling analysis reveals the functional connectivity pathway involved in BM perception. Credit: Dr. Lu Xiqian
            
        

    


Visual systems of both humans and animals can detect life motion from the environment at the earliest stage of visual processing, research by scientists from the Chinese Academy of Sciences (CAS) uncovered.



										      
																																	Jointly led by scientists from the CAS Institute of Psychology and CAS Institute of Biophysics, the study also highlighted the critical role of the superior colliculus (SC) in the perception of biological motion (BM) signals, suggesting a cross-species mechanism for processing BM early in the visual stream.

Results of the study were published in Nature Communications on Nov. 7, titled "Detecting biological motion signals in human and monkey superior colliculus: a subcortical-cortical pathway for biological motion perception."

The ability to detect the presence of living beings through their movements is fundamental to the visual system, playing a crucial role in survival behaviors such as hunting, predator avoidance, and social interaction.

In experimental studies, the point-light display--commonly used to represent BM--shows the movement trajectories of humans or animals. Most vertebrates, including humans, are highly adept at processing BM, indicating the existence of a cross-species mechanism for BM perception, potentially rooted in homologous brain architecture.

In light of this, the researchers conducted a cross-species study to explore the role of the SC in BM processing.

The SC, lying on the roof of the mammalian midbrain (with a homologous structure known as the optic tectum in non-mammalian vertebrates), receives direct input from the retina and transmits this information to higher visual processing structures.


																																						
    
     




																																			To better understand how the SC processes BM signals at different depths, the team analyzed neural responses at various layers. They found that the selective response to BM was most pronounced in the superficial layers, decreased in the intermediate layers, and was minimal in the deeper layers.

Using high-field (3T) and ultra-high-field (7T) functional magnetic resonance imaging, the researchers recorded the neural responses of the SC to BM in both humans and macaque monkeys. Their findings revealed that the SC selectively responds to BM.

The researchers also used dynamic causal modeling to investigate the connections between the SC and other brain regions involved in BM processing.

Their results reveal a functional pathway in the human brain, where BM information is transmitted from SC, through the middle temporal visual complex, to the posterior superior temporal sulcus.


																																																					
																				
																						More information:
												Xiqian Lu et al, Detecting biological motion signals in human and monkey superior colliculus: a subcortical-cortical pathway for biological motion perception, Nature Communications (2024). DOI: 10.1038/s41467-024-53968-x
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Single gene causes embryo notochord deformity in zebrafish, study reveals
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                Zebrafish embryos with a normally formed notochord and an abnormal, severely shortened notochord. Credit: Osaka Metropolitan University
            
        

    


Can a single protein-encoding gene determine whether a vertebrate embryo develops normally? Yes, according to Osaka Metropolitan University researchers, who found that suppression of Pcdh8 is essential for the notochord to elongate properly in zebrafish.



										    
																					Graduate School of Medicine Dr. Masatake Kai and Professor Makoto Kondo focused on this paraxial protocadherin (PAPC), which is excluded when dividing cells migrate and form the notochord in the embryo. The findings were published in Scientific Reports.

In the experiments with zebrafish embryos, when this PAPC is not excluded, the cells do not move to the appropriate location, preventing the notochord from elongating to its proper length.

The researchers suggest that the role this gene plays in controlling cell proliferation when expressed might lead to novel tumor therapies in humans.

"In this case, the results were obtained using zebrafish, but it is possible that a similar mechanism may also be at work in mammals," Professor Kondo stated. "We hope to make more progress in understanding the complex mechanisms that give rise to the forms of living things."


																														
																				
																						More information:
												Masatake Kai et al, Suppression of Pcdh8/paraxial protocadherin is required for efficient neighbor exchange in morphogenetic cell movement during zebrafish notochord formation, Scientific Reports (2024). DOI: 10.1038/s41598-024-76762-7
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Growing grains and legumes in the same fields could be a win-win for crop performance and sustainability

										 by Bev Betkowski, 										 										 University of Alberta									
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                PhD candidate Cosmas Ugwu found that growing perennial cereal grains and legumes in the same fields could benefit both crop performance and sustainability. Credit: University of Alberta
            
        

    


An innovative experiment growing perennial cereal grains and legumes in the same fields is sprouting benefits for crop performance and sustainability, according to a new University of Alberta study appearing in the Journal of Animal Science.



										      
																																	Using two seeding methods in different climatic regions across Alberta, researchers were able to show reliably consistent levels of forage productivity and quality when two types of the grains were grown alongside three legumes.

Forage--the green stems and leaves left in fields after grain is harvested--is a source of fiber necessary for ruminants like cattle.

The findings, gleaned from the first year of an ongoing project exploring the benefits and challenges of intercropping--planting more than one crop together--represent "a positive step for sustainable forage production," says Cosmas Ugwu, a Ph.D. candidate in soil science in the Faculty of Agricultural, Life & Environmental Sciences who led the study.

The emerging agricultural approach of intercropping makes the most of both plant types, notes Ugwu.

"The legumes naturally supply nitrogen to the soil, improve the organic matter and improve the forage quality for livestock. At the same time, perennial cereal plants have deep root systems, which helps sequester more carbon and makes them more drought-resistant than annual crops, which is important in Alberta's dry climate," he adds.

"It's a promising combination that can potentially help crop performance, reduce dependence on synthetic fertilizers, lower costs for farmers and promote environmental sustainability."

The two perennial cereal grains, rye and wheatgrass, and three legumes, alfalfa, white clover and a species called sainfoin--all commonly grown as single crops in Alberta--were planted at the U of A's Breton Plots and five other sites across the province, using both alternate and same-row seeding methods. The resulting crops were then evaluated for forage yield and nutritional value.


																																						
    
     




																																			The experiment showed that both seeding methods were favorable for reliable forage production across the diverse sites ranging from northern to southern Alberta, with the alternate row method showing a slight increase of 5.3% in yield during the first year of harvest, in 2023.

"Overall, the experiment shows adaptability to various conditions while still producing substantial forage," Ugwu notes.

The researchers also found that the combined crops "had a noticeable impact on key nutritional aspects of the forage," resulting in adequate concentrations of key elements such as crude protein and total digestible nutrients, he adds.

"Legumes typically contain more protein than grasses, which boosts the overall protein content of the forage mix, making it more nutritious for livestock," Ugwu notes. Forages that include legumes are also tastier and often easier for animals to digest, he adds.

"The combination means farmers can produce forage that is suitable for the dietary needs of beef and dairy cows at various life stages of development."

In the short term, the study results could help farmers decide on effective seeding methods for growing mixed crops of perennial cereal grains and legumes, notes co-author Guillermo Hernandez Ramirez, who leads the U of A's Sustainable Land Ecosystems Research Group.

Over several growing seasons, the project team has also been investigating the effects of intercropping on forage quality, soil health and carbon sequestration, along with nitrogen fixation--a service offered by legumes that may reduce the need for fertilizers, he adds.

Besides offering potential economic benefits of lower production costs and higher crop yields, intercropping can help farmers adopt more sustainable practices, he notes.

"The work will help build regenerative and climate-smart agriculture."


																																																					
																				
																						More information:
												Cosmas Ugwu et al, PSXII-4 Intercropping perennial cereal grain crops in alternate or same row seeding method for improved forage yield and quality, Journal of Animal Science (2024). DOI: 10.1093/jas/skae234.683
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Morning glory plants that can resist weed killer can also fend off chewing insects

										

    
        
            [image: Morning glory plants that can resist weed killer can also fend off chewing insects]
             
                A morning glory's flowers are misshapen and leaves slightly crinkled after being treated with glyphosate, the active ingredient in the herbicide RoundUp. Credit: Grace Zhang, University of Michigan
            
        

    


Morning glory plants that can resist the effects of glyphosate also resist damage from herbivorous insects, according to a University of Michigan study.



										      
																																	The U-M researchers also found the reverse: Plants treated with and susceptible to glyphosate, the active ingredient in the herbicide RoundUp, are also susceptible to damage from insects. This suggests that glyphosate, a herbicide humans have introduced into the environment, can disrupt the co-evolution of plants and their insect herbivores. These results are published in the journal New Phytologist.

"When people think about herbicides and study them in plants, they think about herbicide resistance. Resistance is a big problem, tolerance is a big problem," said lead author Grace Zhang, a U-M doctoral student working with Regina Baucom, a professor in the Department of Ecology and Evolutionary Biology.

"But beyond that, we don't really have a great idea of how herbicides impact plant evolution in general, and also how it might impact how plants interact with other things in their environment."

To examine the effects of glyphosate on Ipomoea purpurea--the common morning glory--Zhang planted 1,600 morning glory plants in U-M's Matthaei Botanical Gardens. She sprayed half of the plants with glyphosate, then recorded growth traits.

These traits included the amount of damage glyphosate caused the plants. Zhang also recorded insect damage to both the treated plants and control plants, noting herbivorous insects nibbling holes in the center of the leaves, on the margins of the leaves, or scraping cells off the surface of the leaves.


																																						
    
     




																																			Zhang found that glyphosate impacted the pattern of damage from herbivory: Plants treated with glyphosate incurred more damage from insects compared to the control plants. Glyphosate-treated plants had greater rates of holes chewed through the leaves, as well as nibbles taken from around the margin of the leaves. However, there was a lower proportion of leaves that showed surface feeding.

But the researchers were surprised to find that plants resistant to glyphosate had less insect damage, and plants susceptible to glyphosate had more insect damage.



    
        
            [image: Morning glory plants that can resist weed killer can also fend off chewing insects]
             
                Examples of chewing damage types (a) hole-, (b) margin-, and (c) surface-feeding are circled in orange. (d), (e), and (f) are examples of treated leaves missing tissue due to both insect herbivory (green circles) and glyphosate damage (red circles). Credit: Grace Zhang, Regina Baucom, University of Michigan
            
        

    



"Ecological theory tells us that there might be more likely a tradeoff between these two traits: A plant is more likely to put more energy into protecting itself against one of these versus the other. But we didn't see that. We saw the opposite," Zhang said.

The researchers also measured the fitness of the plant, or its likelihood of producing seeds. They found that there was a positive selection acting on glyphosate resistance: that is, the plants that are more resistant to glyphosate tend to be more fit and more likely to produce seeds than those that aren't.

"This is really interesting because the implications are that there's a causal relationship between glyphosate resistance and herbivory resistance," Zhang said. "If higher levels of glyphosate resistance are being selected for, then perhaps higher levels of herbivory resistance will be dragged along with that, when it comes to positive selection."
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																																			Zhang and Baucom don't know why plants resistant to glyphosate were also resistant to insect damage, but they do have some guesses. Glyphosate works by attacking what's called the shikimate pathway in plants.

The shikimate pathway is a metabolic process responsible for producing chorismate, a precursor to aromatic amino acids such as tryptophan and phenylalanine. Salicylic acid, the bitter compound from which aspirin is derived, is also a product of the shikimate pathway.

Plants use these compounds as herbivory defense. Glyphosate stops the production of chorismate, which halts the cascade of herbivory defense.

As far as the plants that are resistant to glyphosate? The researchers theorize that some morning glory plants may have multiple genes working together to form detoxification pathways that can shunt glyphosate away. Detoxing the herbicide allows the plant to produce the precursor molecule, chorismate, responsible for insect defenses. The scientists plan to investigate this line of research in future work.

"Studies in the past usually look at the evolution of herbicide resistance in these plants or they'll look at how applying the herbicide directly to specific insects will affect them," Zhang said. "But they haven't really looked at this question from more of a community level: How does herbicide act as a disruptor on this community level?

"So that's what we really wanted to focus on: how does this new disruptive agent that is human-made impact a very natural, long-standing relationship between plants and their insects?"


																																																					
																				
																						More information:
												Grace M. Zhang et al, Herbicidal interference: glyphosate drives both the ecology and evolution of plant-herbivore interactions, New Phytologist (2024). DOI: 10.1111/nph.20238
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            [image: From one gene switch, many possible outcomes]
             
                Researchers led by Aman Husbands (right) of the School of Arts & Sciences uncovered surprising ways transcription factors, the genetic switches for genes, regulate plant development. Their findings reveal how subtle changes in a lipid-binding region called the START domain can dramatically alter gene regulation, paving the way for advancements in crop engineering, synthetic biology, and precision gene therapies. Credit: University of Pennsylvania
            
        

    


Within all complex, multicellular living systems such as plants and humans, there exists a set of genetic elements that can be likened to the blueprints, tools, and specialized personnel at a construction site for an expanding development.



										      
																																	Plant biologists like Aman Husbands at the University of Pennsylvania study a family of skilled subcontractors, known as the HD-ZIPIII transcription factors (TFs).

These subcontractors are tasked with deciding which blueprints, or genes, to follow as they guide the development of a plant's form and features, such as its plumbing--analogous to the vasculature--and structural components like roots and leaf shapes.

However, despite sharing overlapping blueprints and access to the same tools, each HD-ZIPIII family member, like CORONA (CNA) and PHABULOSA (PHB), has a unique way of interpreting these blueprints and using their tools. These differences lead to distinct and measurable outcomes in the structures they help create.

"Now, the million-dollar question," Husbands says, "is, 'How do you get these functionally divergent outcomes?'"

In a paper published in Nature Communications, Husbands and the team focused on two near-identical paralogs, PHB and CNA, to uncover the mechanism behind this divergence.

"We found that while these two transcription factors bind to the same regions of DNA, they regulate different genes, resulting in unique developmental outcomes," Husbands says.

"This surprising discovery points to a small but crucial feature of the transcription factors: their START domain," a lipid-binding region within the TFs, which the researchers liken to a foreman's decision-making tool, dictating how the blueprints are executed at each site.

By swapping the START domains of PHB and CNA, the researchers demonstrated that this single change could alter their function, effectively rewriting the developmental instructions.

"The implications are pretty significant, not just for other plant biologists and researchers in this space," says first author Ashton Holub, a former postdoctoral researcher in the Husbands Lab.

"In synthetic biology or gene therapy, transcription factors with off-target effects can cause some concerning unintended consequences, so, by understanding and being able to manipulate mechanisms like the START domain, we can someday fine-tune genetic tools to minimize risks and achieve precise outcomes."


																																						
    
     




																																			Where CNA and PHB work and what they do

The researchers initially explored the functional divergence between the CNA and PHB by performing qPCR, a quantitative technique used to measure the abundance of RNA molecules and, by extension, gene-expression levels.

Initially, they focused on examining two genomic targets they expected CNA and PHB to regulate based on the team's previous research and assumptions about TFs based on other literature.

However, Holub says, the qPCR results revealed an unexpected finding. Although one type of location-based test (ChIP-qPCR) found that CNA and PHB were binding to the same target sites, another that examines the effects of the binding activity (RT-qPCR) showed they didn't always produce a regulatory effect.

"We saw binding at these spots but no changes in gene expression," he says, "which really forced us to think more broadly and explore the full genome rather than just a couple of sites."

To address this paradox, they turned to ChIP-seq to systematically map all the binding sites of CNA and PHB across the genome, thus allowing the researchers to see the broader landscape of where TFs were binding. To complement this, they used RNA-seq (transcriptome profiling) to measure changes in gene expression at a genome-wide scale.

This combination of techniques enabled the team to determine not just where CNA and PHB were binding but also which genes were being activated or repressed as a result.

Holub says, "qPCR showed us the anomaly, and ChIP-seq and RNA-seq gave us the complete story."
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																																			The START Domain: A critical decision-maker

The results pointed the researchers toward a key feature of CNA and PHB: their START domain, a lipid-binding part of the proteins that imbues them with certain transcriptional abilities.

"One of the interesting things about these TFs is that they have this START domain, which you also see in other proteins across the tree of life," Husbands says.

"These domains are important for development, stress responses, and even disease. When we saw them in these TFs, we hypothesized that they were the reason CORONA and PHB might function differently."

To test this hypothesis, the researchers generated chimeric CNA proteins by swapping its START domain with those from PHB, or even from species separated by hundreds of millions of years of evolution.

"Our experiments confirmed that the START domain was the critical determinant," says Sarah Choudury, a postdoctoral researcher in the Husbands Lab. "It wasn't where these TFs bound that changed; it was how they regulated the genes they bound to."

By deleting, mutating, and swapping START domains, the researchers demonstrated that this small region acted as a decision-making tool, dictating whether a gene was activated or suppressed. Even small changes in the START domain had significant impacts, illustrating how this mechanism contributes to the diversity of gene regulation.

In noting how the START domain enables a single set of binding sites to generate a wide range of developmental instructions, Husbands flipped the familiar Latin phrase "e pluribus unum" (out of many, one) on its head, remarking, "Out of one, many. Out of one bound network, you can get a diversity of regulatory programs."


																																						
    
     




																																			Husbands and the team are now exploring how this mechanism operates in other transcription factor families, as well as in species beyond the model used for this research, Arabidopsis thaliana.

"We're testing whether this kind of differential regulation is a generalizable feature across evolution," Holub says. "If it's happening in plants, there's every reason to believe it could be happening in animals, too."

The team wants to understand the finer details of how START domains interact with other cellular components to influence gene regulation. "There's so much we still don't know," Choudury says.

"What about transcription factors that don't have START domains? Are there parallel mechanisms at play? And how do these domains sense and respond to the environment?"


																																																					
																				
																						More information:
												Ashton S. Holub et al, START domains generate paralog-specific regulons from a single network architecture, Nature Communications (2024). DOI: 10.1038/s41467-024-54269-z
																						
																						

																					

                               											
																					
                              										                                        
										
										
											 
												Citation:
												Plant biologists uncover surprising ways transcription factors regulate plant development (2024, November 21)
												retrieved 21 November 2024
												from https://phys.org/news/2024-11-biologists-uncover-ways-transcription-factors.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/2024-11-biologists-uncover-ways-transcription-factors.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next




										

    
        
            [image: New method uses AI to design artificial proteins]
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Protein design aims to create customized antibodies for therapies, biosensors for diagnostics, or enzymes for chemical reactions. An international research team has now developed a method for designing large new proteins better than before and producing them with the desired properties in the laboratory.



										      
																																	Their approach involves a new way of using the capabilities of the AI-based software Alphafold2, for which the Nobel Prize in Chemistry was awarded in 2024.

Whether as building blocks, transport systems, enzymes, or antibodies, proteins play a vital role in our bodies. Researchers are, therefore, trying to recreate them or to design so-called de novo proteins that do not occur in nature. Such artificial proteins are designed to bind to certain viruses or transport drugs, for example. Scientists are increasingly using machine learning to design them.

Recently, advances in this field were honored with the Nobel Prize in Chemistry: This year's Nobel Prize went to David Baker, a pioneer of de novo protein design, and to the developers of the software Alphafold2 Demis Hassabis and John Jumper. This software makes it possible to predict protein structures on the computer with high accuracy.

An international team led by Hendrik Dietz, Professor of Biomolecular Nanotechnology at the Technical University of Munich (TUM), and Sergey Ovchinnikov, Professor of Biology at MIT, has now developed a method that uses Alphafold2's accurate structure prediction together with a so-called gradient descent approach for efficient protein design. Their study is published in the journal Science.

Gradient descent is a common method for model optimization. In a step-by-step process, it can be used to identify deviations from the desired target function and adjust the parameters until the optimal result is achieved.

In protein design, gradient descent can be used to compare the structure of new proteins predicted by AlphaFold2 with the desired protein structure. This allows scientists to further optimize their newly designed amino acid chain and the resulting structure. The latter largely determines the stability and function of the protein and depends on subtle energetic interactions.


    
    
    
        
        
    
         
             
         

        Researchers have developed a new method for designing de novo proteins with tailored properties. Their approach leverages the structure prediction capabilities of AlphaFold2, combining it with a virtual superposition of amino acids and an optimization process known as gradient descent. Using gradient descent optimization, they improve the predicted protein structure step by step until the desired structure is achieved. Color coding in the animation: The closer the hue is to dark blue, the more confident the program is in the structure prediction. Credit: Technical University Munich
  



																																						
    
     




																																			Virtual superposition of the building blocks

The new method makes it possible to design large new proteins better than before and to tailor them to the desired properties, for example, to bind precisely to other proteins. Their design process differs from previous approaches in several ways.

"We have designed the process for new proteins so that we initially ignore the limits of what is physically possible. Usually, only one of the 20 possible building blocks is assumed at each point of the amino acid chain. Instead, we use a variant in which all possibilities are virtually superimposed," says Christopher Frank, doctoral candidate at the Chair of Biomolecular Nanotechnology and first author of the study.

This virtual superposition cannot be directly translated into an actually producible protein. But it allows the protein to be iteratively optimized. "We improve the arrangement of the amino acids in several iterations until the new protein is very close to the desired structure," says Frank. This optimized structure is then used to determine the amino acid sequence that can actually be assembled into a protein in the laboratory.

The crucial test: How do the predictions hold up in real life?

The ultimate test for all newly designed proteins: does the actual structure correspond to the predicted construct and the desired function? Using the new method, the team designed more than 100 proteins virtually, produced them in the laboratory and tested them experimentally. "We were able to show that the structures that we designed are very close to the structures that are actually produced," says Frank.

Using their new method, they were able to produce proteins consisting of up to 1,000 amino acids. "This brings us closer to the size of antibodies, and--just as with antibodies--we can then integrate several desired functions into such a protein," explains Dietz. "These could, for example, be motifs for recognizing and suppressing pathogens."


																																																					
																				
																						More information:
												Christopher Frank et al, Scalable protein design using optimization in a relaxed sequence space, Science (2024). DOI: 10.1126/science.adq1741
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3D snapshots unveil the intricate dance of RNA folding

										

    
        
            [image: 3D snapshots unveil the intricate dance of RNA folding]
             
                Left side of figure shows the process of individual-particle cryo-electron tomography (IPET) where RNA samples are frozen on a grid, then imaged by tilting the sample at different angles. The images are then used to reconstruct the 3D shape of the particle. Right side of figure shows the 3D shape of individual RNA molecules. Credit: Aarhus University
            
        

    


In a groundbreaking development, researchers from the United States and Denmark have successfully captured 3D images of individual RNA nanoparticles in the midst of their folding process. Utilizing a cutting-edge electron microscopy technique, the team has unlocked new insight into the intricate folding dance leading to the final shape of RNA molecules.



										    
																																	The flexibility of RNA makes it notoriously challenging to study, as its structure can shift into numerous forms depending on environmental conditions. Traditional imaging methods, such as cryo-electron microscopy (cryo-EM) single-particle averaging (SPA) analysis, rely on averaging data from thousands of selected molecules with common shapes, making it difficult to capture the unique shapes of individual RNA molecules.

In a study published in Nature Communications, researchers from the Molecular Foundry at Lawrence Berkeley National Laboratory and the Interdisciplinary Nanoscience Center at Aarhus University explored the folding process of flexible RNA molecules.

They employed an innovative technique capable of studying the 3D shape of individual molecules without averaging. This technique builds on advanced Individual-Particle cryo-Electron Tomography (IPET), a specialized approach that focuses on single molecule 3D imaging in cryo-preserved samples.



    
    
    
        
        
    
         
             
         

        The video shows the process of focusing on a single molecule to reveal its 3D shape using the IPET method. It then shows the analysis of 120 particles and an animation to illustrate the dynamic and intricate folding process of RNA origami particles. Credit: Aarhus University
  

Previously, this technique has been used to study how nucleosomes fold DNA and induce phase transitions.

Historically, scientists believed that obtaining 3D images from a single molecule was impossible due to weak signals. "It was considered a dead-end method since the 1970s," said Gang Ren, a staff scientist at the Molecular Foundry, who co-led the research alongside Ebbe Andersen from Aarhus University.


																																						
    
     




																																			In the current study, the researchers used IPET to study RNA origami--artificially structured RNA molecules engineered to fold into specific nanoscale shapes. Andersen and colleagues had previously used the cryo-EM SPA method to study the 3D structure of RNA origami but the folding process remained elusive.

IPET allowed the researchers to capture a snapshot of RNA's folding landscape through capturing molecules in various stages of folding, from immature states to their optimal shape. The researchers were able to observe a folding trap and a shift to a more compact form, enabling the creation of a video depicting RNA's dynamic folding process.

"The IPET technique provides us with a more dynamic view of the molecular world. It is our hope that this insight will enable us to engineer the folding of more effective RNA vaccines and dynamic sensors for molecular medicine," explains Andersen.


																																																					
																				
																						More information:
												Jianfang Liu et al, Non-averaged single-molecule tertiary structures reveal RNA self-folding through individual-particle cryo-electron tomography, Nature Communications (2024). DOI: 10.1038/s41467-024-52914-1
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A clever wolf repeatedly snuck into a Minnesota ranch

										 by Greg Stanley, The Minnesota Star Tribune										 										 									
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                Credit: Pixabay/CC0 Public Domain
            
        

    


Nothing seemed to stop Wolf 04D.



										      
																																	The wildlife biologists thought they had ended a decades-long struggle between rancher and wolf when they built a 7.5-mile fence in the heart of Minnesota's wolf territory. Even the rancher, Wes Johnson, had high hopes when he came across a wounded deer on his land and saw that the wolves chasing the deer could not find a way around the fence.

Maybe they were gone for good, he thought.

But only a few weeks after the fence was finished, Thomas Gable of the Voyageurs Wolf Project figured out that Wolf 04D had slipped through a gap near the front gate. He plugged the gap.

A short while later the wolf was back on the ranch, this time through a hole in the fence near a creek. Gable filled that hole with logs. Then he went back, the next day, to find that Wolf 04D had already methodically torn out the logs and made her way back on the ranch.

This time, Gable filled the hole with stones that the wolf could not move. That worked until the creek flooded, and all the driftwood gathered in the rising water created a small curl at the base of the fence. The wolf squeezed under the curl. When the curl was fixed, 04D traveled a few miles to the other side of the ranch where she found soft-enough ground to pull out the anchors that attached the apron of the fence to the ground and snuck in again.


																																						
    
     




																																			After the anchors were reinforced, Wolf 04D found another small gap where the fence runs into the Black Duck River near the entrance to the ranch. For more than a year, from the fall of 2022 to late 2023, the wolf prodded, dug, squeezed and tunneled her way onto the ranch more times than Gable can count.

"It was frustrating, it was so frustrating," he said.

But last week, standing in the tall grass of the ranch as a dozen cows lazily grazed, Gable said he realizes how lucky it was that the one wolf in all of northern Minnesota most determined to get on the ranch happened to be a wolf that had a GPS collar around its neck. It was placed years before as part of the Voyageurs Wolf Project's research.

Gable likened it to a security firm hiring a hacker to find the flaws in its system.

"She showed us exactly where to find every weak spot we had," Gable said.

There were 192 calves born on the ranch this spring. On Nov. 11, Johnson counted 192 calves still grazing on his ranch.

"It's the first time nothing's disappeared," he said. "We never had none get sick and never lost any to wolves."

There have been no signs of wolves breaching the fence this year. No 04D. No other collared wolves. No paw prints, or scat.

The most obvious sign they haven't been around is in the behavior of the cows, Johnson said.

When predators are constantly around, the cows get stressed, especially during calving season. In those two to three days after calves are born, anxious cows can be dangerous, overly defensive and nervous. They charge ranchers. They accidentally step on their own calves. They panic and get twisted up and break their legs. They don't eat and lose weight.
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																																			"There's years that them cows are trying to kill you," Johnson said.

But this spring, the cows were calm. None charged.

And, for the first time in at least two decades, no wolves had to be hunted down and killed, either.

Wolves that kill livestock in Minnesota almost always pay with their lives. To protect both livestock and wildlife, researchers have been trying to find ways for nearly a century to keep wolves in the state from entering people's ranches.

Johnson's ranch sits in the densest part of the state's wolf territory, and is surrounded on all sides by five active packs south of Voyageurs National Park. At 1,600 acres with 750 head of cattle, it's not just the biggest ranch in wolf territory, but one of the trickiest terrains. It's hilly, and has marshy land on one of its borders. Ninemile Creek and the Black Duck River run through it.

If a fence can keep wolves out here, Gable said, it can keep them out pretty much anywhere.

The Wisconsin Department of Natural Resources has been trying out similar fences over the last four years. The fences built have been much smaller--enclosing 40 acres or less. They work more as pens, where cows can give birth in peace and then the calves can rotate out when they're older and less vulnerable. The state reports no wolves have made it inside the six fences that have been installed.

Fences are no small investment, however. Johnson's 7.5-mile fence cost roughly $70,000 in materials, plus hundreds of man-hours provided by Gable, his research partner, Austin Homkes, Johnson and the USDA to install it. If they had to contract out the installation work, the fence would have cost several hundred thousand, Gable said.


																																						
    
     




																																			But shooting problem wolves is expensive, too.

Every spring, Johnson would lose a handful of calves to wolves soon after they were born. The public has to pay to reimburse ranchers for any wolf-killed livestock, and it pays federal trappers to hunt problem wolves. In Johnson's case, the trappers were called in after each incident to kill up to a dozen wolves in the area.

Johnson also lost tens of thousands of dollars over the last two decades to lost cattle. Wolves don't always leave enough of a trace of their prey for ranchers to be able to claim their losses. Johnson estimates he only got reimbursed for one out of every three calves he lost over the years.

And no matter how many wolves the federal trappers killed each spring, new wolves would return the next year, kill a handful of Johnson's calves and start the cycle again.

The killings became a problem for Gable and the Voyageurs Wolf Project because they kept disrupting their research. The biologists spend weeks trapping and collaring wolves in the area hoping to study pack behaviors and dynamics, and their impact on deer, beaver and the rest of the natural world, only to see several of their collared wolves get shot by federal trappers each year.

They gathered support from the University of Minnesota, the Environmental and Natural Resources Trust Fund, the Humane Society and other groups to work with Johnson and the USDA to see if the fence could be a more permanent solution.

Standing in a field as 13 bulls walked down to take a sip from the creek that had caused so many problems with the fence last year, both Johnson and Gable seem to think the peace will last. Wolf 04D won't be able to test for any weaknesses or try their patience. She was killed by a car this summer at the age of 8, very old for a wild wolf.


																																			Before her death, Gable and Johnson brought in one final measure of protection to wolf-proof the fence--a pair of large guard dogs. The dogs, a male and a female both with stark white fur, are twice the size of any wolf. Gable tried to name them, but Johnson just calls them dog and dog.

They offer a double layer of protection should any new gaps in the fence be exposed. Wolf packs are highly territorial and try not to venture into another pack's zone. So the dogs' scent, and vicious gravely bark, should be enough to ward off all but the most bold wolves. They're big enough to chase off any wolf that does sneak in, Gable said.

They've seen the dogs sniff the air, then run off barking to the fence when they smell a wolf approach the border.

The dogs were bred and trained to keep their distance from humans. They bond with cows. But one of the dogs, the male, couldn't help but walk up to Johnson.

"He's my buddy," Johnson said and patted him on the head.

The dog started with a tail wag that turned into a whole body wiggle. Then he sniffed the air and sat back down. All was calm on the ranch.


																																																					
																					
																															 
												  2024 The Minnesota Star Tribune. Distributed by Tribune Content Agency, LLC.
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Researchers in Canada are using artificial intelligence to monitor the ongoing mass extinction of insects, hoping to collect data that can help reverse species collapse and avert catastrophe for the planet.



										      
																																	"Of all the mass extinctions we have experienced in the past, the one affecting insects is happening a thousand times faster," said Maxim Larrivee, director of the Montreal Insectarium.

The decline is occurring so quickly it can't be properly monitored, making it impossible "to put in place the necessary actions to slow it down," he told AFP.

For the Montreal-based project, called Antenna, some of the data collection is happening inside the insectarium under a large transparent dome, where thousands of butterflies, ants and praying mantises are being studied.

Solar-powered camera traps have also been installed in several regions, from the Canadian far north to Panamanian rainforests, snapping photos every 10 seconds of insects attracted to UV lights.

Larrivee said innovations like high-resolution cameras, low-cost sensors and AI models to process data could double the amount of biodiversity information collected over the last 150 years in two to five years.

"Even for us, it sounds like science fiction," he said, a grin stretched across his face.
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'Tip of iceberg'

Scientists have warned the world is facing its biggest mass extinction event since the dinosaur age.

The drivers of insect species collapse are well understood--including climate change, habitat loss and pesticides--but the extent and nature of insect losses have been hard to quantify.

Better data should make it possible to create "decision-making tools for governments and environmentalists" to develop conservation policies that help restore biodiversity, Larrivee said.

There are an estimated 10 million species of insects, representing half the world's biodiversity, but only a million of those have been documented and studied by scientists.

David Rolnick, a biodiversity specialist at the Quebec AI Institute working on the Antenna project, noted that artificial intelligence could help document some of the 90 percent of insect species that remain undiscovered.

"We found that when we went to Panama and tested our sensor systems in the rainforest, within a week, we found 300 new species. And that is just the tip of the iceberg," Rolnick told AFP.
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																																			Public education

At Antenna, testing to advance AI tools is currently focused on moths.

With more than 160,000 different species, moths represent a diverse group of insects that are "easy to identify visually" and are low in the food chain, Rolnick explained.

"This is the next frontier for biodiversity monitoring," he said.

The Montreal project is using an open source model, aiming to allow anyone to contribute to enriching the platform.

Researchers eventually hope to apply their modeling to identify new species in the deep sea and others harmful to agriculture.

Meanwhile, the Montreal Insectarium is using its technology for educational purposes. Visitors can snap pictures of butterflies in a vivarium and use an app to identify the exact species

French tourist Camille Clement sounded a note of caution, saying she supported using AI to protect ecology provided "we use it meticulously."

For Julie Jodoin, director of Espace Pour La Vie, an umbrella organization for five Montreal museums including the Insectarium: "If we don't know nature, we can't ask citizens to change their behavior."
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She was, for a while, the oldest known member of the human family. Fifty years after the discovery of Lucy in Ethiopia, the remarkable remains continue to yield theories and questions.



										      
																																	In a non-descript room in the National Museum of Ethiopia, the 3.18-million-year-old bones are delicately removed from a safe and placed on a long table.

They consist of fossilized dental remains, skull fragments, parts of the pelvis and femur that make up the world's most famous Australopithecus afarensis, Lucy.

The hominid was discovered on November 24, 1974, in the Afar region of northeast Ethiopia by a team of scientists led by Maurice Taieb, Yves Coppens, Donald Johanson, Jon Kalb, and Raymonde Bonnefille.

The 52 bone fragments, amounting to some 40 percent of Lucy's skeleton, was, at the time, the most complete ever found, and revolutionized the understanding of our ancestors.

The skeleton was initially called A.L-288-1, in reference to Afar and its geolocation.

But the researchers nicknamed it Lucy after The Beatles' song "Lucy in the Sky with Diamonds", which they listened to after celebrating their discovery.

Lucy walked on two legs and is thought to have died aged between 11 and 13--considered an adult for this species. She was 1.10 meters tall (3.6 feet) and weighed 29 kg (64 pounds).

For Sahleselasie Melaku, the 31-year-old head of the paleontology department, Lucy's discovery represented an emergence from a "dark age" in our understanding of human ancestors.
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"The impact of the discovery was very big in the discipline and even the whole world," he told AFP.

Lucy showed that members of the human family existed beyond three million years ago, and she also provided a template for fitting together later bone discoveries.

The amount of information that can be gleaned from the bones has allowed some highly detailed theories about Lucy's life.

A slightly deformed vertebra, for instance, "means she probably had back problems", said Melaku.


																																						
    
     




																																			'Exceptional'

Jean-Renaud Boisserie, a paleonthologist specializing in Ethiopia and the research director at the French National Center for Scientific Research said it was an "exceptional" breakthrough for the discipline.

"We basically knew very little about the period of three million years ago, and we had nothing as complete," he said.

Lucy was often described as "the grandmother of humanity", but more recent discoveries suggest she may have been more like an aunt or a cousin, experts say.

Skeletal finds in places like Ethiopia, South Africa and Kenya have complicated the picture and led to much debate about when different species of hominid emerged and which should be classified as part of the human or chimpanzee families.
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The discovery of "Toumai" in Chad in 2001--a skull dated to six or seven million years old--suggested the human family may go much further back than previously thought.

Meanwhile, Lucy has yet to reveal all her secrets.

A study published in 2016 argued she spent a third of her time in trees, where she nested, and had highly developed upper limbs.

Another study that year in the American journal Plos One theorized that she died after falling from a tree.

A 2022 study in Nature, focused on Lucy's pelvis, concluded that newborn members of Australopithecus had a very immature brain, like human newborns today, and required parental support to survive.

"There are a lot of unanswered questions," said Melaku with a smile. "Especially, we don't know much more about the early livelihoods of these early human ancestors."

The museum receives frequent requests to study it, but the iconic skeleton no longer leaves Ethiopia.

Wider scientific progress and advanced equipment are opening up new avenues for research.

"The studies that can be carried out on her, on her peers, pose the scientific questions of tomorrow," said Boisserie.

"Material as exceptional as this plays a driving role in the evolution of research."
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At a bear sanctuary in the heart of Romania's Carpathians, several cubs believed to have been orphaned have just arrived.



										      
																																	The center fears more will need shelter now the country has authorized the hunting of this protected species, effectively overturning a ban in place since 2016.

"They come from the forest where their mother was killed," says Florin Ticusan of the Libearty bear sanctuary.

Ticusan and his team care for 128 brown bears at the sanctuary, which says it is the biggest such refuge in the world.

Bears are officially protected in Romania, which the government estimates has 8,000 of them--the largest population in Europe outside Russia.

But now the European Union country is allowing 481 of the protected animals to be killed this year.

The government argues the bear population is too large and attacks have been increasing.

There was a hunting quota of 220 last year and 140 the year before, but in those instances, the permits came with tight restrictions.

'We take everything from them'

Animal welfare and environment activists have voiced alarm about the soaring quotas.

They say conflicts between people and bears is fueled by human behavior but there is a lack of political will to tackle that touchy subject.
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Bears are being pushed out of the forest, their natural habitat, because of deforestation and a shortage of their natural food, said sanctuary founder Cristina Lapis.


																																						
    
     




																																			Romania is a major exporter of the forest berries and mushrooms the animals would usually eat.

"Everything is taken from them and then we wonder why they come down to the city," she said of the bears.

The 69-hectare (170-acre) Libearty center--a play on the words "liberty" and "bear"--opened in Zarnesti in 2005.

With the help of former French film star-turned-animal-rights activist Brigitte Bardot, Lapis and her husband started out rescuing bears kept cooped up in cages, sometimes tiny, to attract customers to petrol stations, restaurants or circuses.

It was impossible to return them to the wild after being kept in captivity and many remain at the sanctuary, often still neurotically pacing in circles near the fences rather than roaming the forest stretching out behind them.

The refuge--which welcomes 30,000 visitors a year, including school classes--also takes in bears rescued from zoos in neighboring war-torn Ukraine, from Albania and Armenia and even from as far afield as the United States.
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The center seeks to educate its visitors about bears' needs and natural behavior.

They learn, for example, not to entice the animals out of the forests by offering them sandwiches in order to get a few souvenir photos.

This has become a frequent problem on the spectacular Transfagarasan mountain route, where it is not uncommon to come across bears that have become dependent on the unsuitable, easily accessible human food.

"Bears have fundamentally changed their behavior over the last few years and begging on the road has become their main food source," Environment Minister Mircea Fechet said recently.

Fechet argued the bears posed "an imminent danger to tourists" who approach them and suggested they should be transferred to refuges like Libearty.

The sanctuary believes there are more appropriate solutions to managing the bear population than simply removing them from the wild.

These include putting rubbish bins out of the bears' reach, installing electric fences where required and educating people about how to live together with the animals.
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																																			8,000 euros per bear

While it is too early to measure the impact that resuming hunting will have, Lapis is worried it will lead to even more orphaned bears being brought to her center, which is already struggling to find funds to feed all its residents.

"We don't intend to take in all the bears" still in the wild, she explained.

She said the sanctuary won't place rehabilitated bears back in the forest because the recent culling law meant they just risked becoming "cannon fodder".

Spain's former king Juan Carlos used to come bear hunting in Romania before it was banned.

But recently, AFP found all-inclusive packages for two days' hunting advertised on the Internet.

Ioan Banucu, the head of a company which organizes "hunting and shooting holidays in the Romanian wilderness", said he organized expeditions for foreign hunters.
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Five bears had been shot dead since October, he said.

"People got excited" about bear hunting, he told AFP.

"But some customers have reservations," he acknowledged without elaborating, adding that interest for other species, like wild boars, was greater.

Bear hunting does not come cheap. It costs up to 8,000 euros ($8,500) per bear, depending on the size.
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Forests with few tree species pose a considerably higher risk of being damaged, and the introduced lodgepole pine is especially vulnerable. This is the finding of a new study published in Ecosphere by researchers from Umea University and the Swedish University of Agricultural Science in Uppsala. The results can be useful for preventing forest damage and financial losses related to the forest industry.



										      
																																	Fungi, insects, fires and cervids, such as moose, are examples of natural factors behind tree damage in Swedish forests. Sometimes, the damage becomes so extensive that it impacts the function of forest ecosystems, not least the ability of forests to provide wood and other tree products.

"In a warmer climate with more extreme weather and new pest organisms, and with more intense forestry, forest damages are expected to become more common and more severe. It is therefore important to understand causes of forest damages and whether it can be prevented," says researcher Micael Jonsson at Umea University, who led the study.

The Swedish national forest inventory has collected extensive data from Swedish forests. Since 2003, data on forest damage have also been collected.

In the current study, the research group analyzed 15 years of data from all over Sweden, to investigate which damages are most common and which factors determine the risk of a tree becoming damaged. The study is more extensive both in time and geographically than previous studies.

Wind and snow cause the most damage

The results show that wind and snow are the most common causes of tree damage, followed by forestry and then fungi. Damages from cervids--mostly moose--are in fifth place. Overall, 94% of all trees showed some kind of damage. Coniferous trees and young stands showed the highest risk of damage, and in warmer parts of Sweden, stands with few tree species showed a considerably higher risk of being damaged compared to stands with a higher number of tree species.

"Our results show that there is a potential to reduce the risk of forest damages via changed forest management. Especially, a higher proportion of broadleaf trees in the otherwise coniferous-dominated production forest would result in fewer damages. We can, for example, see that the lodgepole pine, introduced by the forestry industry, has the highest risk of damage. Its introduction therefore counteracts a profitable forestry," says Jonsson.


																																						
    
     




																																			Weaknesses in data material

The results also indicate that a higher number of tree species in a stand act as an insurance against extensive forest damage in a warmer climate.

"We must adapt Swedish forests and forest management methods to a future warmer climate. Including more tree species in production forests seems to be an adaptation that could work," says co-author Jan Bengtsson at the Swedish University of Agricultural Science.

However, the study also shows that the data material has some weaknesses. For example, it has not been possible to establish the cause behind a large proportion of the damage.

"The national forest inventory collects important data for our understanding of the forest, but when it comes to the damage inventory, the data quality needs to improve to be fully usable in forestry practices," says Jon Moen, co-author at Umea University.


																																																					
																				
																						More information:
												Micael Jonsson et al, Tree damage risk across gradients in tree species richness and stand age: Implications for adaptive forest management, Ecosphere (2024). DOI: 10.1002/ecs2.70071
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Iron-clad defense: How microbes shield tomato crops from bacterial wilt
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                Structural equation model linking siderophore production, siderophore-mediated interactions, and biomass with pathogen abundance and disease incidence (AUDPC) of plant bacterial wilt. Credit: Horticulture Research (2024). DOI: 10.1093/hr/uhae186
            
        

    


Ralstonia solanacearum is a soil-borne pathogen that devastates tomato and other Solanaceae crops globally. Traditional chemical controls have proven inadequate and environmentally damaging.



										      
																																	The plant root microbiome offers a potential solution by naturally inhibiting pathogens or competing for resources. However, limited understanding of these interactions, particularly iron competition, hinders effective field applications. Due to these challenges, it is essential to investigate mechanisms like siderophore-mediated iron competition more thoroughly.

A collaborative team from Nanjing Agricultural University, in partnership with international researchers, published a new study in Horticulture Research that reveals that Pseudomonas consortia employing siderophore-mediated competition suppress Ralstonia solanacearum more effectively than other mechanisms. This work pioneers a new strategy for utilizing microbial interactions to defend crops from bacterial wilt.

The researchers examined Pseudomonas strains known for their diverse siderophore production, revealing how these molecules disrupt the pathogen's access to iron. Through experiments under iron-limited and iron-rich conditions, they demonstrated that siderophores significantly enhanced pathogen inhibition.

A greenhouse assay validated these findings, showing reduced disease incidence in tomato plants inoculated with siderophore-producing consortia. Interestingly, the study found that while siderophores were highly effective, other antimicrobial metabolites had limited impact in iron-deficient environments. The researchers concluded that iron competition drives microbial community dynamics and is pivotal in disease suppression.

Dr. Tianjie Yang, senior researcher, emphasized, "Our findings spotlight the importance of iron-mediated microbial interactions. By engineering microbial consortia optimized for iron competition, we can sustainably control soil-borne diseases. This could revolutionize crop protection by reducing dependence on synthetic chemicals."

This research paves the way for microbiome-based agricultural innovations. Leveraging siderophore-producing consortia offers a natural, eco-friendly approach to managing plant diseases. As iron deficiency commonly occurs in soil, applying this strategy could benefit global crop production, boosting food security while mitigating environmental impact.


																																																					
																				
																						More information:
												Zhengying Shao et al, Siderophore interactions drive the ability of Pseudomonas spp. consortia to protect tomato against Ralstonia solanacearum, Horticulture Research (2024). DOI: 10.1093/hr/uhae186
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Scientists develop culture system to unlock secrets of the skin microbiome
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                Researchers developed the TUS Skin Bacteria Co-culture (TSBC) medium, a novel system that enables the balanced cultivation of multiple skin bacteria. This breakthrough allows for a more detailed study of bacterial interactions, opening pathways to targeted skincare treatments that address microbiota imbalances associated with skin conditions, like acne and dermatitis. Credit: Yuuki Furuyama from the Tokyo University of Science, Japan
            
        

    


The human skin is home to a wide variety of bacteria. The composition of the community of bacteria--called the "skin microbiota"--has serious implications for skin health. A healthy balance between different species of bacteria on the skin often translates to healthy skin.



										      
																																	The loss of this balanced skin microbiota can lead to diseases such as atopic dermatitis, acne, and psoriasis. Since the skin microbiota can vary based on various factors such as age, sex, climate, and an individual's occupation, understanding its composition is crucial for identifying bacteria that cause skin diseases and targeting them with specialized treatments.

Culturing skin microbiota in the lab setting can be challenging due to several reasons, including difficulty in replicating the unique environment of skin and the lack of effective culturing methods. In a recent study published in Alternatives to Animal Testing and Experimentation, researchers addressed the limitations in culturing skin microbiota by developing a novel culture system that facilitates cultivating several skin bacteria species in the lab setting.

"We have developed the first complex culture system that can cultivate multiple indigenous skin bacteria in a balanced state. Detailed analysis of the biology of indigenous skin bacteria, which affect the condition of human skin, is now possible. Going forward, the system can be used in the research and development of cosmetics and drugs for numerous skin diseases," explains Associate Professor Yuuki Furuyama of Tokyo University of Science, the lead researcher in the study.


																																						
    
     




																																			Since culturing skin microbiota in the lab is challenging, researchers have traditionally used metagenomic analysis to study them--an approach that involves extracting the combined genome of all bacteria in a community. While metagenomic analysis can offer useful insights, it might not be effective in uncovering interactions between different species.

The newly created growth medium called TUS Skin Bacteria Co-culture (TSBC) medium can allow researchers to jointly cultivate multiple bacteria and study their interactions. In the study, researchers including Dr. Furuyama, along with Mr. Ikuya Yamamoto and Professor Kouji Kuramochi of Tokyo University of Science, successfully cultivated four skin bacteria, namely Staphylococcus epidermidis, Staphylococcus capitis, Cutibacterium acnes, and Corynebacterium tuberculostearicum.

They found that the bacterial composition within the lab-grown community was balanced and similar to those found in Japanese skin.

"Research on the indigenous microbiota of the skin has mainly focused on metagenomic analysis, which does not involve culture methods, or on the analysis of individual bacteria in pure culture. However, since multiple bacteria interact with each other in the actual skin environment, we thought that a model culture system that reproduced the interaction relationship was necessary," says Dr. Furuyama.

The skin microbiota is highly individualized and can vary even across different areas of the same person's skin. Skin properties such as sebum levels, moisture, and dryness all influence the composition of the microbiota. This new co-culture technique opens avenues to study how both internal and external factors, including skincare products, affect the microbiota in various skin locations. In addition, future research can explore how skincare routines impact microbiota across different ethnicities and skin types.

As skin sensitivity and conditions like eczema continue to rise, driven by factors like climate change and environmental stressors, a more holistic understanding of skin microbiota imbalances offers a pathway to new treatments. By targeting the microbiota, researchers can potentially develop tailored, preventive solutions that support healthier, more resilient skin--improving quality of life for millions around the world.


																																																					
																				
																						More information:
												Ikuya Yamamoto, Developing an In Vitro Culture Model for Four Commensal Bacteria of Human Skin, Alternatives to Animal Testing and Experimentation (2024). DOI: 10.11232/aatex.29.1. www.jstage.jst.go.jp/article/a ... 9_aatex29_1/_article
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Low-cost phenotyping system unveils key insights into quantitative disease resistance in wild tomatoes
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                S. pennellii accession LA1941 harbors a significantly elevated level of quantitative resistance against S. sclerotiorum. Credit: Plant Phenomics (2024). DOI: 10.34133/plantphenomics.0214
            
        

    


Quantitative disease resistance (QDR) is a complex but durable form of plant disease resistance that provides partial protection against a broad range of pathogens. Unlike qualitative resistance, driven by major resistance (R) genes, QDR is polygenic and manifests in various ways, such as delayed lesion development or reduced infection frequency.



										      
																																	Understanding QDR's underlying genetic and regulatory mechanisms has long been a challenge, hindered by the need for advanced phenotyping technology and complex data analysis.

A study published in Plant Phenomics on 5 Aug 2024, offers a roadmap for breeding more disease-resilient tomato varieties.

The research team investigated quantitative disease resistance (QDR) in four wild tomato species--S. habrochaites, S. lycopersicoides, S. pennellii, and S. pimpinellifolium--against Sclerotinia sclerotiorum using the "Navautron" automated phenotyping system. This system continuously captured images of infected leaves, and a segmentation algorithm was used to quantify parameters like infection frequency (IF), lag-phase duration, lesion doubling time (LDT), and the area under the disease progress curve (AUDPC).

Statistical models, including generalized least squares and generalized linear models, were applied to account for variability. The study revealed significant phenotypic diversity in QDR across the species. S. pimpinellifolium had the shortest lag phase (36.2 hours), while S. habrochaites and S. pennellii exhibited longer lag phases (approximately 59 hours).

Lesion growth analysis showed that S. pimpinellifolium and S. pennellii had the fastest lesion expansion, with doubling times of 11 hours, whereas S. habrochaites and S. lycopersicoides had slower growth rates, up to 36 and 41 hours, respectively.


																																						
    
     




																																			Infection frequency also varied, with S. habrochaites showing the lowest rate (80%) compared to higher rates in S. lycopersicoides and S. pennellii (93%-95%). Further, intraspecific variation was assessed, revealing that S. pennellii displayed a wide range of lag phases among its accessions, while S. lycopersicoides was more consistent.

An analysis of lesion growth in S. pennellii accessions highlighted genotype-dependent resistance, with LA1941 exhibiting the lowest infection rate and LA1809 the highest severity. Correlation analysis indicated that QDR parameters, such as lag phase and LDT, are largely independent.

These findings underscore the complex interplay between genetic background and QDR, with implications for breeding disease-resistant crops.

According to the study's senior researcher, Dr. Remco Stam, "Unlocking the potential of QDR in crop breeding has been a long-standing challenge. Our study showcases a cost-effective phenotyping system that can provide high-resolution data crucial for understanding and utilizing QDR traits in wild crop relatives."

The study underscores the power of low-cost, high-efficiency phenotyping systems in plant pathology research. By breaking down QDR into distinct mechanisms, scientists can more effectively breed crops that are not only resistant but also capable of enduring diverse environmental stresses. These advancements offer hope for sustainable agriculture, where plants can defend themselves against diseases without heavy reliance on fungicides or major R-genes.


																																																					
																				
																						More information:
												Severin Einspanier et al, High-Resolution Disease Phenotyping Reveals Distinct Resistance Mechanisms of Tomato Crop Wild Relatives against Sclerotinia sclerotiorum, Plant Phenomics (2024). DOI: 10.34133/plantphenomics.0214
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                Researchers at UC Davis and UC Berkeley's Innovative Genomics Institute have found a way to produce clonal seeds from hybrid rice varieties. The technique could make hybrids, which can have superior qualities, widely available to the world's farmers. Credit: UC Davis
            
        

    


Rice is a staple food crop for more than half the world's population, but most farmers don't grow high-yielding varieties because the seeds are too expensive. Researchers from the University of California's Davis and Berkeley campuses have identified a potential solution: activating two genes in rice egg cells that trigger their development into embryos without the need for fertilization, which would efficiently create high-yielding clonal strains of rice and other crops.



										      
																																	A team led by Venkatesan Sundaresan, a Distinguished Professor in the departments of Plant Biology and Plant Sciences at UC Davis, previously showed that a gene called BBM1 in rice egg cells could switch on the ability of a fertilized egg to form an embryo. However, the method only worked about 30% of the time.

Now, in collaboration with researchers from UC Berkeley's Innovative Genomics Institute, the team has shown that simultaneously activating a second gene, WOX9A, increases the success rate to around 90%.The finding is published in Nature Plants.

"It's remarkable that after 20 years of unsuccessful efforts in clonal hybrids, there has been so much recent progress--from showing that it is actually possible back in 2019, to showing now that it can work efficiently in 2024," said Sundaresan. "I'm very optimistic now that hybrids will no longer be the barrier to achieving sustainable agriculture with high yields all over the world."

A cost-effective way to feed the world

Hybrid strains of rice, which are produced by crossing two pure strains, can yield almost double the harvest, but producing them is expensive and requires farmers to purchase new seed each year. If the hybrid plants could reproduce asexually, farmers could save seed from one year to the next. How to engineer asexually reproducing rice has been a puzzle that scientists have been trying to solve for more than 30 years.

Sundaresan's team previously showed that BBM1 is an essential trigger for plant embryo development, and that activating this gene in eggs can override the need for fertilization.

"Switching on BBM1 artificially in the egg cell is enough to start embryogenesis and make a new plant, but this process only worked about a third of the time," said Sundaresan. "One of the things we wondered was whether maybe BBM1 is not enough; maybe it needs help."

By examining which genes are turned on in fertilized plant eggs, the researchers identified a gene, WOX9A, for which only the sperm-carried copy of the gene is expressed. When they simultaneously activated both BBM1 and WOX9A in rice egg cells, it resulted in embryo formation 90% of the time, though activating WOX9A alone did not result in embryo initiation.

"We think BBM1 is flipping a switch that primes the egg cell to transition into an embryo, but the switch is not fixed," said Sundaresan. "So, then WOX9A comes in and clamps down on the switch so that it doesn't flip back."


																																						
    
     




																																			Hybrid vigor without need for hybrids

Because they arose from unfertilized eggs, the plants produced via this method are haploid, meaning they contain half the usual number of chromosomes. Though haploid rice plants do germinate and grow, they tend to be stunted compared to diploid plants that carry two copies of each gene.

"Haploids are valuable tools in plant breeding for producing pure lines, which enable uniform crop production," said corresponding author Imtiyaz Khanday, assistant professor in the Department of Plant Sciences in the UC Davis College of Agricultural and Environmental Sciences. "These findings also have significant implications for producing clonal seeds at high frequencies that retain the benefits of hybrid vigor."

The next step, the researchers say, is to combine this method of activating both BBM1 and WOX9A with "synthetic apomixis," a technique that they previously developed for asexually producing clonal seeds. This will mean that farmers can reap the benefits of hybrid vigor year after year by simply saving some of the harvest to plant the following year.

"If we combine this trick of making an egg cell turn into an embryo without fertilization, along with another technique that knocks out meiosis, we can efficiently produce high-yielding hybrid seeds," said Sundaresan. "In a world where resources are increasingly limited, it provides a path forward for sustainable agriculture for rice farmers, and in the future, for other crops as well."

Additional authors on the study are: Hui Ren and Kyle Shankle, UC Davis and Myeong-Je Cho and Michelle Tjahjadi, UC Berkeley.
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												Hui Ren et al, Synergistic induction of fertilization-independent embryogenesis in rice egg cells by paternal-genome-expressed transcription factors, Nature Plants (2024). DOI: 10.1038/s41477-024-01848-z
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Noninvasive plant stress phenotyping: A multi-organ approach to combat abiotic stressors
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Noninvasive phenotyping has emerged as a vital tool in plant science, enabling the study of stress indicators without disrupting plant growth. While most studies have historically focused on analyzing stress responses in leaves, this novel research adopts a multi-organ view, assessing the dynamic interplay between leaves, stems, and roots when exposed to abiotic stress.



										      
																																	Given the global challenges posed by climate change and food security, such advancements are crucial for optimizing crop health and productivity.

A study published in Plant Phenomics, facilitates a clearer understanding of how stress propagates through different plant systems.

The study introduces a multi-organ approach to monitor plant stress, focusing on how different vegetative parts--leaves, stems, and roots--perceive and respond to various abiotic stressors.

Leaves, exposed to the atmosphere, primarily reflect stress caused by air pollution and fluctuating light conditions. Stems, which facilitate the transport of water and nutrients, are particularly sensitive to temperature extremes, including both chilling and heat stress. Roots, embedded in soil, detect water deficits, waterlogging, and soil contamination, such as heavy metals.

To monitor these stress responses noninvasively, the researchers employed optical sensing techniques. Technologies like visible and near-infrared (NIR) spectroscopy, hyperspectral imaging, and advanced thermal imaging were used to capture changes in plant physiology and morphology.

The root system, which is harder to study due to soil opacity, was analyzed using advanced imaging methods like X-ray computed tomography (CT) and magnetic resonance imaging (MRI).


																																						
    
     




																																			These tools provided a comprehensive assessment of plant stress at both macroscopic and cellular levels, facilitating a clearer understanding of how stress propagates through different plant systems.

According to the study's senior researcher, Dr. Lirong Xiang, "Understanding how different organs of a plant respond to stress not only provides critical insights into plant physiology but also paves the way for more targeted agricultural practices. This research represents a paradigm shift in how we monitor and interpret plant stress responses in real time."

The research has profound implications for agriculture and environmental management. By understanding stress responses across different organs, farmers and scientists can better predict crop health and intervene more effectively. For instance, monitoring stem water transport can offer early warning signs of drought stress, while root analysis can inform soil remediation practices.

The insights gained can also drive the development of more stress-resistant crop varieties, improving yields and food security in regions vulnerable to climate change.


																																																					
																				
																						More information:
												Libin Wu et al, Noninvasive Abiotic Stress Phenotyping of Vascular Plant in Each Vegetative Organ View, Plant Phenomics (2024). DOI: 10.34133/plantphenomics.0180
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      Technology

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


      
        AI allows new robot to manipulate soft and pliable objects
        Say hello to the robot called Bifrost. With the help of AI technology, it uses its tactile capabilities to manipulate soft and pliable objects to order.

      

      
        Extremely fast battery charging technology could make EVs an easier choice for more consumers
        Electric vehicles will now be able to go from zero battery power to an 80% charge thanks to researchers at the University of Waterloo who made a breakthrough in lithium-ion battery design to enable this extremely fast 15-minute charging. It is much faster than the current industry standard of nearly an hour, even at fast-charging stations.

      

      
        New computer model could make using solar power more reliable
        Researchers at the University of Nottingham have created an AI model that allows them to accurately predict the amount of solar energy that can be created in different climates, making grid integration easier in the UK.

      

      
        German study suggests carbon cost offset for heating systems
        A poorly insulated house with an oil heating system--this is the exemplary case that policymakers are struggling with these days. How can they protect people with such climate-unfriendly living spaces from being overburdened? They plan to make fossil heating more expensive via carbon pricing to accelerate the switch to heat pumps, for example, but they are deterred by the enormous heterogeneity of the building stock.

      

      
        Q&A: Examining AI's rapid growth and economic impact
        Adam Blandin, assistant professor of economics, typically analyzes how the amount of time worked affects a person's earnings; how family structure affects wages, employment, and equality; and the economic implications of remote work. However, recently, Blandin looked at generative AI through an economic lens.

      

      
        Novel electrolyte shows promise for realizing sulfide-based all-solid-state lithium-ion batteries
        All-solid-state batteries using flame-retardant inorganic solid electrolytes are expected to be the next-generation batteries for electric vehicles (EVs), owing to their high safety and output characteristics. For that reason, considerable research and development is being conducted on sulfide-based solid electrolytes that exhibit excellent ionic conductivity and plasticity to apply these batteries to EVs.

      

      
        US ahead in AI innovation, easily surpassing China in Stanford's new ranking
        The U.S. leads the world in developing artificial intelligence technology, surpassing China in research and other important measures of AI innovation, according to a newly released Stanford University index.
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            [image: AI makes it possible to teach robots new tricks]
             
                The Bifrost robot. With an articulated arm, a cautious 'finger' and machine vision, it succeeds in manipulating pliable objects. It has been trained using AI and may have many useful applications, especially in the food industry. Credit: Henriette Louise Krogness
            
        

    


Say hello to the robot called Bifrost. With the help of AI technology, it uses its tactile capabilities to manipulate soft and pliable objects to order.


                                        
                                              
                                        
                                                                                                                                    "In spite of the impression many of us have from the media, robots still have a long way to go before they can manipulate so-called compliant objects with proficiency," says Norwegian researcher Ekrem Misimi.

Misimi believes that a lot more research is needed before this can be realized.

"This is why we're proud to have developed a method that enables robots to learn to manipulate objects of this kind. This is ground-breaking research offering major innovation potential," he says.

"The technology currently under development may have many applications across a wide range of industries--but first and foremost, in the food sector, where there is no shortage of compliant objects."

An AI-based approach

The new technology has emerged as part of a project, also called BIFROST, which in Norse mythology refers to a "bridge." However, the inspiration for the method started in the kitchen, and more specifically with the stages involved in preparing a humble cod filet for dinner.

"We're all familiar with this process without really thinking too deeply about it," says Misimi. "But if you give it some thought, you find that you're carrying out a number of different operations on the filet. In the past, robots were unable to perform such tasks, because up until recently they had only been trained to grip objects that were rigid and non-compliant. Moreover, it is challenging to get a robot to carry out new tasks that it hasn't been trained to do," he says.

In the field of AI, robots struggle with what is known as generalization capability--something at which humans are very adept. In order to succeed, the researchers have developed a new approach based on artificial intelligence. They train the robot by getting it to perform tasks similar to those it would have to perform in the real world. Understandably, these tasks do not involve cod filets to begin with.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Time-consuming tasks are the most difficult

On the table lies an elongated cloth bag filled with rice, here simulating a cod filet. It lies in the shape of an "I," but in response to a command from the researchers, the robot manipulates it into a "C."

"We have thus succeeded in getting the robot to manipulate a compliant three-dimensional object to order," says Misimi. "On its own, this may not seem very impressive. However, the robot has not previously been trained using this particular shape," he says.

Misimi adds that it is easy for humans to perform tasks for long periods until they finish what they intend to do, but this is much more challenging for a robot.

"A combination of learning and perception is essential if a robot is to complete such manipulative tasks.

"The more complex a task, the longer a robot will take to learn how to complete it," says Misimi. "And the more time it takes, the more demanding it becomes for the robot."

New opportunities

The research team has recently published an article on the method as part of the 2024 IEEE International Conference on Robotics and Automation (ICRA) proceedings. The team explains that AI-based robotic manipulation offers new opportunities that have previously been beyond our imaginations.

"What is so cool about this method is that the robot is trained exclusively using simulation," says Misimi.

The knowledge is then carried forward into the real world, without any additional training. This is completely new. The researchers' main focus has been on training the robots in skills inspired by what humans can do.

"In a way, we're making them better placed to perform tasks that require human dexterity--tasks that today can only be performed by humans, both in terms of learning and perception," says Misimi.

The term perception is used here to describe an ability to be aware of what is going on in our surroundings, so that a task can be planned ahead and then carried out. A combination of learning and perception is essential if a robot is to complete dexterous manipulation tasks.


                                                                                                                                            Successive manipulations are tricky

When a robot is tasked with manipulating a given object, it has to combine its visual capabilities with perception.

"In such situations, it may also have to work for some time to complete the task," says Misimi. "To manipulate the object into a new shape, the robot has to complete many different actions and, up until now, it's been challenging to use robots for such tasks," he says.

He goes on to explain that a robot commonly requires between 20 and 60 seconds to manipulate an object into a new shape, depending on the complexity of the process.

"It's a challenge to get a robot to concentrate on a task for an extended period, but we have succeeded," says Misimi.

Ideal for the food industry

The technology currently under development may have many applications across a wide range of industries.

"But first and foremost in the food, and especially the seafood, sectors, where there is no shortage of compliant objects for manipulation," says Misimi. "This is important because the use of robots can help towards enabling Norway to maintain its food production industry, and in so doing may also promote more sustainable and locally-sourced food of better quality," he says, going on to add,

"At an even higher level, knowledge obtained from this project may help us to address some of the fundamental challenges we face in modern robotics. This in turn will lead to the development of new technologies that will benefit both the industrial sector and wider society.

The research team has also succeeded in further developing the Bifrost robot such that it is now able to perform pushing as well as gripping actions. This enables the even more gentle manipulation of compliant objects and structures.
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												Matias Sivertsvik et al, Learning active manipulation to target shapes with model-free, long-horizon deep reinforcement learning, 2024 IEEE International Conference on Robotics and Automation (ICRA) (2024). DOI: 10.1109/ICRA57147.2024.10610033
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Extremely fast battery charging technology could make EVs an easier choice for more consumers

									    

    
        
            [image: From zero to 80 per cent in just 15 minutes]
             
                Schematic and proposed mechanism for continuous integrity of electronic pathways as SEI grows. a) Schematic illustration of the sintering process of graphite electrode with titanium dihydride as titanium carbide (TiC) precursor. b) Schematic of retention of electronic pathways with permanent covalent TiC joint versus loss of electrical contact due to SEI growth in traditional slurries with conductive additive particles. Credit: Advanced Science (2024). DOI: 10.1002/advs.202408277
            
        

    


Electric vehicles will now be able to go from zero battery power to an 80% charge thanks to researchers at the University of Waterloo who made a breakthrough in lithium-ion battery design to enable this extremely fast 15-minute charging. It is much faster than the current industry standard of nearly an hour, even at fast-charging stations.


                                        
                                              
                                        
                                                                                                                                    Batteries made using this new design are also able to withstand more charges--up to 800 cycles, a feat not possible with current EV batteries. The research is published in the journal Advanced Science.

"We need to make EVs more affordable and accessible, not just for the wealthy," said Yverick Rangom a professor in the Department of Chemical Engineering. "If we can make batteries smaller, charge faster, and last longer, we reduce the overall cost of the vehicle.

"That makes EVs a viable option for more people, including those who don't have home charging stations or who live in apartments. It would also increase the value of second-hand EVs, making electric transportation more accessible."

This new design will help drivers avoid "range anxiety"--the worry about driving long distances without access to charging stations. It will also address another major barrier in the market: the reliability of used EVs. By showing a tremendous increase in any one battery's ability to withstand up to 800 charges, this technology will address the mystery around the state of battery health for second-hand buyers.

Every battery has an anode and a cathode. This breakthrough comes from changing the anode design, which traditionally relies on graphite. The research team designed a method to fuse graphite particles together, improving electrical conductivity. The change in the battery architecture facilitates the fast movement of lithium ions without the typical risks of battery degradation or safety hazards associated with fast charging.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Focusing on the anode architecture while still using traditional materials used in lithium-ion batteries makes the technology easier to integrate into existing battery manufacturing processes.

"We're not reinventing the wheel in terms of materials in lithium-ion batteries. We're just finding a better way to arrange the particles and providing new functions to the binders that hold them together such as state-of the-art electron, ion and heat transfer properties," said Professor Michael Pope co-lead of UWaterloo's Ontario Battery and Electrochemistry Research Center. "This approach ensures that the technology can be scalable and implemented using current production lines, offering a low-cost solution to battery manufacturers."

The next step for the research team is to optimize the manufacturing process and ensure the technology is ready for widespread industry adoption. The team is evaluating performance in prototypes to gauge interest with industry stakeholders.

"We're focused on ensuring this solution is not only effective but scalable," said Rangom, lead researcher for the Battery Workforce Challenge. "It's crucial that it can be implemented within the existing infrastructure for both battery production and charging stations."
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New computer model could make using solar power more reliable

                                        by                                         University of Nottingham                                    

                                    
									    

    
        
            [image: New computer model could make using solar power more reliable]
             
                Schematic of the sky images for the two data sets under different weather conditions. Credit: Applied Energy (2024). DOI: 10.1016/j.apenergy.2024.124353
            
        

    


Researchers at the University of Nottingham have created an AI model that allows them to accurately predict the amount of solar energy that can be created in different climates, making grid integration easier in the UK.


                                        
                                              
                                        
                                                                                    Solar energy now contributes almost six percent of the UK's energy, with this predicted to double over the next five years. This makes the UK's climate, particularly the amount of consistent cloud cover, a challenge for the generation of solar power.

Solar forecasting, and the ability to predict how much sunlight a certain area might receive, has therefore become more important, prompting researchers in the Faculty of Engineering to find new ways of making this process more reliable.

As a novel approach, researchers have used very-short-term (VST) solar energy forecasting, using ground-based fisheye images, which has proven effective in predicting rapid and accurate changes in solar irradiance, especially for fast-changing local cloud movements.

To address varied geographical and climatic conditions, the researchers showed that a model initially trained in California's sunny climate can effectively predict solar output in Nottingham, known for its humid and rainy conditions. The findings are published in the journal Applied Energy.

The approach significantly cut down the amount of local data needed to make accurate forecasts--from four months' worth to just two weeks.

Liwenbo Zhang, a Postdoctoral Research Fellow from the University of Nottingham, said, "This breakthrough could make it much faster and easier to predict solar energy output in new locations, helping to balance energy grids and integrate solar power more efficiently.

"It means that solar forecasting can be more adaptable to diverse climates, which is crucial as we aim to rely more on renewable energy sources globally," said Zhang.

In using data from other locations, the researchers hope that a model trained in a region with stable sunlight can be adapted for an area with more unpredictable sunlight, like Nottingham, and be beneficial for future energy targets.
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												Liwenbo Zhang et al, Transfer learning in very-short-term solar forecasting: Bridging single site data to diverse geographical applications, Applied Energy (2024). DOI: 10.1016/j.apenergy.2024.124353
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German study suggests carbon cost offset for heating systems

                                        by Ulrich von Lampe,                                                                                 Mercator Research Institute on Global Commons and Climate Change (MCC) gGmbH                                    
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A poorly insulated house with an oil heating system--this is the exemplary case that policymakers are struggling with these days. How can they protect people with such climate-unfriendly living spaces from being overburdened? They plan to make fossil heating more expensive via carbon pricing to accelerate the switch to heat pumps, for example, but they are deterred by the enormous heterogeneity of the building stock.


                                        
                                              
                                        
                                                                                                                                    A new study now shows how the carbon price in the buildings sector can be fully offset, even in hardship cases. The study was conducted by the Berlin-based Mercator Research Institute on Global Commons and Climate Change and is available as a working paper.

"With the scientific concept presented here, we are moving away from our previous recommendation, which was to compensate the population for carbon pricing through uniform per-capita climate money while addressing hardship cases separately," says Matthias Kalkuhl, Co-Chair of MCC and lead author of the study.

"Climate protection in the boiler room is proving to be so politically fraught that compensation for hardship cases must in fact be the starting point. A heating transition free of hardship is feasible: sharply rising carbon prices offset across the board, in terms of the financial burden, while still setting the right incentive--to convert old oil and gas heating systems at the most cost-effective date."

The policy proposal envisages that, for rented accommodation, the landlord bears the carbon price costs for heating oil or natural gas, for example, and does not include them in the utility bills. To compensate homeowners, including both landlords and owner-occupants, there is a special climate money allocation for buildings.

To ensure that no one loses out, this payment is based on living space, independently of income, but scaled to building characteristics. To this end, buildings are divided into categories based on CO2 emissions per square meter (according to fuel consumption or the energy performance certificate rating) and by characteristics relevant for optimal retrofit timing--this could include the type and age of the heating system, class of radiators and the building design (according to the property tax record and heating information from Germany's chimney sweeps).


                                                                                                        
    
        
        
        
    

                                                                                                                                            The carbon price revenues are recorded separately for each group and distributed in full as differentiated "climate money for buildings" within the respective group. Of course, owners only have to pay the carbon price until they convert to CO2-free heating, but they continue receiving the redistributed money until the last building in the group has been converted.

The financial resources for the reimbursement thus decrease, providing a signal for individuals that the optimal time for retrofitting has arrived. Until then, the heating transition does not place a significant burden on the building's owner, and steering via the groups ensures that the conversion also makes economic sense.

Nevertheless, to make it affordable for everyone, accompanying investment support is indicated. It must then be financed from tax revenues. A lot of money is already flowing here: for 2024, the German government has provided about 17 billion euros for retrofitting programs for buildings.

"Due to the strong incentive effect of high carbon prices, this support could then be provided with significantly lower subsidy rates than today," explains MCC Co-Chair Kalkuhl. "According to model calculations, an ideal policy mix offsetting the unevenly distributed additional costs resulting from climate policy would indicate a carbon price of around 230 euros in 2030, and government funding of 17% of private investment in fossil-free heating, on average, to achieve EU climate targets.

"The funding could be implemented without red tape by simply reducing the power tax on heat pump electricity and the value added tax on the heat pumps themselves."


                                                                                                                                                                            
                                        											
																								More information:
												Matthias Kalkuhl et al, Pareto-improving climate policy with heterogeneous abatement costs in the building sector (2024). DOI: 10.25932/publishup-66606
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Adam Blandin, assistant professor of economics, typically analyzes how the amount of time worked affects a person's earnings; how family structure affects wages, employment, and equality; and the economic implications of remote work. However, recently, Blandin looked at generative AI through an economic lens.


                                        
                                              
                                        
                                                                                                                                    Blandin helped create the first nationally representative survey on how workers are using generative AI. Working with colleagues from the Harvard Kennedy School and the Federal Reserve Bank of St. Louis, Blandin revealed the potential economic implications of AI usage in a working paper.

What topic does your research address?

Generative artificial intelligence (AI) has emerged as a potentially transformative workplace technology, and several studies find sizable productivity gains for workers who use generative AI. However, the overall impact of generative AI on the economic landscape also hinges on how many people adopt the new technology and how intensively they use it.

We present results from the first nationally representative U.S. survey of generative AI adoption at work and at home. Our data comes from the Real-Time Population Survey (RPS), a nationwide survey that we designed that asks the same core questions and follows the same timing and structure of the Current Population Survey (CPS), the monthly labor force survey conducted by the U.S. Census Bureau for the Bureau of Labor Statistics.

What were your findings?

We found that in August 2024, 39% of the U.S. population aged 18-64 used generative AI, and almost one in three respondents said they use it at least once during the week prior to the survey. Usage at home is somewhat more prevalent than at work (32% versus 28%), but daily usage is less frequent at home (6% versus 10%).


                                                                                                        
    
        
        
        
    

                                                                                                                                            On days workers used generative AI for their job, 23% used it for less than 15 minutes per day, 52% used it between 15 minutes and one hour per day, and 25% used it for more than an hour per day. Overall, we estimate that between 1% and 9% of all work hours in the previous week used generative AI.

The most commonly used generative AI product is ChatGPT (28%), followed by Google Gemini (16%). Generative AI use is more common among individuals who are male, younger, more educated, and who work in computer, math, and management occupations.

The paper also compares the speed of adoption of generative AI to two other transformative technologies: personal computers (PCs) and the internet. Generative AI has been adopted at a faster pace than PCs or the internet.

The faster adoption of generative AI is driven by higher usage outside of work. Three years after the mass introduction, PC adoption was only at 20%, which is about the same for the internet after two years. By contrast, the adoption rate for generative AI two years in is 39%.

Interestingly, we show that at work, women initially adopted PCs at higher rates than men, but for generative AI the pattern is reversed. Use of PCs and the internet increased rapidly over the first decade or so after they were introduced.

If a similar pattern holds for generative AI, it could become pervasive in the economy. This would likely help many of us by increasing productivity, which would lead to a higher standard of living, but it could hurt workers whose jobs become unnecessary.


                                                                                                                                            What do you hope will be the outcome of this research?

Improvements in technology are a key driver of economic growth. New technologies can also affect economic inequality if they make some skills less valuable and other skills more valuable. The potentially transformative effects of AI have led to both euphoric expectations for higher standards of living and fears of mass worker displacement.

Understanding the spread of this new technology can help us understand its economic impact for the economy as a whole and for particular groups of workers. It can also help us design policies that encourage productivity gains or protect particular workers.

We plan to continue running the survey every few months to track the trajectory of generative AI use over time. We also plan to conduct more studies to understand the impact of the technology on workers and the economy.


                                                                                                                                                                            
                                        											
																								More information:
												Alexander Bick et al, The Rapid Adoption of Generative AI (2024). DOI: 10.3386/w32966
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Novel electrolyte shows promise for realizing sulfide-based all-solid-state lithium-ion batteries

                                        by                                         Toyohashi University of Technology                                    
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All-solid-state batteries using flame-retardant inorganic solid electrolytes are expected to be the next-generation batteries for electric vehicles (EVs), owing to their high safety and output characteristics. For that reason, considerable research and development is being conducted on sulfide-based solid electrolytes that exhibit excellent ionic conductivity and plasticity to apply these batteries to EVs.


                                        
                                              
                                        
                                                                                                                                    However, sulfide-based solid electrolytes are unstable in the atmosphere; hence, they must be synthesized without exposure to air, which necessitates the development of a low-cost liquid-phase synthesis method suitable for mass production.

A research team has successfully synthesized a sulfide-based solid electrolyte Li10GeP2S12 with practical room-temperature ionic conductivity by optimizing the heat treatment process in the solution method. The Li10GeP2S12 synthesized solution method exhibits unique electrochemical properties compared to ball-mill-synthesized samples, such as a small particle size with high grain boundary resistance and surface layer from the organic solvent that is highly stable with respect to Li-In anodes. The results of this research were published online in ACS Applied Energy Materials on September 25, 2024.

The group has been actively conducting research on liquid-phase synthesis processes. A previous study in May 2023 indicated that adding an excess amount of sulfur along with Li2S, P2S5, and GeS2, which are the starting materials for the Li10GeP2S12 solid electrolyte, to a mixed solvent of acetonitrile, tetrahydrofuran, and a trace amount of ethanol reduced the total synthesis time from approximately three days, to just 7.5 h.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Li10GeP2S12 solid electrolyte synthesized by this method showed a relatively high ionic conductivity (room-temperature conductivity 1.6 mS/cm). However, the ionic conductivity of Li10GeP2S12 obtained by solution synthesis was lower than that of ball-mill-synthesized samples.

First, the synthesis conditions were improved to obtain higher ionic conductivity in solution-synthesized samples. The conventional heat treatment process uses a quartz boat (SiO2). However, the SiO2 boat resulted in the formation of impurities, such as SiS2. Therefore, the various boat materials were examined.

A Ti boat resulted in a room-temperature conductivity of 5.5 mS/cm. However, the ball-mill-synthesized sample under the same conditions showed an ionic conductivity of 7.9 mS/cm at room temperature; whereas the solution-synthesized sample had a lower ionic conductivity, the reasons were unclear.

Therefore, the electrochemical properties (1: ionic conductivity, 2: Li-In anode stability) of the ball-mill-synthesized and solution-synthesized Li10GeP2S12 were compared to analyze the characteristics and factors of the electrochemical properties of the solution-synthesized sample.


	Ionic conductivity: The particle size of the solution-synthesized sample was smaller than that of the ball-mill-synthesized sample. In addition, the AC impedance measurements obtained at a low temperature of 190 K were aimed at distinguishing between the bulk resistance and grain boundary resistance. This result showed that the grain boundary resistance of the solution-synthesized sample was significantly higher than that of the ball-mill-synthesized sample. Based on the results, it was concluded that this is the reason why the ionic conductivity calculated from the total resistance became lower.

	Li-In anode stability: The stability of the Li-In/Li10GeP2S12 interface was investigated by evaluating the voltage change of a Li-In/Li10GeP2S12 symmetric cell. Despite its lower ionic conductivity, the solution-synthesized sample showed a lower overvoltage, and the Li10GeP2S12 interface had a higher stability. X-ray photoelectron spectroscopy also suggested the presence of an organic solvent-derived particle surface layer, which contributes to the interface stability between Li-In and Li10GeP2S12.




                                                                                                                                            This study presented a liquid-phase synthesis method for sulfide-based solid electrolytes that demonstrates practical room-temperature ionic conductivity while also revealing the unique electrochemical properties and mechanisms associated with the liquid-phase approach. The results highlight the significance of the particle surface state, which has not been considered in previous studies. This study focused on Li10GeP2S12 as a sulfide-based solid electrolyte with high ionic conductivity.

A future goal is to extend this approach to synthesize sulfide-based solid electrolytes beyond Li10GeP2S12, aiming for higher ionic conductivity and improved anode stability and to analyze the particle surface state, which could significantly enhance performance.

The research team includes master's student Ryota Kishi, Assistant Professor Kazuhiro Hikima, and Professor Atsunori Matsuda from the Department of Electrical and Electronic Information Engineering, and Professor Hiroyuki Muto from the Institute of Liberal Arts and Sciences at Toyohashi University of Technology; along with Specially Appointed Associate Professor (at the time) Hirofumi Tsukasaki and Professor Shigeo Mori from the Department of Materials Science at Osaka Metropolitan University.
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												Kazuhiro Hikima et al, Electrochemical Properties of Li10GeP2S12 Solid Electrolytes Synthesized Using a Solution-Based Method, ACS Applied Energy Materials (2024). DOI: 10.1021/acsaem.4c01759
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The U.S. leads the world in developing artificial intelligence technology, surpassing China in research and other important measures of AI innovation, according to a newly released Stanford University index.


                                        
                                              
                                        
                                                                                                                                    There's no surefire way to rank global AI leadership but Stanford researchers have made an attempt by measuring the "vibrancy" of the AI industry across various dimensions, from how much research and investment is happening to how responsibly the technology is being pursued to prevent harm.

"The gap is actually widening" between the U.S. and China, said computer scientist Ray Perrault, director of the steering committee that runs Stanford's AI Index. "The U.S. is investing a lot more, at least at the level of firm creation and firm funding."

The California-based university's Institute for Human-Centered AI--which has ties to Silicon Valley's tech industry--released the report Thursday as government AI officials from the U.S. and several allies met in San Francisco this week to compare notes on AI safety measures.

Here's which countries made the top 10:

United States

The U.S. ranks No. 1 on Stanford's list and has consistently held that position since 2018 when it overtook China. It has far outpaced China in private AI investment, which hit $67.2 billion in the U.S. last year compared to $7.8 billion in China, according to the report. It also leads in publishing responsible AI research. It's no surprise that the home of commercial AI powerhouses such as Google and Meta, along with relative newcomers like OpenAI and Anthropic, has produced many notable AI models that have influenced how the technology is being developed and applied. The U.S. also gets some points for having a number of AI-related laws on the books, though Congress has yet to pass any broad AI regulations.


                                                                                                        
    
        
        
        
    

                                                                                                                                            China

China has requested far more patents than any other country regarding generative AI, the U.N. intellectual property agency said earlier this year. Stanford researchers counted that as one measure of China's strong growth in AI innovation but not enough to lead the pack. Still, the report says that "China's focus on developing cutting-edge AI technologies and increasing its R&D investments has positioned it as a major AI powerhouse." China's universities have produced a large number of AI-related research publications and it has commercial leaders developing notable AI models, such as Baidu and its chatbot Ernie.

United Kingdom

Coming in at No. 3 is the UK, which also ranked high in research and development, and educational infrastructure due to top computer science universities churning out a skilled AI workforce. It's also home to Google's AI subsidiary DeepMind, whose co-founder recently won a Nobel Prize; and "had more mentions of AI in parliamentary proceedings" than any other country. Last year, the UK hosted the world's first international AI safety summit.

India

Close behind the UK was India, thanks to a "strong AI research community," improvements in economic investments tied to AI and a robust public discourse about AI on social media, according to the report.


                                                                                                                                            United Arab Emirates

The UAE's deliberate focus on AI appears to have paid off in the Middle Eastern nation's fifth-place score. It was one of the top locations for AI investments. Microsoft earlier this year said it was investing $1.5 billion in UAE-based tech firm G42, which is overseen by the country's powerful national security adviser. Based in Abu Dhabi, G42 runs data centers and has built what's considered the world's leading Arabic-language AI model, known as Jais.

The rest of the top 10

Rounding out the top 10 are France at No. 6, followed by South Korea, Germany, Japan and Singapore. France, home to the buzzy AI startup Mistral, ranked high in AI policy and governance. Both it and Germany will be part of the European Union's sweeping new AI Act that places safeguards on a range of AI applications based on how risky they are. The EU also follows the U.S. in developing a plan to expand semiconductor production within the bloc.
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