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      Nanotechnology

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


      
        Nanoscale trilayer exhibits ultrafast charge transfer in semiconductor materials
        Successfully innovating optoelectronic semiconductor devices depends a lot on moving charges and excitons--electron-hole pairs--in specified directions for the purpose of creating fuels or electricity.

      

      
        Material with molecular trapdoor holds promise for highly selective gas adsorption
        An international team led by scientists at City University of Hong Kong has found a flexible metal-organic framework (MOF) with one-dimensional channels that acts as a "molecular trapdoor" to selectively adsorb gases, such as carbon dioxide, in response to temperature and pressure changes.

      

      
        Strategy enhances breakdown strength and polarization in dielectric nanocomposites
        Electrostatic capacitors are a key component in high-power pulse equipment, power transmission and transformation engineering, new energy vehicles, and 5G communication. Their capability for ultrafast charging-discharging and ultrahigh power density is pivotal for their performance.
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            [image: Nanoscale trilayer exhibits ultrafast charge transfer in semiconductor materials]
             
                Charge movement in a mixed-dimensionality hetero-trilayer material: Photoexcited electrons and holes travel from the transition metal dichalcogenide layer (top) through single-walled carbon nanotubes (middle), resulting in a long charge recombination lifetime of 1.2 microseconds, which has potential applications in optoelectronics and energy harvesting. Credit: Alexis Myers, NREL
            
        

    


Successfully innovating optoelectronic semiconductor devices depends a lot on moving charges and excitons--electron-hole pairs--in specified directions for the purpose of creating fuels or electricity.



										      
																																	In photosynthesis, pigment molecules absorb and transfer solar energy to a reaction center, where the energy is converted and used. As this process occurs, photons generate electron-hole pairs that must be separated to initiate chemical reactions.

Deriving inspiration from the natural process of photosynthesis, National Renewable Energy Laboratory (NREL) researchers developed a mixed-dimensionality (2D/1D/2D) trilayer of semiconductors to enable exciton dissociation. This exciton dissociation step, a splitting and spatial separation of excited electron-hole pairs, is a microscopic process that is fundamental to the performance of photovoltaic systems.

Researchers detail the findings in paper titled "Ultrafast Charge Transfer Cascade in a Mixed-Dimensionality Nanoscale Trilayer" published in ACS Nano.

As the clean energy transition progresses, advances in photovoltaic systems, which convert sunlight into electricity, are crucial. Photovoltaics rely on the light-activated creation of separated electron-hole pairs to drive an external circuit.

"In this study, we were able to create light-activated electron hole pairs and separate them for a long time, longer than previously reported similar systems," said NREL's Alexis Myers, a graduate student researcher.


																																						
    
     




																																			Low-dimensional materials present opportunities for exciton transfer study

The diverse and tunable electronic and optical properties of quantum-confined low-dimensional materials such as two-dimensional (2D) transition metal dichalcogenides (TMDCs) and one-dimensional (1D) single-walled carbon nanotubes (SWCNTs) make them prime candidates for fundamental studies on charge and exciton transfer.

These types of materials have enhanced electron-hole Coulomb interactions, where the electrostatic force causes the attraction between an electron and an electron hole to form an exciton. To separate the charges, researchers must overcome the attraction, made more difficult by the large binding energies.

These materials exhibit large exciton binding energies--the energy needed for exciton dissociation--which can inhibit generation of electrical currents for photovoltaics, photodetectors, and sensors or chemical bonds in solar fuel schemes. So, NREL researchers sought to develop a hetero-trilayer that would address this challenge.

"Extending charge separation lifetimes is necessary to increase the chance of charge extraction," Myers said.

"The creation of bilayers and trilayers comes from this desire to increase the distance between separated charges. However, it's unclear in the literature whether the 'separated' charges are still electrostatically bound across the interface. So, though separated, the Coulomb interaction is still present, which can decrease charge separation lifetimes.

"In the trilayer, we were able to track the movements of electrons and holes sequentially through each layer, confirming they are indeed no longer bound to each other."


																																			Lengthening charge separation lifetimes enables better electric current generation

Complex, low-dimensional heterostructures--like TMDCs--exhibit longer lifetimes, initiating important photochemical reactions, which are critical to generating electricity in photovoltaics.

Alexis Myers and team developed a mixed-dimensionality hetero-trilayer of SWCNTs between two semiconductors that enables a photo-induced charge transfer cascade where electrons (negative charge carriers) move in one direction while holes (positive charge carriers) move in the other direction.

The hetero-trilayer mimics the natural charge transfer cascade observed in plant photosynthesis, which inspired its development. A key part of the heterostructure is the one-dimensional middle layer, which helps the charge carriers diffuse efficiently from one 2D layer to the other.

The study also looked at the mechanics of carrier diffusion in TMDCs. Using transient absorption spectroscopy, researchers tracked exciton dissociation and charge diffusion across the hetero-trilayer, observing ultrafast electron transfer to one layer and hole transfer to the other.

The trilayer architecture appears to facilitate ultrafast hole transfer and exciton dissociation, resulting in a long-lived charge separation.

The charge transfer cascade enables an excited state--where electrons and holes reside in separate places within the trilayer--where photochemical reactions could be initiated. Longer charge separation lifetimes could mean greater electric current generation because more electrons and holes have not recombined.


																																						
    
     




																																			The trilayer produced double the carrier yield compared with a 2D/1D bilayer. It also empowered the separated charges to overcome the interlayer exciton binding energies of unbound separated charges, a key challenge with such materials.

"These materials have high electrostatic interaction between the electron and hole, yet we have shown that we can successfully separate them through efficient diffusion along the SWCNT mesh," said NREL's Alejandra Hermosilla Palacios, a materials science postdoctoral researcher.

"Kinetic analysis of the different steps is necessary to understand the efficiency in these systems. We have mostly focused on the diffusion of charges thanks to the SWCNTs. We would like to understand how charges diffuse or move in the TMDC layer to better propose new systems that could lead to higher efficiencies--more electrons and holes generated--and even longer-lived charges (chance for higher electric current generation)."

In previous charge transfer cascades, the mechanism for charge transfer is unclear or does not proceed as expected.

"Our results suggest that well-defined charge transfer cascades can result in longer charge separated lifetimes and higher charge yield (or efficient transfer), paving the way for better understanding of how charges are moving through these systems and how we can continue to optimize them," Myers said.

Further studies: Future innovation

The study results position these nanoscale models for further fundamental studies of the mechanics of carrier dynamics. The enhanced charge carrier yield suggests future applications in advanced optoelectronic systems. "The goal is to continue deconvoluting each step of the photovoltaic process to advance optimization," Myers said.

"Our results show promising implications for the development of nanoscale optoelectronic devices like solar cells and solar fuel architectures," Hermosilla Palacios said.

"Mixed-dimensionality heterostructures demonstrate photophysics and technological advantages that may enhance and accelerate innovation in optoelectronics."


																																																					
																				
																						More information:
												Alexis R. Myers et al, Ultrafast Charge Transfer Cascade in a Mixed-Dimensionality Nanoscale Trilayer, ACS Nano (2024). DOI: 10.1021/acsnano.3c12179
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Material with molecular trapdoor holds promise for highly selective gas adsorption

										

    
        
            [image: Material with molecular trapdoor holds promise for highly selective gas adsorption]
             
                a) N2 adsorption and desorption isotherms at 77 K, b) illustration of anion distribution in the 1 D channel (gray: C, light purple: N, white: H, red: O, blue: Cu), c) CO2 adsorption and desorption at 273 K on NO3-Pytpy MOF, d) illustration the free void space (numbers of blue atoms) in the channel indicating the potential location where anions may reside as determined by Poreblazer 4.0. (gray: C, blue: N, white: H, red: O, pink: Cu). Credit: Small (2024). DOI: 10.1002/smll.202400064
            
        

    


An international team led by scientists at City University of Hong Kong has found a flexible metal-organic framework (MOF) with one-dimensional channels that acts as a "molecular trapdoor" to selectively adsorb gases, such as carbon dioxide, in response to temperature and pressure changes.



										      
																																	In work published in Small and featured on the back cover of the journal, investigators including principal beamline scientist Dr. Qinfen Gu at the Australian Synchrotron, reported a solid one-dimensional channel ionic metal organic framework (MOF) had internal voids that could hold gas molecules.

They discovered a temperature-sensitive gas adsorption behavior similar to the "molecular trapdoor" effect as discovered by the lead authors a decade ago in CHA zeolite, a mineral with a three-dimensional framework structure.

Extra-framework anions, negatively charged ions that are not part of the main structural framework of a material, act as "gates" that shift from their usual positions under heat or pressure, allowing gas to enter.

Gas separation is crucial in numerous industrial contexts, including applications like natural gas separation, carbon capture, and hydrogen purification, among others. However, achieving high gas selectivity is difficult when gases are similar in size and share properties.

Different guest molecules create varying energy barriers for the deviation of anions (momentary gate-opening) in pyridine-based ligands, enabling gas separation based on different specific threshold temperatures for exclusive gas admission.


																																						
    
     




																																			Larger, spherical anions improved the selectivity for gases like greenhouse gas CO2/CH4, hydrocarbons C3H6/C3H8 and natural gas N2/CH4.

Although this was observed at low temperatures and with limited separation capabilities, the investigators suggested that the concept can be applied to design other types of MOFs. The finding may lead to the creation of "molecular trapdoor" MOFs with high surface areas that offer better capacity and separation performance.
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                Credit: Wiley
            
        

    



"This finding challenges the traditional view that gas adsorption is only about gas affinity or size-based sieving, highlighting the role of guest-induced anion movements in gas diffusion within MOFs," said Prof Jin Shang, Associate Professor in the School of Energy and Environment, City University of Hong Kong, who supervised first author Yuanmeng Tian.

The flexibility of the MOFs with respect to temperature was carefully investigated, as temperature-triggered gate-opening behavior in MOFs is typically associated with structural transformation.

In situ single crystal X-ray diffraction experiments and in situ synchrotron powder X-ray diffraction measurements were performed at different temperatures to identify the topological flexibility of MOFs using the macromolecular crystallography and powder diffraction beamlines at the Australian Synchrotron.

"XRD diffraction was used to gain an understanding of the flexibility of the structural framework and movement of anions as gate-keepers in response to temperature, as well as confirm the success of anion exchange and determine the exchange rate," explained Dr. Gu.

Macromolecular crystallography beamline scientist Dr. Stefanie Bird assisted with the single crystal measurements that provided information about structural changes at different temperatures.


																																																					
																				
																						More information:
												Yuanmeng Tian et al, Tunable Gas Admission via a "Molecular Trapdoor" Mechanism in a Flexible Cationic Metal-Organic Framework Featuring 1D Channels, Small (2024). DOI: 10.1002/smll.202400064
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Strategy enhances breakdown strength and polarization in dielectric nanocomposites

										

    
        
            [image: Ultrahigh energy density in dielectric nanocomposites by modulating nanofiller orientation and polymer crystallization behavior]
             
                The schematic diagram of microstructure evolution to achieve performance enhancement in stretched dielectric composites. Credit: Ru Guo, Hang Luo
            
        

    


Electrostatic capacitors are a key component in high-power pulse equipment, power transmission and transformation engineering, new energy vehicles, and 5G communication. Their capability for ultrafast charging-discharging and ultrahigh power density is pivotal for their performance.



										      
																																	Nonetheless, their relatively low capacitance and energy density restrict their rapid development toward the lightweight, flexible, integrated trend in electrical and electronic equipment. Overcoming the energy density bottleneck for dielectrics has thus become a research hotspot that urgently needs attention.

Electric breakdown strength and permittivity, or polarization, are two key parameters for high energy density in the dielectric. One of the most common strategies involves incorporating various ceramic nanoparticles such as BaTiO3, SrTiO3, among others, into high-insulation polymer matrix to leverage their respective advantages. However, achieving a significant increase in permittivity often requires a high loading of nanoparticles, which tends to increases electrical conductivity, thereby compromising the breakdown strength.

In a study published in the journal Advanced Powder Materials, a team of researchers from Central South University in Changsha, China, proposed a novel facile strategy to realize collaborative enhancement of breakdown strength and electric polarization for dielectric.

"Our strategy allows us to simultaneously achieve construction of in-plane oriented BaTiO3 nanowire fillers and crystallization modulation of polyvinylidene fluoride (PVDF) matrix in an in-situ uniaxial stretch process," explains the study's senior and corresponding author Dou Zhang.


																																						
    
     




																																			Compared with zero-dimensional nanoparticles, one-dimensional nanowires with high aspect ratios have high polarizability and large dipole moment in the longitudinal direction, rendering them more effective in improving the permittivity of composite at lower loading levels while maintaining electric field endurance.

The research proved that high-strain stress induced the ultrahigh polar b phase and enhanced Young's modulus, facilitating a concurrent increase in both electric displacement and breakdown strength of polymer matrix. Notably, finite element simulation results revealed the oriented distribution of nanowires favors reducing the contact probability of nanowire tips, thus alleviating electric field concentration and hindering the breakdown path.

"The newly designed stretched PVDF-based nanocomposite is capable of operating with a voltage endurance as high as 843.0 kV/mm and simultaneously delivering an energy density of 40.9 J/cm3. This is by far the best capacitive performance ever achieved in polymer dielectrics," adds Zhang.


																																																					
																				
																						More information:
												Ru Guo et al, Ultrahigh energy density in dielectric nanocomposites by modulating nanofiller orientation and polymer crystallization behavior, Advanced Powder Materials (2024). DOI: 10.1016/j.apmate.2024.100212
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      The latest news in physics, materials science, quantum physics, optics and photonics, superconductivity science and technology.  Updated Daily.


      
        Scientists integrate solid-state spin qubits with nanomechanical resonators
        In a new Physical Review Letters study, scientists propose a new method for combining solid-state spin qubits with nanomechanical resonators for scalable and programmable quantum systems.

      

      
        CERN physicist explains how team uses subatomic splashes to restart experiments after annual upgrades
        When you push "start" on your microwave or computer, the device flips right on--but major physics experiments like the Large Hadron Collider at the European Organization for Nuclear Research, known as CERN, don't work that way. Instead, engineers and physicists need to take a few weeks every year to carefully reset the collider and all the experiments on it.

      

      
        3D visualization brings nuclear fusion to life
        When it comes to promising forms of energy, nuclear fusion checks all the boxes: it's clean, abundant, continuous and safe. It's produced when the lightweight nuclei of two atoms fuse together to form a heavier nucleus, releasing large amounts of energy in the process.

      

      
        A huge race is on to develop quantum technologies; the time to discuss risks is now
        The United Nations has proclaimed 2025 as the International Year of Quantum Science and Technology. The goal is to recognize "the importance of quantum science and the need for wider awareness of its past and future impact." But why quantum? Why now?
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            [image: Scientists integrate solid-state spin qubits with nanomechanical resonators]
             
                Spin qubits (orange) inside diamond nanopillars are moved (black arrows) over a magnetically-functionalized mechanical resonator (blue), enabling mechanically-mediated spin-spin interactions. Credit: Frankie Fung.
            
        

    


In a new Physical Review Letters study, scientists propose a new method for combining solid-state spin qubits with nanomechanical resonators for scalable and programmable quantum systems.



										      
																																	Quantum information processing requires qubits to have long coherence times, stability, and be scalable. Solid-state spin qubits are the candidates being pursued for these applications as they possess long-coherence times. However, they are not scalable.

The PRL study, led by Frankie Fung, a graduate student in Professor Mikhail Lukin's group at Harvard University, addressed this challenge while speaking to Phys.org.

He said, "While small quantum registers using solid-state spin qubits have been demonstrated, they rely on magnetic dipolar interactions, which limit the interaction range to tens of nanometers. The short interaction distance and difficulty fabricating spin qubits consistently at such close spacings make it challenging to control systems containing large arrays of qubits."

In the PRL study, the researchers proposed an architecture that mediates the interaction between spin qubits using a nanomechanical resonator, a mechanical oscillator.

Diamonds as qubits

The team's approach relied on nitrogen-vacancy centers in diamonds acting as qubits.

Typically, diamond structures consist of carbon atoms in a tetrahedral structure, meaning they are bonded to four other carbon atoms.

However, using methods like chemical vapor deposition, one of the carbon atoms can be substituted with a nitrogen atom. This results in a missing carbon atom adjacent to the nitrogen, creating a vacancy.

The nitrogen atom adjacent to a vacancy forms the NV center, which has an unpaired electron with spin states used as qubits.

The NV centers offer many advantages due to their unique optical properties. They have long coherence times, meaning their interaction with the environment is low, making them very stable.

Additionally, they are optically compatible, which means that it is easy to input and output information using light. Since they have unpaired electrons, they are also highly sensitive to magnetic fields.

These properties make them ideal to be used as qubits, especially when integrating them with solid-state devices.

The problem arises due to the short-range interaction between the qubits themselves. This is because solid-state spin qubits interact with each other via magnetic dipole interactions, which are short-ranged.

Interaction between qubits is necessary to create entangled states, which are a foundation for quantum information processing.


																																						
    
     




																																			Mechanical resonators as mediators

To address the long-range interaction of qubits, the researchers propose coupling the NV centers in diamonds with mechanical resonators.

"Our research aims to use nanomechanical resonators to mediate interactions between these spin qubits. More specifically, we propose a new architecture, where spin qubits inside individual scanning probe tips can be moved over a nanomechanical resonator that mediates spin-spin interactions," explained Fung.

Nanomechanical resonators are tiny structures that can oscillate at high frequencies (typically nanoscales). They are sensitive to external fields and forces.

By coupling the qubits with a nanomechanical resonator, the researchers are creating a way for non-local qubit interactions. This potentially enables the creation of large-scale quantum processors, addressing the drawback of scalability with solid-state quantum systems.

Refining the architecture

The research team's architecture, therefore, consists of a spin qubit inside individual scanning probe tips, which are precise scanning devices that can gather information.

"The scanning probe tips can be moved over a mechanical resonator that mediates spin-spin interactions. Since we can choose which qubits to move over this mechanical resonator, we can create programmable connectivity between spin qubits," explained Fung.

The individual qubits are NV centers inside a diamond nanopillar. This structure allows the NV center to be close to a micromagnet, which creates the magnetic field used to manipulate the electron spin state.

"It also helps that the nanopillar acts as a waveguide that reduces the laser power needed to excite the NV center," added Fang. This happens because the nanopillar guides the laser to the exact location it needs to go, the NV center.

The micromagnet is located on a silicon nitride nanobeam, completing the nanomechanical resonator.

In theory, the setup works as follows. The micromagnet creates a magnetic field around the qubit and the resonator. This magnetic field changes the electron spin state of the qubit.

The change in the spin state causes the qubit to interact with the nanomechanical resonator differently than it was before, making it oscillate with a different frequency. This oscillation affects other qubits, affecting their spin state.

The architecture allows for non-local qubit interactions.


																																			Architecture feasibility and hybrid quantum systems

To show that their architecture is achievable, the researchers demonstrated the qubit's coherence over the mechanical transport of the micromagnet.

Fung said, "As a proof-of-principle measurement, we stored some coherent information in the NV center, moved it around in a large field gradient, and showed that the information was preserved afterward."

The coherence was also demonstrated via the quality factor, indicating the efficiency of a resonant system.

For the architecture, the quality factor was around a million at low temperatures, suggesting that the nanobeam resonator can maintain highly coherent mechanical motion despite being functionalized with a micromagnet. However, the highest recorded quality factor for mechanical resonators is 10 billion.

"While this coupling is not strong enough to make this architecture a reality yet, we believe that there are several realistic improvements that could get us there," said Fung.

The researchers are working on introducing an optical cavity with a nanomechanical resonator.

Fung explained, "The cavity would allow us to not only measure the mechanical motion more precisely, but also potentially prepare the mechanical resonator in its ground state. This greatly expands the experiments we can do, such as transferring a single quanta of information from the spin to the mechanics and vice versa."

The researchers also believe nanomechanical resonators are ideal intermediaries between different qubits because they can interact with various forces, such as Coulomb repulsion and radiation pressure.

"A hybrid quantum system can leverage the advantages of different kinds of qubits while mitigating their disadvantages. Because they can be fabricated on-chip, nanomechanical resonators can be integrated with other components, such as an electrical circuit or an optical cavity, which opens up possibilities for long-range connectivity," concluded Fung.


																																																					
																				
																						More information:
												F. Fung et al, Toward Programmable Quantum Processors Based on Spin Qubits with Mechanically Mediated Interactions and Transport, Physical Review Letters (2024). DOI: 10.1103/PhysRevLett.132.263602. On arXiv: DOI: 10.48550/arxiv.2307.12193
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                Particles rush through a long tunnel in the Large Hadron Collider. Credit: Maximilien Brice/CERN, CC BY-SA
            
        

    


When you push "start" on your microwave or computer, the device flips right on--but major physics experiments like the Large Hadron Collider at the European Organization for Nuclear Research, known as CERN, don't work that way. Instead, engineers and physicists need to take a few weeks every year to carefully reset the collider and all the experiments on it.



										    
																																	I'm a CERN physicist who worked with my colleagues in the past few months on the reset process of the largest of the experiments, ATLAS. To collect accurate data about particle collisions and study some of the universe's most compelling mysteries, the collaboration needs to make sure the equipment is calibrated properly.

At CERN, the Large Hadron Collider, or LHC, smashes protons at the highest energy ever reached to create new particles, which physicists then catch and study with several experiments.
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                One side of the ATLAS detector. The technician on the left faces one of the wheels of the muon chambers - sensors to detect and measure muons. Credit: Ana Peixoto, the ATLAS Experiment at CERN
            
        

    



The LHC explores the hidden world of subatomic particles, the fundamental building blocks of everything around us. Studying these particles helps scientists like me better understand how the universe works and evolves over time.

Hibernating and waking up the LHC

Each winter, the collider and its experiments hibernate. My and other teams at CERN push them to take this winter nap for a few reasons.

The machines we use here are complex. We need some time to replace pieces or install new components. And, given that all those machines use a lot of power, we avoid running them in winter, when electricity costs more and when nearby Geneva needs to keep its residents warm.

But when spring comes, all the teams prepare the LHC and the experiments for a new season of data gathering.

While engineers and technicians work to reset the accelerator and prepare it to smash protons, my colleagues and I, the experimental physicists, prepare the experiments to promptly and correctly collect data from all the particles produced by the collider.


																																						
    
     




																																			Testing with cosmic rays

The experiments' teams start the first phase of waking up the LHC from hibernation while the accelerator is still asleep. We need to start testing the particle detectors even while the collider that creates the particles isn't working.

In this first phase, we use what's always available, provided by nature itself--cosmic rays. These are subatomic particles created when energetic particles from space hit atoms high in the atmosphere.
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                A cosmic ray travels through the particle detectors and their layers of sensors, leaving physicists with test data. Credit: The ATLAS Experiment at CERN
            
        

    



A cosmic ray enters the ATLAS detector in the LHC on the left. Each time it strikes a sensor, the ray loses some of its energy, which the detector converts into a signal and records. By drawing a line through all the sensors the cosmic particle met, physicists can reconstruct its arriving direction, its path through the experiment and its energy. Cosmic rays help us train the sensors and verify that everything works as expected.

However, cosmic rays are random and sparse, so we can't rely on them for all our tests. For subsequent tests, we use a denser and more predictable source--subatomic splashes.

Subatomic splashes to synchronize them all

The LHC has about 17 miles (27 kilometers) of pipes that protons fly through. The pipe has magnets around it that steer the protons it accelerates. Any particles that stray off track get stopped by a small piece of metal called a collimator. This collimator gets pushed down into the center of the accelerator pipe, where the protons smash into it and interact with its atoms.

This collision creates a huge quantity of particles, which then move in unison along the accelerator pipe as a big splash--or, as we call them, a "beam splash." Around mid-March, the accelerator team creates these for the ATLAS experiment.

The big wave of particles hits the experiment all at once, and this wave allows us to verify whether all the detectors in the experiment react correctly and in sync. It also tests whether they can record and store data at the required speed.
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                In the beam splash test, protons from the LHC hit a collimator upstream of the ATLAS detector. These particles are used to check if the ATLAS detector as a whole is working. In this visualization, the spray of particles enters ATLAS from the left, traveling to the right. Credit: The ATLAS Experiment at CERN
            
        

    





																																			Horizontal muons to calibrate them

Most of the particle detectors in the experiments are now ready to get new data. However, some types of detectors in the LHC require additional tests.

One is the ATLAS experiment's Tile calorimeter, a detector that measures the energy of particles such as neutronsand protons. It's made of rows of tile-shaped sensors, and test particles have to pass through these tiles horizontally to accurately calibrate the detector.

The massive sprays of particles created by beam splashes are not good for calibrating the Tile calorimeter. The particles aren't coming at the right angle, and there are too many all at once.

To test the Tile calorimeter, we are only interested in one particular type of particles--muons. Muons are similar to electrons but heavier, and they interact differently with the surrounding world. They can pass through multiple rows of sensors without losing much energy or being stopped--which makes them useful to test particle detectors.

So, toward the end of March, we set up another test, using the collimators once again.

This time, however, the LHC engineers push the collimator only slightly into the protons' path, so the particles just barely scrape the collimator. The protons' gentle friction against the collimator's metallic surface creates particles that move parallel to the accelerator pipe and hit the ATLAS experiment horizontally.

We use dedicated sensors to reveal muons created by the collision with the collimator and flag them. Then we track them as they move through the Tile calorimeter.

These horizontal muons pass through all the calorimeter's tiles in a row, so we can make sure it's collecting data accurately.


    
        
            [image: CERN physicist explains how physics team uses subatomic splashes to restart the experiments after annual upgrades]
             
                Specially structured particle detectors call for special probes like horizontal muons for calibration. Muons produced in the LHC's pipe traverse the ATLAS experiment horizontally. The muons, visualized as red lines, are measured by the muon detectors, the green wheels. Then they traverse the sensors, the yellow tiles, to calibrate them. Credit: ATLAS Experiment @ CERN
            
        

    




Ready for new physics

Once the LHC is all calibrated and ready to go, it accelerates protons at their maximum energy--and then pushes them to crash into each other.

After around 10 weeks of tests, a new season of data gathering begins, bringing dreams of new discoveries.
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When it comes to promising forms of energy, nuclear fusion checks all the boxes: it's clean, abundant, continuous and safe. It's produced when the lightweight nuclei of two atoms fuse together to form a heavier nucleus, releasing large amounts of energy in the process.



										      
																																	For fusion reactions to occur in a controlled manner, huge reactors are needed in the form of giant rings, which are filled with magnets to create magnetic fields where atomic particles buzz around and dance like a swarm of bees. Hard to picture? The good news is that you can now view a live simulation of this kind of reactor--called a tokamak--thanks to stunningly realistic 3D visualization technology.

At EPFL, the Laboratory for Experimental Museology (EM+) specializes in this technology and has developed a program that turns the terabytes of data generated from the tokamak simulations and testing carried out by EPFL's Swiss Plasma Center (SPC) into an immersive 3D visualization experience.

For the general public, the visualization is a journey into a ring of fireworks illustrating a possible future source of energy; for scientists, it's a valuable tool that renders the complex phenomena of quantum physics tangible and helps them grasp the results of their calculations.

Images so precise they show wear and tear

The 3D visualization--a panorama measuring 4 meters high and 10 meters in diameter--is a faithful reproduction of the interior of EPFL's variable-configuration tokamak (TCV), rendered in such stunning detail that it rivals even the best-quality gaming experience. The experimental reactor [CS1] was built over 30 years ago and still the only one of its kind in the world.


																																						
    
     




																																			"We used a robot to generate ultra-high-precision scans of the reactor interior, which we then compiled to produce a 3D model that replicates its components right down to their texture," says Samy Mannane, a computer scientist at EM+. "We were even able to capture the wear and tear on the graphite tiles lining the reactor walls, which are subject to extremely high temperatures during test runs of the TCV."

SPC engineers provided equations for calculating exactly how the quantum particles move at a given point in time. The EM+ researchers then incorporated these equations, along with reactor data, into their 3D visualization system. The catch is that all the calculations have to be carried out in real time.

"To produce just a single image, the system has to calculate the trajectories of thousands of moving particles at a speed of 60 times per second for each eye," says Mannane. This hefty number-crunching is carried out by five computers with 2 GPUs each that EM+ acquired for this project.

The computers' output is fed into the panorama's five 4k projectors. "We were able to build our system thanks to advances in infographics technology," says Sarah Kenderdine, the professor who heads EM+. "It would've been impossible even just five years ago."

The result is realistic images of mind-blowing quality. You can see the injection device that deposits particles into the tokamak as well as the graphite tiles capable of withstanding temperatures of over 100 million degrees Celsius.

And the scale of all this is impressive. To give viewers an idea, the visualization includes an image of a human being--the reactor is roughly twice their size. As the simulation ramps up, the viewer feels quite small as thousands of particles zip by, spinning and twirling and chasing each other. Electrons are in red; protons are in green; and blue lines indicate the magnetic field. Users can adjust any of the parameters to view a specific part of the reactor at a chosen angle, with almost perfect rendering.

SPC director Paolo Ricci explains, "Visualization techniques are fairly advanced in astrophysics, owing largely to planetariums. But in nuclear fusion, we're just starting to use this technology--thanks notably to the work we're doing with EM+."

Drawing on SPC's excellence in this area, EPFL is taking part in the International Thermonuclear Experimental Reactor (ITER) project and is a key member of the EUROfusion consortium. In fact, EPFL was chosen to house one of the consortium's five Advanced Computing Hubs, giving the researchers involved in this project an advanced tool for visualizing their work.


																																			Combining output and art

Kenderdine says the biggest challenge was to "extract tangible information from such a huge database to produce a visualization that's accurate, coherent and 'real'--even if it's virtual. The result is extraordinary, and I would even say beautiful, and it gives scientists a useful tool that opens up a range of possibilities."

"The physics behind the visualization process is extremely complicated," says Ricci. "Tokamaks have many different moving parts: particles with heterogenous behavior, magnetic fields, waves for heating the plasma, particles injected from the outside, gases, and more. Even physicists have a hard time sorting everything out.

"The visualization developed by EM+ combines the standard output of simulation programs--basically, tables of numbers--with real-time visualization techniques that the lab uses to create a video-game-like atmosphere."
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The United Nations has proclaimed 2025 as the International Year of Quantum Science and Technology. The goal is to recognize "the importance of quantum science and the need for wider awareness of its past and future impact." But why quantum? Why now?



										      
																																	Quantum science is both complex and weird. It's not easy to wrap your head around concepts such as entanglement, light existing as both a wave and a particle, or a cat in a box that is both alive and dead (until observed).

The weirdness of quantum mechanics is now being channeled into the construction of the first quantum computers, communication systems and sensors. Further down the road, it could power the next generation of artificial intelligence (AI).

We are in the early stages of an expensive and resource-intensive quantum race among the world's powers. The competition for quantum leadership is likely to play a major role in shaping Australia's economic and national security policy for decades to come.

Follow the money

Big tech giants, major powers and top research universities are all in a race to build the first commercially viable quantum systems. While opinions differ on whether the quantum race is a marathon or a sprint, some big bets have already been placed.

By 2045, CSIRO estimates showthat the Australian quantum industry could bring in up to A$6 billion in annual revenue, and provide almost 20,000 jobs.

In 2023, Australia laid out its National Quantum Strategy to boost government support and make Australia "a leader of the global quantum industry."

Over the past two years, the Victorian government has invested $37 million into quantum startups. In April, the Commonwealth and Queensland governments committed to a joint $1 billion investment to build the world's first utility-scale quantum computer. The same month, the University of Sydney was awarded an $18.4 million federal grant to establish a national hub for the quantum ecosystem in Australia.

But understanding the question of quantum is more than a matter of science and technology, or dollars and cents. As with just about every powerful new technology, the question is not if, but when the next quantum wave will be weaponized.


																																						
    
     




																																			Quantum science in national security

Based on entangled quantum bits ("qubits"), quantum technology has the potential to exponentially increase computational power, transform communication networks and optimize the flow of goods, resources and money.

Commercial industries as diverse as telecommunications, pharmaceuticals, banking and mining--of data as well as minerals--will all be transformed.

However, it is the national security implications of quantum technology that have most interested our government, and others around the world.

Quantum radar, code, internet, sensors and GPS are being fast-tracked by militaries and defense industries in all corners of the globe. Who gets there first (the quantum "haves") could produce new asymmetries of power and dangers for the rest (the quantum "have-nots").

Quantum communications systems can deliver completely secure, unhackable lines of communication. A prototype network is already connecting several major cities over nearly 5,000km in China. On the other hand, quantum computers pose the risk of eventually being able to hack classically encrypted messages in seconds--an eventuality known as "Q-Day".

Quantum AI is being developed to improve the performance of lethal autonomous weapons. Do we really want swarms of drones operating in a networked battlespace without any humans in the loop?

Quantum sensors, already in use today, are able to make ultra-sensitive measurements of magnetic and gravitational fields. This means pinpointing metals and large objects underground as well as underwater.

New breakthroughs in quantum sensing technology would have serious implications for the resilience and reliability of Australia's new fleet of nuclear submarines. It's an important consideration for the single largest military investment in our nation's history.


																																			We must ask the hard questions now

Just about every new complex technology has generated unintended consequences--and unexpected disasters. Chernobyl, Three Mile Island and Fukushima all bear witness to the risks inherent in an earlier wave of nuclear technologies resulting from breakthroughs in quantum science.

Given the potential speed and networked power of quantum machine learning and cloud computing, a glitch in quantum artificial intelligence could start as a local incident but quickly cascade into a global crisis.

The blockbuster film "Oppenheimer" showed how an earlier wave of quantum research enabled the atomic bomb, and forever changed the international order.

The first use of nuclear weapons also spurred a deep and engaged global discussion about disarmament, led by more than a few of the scientists who had helped build the bomb. But their voices were drowned out by a politics of fear and the Cold War, resulting in a costly arms race and nuclear brinksmanship that continues to this day.

When asked about President Lyndon Johnson's effort to initiate arms control talks in the 1960s, Oppenheimer replied, "It's 20 years too late--it should have been done the day after Trinity [the first nuclear detonation]."

We had best not wait to start asking the hard questions about how the next generation of quantum technologies will impact the prospects for global war and peace in years ahead.
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Ground conditions can impact lunar swirls, study finds
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                The image on the right displays the center "eye" region of the Reiner Gamma swirl. Reiner Gamma swirl study area (left) is centered at 7.11oN and 301.18oE. Credit: LROC Quickmap (https://quickmap.lroc.asu.edu).
            
        

    


Differences between the bright and dark patches in lunar swirls goes beyond the albedo variations; it includes differences in the structure of the lunar soils and the grains within those soils.



										      
																																	Lunar swirls are alternating high- and low-albedo markings on the moon that occur in both mare--dark, level basalt plains--and the bright highland terrains; their origin remains a point of debate.

"The scientific community has long been examining the differences between the bright and dark regions in these distinctive albedo markings," said Deborah Domingue, Senior Scientist at the Planetary Science Institute and lead author of "Photometric Properties Within Reiner Gamma Swirl--Constraining Formation Mechanisms" that appears in The Planetary Science Journal.

PSI scientists John Weirich, Frank Chuang, Samuel Courville, Roger Clark, Amanda Sickafoose, Eric Palmer, and Robert Gaskell are co-authors.

"While these rather enigmatic features are found in many places on the moon's surface, Reiner Gamma is the archetype lunar swirl. They are associated with magnetic anomalies and until recently were thought to 'swirl' across the surface unaffected by topography," Domingue said.

"Recent work by a group at PSI has shown that there is a correlation with topography, where the bright 'on-swirl' areas are, on average, a few meters lower than the dark 'off-swirl' areas. The work in this paper takes a region in the Reiner Gamma swirl, where we have measured topographic variations, and examines if there are also variations in the regolith (soil) structure between on- and off-swirl."


																																						
    
     




																																			The paper finds that the intrinsic brightness is different, which is no surprise as differences in brightness are what define these features. However, the source of the brightness differences can vary, and this is explored in the paper, Domingue said.

Brightness variations can be due to differences in composition (what the regolith is made of), porosity (how compact the surface is), and the size of the grains comprising the regolith. This study indicates that these brightness changes are dominated by compositional differences and not differences in compaction. However, differences in the size of the regolith grains could still be a contributing factor.

"Grain size differences might also contribute to the brightness variations, but we do not see differences in compaction within our study area. We also note differences in grain types and structures between bright and dark area soils. This indicates that there is more than one process at work to form these features," Domingue said.

Currently there are three hypotheses about the formation of these features:


	shielding of the solar wind by the magnetic anomalies prohibits space weathering,

	dust is levitated and sorted by the magnetic field, and

	these features are the remnants of impacts with comets.




																																			The paper goes through the evidence pro and con for each of these formation hypotheses. The structural properties that were found by this study indicate that it's a combination of these processes at work, not just one.

"There are a couple of processes that have been put forth for explaining the presence of these features on the moon, yet the evidence is contradictory. This paper is important because it adds another set of properties--regolith structure--to the evidence. Interpretation of this new evidence, in context of past work, all indicate that these features are the result of a complex interaction of multiple processes, and that laboratory studies will be needed to deconvolve the relative roles of these processes in the formation of lunar swirls," Domingue said.
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												Deborah Domingue et al, Photometric Properties within the Reiner Gamma Swirl: Constraining Formation Mechanisms, The Planetary Science Journal (2024). DOI: 10.3847/PSJ/ad2179
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A new explanation for Jupiter's shrinking Great Red Spot
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                Hubble image of Jupiter. Credit: NASA, ESA, A. Simon (Goddard Space Flight Center) and M.H. Wong (University of California, Berkeley)
            
        

    


Jupiter's Great Red Spot--the biggest windstorm in the solar system--is shrinking, and a new study may help explain why.



										      
																																	Located in Jupiter's southern hemisphere, the Great Red Spot is a swirling, red-orange oval of high pressure more than 10,000 miles wide. It consistently blows more than 200 miles per hour in a counterclockwise direction, making it technically an anticyclone.

And it has been shrinking for the better part of a century, particularly over the past 50 years. While its latitudinal extent has remained relatively consistent, its longitudinal extent has contracted from 40 degrees in the late 19th century to 14 degrees in 2016, when NASA's Juno spacecraft arrived at the planet for a series of orbits.

"Many people have looked at the Great Red Spot over the last 200 years and were as fascinated by it as I am," said Caleb Keaveney, a Ph.D. student in Yale's Graduate School of Arts and Sciences and lead author of a new study in the journal Icarus.

"A lot of those people were not professional astronomers--they were just passionate and curious. That, plus the curiosity I see in people when I talk about my work, makes me feel like part of something bigger than myself."



    
    
    
        
        
    
            
              

Some of the curiosity relating to the Great Red Spot has to do with the many mysteries that surround it, despite the fact that it has been studied extensively. Astronomers don't know precisely when the spot formed, why it formed, or even why it is red.


																																						
    
     




																																			For the study, Keaveney, who is part of Yale's Department of Earth & Planetary Sciences, and his co-authors, Gary Lackmann of North Carolina State University and Timothy Dowling of the University of Louisville, focused on the influence of smaller, transient storms on the Great Red Spot.

The researchers conducted a series of 3D simulations of the spot using the Explicit Planetary Isentropic-Coordinate (EPIC) model, an atmospheric model for planetary applications developed by Dowling in the 1990s. Some of these simulated interactions between the Great Red Spot and smaller storms of varying frequency and intensity, while another group of control simulations left out the small storms.

A comparison of the simulations suggested that the presence of other storms strengthened the Great Red Spot, causing the spot to grow larger.

"We found through numerical simulations that by feeding the Great Red Spot a diet of smaller storms, as has been known to occur on Jupiter, we could modulate its size," Keaveney said.

In part, the researchers based their modeling on long-lived high-pressure systems observed closer to home, in Earth's atmosphere. These systems--known as "heat domes," or "blocks"--occur regularly in the westerly jet streams that circulate across Earth's mid-latitudes and play a major role in extreme weather events such as heat waves and droughts.

The longevity of these "blocks" has been linked to interactions with smaller, transient weather mechanisms, including high pressure eddies and anticyclones.

"Our study has compelling implications for weather events on Earth," Keaveney said. "Interactions with nearby weather systems have been shown to sustain and amplify heat domes, which motivated our hypothesis that similar interactions on Jupiter could sustain the Great Red Spot. In validating that hypothesis, we provide additional support to this understanding of heat domes on Earth."

Keaveney said additional modeling will allow researchers to refine the new findings--and perhaps shed light on the Great Red Spot's initial formation.
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												Caleb W. Keaveney et al, Effect of transient vortex interactions on the size and strength of Jupiter's Great Red Spot, Icarus (2024). DOI: 10.1016/j.icarus.2024.116196
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        Greenhouses are becoming more popular, but there's little research on how to protect workers
        From opposite ends of the world, the uncomfortable conditions Shamim Ahamed and Purvi Tiwari experienced doing separate Ph.D. research inside greenhouses inspired them to study the heat in the indoor structures.

      

      
        Bubbling with benefits: Hydrogen nanobubbles boost tomato antioxidants
        Tomatoes are a key source of antioxidants, crucial for human health as they help combat oxidative stress. Traditional irrigation methods often fail to significantly enhance these beneficial compounds in crops. Hydrogen, known for its unique antioxidant properties, faces challenges in agricultural use due to its low solubility and rapid diffusion.

      

      
        New model explains precise timing of viral cell bursting
        New research from Rice University scientists is shedding light on how viruses ensure their survival by precisely timing the release of new viruses. The discovery offers a new theoretical framework for understanding these dynamic biological phenomena.

      

      
        Fish biodiversity found to benefit nutrition, particularly for lower income people
        Households caught and consumed a far more diverse array of fish than they sold at market, which has important implications for how loss of biodiversity might affect people's nutrition, especially for those with lower incomes. A Cornell study is one of the first to examine the relationship between diet and biodiversity in a wild food system.

      

      
        Better dams offer major benefits to farmers and livestock
        Managing the water quality of farm dams is critical to the health of livestock as well as boosting crop production, according to new research from the Sustainable Farms group at The Australian National University (ANU).

      

      
        Study highlights potential for genetic manipulation in cucumber breeding
        The CLAVATA (CLV) signaling pathway is crucial for controlling flower and fruit development by regulating the shoot apical meristem (SAM) size. Despite its significance, the downstream signaling components in crops remain largely unknown. Understanding these pathways is essential for advancing crop breeding techniques to enhance yield and quality.

      

      
        Ginseng's full genome sequenced
        Ginseng's role in traditional medicine is underscored by its complex genetic structure due to its allotetraploid nature. A recent study delves into this complexity, revealing key evolutionary insights into its subgenomes that govern saponin biosynthesis--the primary active compounds in ginseng. This necessitates deeper genetic research to fully harness ginseng's medicinal potential.

      

      
        Unlocking the genetic code of Amur grape: Insights into plant cold tolerance and evolution
        The Amur grape, indigenous to eastern Asia, is known for its remarkable cold tolerance, able to withstand temperatures as low as -40degC. Despite its significant potential for breeding and agricultural applications, the absence of high-quality genomic data has limited advancements in understanding and improving this species.

      

      
        Green agendas clash in Nevada as company grows rare plant to help it survive effects of a mine
        A botanist gently strokes the pollen of endangered wildflowers with a paintbrush as she tries to reenact nature inside a small greenhouse in the shadow of the Sierra Nevada.

      

      
        From roots to leaves: The nitrogen connection to photosynthetic efficiency
        Photosynthesis efficiency in plants is influenced by the type of nitrogen absorbed. Ammonium (NH4+) and nitrate (NO3-) are the primary nitrogen sources, each affecting plant physiology differently. Variations in leaf anatomy, such as cell wall thickness and chloroplast number, play a crucial role in these processes.

      

      
        Peeling back the genetic layers of stone fruit domestication
        The Prunus genus, encompassing apricots, peaches, plums, and mei, is vital due to its economic and nutritional value. However, the genetic foundations of these species' shared and unique traits remain largely unexplored. This knowledge gap hinders advancements in breeding programs aimed at improving fruit quality and stress tolerance.

      

      
        The redpoll finch saga: How two bird species just became one
        This week, birders around the world lost one beloved feathered creature from their birding life list. Fortunately, no species went extinct. Instead, this change resolved a long-held misunderstanding about the redpoll finch.

      

      
        Dynamic view of opioid receptor could refine pain relief
        Effective pain relief without the debilitating side effects of traditional opioids is closer to becoming a reality thanks to a study by an all-RIKEN team into the structure and dynamics of a drug-bound opioid receptor.

      

      
        Study finds facially expressive primates make better leaders
        Facially expressive monkeys are more socially successful and lead better connected social groups, according to research by Nottingham Trent University which shows the benefits of facial communication in primates, including humans.

      

      
        New hope for critically endangered Siamese crocodile
        Sixty Siamese crocodiles, from five separate nests, have successfully hatched in Cambodia's Cardamom National Park--the largest record of this species breeding in the wild this century and a massive boost for the survival prospects of this critically endangered reptile.

      

      
        Rare butterfly is behind 'mass destruction' of rare Miami plants: Can both be protected?
        A small butterfly once thought extinct has staged such a comeback in South Florida that it is now considered a bit of a garden pest--and a persistent problem for a renowned research facility where its caterpillars feast on a curated collection of tropical plants, some of them rarer than the insect munching them.

      

      
        Five ways to keep your pets cool when the weather's hot
        When summer arrives in the UK, it seems to appear suddenly. One day we can be wrapped up cozy winter woolies--the next we are panic buying fans and ice lollies.

      

      
        Baby bull sharks are thriving in Texas and Alabama bays as the Gulf of Mexico warms
        In late spring, estuaries along the U.S. Gulf Coast come alive with newborn fish and other sea life. While some species have struggled to adjust to the region's rising water temperatures in recent years, one is thriving: juvenile bull sharks.

      

      
        Duckweed, a small aquatic plant, could revolutionize the food of tomorrow
        The idea of eating aquatic plants might sound unappetizing at first.

      

      
        Study finds seeds with and without pericarps adopt distinct germination strategies
        Dry fruits are divided into dehiscent and indehiscent types based on whether the pericarp splits open after reaching maturity. As a maternal tissue, the pericarp may provide seeds with different germination strategies.

      

      
        Gene silencing tool has a need for speed: Research provides deeper insight into RNAi tool design
        RNA interference (RNAi) is a process that many organisms, including humans, use to decrease the activity of target RNAs in cells by triggering their degradation or slicing them in half. If the target is a messenger RNA, the intermediary between gene and protein, then RNAi can decrease or completely silence expression of the gene.
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                Bill Werner, Lead Greenhouse Manager of the College of Agricultural and Environmental Sciences at the University of California, Davis, walks between plants and evaporative cooling pads in a greenhouse at the Core Greenhouse Complex on the campus in Davis, Calif., Monday, May 20, 2024. Credit: AP Photo/Jeff Chiu
            
        

    


From opposite ends of the world, the uncomfortable conditions Shamim Ahamed and Purvi Tiwari experienced doing separate Ph.D. research inside greenhouses inspired them to study the heat in the indoor structures.



										      
																																	Tiwari, a researcher at Indira Gandhi Agricultural University in India, realized the heat-amplifying effect of greenhouses is a big concern that should be studied because she herself experienced the leg cramps, nausea and dizziness that her farmer subjects later described. Summer outdoor temperatures can reach 120 degrees Fahrenheit (50 degrees Celsius) in parts of India, where greenhouse workers "are feeling suffocated inside." She added that in the last five years, greenhouses have become a trend as available land shrinks amid development.

"Workplaces shouldn't harm humans," she said. "If that workplace area is harming that person, that means it's not good for working. That should be changed."

In the United States, the latest agricultural census shows the number of greenhouse and nursery workers in the U.S. has grown by 16,000 in recent years. But there are no federal heat rules even as greenhouses become more popular and the number of workers in them has risen. There is also minimal research on the experiences of workers and their broader working conditions, nor on how to protect people who labor inside their often hot and humid environments. But academics from across the world, like Tiwari and Ahamed, are trying to plug the knowledge gaps about the unique conditions greenhouse farmworkers are exposed to.
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                Water drips down evaporative cooling pads in a greenhouse at the Core Greenhouse Complex on the University of California, Davis, campus in Davis, Calif., Monday, May 20, 2024. Credit: AP Photo/Jeff Chiu
            
        

    



Bharat Jayram Venkat, associate professor and founding director of UCLA's Heat Lab, said that "there's a lot of research on agricultural workers... but not specifically looking at greenhouses." Most of the literature focuses on maximizing plant growth and production in greenhouses, not on human health.

"On the face of it it makes sense--that's what greenhouses are actually for. But of course you need human workers in those greenhouses to make them function," he said, "so you have to think about human health."


																																						
    
     




																																			More heat, more greenhouse workers

Last year was the hottest on record and cities across the U.S. repeatedly experienced triple-digit temperatures. According to the United States Department of Agriculture, the number of farms and square feet under glass, and the value of greenhouse and nursery sales, have all increased from 2017. In addition, use of the H-2A agricultural workers program essentially doubled over the period from 2010-2019, with implications for workers' ability to complain about extreme heat conditions.
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                Bill Werner, Lead Greenhouse Manager of the College of Agricultural and Environmental Sciences at the University of California, Davis, shows drip irrigation tubes used for plants in a greenhouse at the Core Greenhouse Complex on the campus in Davis, Calif., Monday, May 20, 2024. Credit: AP Photo/Jeff Chiu
            
        

    



Venkat anticipates more research will emerge as indoor, climate-controlled growing environments likely become more popular as climatic conditions become less predictable and more extreme. Laws such as California's recently-approved indoor heat rules and the rise in greenhouse workers will also increase interest in studying them, he said.

Jennifer Vanos, an associate professor at Arizona State University, has researched the limits of survival and physical work capacity in extreme heat. Using research led by a former fellow at Loughborough University--which assessed how the body functions under varying temperatures, wind speeds, humidity and radiation--Vanos and colleagues studied the productivity of agricultural workers in a warming planet.

Among their findings was that the warmer it gets, the less productive workers could be, which has economic implications. In the context of agriculture, that could mean fewer crops harvested and the need for more workers.

Ultimately, their results found that "for people to work safely, they have to lower their heart rate, which means lower their workout output to be able to do the same tasks in a hotter environment," said Vanos.
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                Geese walk near a greenhouse in Morehead, Ky., formerly operated by AppHarvest, Wednesday, June 5, 2024. AppHarvest employees say they saw colleagues carried out on makeshift stretchers due to heat, and dozens more helped outside on others' shoulders. Credit: AP Photo/Joshua A. Bickel
            
        

    



Signs of heat stress include heavy sweating, cramps and fast heart rate. Exposure to extreme temperatures can increase the risk of injuries due to dizziness, weakness or fainting. And heat stroke, the most serious heat-related illness, can happen when the body stops sweating and its temperature rises.

When heat combines with humidity, it's harder for sweat to evaporate to cool the body, creating a potentially more dangerous situation.

"When the air is already really saturated with water vapor... the capacity for sweat to evaporate is greatly diminished," said Venkat. "That means that your risk of heat related illness or even death is going to be that much higher."


																																			Filling in research gaps

Researchers Tiwari and Ahamed have now published papers on greenhouse environments. Ahamed, now an assistant professor in the Department of Biological and Agricultural Engineering at UC Davis, studied the risks of heat exposure in high-tech greenhouses, comparing the effects on workers when tools like shade "skins" are deployed in greenhouses to keep temperatures cooler. Tiwari spoke to workers in India who experienced nausea, drowsiness and dehydration, and she and her team found that greenhouse workers who labored in the middle of the day had an average working heart rate 20% higher than those in open fields.
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                Bill Werner, Lead Greenhouse Manager of the College of Agricultural and Environmental Sciences at the University of California, Davis, points toward the temperature in a greenhouse at the Core Greenhouse Complex on the campus in Davis, Calif., Monday, May 20, 2024. Credit: AP Photo/Jeff Chiu
            
        

    



Ahamed said Tiwari's research is relatively rare. Many of the studies that do exist are in countries outside the U.S. And even when studies are U.S.-based, it can be hard to source a proper sample size for greenhouse workers in particular.

For example, researchers at UC Merced found higher rates of preterm birth, low birth weight and birth defects in pregnant agricultural workers across the board--including field and nursery workers. A study from Iran found similar effects in greenhouse workers there, but the UC Merced team said that they didn't have enough pregnant indoor agriculture workers to confidently look at that result alone.

The holes in the literature, Ahamed said, have led to "a huge gap of how these things could be kind of regulated or standardized." He thinks there needs to be building codes based upon UV, heat and humidity exposure as well as safety procedures for workers inside.

But with such a wide range of greenhouse technology being used--from mega-farms on many acres to microclimates created with "high tunnel" or "hoop house" setups involving plastic arched over small sections of a field--the patchwork of possible options remains an issue toward implementing standards.
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                A fan hangs above plants growing in a greenhouse at the Core Greenhouse Complex on the University of California, Davis, campus in Davis, Calif., Monday, May 20, 2024. Credit: AP Photo/Jeff Chiu
            
        

    



However, he thinks it would be doable to have different protocols in place depending on the type of greenhouse at hand.

"For this, they need to investigate, to find some recommendations," Ahamed said.


																																																					
																					
																															 
												  (c) 2024 The Associated Press. All rights reserved. This material may not be published, broadcast, rewritten or redistributed without permission.
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Bubbling with benefits: Hydrogen nanobubbles boost tomato antioxidants

										

    
        
            [image: Bubbling with benefits: hydrogen nanobubbles boost tomato antioxidants]
             
                Conceptual figure explaining the impact of HNBs on the antioxidant quality of tomatoes. (i) ONBs may use the free radicals produced by bubble rupture to induce the antioxidant mechanism, and (ii) HNBs may promote the expression of genes, such as those encoding for hydrogenase, to increase the accumulation of natural antioxidants. Credit: Horticulture Research (2024). DOI: 10.1093/hr/uhae111
            
        

    


Tomatoes are a key source of antioxidants, crucial for human health as they help combat oxidative stress. Traditional irrigation methods often fail to significantly enhance these beneficial compounds in crops. Hydrogen, known for its unique antioxidant properties, faces challenges in agricultural use due to its low solubility and rapid diffusion.



										      
																																	These issues necessitate innovative irrigation techniques to improve crop quality and antioxidant levels. Based on these challenges, it is essential to conduct in-depth research to explore the potential of hydrogen nanobubble irrigation in agriculture.

Researchers from China Agricultural University, Hochschule Geisenheim University, and other institutions published a study on April 16, 2024, in Horticulture Research that explores the effects of hydrogen nanobubble irrigation on the antioxidant properties of tomato fruits.

The research indicates that this method significantly boosts the concentrations of various antioxidants in tomatoes.

The study utilized subsurface drip irrigation with hydrogen nanobubble water on tomato plants, revealing a significant increase in the concentrations of key antioxidants such as lycopene, ascorbic acid, flavonoids, and resveratrol, by 16.3-264.8% compared to traditional groundwater irrigation.

Through transcriptomic and metabolomic analyses, researchers identified that hydrogen nanobubbles modulate the electron transport chain and enhance the expression of genes involved in non-enzymatic antioxidant biosynthesis. This method promoted the synthesis of essential metabolites, resulting in higher antioxidant levels in the tomatoes.


																																						
    
     




																																			The study highlights the unique ability of hydrogen nanobubbles to overcome the limitations of hydrogen's low solubility and fast diffusion in agricultural applications, offering a promising solution to enhance crop quality and health benefits for consumers. The findings underscore the potential of this innovative irrigation technique in improving agricultural productivity and crop resilience.

Dr. Yunkai Li, the corresponding author of the study, stated, "Our findings demonstrate the transformative potential of hydrogen nanobubble irrigation in agriculture. This method not only enhances the nutritional quality of tomatoes but also offers a sustainable solution to improve crop resilience and productivity. The integration of hydrogen with nanobubble technology addresses long-standing challenges in agricultural practices."

The application of hydrogen nanobubble irrigation could revolutionize agricultural practices by significantly improving the antioxidant content in crops. This method provides a sustainable approach to enhance crop quality, offering potential health benefits to consumers.

Future research should focus on optimizing the hydrogen requirements and irrigation frequency for different crops to fully harness the benefits of this technology.


																																																					
																				
																						More information:
												Jing He et al, Enhancing tomato fruit antioxidant potential through hydrogen nanobubble irrigation, Horticulture Research (2024). DOI: 10.1093/hr/uhae111
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New model explains precise timing of viral cell bursting

										

    
        
            [image: Rice researchers unveil secrets behind viral precision]
             
                The researchers proposed that randomly determined coupling between these biophysical and biochemical processes leads to noise cancellation, enabling precise timing. Credit: Rice University
            
        

    


New research from Rice University scientists is shedding light on how viruses ensure their survival by precisely timing the release of new viruses. The discovery offers a new theoretical framework for understanding these dynamic biological phenomena.



										      
																																	The research, published in the Biophysical Journal on July 18, also reveals how certain biological processes achieve remarkable precision despite relying on random events.

"Our findings provide insights into mechanisms crucial for life, from bacteria to humans," said Anatoly Kolomeisky , professor of chemistry, chemical and biomolecular engineering and co-author of the study.

A key focus for the research team was cell lysis, the process by which viruses cause bacterial cells to burst open at just the right moment to release new viruses. This precise timing, essential for viral replication, has puzzled scientists for years.

The research team hypothesized that this precision results from the interplay between two random processes: the buildup of holin proteins, or small phage-encoded membrane proteins that permeabilize the host membrane at a programmed time, and the breaking of the cell membrane.

The researchers proposed that randomly determined coupling between these biophysical and biochemical processes leads to noise cancellation, enabling precise timing.

To test their hypothesis, the researchers developed a mathematical model to analyze the dynamics of holin proteins. They compared their calculations with experimental data from normal and mutated viruses, examining how these proteins accumulate and trigger cell bursting.


																																						
    
     




																																			Their analysis revealed that precise timing is achieved by maximizing the number of holin proteins in the membrane while maintaining a narrow distribution. This balance ensures that cell lysis occurs at the optimal moment despite the underlying randomness of the processes involved.

"Previous studies had not explored this specific interaction between protein buildup and cell bursting, making the team's findings particularly significant," Kolomeisky said.

The researchers' theoretical predictions aligned closely with experimental observations for wild-type and mutated viruses. They found that wild-type viruses achieve precise timing by balancing the entry and exit of holin proteins in the membrane, while mutated viruses fail to maintain this balance.

The research also highlights how biological systems can achieve precise outcomes through seemingly chaotic processes, and it provides broader insights into how other biological processes might be controlled. By understanding these timing mechanisms, scientists can learn more about fundamental life processes and develop innovative ways to combat bacterial infections.

The research also underscores the intricate balance nature can achieve, ensuring vital processes occur with remarkable accuracy even when influenced by random processes, said Anupam Mondal, co-author of the paper and a postdoctoral fellow at the Center for Theoretical Biological Physics (CTBP).

"The team's work is a step in better understanding the detailed mechanisms of cell lysis, revealing that nature's precision often emerges from the interplay of randomness and regulation," Mondal said.


																																																					
																				
																						More information:
												Anupam Mondal et al, Molecular mechanisms of precise timing in cell lysis, Biophysical Journal (2024). DOI: 10.1016/j.bpj.2024.07.008
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Fish biodiversity found to benefit nutrition, particularly for lower income people
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                A community fish refuge within the rice field fisheries of Cambodia. Credit: Kathryn Fiorella
            
        

    


Households caught and consumed a far more diverse array of fish than they sold at market, which has important implications for how loss of biodiversity might affect people's nutrition, especially for those with lower incomes. A Cornell study is one of the first to examine the relationship between diet and biodiversity in a wild food system.



										      
																																	"Commercially Traded Fish Portfolios Mask Household Utilization of Biodiversity in Wild Food Systems," published July 17 in the Proceedings of the National Academy of Sciences, examined how households make use of biodiversity of wild fish in the freshwater Tonle Sap lake system in Cambodia.

"People naturally want to sell the most profitable fish, and around the world those tend to be larger body fish," said Kathryn Fiorella, associate professor in the Department of Public and Ecosystem Health in the College of Veterinary Medicine and corresponding author of the study. Sebastian Heilpern, a postdoctoral researcher in Fiorella's lab, is the paper's final author.

Global biodiversity has been rapidly declining due to development, agriculture, habitat loss, pollution and climate change, with freshwater ecosystems experiencing the highest rate of decline.

In the study, the variety of fish available in the ecosystem was compared to the varieties households reported they consumed. Consumed species represented 43% of species present in the ecosystem, but they sold only 9% of species. People tended to sell larger, less nutritious and more common species, and yet ate a range of species themselves that mirrored the diversity of the fish they caught.


																																						
    
     




																																			Culinary habits are part of the reason why larger fish are more often sold, Fiorella said. "We tend to eat them as filets, which tend to have a slightly lower nutrient content than some of the small fish where people are eating the head and the bones," she said. In this way, while likely trying to maximize income, people sell the less nutritious fish and consume the more nutritious ones at home.

Household fishing effort, demographics and distance to the nearest market did not affect these dynamics, though the study did find that poorer households consumed a wider variety of species. "It suggests that these ecosystems may be even more of a safety net for poor households, that they may get greater benefits from biodiversity than their wealthier neighbors," Fiorella said.

In the study, the researchers analyzed data collected over three years by WorldFish, an international research organization. These included ecological and biodiversity data from 40 protected sites, recorded every three months, and household surveys, conducted every two months, at 414 homes in the Tonle Sap lake area.

The Tonle Sap lake is partly fed by the Mekong River, which floods every year during the rainy season. The floods greatly expand the lake's area to many times its size and allow fish to migrate and inhabit rice paddies where they are commonly caught.

Biodiversity accounting often only tracks commercial species, which may be underestimating the true biodiversity present in wild food systems and the consequences of biodiversity loss for people who most rely on fisheries as a source of nutrition, according to the paper.

By not fully accounting for how people use biodiversity, scientists and planners may be misestimating the consequences of actions that impact ecosystems, such as building dams, which is especially relevant in the Mekong River region, Fiorella said.

Co-authors include Elizabeth Bageant '10, M.S. '14, a former member of Fiorella's lab, and Shakuntala Thilsted, global lead for nutrition and public health at IFPRI (International Food Policy Research Institute) and 2021 World Food Prize laureate.
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												Kathryn J. Fiorella et al, Commercially traded fish portfolios mask household utilization of biodiversity in wild food systems, Proceedings of the National Academy of Sciences (2024). DOI: 10.1073/pnas.2403691121
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Better dams offer major benefits to farmers and livestock
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                Enhanced farm dams (pictured) help mitigate the impacts of livestock and significantly improve water quality. Credit: Sustainable Farms/ANU
            
        

    


Managing the water quality of farm dams is critical to the health of livestock as well as boosting crop production, according to new research from the Sustainable Farms group at The Australian National University (ANU).



										      
																																	According to the ANU researchers, "enhancing" dams by erecting fencing would help mitigate the impacts of livestock and significantly improve water quality, while also allowing vegetation to flourish, which is good for biodiversity.

The findings are published in the journal Agriculture, Ecosystems & Environment.

There are more than 1.7 million farm dams across Australia. More than 650,000 of them are located in the Murray-Darling basin region.

Farm dams provide habitats for a wide range of native species, so any direct environmental impact to these dams can adversely impact biodiversity. According to the research team, the findings offer valuable insight for farmers and the Australian agriculture industry.

"These dams store a huge amount of water, yet traditionally there has been minimal investment in improving the quality and retention of water in these dams," lead author Dr. Maldwyn Evans, from ANU, said.

The researchers collected data over two and half years on water quality, vegetation, rainfall and other relevant factors, in and around 109 completely fenced, partially fenced, or unfenced farm dams across 34 farms in the sheep-wheat belt of southeast Australia. They also looked at whether livestock had direct access to the dams for extended periods of time.


																																						
    
     




																																			"We found that when livestock were excluded from the surrounds of a dam and native vegetation was replanted or allowed to regenerate, the water quality in dams was significantly improved," Dr. Evans, from the ANU Sustainable Farms group, said.

"For example, levels of phosphorus, nitrogen and other chemicals were all lower in these enhanced dams than in other dams.

"Phosphorus is directly linked to increased algal blooms, which pose a serious risk of poisoning for many animal species, including livestock.

"Our results also indicated that reduced livestock grazing in the surrounds of enhanced dams reduced levels of E. coli in the water. This highlights that one mechanism by which fecal bacteria enter dams is through direct run off containing feces.

"We found reducing livestock access to farm dams using fencing led to a decrease in trampling, grazing and browsing which increased vegetation cover in and around the dam. Increased vegetation cover has been shown to improve water quality by reducing soil erosion and supporting physical and chemical filtration of sediment, nutrients and fecal material in inflows."

David Smith, a co-author of the study from the ANU Sustainable Farms group, said even modest restoration efforts to the surrounds of farm dams can have positive results.


																																			"If a farmer's primary goal is to maximize water quality, then fencing that restricts livestock access to a dam will result in the best outcomes. By installing a pipe and trough system, livestock can still access the drinking water in these dams," he said.

"Enhancing large numbers of dams across a farm is not always feasible. In those cases, rotational grazing management can provide some of the benefits to water quality. Rotational grazing has a diverse range of benefits. These benefits include substantial increases in the probability of tree regeneration and increases in plant diversity.

"Our research shows that dam enhancement improves vegetation cover in and around the dam, providing ideal conditions for plants and animals, such as birds and frogs, to thrive. This likely increase in vegetative biodiversity also provides habitat and foraging opportunities for other animals.

"In related research, we have demonstrated that enhancing farm dams has significant benefits for birds, frogs and waterbugs and that enhanced farm dams can become hotspots for breeding woodland birds."


																																																					
																				
																						More information:
												Maldwyn John Evans et al, Farm dam enhancement significantly improves water quality, Agriculture, Ecosystems & Environment (2024). DOI: 10.1016/j.agee.2024.109134
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Study highlights potential for genetic manipulation in cucumber breeding

										

    
        
            [image: Unlocking the genetic keys to cucumber perfection: A new player in flower and fruit development]
             
                A model for the regulation of floral organ number and fruit length by CsGPA1 in the CLV signaling pathway. The CsCLV3 peptide is received by receptor kinase CsCLV1. Ga-subunit CsGPA1 protein interacts with CsCLV1 to inhibit floral organ number but promote fruit elongation, by repressing CsWUS expression and activating CsCRC transcription in cucumber. Credit: Horticulture Research (2024). DOI: 10.1093/hr/uhae110
            
        

    


The CLAVATA (CLV) signaling pathway is crucial for controlling flower and fruit development by regulating the shoot apical meristem (SAM) size. Despite its significance, the downstream signaling components in crops remain largely unknown. Understanding these pathways is essential for advancing crop breeding techniques to enhance yield and quality.



										      
																					There is a pressing need to investigate the genetic interactions within the CLV signaling pathway to uncover new regulatory mechanisms and improve agricultural practices.

A team from China Agricultural University, Beijing, investigated how the Ga-subunit CsGPA1 interacts with the CLV signaling pathway to regulate floral organ number and fruit shape in cucumbers. The study, published in Horticulture Research, highlights the role of CsGPA1 in modulating the expression of key regulatory genes.

The study employed CRISPR/Cas9 gene editing to create cucumber mutants for CsCLV3, CsCLV1, and CsGPA1. Disrupting CsCLV3 and CsCLV1 led to flowers with additional organs and shorter, broader fruits. The research revealed that CsGPA1 interacts with CsCLV1, and its disruption resulted in similar phenotypes, highlighting its role in the CLV signaling pathway.

Detailed analysis showed that CsGPA1 influences the expression of WUSCHEL (WUS) and CRABS CLAW (CRC), crucial regulators of SAM size and fruit elongation. Specifically, CsGPA1 represses CsWUS expression and activates CsCRC transcription, thereby controlling floral organ number and promoting fruit elongation.

These findings identify CsGPA1 as a new component in the CLV pathway, offering insights into the genetic regulation of flower and fruit development in cucumbers, and providing potential targets for crop breeding improvements.

Dr. Xiaolan Zhang, one of the study's senior researchers, stated, "Our discovery of CsGPA1's interaction with the CLV signaling pathway provides a novel understanding of how floral and fruit traits are regulated in cucumbers. This could significantly impact future crop breeding programs by allowing more precise manipulation of fruit shape and size."

The identification of CsGPA1 as a key regulator in the CLV signaling pathway opens new avenues for genetic manipulation in crop breeding. By targeting this gene, breeders can potentially develop cucumber varieties with desired floral and fruit traits, improving both yield and quality.

This research not only enhances our understanding of plant development but also provides practical applications for agricultural advancements.


																														
																				
																						More information:
												Lijie Han et al, Heterotrimeric Ga-subunit regulates flower and fruit development in CLAVATA signaling pathway in cucumber, Horticulture Research (2024). DOI: 10.1093/hr/uhae110
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Ginseng's full genome sequenced

										

    
        
            [image: Ginseng's full genome sequenced: unraveling the roots of a medicinal marvel]
             
                The morphological and genomic landscape of Panax ginseng. A Overview of the morphological characteristics of P. ginseng. B Genomic features of P. ginseng: circos plot from the outer to the inner circle represents chromosome-scale pseudochromosomes, blue circles indicate telomeres, green circles indicate centromeres (I), Copia density (II), Gypsy density (III), TE density (IV), gene density (V), GC content (VI), gene colinearity connected by curved lines (VII). Credit: Horticulture Research (2024). DOI: 10.1093/hr/uhae107
            
        

    


Ginseng's role in traditional medicine is underscored by its complex genetic structure due to its allotetraploid nature. A recent study delves into this complexity, revealing key evolutionary insights into its subgenomes that govern saponin biosynthesis--the primary active compounds in ginseng. This necessitates deeper genetic research to fully harness ginseng's medicinal potential.



										      
																					Led by Nanjing Agricultural University, the study was published in the April 2024 edition of Horticulture Research.

Researchers meticulously constructed a complete 3.45 Gb genome of Panax ginseng, identifying 77,266 protein-coding genes and focusing on the pathways and biosynthesis of ginsenosides--crucial for the plant's medicinal properties. This work significantly enhances the understanding of ginseng's biological complexities and its therapeutic potentials.

Researchers in this study have intricately mapped ginseng's genome, identifying asymmetrical gene loss and biased gene expression across its subgenomes, dating their divergence to about 6.07 million years ago.

The analysis highlights extensive gene family expansions linked to saponin biosynthesis and underscores the importance of specific gene duplications in enhancing these pathways.

Comparative genomic analysis with related species provides further insight into the evolutionary tactics ginseng employs to optimize its medicinal benefits. This research not only deepens our comprehension of the ginseng genome but also establishes a crucial resource for future genetic research and the development of enhanced breeding programs.

Dr. Wei Li, the study's senior researcher, states, "This complete assembly of the ginseng genome is a monumental achievement in botanical research. It not only broadens our understanding of the genetic intricacies of medicinal plants but also introduces refined methods for cultivating ginseng varieties with superior health properties."

The comprehensive decoding of the ginseng genome sets the stage for precise breeding techniques aimed at boosting its medicinal efficacy.

This research not only has immediate applications for enhancing ginseng cultivation but also serves as a model for investigating other medicinal plants, potentially revolutionizing pharmacology and crop enhancement strategies with natural products.


																														
																				
																						More information:
												Yiting Song et al, Telomere-to-telomere reference genome for Panax ginseng highlights the evolution of saponin biosynthesis, Horticulture Research (2024). DOI: 10.1093/hr/uhae107
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Unlocking the genetic code of Amur grape: Insights into plant cold tolerance and evolution
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The Amur grape, indigenous to eastern Asia, is known for its remarkable cold tolerance, able to withstand temperatures as low as -40degC. Despite its significant potential for breeding and agricultural applications, the absence of high-quality genomic data has limited advancements in understanding and improving this species.



										      
																					This gap in knowledge necessitated a comprehensive genomic study to elucidate the genetic mechanisms underlying its cold resistance and sex determination, which are critical for enhancing grape breeding and cultivation practices.

Scientists from the Shandong Academy of Grape and collaborating North China University have made a significant stride in viticulture research. Published in Horticulture Research, the study presents a high-quality genome sequence of the Amur grape, offering a treasure trove of data for future biological and breeding studies.

The assembled genome of the Amur grape spans approximately 522 Mb and includes 27,635 coding genes. Phylogenetic analysis indicates that Vitis riparia diverged first among the grape species examined.

The data reveal that the Amur grape's exceptional cold tolerance is due to a robust network of cold resistance genes, which have evolved uniquely in this species. Additionally, multi-omics analysis identified significant genes responsible for resveratrol accumulation during berry development.

A key discovery is the identification of a potential sex-determination region through selective sweep analysis. This region contains genes that may play a crucial role in determining the sex of the plants, which is vital for breeding practices.

These findings provide valuable insights into the genetic factors that contribute to the Amur grape's resilience and reproductive traits, offering new avenues for grape breeding and cultivation.

Dr. Hongjun Zhao, corresponding author of the study, emphasizes the importance of this research, stating, "Our work not only illuminates the evolutionary journey of the Amur grape but also equips us with critical knowledge to enhance grape breeding programs, potentially leading to varieties better suited to climate extremes."

The applications of this research are manifold, ranging from the cultivation of cold-resistant grapevines to the broader understanding of plant sex determination.

The insights could revolutionize viticulture practices and contribute to the development of crops that can withstand the harsh effects of climate change, ensuring food security and agricultural sustainability.


																														
																				
																						More information:
												Pengfei Wang et al, De novo assembling a high-quality genome sequence of Amur grape (Vitis amurensis Rupr.) gives insight into Vitis divergence and sex determination, Horticulture Research (2024). DOI: 10.1093/hr/uhae117
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Green agendas clash in Nevada as company grows rare plant to help it survive effects of a mine
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                Botanist Florencia Peredo Ovalle works in her greenhouse in Gardnerville, Nevada, Tuesday, May 21, 2024. Ovalle, who works for mining company Ioneer, cares for specimens of Tiehm's buckwheat as part of an experiment aimed at helping to keep the extremely rare desert plant from going extinct while still allowing the company to dig for lithium on land where it grows. Credit: AP Photo/Scott Sonner
            
        

    


A botanist gently strokes the pollen of endangered wildflowers with a paintbrush as she tries to reenact nature inside a small greenhouse in the shadow of the Sierra Nevada.



										      
																																	It's part of a lithium mining company's grand experiment intended to help keep an extremely rare desert plant from going extinct in a yearslong battle that has set one green agenda against another: clean energy versus native biodiversity.

Australia-based Ioneer says the mine it wants to dig in the Nevada desert would more than quadruple U.S. production of lithium needed to speed production of electric vehicles and build the batteries needed for other clean electricity projects.

Conservationists proclaim their support for world leaders who are trying to tackle climate change by curbing global emissions. But they're fiercely fighting the mine because it would dig deep into the world's only known patch of land where the endangered Tiehm's buckwheat grows.

So far, the U.S. Bureau of Land Management has endorsed the company's latest strategy, which includes propagating and transplanting the buckwheat, as its preferred alternative in a draft environmental impact statement, one of the last steps toward final approval of the mine. The plan still must be reviewed by the Fish and Wildlife Service, which has raised concerns about earlier versions.

Conservationists contend that mining would eradicate the plant from its current habitat and that the efforts to transplant the greenhouse-grown specimens to reclaimed mined areas are unproven.
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                Botanist Florencia Peredo Ovalle holds a sample of Tiehm's buckwheat in her greenhouse in Gardnerville, Nevada, Tuesday, May 21, 2024. Ovalle, who works for mining company Ioneer, cares for specimens of the extremely rare desert plant as part of an experiment aimed at helping to keep it from going extinct while still allowing the company to dig for lithium on land where it grows. Credit: AP Photo/Scott Sonner
            
        

    



It could take centuries, they say, to know if researchers have successfully found the delicate balance of pollinators, climate, soil conditions and minerals to make propagated Tiehm's buckwheat permanently viable in the wild.


																																						
    
     




																																			"This latest plan for Rhyolite Ridge Mine is just greenwashing extinction," said Patrick Donnelly, the Center for Biological Diversity's Great Basin director, suggesting supporters are being deceptive about how environmentally friendly the plan is.

"The destruction of habitat is guaranteed whereas the success of the mitigation is dubious at best," he said, pledging legal challenges if the mine is approved.

Ioneer has been exploring the mineral deposit on Rhyolite Ridge since 2016.

The scientist the plant is named after, Arnold Tiehm, first suggested in 1994 the site be declared a special botanical area and made off-limits to mining. But it wasn't until 2022 that conservationists successfully secured its endangered status along with a designation of critical habitat for the plant.

The Biden administration has made clear with funding commitments and permit approvals for similar projects its intent to strengthen the nation's battery supply chain, electrify the transportation sector and cut reliance on fossil fuels and foreign supplies of raw materials.
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                Tiehm's buckwheat grows in a greenhouse in Gardnerville, Nevada, Tuesday, May 21, 2024. The endangered desert wildflower stands in the way of a mining company's plans to dig for lithium to help speed production of batteries for electric cars and other green energy projects. Credit: AP Photo/Scott Sonner
            
        

    



The mine would produce enough lithium carbonate annually over its 26-year life to make 370,000 electric vehicle batteries a year. While experts are working to perfect alternative batteries that don't require lithium, demand for the material is expected to remain high for the foreseeable future.

"Ioneer is confident in our ability to quadruple the nation's supply of lithium while protecting Tiehm's buckwheat," company Vice President Chad Yeftich said.


																																			There are nearly 25,000 of the plants in the wild on federal land near the mine site along the Nevada border with California. They were discovered only in the mid-1980s and resemble a scrawny dandelion during the few weeks of the year when they bloom.

South of Carson City, Ioneer botanist Florencia Peredo Ovalle cares for about 350 specimens in pots at a greenhouse that lacks the bees, beetles and other creatures that normally pollinate the buckwheat in nature.

"Because this is an enclosed area, I use the brush in order to pollinate the flowers ... to move the pollen from the male parts to the female parts," Ovalle told The Associated Press during a recent tour of the greenhouse.

Delicate root systems make propagating the plants a challenge. A previous study produced disappointing results. But company officials say they've made progress, and that their efforts could represent the best way to ensure the buckwheat's long-term survival, which they argue was tenuous even before the mine plans.
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                A greenhouse used to grow Tiehm's buckwheat is shown in Gardnerville, Nevada, Tuesday, May 21, 2024. The endangered desert wildflower stands in the way of a mining company's plans to dig for lithium to help speed production of batteries for electric cars and other green energy projects. Credit: AP Photo/Scott Sonner
            
        

    



Unlike most mining operations, Ioneer plans to backfill sections of ground and restore habitat as the mining moves laterally along what it says is an unusually horizontal seam of lithium.

"As you're digging up other areas, you can use the material or waste material that you're digging up to backfill the pit," creating spots to grow the buckwheat, Ioneer's Managing Director Bernard Rowe said during a recent interview.


																																						
    
     




																																			Rowe maintains that if not for the money they're pumping into the propagation and mitigation plan, the plant won't survive.

"Someone's got to step up to the plate. It costs money to come up with the protection conservation plan," Rowe said, noting that voluntary efforts by the company have cost about $2 million over the last few years.

The company plans to spend about $1 million a year to ensure the long-term viability of the species.

Ioneer cites the transplanting of a member of the rose family, Robbins' Cinquefoil, in New Hampshire that helped lead to its removal from the endangered species list in 2002. But critics say not enough time has passed to know if that recovery effort will work.
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                Botanist Florencia Peredo Ovalle works in her greenhouse in Gardnerville, Nevada, Tuesday, May 21, 2024. Ovalle, who works for mining company Ioneer, cares for specimens of Tiehm's buckwheat as part of an experiment aimed at helping to keep the extremely rare desert plant from going extinct while still allowing the company to dig for lithium on land where it grows. Credit: AP Photo/Scott Sonner
            
        

    



Conservationists say they support lithium mining--just not in fragile places. Dozens of university scientists from across the U.S. said in a recent letter to federal land managers that they oppose the Ioneer project in its current form, and that it would destroy more than one-fifth of the designated critical habitat.

They said the 960-foot-deep (290-meter-deep) open pit mine--along with 1,200 acres (485 hectares) of waste rock dumps, a sulfuric acid processing plant and ancillary facilities--would come within a few dozen to a few hundred feet (less than 100 meters) of most of the wild population.

Though transplanting species has been used sparingly to help those that are no longer viable in the wild, the Center for Biological Diversity insists that doing so with a species that otherwise would be self-sustaining would be illegal under the Endangered Species Act.


																																			Naomi Fraga, director of conservation for the California Botanic Garden in Claremont, California, is a chief opponent of the mine who co-signed the petition to list the buckwheat as endangered. At her botanical garden's nursey, they've often succeeded in growing different kinds of plants in non-native soils, she said.

"However, that is a far cry from transplanting those plants back into the wild. It would be absurd to think that we could take those potted plants and translocate them wherever we wished," she said.

Fraga believes that in order for the flowers and the mine to truly coexist, there needs to be a buffer three times larger than what already has been designated as critical habitat. She said moving the mine far enough away from the critical habitat would resolve the greatest threat to Tiehm's buckwheat.
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                The map above shows the locations of a mining site that is threatening an endangered desert wildflower in Nevada. Credit: AP GRAPHIC
            
        

    



"You cannot research and engineer your way out of that magnitude of impact," she said.

Rowe said the mine's footprint already has been adjusted to remove roads, storage areas and related infrastructure from critical habitat areas.

"The only thing that we left was the one thing that we can't move, and that's the deposit itself," he said.
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From roots to leaves: The nitrogen connection to photosynthetic efficiency
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                Schematic diagram of Lonicera japonica leaf anatomical traits (left side) and CO2 diffusion pathway under NH4+ alone supply (right side). In the left side, Sc/S was outlined with red lines and Smes/S was marked with yellow lines. The accurate Sc/S estimations overlapped Smes/S lines, whereas they are displayed independently here for clarity. Chloroplasts were highlighted with blue. Decreased chloroplast numbers resulted in the reductions in Sc/S. The intercellular spaces were pointed out with pink discontinuous lines. The tight arrangement of mesophyll cells under sole NH4+ supplies led to increased intercellular spaces, which exacerbated the reductions in Sc/S and Smes/S. In the right side, the black folded lines represent the strength of CO2 diffusion resistance into the cell from cell wall (rcw), plasma (rpl), cytoplasm (rcyt), envelope (renv), and stroma (rst), while the rcw and rcyt which are marked with red indicated the values of this component differed among the treatments (P < 0.05). Black discontinuous lines indicated the hypothesized pathways that could partially influence the CO2 diffusion and thereby gm. Credit: Horticulture Research (2024). DOI: 10.1093/hr/uhae112
            
        

    


Photosynthesis efficiency in plants is influenced by the type of nitrogen absorbed. Ammonium (NH4+) and nitrate (NO3-) are the primary nitrogen sources, each affecting plant physiology differently. Variations in leaf anatomy, such as cell wall thickness and chloroplast number, play a crucial role in these processes.



										      
																																	Due to these challenges, there is a need to conduct in-depth research on the impact of nitrogen forms on leaf anatomical traits and photosynthesis.

The research conducted by a team from Nanjing Agricultural University and Huazhong Agricultural University, published on February 22, 2024, in Horticulture Research, explores the physiological mechanisms by which different nitrogen forms affect photosynthesis in Lonicera japonica. The study aims to quantify the limitations on photosynthesis imposed by various leaf anatomical traits under different nitrogen nutrition conditions.

The study reveals that NH4+ nutrition leads to significantly lower photosynthesis compared to NO3- or mixed nitrogen sources. This reduction is primarily due to a decrease in mesophyll conductance (gm), which is associated with thicker cell walls and fewer chloroplasts.

Pathway analysis indicates that increased lignin and hemicellulose content under NH4+ nutrition negatively impacts gm. Additionally, NH4+ nutrition reduces the volume of intercellular air space and increases cell wall thickness, further restricting CO2 diffusion.

These findings highlight the crucial role of leaf anatomical variations in regulating photosynthesis. Understanding these interactions provides valuable insights for improving nitrogen use efficiency in agriculture, emphasizing the need to optimize nitrogen for applications to enhance photosynthesis and plant growth.


																																						
    
     




																																			Dr. Yong Li from Huazhong Agricultural University notes, "This study highlights the complex interactions between nitrogen forms and leaf anatomy, shedding light on how specific nitrogen sources can optimize photosynthesis. These insights are crucial for developing more efficient fertilization strategies in crop production."

The findings suggest that optimizing nitrogen form applications can enhance photosynthesis and plant growth, particularly in crops like Lonicera japonica. By understanding the specific impacts of NH4+ and NO3- on leaf anatomy, farmers and agronomists can tailor fertilization practices to improve nitrogen use efficiency, reduce environmental impact, and increase crop yields.

This research paves the way for future studies on the interplay between nitrogen forms and plant physiology, potentially leading to more sustainable agricultural practices.


																																																					
																				
																						More information:
												Yiwen Cao et al, Variation of mesophyll conductance mediated by nitrogen form is related to changes in cell wall property and chloroplast number, Horticulture Research (2024). DOI: 10.1093/hr/uhae112
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Peeling back the genetic layers of stone fruit domestication
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                Overview of the PS_T2T reference genome. A-C The pictures used in this study show the tree, fruits, and flowers of the "Fengtangli" plum. D Overview of genome assembly. Collinearity between "Sanyueli" and two haplotypes of PS_T2T. Gray lines represent collinearity blocks with length 15,000 bp, while orange lines represent potential inversions. Centromeres and telomeres are indicated by black boxes and black dots, respectively. E Hi-C interaction matrix based on the PS_T2T diploid assembly. Credit: Horticulture Research (2024). DOI: 10.1093/hr/uhae109
            
        

    


The Prunus genus, encompassing apricots, peaches, plums, and mei, is vital due to its economic and nutritional value. However, the genetic foundations of these species' shared and unique traits remain largely unexplored. This knowledge gap hinders advancements in breeding programs aimed at improving fruit quality and stress tolerance.



										      
																																	Addressing these issues is crucial for sustainable cultivation and enhancing crop resilience to environmental challenges. Based on these challenges, it is essential to conduct in-depth research to uncover the genetic diversity and evolutionary history of Prunus species.

A team of researchers from several institutions in China, including Guizhou University and the Chinese Academy of Agricultural Sciences, published a study on April 16, 2024, in the journal Horticulture Research that focuses on the comparative population genomics of the apricot-peach-plum-mei (APPM) complex, utilizing advanced genomic technologies to reveal insights into the evolutionary history and domestication of these species.

The research team successfully generated a high-quality, haplotype-resolved telomere-to-telomere (T2T) reference genome for a plum cultivar. This comprehensive genome assembly facilitated comparative genomic analyses across the APPM complex.

One key discovery was a significant chromosomal translocation in the apricot genome, affecting important traits like acidity and sugar content. Additionally, population genetic analyses revealed substantial gene flow between plum and apricot, with introgression regions linked to post-embryonic development and pollen germination.


																																						
    
     




																																			The study identified both shared and unique genes among the four species, providing insights into the evolutionary pressures shaping these crops.

By highlighting convergent and divergent selection signals, the research offers a deeper understanding of the genetic mechanisms underlying key agronomic traits, which is essential for advancing Prunus breeding programs and improving fruit quality and resilience.

Dr. Yongfeng Zhou, one of the senior authors, stated, "Our findings provide valuable insights into the genetic diversity and evolutionary mechanisms of the Prunus species. This knowledge will significantly contribute to the genetic improvement and sustainable cultivation of these economically important fruit crops."

The insights gained from this study have important implications for the breeding and genetic improvement of Prunus species. By understanding the genomic regions and genes involved in key traits, breeders can develop new varieties with improved qualities such as better taste, increased stress tolerance, and higher yields.

The research also lays the groundwork for future studies on the genetic basis of adaptation and domestication in fruit crops.


																																																					
																				
																						More information:
												Xuanwen Yang et al, Comparative population genomics reveals convergent and divergent selection in the apricot-peach-plum-mei complex, Horticulture Research (2024). DOI: 10.1093/hr/uhae109
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                An illustration of a common redpoll. Credit: Liz Clayton Fuller
            
        

    


This week, birders around the world lost one beloved feathered creature from their birding life list. Fortunately, no species went extinct. Instead, this change resolved a long-held misunderstanding about the redpoll finch.



										      
																																	On Thursday, the American Ornithological Society--the organization that oversees bird taxonomy--announced that the hoary redpoll finch, a small, plump bird commonly found in the Arctic, will be reclassified as the same species as the common redpoll finch, a smaller bird found in similar habitats. This announcement came as a direct result of a CU Boulder-led study which found that, despite their different looks, very few genetic differences exist between the two types of birds.

"We generally use the way organisms look to classify them as different species," said the study's senior author Scott Taylor, director of CU Boulder's Mountain Research Station and associate professor in the Department of Ecology and Evolutionary Biology.

"But variations in nature can occur for different reasons, and sometimes they are not linked to reproductive isolation. This is the case for the redpolls, where the variation is the result of a genetic quirk, which has exciting implications beyond just this group of birds."

The redpolls get their name from the bright red spot on the top of their head. While the common redpoll and hoary redpoll may look alike to laypeople, avian biologists and enthusiasts can tell them apart. Hoary redpolls are slightly larger, with smaller beaks compared to common redpolls. They are also paler, because they have more white feathers.

Both redpolls live in the Arctic and subarctic regions most of the year. In winters, they migrate slightly south to look for food. In 2013, a boom in the redpoll populations led many of these birds to venture into rarely explored middle latitude areas, including Colorado and Utah.

"It was really exciting to see many of them come so far south," Taylor said. Birders were excited too--they got to check two species off their "life list," a running list of different species bird enthusiasts have seen over their lifetime.

Or so they thought.


																																						
    
     




																																			Defining species

Even among scientists, there is ongoing debate about what makes a species. The most common definition is that if two organisms fail to breed and produce fertile offspring, they are considered two separate species. For instance, while a horse and a donkey can mate and produce a mule, the mule itself can't reproduce. As a result, horses and donkeys are considered different species.

But not all species fit neatly into this definition. It is estimated that at least 16% of wild birds breed with other bird species. Interbreeding is particularly common when the two species' habitats overlap.

Taylor has been interested in redpolls since his time as a postdoctoral fellow at the Cornell Lab of Ornithology. Previous research on redpolls showed no significant genetic differences between common and hoary redpolls despite their distinct appearances. With better genetic sequencing technologies, Taylor and his collaborators decided to take a closer look at the birds' genomes to understand their differences.

In a study published in Nature Communications in 2021, the team, including Taylor and his graduate student at the time, Erik Funk, sequenced the genes of 73 redpolls from around the world.
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                An illustration of a hoary redpoll. Credit: Liz Clayton Fuller
            
        

    



They found across high latitude regions in North America, Europe and Asia, the two types of redpolls had no genetic differences except for a small section on one chromosome. This segment contains genes coded for beak size and plumage color.


																																			In hoary redpoll chromosomes, the genes in this section are arranged in the opposite order compared to those in common redpolls. This inversion is responsible for their different appearances, Taylor said

Usually, genetic material between parents mixes and reshuffles to produce offspring gene combinations through a process called DNA recombination. However, genes in the redpolls' inverted segment, which the team call a "supergene," are packed together tightly and don't undergo recombination.

The supergene is passed down through generations as a unit. Birds that inherit the supergene look like hoary redpolls, while those that don't look like common redpolls. The rest of the genome moves freely between the two types of birds. As a result, these birds belong to the same species, the team concluded.

The finding explained why redpolls that live close together are genetically more similar regardless of what they look like.

"For example, a common redpoll from Russia and one from the U.S. are more genetically different than a common redpoll and a hoary redpoll from the U.S.," Taylor said.

"This finding in redpolls helps us build a better understanding of the kinds of differences that genetic changes like inversions might be responsible for," said Funk, who is now a postdoctoral associate at the San Diego Zoo Wildlife Alliance. "By adjusting the classification of these birds, their names better reflect what we know about their natural and evolutionary histories."


																																						
    
     




																																			Species reshuffling

Redpolls, because of their vibrant colors and special habitats, fascinate birders. The Thursday announcement may be a disappointment for some, who enjoy adding new species to their lists.

"It's exciting to record different species, but in this case, it's even more fascinating that these birds have a supergene that maintains their different appearances while still belonging to the same species," Taylor said.

He added that as scientists continue studying birds, especially in previously overlooked regions like the tropics, they may find that more birds belong to the same species. But at the same time, they are also discovering new species.

In 2022, Taylor's student at CU Boulder revealed that the Chihuahuan Meadowlark, a bright yellow bird commonly found in the U.S. Southwest, should be classified as its own species. Their work not only added a new species to birdwatchers' lists but also made the meadowlark eligible for protection under the U.S. Endangered Species Act.

Additional co-authors of the study included Nicholas Mason of Louisiana State University, Snaebjorn Palsson of the University of Iceland, Tomas Albrecht of the Czech Academy of Sciences and Jeff Johnson of the Wolf Creek Operating Foundation in Wolf, Wyoming.
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Dynamic view of opioid receptor could refine pain relief
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                Overall structure of MOR in complex with a full agonist and an allosteric modulator. a) A cryo-EM density map of the MOR(DAMGO)-Gi-scFv16 complex in the presence of BMS-986122. Insets show expanded views of the DAMGO and BMS-986122 models and their corresponding density maps. b) The overall structure of the MOR(DAMGO)-Gi-scFv16 complex in the presence of BMS-986122. Credit: Nature Communications (2024). DOI: 10.1038/s41467-024-47792-6
            
        

    


Effective pain relief without the debilitating side effects of traditional opioids is closer to becoming a reality thanks to a study by an all-RIKEN team into the structure and dynamics of a drug-bound opioid receptor.



										      
																																	In 2022 alone, nearly 15,000 people are estimated to have died from prescription opioids in the U.S. This is a harrowing reminder that while opioids are effective painkillers, they can also cause severe side effects.

Most opioid painkillers work by targeting the m-opioid receptor (MOR) located on nerve cells in the brain, spinal cord, and other places in the body. But in addition to providing pain relief, this mode of action also gives rise to side effects.

Now, a team led by Ichio Shimada of the RIKEN Center for Biosystems Dynamics Research (BDR) has determined the 3D shape of MOR in complex with a drug that enhances the receptor's functionality without directly activating it. The findings are published in the journal Nature Communications.

Their analysis revealed how such an "allosteric modulator" of the receptor promotes a critical interaction between two parts of the MOR protein. But the snapshot provided by this technique tells only one part of the story.

Nuclear magnetic resonance (NMR) spectroscopy revealed that these two parts of the receptor are in a constant dance, coming together to stabilize MOR in an active state but then pulling apart to maintain flexibility.


																																						
    
     




																																			When the allosteric modulator is attached, the receptor skews toward a more active configuration. This causes it to respond more efficiently to the body's own opioid peptides.

"The drug is shifting the equilibrium of the receptor's shapes, rather than changing the structure itself," notes Shimada. "This highlights the importance of understanding protein function and activity in light of dynamic structural equilibrium using NMR," he says.

The findings have important implications for developing new painkillers that target MOR. Through the design of allosteric modulators, drug developers may be able to provide relief to people in pain with fewer side effects.

"By using allosteric modulators that shift the structural equilibrium, it may be possible to create analgesics with stronger effects and fewer side effects than conventional ones," says Shunsuke Imai, also of BDR.

Moreover, the demonstration could provide a blueprint for innovative drug discovery more broadly. The amino acids that interact at these sites are highly conserved across several signaling proteins in the body.

This means that compounds that function in similar ways to the MOR-targeting drug characterized by the RIKEN team may serve as indirect activators of these other proteins as well. "This provides a general guideline for rationally developing allosteric modulators," Imai says.


																																																					
																				
																						More information:
												Shun Kaneko et al, Structural and dynamic insights into the activation of the m-opioid receptor by an allosteric modulator, Nature Communications (2024). DOI: 10.1038/s41467-024-47792-6
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Study finds facially expressive primates make better leaders
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Facially expressive monkeys are more socially successful and lead better connected social groups, according to research by Nottingham Trent University which shows the benefits of facial communication in primates, including humans.



										      
																																	The study focused on nine social groups of rhesus macaques (Macaca mulatta) all consisting of one adult male, multiple adult females, and offspring. The article, "Facial expressivity in dominant macaques is linked to group cohesion," has been published in the Proceedings of the Royal Society B: Biological Sciences.

As social animals, primates are known to use their face to convey information related to identity, family relations, dominance, benign intent, affiliation, and motivation to play.

The researchers analyzed the facial expressions of the dominant male in each group by using a specially designed coding system for studying rhesus macaques, called MaqFACS, to track 17 separate facial muscle movements.

In addition, researchers quantified the social lives of all 66 monkeys across the groups, measuring how often each pair spend time together and how often they engage in friendly grooming interactions.

The males who displayed a greater diversity of facial expressions, perhaps to make their intent clear and reduce uncertainty, were found to be more socially connected within their groups, enjoying stronger social bonds and occupying more central positions within their social networks.

Social connectivity was also more evenly distributed throughout their group members when the dominant male was more expressive, suggesting the increased facial communication was linked to more tolerant leadership styles.


																																						
    
     




																																			The research has implications for understanding human social behavior, suggesting that facial expressivity has evolved to help us build and maintain social relationships.

Dr. Jamie Whitehouse, research fellow at NTU's School of Social Sciences and lead author, said, "This research demonstrates how individual variation in expressivity can shape social dynamics for primates, including humans--suggesting that a broader range of expressions might be more effective for navigating complex social relationships than a limited repertoire.

"Facially expressive individuals may be better equipped to build and maintain strong social connections, potentially leading to the range of benefits associated with group cohesion, such as increased access to resources, mating opportunities, and protection from threats."

Professor Bridget Waller, Professor of Evolution and Social Behavior at NTU and research project lead, said, "Humans have evolved incredibly expressive faces with highly complex facial musculature, and these findings help us understand what advantage this has provided over evolutionary time."


																																																					
																				
																						More information:
												J. Whitehouse et al, Facial expressivity in dominant macaques is linked to group cohesion, Proceedings of the Royal Society B: Biological Sciences (2024). DOI: 10.1098/rspb.2024.0984
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Sixty Siamese crocodiles, from five separate nests, have successfully hatched in Cambodia's Cardamom National Park--the largest record of this species breeding in the wild this century and a massive boost for the survival prospects of this critically endangered reptile.



										      
																																	Crocodiles tend to be given a bad press. But that notoriety does at least bring these much-maligned and misunderstood animals into the public consciousness. From alligators in the Everglades to Australia's saltwater crocs and the wildebeest-grabbing Nile crocs, stories abound of narrow escapes from man-eating monsters.

Spare a thought for the Siamese crocodile. This little-known, unheralded reptile is neither monstrous nor man-eating. And in this case, the only noteworthy narrow escape has been on the part of the crocodile itself, from the jaws of extinction.

Once widespread in the wetlands of Southeast Asia, it has disappeared from 99% of its former range. The Siamese crocodile was feared to be extinct in the wild until a Fauna & Flora-led survey team rediscovered it in Cambodia's Cardamom Mountains.

Community-led conservation of Siamese crocodiles

It's no accident that the Siamese crocodiles in this remote region escaped the fate of so many of their kind. The local Indigenous People revere this reptile, and it is taboo to kill or hurt one. Unfortunately, the Siamese crocodile hasn't always been afforded that level of care in the wider world. Decades of hunting and habitat loss decimated the wild populations. It is one of the world's rarest reptiles and remains in urgent need of conservation attention.



    
    
    
        
        
    
         
             
         

          

The people who have always lived harmoniously alongside Siamese crocs are the ones best placed to protect them. For well over two decades, Fauna & Flora has worked closely with these local communities and the Cambodian government to safeguard--and supplement--the remaining crocodile population.

Community-led monitoring and anti-poaching activities are helping to protect key breeding sites, and we're working with the Cambodian government to bolster the surviving wild crocodile population through a conservation-breeding and reintroduction program. Since 2012, the program has successfully released a total of 196 captive-bred Siamese crocodiles in safe areas and suitable habitats in the Cardamom Mountains.

And now we have further proof that our joint efforts are having a real impact on a species that was once in grave danger of sliding unnoticed into extinction.


																																						
    
     




																																			Eggs in five baskets

In May 2024, a group of people living locally to the Cardamom Mountains discovered three nests in an area where captive-bred crocodiles have never been released before--suggesting that this is a key natural habitat for the species and that long-term protection efforts are allowing these wild populations to start bouncing back.
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The local crocodile discoverers immediately reported the nests to Fauna & Flora's Cambodian conservation team and the local community wardens, who mobilized to ensure the nests were protected around the clock. Just days later excitement heightened as two further nests were found in another area of Cardamom National Park.

At the end of June, a total of 60 Siamese crocodile hatchlings successfully emerged from these nests, an incredible result for conservationists and a real sign of hope for the future of this species.

Conserving crocs collaboratively

Pablo Sinovas, Country Director, Fauna & Flora Cambodia Program, comments, "For over a decade, Fauna & Flora, alongside our dedicated partners, has been steadfast in our mission to bolster Siamese crocodile populations in Cambodia's Cardamom Mountains. This involves not only breeding them in captivity but also ensuring they have a suitable habitat to be released into. Strengthening protection of key sites within Cardamom National Park is crucial, shielding these habitats from threats such as deforestation and poaching.


																																			"The recent discovery of wild nests emphasizes the vital importance of safeguarding this area. With only a few hundred individuals estimated in the wild, the hatching of 60 new crocodiles is a tremendous boost. At a time when wetland biodiversity is declining rapidly across the region, it underscores the potential for natural recovery through sustained collaborative conservation efforts."
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Toy Chorn, a community warden who helped discover and protect the nests, comments, "We have been working closely with Fauna & Flora to protect this critically endangered species for several years, and we were excited to have found these crocodile nests. This discovery indicates that our conservation efforts have paid off, and I believe that with our ongoing conservation efforts, the population of Siamese crocodiles will continue to increase in the future."

Dr. Eang Sophalleth, Cambodia's Minister of Environment, said, "One of the goals of the Circular Strategy on Environment is biodiversity protection and conservation. The Siamese crocodiles play an important role in the ecosystem, and the discovery of five nests with successful hatching of 60 eggs reflects that the Cardamom National Park is a safe and suitable natural habitat for this species."

"It is a source of pride that Cambodia has the world's rarest species, especially in the Cardamom National Park and other protected areas. We will continue our efforts to conserve biodiversity for the benefit of the nation and our next generations."


																																						
    
     




																																			Dith Tina, Minister of Agriculture, Forestry and Fisheries, also adds, "This is a significant achievement in the Endangered Species Conservation Program. Collaborating with NGO partners, the Ministry of Environment, and subnational administrations, we've worked to promote the growth of rare species like Siamese crocodiles, dolphins and royal turtles. The Forestry Administration of the Ministry of Agriculture, Forestry and Fisheries, in collaboration with Fauna & Flora Cambodia, has made substantial efforts to breed pure Siamese crocodiles and release them back into the wild within conservation areas.

"This successful endeavor demonstrates the positive impact of our collective work, as Siamese crocodiles now reproduce independently, forming new nests and offspring in their natural habitat. It reinforces our commitment to conserve Cambodia's diverse biodiversity for generations to come."
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A small butterfly once thought extinct has staged such a comeback in South Florida that it is now considered a bit of a garden pest--and a persistent problem for a renowned research facility where its caterpillars feast on a curated collection of tropical plants, some of them rarer than the insect munching them.



										      
																																	The butterfly is the atala, a South Florida native whose life cycle and survival has long been tied to a unique "host plant" called the coontie. Atala lay eggs in the thick fernlike foliage, which then provides food to emerging voracious caterpillars that will metamorphose into jet-black butterflies with bright red bodies and an iridescent teal shimmer in their wings.

The coontie, sometimes sold as the "coontie palm," is actually what's known as a cycad--and its the only native North American member of a family of plants often called living fossils because many species remain unchanged from the dinosaur age.

But it turns out that the atala, which experts still consider imperiled despite the rebound, has an appetite for more than just coontie. And that's a growing concern for the managers of Montgomery Botanical Center, a lush 120-acre site concealed behind gates off Old Cutler Road that is home to one of the nation's oldest and most diverse collections of cycads.

Vince Ramirez, Montgomery's curator of cycads, said the atala caterpillars have caused "mass destruction" this year, skeletonizing genetically similar species. The infestation is serious enough that he's hosting scheduled tours this summer for butterfly enthusiasts to pluck caterpillars and transplant them to their own gardens. The goal is to strike a balance between protecting the plants and preserving the butterfly.

"The bottom line is it's a dilemma because we love the plant and we love the butterfly," said Patrick Griffith, the executive director of Montgomery Botanical Center. "It's a rare butterfly found in small numbers. But the healthier the butterfly, the worse it is for the cycads."


																																						
    
     




																																			The curious atala comeback

South Florida is home to many imperiled butterflies, many victims of habitat loss--like the destruction of Miami-Dade's pine rockland forests, which have been largely plowed under for suburban development.

But the atala's comeback story has a few unusual twists. Development, for instance, is only part of the reason why the once abundant atala vanished nearly a half century ago. The coontie--the only cycad native to the United States--was also prized by people.

Its roots were once ground up and used by indigenous tribes as a flour (please don't try this, experts say, as the roots are toxic enough to kill you if prepared wrong). So when white settlers began coming to Miami at the turn of the 20th century, they harvested the wild-growing plant as a crop, even opening coontie mills in places like Arch Creek.

The overproduction of the region's first cash crop nearly eradicated it. Bulldozers over the next decades continued the job, reducing the coontie to isolated wild stands. And as the host plant vanished, so did the atala. By the time the U.S. Endangered Species Act passed in 1973, the atala was already thought to be extinct and wasn't even listed.

That is until Roger Hammer, a naturalist from South Miami-Dade who would go on to write a string of books on native plants and butterflies, was searching Virginia Key in 1979 for a rare tree, the Biscayne prickly ash, and was stopped in his tracks by some small brightly colored caterpillars eating the coontie palm.


																																			"I thought what the hell is eating coontie, you know, something so poisonous," said Hammer, who was a long-time senior naturalist for the Miami-Dade County Parks Department. "When they hatched I knew exactly what they were."

At this point, the atala butterflies were thought to be extinct for around 15 years. Over the years, Hammer quietly transplanted caterpillars to parks in Miami-Dade and Broward. He told the Herald he also let a handful of caterpillars go at Montgomery back in the early 1980s.

As word got around, the community of butterfly enthusiasts in South Florida also came to the rescue.

The coontie, a hardy low-maintenance plant, started showing up in yard landscaping and gardens. And since the butterfly was never listed as federally endangered, it made it easier for the butterfly hobbyists and scientists to take repopulating the colony into their own hands, said Dennis Olle, the president of the Miami Blue Chapter of the North American Butterfly Association.

The National Butterfly Association door-knocked on houses with caterpillars when they saw coontie on porches or in yards and asked homeowners to place caterpillars on their plants. Not everyone was keen to having a small, wriggly, alien-looking insect eat up their coontie, but the plants rebounded.

While the population of atala has dramatically expanded over the decades, experts consider the butterfly at risk--in large part because its population is confined to Southeast Florida. Atala also can be found in Cuba, the Bahamas and on some Caribbean islands.

Sandy Koi, a post-doctorate scientist from Florida International University who studied insect ecology and conservation and is also called the guru of the atala, said with the demise of coontie in the wild, gardens and yards now make up about 50 percent of their food source. Koi also got a grant in 2004 to distribute thousands of atala in the Everglades in an effort to further expand and protect the populations.

At the start, researchers were sticklers about not introducing the butterfly to areas it wasn't originally found in the region. But then the preservation thought changed. If another hurricane were to happen, like Andrew, the entire population would be knocked out again, Koi said. Finding coontie in the wild again was a key to long-term survival.

"The butterfly is confined to eating what little is left of it," Koi said. "If it weren't for the gardens, the butterflies would have nowhere to go."


																																						
    
     




																																			Saving the cycads

At Montgomery, the atala success story poses a different preservation challenge. The thousands of cycads planted there can't be replaced with a trip to Lowes or the neighborhood nursery.

Seeds for Montgomery's plants have been collected in over 50 expeditions to different countries. The mission at the center is to help maintain global genetic diversity, so many of the cycads in their collection are rare.

Some cycads may look like palms but they differ dramatically. They typically grow far more slowly and reproduction can also be a slow process.

Cycads produce what are called "pollinator cones," not unlike a pine cone. But because they're also what botanists call "dioecious," meaning there are male seed cones and female seeds, it takes two to tango. In nature, the process is often aided by certain beetles or even the wind, but at Montgomery, staff often hand fertilize seeds and keep them in a fridge until ready to plant--like a sperm, or seed, bank.

A warming climate also could impact cycads--but, in an unusual effect, perhaps for the better. After the European heat waves, one botanical garden in the United Kingdom produced male and female cones for the first time in 60 million years.

Executive director, Griffith, said the caterpillars can threaten the long-term conservation of some cycad species and controlling them has eaten up a lot of time and labor as well over the last few years.

Montgomery has tried a lot of things. They've applied soapy water to discourage egg-laying and erected anti-butterfly cages around some newly planted cycads. They've also tapped outsiders, from researchers to home butterfly gardeners and grade schoolers, to collect caterpillars and keep them in check.

Zoo Miami is also a major partner, doing rescue missions to Montgomery that have collected more than 4,000 atala caterpillars and pupae this year, and nearly 6,000 in both 2022 and 2023. Caterpillars are put directly on coontie the zoo planted near the pine rockland forest, and chrysalises are brought into what the zoo calls a "butterfly bunker" which was originally used to hold weapons in World War II.

The chrysalids stay inside of the bunker in pop-up mesh butterfly cages until they hatch and are ready to be released at the zoo. They also do giveaways of chrysalises ready to hatch into butterflies for Fairchild Tropical Botanical Garden members in the citizen science program who agree to keep a garden of native plants to attract pollinators with no pesticides.

Koi said in the long-term, the best home to preserve an atala population is by relying on native coontie. Cycads are poisonous plants, and different varieties could hold different levels of toxins. If the caterpillars pick the wrong poison, she's seen them die.


																																			How to attract atala to your garden

If you want to attract atala yourself, the best first step is to find a nursery that sells coontie and plant some. While the butterflies, which can live for months, are pretty, what they do to the plants isn't. But the devoured plants typically rebound to host more butterflies.

"If you don't have those plants you don't have a breeding population," Hammer said. "Some people just think of them as pests. They don't want the caterpillars but they want the butterflies as adults."

Zoo Miami also has a guide with native plants to attract butterflies, like nectar sources like the beauty berry and buttonbush, and the University of Florida compiled a list of Homestead farms that sell native plants.

If you don't know where to start, the Institute for Regional Conservation has a tool called natives for your neighborhood where you can type in your zip code and it'll show you what used to grow there.

"The best thing you can do is plant coontie, make the most beautiful garden you can and the atala will come," Hammer said.
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When summer arrives in the UK, it seems to appear suddenly. One day we can be wrapped up cozy winter woolies--the next we are panic buying fans and ice lollies.



										      
																																	Any sudden and extreme change in temperature can be dangerous. Every year, people perish as a result of heat-related illness. Weather agencies increasingly release advance alerts of predicted severe weather, including high temperatures, to allow time to prepare for the change.

Extreme temperatures aren't just a threat to human health, though; they are also a problem for our pets. Human health alerts should also help us to prepare our pets and their environment for extreme weather events, including heat waves.

Because of global climate changes, it is likely that heat waves will continue to increase in frequency, length and severity. So owners must become more aware of how to protect pets. Every year, dogs die from being left in hot cars but there are many other risks to pets' health and welfare. During a heat wave, when the weather changes dramatically, our pets aren't able to acclimatize to the higher temperatures.

Here are five ways to help keep your pets cool and safe during a heat wave.


																																						
    
     




																																			1. Travel with care

Dogs in hot cars are at serious risk. Cars can heat up rapidly, even with opened windows. This can be a problem when parked, but our pets can also be at risk of heat exposure while traveling.

Avoid leaving your pet unattended in a closed vehicle without suitable ventilation. Air conditioning is useful--and some modern vehicles have it as an option even while stationery--but don't leave your pet alone: air conditioning can fail. Opening windows or using air conditioning while traveling is important but do ensure the cool air can flow to where your pet is, especially if they are in the rear of the vehicle.

If stuck in traffic, the air recirculation option in the vehicle can help to maintain a cool temperature inside, while limiting traffic fumes.

Remember: if in doubt, don't go out.

2. Exercise with caution



    
    
    
        
        
    
         
             
         

        RSPCA video shows extreme pavement temperatures during heatwaves.
  

Exercising your pet during a heat wave can be fatal.


																																			Unlike humans (and horses) who manage body temperatureby sweating, dogs have limited ability to cool themselves. They rely on panting, which can mean that dogs are unable to cool down efficiently while exercising in hot, humid conditions.

Pets at particular risk of suffering from heat exposure include flat-faced animals such as Persian cats, pugs and bulldogs. Unfit, overweight, very young or very old pets and breeds with thick coats also need protection and careful attention in high temperatures.

During a heat wave, walk your dog at cooler times of the day. Make sure routes are shaded and that your pet has access to water. In extreme conditions, you could forego walks entirely and exercise your pet by playing or training inside, if temperatures allow.

Finally, don't forget that ground surfaces can become dangerously hot in high temperatures and can cause serious burns to paws.

Remember: no dog has ever died from missing a walk but plenty have died from being exercised in heat.


																																						
    
     




																																			3. Water and shade

Pets need access to cooler, shaded areas and fresh, clean drinking water at all times.

Animals drink more fluid on hot days so, to keep them hydrated, you can add extra water to their meals. Ice cubes added to drinking water can help keep it cool. For working dogs, dehydration is a major heatstroke risk factor so suitable electrolyte solutions can help keep them hydrated.

Small pets such as rabbits, guinea pigs and birds housed in hutches or small cages, which can heat up quickly, are especially vulnerable in high temperatures. Avoid direct exposure to the sun and move the cage to a shaded areas.

Ideally, offer pets choice about how to manage themselves in the heat by giving them access to different areas of the house or garden with shade and ventilation. Dogs might enjoy supervised access to paddling pools. Put cooling mats down in pet resting areas and create air flow by opening windows and setting up fans.



    
    
    
        
        
    
         
             
         

          

Remember: whether you have an indoor or outdoor pet, they are at risk of heat exposure if they are unable to find adequate shade, water and ventilation.


																																			4. Know the signs

Spotting signs that your pet is suffering from excessive heat exposure is critical so that you can take immediate action.

A subtle change in behavior, such as restlessness, slowed movement or unwillingness to continue exercising might be the first sign. They may begin to pant and, in dogs especially, look out for the end of their tongue expanding to a wide spatula shape. Pets may be lethargic, have glassy eyes, labored breathing and unsteady gait--and drool. Affected pets might vomit or have diarrhea. As the condition progresses, they may have seizures or even collapse.

Remember: heat exposure can be fatal so early recognition and intervention is critical.

5. Emergency action

In 2022, one in four dogs presented to emergency vets with heat-related illness died. So, if your pet shows signs of heat exposure, immediate action is critical.

Begin by pouring cold water all over them. Immersing them in cold water can also help. If the animal is unconscious, ensure you keep their head above water and keep their airway clear.

Avoid covering them in wet towels or cloths, which can add heat, but instead stand or lay them on a cold, wet towel. Continue wetting the pet with cool water and, where possible, fan them. Hold ice packs (or bags of frozen food) between your pet's inner thighs too.

Offer small drinks of cool water, but do not allow the pet to drink excessively or force them to drink.

Finally, take your pet to the vet in an already cooled vehicle, ideally continuing the cooling measures during the journey.
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In late spring, estuaries along the U.S. Gulf Coast come alive with newborn fish and other sea life. While some species have struggled to adjust to the region's rising water temperatures in recent years, one is thriving: juvenile bull sharks.



										      
																																	We study this iconic shark species, named for its stout body and matching disposition, along the Gulf of Mexico. Over the past two decades, we have documented a fivefold increase in baby bull sharks in Mobile Bay, Alabama, and a similar rise in several Texas estuaries, as our new study shows.

Despite the bull shark's fearsome reputation, baby bull sharks are not cause for concern for humans in these waters.

While adult bull sharks are responsible for an occasional unprovoked attack, baby bull sharks haven't fully developed the skills needed to hunt larger prey. And you're still far more likely to be killed by bees, wasps or snakes than sharks.

The fascinating life of a young bull shark

Most sharks are fully marine and spend their entire lives in the ocean. Bull sharks, however, are one of a handful of shark species that use freshwater environments as nurseries.

Baby bull sharks have been found in the Alabama River, 75 miles north of the ocean, and up the Mississippi River as far as Illinois. They have evolved to tolerate fresh water by reducing the need for salts and urea in their bodies compared to marine sharks, and actively taking in more salts through their food and across their gills.
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In Texas, young bull shark numbers have been increasing in estuaries like Galveston Bay and Sabine Lake over the past 40 years, particularly where rivers like the Trinity, Sabine and Neches intersect with these ecosystems. These areas may offer protection from predators, such as bigger sharks.


																																						
    
     




																																			The presence of bull sharks in these estuaries also contributes to their health and stability.

Because bull sharks frequently move between freshwater and marine ecosystems, they can act as mobile links that connect these two aquatic environments.

Bull sharks often feed in one environment, salty water for example, and then rest and excrete nutrients in freshwater bays. Feeding and resting in different locations can improve the ability of these ecosystems to withstand disturbances like warming weather conditions, because if one habitat is disturbed, the other is still supported.

Like a spider web, food webs are connected by many intersecting threads. The more threads, the stronger the web. The use of both freshwater and marine habitats by bull sharks increases the number of these threads through their predator-prey interactions, thereby strengthening the ecosystem.

Waters are warming

As the planet warms, coastal ocean temperatures are rising. In the Gulf of Mexico, water temperatures have risen more than 3 degrees Fahrenheit (more than 1.5 degrees Celsius) due to climate change.

On a global scale, warming waters are harming more fish species than they are helping. Higher temperatures increase food requirements and stress levels, while making fish more susceptible to disease and reducing the survival of their young. A variety of fish populations in the Gulf of Mexico, including mullet and flounder, have declined as warmer conditions affected their spawning.
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At the same time, the waters used by baby bull sharks have expanded in part due to this warming, creating a dynamic habitat.

An easy way to understand how sharks use dynamic habitat is to capture them with nets and measure the characteristics of the surrounding environment. In our sampling data, we could see that the mean annual water temperatures on the Alabama and Texas coasts increased at the same time the bull shark populations rose.


																																			In coastal Alabama, we found that the relative abundance of baby bull sharks has increased fivefold over the past 20 years. Slight increases in temperature over that time provided the best explanation for this population increase.

Of all the temperatures recorded in that study, there was no maximum temperature threshold detected for baby bull sharks. So far, at least since 2003, it's been "the warmer the better" for a baby bull shark.

We observed a similar trend in coastal Texas from Sabine Lake to Matagorda Bay, where warming estuaries supported increased abundances of baby bull sharks up to eight-fold over the past 40 years. Warmer waters allowed baby bull sharks to remain in their natal estuaries longer during their first year before overwintering in the Gulf of Mexico, increasing their survival to the next life stage.

Collectively, our recent studies indicate that warming waters are currently beneficial for young bull sharks. But just like your favorite dessert, too much of a good thing can be detrimental.

All animals, including bull sharks, have maximum and minimum temperatures at which they can function. If temperatures get too hot or too cold, this can lead to problems, whether through direct stress on the shark's bodily functions or on its ecosystem at large.
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Some of our previous work from Florida shows that baby bull sharks will leave coastal nurseries in response to episodic cold snaps to avoid cold-stress. Sharks that didn't leave died. The same may be true for hot temperatures, although conditions have not yet reached that point in the Gulf of Mexico based on our research.

A changing world

It's clear that climate change is altering coastal ecosystems. Our work shows the direct benefit to young bull sharks, but how the observed population growth is affecting other species in the coastal estuaries remains to be seen.

The rise in bull sharks may affect other fish species, including bull shark prey like mullets, drums, herrings and catfish. More bull sharks could eventually mean fewer of the fish that humans rely on. In warmer water, sharks burn more energy.

Ultimately, tracking how the distributions of species like bull sharks change over time remains a critical priority for understanding future shifts in fish populations and the health of our coastal ecosystems.


																																																					
																					
																					
                              																					 
												  This article is republished from The Conversation under a Creative Commons license. Read the original article.[image: The Conversation]
											 

										                                        
										
										
											 
												Citation:
												Baby bull sharks are thriving in Texas and Alabama bays as the Gulf of Mexico warms (2024, July 18)
												retrieved 18 July 2024
												from https://phys.org/news/2024-07-baby-bull-sharks-texas-alabama.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/2024-07-baby-bull-sharks-texas-alabama.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next




										

    
        
            [image: duckweed]
             
                Credit: Pixabay/CC0 Public Domain
            
        

    


The idea of eating aquatic plants might sound unappetizing at first.



										      
																																	However, in certain regions of South East Asia, farm animals and humans have been eating a small plant called duckweed for decades.

As researchers in food science, we propose shedding some light on the fascinating world of these little-known plants with a high protein content. We believe they have the potential to revolutionize our diet!

Small plants, big potential

Duckweeds are aquatic plants that inhabit the surface of the world's freshwater.

There are several species of duckweed, distinguishable mainly by the size of their leaves. These plants are remarkably simple: a tiny leaf floating on the water with a tiny root that is not even anchored to the ground.

At first glance, duckweed may seem innocuous and even a little too common to be of any interest.

But beneath its humble appearance, this plant has the potential to become a veritable protein factory.

In fact, when grown in optimal conditions, duckweed can contain up to 45% protein, making it an excellent source of this essential nutrient.

Studies have shown that one hectare of duckweed can produce between 10 and 18 tons of protein per year. In comparison, soy beans, the most widely grown legume in the world, produce just 0.6 to 1.2 tons.

What's more, these plants have the ability to multiply very quickly. The quantity of duckweed in a pond can actually double in less than 48 hours.

This Olympic level speed of growth raises a crucial question: how can we use duckweed protein for human consumption?


																																						
    
     




																																			Extracting protein from leaves: a major challenge

The idea of using plant leaves for human food dates back to the Second World War, in a world where people were looking to feed starving populations with this source of protein.

Rubisco, the main enzyme involved in the process of photosynthesis and the protein found in greatest quantities in leaves, has long attracted the attention of scientists.

As well as being the most abundant protein on Earth, Rubisco has a number of other qualities. Its pale color, lack of taste and odor, and excellent amino acid composition make it an ideal ingredient for the food industry.

For example, did you know that the first prototypes of the famous "Impossible Burgers," made with plant-based meat, were made with Rubisco?

But a major challenge remains: trapped in the cells of the leaf, Rubisco is surrounded by other compounds with undesirable colors and tastes. This limits its usefulness as a food ingredient.

Although it is possible to produce Rubisco concentrate flours, the process involves a great deal of grinding, heating and chemical separation and each stage entails losses and costs. Currently, to obtain an ingredient that can be used in industry, between 75% and 95% of the proteins present in the leaf are lost.

If we wanted to produce a few tons of this ingredient, the quantity of duckweed leaves that would need to be processed would be astronomical, even for these protein champions.

Because of this, Rubisco has never achieved the success it deserves as a food. To solve this problem, our research team set out to free the Rubisco from its shackles. And we succeeded!


																																			How we did it

Our team developed an innovative experimental protocol that led to the production of a Rubisco concentrate protein flour. We succeeded in extracting 60% protein, one of the highest yields ever reported in the scientific literature.

Our secret? Mathematics. More specifically, statistical modeling.

Statistical modeling is an invaluable tool for exploring the effects of multiple parameters on a precise response with a very small number of experiments.

In just a few months, we were able to identify the optimum conditions in terms of pH, temperature and concentration in order to maximize the extraction and purification of proteins from duckweed.

The icing on the cake is that this protein concentrate has excellent properties that are essential for any good food ingredient: it is highly soluble in water, and can form foams (like egg whites), gels (like yogurt) or emulsions (like mayonnaise).

Victory!

Towards your plate and beyond

Our research is still in its early stages. But we can already see a promising future for duckweed proteins.

It could find multiple uses in food formulation, but also in the field of nutrition and human health. Some of the molecules they contain could help to reduce high blood pressure.

In short, thanks to its high content of versatile proteins, duckweed could very well end up revolutionizing our diets. And, above all, it will help shape a more sustainable and nutritious food future for everyone.
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Study finds seeds with and without pericarps adopt distinct germination strategies
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                The mean germination time (in days) in relationship to flowering time (in days; a, b) and seed mass (in milligrams; c, d) of seeds with a pericarp (red) and seeds without a pericarp (blue). Credit: WBG
            
        

    


Dry fruits are divided into dehiscent and indehiscent types based on whether the pericarp splits open after reaching maturity. As a maternal tissue, the pericarp may provide seeds with different germination strategies.



										    
																					The germination strategies of seeds with and without pericarp may be associated with maternal conditions and intrinsic resources. However, the interplay between maternal conditions, seed mass, and seed type in the germination strategy remains unclear.

Researchers at the Wuhan Botanical Garden (WBG) of the Chinese Academy of Sciences conducted germination experiments with seeds from a species-rich alpine meadow in the Hengduan Mountains to find out whether and how the germination strategies of seeds with and without pericarps were influenced by maternal conditions (quantified by flowering time) and intrinsic resource levels (seed mass).

The study was published in Annals of Botany titled "Mother-reliant or self-reliant: the germination strategy of seeds in a species-rich alpine meadow is associated with the existence of pericarps."

The researchers found that seeds with and without pericarps use distinct germination strategies. Germination rate for seeds with pericarps depends on the flowering time, an estimator of maternal condition, while for seeds without pericarps, it is associated with their own resource level, the seed mass.

The results enrich the understanding of seed ecology by incorporating ecologically mediated maternal conditions and inherent genetic properties.


																														
																				
																						More information:
												Xiao-Qing Li et al, Mother-reliant or self-reliant: the germination strategy of seeds in a species-rich alpine meadow is associated with the existence of pericarps, Annals of Botany (2024). DOI: 10.1093/aob/mcae086
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RNA interference (RNAi) is a process that many organisms, including humans, use to decrease the activity of target RNAs in cells by triggering their degradation or slicing them in half. If the target is a messenger RNA, the intermediary between gene and protein, then RNAi can decrease or completely silence expression of the gene.



										      
																																	Researchers figured out how to tailor RNAi to target different RNAs, and since then it has been used as a research tool to silence genes of interest. RNAi is also used in a growing number of therapeutics to silence genes that contribute to disease.

However, researchers still do not understand some of the biochemistry underlying RNAi. Slight differences in the design of the RNAi machinery can lead to big differences in how effective it is at decreasing gene expression.

Through trial and error, researchers have worked out guidelines for making the most effective RNAi tools without understanding exactly why they work.

However, Whitehead Institute Member David Bartel and graduate student in his lab Peter Wang have now dug deeper to figure out the mechanics of the main cellular machine involved in RNAi. The researchers' findings, shared in Molecular Cell on July 17, not only provide explanations for some of the known rules for RNAi tool design, but also provide new insights that could improve future designs.

Slicing speed is highly variable

The cellular machine that carries out RNAi has two main parts. One is a guide RNA, a tiny RNA typically only 22 bases or nucleotides long. RNA, like DNA, is made of four possible bases, although RNA has the base uracil (U) instead of the DNA base thymine (T).

RNA bases bind to each other in certain pairings--guanines (G) pair to cytosines (C) and adenines (A) pair to U's--and the sequence of bases in the guide RNA corresponds to a complementary sequence within the target RNA.


																																						
    
     




																																			When the guide RNA comes across a target, the corresponding bases pair up, binding the RNAs. Then the other part of the RNAi machine, an Argonaute protein bound to the guide RNA, can slice the target RNA in half or trigger the cell to break it down more gradually.

In humans, AGO2 is the Argonaute protein that is best at slicing. Only a couple dozen RNA targets actually get sliced, but these few targets play essential roles in processes such as neuron signal control and accurate body shape formation. Slicing is also important for RNAi tools and therapeutics.

In order for AGO2 to slice its target, the target must be in the exact right position. As the guide and target RNAs bind together, they go through a series of motions to ultimately form a double helix. Only in that configuration can AGO2 slice the target.

Researchers had assumed that AGO2 slices through different target RNAs at roughly the same rate, because most research into this process used the same few guide RNAs. These guide RNAs happen to have similar features, and so similar slicing kinetics--but they turn out not to be representative of most guide RNAs.

Wang paired AGO2 with a larger variety of guide RNAs and measured the rate at which each AGO2-guide RNA complex sliced its targets. He found big differences. Whereas the commonly used guide RNAs might differ in their slicing rate by 2-fold, the larger pool of guide RNAs differed by as much as 250-fold.

The slicing rates were often much slower than the researchers expected. Previously, researchers thought that all targets could be sliced relatively quickly, so the rate wasn't considered as a limiting factor--other parts of the process were thought to determine the overall pace--but Wang found that slicing can sometimes be the slowest step.

"The important consideration is whether the slicing rate is faster or slower than other processes in the cell," Wang says. "We found that for many guide RNAs, the slicing rate was the limiting factor. As such, it impacted the efficacy."

The slower AGO2 is to slice targets, the more messenger RNAs will remain intact to be made into protein, meaning that the corresponding gene will continue being expressed. The researchers observed this in action: the guide RNAs with slower slicing rates decreased target gene expression by less than the faster ones.


																																			Small changes lead to big differences in slicing rate

Next, the researchers explored what could be causing such big differences in slicing rate between guide RNAs. They mutated guide RNAs to swap out single bases along the guide RNA's sequence--say, switching the 10th base in the sequence from a C to an A--and measured how this changed the slicing rate.

The researchers found that slicing rate increased when the base at position 7 was an A or a U. The bases A and U pair more weakly than C and G. The researchers found that having a weak A-U pair at that position, or a fully mismatched pair at position 6 or 7, may allow a kink to form in the double helix shape that actually makes the target easier to slice.

Wang also found that slicing rate increases with certain substitutions at the 10th and the 17th base positions, although the researchers could not yet determine possible underlying mechanisms.

These observations correspond to existing recommendations for RNAi design, such as not using a G at position 7. The new work demonstrates that the reason these recommendations work is because they affect the slicing rate, and, in the case of position 7, the new work further identifies the specific mechanism at play.

Interplay between regions matters

People designing synthetic guide RNAs thought that the bases at the tail end, past the 16th position, were not very important. This is because in the case of the most commonly used guide RNAs, the target will be rapidly cleaved even if all of the tail end positions are mismatches that cannot pair.


																																						
    
     




																																			However, Wang and Bartel found that the identity of the tail end bases are only irrelevant in a specific scenario that happens to be true of the most commonly used guide RNAs: when the bases in the center of the guide RNA (positions 9-12) are strong-pairing Cs and Gs.

When the center pairings are weak, then the tail end bases need to be perfect matches to the target RNA. The researchers found that guide RNAs could have up to a 600-fold difference in tolerance for tail end mismatches based on the strength of their central pairings.

The reason for this difference has to do with the final set of motions that the two RNAs must perform in order to assume their final double helix shape. A perfectly paired tail end makes it easier for the RNAs to complete these motions. However, a strong enough center can pull the RNAs into the double helix even if the tail ends are not ideally suited for doing so.

The observation that weak central pairing requires perfect or near perfect tail end matches could provide a useful new guideline for designing synthetic RNAs. Any guide RNA runs the risk of sometimes binding other messenger RNAs that are similar enough to the intended target RNA. In the case of a therapy, this off-target binding can lead to negative side effects.

Bartel and Wang suggest that researchers could design guide RNAs with weak centers, which would require more perfect pairing in the tail end, so that the guide RNA will be less likely to bind non-target RNAs; only the perfect pairing of the target's RNA sequence would suffice.


																																			Altogether, Wang and Bartel's findings explain how small differences between guide RNAs can make such large differences in the efficacy of RNAi, providing a rationale for the long-standing RNAi design guidelines. Some of the findings even suggest new guidelines that could help with future synthetic guide RNA designs.

"Discovering the interplay between the center and tail end of the guide RNA was unexpected and satisfying," says Bartel, who is also a professor at the Massachusetts Institute of Technology and a Howard Hughes Medical Investigator.

"It explains why, even though the guidelines suggested that tail-end sequence doesn't matter, the target RNAs that are sliced in our cells do have pairing to the tail end. This observation could prove useful to reduce off-target effects in RNAi therapeutics."


																																																					
																				
																						More information:
												Peter Y. Wang et al, The guide-RNA sequence dictates the slicing kinetics and conformational dynamics of the Argonaute silencing complex, Molecular Cell (2024). DOI: 10.1016/j.molcel.2024.06.026
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India's Infosys beats profit estimates as client spending rises
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                Infosys chief executive Salil Parekh reported a 7.1 percent on-year rise in net profit for the June quarter.
            
        

    


Indian IT giant Infosys raised its annual revenue guidance Thursday after reporting a 7.1 percent on-year rise in net profit for the June quarter, signaling a gradual revival in client spending.


                                        
                                              
                                        
                                                                                    Infosys is India's second largest software services exporter and earns more than 80 percent of its revenue from Western markets.

The company earned $761.3 million (63.68 billion rupees) in net profit for the quarter, beating expert estimates, while on-year revenue was up 3.6 percent to $4.7 billion.

Infosys bumped constant-currency revenue guidance for the current financial year to 3-4 percent, up from an earlier forecast of 1-3 percent.

"All geographies and most industry groups grew sequentially," chief executive Salil Parekh told reporters.

"Volume growth turned positive after several quarters. We had another strong quarter of large deal wins, with 34 large deals at a total contract value of $4.1 billion."

Parekh added that Infosys was seeing "early signs of improvement" for its financial services arm in the United States.

Part of India's $254-billion IT sector, Infosys saw a pandemic-fueled demand boom followed by a quick slowdown in growth when inflation and global uncertainty prompted Western customers to cut back on tech spending.

The slump has hurt the job prospects of thousands of young Indian engineering graduates who depend on the sector, historically one of the country's biggest white-collar employers.

Infosys, which has over 300,000 employees, upset markets last year after temporarily halting campus hiring in light of reduced client demand.

The company's total headcount also dropped by nearly 26,000 in the 12 months to March 31.

Despite its upbeat assessment of returning client demand, Infosys still ended the June quarter with nearly 2,000 fewer employees.

Shares in Infosys ended 1.85 percent higher at the close of trading in Mumbai on Thursday ahead of the earnings announcement.
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Meta will delay latest AI in EU over 'unpredictable' regulation
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Meta on Thursday said it would delay the release of its most powerful generative AI models in Europe because of what it called unpredictable EU regulation.


                                        
                                              
                                        
                                                                                    The European Union has passed a raft of tech rules in recent years, posing an unprecedented list of do's-and-don't for the mostly US-based tech giants as they expand their services and offer new products.

In the generative AI race, Meta has designed Llama, AI models that are designed to offer the same capabilities as the technology behind OpenAI's ChatGPT.

The next wave of these models are going to be multimodal, meaning that they can accept prompts and make content in text, video or audio. But Meta said that Europeans would be denied the innovations.

"We will release a multimodal Llama model over the coming months, but not in the EU due to the unpredictable nature of the European regulatory environment," Meta said in a statement.

Meta said that the issue was over how to abide by the GDPR, the EU's data privacy legislation that carefully dictates how companies handle the data of European users.

EU authorities are also preventing Meta from using public data to train its models, something it says its rivals Google and OpenAI, which is backed by Microsoft, have been able to do.

The company said that decision would be especially felt in upcoming updates to its Ray Ban smart glasses that would feature AI-amped abilities, such as translating signs or helping to engage in foreign languages in everyday settings.

Meta and other tech giants have increasingly delayed their latest offerings in Europe, citing the need to find legal clarity with EU authorities before they get released.

Last year, Meta delayed the release of its Twitter alternative Threads by several months in the EU.

Google has similarly held back the release of its own AI tools in the EU for several months.

The European Commission did not immediately respond to a request for comment, but has always stood by its commitment to implement its new arsenal of tech rules.

In a policy paper laying out her plans for her new five-year term, EU commission chief Ursula von der Leyen said the commission would "ramp up and intensify our enforcement" of tech regulation.

"Tech giants must assume responsibility for their enormous systemic power in our society and economy," she said.
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Engineers develop OptoGPT for improving solar cells, smart windows, telescopes and more
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                The schematic shows Opto-GPT's process, combining an undetermined layer's possible materials and thicknesses into a format that can be run through the program to choose the best possible combination. Credit: L. Jay Guo Laboratory, Michigan Engineering.
            
        

    


Solar cell, telescope and other optical component manufacturers may be able to design better devices more quickly with AI. OptoGPT, developed by University of Michigan engineers, harnesses the computer architecture underpinning ChatGPT to work backward from desired optical properties to the material structure that can provide them. The paper is published in the journal Opto-Electronic Advances.


                                        
                                              
                                        
                                                                                                                                    The new algorithm designs optical multilayer film structures--stacked thin layers of different materials--that can serve a variety of purposes. Well-designed multilayer structures can maximize light absorption in a solar cell or optimize reflection in a telescope. They can improve semiconductor manufacturing with extreme UV light, and make buildings better at regulating heat with smart windows that become more transparent or more reflective depending on temperature.

OptoGPT produces designs for multilayer film structures within 0.1 seconds, almost instantaneously. In addition, OptoGPT's designs contain six fewer layers on average compared to previous models, meaning its designs are easier to manufacture.

"Designing these structures usually requires extensive training and expertise as identifying the best combination of materials, and the thickness of each layer, is not an easy task," said L. Jay Guo, U-M professor of electrical and computer engineering and corresponding author of the study.

For someone new to the field, it's difficult to know where to start. To automate the design process for optical structures, the research team tailored a transformer architecture--the machine learning framework used in large language models like OpenAI's ChatGPT and Google's Bard--for their own purposes.

"In a sense, we created artificial sentences to fit the existing model structure," Guo said.


                                                                                                        
    
        
        
        
    

                                                                                                                                            The model treats materials at a certain thickness as words, also encoding their associated optical properties as inputs. Seeking out correlations between these "words," the model predicts the next word to create a "phrase"--in this case a design for an optical multilayer film structure--that achieves the desired property such as high reflection.



    
        
            [image: OptoGPT for improving solar cells, smart windows, telescopes and more]
             
                Details of OptoGPT model. (a) The model architecture of our OptoGPT, which is a decoder-only transformer. More details can be found in SI 1.3. (b) The working diagram of our OptoGPT model. (c) The diagram of the auto-regressive design process. When designing for ith layer, we sample from the probability output to obtain the layered information. This design process will keep going until reaching the maximum layer of 20 or "EoS' is sampled. Credit: Opto-Electronic Advances (2024). DOI: 10.29026/oea.2024.240062
            
        

    



Researchers tested the new model's performance using a validation dataset containing 1,000 known design structures including their material composition, thickness and optical properties. When comparing OptoGPT's designs to the validation set, the difference between the two was only 2.58%, lower than the closest optical properties in the training dataset at 2.96%.

Similar to how large language models are able to respond to any text-based question, OptoGPT is trained on a large amount of data and able to respond well to general optical design tasks across the field.

If researchers are focused on a task, like designing a high-efficiency coating for radiative cooling, they can use local optimization--adjusting variables within bounds to achieve the best possible outcome--to further fine-tune the thickness to improve accuracy. During testing, the researchers found fine-tuning improves accuracy by 24%, reducing the difference between the validation dataset and OptoGPT responses to 1.92%.


                                                                                                                                            Taking the analysis a step further, the researchers used a statistical technique to map out associations that OptoGPT makes.

"The high-dimensional data structure of neural networks is a hidden space, too abstract to understand. We tried to poke a hole in the black box to see what was going on," Guo said.

When mapped in a 2D space, materials cluster by type such as metals and dielectric materials, which are electrically insulating but can support an internal electric field. All dielectrics, including semiconductors, converge upon a central point as the thickness approaches 10 nanometers. From an optics perspective, the pattern makes sense as light behaves similarly regardless of material as they approach such small thicknesses, helping further validate OptoGPT's accuracy.

Known as an inverse design algorithm because it starts with the desired effect and works backward to a material design, OptoGPT offers more flexibility than previous inverse design algorithm approaches, which were developed for specific tasks. It enables researchers and engineers to design optical multilayer film structures for a wide breadth of applications.

Additional co-authors include Taigao Ma and Haozhu Wang of the University of Michigan.
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Baby bull sharks along Alabama's coast

The number of first-year bull sharks caught per net per hour during surveys in Mobile Bay and
other Alabama estuaries has varied year to year, but the overall trend has been upward.
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Baby bull sharks in Texas' Galveston Bay

The number of first-year bull sharks in Galveston Bay fluctuates year to year, but the trend has
been upward over recent decades. Measured by sharks caught per net per hour.
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