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        Researchers discover optimal conditions for mass production of ultraviolet holograms
        Researchers have delved into the composition of nanocomposites for ultraviolet metasurface fabrication and determined the ideal printing material for crafting them. Their findings are featured in the journal Microsystems & Nanoengineering on April 22.

      

      
        Researchers demonstrate enhanced radiative heat transfer for nanodevices
        Researchers from Japan have been working hard to keep their cool--or at least--keep their nanodevices from overheating. By adding a tiny coating of silicon dioxide to micro-sized silicon structures, they were able to show a significant increase in the rate of heat dissipated. This work may lead to smaller and cheaper electronic devices that can pack in more microcircuits.

      

      
        New DNA origami technique promises advances in medicine
        A new technique in building DNA structures at a microscopic level has the potential to advance drug delivery and disease diagnosis, a study suggests.

      

      
        Research team develops new thin film deposition process for tin selenide-based materials
        A research team has developed a new thin film deposition process for tin selenide-based materials. This process utilizes the metal-organic chemical vapor deposition (MOCVD) method, enabling thin film deposition on large wafer surfaces at a low temperature of 200degC, achieving exceptional precision and scalability.

      

      
        Scientists create black arsenic visible infrared photodetectors
        In recent years, the exceptional structure and fascinating electrical and optical properties of two-dimensional (2D) layered crystals have attracted widespread attention. Examples of such crystals include graphene, black phosphorus (BP), and transition metal dichalcogenides (TMDs).
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Researchers discover optimal conditions for mass production of ultraviolet holograms
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                (Top) Diagram illustrating the ZrO2 nanocomposite's role in achieving high transfer fidelity ultraviolet metaholograms. Credit: POSTECH
            
        

    


Researchers have delved into the composition of nanocomposites for ultraviolet metasurface fabrication and determined the ideal printing material for crafting them. Their findings are featured in the journal Microsystems & Nanoengineering on April 22.




										      
         
        
        
        

      

																																	Metasurfaces, ultra-thin optical devices, possess the remarkable ability to control light down to a mere nanometer thickness. Metasurfaces have consistently been the subject of research as a pivotal technology for the advancement of next-generation displays, imaging, and biosensing. Their reach extends beyond visible light, delving into the realms of infrared and ultraviolet light.

Nanoimprint lithography is a technology in metasurface production, akin to a stamp generating numerous replicas from a single mold. This innovative technique promises affordable and large-scale manufacturing of metasurfaces, paving the way for their commercial viability. However, the resin utilized as the printing material suffers from a drawback--a low refractive index, hindering efficient light manipulation.

To tackle this challenge, researchers are actively exploring nanocomposites, integrating nanoparticles into the resin to boost its refractive index. Yet, the efficacy of this approach depends on various factors such as nanoparticle type and solvent choice, necessitating a systematic analysis for optimal metasurface performance.

In their research, the team meticulously designed experiments to evaluate the impact of nanoparticle concentration and solvent selection on pattern transfer and UV metaholograms.

Specifically, they manipulated the concentration of zirconium dioxide (ZrO2), a nanocomposite renowned for its effectiveness in UV metahologram production, ranging from 20% to 90%. The findings showed that the highest pattern transfer efficiency was attained at an 80% concentration level.


																																						
    
     




																																			Moreover, when combining ZrO2 at an 80% concentration with various solvents such as methylisobutyl ketone, methyl ethyl ketone, and acetone for metahologram realization, the conversion efficiency soared in the ultraviolet spectrum (325 nm), reaching impressive levels of 62.3%, 51.4%, and 61.5%, respectively.

This research marks a significant milestone by establishing an optimal metric for achieving metaholograms specifically tailored for the ultraviolet domain, as opposed to the visible range, while also pioneering the development of new nanocomposites.

Professor Junsuk Rho from Pohang University of Science and Technology (POSTECH) said, "The use of titanium dioxide (TiO2) and silicon (Si) nanocomposites instead of ZrO2 expands the applicability to visible and infrared light."

"Our future research endeavors will focus on refining the preparation conditions for optimal nanocomposites, thus propelling the advancement, application and expansion of optical metasurface fabrication technology."

The research team includes Professor Rho from the Department of Mechanical Engineering, Chemical Engineering, and Electrical Engineering, Hyunjung Kang and Nara Jeon, and Ph.D. candidates, from Department of Mechanical Engineering and Dongkyo Oh, a Ph.D. student, from the Department of Mechanical Engineering at POSTECH.


																																																					
																				
																						More information:
												Hyunjung Kang et al, Tailoring high-refractive-index nanocomposites for manufacturing of ultraviolet metasurfaces, Microsystems & Nanoengineering (2024). DOI: 10.1038/s41378-024-00681-w
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Researchers demonstrate enhanced radiative heat transfer for nanodevices

										

    
        
            [image: Researchers demonstrate enhanced radiative heat transfer for nanodevices]
             
                Experimental platform used to probe the radiative heat transfer. (a) Scheme of two Si microplates suspended by 706[?]mm -long beams and mounted on a heating stage controlling their temperature. (b) Diagram of the hot and cold plates coated with SiO2 nanolayers and separated by a vacuum gap g=10.7mm . Scanning electron microscope image of the (c) device and (d) its close-up on the rectangular box in (c). Credit: Physical Review Letters (2024). DOI: 10.1103/PhysRevLett.132.186904
            
        

    


Researchers from Japan have been working hard to keep their cool--or at least--keep their nanodevices from overheating. By adding a tiny coating of silicon dioxide to micro-sized silicon structures, they were able to show a significant increase in the rate of heat dissipated. This work may lead to smaller and cheaper electronic devices that can pack in more microcircuits.



										      
         
        
        
        

      

																																	
As consumer electronics become ever more compact, while still boasting increased processing power, the need to manage waste heat from microcircuits has grown to become a major concern.

Some scientific instruments and nanoscale machines require careful consideration of how localized heat will be shunted out of the device in order to prevent damage.

Some cooling occurs when heat is radiated away as electromagnetic waves--similar to how the sun's power reaches the Earth through the vacuum of space. However, the rate of energy transfer can be too slow to protect the performance of sensitive and densely packed integrated electronic circuits.

For the next generation of devices to be developed, novel approaches may need to be established to address this issue of heat transmission.

In a study recently published in the journal Physical Review Letters, researchers from Institute of Industrial Science, The University of Tokyo, showed how the rate of radiative heat transfer can be doubled between two micro-scale silicon plates separated by a tiny gap.


																																						
    
     




																																			The key was using a coating of silicon dioxide that created a coupling between the thermal vibrations of the plate at the surface (called phonons) and the photons (which make up the radiation).

"We were able to show both theoretically and experimentally how electromagnetic waves were excited at the interface of the oxide layer that enhanced the rate of heat transfer," lead author of the study, Saeko Tachikawa says.

The small size of the layers compared with the wavelengths of the electromagnetic energy and its attachment to the silicon plate, which carries the energy without loss, allowed the device to surpass the normal limits of heat transfer, and thus cool faster.

Because current microelectronics are already based on silicon, the findings of this research could be easily integrated into future generations of semiconductor devices.

"Our work provides insight into possible heat dissipation management strategies in the semiconductor industry, along with various other related fields such as nanotech manufacturing," says senior author, Masahiro Nomura.

The research also helps to establish a better fundamental understanding of how heat transfer works at the nanoscale level, since this is still an area of active research.



																																																					
																				
																						More information:
												Saeko Tachikawa et al, Enhanced Far-Field Thermal Radiation through a Polaritonic Waveguide, Physical Review Letters (2024). DOI: 10.1103/PhysRevLett.132.186904
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New DNA origami technique promises advances in medicine
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                Graphical abstract. Credit: Journal of the American Chemical Society (2024). DOI: 10.1021/jacs.4c03413
            
        

    


A new technique in building DNA structures at a microscopic level has the potential to advance drug delivery and disease diagnosis, a study suggests.



										      
         
        
        
        

      

																																	
A team of scientists, from the universities of Portsmouth and Leicester in the UK, has developed an innovative way to customize and strengthen DNA origami.

DNA origami is the method of creating nanostructures with remarkable precision using DNA strands as building blocks. However, these structures are delicate and can fall apart easily under biological conditions, like changes in temperature or exposure to certain enzymes found in living organisms.

In a paper, published in the Journal of the American Chemical Society, researchers have presented a unique way to make the origami structures stronger and more versatile in a one-pot reaction, via a process known as triplex-directed photo-cross-linking.

By strategically modifying DNA strands during the design process, they were able to introduce additional nucleotide sequences--which are the basic building blocks of DNA--that serve as attachment points for functional molecules.

Attachment of the molecules was achieved by using triplex-forming oligonucleotides carrying a cross-linking agent. They then used a chemical process involving UVA light to permanently link these molecules to the DNA shapes.


																																						
    
     




																																			A particular benefit of this approach is the generation of "super-staples" that act to weave the structure together. The paper says cross-linking to regions outside of the origami core dramatically reduces the structure's sensitivity to heat and disassembly by enzymes.

Senior author, Dr. David Rusling from the University of Portsmouth's School of Pharmacy and Biomedical Sciences, said, "The potential applications of this technique are far-reaching. The ability to tailor DNA origami structures with specific functionalities holds immense promise for advancing medical treatments and diagnostics.

"We envision a future where DNA origami structures could be used to deliver drugs or DNA directly to diseased cells, or to create highly sensitive diagnostic tools."

Current applications of DNA origami in biomedicine include vaccines, biological nanosensors, drug delivery, structural biology, and delivery vehicles for genetic materials.

Co-author Dr. Andrey Revyakin, formerly from the University of Leicester, said, "My lab has struggled for years to make DNA origami structures that remain functional in real-life biological applications. Dr. Rusling's triplex-based method, which 'upgrades' the classical DNA double-helix with an additional, third strand, stabilizes the DNA shapes, and does so with great precision, without affecting the functional modules of the molecule."

The paper says the new strategy is scalable and cost-effective, as it works with existing origami structures, does not require scaffold redesign, and can be achieved with just one DNA strand.

Dr. Rusling added, "What is really exciting about this technique is that it did not change the underlying origami DNA sequence, offering the ability to use these structures as carriers for synthetic genes."



																																																					
																				
																						More information:
												Shantam Kalra et al, Functionalizing DNA Origami by Triplex-Directed Site-Specific Photo-Cross-Linking, Journal of the American Chemical Society (2024). DOI: 10.1021/jacs.4c03413
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Research team develops new thin film deposition process for tin selenide-based materials
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                Cover image proposed for the April 2024 issue of Advanced Materials. Credit: Ulsan National Institute of Science and Technology
            
        

    


A research team has developed a new thin film deposition process for tin selenide-based materials. This process utilizes the metal-organic chemical vapor deposition (MOCVD) method, enabling thin film deposition on large wafer surfaces at a low temperature of 200degC, achieving exceptional precision and scalability.



										      
         
        
        
        

      

																																	
The research findings were published online in Advanced Materials on April 9, 2024.

MOCVD is a cutting-edge technique that employs gaseous precursors to carry out chemical reactions with outstanding precision, making it possible to deposit thin films on wafer-scale materials used in semiconductors.

Thanks to this innovative method, the team was able to synthesize tin selenide materials (SnSe2, SnSe) with uniform thicknesses in just a few nanometers on wafer units.

To achieve deposition at low temperatures, the team strategically separated the temperature sections for ligand decomposition and thin film deposition. By adjusting the ratio of tin and selenium precursors as well as the flow rate of argon gas carrying the precursor, they were able to meticulously control the deposition process, resulting in high crystallinity, regular alignment, and controlled phase and thickness of the thin films.

This advanced process allowed for the uniform deposition of thin films at a low temperature of approximately 200degC, regardless of the substrate used, showcasing its potential for various electronic applications on a large scale. The team successfully applied this method to the entire wafer, maintaining chemical stability and high crystallinity in both types of tin selenide thin films.


																																						
    
     




																																			The research team was led by Professor Joonki Suh in the Graduate School of Semiconductor Materials and Devices Engineering and the Department of Materials Science and Engineering at UNIST, in collaboration with Professor Feng Ding from the Chinese Academy of Sciences in China, Professor Sungkyu Kim from Sejong University, and Professor Changwook Jeong of UNIST.
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                (a) Schematic image, showing the direct MOCVD growth of wafer-scale 2D SnSe2 films. (b) Cross-sectional HAADF-STEM images of SnSe2 ultra-thin films along a (100) zone axis. c) XRD pattern of as-grown 3L-SnSe2 films on a c-axis sapphire substrate. (c) Raman scattering spectra of 3L-SnSe2 films taken at five representative locations marked on the wafer as illustrated in the inset. (f) The high-resolution XPS demonstrated the valence states and chemical composition of the film after the phase transition. (g, h) The directly grown SnSe2 and the phase-transited SnSe film were characterized by synchrotron-based GI-WAXD.  Credit: Advanced Materials (2024). DOI: 10.1002/adma.202400800
            
        

    



Lead author Kim emphasized the significance of this study in overcoming limitations of existing deposition methods, demonstrating the capability to deposit polyphase materials over large areas without altering chemical composition. This breakthrough opens doors for applications in electronic devices and further research on tin selenide-based materials.

Professor Suh highlighted the innovative nature of this study in proposing a unique process strategy based on thermodynamic and dynamic behavior according to the phase of semiconductor thin film materials. The team aims to advance research on electronic device applications by developing customized processes for next-generation semiconductor materials.



																																																					
																				
																						More information:
												Sungyeon Kim et al, Phase-Centric MOCVD Enabled Synthetic Approaches for Wafer-Scale 2D Tin Selenides, Advanced Materials (2024). DOI: 10.1002/adma.202400800
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Scientists create black arsenic visible infrared photodetectors
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                As shown in Fig A-B, at room temperature, the team discovered through the device's transfer characteristics and voltage-current characteristics that the prepared device is an n-type depletion-mode FET and exhibits good Ohmic contact. The physical mechanism of the B-As detector device, including the visible light and near-infrared bands, is described as shown in Fig C-D. As seen in Fig E-F, a weak photocurrent signal is emitted from the device at 0 V bias, confirming our previous explanation. Increasing the bias voltage by 0.01V at the same position of the channel reveals a significant expansion of the photosensitive area. Credit: Advanced Devices & Instrumentation
            
        

    


In recent years, the exceptional structure and fascinating electrical and optical properties of two-dimensional (2D) layered crystals have attracted widespread attention. Examples of such crystals include graphene, black phosphorus (BP), and transition metal dichalcogenides (TMDs).



										      
         
        
        
        

      

																																	
With their atomic thickness, high carrier mobility, and tunable bandgaps, these materials hold immense promise in various applications and continue to garner significant interest in the scientific community. Graphene, a crystalline structure of tightly packed carbon atoms connected by sp2 hybridization forming a single-layer two-dimensional honeycomb lattice, boasts an electron mobility as high as 2x105 cm2*V[?]1*s[?]1.

However, graphene's short-lived photo-generated carriers attributed to its zero bandgap and extremely low light absorption (2.3%) hinder its device applications. Transition metal dichalcogenides feature wide bandgaps and relatively lower carrier mobility (<200 cm2*V[?]1*s[?]1), making them unsuitable for applications in the field of optoelectronic detection.

Due to its unique characteristics, black phosphorus emerges as a highly promising material for infrared detectors. Notably, it exhibits a direct bandgap ranging from 0.34 eV in bulk to 2.1 eV in monolayer form. Furthermore, based on previous studies, black phosphorus possesses a high carrier mobility of approximately 1,000 cm2*V[?]1*s[?]1 and a large on/off ratio of 105. These attributes further enhance the potential of black phosphorus as the preferred material for infrared detection applications.


																																						
    
     




																																			Unfortunately, black phosphorus suffers from poor stability and degrades rapidly in the atmosphere at room temperature, limiting its practical applications. Black arsenic (B-As), as a homolog of phosphorus, shares a similar crystal structure with BP and is expected to exhibit excellent electrical and optical performance, with anticipated high carrier mobility (up to 103 cm2*V[?]1*s[?]1).

As previous research has indicated, the bandgap of B-As is highly dependent on the material thickness. Specifically, the indirect bandgap of single-layer B-As ranges from approximately 1-1.5 eV, while bulk B-As is a direct bandgap semiconductor with a bandgap of approximately 0.3 eV.

These findings underscore the importance of considering layer thickness in studying the electronic and optical properties of B-As, demonstrating the potential of this material in various applications.

Now, a research group has designed a dual-band photodetector based on black phosphorus for visible and infrared wavelengths. At room temperature, the team discovered through the device's transfer characteristics and voltage-current characteristics that the prepared device is an n-type depletion-mode FET and exhibits good Ohmic contact.

The research is published in the journal Advanced Devices & Instrumentation.


																																			When the energy of incident laser photons is greater than the bandgap of several layers of B-As (hv > Eg), photo-excited electron-hole pairs can be generated. When the B-As device is in bias mode, the applied electric field effectively separates the photo-generated electron-hole pairs at the interface and injects them into the electrode, thereby generating a photocurrent. The team's research results indicate that the photoconductive effect is the main light response mechanism of the B-As device in the visible light and infrared bands.

During the experiment, they found a weak signal at zero bias voltage, which they analyzed to be due to the uneven illumination of the laser spot on the channel introducing photothermal current. This may also be attributed to the Dember effect caused by the different diffusion coefficients of electrons and holes, leading to the built-in electric field.

Researchers provided the most intuitive and effective way to display the region where photocurrent is generated through scanning photocurrent maps, used to validate their explanation. A weak photocurrent signal is emitted from the device at 0 V bias, confirming their previous explanation. Increasing the bias voltage by 0.01V at the same position of the channel reveals a significant expansion of the photosensitive area.

This study has successfully developed a B-As photodetector capable of rapid response at room temperature, demonstrating exceptional dual-band light response characteristics. The detector exhibited a peak photoresponsivity of 387.3 mA*W[?]1 at a near-infrared wavelength of 825 nm without the need for an external bias, and achieved a high detectivity of 1.37x108 Jones.

The response mechanism across the visible to infrared spectrum is primarily attributed to the photoconductive effect. These results not only confirm the superior photoelectric performance of B-As as a narrow-bandgap semiconductor but also showcase its performance comparable to that of black phosphorus (BP), indicating significant potential for application in high-speed optoelectronic devices. Most importantly, the dual-band detection capabilities demonstrated in this research lay a solid foundation for the future development of room-temperature, broadband photodetection technologies.



																																																					
																				
																						More information:
												Xuyang Lv et al, Black-Arsenic-Based Visible-Near-Infrared Photodetector, Advanced Devices & Instrumentation (2023). DOI: 10.34133/adi.0012
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        Topological phonons: Where vibrations find their twist
        An international team of researchers has discovered that the quantum particles responsible for the vibrations of materials--which influence their stability and various other properties--can be classified through topology.

      

      
        Study demonstrates fast photoionization detection of single erbium ions in silicon
        Efficient detection of single optical centers is crucial for applications in quantum computing, sensing, and single-photon generation. For example, nitrogen-vacancy (NV) centers in diamond have made breakthroughs in high-precision magnetic field measurement. The detection of NV centers relies on observing their spin-correlated fluorescence.

      

      
        Scientists demonstrate the potential of electron spin to transmit quantum information
        The spin of the electron is nature's perfect quantum bit, capable of extending the range of information storage beyond "one" or "zero." Exploiting the electron's spin degree of freedom (possible spin states) is a central goal of quantum information science.

      

      
        Probing neptunium's atomic structure with laser spectroscopy
        A new technique developed by researchers in Germany can measure ionization states of this element more precisely than before, with implications for its detection and remediation in radioactive waste.
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Topological phonons: Where vibrations find their twist
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An international team of researchers has discovered that the quantum particles responsible for the vibrations of materials--which influence their stability and various other properties--can be classified through topology.



										      
         
        
        
        

      

																																	
Phonons, the collective vibrational modes of atoms within a crystal lattice, generate disturbances that propagate like waves through neighboring atoms. These phonons are vital for many properties of solid-state systems, including thermal and electrical conductivity, neutron scattering, and quantum phases like charge density waves and superconductivity.

The spectrum of phonons--essentially the energy as a function of momentum--and their wave functions, which represent their probability distribution in real space, can be computed using ab initio first principle codes. However, these calculations have so far lacked a unifying principle.

"For the quantum behavior of electrons, topology--a branch of mathematics--has successfully classified the electronic bands in materials. This classification shows that materials, which might seem different, are actually very similar. We already have catalogs of electronic topological behaviors, akin to a periodic table of compounds. Naturally, this led us to question: Can topology also characterize phonons?" explained B. Andrei Bernevig, a professor of physics at Princeton University, visiting professor at DIPC, and one of the study's authors.

In a study published in the journal Science, an international team from Princeton University, Zhejiang University, DIPC, ENS-CNRS, Max Planck Institute, and the University of the Basque Country uncovered that a wide range of materials could host topological phonons.


																																						
    
     




																																			Topology, the study of properties preserved through continuous deformations, is used to characterize manifolds. For instance, a Mobius strip is distinguished from a regular strip by a twist, and a doughnut differs from a sphere by a hole; these cannot be transformed into each other without cutting the manifold.

"We first computed the phonon bands of thousands of quantum materials, identifying their wavefunctions and characterizing them by their symmetries, which provide a sort of local structure of the phonons," said Yuanfeng Xu, the first author of the study and a professor at Zhejiang University. "After completing this step, we employed topology to classify the global behavior of the phonon bands," he added.

Several phonon structure databases have been meticulously analyzed, revealing that at least half of the materials exhibit at least one non-atomic cumulative phononic band set. The team employed a formalism similar to that developed for characterizing electronic bands, as outlined in their previous work on Topological Quantum Chemistry (TQC).

An international team of scientists from the Princeton University, Donostia International Physics Center (DIPC), the University of the Basque Country (UPV/EHU), the Max Planck Institute, l'Ecole Normale Superieure, the CNRS, and Zhejiang University have scanned several phonon databases and predict the existence of topological phonons in approximately 5000 materials.

Phonons offer a new avenue for achieving nontrivial band topologies in solid-state materials, potentially leading to phonon surface states that could complement or enhance electronic surface states.


																																			"The robustness of the topological surface phonon states can be leveraged for applications like frequency filtering or mechanical energy attenuation under imperfect conditions, as well as for heat transfer and infrared photoelectronics. Topological phonons could also pave the way for creating phonon diodes or acoustic waveguides," explained Nicolas Regnault, a professor at ENS-CNRS and one of the corresponding authors of the study.

Analyzing data from over ten thousand materials, gathered from ab-initio calculations and stored in databases like PhononDB@kyoto-u and the Materials Project, they found that 50% of materials exhibit at least one non-trivial gap.

"The tools for these calculations are hosted on the Bilbao Crystallographic Server," Luis Elcoro, a professor at the University of the Basque Country and another corresponding author, informed.

"Once the symmetry eigenvalues of the bands are determined, all types of symmetry-indicated phonon topologies can be identified by these tools. TQC has proven to be a universal formalism for identifying topological properties in lattices," he added. Elcoro also mentioned that "after developing the theory and implementing it in computer codes, the topological diagnosis tools have been made publicly available on the website, allowing anyone to verify, reinterpret, or expand upon our findings."

"We discovered more topological structures in phonons than we initially expected, and we anticipate that topological phonons will lead to rich and unconventional physics, much like topological electrons have," stated Maia G. Vergniory, a professor at DIPC and Max Planck in Dresden.


																																						
    
     




																																			She emphasized the importance of validating predictions for materials hosting topological phonons, noting that "such experiments might be more challenging than those for electronic topology, due to lack of direct imaging techniques." The phonons have been cataloged in a public repository, where researchers can access specific materials.

"Every phononic surface state is listed in this database; the next step would be for experimentalists to measure them," mentioned Nicolas Regnault, highlighting the crucial role of experimental verification in advancing the field.

The team envisions new physics that may emerge from the coupling between topological electrons and phonons. If topological electron surface states coexist with phononic ones, this could facilitate strong electron-phonon coupling on the surface--though potentially not in the bulk--potentially leading to surface superconductivity.

"We now must delve into understanding the influence of topology on electron-phonon coupling," concluded Bernevig, highlighting the next steps in their research.



																																																					
																				
																						More information:
												Yuanfeng Xu et al, Catalog of topological phonon materials, Science (2024). DOI: 10.1126/science.adf8458. www.science.org/doi/10.1126/science.adf8458
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Study demonstrates fast photoionization detection of single erbium ions in silicon
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                A) Fast photoionisation detection of single Er3+ ions in a silicon nano-transistor. b) Three photoionisation events detected on a single Er3+ ion (Fig. 1b). Credit: Science China Press
            
        

    


Efficient detection of single optical centers is crucial for applications in quantum computing, sensing, and single-photon generation. For example, nitrogen-vacancy (NV) centers in diamond have made breakthroughs in high-precision magnetic field measurement. The detection of NV centers relies on observing their spin-correlated fluorescence.



										      
         
        
        
        

      

																					
Similarly, optical centers in silicon carbide and rare earth ions in solids also have similar detection mechanisms. However, the readout of these systems requires collecting a sufficient number of photons as detection signals, which limits the fidelity of spin state readout. In contrast, the electrical readout methods commonly used in quantum electronic devices provide higher readout fidelity within shorter time intervals.

A research team led by Prof. Chunming Yin at University of Science and Technology of China has recently achieved progress in the field of silicon-based quantum technology by demonstrating fast photoionization detection of single Er3+ ions in a silicon nano-transistor. The results have been published in the journal National Science Review and the first author of this article is Dr. Yangbo Zhang.

Prof Chunming Yin and his collaborators first achieved photoionization detection of single Er3+ ions in silicon-based single-electron transistors in 2013. However, the readout speed of photoionization events was significantly limited by the bandwidth of DC current measurements.

In this latest work, they employed radiofrequency reflectometry and successfully realized fast photoionization detection of single Er3+ ions in silicon-based single-electron transistors, and each ionization event can be detected with a time resolution better than 100 nanoseconds. Based on this technique, they also investigated the optical excited state lifetime of single Er3+ ions in silicon-based nanodevices.

Using the radiofrequency reflectometry detection technique on single optical centers provides new possibilities for scalable optical quantum systems. Moreover, this method holds promise for achieving rapid readout of other single optical centers in solids, thereby advancing the applications of single optical centers in scalable quantum systems and high-precision sensing.



																														
																				
																						More information:
												Yangbo Zhang et al, Photoionisation detection of a single Er3+ ion with sub-100-ns time resolution, National Science Review (2023). DOI: 10.1093/nsr/nwad134
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Scientists demonstrate the potential of electron spin to transmit quantum information

										

    
        
            [image: Scientists demonstrate the potential of electron spin to transmit quantum information]
             
                Magnon wave packet propagation in an antiferromagnet is revealed in these snapshots obtained using pairs of laser pulses. Credit: Joseph Orenstein/Berkeley Lab
            
        

    


The spin of the electron is nature's perfect quantum bit, capable of extending the range of information storage beyond "one" or "zero." Exploiting the electron's spin degree of freedom (possible spin states) is a central goal of quantum information science.



										      
         
        
        
        

      

																																	
Recent progress by Lawrence Berkeley National Laboratory (Berkeley Lab) researchers Joseph Orenstein, Yue Sun, Jie Yao, and Fanghao Meng has shown the potential of magnon wave packets--collective excitations of electron spin--to transport quantum information over substantial distances in a class of materials known as antiferromagnets.

Their work upends conventional understanding about how such excitations propagate in antiferromagnets. The coming age of quantum technologies--computers, sensors, and other devices--depends on transmitting quantum information with fidelity over distance.

With their discovery, reported in a paper published in Nature Physics, Orenstein and coworkers hope to have moved a step closer to these goals. Their research is part of broader efforts at Berkeley Lab to advance quantum information by working across the quantum research ecosystem, from theory to application, to fabricate and test quantum-based devices and develop software and algorithms.

Electron spins are responsible for magnetism in materials and can be thought of as tiny bar magnets. When neighboring spins are oriented in alternating directions, the result is antiferromagnetic order, and the arrangement produces no net magnetization.


																																						
    
     




																																			To understand how magnon wave packets move through an antiferromagnetic material, Orenstein's group used pairs of laser pulses to perturb the antiferromagnetic order in one place while probing at another place, yielding snapshots of their propagation. These images revealed that magnon wave packets propagate in all directions, like ripples on a pond from a dropped pebble.

The Berkeley Lab team also showed that magnon wave packets in the antiferromagnet CrSBr (chromium sulfide bromide) propagate faster and over longer distances than the existing models would predict. The models assume that each electron spin couples only to its neighbors. An analogy is a system of spheres connected to near neighbors by springs; displacing one sphere from its preferred position produces a wave of displacement that spreads with time.

Surprisingly, such interactions predict a speed of propagation that is orders of magnitude slower than the team actually observed.

"However, recall that each spinning electron is like a tiny bar magnet. If we imagine replacing the spheres with tiny bar magnets representing the spinning electrons, the picture changes completely," Orenstein said. "Now, instead of local interactions, each bar magnet couples to every other one throughout the entire system through the same long-range interaction that pulls a refrigerator magnet to the fridge door."



																																																					
																				
																						More information:
												Yue Sun et al, Dipolar spin wave packet transport in a van der Waals antiferromagnet, Nature Physics (2024). DOI: 10.1038/s41567-024-02387-2
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Probing neptunium's atomic structure with laser spectroscopy
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                The mass separator used in the experiments. Green: ion trajectory; blue and violet, laser beams. Credit: The European Physical Journal D (2024). DOI: 10.1140/epjd/s10053-024-00833-7
            
        

    


A new technique developed by researchers in Germany can measure ionization states of this element more precisely than before, with implications for its detection and remediation in radioactive waste.



										      
         
        
        
        

      

																					
The radioactive element neptunium is one of the principal components of nuclear waste. Mass spectrometry can be used to probe its complex atomic structure, which is of value both for its intrinsic interest and for determining the isotope composition of neptunium waste.

Magdalena Kaja at Johannes Gutenberg University, Mainz, Germany, and her co-workers have now demonstrated a novel method of laser spectroscopy that can analyze the ionization potential of neptunium more precisely than earlier methods. This work is now published in The European Physical Journal D.

Neptunium, an actinide metal, sits next to uranium in the periodic table with an atomic number of 93; almost self-evidently, its name derives from the planet beyond Uranus in the solar system, Neptune. It has no fewer than 25 known isotopes. Most of these are very short-lived, but the most stable, neptunium-237 (237Np) has a half-life of more than 2 million years. It is largely this isotope that makes it so dangerous as a nuclear contaminant.

The samples of neptunium isotopes that are available for this type of analysis are tiny: they generally comprise only a few atoms of an isotope. "Multistep resonance ionization using a laser source has been proven to be the most useful technique for this, providing high sensitivity, specificity and precision," explains Kaja.

The state-of-the-art apparatus that she and her colleagues used incorporates a solid-state titanium: sapphire laser system, a refined laser ion source and a high transmission mass separator.

The researchers used this technique to measure the first ionization energy of neptunium: that is, the energy needed to remove a first electron from its outermost electron shell, forming a positive ion. The value they determined, 6.265608(19) eV, agrees well with the values reported in the literature but is more than 10 times as precise as any of them.

"We now aim to extend our investigations to rare neptunium isotopes," adds Kaja. The techniques can also be used to detect and analyze traces of neptunium in radioactive contaminants.
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												Magdalena Kaja et al, Resonant laser ionization of neptunium: investigation on excitation schemes and the first ionization potential, The European Physical Journal D (2024). DOI: 10.1140/epjd/s10053-024-00833-7
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        A multi-stream network for retrosynthesis prediction
        Retrosynthesis aims to predict a set of reactants for producing given molecules, which plays a significant part in the biochemistry field, such as molecular pathway design and drug discovery. Most existing methods only benefit from one kind of information rather than further considering the diverse aspect of molecular information.

      

      
        Solid-state reaction among multiphase multicomponent ceramic enhances ablation performance, study finds
        Multicomponent ultra-high temperature ceramic (UHTC) has attracted much attention in research due to its superior high-temperature mechanical properties, lower thermal conductivity and enhanced oxidation resistance.
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A multi-stream network for retrosynthesis prediction
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                Pipeline of Multi-Stream Network for Retrosynthesis (MSNR). Credit: Frontiers of Computer Science (2023). DOI: 10.1007/s11704-023-3103-z
            
        

    


Retrosynthesis aims to predict a set of reactants for producing given molecules, which plays a significant part in the biochemistry field, such as molecular pathway design and drug discovery. Most existing methods only benefit from one kind of information rather than further considering the diverse aspect of molecular information.



										    
																					
To address this issue, a research team conducted a study, now published in Frontiers of Computer Science.

The team proposed a multi-stream network for retrosynthesis prediction by describing molecules from multiple perspectives by using their SMILES and ECFPs descriptors.

MSNR consists of three major modules: (i) The parallel CNN and the text-CNN that takes the ECFPs and SMILES after one-hot encoding as input to produce the deep features. (ii) The combination representation is devised by fusing the two kinds of deep features of ECFPs and SMILES, which provide an in-depth perspective of molecular representation. (iii) Three dense classifiers have been implemented to predict the probability of reactants for molecules, which leverages the deep features extracted by different streams as the molecular representation, respectively.

By fusing these multi-stream prediction results with varying weights, the model arrives at a final retrosynthesis prediction. Additionally, the model is trained using an overall loss function that is capable of exploiting the diverse information available from each type of deep feature.



																														
																				
																						More information:
												Qiang Zhang et al, A multi-stream network for retrosynthesis prediction, Frontiers of Computer Science (2023). DOI: 10.1007/s11704-023-3103-z
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Solid-state reaction among multiphase multicomponent ceramic enhances ablation performance, study finds
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                The solid-state reaction process among multiphase multicomponent ceramic during ablation and its role in enhancing ablation performance. Credit: Ziming Ye, et al.
            
        

    


Multicomponent ultra-high temperature ceramic (UHTC) has attracted much attention in research due to its superior high-temperature mechanical properties, lower thermal conductivity and enhanced oxidation resistance.



										      
         
        
        
        

      

																					
Multiphase design is a promising approach to achieve improved ablation resistance of multicomponent UHTC, potentially meeting the stringent demands for thermal protection materials (TPMs) for aerospace. However, understanding the ablation mechanism of multiphase multicomponent ceramic is foundational.

In the past, it was generally believed that the constituent phases among the multiphase multicomponent UHTC would not react with each other during ablation. However, a team of researchers led by Xiang Xiong and Yi Zeng at the Central South University in China reported a new solid-state reaction process between different multicomponent phases during ablation.

The work is published in the journal Advanced Powder Materials.

Their investigation focused on a three-phase multicomponent ceramic consisting of Hf-rich carbide, Nb-rich carbide and Zr-rich silicide phases. More importantly, they found the ablation performance was also affectsed by this solid-state reaction.

Specifically, this solid-state reaction occurred in the matrix/oxide scale interface region. During this process, metal cations counter-diffused between the multicomponent phases, resulting in their composition evolution.

"The composition evolution allowed the underlying multicomponent phases to remain stable even under a higher oxygen partial pressure, which led to the improvement of thermodynamic stability of three-phase multicomponent ceramic," explains Xiong.

"Moreover, this solid-state reaction process appeared synergistic with the preferential oxidation behavior among the oxide scale in enhancing of the ablation performance within a specific temperature range."

"The present findings proved that multiphase design allows the multicomponent ceramic to achieve even better ablation performance. The obtained results may also provide a preliminary basis for the future development of multiphase multicomponent UHTCs," Zeng adds.



																														
																				
																						More information:
												Ziming Ye et al, Revealing the solid-state reaction process among multiphase multicomponent ceramic during ablation, Advanced Powder Materials (2024). DOI: 10.1016/j.apmate.2024.100189
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        How climate change will affect malaria transmission
        A new model for predicting the effects of climate change on malaria transmission in Africa could lead to more targeted interventions to control the disease according to a new study.

      

      
        Variability of everyday life may have influenced evolution at least as much as rare activities like big-game hunting
        Think about taking a walk: where you need to go, how fast you need to move to get there, and whether you need to bring something along to carry the results of your errand.

      

      
        Study reveals changes in soil carbon and nutrient stocks in desert oasis farmland
        The arid desert oasis is an important agricultural production base in northwestern China, and desert reclamation is the main reason for its continuous expansion. However, the effects of long-term conventional agricultural practices on soil carbon and nutrient pools after desert reclamation in arid oasis farmlands are still unclear.

      

      
        Comprehensive review on the significant roles and regulatory mechanisms of lncRNAs in fruits and vegetables
        With the development of genome sequencing technologies, many long non-coding RNAs (lncRNAs) have been identified in fruits and vegetables. Extensive research on lncRNAs has revealed their roles in regulating the expression of protein-coding genes at both transcriptional and post-transcriptional levels, thereby playing crucial roles in the growth, development, and stress responses in fruit and vegetables.

      

      
        Drill-interseeded cover crops in V3 corn reap benefits
        Research published in the journal Weed Science shows that drill-interseeded cover crops into vegetative growth stage 3 (V3) corn performs well in Northeast U.S. production regions. The paper is titled "Light partitioning strategies impact relative fitness of weeds and cover crops when drill-interseeding in corn."

      

      
        Rapid oyster reef restoration gives hope for repairing the sea
        After a century of functional extinction on the Australian mainland, a Flat oyster reef has been successfully restored along a metropolitan Adelaide coastline.

      

      
        Keep an eye out for foxtail seed pods that can harm your pet this summer
        Across much of the United States, spring is in full force. With warmer weather, people are taking their furry family members out on longer walks and spending more time outside. Alongside blooming flowers and trees, your pet might run into a small, unassuming grass seed pod known as a foxtail. Despite the cute name, foxtails can pose a major threat to your pet's health.

      

      
        Fossilized circles in the sand on South Africa's coast may be artwork by our early ancestors
        If you have walked on a dune surface after windy conditions have settled, you may have been privileged to recognize one of Nature's wonders: scratch circles. These are structures formed when the end of a tethered object is passively rotated into the surrounding sediment. In other words, a flimsy frond or blade of grass that is attached to the ground will blow in the wind, and its loose end will inscribe a perfect circle or perfect arc, with the point at which it is attached becoming the center of...

      

      
        Playing with the kids is important work for chimpanzee mothers
        Wild chimpanzees have been studied for more than 60 years, but they continue to delight and surprise observers, as we found during the summer of 2017 in Kibale National Park in Uganda.

      

      
        Should we fight climate change by re-engineering life itself?
        Life has transformed our world over billions of years, turning a dead rock into the lush, fertile planet we know today. But human activity is currently transforming Earth again, this time by releasing greenhouse gases that are driving dramatic changes in our climate.

      

      
        Researchers: Heat is coming for our crops--we have to make them ready
        Australia's vital agriculture sector will be hit hard by steadily rising global temperatures. Our climate is already prone to droughts and floods. Climate change is expected to supercharge this, causing sudden flash droughts, changing rainfall patterns and intense flooding rains. Farm profits fell 23% in the 20 years to 2020, and the trend is expected to continue.

      

      
        For sustainable aviation fuel, researchers engineer a promising microorganism for precursor production
        Sustainable aviation fuels made from renewable sources of carbon could reduce carbon dioxide emissions and help to mitigate climate change. Isoprenol is a chemical involved in the production of a jet biofuel blendstock called 1,4-dimethylcyclooctane (DMCO). Blendstocks are chemicals that are combined with other chemicals to create fuel. Researchers have produced isoprenol in several microbial hosts.

      

      
        New rhizobia-diatom symbiosis solves long-standing marine mystery
        Nitrogen is an essential component of all living organisms. It is also the key element controlling the growth of crops on land, as well as the microscopic oceanic plants that produce half the oxygen on our planet. Atmospheric nitrogen gas is by far the largest pool of nitrogen, but plants cannot transform it into a usable form.

      

      
        Changes in pig farming in the 20th century spread antibiotic-resistant Salmonella around the world, finds study
        Historical changes in pig farming led to the global spread of Salmonella, resistant to antibiotics--a new international study led by researchers at the University of Warwick suggests.

      

      
        Scientists win World Food Prize for work on Global Seed Vault
        Scientists Geoffrey Hawtin and Cary Fowler, who on Thursday received the prestigious World Food Prize for "their work to preserve the world's heritage of seeds", are on a mission.

      

      
        Nepal's nature threatened by new development push: conservationists
        Nepali conservationists condemned on Thursday new regulations permitting hydropower and hotel projects in protected nature reserves, saying they threatened to damage the habitats of tigers and other endangered animals.

      

      
        Genes spatially organize for efficient mRNA splicing, study shows
        The nucleus of each of your cells contains all the genetic information (the genome) necessary to build every type of cell and protein in your entire body. Like a complex library in a tiny space 50 times smaller than the width of a human hair, genes are organized into precise regions in three dimensions.

      

      
        How aging clocks tick: New study points to stochastic changes in cells
        Aging clocks can measure the biological age of humans with high precision. Biological age can be influenced by environmental factors such as smoking or diet, thus deviating from chronological age that is calculated using the date of birth. The precision of these aging clocks suggests that the aging process follows a program.

      

      
        Research presents 2D dipole orientation method for mapping cells
        Due to the high transparency of cells, it is very difficult to observe the organelles within them. Biologists can label specific organelles for observation through fluorescence staining. This is somewhat analogous to being in an environment without light where everyone is dressed entirely in black, making it difficult to find your friends. By having our friends hold a fluorescent stick, we can easily locate them.

      

      
        New fluidic system advances development of artificial blood vessels and biomedicine applications
        Nature consistently inspires engineering applications. Recently, a group of researchers from the Faculty of Engineering at the University of Hong Kong (HKU) drew new inspiration from the vascular network and developed a new type of fluidic system named VasFluidics.

      

      
        Saturated soils could impact survival of young trees planted to address climate change
        The saturated soil conditions predicted to result from increased rainfall in the UK's upland regions could have a knock-on effect on the ambition to create more woodland in the fight against climate change, a new study has found.

      

      
        Likely ancestor of all modern hoofed animals identified
        A team of anthropologists, paleontologists and Earth scientists from Kent State University, the City University of New York and the University of Michigan's Museum of Paleontology has for the first time identified the likely common ancestor of all modern hoofed animals.
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How climate change will affect malaria transmission
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A new model for predicting the effects of climate change on malaria transmission in Africa could lead to more targeted interventions to control the disease according to a new study.



										      
         
        
        
        

      

																																	
Previous methods have used rainfall totals to indicate the presence of surface water suitable for breeding mosquitoes, but the research led by the University of Leeds used several climatic and hydrological models to include real-world processes of evaporation, infiltration and flow through rivers.

This approach has created a more in-depth picture of malaria-friendly conditions on the African continent.

It has also highlighted the role of waterways such as the Zambezi River in the spread of the disease with almost four times the population estimated to live in areas suitable for malaria for up to nine months of the year than was previously thought.

The research titled "Future malaria environmental suitability in Africa is sensitive to hydrology" was published in the journal Science.

Dr. Mark Smith an Associate Professor in Water Research in the Leeds' School of Geography and lead author of the study said, "This will give us a more physically realistic estimate of where in Africa is going to become better or worse for malaria.

"And as increasingly detailed estimates of water flows become available, we can use this understanding to direct prioritization and tailoring of malaria interventions in a more targeted and informed way. This is really useful given the scarce health resources that are often available."


																																						
    
     




																																			Malaria is a climate-sensitive vector-borne disease that caused 608,000 deaths among 249 million cases in 2022.

95% of global cases are reported in Africa but reductions in cases there have slowed or even reversed in recent years, attributed in part to a stall in investments in global responses to malaria control.

The researchers predict that the hot and dry conditions brought about by climate change will lead to an overall decrease in areas suitable for malaria transmission from 2025 onwards.

The new hydrology-driven approach also shows that changes in malaria suitability are seen in different places and are more sensitive to future greenhouse gas emissions than previously thought.

For example, projected reductions in malaria suitability across West Africa are more extensive than rainfall-based models suggested, stretching as far east as South Sudan, whereas projected increases in South Africa are now seen to follow watercourses such as the Orange River.

Co-author of the study Professor Chris Thomas from the University of Lincoln said, "The key advancement is that these models factor in that not all water stays where it rains, and this means breeding conditions suitable for malaria mosquitoes too can be more widespread--especially along major river floodplains in the arid, savanna regions typical of many regions in Africa.

"What is surprising in the new modeling is the sensitivity of season length to climate change--this can have dramatic effects on the amount of disease transmitted."


																																			Simon Gosling, Professor of Climate Risks & Environmental Modeling at the University of Nottingham, co-authored the study and helped to coordinate the water modeling experiments used in the research.

He said, "Our study highlights the complex way that surface water flows change the risk of malaria transmission across Africa, made possible thanks to a major research program conducted by the global hydrological modeling community to compile and make available estimates of climate change impacts on water flows across the planet.

"Although an overall reduction in future risk of malaria might sound like good news, it comes at a cost of reduced water availability and a greater risk of another significant disease, dengue."

The researchers hope that further advances in their modeling will allow for even finer details of waterbody dynamics which could help to inform national malaria control strategies.

Dr. Smith added, "We're getting to the point soon where we use globally available data to not only say where the possible habitats are, but also which species of mosquitoes are likely to breed where, and that would allow people to really target their interventions against these insects."
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Think about taking a walk: where you need to go, how fast you need to move to get there, and whether you need to bring something along to carry the results of your errand.



										      
         
        
        
        

      

																																	
Are you going on this walk with someone else? Does walking with a friend change your preparation? If you're walking with a child, do you remember to bring an extra sweater or a snack? You probably did--because people intuitively vary their plan depending on their current needs and situations.

In my research as an anthropologist, I've focused on the evolution of human walking and running because I love the flexibility people bring to these behaviors. Humans in all kinds of environments across space and time vary how far they go, when they go and what they go for--whether food, water or friends--based on a multitude of factors, including season, daylight, rituals and family.

Anthropologists split their studies of human activity into two broad categories: what people need to do--including eat, keep their kids alive and so on--and what solutions they come up with to accomplish these needs.

How people keep their children alive is a key issue in my research because it has a direct impact on whether a population survives. It turns out that kids stay alive if they're with adults. To this end, it is a human universal that women carry heavy loads every day, including kids and their food. This needs-based behavior seems to have been an important part of our evolutionary history and explains quite a few aspects of human physiology and female morphology, such as women's lower center of mass.

The solutions to other key problems, like specifically which food women will be carrying, vary across time and space. I suggest that these variations are as integral to explaining human biology and culture as the needs themselves.


																																						
    
     




																																			Impacts of uncommon activities

Evolutionary scientists often focus on how beneficial heritable traits get passed on to offspring when they provide a survival advantage. Eventually a trait can become more common in a population when it provides a useful solution.

For example, researchers have made big claims about how influential persistence hunting via endurance running has been on the way the human body evolved. This theory suggests that taking down prey by running them to exhaustion has led to humans' own abilities to run long distances--by increasing humans' ability to sweat, strengthening our head support and making sure our lower limbs are light and elastic.

But persistence hunting occurs in fewer than 2% of the recorded instances of hunting in one major ethnographic database, making it an extremely rare solution to the need to find food. Could such a rare and unusual form of locomotion have had a strong enough impact to select for the suite of adaptive traits that make humans such excellent endurance athletes today?

Maybe persistence hunting is actually a fallback strategy, providing a solution only at key moments when survivorship is on the edge. Or maybe these capabilities are just side effects of the loaded walking done every day. I think a better argument is that the ability to predict how to move between common and uncommon strategies has been the driver of human endurance capacity.


																																			Everyday life's influence on evolution

Hunting itself, especially of large mammals, is hardly ubiquitous, despite how frequently it is discussed. For example, anthropologists tend to generalize that people who lived in the Arctic even up to a hundred years ago consumed only animal meat hunted by men. But actually, the original ethnographic work reveals a far more nuanced picture.

Women and children were actively involved in hunting, and it was a strongly seasonal activity. Coastal fishing, berry picking and the use of plant materials were all vital to Arctic people's day-to-day sustenance. Small family groups used canoes for coastal foraging for part of the year.

During other seasons, the whole community participated in hunting large mammals by herding them into dangerous situations where they were more easily killed. Sometimes family groups were together, and sometimes large communities were together. Sometimes women hunted with rifles, and sometimes children ran after caribou.

The dynamic nature of daily life means that the relatively uncommon activity of hunting large terrestrial vertebrates is unlikely to be the main behavior that helps humans solve the key problems of food, water and keeping children alive.

Anthropologist Rebecca Bliege Bird has investigated how predictable food is throughout the day and the year. She's noted that for most communities, big game is rarely caught, especially when a person is hunting alone. Even among the Hadza in Tanzania, generally considered a big-game hunting community, a hunter acquires 0.03 prey per day on average--essentially 11 animals a year for that person.

Bird and others clearly argue that the planning and flexible coordination done by females is the crucial aspect of how humans survive on a daily basis. It's the daily efforts of females that allow people to be spontaneous a few times a year to accomplish high-risk activities such as hunting--persistence or otherwise. Therefore it is female flexibility that allows communities to survive between the rare big-game opportunities.


																																						
    
     




																																			Changing roles and contributions

Some anthropologists argue that in some parts of the world, behavior varies more for cultural reasons, like what tools you make, than for environmental ones, such as how much daylight there is during winter. The importance of culture means that the solutions vary more than the needs.

One of the aspects of culture that varies is the role assigned to specific genders. Varying gender roles are related to the distribution of labor and when people take on certain solution-based tasks. In most cultures, these roles change across a female's life span. In American culture, this would be like a grandparent going back to college to hone a childhood passion in order to take on a new job to send their grandchildren to college.

In many places, females go from youth when they might carry their siblings and firewood, to early parenthood where they might go hunting with a baby on their back, to older parenthood where they might carry water on their head, a baby on their back and tools in their hands, to postmenopausal periods when they might carry giant loads of mangoes and firewood to and from camp.

Even though always load carrying, our capacity to plan and change our behavior for diverse environments is part of what drives Homo sapiens' success, which means that the behavior of females across their different life stages has been a major driver of this capability.
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Study reveals changes in soil carbon and nutrient stocks in desert oasis farmland

										

    
        
            [image: Study reveals changes in soil carbon and nutrient stocks in desert oasis farmland]
             
                Location of the study area and soil sampling sites. (CK: desert land, R30: farmland with 30-year cultivation, R60: farmland with 60-year cultivation, R100: farmland with 100-year cultivation.). Credit: Geoderma (2024). DOI: 10.1016/j.geoderma.2024.116893
            
        

    


The arid desert oasis is an important agricultural production base in northwestern China, and desert reclamation is the main reason for its continuous expansion. However, the effects of long-term conventional agricultural practices on soil carbon and nutrient pools after desert reclamation in arid oasis farmlands are still unclear.



										      
         
        
        
        

      

																					
A research team from the Northwest Institute of Eco-Environment and Resources of the Chinese Academy of Sciences investigated carbon and nutrient storage in farmland soils in the Zhangye Oasis with different reclamation ages. They used regression analysis to reveal patterns of change in carbon and nutrient storage over conventional farming years, and analyzed the key factors influencing these storage levels using a random forest model.

The study is published in Geoderma.

The researchers found that the soil carbon pool in the 0-40 cm layer increased by 4.2-fold after desert reclamation, while nitrogen and phosphorus stocks increased by 1.2-6.5-fold. However, regression analyses showed an exponential pattern of change in both carbon and nutrient stocks with years of cultivation.

In addition, carbon and nitrogen stocks in the 0-40 cm soil layer and phosphorus stocks in the topsoil layer, stopped increasing after 60 years of conventional cultivation.

The researchers also found that soil stoichiometry, pH, and mechanical composition were the key factors influencing carbon and nutrient pools in oasis farmland.

This study highlighted that despite significant improvement in soil quality after desert reclamation, the long-term effectiveness of this improvement is limited by conventional management practices.

Therefore, conventional management system of oasis farmland in arid regions should incorporate appropriate conservation tillage practices to ensure sustainable soil production.



																														
																				
																						More information:
												Dengke Ma et al, Long-term conventional cultivation after desert reclamation is not conducive to the improvement of soil carbon pool and nutrient stocks, a case study from northwest China, Geoderma (2024). DOI: 10.1016/j.geoderma.2024.116893
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Comprehensive review on the significant roles and regulatory mechanisms of lncRNAs in fruits and vegetables

										

    
        
            [image: Comprehensive review on the significant roles and regulatory mechanisms of lncRNAs in fruits and vegetables]
             
                Regulatory mechanisms of lncRNAs in fruit and vegetables. A lncRNAs regulate the expression of genes in cis or trans configuration. B Mutual regulation of lncRNAs and plant hormones. C TFs activate or inhibit the expression of lncRNAs by recognizing transcription recognition sites within the lncRNA promoter region; lncRNAs bound to transcription factors, forming RNA-protein complexes that modulate the activity of transcription factors. D In the first scenario, lncRNAs act as a precursor for miRNA. In the second scenario, miRNAs recognize and cleave lncRNAs to generate siRNA; lncRNAs are competitively bound to miRNAs, regulating the expression of target mRNAs. E Alternative splicing generates diverse variants of lncRNAs; lncRNAs bind to miRNAs, altering the regulatory function of miRNAs on mRNAs and leading to the production of distinct mRNA variants. Credit: Horticulture Research (2024). DOI: 10.1093/hr/uhae046
            
        

    


With the development of genome sequencing technologies, many long non-coding RNAs (lncRNAs) have been identified in fruits and vegetables. Extensive research on lncRNAs has revealed their roles in regulating the expression of protein-coding genes at both transcriptional and post-transcriptional levels, thereby playing crucial roles in the growth, development, and stress responses in fruit and vegetables.



										      
         
        
        
        

      

																					
A new review published in Horticulture Research provides a comprehensive summary of the current understanding of the formation, functional characteristics, and regulatory mechanisms of lncRNAs in fruits and vegetables.

Based on their transcription direction and position relative to protein-coding genes, lncRNAs are classified into four types: intergenic lncRNAs (lincRNAs), long non-coding antisense transcripts (lncNATs), sense lncRNAs, and intronic lncRNAs (incRNAs). In this paper, the formation, and the basic characteristics of lncRNAs in fruits and vegetables are described from three aspects: abundance and size, structure and localization, decay and evolution.

The roles of lncRNAs in fruit and vegetables have been comprehensively summarized and discussed in recent research reports, covering various aspects including pigment accumulation, reproductive organ development, fruit ripening, as well as responses to nutrient deficiency, salt, drought, temperature, and pathogenic bacteria.

In addition, the authors have elucidated the regulatory mechanisms of lncRNAs in gene transcriptional regulation and alternative splicing, as well as the interactions between lncRNAs and plant hormones, transcription factors, and miRNAs.

The development of high-throughput sequencing technology has greatly improved the ability to discover, predict, and identify lncRNAs. However, there remains a scarcity of comprehensive lncRNA analysis data in plant databases pertaining to lncRNAs in fruits and vegetables, hindering the characterization of lncRNA expression and localization.

Moreover, the cost associated with subcellular localization experiments of lncRNAs, such as FISH, poses a limitation on lncRNA studies, highlighting the urgent need for the development of more affordable methods for lncRNAs research.

The exploration of the function and mechanism of lncRNAs in fruit and vegetable crops is still in its early stages, and the rapid development of technology will bring new opportunities and breakthroughs for lncRNA research in fruit and vegetables.



																														
																				
																						More information:
												Xiuming Zhao et al, Emerging roles and mechanisms of lncRNAs in fruit and vegetables, Horticulture Research (2024). DOI: 10.1093/hr/uhae046
																						
																						

																					

                               											
																					
                              										                                        
										
										
											 
												Citation:
												Comprehensive review on the significant roles and regulatory mechanisms of lncRNAs in fruits and vegetables (2024, May 9)
												retrieved 9 May 2024
												from https://phys.org/news/2024-05-comprehensive-significant-roles-regulatory-mechanisms.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/2024-05-comprehensive-significant-roles-regulatory-mechanisms.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Drill-interseeded cover crops in V3 corn reap benefits

										


    
        
            [image: Drill-interseeded cover crops in V3 corn reap benefits]
             
                Establishment of annual ryegrass cover crop that was drill-interseeded into wide-row (152 cm row spacing) corn at the V3 growth stage. Credit: J. Wallace
            
        

    


Research published in the journal Weed Science shows that drill-interseeded cover crops into vegetative growth stage 3 (V3) corn performs well in Northeast U.S. production regions. The paper is titled "Light partitioning strategies impact relative fitness of weeds and cover crops when drill-interseeding in corn."




										    
																					"Our results show that interseeding cover crops early, at the V3 corn-growth stage and in 30-in. row spacing, can balance cover crop and corn production management goals, while placing cover crops at a relative fitness advantage over weeds," says John Wallace, Ph.D., Assistant Professor, Pennsylvania State University, the article's lead author.

"Compared to interseeding at the V6 corn growth stage, interseeding at the V3 corn growth stage lengthens the cover-crop establishment period before rapid corn canopy closure, and thus contributes to a relative fitness advantage of cover crops over weeds."

Cover crops help corn producers achieve both sustainability and production goals. "If successfully established, the conservation benefits from cover crops are manifold," says Wallace.

"These benefits include increased water infiltration, reduced soil erosion, improved nitrogen scavenging, increased microbial abundance and carbon accumulation."

Other results from this study showed that cover crops attained greater relative fitness than weeds in each cultural practice that also included 30-in. corn rows, but greater relative fitness for weeds than cover crops when interseeding in 60-in. rows. The 30-in rows also yielded higher corn yields than 60-in. rows at two of the three locations.


																														
																				
																						More information:
												John M. Wallace et al, Light partitioning strategies impact relative fitness of weeds and cover crops when drill-interseeding in corn, Weed Science (2023). DOI: 10.1017/wsc.2023.75
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Rapid oyster reef restoration gives hope for repairing the sea
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                Dr Dominic McAfee and Professor Sean Connell diving at a reef. Credit: Stefan Andrews
            
        

    


After a century of functional extinction on the Australian mainland, a Flat oyster reef has been successfully restored along a metropolitan Adelaide coastline.



										      
         
        
        
        

      

																																	
Research by University of Adelaide marine scientists has revealed that the astonishing ecological recovery occurred within two and a half years of the reef being constructed, providing hope for the future of marine ecosystems around the world.

The results of the reef restoration have been published in Restoration Ecology.

"In late 2020, 14 limestone boulder reefs were constructed along the busiest coastline in South Australia, and it took just two and a half years for the habitat to become a thriving marine metropolis," says Dr. Dominic McAfee of the University of Adelaide's School of Biological Sciences.

"The rate of recovery of this particular restoration shows that even heavily degraded marine systems can retain a latent resilience that enables us to achieve rapid environmental recoveries through effective restoration efforts."

With no functional Flat oyster reef ecosystems on the Australian mainland, Dr. McAfee's research team used local rocky reef ecosystems and Australia's sole remaining Flat oyster reef, located in Tasmania, as reference models.

"At the restored reef, we have observed densities of restored native adult Flat oysters that exceeded densities observed on the Tasmanian natural reef," says Dr. McAfee.


																																						
    
     




																																			"Communities of macroinvertebrates on the reef restoration represented approximately 60% of the biodiversity observed on healthy rocky reef reference systems, while ecological functions, such as filter feeding, are demonstrably increasing.

"The rate of recovery of this benthic ecosystem demonstrates the latent resilience of degraded oyster communities and the capacity for effective marine restorations to achieve rapid ecological recoveries."

While oyster reefs were once common along Australia's southern coastline and created temperate reef ecosystems, they have become increasingly rare around the world.

"Destructive human activities, like seafloor dredging, which razes entire marine communities, have turned seafloors into structurally simplified habitats with little settlement substrata or localized adult oysters to seed recovery," says Dr. McAfee.

"Globally, 85% of oyster reefs have been lost, and on many coastlines these ecosystems were near obliterated."

The reefs are particularly important for the function oysters play in the ecosystem.

"Oysters are ecological superheroes that function like trees in a forest or coral in tropical seas," says Dr. McAfee.

"They provide habitat for many other marine animals, boost fish production, protect shorelines from stormy seas, and even clean the water with their filter feeding."

Dr. McAfee says the results of this project will have implications for lost oyster-reef ecosystems around the country.

"We've lost oyster reefs over thousands of kilometers of Australian coastline. This rapid recovery shows we can bring them back rapidly and can serve as a template for other projects on how to bring these reefs back," Dr. McAfee says.



																																																					
																				
																						More information:
												Dominic McAfee et al, Reversing functional extinction: successful restoration of eradicated oyster reefs, Restoration Ecology (2024). DOI: 10.1111/rec.14169
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            [image: Keep an eye out for foxtail seed pods that can harm your pet this summer]
             
                Hordeum murinum, or wall barley, is a common source of foxtails. Credit: Curtis Clark/Wikimedia Commons, CC BY-SA
            
        

    


Across much of the United States, spring is in full force. With warmer weather, people are taking their furry family members out on longer walks and spending more time outside. Alongside blooming flowers and trees, your pet might run into a small, unassuming grass seed pod known as a foxtail. Despite the cute name, foxtails can pose a major threat to your pet's health.




										      
         
        
        
        

      

																																	
I am a veterinarian in California's Central Valley, and foxtails are a daily issue where I work, especially during the spring and summer months.

What exactly are foxtails?

A foxtail isn't a specific plant. It is a type of grass seed pod that resembles a fox's tail. Multiple species of grass can create this type of seed pod, and foxtails are found across much of the United States. Regions of the western U.S., especially California, have the most foxtails.

The outside of the foxtail is covered in small sticky hairs designed to stick to things. You can feel them yourself if you pull a foxtail off a plant. Rub your fingers against the seed one way, and then the other, and you'll feel that one direction is smooth and the other direction is sticky.

Foxtails aren't a big deal for people, as we don't have a lot of hair and tend to remove things that are itchy or painful, but it's a different story for pets.

A segment of the foxtail pod sticks to an animal's fur, where it's carried around until it eventually drops off and grows into grass. This sticky feature is great for the grass, as it helps spread the seeds around, but it also results in foxtail segments getting stuck to pets.

Once on the cat or dog, a segment of a foxtail can burrow into the skin, get stuck in the eyes, creep into ears, be inhaled into the nose, or even make its way into the lungs.


																																						
    
     




																																			The health dangers of foxtails

The most common place where foxtails will burrow into a pet is the skin, especially in between dogs' toes. A foxtail embedded into the skin can cause irritation, redness, pain and infection. As the foxtail gets deeper into the skin, it brings harmful bacteria with it and creates a path of infection known as a draining tract.

If a foxtail makes it into a dog's or a cat's ear, the pet will likely start shaking its head back and forth--it might look like it has an ear infection. The embedded foxtail can cause discomfort and sometimes infection.

A foxtail can stick to a pet's eye tissues, especially in cats, and migrate around the outer portions of the eye or behind the third eyelid, which is the protective tissue near the inner corner of their eye. This will cause discharge from the eye and discomfort and may scratch the eye's surface.

One of the most serious locations for a foxtail is in the lungs. Dogs may inhale foxtails while running through fields and breathing hard. The foxtail can sometimes get stuck in the nose, which will cause the pet to sneeze and look uncomfortable. Occasionally, a piece of a foxtail makes its way into the lungs, which can result in severe infection, trauma and even death. Surgery and hospitalization are almost always required in these cases.


																																			Foxtail symptoms

Pet owners can learn what symptoms to look out for in order to make sure their pet gets prompt care if they end up with a foxtail embedded somewhere.

If you see your dog or cat chewing on their paws, this might indicate that a foxtail has ended up in between the toes. Their paws may swell or grow red. If you see even a small pimplelike swelling in between your pet's toes, they may have a foxtail stuck in their paw.



    
    
    
        
        
    
         
             
         

        Foxtails can get into a pet's nose, ears, eyes, lungs and more.
  

If your pet is frequently shaking its head, this can indicate that a foxtail made its way into the ear canal. Drainage or discharge from the eye can indicate that foxtail may have made its way around the eye. Sneezing or pawing at the nose can mean the foxtail may have made its way into the nose. Foxtails in the ear canal, eyes or nose will need to be removed by a veterinarian.

Coughing or hacking might mean a foxtail has made it to the tissues around the throat or the tonsils, or even deeper into the lungs. Each one of these symptoms requires care from a veterinarian, as they can grow serious if left untreated.

Preventing foxtail risks

Foxtails are everywhere in the environment, but there are some preventive steps pet owners can take to minimize the risks to their pets.

If you have foxtails in your yard, you can remove them. Sometimes you can get rid of foxtails permanently, but this isn't always easy, as grasses are particularly good at reproducing and growing quickly.

Some locations have very few foxtails, while others have lots. Bring your pet to areas with fewer foxtails, if possible.

Some companies make mesh nets that can cover a dog's head to prevent exposure to the ears, nose, eyes and mouth. Pet boots can prevent foxtails from getting stuck in their paws.

Grooming your pet regularly may help catch foxtails before they burrow into the skin. Removing mats and unkempt fur can also help reduce the risk. If you get your pet examined at the vet at least once a year, the veterinarian may be able to find foxtails during these checkups before they escalate into a larger problem.

Foxtails are part of living in the United States. But a few simple steps can help keep pets safe while they enjoy the outdoors.
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            [image: Fossilized circles in the sand on South Africa's coast may be artwork by our early ancestors]
             
                Scratch arcs in Pleistocene aeolianites at Gericke's Point. Scale bar in a) is 15 cm; scale bar in b) is in cm. Note how in both cases the rings are not totally concentric and how in b) the arc does not form part of a perfect circle. Credit: Proceedings of the Geologists' Association (2024). DOI: 10.1016/j.pgeola.2024.03.004
            
        

    


If you have walked on a dune surface after windy conditions have settled, you may have been privileged to recognize one of Nature's wonders: scratch circles. These are structures formed when the end of a tethered object is passively rotated into the surrounding sediment. In other words, a flimsy frond or blade of grass that is attached to the ground will blow in the wind, and its loose end will inscribe a perfect circle or perfect arc, with the point at which it is attached becoming the center of the circle or arc.



										      
         
        
        
        

      

																																	
The first formal description of scratch circles was in 1886. In 2018 a detailed summary of their occurrences in the global geological record was published.

In our team's ongoing investigations of trace fossils on the Cape coast of South Africa we realized that the Pliocene and Pleistocene surfaces we were researching, dating back as much as 3 million years, provided substantial evidence of scratch circles and scratch arcs. This evidence included several phenomena that have not previously been observed.

After further investigation we've published our findings. We're particularly excited about two key takeaways.

Firstly, the time span in which scratch circles or scratch arcs have previously been identified ranges from about 600 million to 60 million years ago. The scratch circles we have found may be as little as 100,000 years old, making them the most recent examples yet identified in the geological record and substantially extending their age range.


																																						
    
     




																																			In one case we could even identify the probable type of plant (a kind of sedge) that was responsible for creating the circular feature. We also documented the first cases of scratch arcs occurring in vertical cliff faces, perpendicular to bedding plane surfaces, as shown in this video by Andre van Tonder.

Secondly, there appear to be two possible explanations for circular patterns with central depressions in Pleistocene deposits on the Cape coast. One is the typical scratch circle or scratch arc as described above, made by a plant. The second is an ammoglyph, a pattern made by ancestral hominins in sand, that is now evident and interpretable in a rock type known as aeolianite.

We speculate that the first type may have been the inspiration for the second, and that ancestral humans may have seen these perfect circular forms and found innovative ways to mimic them. If we are correct, then this would be among the oldest known evidence of palaeoart (really ancient, early forms of art).

Circles in the sand

We already know that the Cape south coast is one of the places in which some of the earliest known palaeoart was created, at sites like Blombos Cave, Pinnacle Point and through the ammoglyphs we have previously described.


																																			The oldest purported ammoglyph that we have dated through a technique called optically stimulated luminescence is approximately 139,000 years old. It seems likely that sand formed the original canvas for the earliest artists, as drawing on it would have been much quicker and easier than engraving or drawing on rock walls, trees, bones, or shells.

There is a precedent for astute ancestral humans being acutely aware of their environment and mimicking what they encountered. It has been suggested that ochre (a pigmented type of earth) used in body decoration may have originated after people observed the bearded vulture (lammergeier) bathing in ochre and covering its feathers with red pigment. This would be an example of bio-mimicry--humans copying what they saw in the world around them.

Scratch circles in sand, with clear evidence of how they were formed, would have been present on those Pleistocene dune surfaces on what is today the Cape south coast. We hypothesize that ancestral humans noted these perfect circular forms, inferred their origin, and realized they could try to replicate them in sand. This can be done by anchoring one end of a forked stick in the sand and then twirling it, thus inscribing a circle with the other end. It's a behavior we've written about in previous research about ammoglyphs. This natural curiosity about and replication of circles has recurred in art through the ages.


																																						
    
     




																																			A human origin

Using sticks in the way we're describing is not the only method for drawing circles in sand. One can also kneel down, place one's elbow in the sand, and rotate one's forearm with one's finger inscribing an arc. This may not, however, result in a perfect arc--flexing or extending one's wrist would affect the symmetry.

We have found a pattern on the De Hoop Nature Reserve coastline (which we call the De Hoop ammoglyph) that suggests this mechanism of creation, subsequently bolstered by our team's experiments in sand. In fact, the arc being imperfect is one of the features that supports a human origin--scratch circles made by plants are much more perfect, as is the forked stick technique. We can estimate the length of the forearm of the artist of the De Hoop ammoglyph; it appears to be consistent with that of a child or adolescent (or very small adult) artist.

It is extremely fortunate that an area in which humans began thinking and behaving as we do (and creating art in sand) happens to be exactly where the beaches and dunes they inhabited have become cemented and preserve this record of palaeoart in stone. This provides us with a window into the activities of our ancestors that we might not be able to discern in any other way.

Scratch circles, it seems, are not just spectacular in their own right, but might have also set in motion a chain of events that led, for example to the splendors of Chauvet Cave in France 34,000 years ago and other subsequent masterpieces. The findings suggest that our capacity as a species for astute observation, followed by mimicking, perhaps allowed us to leap forward and develop the beginnings of what we now know as art.
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Wild chimpanzees have been studied for more than 60 years, but they continue to delight and surprise observers, as we found during the summer of 2017 in Kibale National Park in Uganda.




										    
																																	
We were observing young chimpanzees' play to better understand how they grow up. For most group-living animals, play is an integral component of development. Beyond just having fun, social play allows them to practice critical physical and social skills they will need later in life.

But that summer, we realized that it wasn't just the young ones playing. Adults were joining in on play more often than we had seen before, especially with each other. Watching fully grown female chimpanzees tickling each other and laughing surprised even the most veteran researchers of our project.



    
    
    
        
        
    
         
             
         

        Two moms with babies play with one another on small trees, and two other young chimpanzees join in.
  

What made this so unusual was not that adult chimpanzees were playing at all, but that they were doing it so frequently. A behavior that we typically might see once every week or two became something that we saw every day and sometimes lasted for hours.

So what had changed that summer? For us, as primatologists, this is where the fun began.

Why would adults play in the first place?

Scientists tend to think the main reason play declines with age is that individuals essentially grow out of it as they master motor and social skills and shift toward more adult behaviors. By this logic, adults only rarely play because they no longer need to. The situation is different for domesticated species like dogs because the process of domestication itself preserves juvenile behaviors like playfulness into adulthood.


																																						
    
     




																																			Neither of these reasons would explain why our adult chimpanzees were shoving babies out of the way to play with each other that summer. Instead of asking why adults would play, we had to ask what might, in other circumstances, stop them from playing. And for this, we had to go back to the basics of primatology and consider the effects of food on behavior.

The summer of 2017 was notable because there was an unusually high seasonal peak of a lipstick-red fruit called Uvariopsis, a favorite and calorie-rich chimpanzee food. During the months when these fruits are ripe and plentiful, chimpanzees spend more time hanging out together in larger groups.

This sort of energy surplus has been linked to rigorous activities, such as hunting among monkeys. We wondered whether fruit abundance might be linked to social play as well. Perhaps adult play is constrained because grown chimpanzees just don't usually have the extra time and energy to devote to it.

When life gets in the way of play

To test this idea, we turned to the long-term records of the Kibale Chimpanzee Project, extracting nearly 4,000 observations of adult play over 10 years.

Whether tussling with a young chimpanzee or playing chase with another adult, the frequency of adult play was strongly correlated with the amount of ripe fruit in the diet in any given month. When the forest was full of high-quality food, adult chimpanzees played a lot.

But when their prized fruits dwindled, their playful sides all but disappeared--that is, except for mothers.


																																			A surprising sex difference

Among chimpanzees, males are much more social than females. Males invest a lot of time developing friendships, and, in turn, they reap the rewards of those bonds: higher dominance rank and more sex. For females, the high energetic costs of pregnancy and lactation mean socializing comes at the cost of sharing food that they need for themselves and their offspring.

We expected that play, as a social behavior, would follow other social patterns, with males playing more and being able to afford to play even when food abundance was low. To our surprise, we found the opposite. Females played more, especially during months with less fruit--because mothers kept playing with their babies even when all other chimpanzees had stopped.

A hidden cost of motherhood

Chimpanzees live in multimale, multifemale societies that exhibit what researchers call fission-fusion. In other words, the whole social group is rarely, if ever, all together. Instead, chimpanzees break up into temporary subgroups called parties that individuals move among throughout the day.

When food is scarce, parties tend to be smaller, and mothers are often alone with just their young. This strategy reduces feeding competition with group mates. But it also leaves mothers as the only social partners for their offspring. Mothers' time and energy that might be devoted toward other daily tasks, such as feeding and rest, go toward play instead.



    
    
    
        
        
    
         
             
         

        A chimpanzee mom tussles playfully with her young daughter while her infant nurses.
  

Not only did our study reveal this previously unknown cost of motherhood, but it also highlighted how important play must be for these young chimpanzees that their mothers accept this cost.

You might be curious about how chimpanzee fathers fit in here. Chimpanzees mate promiscuously, so males do not know which offspring are theirs. Mothers are left to bear the costs of parenthood on their own.


																																						
    
     




																																			An ape connection

Child development researchers know that play, and especially play with parents, is critically important for human social development. In fact, caregivers of young children might be reading this in between bouts of play with their little ones right now.



    
    
    
        
        
    
         
             
         

        Chimpanzees and people enjoy some of the same kinds of physical play, like playing airplane.
  

Since chimpanzees are one of our closest living relatives, these kinds of behavioral similarities between our species are not uncommon.

But not all primate parents reckon with costly play. In fact, there are almost no records of monkey mothers playing with their babies at all. Most other primate species, such as baboons and capuchins, don't go their separate ways during the day, so babies can play with each other and moms can catch a break.

Whether maternal play is a product of fission-fusion grouping or the developmental needs of offspring still needs to be tested directly. But the responsibility to play with your little ones certainly resonates with many human parents who experienced a sudden shift to become their children's main play partners when COVID-19 interrupted normal activities.

So on this Mother's Day, consider raising a glass to also celebrate these amazing--and tired--chimpanzee moms.
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Life has transformed our world over billions of years, turning a dead rock into the lush, fertile planet we know today. But human activity is currently transforming Earth again, this time by releasing greenhouse gases that are driving dramatic changes in our climate.



										      
         
        
        
        

      

																																	
What if we could harness the power of living organisms to help rein in climate change? The field of "engineering biology," which uses genetic technology to engineer biological tools for solving specific problems, may be able to help.

Perhaps the most dramatic success to date of this nascent field is the mRNA vaccines that helped us weather the COVID pandemic. But engineering biology has enormous potential not only to help us adapt to climate change, but also to limit warming.

In our latest paper in Nature Communications, we reviewed some of the many ways engineering biology can aid the fight against climate change--and how governments and policymakers can make sure humanity reaps the benefits of the technology.

Could engineering biology help fight climate change?

We identified four ways engineering biology might help to mitigate climate change.

The first is finding better ways to make synthetic fuels that can directly replace fossil fuels. Many existing synthetic fuels are made from high-value crops such as corn and soybeans that might otherwise be used for food, so the fuels are expensive.


																																						
    
     




																																			Some engineering biology research explores ways to make synthetic fuel from agricultural waste. These fuels could be cheaper and greener, and so might help speed up decarbonization.

For example, it would be much faster for airlines to decarbonize their existing fleets by switching to synthetic zero-carbon jet fuels, rather than waiting to replace their aircraft with yet-to-be-developed planes running on hydrogen or batteries.

The second is developing cost-effective ways to capture greenhouse emissions (from industrial facilities, construction and agriculture) and then use this waste for "biomanufacturing" valuable products (such as industrial chemicals or biofuels).

The third is replacing emissions-intensive production methods. For example, several companies are already using "precision fermentation" to produce synthetic milk that avoids the dairy industry's methane emissions. Other companies have produced microbes which promise to fix nitrogen in soil, and so help reduce use of fertilizers produced from fossil fuels.

Finally, the fourth is directly capturing greenhouse gases from the air. Bacteria engineered to consume atmospheric carbon, or plants bred to sequester more carbon in their roots, could in theory help reduce greenhouse gas levels in the atmosphere.

Beyond the technological and economic barriers, it's unclear whether these ideas will ever gain a social license. Given the "science fiction-like" character of some of these emerging climate responses it's essential that researchers be transparent and responsive to public attitudes.


																																			Fact or science fiction?

Just how realistic are these ideas? Bringing a new product to market takes time, money and careful research.

Take solar power, for example. The first solar cell was created in the 1880s, and solar panels were installed on the White House roof in 1979, but it took many more decades of government support before solar power became a cost-competitive source of electricity.

The engineering biology sector is currently flooded with investor capital. However, the companies and projects attracting most investment are those with the greatest commercial value--typically in the medical, pharmaceutical, chemical and agricultural sectors.

By contrast, applications whose primary benefit is to reduce greenhouse emissions are unlikely to attract much private investment. For example, synthetic jet fuel is currently much more expensive than traditional jet fuel, so there's no rush of private investors seeking to support its commercialization.

Government (or philanthropic) support of some kind will be needed to nurture most climate-friendly applications through the slow process of development and commercialization.


																																						
    
     




																																			Back to picking winners?

Which engineering biology applications deserve governments' assistance? Right now, it's mostly too early to tell.

Policymakers will need to continually assess the social and technical merits of proposed engineering biology applications.

If engineering biology is to play a significant role in fighting climate change, policymakers will need to engage with it skillfully over time.

We argue government support should include five elements.

First, continued funding for the basic scientific research that generates new knowledge, and new potential mitigation tools.

Second, public deliberation on engineering biology applications. Some new products--such as precision-fermented synthetic milk--might gain acceptance over time even if they at first seem unattractive. Others might never gain support. For this public deliberation to reflect the interests of all humanity, low- and middle-income countries will need to gain expertise in engineering biology.

Third, regulations should be aligned with public interest. Governments should be alert to the possibility of existing industries trying to use regulations to lock out new competitors. For instance, we may see efforts from animal-based agricultural producers to restrict who can use words like "milk" and "sausage" or to ban lab-grown meat completely.

Fourth, support commercialization and scale-up of promising technologies whose primary benefit is reducing greenhouse emissions. Governments might either fund this work directly or create other incentives--such as carbon pricing, tax credits or environmental regulations--that make private investment profitable.

Fifth, long-term procurement policies should be considered where large-scale deployment is needed to achieve climate goals. For example, the US Inflation Reduction Act provides unlimited tax credits to support direct air capture. While these incentives weren't designed with engineering biology in mind, they are technologically neutral and so might well support it.


																																			A bioengineered future in Australia?

Governments are now involved in a global race to position their countries as leaders in the emerging green economy. Australia's proposed "future made in Australia" legislation is just one example.

Other governments have specific plans for engineering biology. For example, the United Kingdom committed PS2 billion (A$3.8 billion) last year to an engineering biology strategy, while the US CHIPS and Science Act of 2022 called for the creation of a National Engineering Biology Research and Development Initiative.

If such interventions are to be economically and ecologically successful, they will need to work with still-developing technology.

Can policymakers work with this kind of uncertainty? One approach is to develop sophisticated assessments of the potential of different technologies and then invest in a diverse portfolio, knowing many of their bets will fail. Or, they might create technology-neutral instruments, such as tax credits and reverse auctions, and allow private industry to try to pick winners.

Engineering biology promises to contribute to a major step up in climate mitigation. Whether it lives up to this promise will depend on both public and policymakers' support. Given just how high the stakes are, there's work for all of us to do in reckoning with this technology's potential.
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Australia's vital agriculture sector will be hit hard by steadily rising global temperatures. Our climate is already prone to droughts and floods. Climate change is expected to supercharge this, causing sudden flash droughts, changing rainfall patterns and intense flooding rains. Farm profits fell 23% in the 20 years to 2020, and the trend is expected to continue.




										      
         
        
        
        

      

																																	
Unchecked, climate change will make it harder to produce food on a large scale. We get over 40% of our calories from just three plants: wheat, rice and corn. Climate change poses very real risks to these plants, with recent research suggesting the potential for synchronized crop failures.

While we have long modified our crops to repel pests or increase yields, until now, no commercial crop has been designed to tolerate heat. We are working on this problem by trying to make soybean plants able to tolerate the extreme weather of a hotter world.

What threat does climate change pose to our food?

By 2050, food production must increase by 60% in order to feed the 9.8 billion people projected to be on the planet, according to UN Food and Agriculture Organization estimates.

Every 1degC increase in temperature during cropping seasons is linked to a 10% drop in rice yield. A temperature rise of 1degC could lead to a 6.4% drop in wheat yields worldwide. That's as if we took a major crop exporter like Ukraine (6% of traded crops before the war) out of the equation.

Plants, unlike animals, cannot seek refuge from heat. The only solution is to make them better able to tolerate what is to come.

These events are already arriving. In April 2022, farmers in India's Punjab state lost over half of their wheat harvest to a scorching heat wave. This month, scorching temperatures in Southeast Asia are savaging crops.


																																						
    
     




																																			What happens to plants when they face extreme heat?

Plants use photosynthesis to convert sunlight and carbon dioxide into sugary food. When it's too hot, this process gets harder.

More heat forces plants to evaporate water to cool themselves. If a plant loses too much water, its leaves wilt and its growth stalls. A plant's solar panels--the leaves--cannot capture sunlight when wilted. No water, no energy to make the fruit or grain we want to eat. When the air temperature hits 50degC, photosynthesis shuts down.

Hotter temperatures can make it harder for plants to produce pollen and seeds, and can make it flower earlier. Heat weakens a plant, leaving it more vulnerable to pests and diseases.

Our seed crops--from rice to wheat to soybeans--rely on sexual reproduction. The plants have to be fertilized (pollinated by bees and flies, for instance) to produce a good yield.

If a heat wave strikes during the fertilization period, plants find it harder to set their seeds and the farmer's yield drops. Worse, high temperatures cause sterile pollen, which slashes the number of seeds a plant can produce. Pollinators such as bees are also finding it hard to adapt to the heat.


																																			Preparing our crops

To give our crops the best chance, we will have to use genetic modification techniques. While these have often been controversial, they are our best shot in responding to the threat.

The reason is genetic modification gives us more precise control over a plant's genome than the traditional method of breeding for specific traits. It's also much faster as we can isolate genes from one organism and transfer it to another without sexual reproduction. So while we can't cross sunflowers with wheat using sexual reproduction, we can take sunflower genes and transfer them to wheat.

For decades, we've relied on genetically modified versions of some of our most important food and fiber crops. Nearly 80% of soybeans worldwide have been genetically modified to boost yield and make them more nutritious. Genetically modified canola accounts for more than 90% of production in Canada and the United States, while about 20% of the canola grown in Australia is genetically modified. But until now, we've had no commercially adopted crops modified to resist heat.

One way to do this is to search for heat tolerant plants and transfer their prowess to our crops. Some plants are remarkably heat tolerant, such as the living fossil welwitschia mirabilis, which can survive in the Namibian desert with almost zero rainfall.


																																						
    
     




																																			Heat shock and heat sensors

Plant cells possess heat-shock proteins, just as ours do. These help plants survive heat by protecting the protein-folding process in other proteins. If heat-shock proteins weren't there, vital proteins would unfold rather than fold into the right shape for the job.

We can try to strengthen how these existing heat-shock proteins function, so the cells can keep functioning in hotter conditions.

We can also tweak the behavior of genes acting as heat sensors. These genes operate as master switches, controlling a cell's response to heat by summoning protective heat shock proteins and antioxidants.

In our laboratory, we have modified soybean plants by strengthening these heat-sensing master switch genes. Soybean plants expressing higher levels of this gene had significant increases in protection. Under short, intense heat wave conditions, these modified plants wilted less, produced more viable pollen, had fewer structural deformities, and had better yields under heat stress conditions.

What about wheat?

While we have become accustomed to genetically modified soybeans, we have not yet come to terms with the need to alter wheat--the single most important staple crop.

Heat waves pose a similar problem for wheat, but community acceptance is not there. The pushback against modified wheat has been very strong.

In the lab, researchers in universities and agricultural companies have had success in modifying wheat to tolerate more heat. But none of these changes have made it into crops planted in fields.

If we are to feed a growing population on a hotter planet, this will have to change.
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For sustainable aviation fuel, researchers engineer a promising microorganism for precursor production
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                Pseudomonas putida is a useful microorganism for producing the sustainable aviation fuel precursor isoprenol due to its ability to use renewable sources of carbon. Credit: John McArthur on Unsplash
            
        

    


Sustainable aviation fuels made from renewable sources of carbon could reduce carbon dioxide emissions and help to mitigate climate change. Isoprenol is a chemical involved in the production of a jet biofuel blendstock called 1,4-dimethylcyclooctane (DMCO). Blendstocks are chemicals that are combined with other chemicals to create fuel. Researchers have produced isoprenol in several microbial hosts.



										      
         
        
        
        

      

																					
However, efforts to make sustainable aviation fuel would benefit if isoprenol could be made in microorganisms that use fermentable sugars from plant material as a source of carbon. The bacteria Pseudomonas putida (P. putida) could be such a microorganism, but it needs engineering to be an optimal choice. In this research, scientists used advanced computing tools to engineer P. putida for isoprenol production.

The paper is published in the journal Metabolic Engineering.

Researchers used computational modeling to predict targets for gene editing and to optimize metabolism in P. putida to maximize the production of isoprenol. This approach allowed the researchers to select and prioritize gene editing targets and therefore to test a smaller number of engineered strains.

They achieved the highest reported isoprenol production for P. putida. This is an important step toward a sustainable bioproduction process for jet fuel.

Researchers used a mixture of computational modeling and strain engineering to optimize isoprenol production in P. putida. They used multiple genome-scale metabolic model-based approaches to predict and prioritize gene knockout targets that would lead to increased isoprenol yields. This allowed them to reduce the number of targets they pursued.

In addition, they applied known genetic edits to further improve isoprenol production and used proteomics to optimize the process.

The research achieved a 3.5 grams per liter isoprenol production titer, the highest reported for P. putida. The researchers concluded that their pathway optimization therefore resulted in a 10-fold improvement of isoprenol in P. putida.

The researchers suggest additional improvements must be made to improve isoprenol yields for industrial applications. Commercial-scale production of isoprenol and DMCO at commercial scale still requires additional improvements such as the inclusion of CRISPR gene editing and other bioprocess technologies.



																														
																				
																						More information:
												Deepanwita Banerjee et al, Genome-scale and pathway engineering for the sustainable aviation fuel precursor isoprenol production in Pseudomonas putida, Metabolic Engineering (2024). DOI: 10.1016/j.ymben.2024.02.004
																						
																					


                               											
																					
                              										                                        
										
										
											 
												Citation:
												For sustainable aviation fuel, researchers engineer a promising microorganism for precursor production (2024, May 9)
												retrieved 9 May 2024
												from https://phys.org/news/2024-05-sustainable-aviation-fuel-microorganism-precursor.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/2024-05-sustainable-aviation-fuel-microorganism-precursor.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next




										

    
        
            [image: New Rhizobia-diatom symbiosis solves long-standing marine mystery]
             
                A group of diatoms with their fluorescently-labeled symbionts. Credit: Mertcan Esti/Max Planck Institute for Marine Microbiology, Bremen, Germany
            
        

    


Nitrogen is an essential component of all living organisms. It is also the key element controlling the growth of crops on land, as well as the microscopic oceanic plants that produce half the oxygen on our planet. Atmospheric nitrogen gas is by far the largest pool of nitrogen, but plants cannot transform it into a usable form.



										      
         
        
        
        

      

																																	Instead, crop plants like soybeans, peas and alfalfa (collectively known as legumes) have acquired rhizobial bacterial partners that "fix" atmospheric nitrogen into ammonium. This partnership makes legumes one of the most important sources of proteins in food production.

Scientists from the Max Planck Institute for Marine Microbiology in Bremen, Germany, now report, in Nature, that rhizobia can also form similar partnerships with tiny marine plants called diatoms--a discovery that solves a long-standing marine mystery and which has potentially far-reaching agricultural applications.

An enigmatic marine nitrogen fixer hiding within a diatom

For many years it was assumed that most nitrogen fixation in the oceans was carried out by photosynthetic organisms called cyanobacteria. However, in vast regions of the ocean, there are not enough cyanobacteria to account for measured nitrogen fixation. Thus, a controversy was sparked, with many scientists hypothesizing that non-cyanobacterial microorganisms must be responsible for the "missing" nitrogen fixation.

"For years, we have been finding gene fragments encoding the nitrogen-fixing nitrogenase enzyme, which appeared to belong to one particular non-cyanobacterial nitrogen fixer," says Marcel Kuypers, lead author on the study. "But, we couldn't work out precisely who the enigmatic organism was and therefore had no idea whether it was important for nitrogen fixation."


																																						
    
     




																																			In 2020, the scientists traveled from Bremen to the tropical North Atlantic to join an expedition involving two German research vessels. They collected hundreds of liters of seawater from the region, in which a large part of global marine nitrogen fixation takes place, hoping to both identify and quantify the importance of the mysterious nitrogen fixer. It took them the next three years to finally puzzle together its genome.

"It was a long and painstaking piece of detective work," says Bernhard Tschitschko, first author of the study and an expert in bioinformatics, "but ultimately, the genome solved many mysteries."

The first was the identity of the organism, "While we knew that the nitrogenase gene originated from a Vibrio-related bacterium, unexpectedly, the organism itself was closely related to the rhizobia that live in symbiosis with legumes," explains Tschitschko. Together with its surprisingly small genome, this raised the possibility that the marine rhizobia might be a symbiont.
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                The Rhizobial nitrogen fixing symbionts (fluorescently-labeled in orange and green using genetic probes) residing inside diatoms collected from the tropical North Atlantic. The nucleus of the diatom is shown in bright blue. Credit: Mertcan Esti/Max Planck Institute for Marine Microbiology, Bremen, Germany
            
        

    



The first known symbiosis of this kind

Spurred on by these discoveries, the authors developed a genetic probe that could be used to fluorescently label the rhizobia. Once they applied it to the original seawater samples collected from the North Atlantic, their suspicions about it being a symbiont were quickly confirmed.

"We were finding sets of four rhizobia, always sitting in the same spot inside the diatoms," says Kuypers, "It was very exciting as this is the first known symbiosis between a diatom and a non-cyanobacterial nitrogen fixer."


																																			The scientists named the newly discovered symbiont Candidatus Tectiglobus diatomicola. Having finally worked out the identity of the missing nitrogen fixer, they focused their attention on working out how the bacteria and diatom live in partnership. Using a technology called nanoSIMS, they could show that the rhizobia exchanges fixed nitrogen with the diatom in return for carbon. And it puts a lot of effort into it: "In order to support the diatom's growth, the bacterium fixes 100-fold more nitrogen than it needs for itself," Wiebke Mohr, one of the scientists on the paper explains.

Next the team turned back to the oceans to discover how widespread the new symbiosis might be in the environment. It quickly turned out that the newly discovered partnership is found throughout the world's oceans, especially in regions where cyanobacterial nitrogen fixers are rare. Thus, these tiny organisms are likely major players in total oceanic nitrogen fixation, and therefore play a crucial role in sustaining marine productivity and the global oceanic uptake of carbon dioxide.
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                Meet-and-greet at sea. The two research vessels involved in the study (R/V Meteor and R/V Maria S. Merian) met a couple of times during the expedition. Credit: Wiebke Mohr/Max Planck Institute for Marine Microbiology, Bremen, Germany
            
        

    



A key candidate for agricultural engineering?

Aside from its importance to nitrogen fixation in the oceans, the discovery of the symbiosis hints at other exciting opportunities in the future. Kuypers is particularly excited about what the discovery means from an evolutionary perspective.


																																						
    
     




																																			"The evolutionary adaptations of Ca. T. diatomicola are very similar to the endosymbiotic cyanobacterium UCYN-A, which functions as an early-stage nitrogen-fixing organelle. Therefore, it's really tempting to speculate that Ca. T. diatomicola and its diatom host might also be in the early stages of becoming a single organism."

Tschitschko agrees that the identity and organelle-like nature of the symbiont is particularly intriguing, "So far, such organelles have only been shown to originate from the cyanobacteria, but the implications of finding them among the rhizobiales are very exciting, considering that these bacteria are incredibly important for agriculture. The small size and organelle-like nature of the marine rhizobiales means that it might be a key candidate to engineer nitrogen-fixing plants someday."

The scientists will now continue to study the newly discovered symbiosis and see if more like it also exist in the oceans.
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												Bernhard Tschitschko et al, Rhizobia-diatom symbiosis fixes missing nitrogen in the ocean, Nature (2024). DOI: 10.1038/s41586-024-07495-w
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Changes in pig farming in the 20th century spread antibiotic-resistant Salmonella around the world, finds study

										

    
        
            [image: Changes in pig farming in the 20th century spread antibiotic-resistant  Salmonella around the world]
             
                The influences of modern agriculture on the population dynamics of S. enterica serovars. Credit: Nature Food (2024). DOI: 10.1038/s43016-024-00968-1
            
        

    


Historical changes in pig farming led to the global spread of Salmonella, resistant to antibiotics--a new international study led by researchers at the University of Warwick suggests.



										      
         
        
        
        

      

																																	
Salmonella enterica is a type of bacteria responsible for millions of illnesses annually, that can contaminate food, water, and food processing facilities. It can enter the food supply chain, with pork being a major source of infections. The pathogen can "jump" from pigs to humans, causing severe, potentially fatal, illnesses.

Until now, the impact of intensive farming practices and global trade on Salmonella prevalence around the world and the spread of antibiotic resistance remained unclear.

Now, new research published in Nature Food provides evidence that intensive farming practices over the last century has enabled the Salmonella bacteria to spread internationally. The overreliance on antibiotics also led to the bacteria evolving to be resistant to antibiotics--posing a huge problem for global health.

In the study, DNA was analyzed from 362,931 strains of bacteria. This was made possible by the EnteroBase system developed and hosted at Warwick. This led to the detection of nine Salmonella populations that are abundant in pigs.

The scientists linked the expansion of the bacteria with two historical events in the 20th century. The first was the development of intensive pig farming in the early 20th century. The second was due to the overuse of antibiotics after the 1960s. Europe and the U.S. contributed the most to international transmissions of the bacteria.


																																						
    
     




																																			Professor Sascha Ott, Warwick Medical School, University of Warwick, said, "Our study has shown how the global trade of pork has played a key role in the evolution of Salmonella--posing direct threats to food safety worldwide.

Dr. Zhemin Zhou, honorary research fellow at the University of Warwick, said, "As the majority of Salmonella genomes included were from developed countries, with limited data from developing countries, especially those in South America and Africa, further research should look at these understudied regions. This should improve knowledge of Salmonella evolution and aid efforts to prevent illnesses caused by this pathogen."

Dr. Laura Baxter, Bioinformatics Research Technology Platform, University of Warwick, said, "Our study showcases the influences of human activities on the evolution and spread of pathogens. Salmonella is not likely to be the only pathogen that has been reshaped by human agricultural practices, so we should also investigate the evolution of other pathogens."
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												Heng Li et al, Centralized industrialization of pork in Europe and America contributes to the global spread of Salmonella enterica, Nature Food (2024). DOI: 10.1038/s43016-024-00968-1
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                Hawtin and Fowler participated in the creation of the Svalbard Global Seed Vault in Norway.
            
        

    


Scientists Geoffrey Hawtin and Cary Fowler, who on Thursday received the prestigious World Food Prize for "their work to preserve the world's heritage of seeds", are on a mission.



										      
         
        
        
        

      

																																	Their vocation is to safeguard as many seeds as possible so that one day the world can benefit from their genetic characteristics. Their work is all in the name of protecting global food security.

Hawtin and Fowler helped set up a world reserve of seeds dug into a glacier on the Norwegian archipelago Svalbard in the Arctic--where 1.25 million samples are now stored for preservation in the cold.

It was for this work they were named the 2024 winners of the World Food Prize, awarded to individuals who have increased the quality, quantity, or availability of food worldwide.

The goal is always to conserve as many agricultural seeds as possible, 75-year-old British-Canadian agronomist Hawtin told AFP.

"What actually changed a little bit since it opened in 2008 is the material going into it," he said.

After mainly collecting seeds from "domesticated" plants like wheat and barley, the reserve is now welcoming more wild species that are more or less related to cultivated plants.

The latter mainly "have genes that are particularly interesting with climate change", he said.

Countless experiments

The domestication of plants is "the result of thousands of years and countless experiments," said Fowler, a 74-year-old American seed specialist and the US Special Envoy for Global Food Security.

It would be "arrogant" to think that current genetic engineering tools, even the most sophisticated, could reproduce those experiments, he added.

That would be "a more expensive way of getting the diversity that we already have contained in the seeds in the seed banks".

Hawtin said that while gene editing had a huge role to play, the "problem is what to edit".

"There are tens of thousands, if not more, genes that in some way or another affect the plant's response to just the climate change, which could be heat, which can be cold, which can be drought, which can be flooding," he said.

He said he doubted that even artificial intelligence could allow "the full level of understanding" needed for such an approach.

He nevertheless predicts the rise of digital seed banks where more and more information detailing the genetic characteristics of plants will be stored.


																																						
    
     




																																			Saved in Syria

Both men began their careers in the 1970s.

The aim then was not yet to adapt to climate change but to produce as much wheat, maize and rice as possible.

"There were famines in Ethiopia and in India and, most of the concern then was for filling people's stomachs," Fowler said.

To achieve this, experts at the time recommended concentrating on seeds with the highest yields and making massive use of fertilisers and pesticides.

Since then, they have understood the importance of developing more durable agricultural systems and enlarging the range of crops grown, said Fowler.

As the Special Envoy for Global Food Security, he promotes the use of traditional crops in Africa. Often neglected by research programmes in favour of corn, wheat and rice, they are potentially more nutritious and better adapted to the environment.

Hawtin began his career in the Middle East, meeting with farmers and collecting vegetable seeds in Afghanistan, Ethiopia, Lebanon and Jordan and then cross-referencing them.

Not wanting to just throw them away, he started to keep them.

Seed banks 'caught in the middle'

Three decades later, the war in Syria forced the Aleppo seed bank, where the agronomist had once worked, to "evacuate" its samples with urgency.

Many of them went to the Svalbard seed bank.

Some, including vegetable seeds collected by Hawtin and his team, have already been withdrawn from the reserve to join collections in Morocco and Lebanon.


																																			"Two weeks ago, I was in Morocco, and I saw some of that material being planted out in the fields in Morocco and being tested for resistance to drought," Hawtin said.

The fact that the global reserve was used up so quickly leaves the scientists with a hint of bitterness.

"It's like an automobile insurance policy. You never want to be in a situation where you have to use it," Fowler said.

"I'm sorry to say it, but I think there will be more situations of conflicts around the world and of natural disasters with, unfortunately, seed banks getting caught in the middle," he added.

The World Food Prize, worth $500,000, was set up in 1986 by Dr. Norman E. Borlaug who was awarded the Nobel Peace Prize in 1970 for his work in global agriculture.

It is presented every year in Iowa, the United States.
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Nepal's nature threatened by new development push: conservationists
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                A one-horned rhinoceros cools down in Bardiya National Park. Conservationists have condemned new regulations in Nepal allowing hydropower and hotel projects in nature reserves.
            
        

    


Nepali conservationists condemned on Thursday new regulations permitting hydropower and hotel projects in protected nature reserves, saying they threatened to damage the habitats of tigers and other endangered animals.



										      
         
        
        
        

      

																																	A fifth of the Himalayan republic's total lands have been designated as protected areas established to forbid infrastructure projects that could damage the environment.

Nepal has been praised worldwide for combating poachers and conserving wildlife, allowing it to bring several animal species back from the brink of local extinction.

However, the government enacted an ordinance last month allowing it to approve infrastructure projects in national parks, forests and other conservation areas.

"The number of endangered tigers and one-horned rhinos in the country have thrived because of these protected areas as they found a favorable environment," Rampreet Yadav, a wildlife conservationist, told AFP.

"This decision allowing construction of infrastructure will surely impact their habitat."

Yadav, who is also the former chief conservation officer of Chitwan National Park, Nepal's most important conservation area, said the decision was driven by the "vested interests of political leaders".

"We will have nothing to show and give our next generation," he said.

Nepal's protected habitat laws have seen the country triple the local tiger population to 355 since 2010, while the number of one-horned rhinoceros also rose to 752 in 2021 from around a hundred in the 1960s.


																																						
    
     




																																			It also nearly doubled its forest cover between 1992 and 2016 after rampant logging.

Nepal has been keen to further develop its hydropower industry after a dam-building spree since the turn of the century that has given it an installed capacity of more than 2,600 megawatts.

It signed a deal with India in January to export 10,000 megawatts of hydroelectricity over the next decade to its energy-hungry neighbor.

Tourism is also a major earner for Nepal, which saw a million foreign visitors last year after a post-pandemic bounceback, and investments are being made in hotels and airports to cater to travelers.

Environment ministry spokesperson Badri Raj Dhungana said the new regulations had been introduced to bring a balance between environmental protection and development.

"They will not be constructed in very sensitive areas. We will need a work plan with proper mapping," he said.

But Padma Bahadur Shrestha, a lawyer specializing in litigation aimed at nature protection, said the decision showed the government was set on casting aside environmental concerns in its rush for development.

"It wants to destroy Nepal's biodiversity to make new infrastructure," he said.
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Genes spatially organize for efficient mRNA splicing, study shows

										

    
        
            [image: Genes spatially organize for efficient mRNA splicing]
             
                Model of how 3D genome organization drives mRNA splicing. Because nascent pre-mRNAs have high affinity for splicing factors and because PolII-dense regions contain the highest concentrations of nascent pre-mRNAs, these genomic regions can achieve multivalent contacts with splicing factors that are enriched within nuclear speckles. Because nuclear speckles contain the highest concentration of these factors within the nucleus, these multivalent contacts may drive coalescence (self-assembly) of these genomic DNA sites with the nuclear speckle. Genomic regions and pre-mRNAs close to nuclear speckles have higher levels of spliceosomes than regions farther away. Locally concentrating pre-mRNAs, genomic DNA and spliceosomes at speckle-proximal regions leads to increased splicing efficiency, whereas a speckle-far gene transcribed at the same level is not spliced as efficiently. Model created by Inna-Marie Strazhnik, Caltech. Credit: Nature (2024). DOI: 10.1038/s41586-024-07429-6
            
        

    


The nucleus of each of your cells contains all the genetic information (the genome) necessary to build every type of cell and protein in your entire body. Like a complex library in a tiny space 50 times smaller than the width of a human hair, genes are organized into precise regions in three dimensions.



										      
         
        
        
        

      

																																	
In addition to the genome, the nucleus contains structures called nuclear bodies that contain high concentrations of specific proteins and nucleic acids. The role of nuclear bodies, however, has been a mystery for nearly a century. A new study from the laboratory of Caltech's Mitch Guttman, professor of biology, shows that these nuclear bodies can act like miniature factories to enable efficient production of mRNA.

mRNA splicing is a fundamental part of the process that occurs when encoded DNA instructions are turned into a functional protein. After a gene is transcribed from DNA to RNA, extraneous sections (called introns) must be cut out, a process facilitated by splicing enzymes.

In the new study, the Caltech researchers examined a particular type of nuclear body, called the nuclear speckle, which contains high concentrations of splicing enzymes. Guttman's team discovered that the genome physically shifts itself around so that highly transcribed genes are in close proximity to speckles, enabling more efficient splicing.

The findings have implications for both fundamental scientific understanding of the relationship between nuclear structure and cellular function and, ultimately, for future therapeutics development for diseases in which mRNA splicing is affected, including for neurodegenerative conditions like ALS.


																																						
    
     




																																			The paper describing the findings was published in the journal Nature on May 8. It is titled "Genome organization around nuclear speckles drives mRNA splicing efficiency."

For a decade, researchers in the Guttman laboratory have studied how the nucleus is spatially organized--the layout of the library, in other words. The 3D structures into which DNA is ordered make certain genes more or less accessible to the machinery that convert DNA into mRNA, and the new study shows that the physical structure of the genome links transcription with the process of splicing.

A muscle cell, for example, will shift its genome around so that highly transcribed genes for muscle activity are in physical proximity to nuclear speckles, where high concentrations of splicing enzymes make RNA splicing particularly efficient. A neuronal cell, on the other hand, will reorient its genome in space so that the genes necessary to produce cells specialized for neurological function are closer to the speckles.

"We know that splicing is dependent on enzymes, and any mutation that disrupts the concentration of enzymes has dramatic effects," says Prashant Bhat, a postdoctoral scholar research associate in biology and biological engineering and the study's first author.

"Previously, we tended to think of splicing as a constant--you make a pre-mRNA; you splice it. Now we know that the physical organization of the nucleus makes a big difference in the efficiency of splicing and, by extension, other processes."

Many diseases, including neurodegenerative disorders and cancer, have a common characteristic: dysfunctional RNA splicing. While it is not known whether improper splicing is a primary cause of disease or an effect, ultimately, the splicing process is a promising target for therapeutics.

For example, diseases in which an inadequate number of proteins are made (known as haploinsufficiency diseases) might be treated by repositioning the normal copy of the gene for that protein near nuclear speckles to boost splicing and restore healthy protein levels.
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                Single-cell DNA methylation stochastic variation accumulation simulations enable aging clock construction for pan-mammalian chronological and biological age predictions. Credit: Nature Aging (2024). DOI: 10.1038/s43587-024-00619-x
            
        

    


Aging clocks can measure the biological age of humans with high precision. Biological age can be influenced by environmental factors such as smoking or diet, thus deviating from chronological age that is calculated using the date of birth. The precision of these aging clocks suggests that the aging process follows a program.



										      
         
        
        
        

      

																																	
Scientists David Meyer and Professor Dr. Bjorn Schumacher at CECAD, the Cluster of Excellence Cellular Stress Responses in Aging-Associated Diseases of the University of Cologne, have now discovered that aging clocks actually measure the increase in stochastic changes in cells. The study "Aging clocks based on accumulating stochastic variation" has been published in Nature Aging.

"Aging is triggered when the building blocks in our cells become damaged. Where this damage occurs is for the most part random. Our work combines the accuracy of aging clocks with the accumulation of entirely stochastic changes in our cells," said Professor Schumacher.

Less checks, more noise

With increasing age, controlling the processes that occur in our cells becomes less effective, resulting in more stochastic results. This is particularly evident in the accumulation of stochastic changes in DNA methylation. Methylation refers to the chemical changes that affect DNA, the genome's building blocks. These methylation processes are strictly regulated within the body. However, during the course of one's life, random changes occur in the methylation patterns. The accumulation of variation is a highly accurate indicator of a person's age.


																																						
    
     




																																			The loss of control over the cells and the increase in stochastic variation are not restricted to DNA methylation. Meyer and Schumacher also demonstrate that the increase in stochastic variations in gene activity can be used as an aging clock.

"In principle it would be feasible to take this even further, allowing the stochastic variations in any process in the cell to predict age," Schumacher said. According to the authors, it is above all crucial to ascertain if such aging clocks can show the success of interventions that slow the aging process or harmful factors that accelerate aging.

Using the available datasets, the scientists showed that smoking increases the random changes in humans and that 'anti-aging' interventions such as lower calorie intake in mice reduce the variation in methylation patterns. They also showed that the stochastic noise is even reversible by means of reprogramming body cells to stem cells.

The scientists compared human fibroblasts from the skin that were reprogrammed into stem cells and as a result of the reprogramming are rejuvenating. The high variation indicative of the age of the body cells was indeed reversed to the low stochastic noise of young stem cells.

Meyer and Schumacher hope that their findings on loss of regulation and the accumulating stochastic variations will lead to new interventions that can tackle the root cause of aging and may even lead to cellular rejuvenation. A target for such interventions could be repairing stochastic changes in DNA or improved control of gene expression.
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Research presents 2D dipole orientation method for mapping cells

										

    
        
            [image: 2D dipole orientation method for mapping cells]
             
                Schematic illustration of the 3DOM microscopy. Credit: PhotoniX (2024). DOI: 10.1186/s43074-024-00127-6
            
        

    


Due to the high transparency of cells, it is very difficult to observe the organelles within them. Biologists can label specific organelles for observation through fluorescence staining. This is somewhat analogous to being in an environment without light where everyone is dressed entirely in black, making it difficult to find your friends. By having our friends hold a fluorescent stick, we can easily locate them.



										      
         
        
        
        

      

																																	
An interesting question is: If the angle of the fluorescent stick held by my friend represents a kind of signal, how can we detect such angular information?

Just like this puzzle, due to the highly transparent nature of cells, it is very difficult to observe the organelles in them. With fluorescent staining, biologists can label specific organelles for observation. Most fluorescent molecules appear as directional dipoles during absorption or emission.

The orientation of fluorophores can reveal important information about the structure and dynamics of their associated organelles. Fluorescence polarization microscopy has also developed as an indispensable tool for studying the orientation characteristics of biomolecules.

To overcome the challenge of conventional fluorescence polarization microscopy limited by optical diffraction, improved super-resolution fluorescence polarization microscopy techniques have been proposed, such as single-molecule orientation-localization microscopy (SMOLM) and polarization modulation (e.g., SDOM, SPoD, etc.).

However, from the biotechnological point of view, despite the significant role of biological filaments (e.g., actin filaments and microtubules) in cellular functions, there is a lack of approaches with 3D orientation resolving and high temporal-spatial resolution to study them in vivo.
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                Credit: PhotoniX (2024). DOI: 10.1186/s43074-024-00127-6
            
        

    



To address the problem of dipole orientation resolution, Professor Xi Peng's research group from Peking University has developed a 2D dipole orientation mapping method, SDOM, and optical lock-in detection super-resolution dipole orientation mapping, OLID-SDOM. In PhotoniX, the research group report a super-resolution 3D orientation mapping microscope termed 3DOM.


																																						
    
     




																																			The 3DOM method is based on the polarized structured illumination microscopy developed by the research group. Reversing the principle of Young's double-slit interference and combining it with the principle of reversible light paths, different angles of the stripes are used to produce positive and negative first-order beams in different directions.

Furthermore, a single direction of tilted illumination can be produced by simply blocking the corresponding negative first-order light. By projecting this tilt to different angles of the z-axis and reconstructing the image using the FISTA algorithm, high-precision resolution of the dipole orientation can be achieved by combining the polarization modulation coefficients and the reconstruction results in reciprocal space.

Overall, the proposed 3DOM method effectively overcomes the limitations of fluorescence polarization microscopy in spatial resolution and 3D orientation mapping using widefield imaging.

3DOM provides a more comprehensive understanding of the 3D spatial structure of fluorophore molecules. This enables us not only to distinguish various cytoskeletal organizations (actin filaments and microtubules) but also to gain valuable insights into filament binding compactness and the order of subcellular structures.

Moreover, 3DOM holds significant potential in DNA bending and the orientation of membranous organelles. One of the key advantages of 3DOM is its ease of upgradability to existing widefield systems. The simple implementation, accurate 3D dipole orientation information, and superior spatiotemporal resolution of 3DOM make it suitable for a wide range of applications, enhancing its accessibility and usability in different research settings.

This powerful tool empowers researchers to unravel the intricate complexities of subcellular structure, biomechanics, and biodynamics, revolutionizing our understanding of cellular processes. The researchers foresee 3DOM advancing understanding across a multitude of biological structures and interactions operative at the nanoscale.
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												Suyi Zhong et al, Three-dimensional dipole orientation mapping with high temporal-spatial resolution using polarization modulation, PhotoniX (2024). DOI: 10.1186/s43074-024-00127-6
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New fluidic system advances development of artificial blood vessels and biomedicine applications
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                A VasFluidic system with multi-branch channels, and the channels perfused with liquid inside. Credit: Nature Communications (2024). DOI: 10.1038/s41467-024-45781-3
            
        

    


Nature consistently inspires engineering applications. Recently, a group of researchers from the Faculty of Engineering at the University of Hong Kong (HKU) drew new inspiration from the vascular network and developed a new type of fluidic system named VasFluidics.



										      
         
        
        
        

      

																																	
The fluidic system can modulate fluid compositions via spatially different reactions between fluids and channel walls, something that has not yet been realized in traditional fluidic systems.

This work was conducted by the research team of Professor Anderson Ho Cheung Shum's Microfluidics and Soft Matter Team in the Department of Mechanical Engineering of the Faculty of Engineering.

Their discovery has been published in Nature Communications, titled "Vascular network-inspired fluidic system (VasFluidics) with spatially functionalizable membranous walls."

"The brilliant control over blood compositions in vessels is remarkable and essential, inspiring us to think about how to design new fluidic systems," said Yafeng Yu, the first author of the research project.

The blood vascular network, a natural fluidic system, inspired the research. Guided by the vascular network, Professor Shum's team developed VasFluidics, a fluidic system with functionalizable membrane walls. Similar to blood vessel walls, the walls of VasFluidic channels are thin, soft, and capable of changing liquid compositions via physical or chemical means.

This study demonstrates the power of VasFluidics in fluid processing. After separated channel regions are deposited with solutions or coated with enzymes, some regions of the VasFluidic channels physically allow specific molecules to pass through the channel walls, while some chemically change liquid compositions. The results are reminiscent of glucose adsorption and metabolism processes in the human body.


																																						
    
     




																																			"VasFluidics is quite different from the traditional fluidic systems. Channel walls of traditional devices are typically impermeable, and cannot work like real tissues to 'communicate' with fluids inside or outside the channel for fluid modulation," Yafeng Yu explained.
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                3D image of a VasFluidic channel (laser confocal scanning microscope image). Credit: Nature Communications (2024). DOI: 10.1038/s41467-024-45781-3
            
        

    



The reported technique combines 3D printing and self-assembly of soft materials. The research group prints one liquid within another immiscible liquid, assembling soft membranes on the liquid-liquid interface. Besides microfluidics-related research, Professor Shum's group also focuses on soft material assembly on the liquid interface. The theoretical and experimental basis of soft materials in their previous research paves the way for fabricating VasFluidic devices.

"VasFluidics has promising applications, especially for designing microtubule structures and bioinks. So it has great potential to be combined with cell engineering to develop artificial blood vessel models, which are expected to be used in biomedical applications, such as organ-on-chip and organoids," said Dr. Yi Pan, a contributor to this research, previously a Ph.D. student in Professor Shum's group, and currently an Associate Professor of the College of Medicine at the Southwest Jiaotong University.

Dr. Wei Guo, another contributor to this research and a research assistant professor in Professor Shum's group, added, "Apart from the scientific merits and potential biomedical applications of this work, it also sparks our imagination. The vascular tissue of the human body, an efficient transport system, has been refined over millions of years of evolution.


																																			"By demonstrating the potential of synthetic systems like VasFluidics to reconstruct vascular tissue, this research represents a substantial advancement in our efforts to mimic and harness the extraordinary capabilities of nature's most precise and efficient systems."

Professor Shum's team has been focusing on cutting-edge microfluidic techniques to push the envelope in precise (bio)liquid control and efficient (bio)liquid sample analysis. Despite their progress in microfluidics-assisted biomedical applications, the research team refused to just settle on the traditional setups.

By exploring and realizing the potential of microfluidics for more efficient biofluid processing and analysis, the team realizes that new paradigms in designing and fabricating fluidic devices are needed.

"Our long-term goal is to utilize microfluidics to develop ultra-sensitive analysis of human body fluids, to assist precision medicine against diseases, and to benefit human health," Professor Shum said.

Professor Shum foresees that the VasFluidics system will pioneer biomimetic platforms with complex fluid manipulation. "Potential biomedical applications are boundless. Examples are in-vitro modeling of biological fluid mechanics, biomolecule synthesis, drug screening, and disease modeling in organ-on-chips," he said.



																																																					
																				
																						More information:
												Yafeng Yu et al, Vascular network-inspired fluidic system (VasFluidics) with spatially functionalizable membranous walls, Nature Communications (2024). DOI: 10.1038/s41467-024-45781-3
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Saturated soils could impact survival of young trees planted to address climate change
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                Tree planting at Forder Farm, Dartmoor (UK), part of efforts to expand woodland as part of the Dartmoor Headwaters Pilot Project. Credit: Lloyd Russell, University of Plymouth
            
        

    


The saturated soil conditions predicted to result from increased rainfall in the UK's upland regions could have a knock-on effect on the ambition to create more woodland in the fight against climate change, a new study has found.



										      
         
        
        
        

      

																																	
Researchers from the University of Plymouth have spent a number of years exploring how temperate rainforests could be an effective nature-based solution to some of the planet's greatest challenges.

They have also shown that the UK's uplands could in future see significantly more annual rainfall than is currently being predicted in national climate models.

In new research, they found that higher soil water levels within areas such as Dartmoor, the Lake District and the Scottish Highlands could have a significant impact on the survival rates of both acorns and juvenile oak saplings.

Published in the journal Forest Ecology and Management, it is the first study to highlight the importance of factoring in soil conditions when looking at where and how to create the temperate rainforests of the future.

Dr. Thomas Murphy, Lecturer in Environmental Sciences at the University of Plymouth, is the study's lead author. He said, "In recent years, there have been increasing calls to plant more trees as part of the global effort to combat climate change. Restoration and expansion of temperate rainforests, which are a globally rare ecosystem, is seen as one of the potential solutions.


																																						
    
     




																																			"But with our previous work also predicting an increase in future rainfall we wanted to know if the woodlands we create will support naturally colonizing trees in future. Our results show that higher water levels within soils directly contribute to reduced survival of both acorns and young oak trees. We believe it provides landowners, land managers and policy makers with important information as to which species might work in particular locations to support more resilient future rainforests."
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                Upland oak woodland known as temperate rainforests - such as this one on Dartmoor (UK) are being advocated as a key nature-based solution to climate change. Credit: Lloyd Russell, University of Plymouth
            
        

    



For the study, researchers planted acorns from English oaks (Quercus robur) in containers with four soil states, from completely flooded to low saturation where the water level was 220mm below the acorn.

The acorns did not survive in the flooded soils, but survival rates improved gradually--43% at high saturation, 77% at medium saturation, and 83% at low saturation--as the water level dropped.

The surviving seedlings also exhibited reduced root:shoot ratio, leaf photosynthesis, and a lower likelihood of late season shoot growth in soils of higher saturation.

In a concurrent field experiment, juvenile English oak and Sessile oak (Quercus petraea) saplings were planted in a region of Dartmoor that is seasonally waterlogged and frequented by grazing livestock.

In these tests, the English oaks exhibited greater shoot growth and leaf photosynthesis than its close relation in areas where the soil was more saturated.

The researchers, including environmental scientists and ecologists, say the results highlight the need for better understanding of soil influence on tree development.

Dr. Murphy added, "There has been extensive talk about how larger trees respond to the effects of climate change. But these results show we need to factor in the response of young trees as well, especially if they are being envisioned as an integral part of the solution.

"By examining their response to conditions now, while also thinking about what these locations are going to be like in 50 years' time, we can better understand the right trees for the right locations, and hopefully make these woodlands more resilient in the long-term."
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												Thomas R. Murphy et al, Soil saturation limits early oak establishment in upland pastures for restoration of Atlantic oak woodlands, Forest Ecology and Management (2024). DOI: 10.1016/j.foreco.2024.121895
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Likely ancestor of all modern hoofed animals identified
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                3D model of the right dentary of Militocodon lydae gen. et sp. nov. (DMNH EVP.136181) in buccal view (a) and lingual view (b). Credit: Journal of Mammalian Evolution (2024). DOI: 10.1007/s10914-024-09716-5
            
        

    


A team of anthropologists, paleontologists and Earth scientists from Kent State University, the City University of New York and the University of Michigan's Museum of Paleontology has for the first time identified the likely common ancestor of all modern hoofed animals.



										      
         
        
        
        

      

																					
In their study, published in the Journal of Mammalian Evolution, the group analyzed fossils found in Colorado.

In 2016, a museum volunteer discovered a fossil while exploring the Corral Bluffs, a site near Colorado Springs. Since that time, more fossils (skulls and jaws) from the same species have been found in the area. The research team studied the fossil samples and found evidence that the creature, named Militocodon lydae, is likely the ancestor of all modern hoofed animals.

During their analysis, the researchers found that the fossils had once belonged to an animal approximately the size of a modern chinchilla (or rat) weighing approximately 455 grams. They also dated the creature to approximately 65 million years ago, putting it in the Paleocene epoch, which followed the demise of the dinosaurs.

The researchers created a 3D virtual version of the ancient animal and found it belonged to the Periptychidae family--they also created diagrams of the teeth and compared them with other fossils and also modern animals.

They found that the animal's teeth represented a new evolutionary development in which grinding gave way to shearing and crushing. This finding, they suggest, indicates that M. lydae was an ungulate--perhaps the first of its family, making it the ancestor of all modern hoofed animals.

The research team also suggests that features of M. lydae appear to represent another step toward the ascendency of mammals after all of the land-dwelling dinosaurs were killed off. Its change in chewing style, they note, could help scientists better understand how life rebounded after the cataclysmic Chicxulub impactor killed off so many of the plants and animals on Earth.

They also note that it shows just how quickly diversification of animal life occurred after such a major Earth-changing event.
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												Lucas N. Weaver et al, Skull of a new periptychid mammal from the lower Paleocene Denver Formation of Colorado (Corral Bluffs, El Paso County), Journal of Mammalian Evolution (2024). DOI: 10.1007/s10914-024-09716-5
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