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


      
        Deep learning streamlines identification of 2D materials
        Researchers have developed a deep learning-based approach that significantly streamlines the accurate identification and classification of two-dimensional (2D) materials through Raman spectroscopy. In comparison, traditional Raman analysis methods are slow and require manual subjective interpretation.

      

      
        Discarded silk yarn can clean up polluted waterways--researchers develop hollow sphere silk particles to test adsorption
        Cornell researchers have developed an elegant and sustainable way to clean up waterways: reusing one waste product to remove another.

      

      
        Detecting cancer in urine: Nanowire-based capture of micro-ribonucleic acids
        Cancer has a high death rate with delayed diagnosis of the disease being one of the main reasons for its fatality. Early diagnosis of cancer is vital to improving patient outcomes and in recent years, the development of diagnostic tools to detect early-stage cancer has gained a lot of attention.

      

      
        Designing a spiral ladder-inspired tool that allows precision control of light direction and polarization
        Photonics is the study of the generation, detection, and manipulation of light waves in the form of photons. One interesting property of light is polarization, defined by its electric and magnetic fields oscillating in any direction perpendicular to the direction of propagation. This oscillation is not restricted to one plane either. Circular polarization occurs when light waves have electric fields that follow a spiral trajectory along the direction of propagation.

      

      
        New method for pinpointing hydrogen isotopes in titanium hydride nanofilms could advance hydrogen storage
        Although it is the smallest and lightest atom, hydrogen can have a big impact by infiltrating other materials and affecting their properties, such as superconductivity and metal-insulator-transitions. Now, researchers from Japan have focused on finding an easy way to locate it in nanofilms.

      

      
        Drug-loaded hydrogel microelectrode arrays significantly boost brain-computer interface performance, study finds
        A research group led by Prof. Cai Xinxia from the Aerospace Information Research Institute (AIR) of the Chinese Academy of Sciences developed a novel drug-loaded hydrogel-coated microelectrode array (MEA), which allows for long-term, high-quality detection of neural activity. The study was published in Biosensors and Bioelectronics.
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Deep learning streamlines identification of 2D materials
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                Illustration of the DDPM-based data augmentation and classification framework for Raman Spectra of 2D materials. Credit: Applied Materials Today (2024). DOI: 10.1016/j.apmt.2024.102499
            
        

    


Researchers have developed a deep learning-based approach that significantly streamlines the accurate identification and classification of two-dimensional (2D) materials through Raman spectroscopy. In comparison, traditional Raman analysis methods are slow and require manual subjective interpretation.



										      
																																	This new method will speed up the development and analysis of 2D materials, which are used in a variety of applications such as electronics and medical technologies. The research is published in the journal Applied Materials Today.

"Sometimes, we only have a few samples of the 2D material we want to study, or limited resources for taking multiple measurements," says Yaping Qi, the lead researcher (Tohoku University), "As a result, the spectral data tends to be limited and unevenly distributed. We looked towards a generative model that would enhance such datasets. It essentially fills in the blanks for us."

The spectral data from seven different 2D materials and three distinct stacked combinations were put into the learning model. The team of researchers introduced an innovative data augmentation framework using Denoising Diffusion Probabilistic Models (DDPM) to generate additional synthetic data and address these challenges.

For this type of model, noise is added to the original data to enhance the dataset, and then the model learns to work backwards and remove this noise to generate novel output that is consistent with the original data distribution.


																																						
    
     




																																			By pairing this augmented dataset with a four-layer convolutional neural network (CNN), the research team achieved a classification accuracy of 98.8% on the original dataset, and notably, 100% accuracy with the augmented data. This automated approach not only enhances classification performance but also reduces the need for manual intervention, improving the efficiency and scalability of Raman spectroscopy for 2D material identification.

"This method provides a robust and automated solution for high-precision analysis of 2D materials," summarizes Qi. "The integration of deep learning techniques holds significant promise for materials science research and industrial quality control, where reliable and rapid identification is critical."

The study presents the first application of DDPM in Raman spectral data generation, paving the way for more efficient, automated spectroscopy analysis. This approach enables precise material characterization even when experimental data is scarce or difficult to obtain. Ultimately, this can allow for research done in the lab to transform into a real product that consumers can buy in stores into a much smoother process.


																																																					
																				
																						More information:
												Yaping Qi et al, Deep learning assisted Raman spectroscopy for rapid identification of 2D materials, Applied Materials Today (2024). DOI: 10.1016/j.apmt.2024.102499
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Discarded silk yarn can clean up polluted waterways-researchers develop hollow sphere silk particles to test adsorption
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                Conventional silk textiles: (A) plain woven dyed fabric, PW-D; (B) noil woven dyed fabric, NW-D; (C) dyed single Jersey knit fabric, JK-D; (D) dyed Satin (Charmeuse) woven fabric, CW-D; and (E) dyed Shantung (Duponi) woven fabric, SW-D. (F) SEM image of electrospun fiber mat; (G) FTIR spectra depicting amide bands I, II, III for silk dope or silk fibroin solutions, SFS; natural silk fiber, SF; silk particles, SPs; and PW fabric. FTIR sub spectra of (H) SF, (I) SFS, (J) PW, (K) SP, and (L) ES and SEM images of (M) treated PW fabric, PW-T, and (N) SP. Credit: Fibers (2024). DOI: 10.3390/fib12110099
            
        

    


Cornell researchers have developed an elegant and sustainable way to clean up waterways: reusing one waste product to remove another.



										      
																																	Led by Larissa Shepherd, assistant professor in the Department of Human Centered Design, in the College of Human Ecology, the team has proposed using discarded silk yarn for the removal of dye and oil from water. Studies on several different forms of silk: fabrics, yarns, and fibers revealed that yarn unraveled from silk fabric, soaked up methylene blue (MB), a common textile dye, from water at a substantially higher rate than other forms of silk they tested.

What's more, the silk yarn can be cleaned and reused. Shepherd's group found that the textile can withstand at least 10 cycles, with minimal loss of functionality.

Shepherd is the corresponding author of "Waste Bombyx Mori Silk Textiles as Efficient and Reuseable Bio-Adsorbents for Methylene Blue Dye Removal and Oil-Water Separation," published Nov. 14 in the journal Fibers. Co-authors are Hansadi Jayamaha, doctoral candidate in the field of fiber science, and Isabel Schorn, a fiber science undergraduate.

Jayamaha had been studying properties of silk as part of her doctoral thesis work and developed hollow sphere silk particles in order to test their potential for adsorption--the adhesion of molecules from a gas or liquid to a surface. In doing so, they also tested other forms of silk, including unraveled silk yarn from a textile item.


																																						
    
     




																																			"Structure is really important in my lab, so we start from the nano scale and work up to that finished textile," Shepherd said.

"We were looking for a structure that was optimum for this adsorption, and we initially thought that the silk fabrics coated with particles were going to work best, but we found that just disassembling the fabric itself to the yarn stage actually showed, for the same weight, even faster adsorption."

Jayamaha found that 12 milligrams of silk filament yarn has 90% MB dye removal efficiency within 10 minutes of exposure, for concentrations up to 100 parts per million, substantially greater than the efficiency of other forms--even electrospun fiber mats or fabrics treated with the hollow silk microparticle spheres, which was a surprise, the researchers said.

"By creating the spheres," Jayamaha said, "we were creating a more hydrophilic surface compared to the silk fabric, which is more hydrophobic. But by disassembling the fabric to the yarn stage, we are creating higher surface area, and that improves the adsorption."

The group also tested silk textile adsorption capacity with oil, and found that Noil fabric (a textile that contains silk yarns composed of short fibers, rather than filament) displays oil adsorption capacities three times the initial weight of the fabric for corn oil, and close to twice the weight for gasoline.

Tests on both materials showed that, following a diminishment of function after the first cleaning-reuse cycle, the material maintained its functionality for the subsequent nine cycles.


																																			This intrinsic property of silk as a dye adsorbent, the group found, can be achieved without chemical or other alteration of the material--just deconstructing the textile product.

"When you regenerate silk, you have to use very harsh chemicals," Shepherd said. "In our case, we're just using the fabrics themselves. Yes, we may have to unravel them to get the benefit, but that's much better than putting these harsh chemicals out into the environment."

Shepherd envisions "pillows" containing the silk yarn unraveled from discarded textiles and remnants from the cut and sew operations of the textiles industry as being an effective means of cleaning up spills and waste materials, including MB dye, which is detrimental to agricultural land and waterways when it is accidentally released from textile plants.

"We realized that we can kill two birds with one stone: We can get rid of waste textiles, which is a big issue in the textile industry in general," Shepherd said. "And then we found that it's actually really good at adsorbing, just because of its natural, structural properties."

This work made use of the Cornell Center for Materials Research Shared Facilities, as well as the Cornell NanoScale Science and Technology Facility, a member of the National Nanotechnology Coordinated Infrastructure, which is supported by the National Science Foundation.


																																																					
																				
																						More information:
												Hansadi Jayamaha et al. Waste Bombyx Mori Silk Textiles as Efficient and Reuseable Bio-Adsorbents for Methylene Blue Dye Removal and Oil-Water Separation, Fibers (2024). DOI: 10.3390/fib12110099. www.mdpi.com/2079-6439/12/11/99
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Detecting cancer in urine: Nanowire-based capture of micro-ribonucleic acids
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                Scientists utilized zinc oxide nanowires to capture cancer-associated miRNAs in urinary extracellular vesicles. By integrating machine learning analysis, they identified specific miRNA ensembles that differentiate lung cancer patients from healthy individuals, showing promise as a non-invasive, early-stage cancer detection tool. This pioneering approach could transform cancer diagnosis, enhancing patient outcomes through earlier intervention. Credit: Takao Yasui
            
        

    


Cancer has a high death rate with delayed diagnosis of the disease being one of the main reasons for its fatality. Early diagnosis of cancer is vital to improving patient outcomes and in recent years, the development of diagnostic tools to detect early-stage cancer has gained a lot of attention.



										      
																																	Cancer cells utilize specific micro-ribonucleic acids (miRNAs)-small noncoding RNAs to regulate gene expression and promote tumor formation. While circulating miRNAs are viable biomarkers of early cancer disease, the identification of cancer-related miRNAs in blood and other body fluids remains a challenge.

In this light, a team of researchers led by Professor Takao Yasui from Institute of Science Tokyo (Science Tokyo), Japan, have focused their efforts on nanowire-based miRNA extraction and machine learning (ML) analysis to detect cancer-associated miRNAs in urine. Their research findings were published online in the journal Analytical Chemistry on October 18, 2024.

Elaborating on the rationale behind the present research, Yasui says, "Circulating miRNAs in the blood are mostly encapsulated in extracellular vesicles (EVs) and carry critical regulatory information. These miRNAs differ between healthy individuals and those with cancer. By utilizing zinc oxide (ZnO) nanowires to capture and extract miRNAs in urine, our research group has attempted to develop a non-invasive cancer detection tool."


																																						
    
     




																																			Initially, the scientists utilized ZnO nanowires to capture EVs in urine samples and incorporated microarray technology to identify specific gene sequences in EV-encapsulated miRNAs. The ultracentrifugation technique was further used to compare and validate the efficiency of miRNA capture by nanowires.

The results revealed that EVs containing miRNAs, including exosomes-unique subtypes of EVs with sizes ranging from 40 nm to 200 nm, were efficiently captured on nanowires. Moreover, the presence of 2,486 miRNA species was confirmed during the miRNA profiling analysis of 200 urine samples.
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                Nanowire-facilitated capture of urinary EV miRNAs shows promise as a tool for cancer detection. Credit: Science Tokyo
            
        

    



Driven by the discovery of more than 2,000 miRNA species in urine samples, Yasui and the team hypothesized that most of the miRNAs in blood could be transferred to urine during the filtration process in kidneys.

Subsequently, they employed a logistic regression classifier constructed using ML to identify lung cancer-associated urinary miRNA ensembles. The findings revealed one particular urinary miRNA ensemble, composed of 53 miRNA species, that could differentiate cancer and noncancer subjects with very high specificity and sensitivity.

Yasui states, "We also identified another urinary miRNA ensemble that could accurately detect stage-I lung cancer. Since urinary miRNA ensembles can predict early-stage lung cancer, we believe that urinary miRNA ensembles have sufficient potential to be developed as liquid biopsies for early-stage cancer prediction."


																																																					
																				
																						More information:
												Takao Yasui et al, Early Cancer Detection via Multi-microRNA Profiling of Urinary Exosomes Captured by Nanowires, Analytical Chemistry (2024). DOI: 10.1021/acs.analchem.4c02488
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Designing a spiral ladder-inspired tool that allows precision control of light direction and polarization
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                Schematic of the twisted bi-layer metasurface with two design configurations: aligned disks (intrinsic chirality) and displaced disks (unidirectional chirality). Detailed maps of eigenpolarization and far-field amplitude are shown for the design exhibiting unidirectional chirality. Key design parameters include interlayer distance, twist angle, and lateral displacement. Credit: SUTD
            
        

    


Photonics is the study of the generation, detection, and manipulation of light waves in the form of photons. One interesting property of light is polarization, defined by its electric and magnetic fields oscillating in any direction perpendicular to the direction of propagation. This oscillation is not restricted to one plane either. Circular polarization occurs when light waves have electric fields that follow a spiral trajectory along the direction of propagation.



										      
																																	These circularly polarized waves have applications in biological and chemical sensing, optical communications, and quantum computing, but controlling them is challenging. "When we generate circularly polarized light, we want to make sure that it is directed at a specific angle for us to collect and efficiently use it," explained Wu Lin, Associate Professor at the Singapore University of Technology and Design (SUTD).

The best compact emitters of light are quantum dots--semiconductor nanocrystals with quantum mechanical behaviors thanks to their small size (2-10 nanometers). The emitted light goes in all directions and has poor polarization, but placing it next to nanostructures enables directional emission or circular polarization. Simultaneous control of both direction and polarization, however, has never been achieved.

In their paper "Unidirectional chiral emission via twisted bi-layer metasurfaces", Associate Prof Wu and her team set out to bridge this gap. The study is published in the journal Nature Communications.

Essentially, the team was faced with a multidimensional issue. They had to control the direction of the emitted beam and the polarization of the light, while using a precisely engineered resonance of the structure.


																																						
    
     




																																			Moreover, a circularly polarized wave is chiral, which means that its mirror image cannot be superimposed on top of it. To create a structure that emits chiral waves, all mirror symmetries of the structure must be broken, causing them to have unusual designs.

The solution was proposed by SUTD-NUS Ph.D. student and first co-author of the paper, Dmitrii Gromyko, working under the supervision of Associate Prof Wu. Inspired by a spiral ladder and a double-headed drum, Dmitrii first developed the design of twisted bilayer metasurfaces, consisting of two layers of periodically arranged disks with notches carved at specific angles. This innovative approach was further refined by Associate Prof Wu and the research team.

The key element that makes this structure successful is its bilayer design. Since both layers can be individually controlled prior to their coupling, the metasurface provides both versatility and synergy. This design was
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                Twisted bi-layer metasurfaces operating in near-field and intermediate coupling regimes. Credit: Nature Communications (2024). DOI: 10.1038/s41467-024-54262-6
            
        

    



"While the electric fields of our waves are smooth and continuous in space, they can be generated by just two layers of disks which resemble a two-step spiral ladder. Just climbing two steps of this ladder is enough for you to know if you are taking a clockwise or counterclockwise path. In the case of photonic nanostructures, you just have to choose the right size for the steps of your ladder," said Dmitrii.

For the drum analogy, sound from hitting the top drumhead causes oscillations in the bottom drumhead, coupling their vibrations. The same goes for the nanostructure, except that the notches in its disks cause asymmetry. This asymmetry allows the polarization of emitted waves to be controlled by rotating the notched disks in each layer.


																																			With this design, the team could control three parameters essential for the precise control of the emission: the distance between the two layers, the angle between the notches in the top and bottom disks, and the lateral shift of the centers of the top disks with respect to the bottom disks. However, creating such a nanostructure was a huge feat.

"This is a real challenge because you have to vertically align the two layers with a precision of 10 nanometers. I'm proud that we have such capabilities in Singapore, as our colleagues from the Agency for Science, Technology and Research and the National University of Singapore performed the fabrication and measurement steps," stated Associate Prof Wu. The primary experimental work was conducted by the team led by Associate Prof Zhaogang Dong, who recently joined SUTD's Science, Mathematics, and Technology cluster.

Developing these bilayer metasurfaces has several benefits. Theoretically, it advances the field's understanding of resonances in multi-layer systems, design approaches, and fabrication technology. Practically, it enables the asymmetrical directional emission of waves with tailored properties. The nanostructure can then function as efficient emitters, routers, or grating couplers of circularly polarized waves, among other things.

As a next step, the team aims to integrate their bilayer design with nano-electro-mechanical systems to achieve reconfigurable chiral metasurface systems that can actively manipulate light emission angle, wavelength, and polarization.

Embodying SUTD's principle of intersecting design and technology, this study paves the way for making ultra-compact devices with specific properties that meet the needs of modern science and technology.

"There is a myriad of challenges and practical problems waiting to be resolved with a smart design," said Associate Prof Wu. "It is all about designing new solutions and advancing the current technology."


																																																					
																				
																						More information:
												Dmitrii Gromyko et al, Unidirectional Chiral Emission via Twisted Bi-layer Metasurfaces, Nature Communications (2024). DOI: 10.1038/s41467-024-54262-6
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New method for pinpointing hydrogen isotopes in titanium hydride nanofilms could advance hydrogen storage
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                Researchers from Institute of Industrial Science, The University of Tokyo have combined techniques to determine the location of hydrogen in titanium hydride nanofilms. Credit: Institute of Industrial Science, The University of Tokyo
            
        

    


Although it is the smallest and lightest atom, hydrogen can have a big impact by infiltrating other materials and affecting their properties, such as superconductivity and metal-insulator-transitions. Now, researchers from Japan have focused on finding an easy way to locate it in nanofilms.



										      
																																	In a study published in Nature Communications, researchers from the Institute of Industrial Science, The University of Tokyo have reported a method for determining the location of hydrogen in nanofilms.

Because they are very small, hydrogen atoms can easily migrate into the framework of other materials. Titanium absorbs hydrogen to give titanium hydrides, making it useful for applications such as hydrogen storage.

Understanding how many hydrogen atoms are present and where exactly they are can provide the key to tuning the properties of the material. However, detecting hydrogen with commonly used techniques--such as electron probes and X-rays--is challenging because of their lack of sensitivity for the small atoms.

The researchers combined two techniques--nuclear reaction analysis (NRA) and ion channeling--to generate two-dimensional angular mapping of titanium hydride nanofilms.

"We took a close look at a TiH1.47 nanofilm," explains lead author of the study Takahiro Ozawa. "Understanding nanofilms is useful as many hydrogen-related applications involve surface and subsurface reactions. We were able to precisely locate both the hydrogen and deuterium atoms in the nanofilm."


																																						
    
     




																																			All the deuterium atoms--an isotope of hydrogen with double its mass--were at locations in the titanium crystal known as tetrahedral positions. However, 11% of the hydrogen atoms present were at sites described as octahedral. Calculations showed that having this variety in the sites lowered the symmetry, which made the lattice more stable.

Because the deuterium atoms didn't occupy octahedral sites because of nuclear quantum effects, controlling the ratio of hydrogen isotopes could be used as a means of tuning the stability and properties of nanofilms based on the intended application.

"Being able to differentiate between the two isotopes in the hydride revealed an opportunity for control," says Katsuyuki Fukutani, senior author. "This will clearly have important practical applications for producing particular hydrogen-induced phenomena."

The enhanced understanding of titanium hydride nanofilms is also expected to contribute to hydrogen storage, solid electrolyte, and heterogeneous catalysis applications as we move toward practical and safe green solutions for the future.


																																																					
																				
																						More information:
												T. Ozawa et al, Isotope-dependent site occupation of hydrogen in epitaxial titanium hydride nanofilms, Nature Communications (2024). DOI: 10.1038/s41467-024-53838-6
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Drug-loaded hydrogel microelectrode arrays significantly boost brain-computer interface performance, study finds
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A research group led by Prof. Cai Xinxia from the Aerospace Information Research Institute (AIR) of the Chinese Academy of Sciences developed a novel drug-loaded hydrogel-coated microelectrode array (MEA), which allows for long-term, high-quality detection of neural activity. The study was published in Biosensors and Bioelectronics.



										      
																					Traditional MEA often causes inflammation in the brain due to mechanical differences between the stiff electrode and the soft brain tissue. This can lead to glial scar formation that affects electrode stability and signal quality. This problem limits how well these devices can be used for long-term neural monitoring and treating neurological disorders.

To solve this problem, researchers designed a hydrogel coating using calcium alginate and chitosan, which is loaded with an anti-inflammatory drug called dexamethasone sodium phosphate. They then optimized MEA by integrating various conductive nanomaterials to enhance the electrical performance.

The hydrogel coating makes the electrode more compatible with brain tissue and actively releases the drug, reducing inflammation, and increasing the stability and lifespan of the electrodes.

Tests in animals showed that the modified MEA exhibited outstanding performance. The electrical properties were improved and more reliable over long periods of time. The electrodes were able to detect dopamine, an important neurotransmitter, with high sensitivity.

The modified MEA technology allowed for detailed recording of neural activities, revealing differences in how neurons behave during various states, such as anesthesia and wakefulness.

This new drug-loaded hydrogel, serving as a highly effective nanobiointerface and drug delivery carrier, shows great potential for long-term neural monitoring. It is expected to enhance the performance and acceptance of brain-computer interface devices in medical practice, and holds promise for neuroscience research and developing new treatments for neurological diseases.


																														
																				
																						More information:
												Yu Wang et al, Enhanced neural activity detection with microelectrode arrays modified by drug-loaded calcium alginate/chitosan hydrogel, Biosensors and Bioelectronics (2024). DOI: 10.1016/j.bios.2024.116837
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        A proposed experiment to test whether gravity behaves as a quantum entity when measured
        A multi-institutional team of physicists is proposing an experiment to test whether gravity behaves as a quantum entity when measured. They published a description of their experiment in the journal Physical Review Letters and state that once a means for conducting the experiment has been achieved, they hope the results will lead to the development of a grand unified theory of physics.

      

      
        Quantum computing researchers develop an 8-photon qubit chip
        A group of South Korean researchers has successfully developed an integrated quantum circuit chip using photons (light particles). It is a system capable of controlling eight photons using a photonic integrated-circuit chip. With this system, they can explore various quantum phenomena, such as multipartite entanglement resulting from the interaction of the photons.

      

      
        Scientists find a new way of entangling light and sound
        For a wide variety of emerging quantum technologies, such as secure quantum communications and quantum computing, quantum entanglement is a prerequisite. Scientists at the Max-Planck-Institute for the Science of Light (MPL) have now demonstrated a particularly efficient way in which photons can be entangled with acoustic phonons.
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                The gravitational field generated by the interferometric source mass (red) is measured sequentially by a pair of massive interferometric probes (blue), where the gravitational interactions are indicated by wavy lines. Finally, the source mass superposition is closed and a measurement is performed on the embedded spin of the source mass. Credit: Physical Review Letters (2024). DOI: 10.1103/PhysRevLett.133.180201
            
        

    


A multi-institutional team of physicists is proposing an experiment to test whether gravity behaves as a quantum entity when measured. They published a description of their experiment in the journal Physical Review Letters and state that once a means for conducting the experiment has been achieved, they hope the results will lead to the development of a grand unified theory of physics.



										      
																					Physicists have learned a lot about the makeup of the universe over the past century and have developed many theories to explain how everything works. Two of the biggest are Einstein's theory of general relativity, which describes the visible or classical world, and quantum theory, which describes the quantum world.

But one thing physicists do not understand completely is gravity. They also do not know if it fits into general relativity or quantum physics. Figuring out what gravity is would go a long way toward the development of a grand unified theory of physics, which would tie the two fields together--one of the biggest goals in the physics world.

In this new research, the team has developed an idea for a so-called table-top experiment that could be used to show whether gravity is changed when measured--if so, that would give strong evidence that it is a quantum property.

The proposed experiment, in its simplest form, involves using one small diamond crystal as a device to measure the gravitational pull of another equally tiny diamond crystal--this one in a superposition state. Once it has been verified that the gravity of the second crystal is "felt" by the first crystal, the researchers would then measure the first crystal again to see if its final state was different than its initial state. If so, that would prove that gravity was changed due to being measured during the experiment, and thus, it must be a quantum property.

The researchers are hopeful that advances in technology will allow for such an experiment to be carried out--the crystals would have to weigh approximately 1 million times less than a grain of sand--in the near future, offering the possibility of proving that gravity is a quantum property.


																														
																				
																						More information:
												Farhan Hanif et al, Testing Whether Gravity Acts as a Quantum Entity When Measured, Physical Review Letters (2024). DOI: 10.1103/PhysRevLett.133.180201
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Quantum computing researchers develop an 8-photon qubit chip

										

    
        
            [image: ETRI, demonstration of 8-photon qubit chip for quantum computation]
             
                Package Image & Conceptual Chart of a Recon Photonics 4-Qubit Chip. Credit: Electronics and Telecommunications Research Institute(ETRI)
            
        

    


A group of South Korean researchers has successfully developed an integrated quantum circuit chip using photons (light particles). It is a system capable of controlling eight photons using a photonic integrated-circuit chip. With this system, they can explore various quantum phenomena, such as multipartite entanglement resulting from the interaction of the photons.



										      
																																	ETRI's extensive research on silicon-photonic quantum circuits has led to the demonstration of 2-qubit and 4-qubit quantum entanglement, achieving the best performance from a 4-qubit silicon photonics chip. These achievements resulted from their collaborative effort with KAIST and the University of Trento in Italy and were published in the prestigious scientific journals, Photonics Research and APL Photonics.

As a further advancement, ETRI recently demonstrated 6-qubit entanglement using a chip designed to control 8-photonic qubits. The 6-qubit entanglement represents a record-breaking achievement in quantum states based on a silicon-photonic chip.

Quantum circuits based on photonic qubits are among the most promising technologies currently under active research for building a universal quantum computer. Several photonic qubits can be integrated into a tiny silicon chip as small as a fingernail, and a large number of these tiny chips can be connected via optical fibers to form a vast network of qubits, enabling the realization of a universal quantum computer. Photonic quantum computers offer advantages in terms of scalability through optical networking, room-temperature operation, and the low energy consumption.

A photonic qubit can be encoded using a pair of propagation paths of a photon, with one path assigned as 0 and the other as 1. For a 4-qubit circuit, 8 propagation paths are required, and for 8 qubits, 16 paths are needed. Quantum states can be manipulated on a photonic chip, which includes photon sources, optical filters and linear-optic switches, and are finally measured using highly sensitive single-photon detectors.



            	
            
                [image: ETRI, demonstration of 8-photon qubit chip for quantum computation]
                 
                    Tomography Measurements of a Quantum Circuit (4-Qubit GHZ State). Credit: Electronics and Telecommunications Research Institute(ETRI)
                
            

        

            	
            
                [image: ETRI, demonstration of 8-photon qubit chip for quantum computation]
                 
                    Tomography Measurements of a Quantum Circuit (1-Qubit & 2-Qubit State). Credit: Electronics and Telecommunications Research Institute(ETRI)
                
            

        

    

The 8-qubit chip includes 8 photonic sources and approximately 40 optical switches that control the propagation paths of the photons. About half of these 40 switches are specifically used as linear-optic quantum gates. The setup provides the fundamental framework for a quantum computer by measuring the final quantum states using single-photon detectors.


																																						
    
     




																																			The research team measured the Hong-Ou-Mandel effect, a fascinating quantum phenomenon in which two different photons entering from different directions can interfere and travel together along the same path. In another notable quantum experiment, they demonstrated a 4-qubit entangled state on a 4-qubit integrated circuit (5mm x 5mm).

Recently, they have expanded their research to 8 photon experiments using an 8-qubit integrated circuit (10mm x 5mm). The researchers plan to fabricate 16-qubit chips within this year, followed by scaling up to 32-qubits as part of their ongoing research toward quantum computation.

Yoon Chun-Ju, Assistant Vice President of the Quantum Research Division of ETRI, said, "We plan to advance our quantum hardware technology for a cloud-based quantum computing service. Our main goal is to develop a lab-scale system to strengthen our research capabilities in quantum computation."

Lee Jong-Moo with ETRI's Quantum Computing Research Section, who led this achievement, stated, "Research for the practical implementation of quantum computers is highly active worldwide. However, extensive long-term research is still needed to realize practical quantum computation, especially to overcome computational errors caused by noise in the quantum processes."


																																																					
																				
																						More information:
												Jong-Moo Lee et al, Quantum states generation and manipulation in a programmable silicon-photonic four-qubit system with high-fidelity and purity, APL Photonics (2024). DOI: 10.1063/5.0207714
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Scientists find a new way of entangling light and sound
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                Credit: Physical Review Letters (2024). DOI: 10.1103/PhysRevLett.133.203602
            
        

    


For a wide variety of emerging quantum technologies, such as secure quantum communications and quantum computing, quantum entanglement is a prerequisite. Scientists at the Max-Planck-Institute for the Science of Light (MPL) have now demonstrated a particularly efficient way in which photons can be entangled with acoustic phonons.



										      
																																	The researchers were able to demonstrate that this entanglement is resilient to external noise, the usual pitfall of any quantum technology to date. They published their research in Physical Review Letters.

Quantum entanglement is a phenomenon in which particles become interconnected such that the state of one instantly influences the state of the other, regardless of the distance between them. Entanglement is an important phenomenon for many quantum technology applications because it can lead to secure quantum communications and high-dimensional quantum computing.

As photons, quanta of light, can propagate extremely fast while carrying quantum information, the entangling of pairs of photons via nonlinear optics is an established procedure.

Scientists at MPL have recently tackled the issue of establishing entanglement between very different entities, such as traveling sound waves, phonons, and optical photons. The proposed optoacoustic entanglement scheme is based on Brillouin scattering. It is particularly resilient, suitable for integration into quantum signal processing schemes and implementable at high environmental temperatures.



    
        
            [image: MPL scientists find a new way of entangling light and sound]
             
                The team in the laboratory: Birgit Stiller, Changlong Zhu and Claudiu Genes. Credit: Susanne Viezens
            
        

    



Einstein called it "spooky action at a distance." Entanglement has historically been fascinating at many different levels, as it strongly connects to our understanding of the fundamental laws of nature.

Quantum correlations among particles can persist even when separated by large distances. At the practical level, quantum entanglement is at the heart of many emerging quantum technologies. In the optical domain, entanglement of photons is fundamental to secure quantum communication methods or quantum computing schemes.


																																						
    
     




																																			Photons, however, are volatile. Therefore, feasible alternatives are being sought for certain applications, such as quantum memory or quantum repeater schemes. One such alternative is the acoustic domain, where quanta are stored in acoustic or sound waves.

Scientists at the MPL have now indicated a particularly efficient way in which photons can be entangled with acoustic phonons: While the two quanta travel along the same photonic structures, the phonons move at a much slower speed. The underlying effect is the optical nonlinear effect known as Brillouin-Mandelstam scattering. It is responsible for coupling quanta at fundamentally different energy scales.

In their study, the scientists showed that the proposed entangling scheme can operate at temperatures in the tens of Kelvin. This is much higher than those required by standard approaches, which often employ expensive equipment such as dilution fridges. The possibility of implementing this concept in optical fibers or photonic integrated chips makes this mechanism of particular interest for use in modern quantum technologies.


																																																					
																				
																						More information:
												Changlong Zhu et al, Optoacoustic Entanglement in a Continuous Brillouin-Active Solid State System, Physical Review Letters (2024). DOI: 10.1103/PhysRevLett.133.203602
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        Seaweed proteins could be the next sustainable food source
        The protein in sea lettuce, a type of seaweed, is a promising complement to both meat and other current alternative protein sources. Seaweed also contains many other important nutrients, and is grown without needing to be watered, fertilized or sprayed with insecticides. However, the proteins are often tightly bound, and their full potential has not yet been realized on our plates.

      

      
        Metal-organic framework materials to remove dye contaminants for cleaner water
        The future of MOFs, metal-organic framework materials, looks bright. A review in the International Journal of Environment and Waste Management has looked at how a specific class of these sponge-like materials might find increasing use in removing dye contaminants from industrial wastewater.

      

      
        Simple model system can break down fibrils to investigate drugs for neurodegenerative diseases
        The origin of many diseases such as Alzheimer's or Parkinson's can be found at the molecular level in our body, in other words, in proteins. In a healthy system, these proteins are responsible for numerous physiological functions.
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                Proteins from seaweed, such as sea lettuce, have the potential to become an important food component. However, the proteins are often tightly bound, but now researchers at Chalmers University of Technology, in Sweden, have found a new way to extract these proteins three times more efficiently than before. Here, sea lettuce is grown in tanks containing water that was previously used in the seafood industry. Through this cultivation, they take up nutrients that would otherwise have been discarded. Credit: Sophie Steinhagen
            
        

    


The protein in sea lettuce, a type of seaweed, is a promising complement to both meat and other current alternative protein sources. Seaweed also contains many other important nutrients, and is grown without needing to be watered, fertilized or sprayed with insecticides. However, the proteins are often tightly bound, and their full potential has not yet been realized on our plates.



										      
																																	But now researchers at Chalmers University of Technology, in Sweden, have found a new way to extract these proteins three times more efficiently than before--and this progress paves the way for seaweed burgers and protein smoothies from the sea.

"It tastes like umami with a certain salty flavor, despite not containing such high levels of salt. I would say it's a great flavor enhancer for seafood dishes and products, but the possibilities to explore are endless. Why not protein smoothies or 'blue burgers' from the sea?" says Joao Trigo, Ph.D. in Food Science at Chalmers, about the dark green powder, which is a concentrate of proteins from sea lettuce, scientifically known as Ulva fenestrata.

Sea lettuce is a type of macroalgae, commonly called seaweed, which grows on rocks in calm waters, or free-floating on the surface, and resembles ordinary lettuce leaves in appearance.

The so-called protein shift--switching from red meat to more sustainable and healthy protein sources--is a way to reduce the climate impact of food production while providing everyone with a nutritious diet. Many alternative protein sources, mainly based on pea, soy and mushroom, are common in our grocery stores. But all the vegetarian protein that is found under the sea is still an untapped source.

The CirkAlg-project, led by Chalmers University of Technology, has explored the possibilities of developing processes that can create a new, "blue-green" food industry in Sweden, and make use of seaweed as a promising source of protein.

Within the framework of the project, a newly published scientific study shows a unique way of extracting proteins from sea lettuce, so that it is now possible to extract three times more protein from the seaweed than was possible with previous methods. The paper is published in the journal Food Chemistry.

"Our method is an important breakthrough, as it brings us closer to making it more affordable to extract these proteins, something that is done with pea and soy proteins today," says Joao Trigo.


																																						
    
     




																																			Contains several essential nutrients

In addition to essential proteins, sea lettuce contains several other substances of great nutritional value for humans, such as vitamin B12 and the same kind of omega-3 fatty acids found in oily fish, like salmon. People who do not eat animal products are at risk of developing a deficiency of vitamin B12, which is necessary for the body to form red blood cells, among other things.

And the cultivation of sea lettuce has several advantages compared to land-growing proteins--such as the fact that the seaweed does not need to be watered, fertilized or sprayed with insecticides. Sea lettuce is also hardy and grows well under many different conditions, such as different salinity and access to nitrogen.

"Humanity will need to find and combine the intake of many more diversified protein sources than we have available in our diet today, to meet sustainability and nutritional requirements. Algae is a good addition to many of the products already on the market. We need all these solutions and so far, the sea-based possibilities, the so-called blue proteins, have been overlooked," says Ingrid Undeland, Professor of Food Science at Chalmers and coordinator of CirkAlg.

In addition to the newly published extraction method, the Chalmers researchers are working together with the University of Gothenburg to increase the actual protein content in the seaweed. By cultivating sea lettuce in process water from the seafood industry, the protein content can be increased significantly, while nutrients that would otherwise be lost are circulated back into the food chain.

At Tjarno Marine Laboratory (part of the University of Gothenburg) in northern Bohuslan in Sweden, a large number of successful cultivation experiments have been carried out within the CirkAlg-project, based on industrial water side currents.

"In the future, we also want to be able to make use of the parts of the algae that are not proteins, and that could be used in food, materials or for medical applications. The goal is that no molecules should go to waste, to achieve both sustainability and commercial opportunities," says Undeland.


																																			More about the extraction method

In addition to proteins that are water-soluble, sea lettuce also contains plenty of fat-soluble so-called membrane proteins. This means that the seaweed proteins are more complex to extract than, for example, soy and pea protein.

In a first-step of the new process, the cell membranes of the sea lettuce are opened up in order to access the fat-soluble proteins. The different types of proteins are then extracted with water adjusted to a high pH, and in the next step, by making the solution acidic, the proteins are precipitated into aggregates that could then be separated from the water and utilized as a protein-rich ingredient.

It was also seen that the marine omega-3 fatty acids were enriched in the protein ingredient, and a follow-up study confirmed that the same was true for vitamin B12. The new algae protein ingredient can thus help meet a wider range of nutritional needs compared to soy protein.

The study's authors are Joao Trigo, Sophie Steinhagen, Kristoffer Stedt, Annika Krona, Simone Verhagen, Henrik Pavia, Mehdi Abdollahi and Ingrid Undeland. At the time of the study, the researchers were active at Chalmers University of Technology, the University of Gothenburg and RISE--Research Institutes of Sweden.


																																																					
																				
																						More information:
												Joao P. Trigo et al, A new method for protein extraction from sea lettuce (Ulva fenestrata) via surfactants and alkaline aqueous solutions, Food Chemistry (2024). DOI: 10.1016/j.foodchem.2024.141839
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Metal-organic framework materials to remove dye contaminants for cleaner water
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                Credit: CC0 Public Domain
            
        

    


The future of MOFs, metal-organic framework materials, looks bright. A review in the International Journal of Environment and Waste Management has looked at how a specific class of these sponge-like materials might find increasing use in removing dye contaminants from industrial wastewater.



										      
																																	Irvan Dahlan and Hamidi Abdul Aziz of the Universiti Sains Malaysia in Pulau Pinang, Malaysia, and Yung-Tse Hung of Cleveland State University in Cleveland, Ohio, U.S., have focused on MOF-5 materials. These substances, constructed from a metal such as zinc to which organic molecules are bonded to build vast crystalline structures, are highly porous and so have a large internal surface area compared to their overall volume, which means they can soak up, or adsorb (sic) small molecules, such as organic dye pollutants present in industrial wastewater.

The textile, pharmaceutical, and paper industries all generate vast quantities of wastewater contaminated with synthetic dyes. This represents an enormous burden on the environment and a serious risk to ecosystems where this contaminated wastewater might end up.

Organic dyes can be stubborn pollutants, as they are often chemically stable and difficult to break down. They can resist traditional wastewater treatments. Once present in natural waters, they block sunlight and so hamper photosynthesis in aquatic plants, and can thus disturb entire ecosystems.

Moreover, some dyes are toxic, carcinogenic, or have mutagenic properties, and so represent a risk to marine life and health concerns for communities dependent on the water sources that are contaminated.


																																						
    
     




																																			Conventional dye-removal methods, such as chemical treatment, filtration, and biological processes, are often too costly and complex to be commercially viable and commonly inefficient at handling large volumes of wastewater, regardless of cost. MOFs, on the other hand, have emerged as a promising alternative due to their unique structures.

Importantly, simple changes to the organic molecules from which they are constructed, and the metals used to lock these molecules together into a three-dimensional structure can be made relatively easily so that they can be given different pore sizes and adsorption characteristics.

The team's review shows that much work remains to be done with MOF-5 materials so that the bigger pore sizes can be developed for the larger dye molecules. There is also a need to improve the durability and reusability of these materials to make them suitable for industrial remediation use. Optimization of their physical and chemical characteristics is now possible, but there is also a need to find ways to scale up their manufacturing economically.


																																																					
																				
																						More information:
												Irvan Dahlan et al, Recent development of metal-organic framework 5 adsorbents for organic dye removal from aqueous solution, International Journal of Environment and Waste Management (2024). DOI: 10.1504/IJEWM.2024.142506
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            [image: New model system for the development of potential active substances used in condensate modifying drugs]
             
                Credit: Journal of the American Chemical Society (2024). DOI: 10.1021/jacs.4c11285
            
        

    


The origin of many diseases such as Alzheimer's or Parkinson's can be found at the molecular level in our body, in other words, in proteins. In a healthy system, these proteins are responsible for numerous physiological functions.



										      
																																	In order to carry out certain tasks, they may also assemble in groups consisting of numerous proteins. Once that job is done, they split up again and go their own ways. However, if larger clusters of a hundred or more proteins form so-called fibrils, which are bundles of long, filament-like accumulations of proteins, the attraction between the proteins is so strong that they can no longer separate from each other.

The resultant plaques can induce a wide variety of disorders. If the fibrils accumulate in the brain, for instance, they can increase intracranial pressure, thus triggering neurodegenerative diseases.

Disintegration of fibrils achieved for the first time

The formation of fibrils is generally an irreversible process, both in the human body and in synthetic systems. Professor Shikha Dhiman of Johannes Gutenberg University Mainz (JGU) in Germany and Professor Lu Su of Leiden University in the Netherlands have recently succeeded in creating a model system in which fibrils can be broken down into their individual components or liquid droplets.

The project also involved two Ph.D. students, Mohit Kumar in Mainz and Heleen Duijs in Leiden. "This is the first model system in which we have succeeded in reversing this process without any chemical reaction," reported Dhiman. The findings are published in the Journal of the American Chemical Society.

Within fibrils, non-covalent bonds--such as hydrogen bridges--link the single units together. These are not particularly robust on their own, but it is the high number of bonds and their order that gives fibrils their superior stability. The researchers thus decided to use a bit of a trick: They added substances that embed themselves in fibrils, creating pocket-like formations that make the fibril structure unstable.

"What we are in effect doing is introducing competing binding partners. These form bonds with single units, the interaction between units becomes redundant, and the fibrils begin to disintegrate," explained Dhiman.


																																						
    
     




																																			Model system allows for systematic investigations

A particularly interesting feature of the model system is that it allows all parameters that can be modified to be systematically studied one by one. Until recently, researchers had assumed that individual proteins come together to form fibrils. Recently, however, this concept has been disproved. Rather, several proteins accumulate together with water and salts resulting in liquid droplets, with the proteins arranging themselves on the surface of these droplets. This is a significant intermediate state in the actual formation of fibrils.

In contrast with fibrils, these droplets can undertake normal functions in the body and can even break up to release the proteins again.

"Our model system has been able to map all three states, namely individual single units, liquid droplets, and fibrils," explained Shikha Dhiman, Professor at the JGU Department of Chemistry and senior researcher in the CoM2Life (Communicating Biomaterials: Convergence Center for Life-Like Soft Materials and Biological Systems) research network.

Fundamental basis for the development of innovative therapies

In the long term, the model system will support the development of drugs to treat a range of disorders, particularly neurodegenerative diseases such as Alzheimer's and Parkinson's. Unlike in complex systems such as cells, all parameters of the model system can be readily explored to answer various questions: What causes protein droplets to clump together to form fibrils? How can this process be regulated? How can fibrils be broken down into short fibers?

Once the researchers have resolved these fundamental issues, they can investigate the cellular level--based on large-scale screening of active substances. "The potential in terms of therapeutic applications is enormous," emphasized Lu Su, Assistant Professor at the Leiden Academic Center for Drug Research.

"We expect that drugs developed on the basis of this model will be used for the targeted disintegration of pathological fibrils to alleviate symptoms and improve outcomes for patients."


																																																					
																				
																						More information:
												Heleen Duijs et al, Harnessing Competitive Interactions to Regulate Supramolecular "Micelle-Droplet-Fiber" Transition and Reversibility in Water, Journal of the American Chemical Society (2024). DOI: 10.1021/jacs.4c11285
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        Fine-tuning fertilizers to boost crop yields: Lowering fertilizer pH can increase solubility, availability of zinc
        Worldwide, many agricultural soils are deficient in the nutrient zinc--despite the fact that farmers use fertilizers enriched with the element. This limits crop yields and reduces food quality. It's estimated that roughly a third of the global population consume foods low in zinc, which can increase sickness and death in early childhood, as well as impaired growth and cognition.

      

      
        African penguins could be extinct by 2035--how to save them
        In October 2024, the African penguin became the first penguin species in the world to be listed as critically endangered by the International Union for the Conservation of Nature.

      

      
        Offshore oil offers limited gains for marine life
        New research led by the Australian Institute of Marine Science (AIMS) in collaboration with Deakin University and ORCAS Consulting found offshore oil and gas infrastructure plays a minor role in maintaining regional populations of marine life in north-west and south-east Australia.

      

      
        'Catastrophic declines': Massive data haul reveals why so many plants and animals suffer after fire
        The megafires that tore through Australia's forests in 2019-20 burnt more than 10 million hectares. The tragedy prompted a massive research effort to understand how plants and animals were affected.

      

      
        Genetic legacy of Jomon hunter-gatherers linked to increased BMI in modern Japanese populations
        New research exploring the roots of modern Japanese populations has linked the genetic signature of Jomon hunter-gatherers to a higher body mass index (BMI) among individuals, underlining that ancient human ancestors can leave a genetic legacy with impacts on health in modern day populations.

      

      
        'Cool' white car headlights more likely to dazzle and endanger moths
        "Cool" white lights--such as those in modern car headlights--endanger moths by causing them to fly erratically, new research shows. The findings are published in the journal Biology Letters.

      

      
        Living microbes discovered in Earth's driest desert with new separation technique
        The Atacama Desert, which runs along the Pacific Coast in Chile, is the driest place on the planet and, largely because of that aridity, hostile to most living things. Not everything, though--studies of the sandy soil have turned up diverse microbial communities. Studying the function of microorganisms in such habitats is challenging, however, because it's difficult to separate genetic material from the living part of the community from genetic material of the dead.

      

      
        For the first time, scientists film 'giant' Mimivirus in action
        The COVID-19 pandemic led to heightened public interest in learning about viruses and how they can cause diseases. There has been a lot of focus on communicating virology concepts to the general public in order to increase awareness about the spread and prevention of viral diseases.

      

      
        Chlorine mixed with cocoa butter could protect corals from disease and reduce antibiotic pollution
        In the tropical Atlantic, stony coral tissue loss disease (SCTLD) is particularly severe because the disease is transmitted quickly, spreads to many hosts, and results in high mortality rates. Treatment methods to stop the spread of SCTLD are available; the most common is the use of antibiotics. This, however, comes with side effects like increased antibiotic resistance.

      

      
        New tool allows researchers to study gene mutation directly within living human cells
        Gene mutations have consequences both good and bad--from resistance to conditions like diabetes to susceptibility to certain cancers. In order to study these mutations, scientists need to introduce them directly into human cells. But changing genetic instructions inside cells is complex. The human genome comprises 3 billion base pairs of DNA divided across tens of thousands of genes.

      

      
        How conflicting memories of sex and starvation compete to drive behavior
        Two conflicting memories can both be activated in a worm's brain, even if only one memory actively drives the animal's behavior, finds a new study by UCL researchers.

      

      
        Altering two genes to produce sweeter tomatoes without sacrificing size, weight or yield
        A team of horticulturists, bio-breeders and agriculture specialists affiliated with a host of institutions across China has produced sweeter tomatoes without sacrificing size, weight or yield by altering two of their genes. In their study, published in the journal Nature, the group modified the genes of a tomato variant that coded for proteins that lowered levels of enzymes related to sugar production.

      

      
        Reintroduction of fungus-resistant frogs helps facilitate recovery of disease-impacted species
        A remote lakeshore deep inside Yosemite National Park teems with life: coyotes, snakes, birds, tadpoles, frogs. The frogs are at the heart of this scene, which a decade ago was much different. It was quiet--and not in a good way. The frogs that are so central to this ecosystem were absent, extirpated by a deadly fungal disease known as amphibian chytrid fungus.

      

      
        Study reveals half a century of change on Britain's iconic limestone pavements
        Fifty years of change on iconic limestone pavements has revealed mixed fortunes for one of the most distinctive landscapes in the UK. The landscapes--which will be familiar to visitors to the Yorkshire Dales and fans of Harry Potter and the Deathly Hallows film--have, in many places, seen reductions of specialist species and more common less desirable species become more abundant.

      

      
        World-first robotic hand to help cultivate baby corals for reef restoration
        A world-first soft robotic hand, developed by researchers at CSIRO, Australia's national science agency, could revolutionize the delicate, labor-intensive process of cultivating baby corals in laboratories, offering a groundbreaking approach to coral restoration efforts.

      

      
        AI-assisted method can reduce number of mice needed for experiments while promoting animal welfare
        There is one specific task that stress researchers who conduct animal experiments need to be particularly skilled at. This also applies to researchers who want to improve the conditions in which laboratory animals are kept. They need to be able to assess the well-being of their animals based on behavioral observations, because unlike with humans, they cannot simply ask them how they are feeling.

      

      
        Researchers discover key gene affecting rice leaf growth and methane emissions
        Rice leaf veins are essential for plants' growth and development. They help support the leaves and transport important substances like water, gases, and nutrients throughout the plant. A research team led by Dr. Wu Yuejin from Hefei Institutes of Physical Science of the Chinese Academy of Sciences recently unveiled the molecular underlying mechanism of how these veins form and develop.

      

      
        Endangered orca vanishes from dwindling pod off Washington coast
        An endangered orca vanished from a dwindling whale pod off the Washington coast, a conservation group said.

      

      
        Scientists say world's largest coral found near Solomon Islands
        Scientists say they have found the world's largest coral near the Pacific's Solomon Islands, announcing Thursday a major discovery "pulsing with life and color".

      

      
        Portable spectrophotometer approach predicts shelf life of strawberries in real time
        Based on non-invasive technology, a research group at the University of Cordoba has created a tool to guarantee optimal strawberry quality and minimize food waste.

      

      
        The time is ripe to support urban agriculture: Experts urge Congress to fund new iteration of Farm Bill
        As Congress reconvenes, a coalition of advocates has published a policy brief calling on representatives to provide more support for urban agriculture through a new iteration of the Farm Bill, which has been in a state of limbo since expiring in September 2023.
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Fine-tuning fertilizers to boost crop yields: Lowering fertilizer pH can increase solubility, availability of zinc

										

    
        
            [image: Finetuning fertilizers to boost crop yields]
             
                Microscopy images of an entire granule (left) and cross-section (right) of Zn-enriched ammoniated phosphate fertilizer. Zinc was added at a 1% rate coated onto the NP fertilizer with a barrier coating containing SOP or KMag. Credit: Soil Science Society of America Journal (2024). DOI: 10.1002/saj2.20744
            
        

    


Worldwide, many agricultural soils are deficient in the nutrient zinc--despite the fact that farmers use fertilizers enriched with the element. This limits crop yields and reduces food quality. It's estimated that roughly a third of the global population consume foods low in zinc, which can increase sickness and death in early childhood, as well as impaired growth and cognition.



										      
																																	Using the Canadian Light Source (CLS) at the University of Saskatchewan (USask), researchers from the University of Adelaide in Australia investigated how to manufacture more efficient zinc-enriched fertilizers. The HXMA beamline at CLS enabled the researchers to examine at the molecular level what happens to the water solubility of zinc (its ability to dissolve in water) when it's added to ammonium phosphate fertilizer.

The findings are published in the Soil Science Society of America Journal.

"Going in to the project, our group thought the type of zinc compound would be a good predictor of a fertilizer's solubility" says Rodrigo da Silva, from the University of Adelaide.

"However, the CLS beamline enabled us to understand that the agronomic performance cannot be predicted based on what form of zinc is present in the fertilizer granules. Instead, the pH drives the fertilizer zinc solubility and availability to the crops."

Dr. da Silva and colleagues found that when zinc is added to phosphate fertilizer, it forms a range of different zinc phosphate compounds. However, its solubility was not related to the relative abundance of these compounds, but to fertilizer pH. This means that zinc added to more alkaline phosphate fertilizers such as diammonium phosphate will have very low solubility and hence low agronomic effectiveness for crop uptake.



    
    
    
        
        
    
         
             
         

        Finetuning fertilizers to boost crop yields. Credit: Canadian Light Source
  

The University of Adelaide team found that lowering fertilizer pH by spraying the granules with an acid solution further increases the solubility and availability of zinc compared to current commercial products.

The researchers also showed an additional method to increase Zn water solubility by putting a barrier coating on fertilizer granules, to separate the zinc from the phosphate. They showed that there was more uptake of zinc by plants treated with the barrier-coating fertilizer.

The Mosaic Company has already patented both of these new technologies in conjunction with the University of Adelaide's Fertilizer Technology Research Centre. Mosaic is the world's leading producer of concentrated phosphate and potash.

"It is crucial to improve zinc fertilization practices, to maximize yields and produce more nutritional food," says da Silva. "This research can help the industry produce more efficient fertilizers."


																																																					
																				
																						More information:
												Rodrigo C. da Silva et al, Zinc in ammoniated phosphate fertilizers: Solid-phase speciation, solubility, and use of barrier coatings to enhance zinc availability, Soil Science Society of America Journal (2024). DOI: 10.1002/saj2.20744
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                Two African Penguins. Credit: Ctac/Wikimedia Commons, CC BY-SA
            
        

    


In October 2024, the African penguin became the first penguin species in the world to be listed as critically endangered by the International Union for the Conservation of Nature.



										      
																																	This is a sad record for Africa's only penguin, and means it is now just one step away from extinction.

How did this happen? African penguins (Spheniscus demersus) are found only in Namibia and South Africa. Their numbers have been declining since the 1800s. At that time, they were burnt in ships' boilers, their eggs were harvested and consumed as a delicacy, and their nests were destroyed by guano-harvesters seeking a rich source of fertilizer.

Such activities are fortunately no longer allowed. African penguins have been protected under South Africa's Sea Birds and Seals Protection Act since 1973 (and more recently under the Marine Threatened or Protected Species Regulations since 2017).

These laws and regulations ban the capture of penguins or their eggs, and any intentional harm done to them. Fertilizers no longer use guano (penguin excrement). After egg and guano harvesting stopped, the lack of prey (small fish like sardines and anchovies) became the main issue for penguins from the early 2000s.

The impacts of climate change on the distribution and abundance of their food, and competition with industrial fisheries, have contributed to a 70% reduction in this penguin's population between 2000 and 2024.

We are a group of scientists from universities and non-governmental organizations that have, for years, focused on solutions to save the African penguin. Today, unless the South African government takes urgent steps to protect the African penguin, it will likely become extinct in the wild by 2035. At present there are fewer than 20,000 birds left in the wild.

Penguins are like the canaries in the coal mine. They are disappearing because the ecosystem they rely on, together with many other species, including fish targeted by commercial fisheries, is in dire straits. By saving them, we protect their ecosystem and the other species that rely on it.

Penguins are also valuable to the economy, bringing in revenue from tourism.


																																						
    
     




																																			What's worked for the penguin so far

The destruction of African penguins' nesting habitat over the centuries has been partly repaired by setting up artificial nests in penguin colonies. New research has found that these improve the number of penguin eggs that hatch by 16.5% compared to natural surface or bush nests which remain vulnerable to the elements.

Steps to protect the African penguins' food supply also worked. One step was the experimental "no-take zones," where the South African government prohibited fishing around the penguins' breeding areas between 2008 and 2019.

The government closed commercial fishing of sardines and anchovies in a 20km radius around Robben Island on the west coast and St Croix Island in Algoa Bay for three years. During this time, commercial fishing around the neighboring penguin colonies of Dassen Island and Bird Island was still permitted. The closure was alternated every three years until 2019 to see if it affected the penguin populations.

The results were positive. Penguins were able to catch fish with less effort and their chicks' health and survival rates improved. The population increased by about 1%-- a small increase, but very important, considering they were already endangered.

In parallel, the African Penguin Biodiversity Management Plan was published in 2013. The plan focused on managing predators, such as Cape fur seals and kelp gulls, and rescuing abandoned eggs and chicks. Thousands of individual penguins were saved and released into the wild over the years.


																																			What has gone wrong for the penguin

Despite these efforts, the African penguin population fell faster from the mid-2010s. This was mostly due to the sudden collapse of the colony at St Croix Island, then the world's largest African penguin colony.

This collapse coincided with the establishment of ship-to-ship bunkering activities (refueling ships at sea rather than in ports) in Algoa Bay in 2016. While the ships were refueling, four oil spills occurred.

Ship-to-ship bunkering also increased underwater noise pollution due to a ten-fold increase of maritime traffic in the bay.

Our previous research has revealed that African penguins are highly sensitive to underwater noise. Noise from ships or drilling equipment chases penguins away from their feeding grounds.

This also uses up the African penguins' energy, often at a time when they have none to spare. Penguins need energy reserves before starting their annual molt, when they stay ashore for three weeks without eating to replace all their feathers. If they don't find enough food before or after that stressful period, they die.

Can the African penguin be saved?

The experimental use of no-take zones in penguin breeding areas ended in 2019. A panel of international experts was then appointed by the South African government to review the experiment and suggest a way forward.


																																						
    
     




																																			The panel said no-take zones should be put in place around all colonies. They recommended ways to balance the benefit to penguins against the cost to fisheries.

But the government departed from the panel's recommendations and put in place fishing closures aimed at minimizing economic losses to fisheries, and not conserving penguins. For example, they closed down fishing in some areas where penguins don't hunt for fish.

In March 2024, the non-profit organization BirdLife South Africa and the South African Foundation for the Conservation of Coastal Birds, represented by the Biodiversity Law Center, asked the Pretoria high court to review and set aside the Minister of Fisheries, Forestry and Environment's August 2023 decision on fishing closures around key African penguin breeding colonies. The case is still underway.


																																			Meanwhile, bunkering in Algoa Bay has stopped temporarily after the South African Revenue Service detained five ships in September 2023 on allegations of breaching customs laws.

Subsequently, small increases in the St Croix Island penguin population have been seen for the first time in nearly ten years.

African penguins can bounce back when environmental conditions are good. Government and non-governmental organizations have worked hard to prevent various threats to penguins. But critical work remains to be done to protect their foraging habitat (the ocean around their colonies) from polluting activities.

Penguins also need protection from competition with industrial fisheries for fish supplies.

We encourage the public to sign this petition. It asks the South African government to act with urgency to save the last African penguins in the wild.
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                Marine life, including sponges, butterfly perch and bream pictured on and around a pipeline. Credit: AIMS
            
        

    


New research led by the Australian Institute of Marine Science (AIMS) in collaboration with Deakin University and ORCAS Consulting found offshore oil and gas infrastructure plays a minor role in maintaining regional populations of marine life in north-west and south-east Australia.



										      
																																	In two journal articles, researchers found that the presence, partial, or full removal of decommissioned oil and gas infrastructure in the Bass Strait, between Tasmania and Victoria, and the north-west shelf of Australia would likely have a low impact on the dispersal processes and long-term persistence of several fish and bottom dwelling species.

The localized benefits to fish and bottom-dwelling invertebrate species supported by these structures may help explain the abundance and diversity of marine life often observed around them.

Many marine organisms start out life as larvae, and these larvae rarely remain in their original habitat. They often travel or disperse via oceanic currents before arriving at suitable habitat, near or far, where they can settle, mature and reproduce. This process is known as connectivity and is important because it helps marine populations to maintain genetic variability and viability into the future.

AIMS principal research scientist Dr. Di McLean, who was a co-author on one of the papers, said that as more oil and gas structures cease functioning and require decommissioning, science addressing concerns around their impact and removal is becoming ever more critical.

"There is evidence that oil and gas structures can increase the local abundance and diversity of marine organisms, particularly in seascapes where natural habitats are scarce," said Dr. McLean.


																																						
    
     




																																			"However, one of the most significant knowledge gaps and priorities globally is the need to understand how offshore oil and gas infrastructure influences regional processes such as connectivity and dispersal of marine organisms--this is where our research comes in."

AIMS principal research scientist Dr. Eric Treml, senior author on both papers, added, "These new findings suggest that if structures like platforms are removed, there may be little regional impact on how the larvae of marine organisms disperse to reach new habitats and how marine populations will be sustained."

The Bass Strait study found that oil and gas platforms play a minor role in supporting the long-term health and survival of the five representative species (three rocky reef fish and two invertebrates) studied, but subsea pipelines appear to facilitate important dispersal processes in their early life stages.

Published recently in the journal Science of the Total Environment, the modeling study combined ocean current dynamics with information on the behavior and biology of reef ocean perch (Helicolenus percoides), long-spined sea urchin (Centrostephanus rodgersii), butterfly perch (Caesioperca lepidoptera), jewel anemone (Corynactis australis) and bluethroat wrasse (Notolabrus tetricus). These species are representative of local marine communities and are often observed on offshore infrastructure in this region.
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                Colourful jewel anemones and sponges cover a section of oil and gas infrastructure. Credit: AIMS
            
        

    



The researchers found that platforms were a modest source of connectivity for the jewel anemone, despite the species dominating coverage of these structures. Platforms were not important destinations or stepping stone habitats for the other species studied, so their full removal would have a low impact on the connectivity of those species.

In contrast, sections of subsea pipelines were found to be source and destination habitats of varying strengths for most study species, except for the long-spined sea urchin. Removing these pipelines would have a moderate impact on the connectivity of the fish populations studied and a low impact on the invertebrates studied.

The researchers recommend that decisions to remove offshore infrastructure, either in full or in part, be made on a platform-by-platform basis and consider the contributions of pipelines to regional connectivity processes.


																																			Natural habitats important for connectivity

The north-west study, published in the Marine Pollution Bulletin, found that oil and gas platforms and subsea wells do not have a significant impact on the dispersal and persistence of two fish species and a coral (the saddletail snapper--Lutjanus malabaricu, orange cup coral--Tubastraea, and the red lionfish--Pterois volitans).

The researchers found that the natural reefs in the system contributed overwhelmingly as the main sources of the fish and invertebrate larvae.

AIMS research scientist Dr. Ronen Galaiduk, a co-author on both papers said, "The natural rocky reefs in the Bass Strait and tropical reefs in the north-west were critical sources, destinations and promoted local-scale connectivity for all of the species studied."

In the north-west, the researchers found that oil and gas structures contributed as destinations for larvae and as local stepping stones between various habitat patches, but only enhanced the ecological connectivity in a limited way for the study species.

Dr. Galaiduk said, "Local stepping stones can be important for increasing population numbers of a fish, like the saddletail snapper, helping to boost recruitment from protected or remote areas which are typically more abundant in marine life. But these oil and gas structures may also serve as stepping stones for invasive species to spread further."


																																																					
																				
																						More information:
												Ronen Galaiduk et al, Offshore oil and gas infrastructure plays a minor role in marine metapopulation dynamics, Science of The Total Environment (2024). DOI: 10.1016/j.scitotenv.2024.172981

Julia C. Sobol et al, The role and impact of oil and gas structures on the connectivity and metapopulation dynamics of tropical reef species, Marine Pollution Bulletin (2024). DOI: 10.1016/j.marpolbul.2024.117144
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                More extreme pre-fire disturbance led to larger increases and declines after fire. Credit: Nature (2024). DOI: 10.1038/s41586-024-08174-6
            
        

    


The megafires that tore through Australia's forests in 2019-20 burnt more than 10 million hectares. The tragedy prompted a massive research effort to understand how plants and animals were affected.



										      
																																	So what did it uncover? Our research published in the journal Nature set out to answer that question. In a collaboration involving more than 100 scientists, we brought together data for more than 1,300 animal and plant species. As far as we know, it's the world's largest dataset of biodiversity responses after a single fire season.

We found populations of some species declined, while other species became more common after the fires. Importantly, the results depended strongly on the condition of the land before the fire--especially how frequently it had been burned before the megafires.

The findings have profound implications for how Australia manages its natural environments. Authorities often use frequent fuel-reduction burning to prepare for bushfires--however our findings suggest this primes ecosystems for major disruption when the next wildfire hits.

An unparallelled opportunity

Global warming and other human-caused changes are driving more frequent and severe bushfires around the world. In the past 20 years, extreme fires have doubled globally. This in turn is helping fuel Earth's species extinction crisis.

After Australia's 2019-20 fires, rapid assessments estimated almost 900 plant and animal species were severely impacted, or put at heightened extinction risk from future fires. In response, government and non-government organizations allocated hundreds of millions of dollars for field-based monitoring and recovery.

This extraordinary monitoring effort provided an unparalleled opportunity to measure how extreme fires affect biodiversity.

We collated 62 sets of data involving 810,000 records of the presence, absence or abundance of species in burnt and unburnt sites.

It covered 1,380 species including plants, birds, frogs, mammals, reptiles, insects and land snails. The records were collected along more than 1,000 kilometers of Australia's east coast, plus sites in South Australia and Western Australia.


																																						
    
     




																																			The losers

We found 55% of species declined after the 2019-20 megafires--either because they were less abundant overall or occupied fewer sites.

Species in areas exposed to frequent or recent past fires struggled the most. Sites that experienced three or more fires in the 40  preceding years had declines up to 93% larger than with sites not burnt, or burnt once over the same period.

Too-frequent bushfires can mean plants don't have enough time between fires to set seeds. It can also wipe out valuable animal habitats such as logs, dead trees and tree hollows.

Among all the animal and plant groups that we examined, mammals were the most sensitive, showing average declines twice as large as other groups.

Mammals may be too large to shelter in the small burrows and crevices that smaller animals can squeeze into, they cannot fly to escape the flames, and naturally require more food because they are warm-blooded.

The winners

Some 45% of species were more commonly found in burnt sites after the megafires. The size of increases generally mirrored the size of declines in other species under the same conditions.

The most important example relates to fire frequency. Sites burnt frequently experienced both the largest declines and largest increases after the 2019-20 fires.



    
    
    
        
        
    
         
             
         

          

There are several ways frequent fires before the megafires could allow species to increase.

Species that re-establish quickly after a fire could have large populations before the next fire. This means more individuals could survive the fire, leading to successively larger populations.

And if individuals do survive a fire, their living conditions may become easier if, say, their predators did not survive, or there is less competition from other animals for resources.

Some plants may become increasingly abundant after each successive fire, such as grasses, benefiting animal species that eat or shelter in them.

This is not to say that megafires are good for biodiversity overall, or that more abundant species balance out the losses.

The species that do well after fire will continue to thrive as recently burnt areas become more common. That's great, but the declining species will become an increasingly severe problem for conservation.

The decline is also a big problem for humans, who depend on biodiversity for a range of services.


																																			A rethink is needed

Bushfire management agencies aim to reduce fire risks through frequent fuel-reduction burning. This involves a program of deliberately burning blocks of native vegetation at relatively short intervals, to reduce flammable materials such as plants, fallen branches, logs, twigs, leaves and bark.

But our research suggests this practice, which increases fire frequency, may create larger disruptions to ecosystems when big bushfires occur.

Past research has found that bushfires can be less severe when fuel-reduction burning has been undertaken in the three to five years prior.

And in some cases, when fuel-reduction burning was recent and nearby, it can help protect infrastructure from fire.

But our findings indicate even if a bushfire is not particularly severe, the harm to plants and animals can be extreme when sites have been burnt three or more times over 40 years, or within the ten preceding years.

So, frequent fuel-reduction burning, combined with any other preceding bushfires, condemns many plants and animals to large, potentially catastrophic declines in the next bushfire.

Clearly, fire management and policy needs a big rethink. Alternative approaches to large-scale prescribed burning are required.


																																						
    
     




																																			This could include developing the skills and technologies to rapidly detect and suppress bushfires. It may also involve supporting Indigenous "right-way fire," a culturally informed method of fire management.

Encouragingly, we found severe bushfire impacts could be moderated if a lot of unburnt habitat exists within 2.5 kilometers. This allows plant seeds and animals to move from unburnt to recently burnt habitats, helping the damaged area to recover.

So, fire managers should protect remaining unburnt patches after fire, rather than burning them to prevent later flare-ups. If unburnt patches can be retained while fires are being fought, native communities will be able to recover more rapidly.

However, we should not forget that Australia's 2019-20 megafires were the predictable consequence of climate change.

The alternative fire management approaches we suggest will likely fail if climate change continues unabated.


																																																					
																				
																						More information:
												Don A. Driscoll et al, Biodiversity impacts of the 2019-2020 Australian megafires, Nature (2024). DOI: 10.1038/s41586-024-08174-6
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                Population structure of Biobank Japan. Credit: Nature Communications (2024). DOI: 10.1038/s41467-024-54052-0
            
        

    


New research exploring the roots of modern Japanese populations has linked the genetic signature of Jomon hunter-gatherers to a higher body mass index (BMI) among individuals, underlining that ancient human ancestors can leave a genetic legacy with impacts on health in modern day populations.



										      
																																	The research--just published in the journal Nature Communications--also found broad support for the "tripartite ancestry model." This effectively means variations in modern day Japanese genetic patterns can be explained by the historical influence of ancient Jomon hunter-gatherers and two continental groups from Northeast and East Asia that collectively left their genetic imprint on the people of today.

The research analyzed genetic data from Biobank Japan (including over 170,000 individuals), along with ancient Japanese and Eurasian genomes, as well as those from East Asian individuals from the UK Biobank. In total, the analyses used genetic data of ancient and modern genomes that involved over 250,000 participants.

BMI links

The researchers tested associations of Jomon ancestry with 80 different complex traits (from height to BMI) by making robust adjustments for genetic and geographic subpopulations.

They found that the Jomon genetic signature, which on average accounts for 12.5% of a person's genetic make-up, was associated with an increased BMI. And that held true when they expanded their analyses to include East Asian individuals in the UK Biobank--underlining the robustness of this trait that echoes from a largely forgotten time.



    
        
            [image: Genetic legacy of Jomon hunter-gatherers linked to increased BMI in modern Japanese]
             
                Functional and genomic characterization of Jomon-related marker SNPs. Credit: Nature Communications (2024). DOI: 10.1038/s41467-024-54052-0
            
        

    



Shigeki Nakagome, Assistant Professor in Trinity College Dublin's School of Medicine is a senior author of the research. He said, "Overall, these results suggest that the genetic legacy of the ancient hunter-gatherer Jomon significantly influences BMI across populations today, regardless of geographic differences, and it may consequently contribute to an increased risk of obesity.

"It is a really important discovery that ancient hunter-gatherer ancestry is likely to play a key role in the health of modern day populations. The link to an increased BMI could also help to explain some of the disparities in obesity prevalence among Asian populations residing in Western countries.

"By emphasizing the importance of incorporating Jomon ancestry as a factor in BMI, this analysis essentially provides a proof-of-concept for research that bridges our human past with current health challenges."


																																						
    
     




																																			The tripartite model

A long-standing model of Japanese origins is a dual-ancestral structure comprising the Jomon, who were hunter-gatherer-fishers who inhabited the archipelago as far back as 16,500 years ago, and immigrant farmers from Northeast Asia. This was recently refined by the tripartite model, which also incorporates East Asian ancestry linked to the state formation phase, the Kofun period, which began around 1,700 years ago.

And the new research found strong support for that tripartite model.

Prof. Nakagome added, "Our analysis, which presents the first in-depth characterization of the tripartite structure across the entire Japanese archipelago, widely and consistently fits better than the dual structure hypothesis. It also unveils substantial variation in the proportion of Jomon ancestry, mirroring the genetic ancestry continuum observed in present-day populations.

"The field of ancient genomics is rapidly evolving, and future research that encompasses a diverse range of ancient humans across various time periods and geographic locations will provide a more comprehensive understanding of the extent to which the human past has shaped genomic and phenotypic variation in contemporary populations. I am sure there is much left to discover, both in Japanese populations, and in others across the globe."


																																																					
																				
																						More information:
												Kenichi Yamamoto et al, Genetic legacy of ancient hunter-gatherer Jomon in Japanese populations, Nature Communications (2024). DOI: 10.1038/s41467-024-54052-0
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'Cool' white car headlights more likely to dazzle and endanger moths

										

    
        
            [image: 'Cool' white car headlights more likely to dazzle moths]
             
                (a) Frequency of initial behaviors under all pALAN treatments and control, displayed in a mosaic plot, where the width of the column indicates the number of repeats. (b) Latency (log-transformed) of moths' responses under the different treatments. The lines in the box plots represent the medians; the box represents the interquartile range (IQR), the upper (Q3) and lower (Q1) quartiles; the whiskers show the range of the data (minimum and maximum value excluding outliers, respectively, with dots showing outliers). The letters above the plots indicate the following: A indicates the spectrum differences between phosphor-coated LEDs and RGB LEDs, with p = 0.003; B indicates the statistical comparison (Bonferroni post-hoc test) between cool and warm phosphor-coated LEDs, with p = 0.001, and C indicates the statistical comparison between cool and warm RGB LEDs, with p = 0.392. Credit: Biology Letters (2024). DOI: 10.1098/rsbl.2024.0403
            
        

    


"Cool" white lights--such as those in modern car headlights--endanger moths by causing them to fly erratically, new research shows. The findings are published in the journal Biology Letters.



										      
																																	University of Exeter scientists exposed moths to shorts bursts of light, simulating car headlights, then observed their flight patterns. They found that the "cool" white phosphor-coated LEDs used in modern car headlights dazzled moths and affected their flight.

Moths exposed to this light were 80% more likely to fly erratically or towards the light, compared to those exposed to other lights--and 25 times more likely to fly in these abnormal ways compared to a control group not exposed to any light.

Moths are important pollinators, pests, and prey. In the UK alone there are over 2,500 species, many of which are showing rapid population declines, with similar trends worldwide.

Light pollution is implicated in their declines and most studies have focused on the effect of streetlights. However, vehicle headlights create intense pulses of light along road networks that extend deep into rural and "dark sky" areas.

"Vehicle headlights are becoming ever brighter and bluer," said Dr. Jolyon Troscianko, of the Centre for Ecology and Conservation on Exeter's Penryn Campus in Cornwall. "In humans, our pupils can change size in less than a second in response to dazzling glare, but in insects the process can take tens of minutes, potentially making them highly vulnerable.

"Moths that fly towards car headlights may be killed in a collision, while erratic flight also wastes energy and may increase the risk from predators such as bats. Many moths are only active for a very short time at night, so this disruption could interfere with their ability to feed and find mates."


																																						
    
     




																																			The research team caught and released 428 moths from 64 species on the Penryn Campus, exposing each moth to one of the following for 10 seconds immediately before release:


	"Cool" (blue-shifted) white phosphor-coated LEDs.

	"Warm" (amber-shifted) white phosphor-coated LEDs.

	"Cool" RGB (Red-Green-Blue) LEDs--light from three LEDs of different colors.

	"Warm" RGB LEDs.

	No light (control group).



On release, moths from the light-free control group typically flew either up or down.

Those exposed to the cool phosphor-coated LEDs were more likely to fly towards the light, or in tight circles (something rarely seen in moths when night-lighting is not present).

"Simply by switching to warmer-colored LEDs or different LED technology, we can dramatically reduce their impact on moths," said Madeleine Fabusova, who collected the data as part of her MSci in Conservation Biology and Ecology at the University of Exeter.

"The phosphor-coated cool LEDs were more harmful than RGB LEDs that have an identical white color to human vision. Our results were remarkably consistent across different moth species. Reducing the blue spectrum in headlights may therefore benefit moths, the flowers they pollinate, and the animals that feed on them."

Commenting on the trend for brighter, bluer headlights, Professor Kevin Gaston, of the Environment and Sustainability Institute at the University of Exeter, said, "There's no safety benefit to humans from these blue lights compared to lights with more red and green--the current trends appear to come from car manufacturers.

"Car manufacturers, consumers and policymakers could all play a role in making a fairly simple change to reduce our impact on the natural world."


																																																					
																				
																						More information:
												Madeleine Fabusova et al, Pulsed artificial light at night alters moth flight behaviour, Biology Letters (2024). DOI: 10.1098/rsbl.2024.0403
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Living microbes discovered in Earth's driest desert with new separation technique

										

    
        
            [image: Living microbes discovered in Earth's driest desert: New technique can identify microbes colonizing hostile environment]
             
                Location of the study sites and bacterial abundances. (A) Location of the study sites along the Atacama Desert. Moisture gradient including Coastal Sand (CS), Alluvial Fan (AL), Red Sands (RS), Yungay (YU), and two hyperarid reference sites, Maria Elena (ME) and Lomas Bayas (LB). (B) Bacterial abundance based on 16S rRNA gene copy numbers of the e- and iDNA pools (means +- SE, n = 3-4, see Table S1), and phospholipid fatty acids (PLFAs) in the different investigation sites along the Atacama transect. Missing gene copy numbers for the eDNA pool indicate less than three replicates for the respective study site. Credit: Applied and Environmental Microbiology (2024). DOI: 10.1128/aem.01443-24 https://journals.asm.org/doi/10.1128/aem.01443-24
            
        

    


The Atacama Desert, which runs along the Pacific Coast in Chile, is the driest place on the planet and, largely because of that aridity, hostile to most living things. Not everything, though--studies of the sandy soil have turned up diverse microbial communities. Studying the function of microorganisms in such habitats is challenging, however, because it's difficult to separate genetic material from the living part of the community from genetic material of the dead.



										      
																																	A new separation technique can help researchers focus on the living part of the community. This week in Applied and Environmental Microbiology, an international team of researchers describes a new way to separate extracellular (eDNA) from intracellular (iDNA) genetic material. The method provides better insights into microbial life in low-biomass environments, which was previously not possible with conventional DNA extraction methods, said Dirk Wagner, Ph.D., a geomicrobiologist at the GFZ German Research Centre for Geosciences in Potsdam, who led the study.

The microbiologists used the novel approach on Atacama soil samples collected from the desert along a west-to-east swath from the ocean's edge to the foothills of the Andes mountains. Their analyses revealed a variety of living and possibly active microbes in the most arid areas. A better understanding of eDNA and iDNA, Wagner said, can help researchers probe all microbial processes.

"Microbes are the pioneers colonizing this kind of environment and preparing the ground for the next succession of life," Wagner said. These processes, he said, aren't limited to the desert. "This could also apply to new terrain that forms after earthquakes or landslides where you have more or less the same situation, a mineral or rock-based substrate."


																																						
    
     




																																			Most commercially available tools for extracting DNA from soils leave a mixture of living, dormant and dead cells from microorganisms, Wagner said. "If you extract all the DNA, you have DNA from living organisms and also DNA that can represent organisms that just died or that died a long time ago."

Metagenomic sequencing of that DNA can reveal specific microbes and microbial processes. However, it requires sufficient good-quality DNA, Wagner added, "which is often the bottleneck in low-biomass environments."

To remedy that problem, he and his collaborators developed a process for filtering intact cells out of a mixture, leaving behind eDNA genetic fragments left from dead cells in the sediment. It involves multiple cycles of gentle rinsing, he said. In lab tests they found that after 4 repetitions, nearly all the DNA in a sample had been divided into the 2 groups.

When they tested soil from the Atacama Desert, they found Actinobacteria and Proteobacteria in all samples in both eDNA and iDNA groups. That's not surprising, Wagner said, because the living cells constantly replenish the store of iDNA as they die and degrade.

"If a community is really active, then a constant turnover is taking place, and that means the 2 pools should be more similar to each other," he said. In samples collected from depths of less than 5 centimeters, they found that Chloroflexota bacteria dominated in the iDNA group.

In future work, Wagner said he plans to conduct metagenomic sequencing on the iDNA samples to better understand the microbes at work, and to apply the same approach to samples from other hostile environments. By studying iDNA, he said, "you can get deeper insights into the real active part of the community."


																																																					
																				
																						More information:
												Alexander Bartholomaus et al. Inside the Atacama Desert: uncovering the living microbiome of an extreme environment, Applied and Environmental Microbiology (2024). DOI: 10.1128/aem.01443-24 journals.asm.org/doi/10.1128/aem.01443-24
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For the first time, scientists film 'giant' Mimivirus in action

										

    
        
            [image: Revolutionizing biology education: Scientists film 'giant' mimivirus in action]
             
                A single Acanthamoeba cell (top) is shown in these screenshots from a video. The diagram below depicts the viral infection process--the large green circle indicates Acanthamoeba cell membranes and the small orange circles represent Mimivirus particles. Credit: Masaharu Takemura / Tokyo University of Science, Japan
            
        

    


The COVID-19 pandemic led to heightened public interest in learning about viruses and how they can cause diseases. There has been a lot of focus on communicating virology concepts to the general public in order to increase awareness about the spread and prevention of viral diseases.



										      
																																	When it comes to teaching biology, however, how do we explain microscopic processes like viral infections to students in the classroom?

In modern science education, seeing is believing--educators are now attempting to capture the attention of students by using eye-catching visuals and videos, instead of just relying on diagrams in a textbook. In the case of viruses, however, one major issue arises.

Viruses typically cannot be seen under the familiar 'light microscope' available in school and university classrooms, requiring highly specialized and expensive equipment for visualization.

Now, in a study published in the Journal of Microbiology & Biology Education on November 8, 2024, a team led by Professor Masaharu Takemura at the Tokyo University of Science has successfully captured the viral infection process under a light microscope, creating a stunning video showcasing their results.

The key to this process was a unique 'giant' virus known as Mimivirus. This research was co-authored by Ms. Kanako Morioka and Ms. Ayumi Fujieda at Tokyo's Yone Production Co., Tokyo, Japan.

Mimivirus has a much larger particle size than most viruses and can actually be seen under a light microscope, making it an ideal candidate for use as an educational tool. The researchers sought to visualize how the Mimivirus infects a microbe called Acanthamoeba.



    
    
    
        
        
    
            
            Movie of Mimivirus-infected Acanthamoeba cells from 1.8 hpi (hours post infection) to 3.7 hpi. Credit: Journal of Microbiology & Biology Education (2024). DOI: 10.1128/jmbe.00138-24
  

It is difficult to visualize amoebae under a microscope since they are constantly moving in a liquid medium; therefore, they used a modified growth medium containing a jelly-like substance called agar. This growth medium also contained viruses which infected the amoebae, and after infection, the Acanthamoeba cells moving under the agarose gel gradually slowed down.


																																						
    
     




																																			The researchers were able to film individual cells as they were infected; indeed, we can observe all the steps of the viral infection process in their footage. While healthy Acanthamoeba cells are initially moving around, they gradually slow down and come to a stop following Mimivirus infection.

As the amoeba cells stopped moving, the researchers observed the development of a 'virion factory' inside the amoeba cell, which produced more 'virions' or viral particles. The infected cell ultimately dies as its membrane ruptures.

Prof. Takemura says, "For the first time in the world, we have succeeded in continuously visualizing the events that are believed to occur in viral infection over a long period of time--such as the proliferation of the virus, its release from cells, and the death of cells during the process."

The film showing how a single Acanthamoeba cell is infected by Mimivirus was then screened in a biology classroom at the Tokyo University of Science and garnered positive reactions. The researchers observed that the movie influenced the perception of some students regarding viruses and seems to have shifted their views towards more scientific and biological perspectives.

This study also ensures that there is no violation of biological safety guidelines since the Acanthamoeba cells and viruses are grown in an appropriately equipped laboratory. The students in the classroom do not actually handle any of the equipment; the focus is only on screening the filmed video in a classroom setting.

Prof. Takemura explains, "It enhances students' understanding of virus proliferation mechanisms and highlights the biological significance of viruses, their impact on host cell fate, and their role in ecosystems."


																																																					
																				
																						More information:
												Kanako Morioka et al, Visualization of giant Mimivirus in a movie for biology classrooms, Journal of Microbiology & Biology Education (2024). DOI: 10.1128/jmbe.00138-24
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            [image: Chlorine and cocoa butter could protect corals from disease and decrease antibiotic pollution of the oceans]
             
                The researchers apply the chlorine paste to a large coral (Orbicella annularis) with several visible lesions. Image: Dr. Graham Forrester. Credit: Dr. Graham Forrester.
            
        

    


In the tropical Atlantic, stony coral tissue loss disease (SCTLD) is particularly severe because the disease is transmitted quickly, spreads to many hosts, and results in high mortality rates. Treatment methods to stop the spread of SCTLD are available; the most common is the use of antibiotics. This, however, comes with side effects like increased antibiotic resistance.



										      
																																	Now, an international team of researchers has investigated if an alternative, antibiotic-free approach to treating infected corals could help avoid antibiotic pollution of the world's oceans and improve coral health.

"Our study shows that direct treatment of SCTLD can help corals survive a disease outbreak and highlights that active management of disease is possible in the field," said Dr. Greta Aeby, a researcher at Qatar University and senior author of the study published in Frontiers in Marine Science.

"Antibiotic pollution is a problem worldwide, so we're working to develop a non-antibiotic treatment that would slow down tissue loss diseases."

Antibiotics vs. chlorine

The researchers compared the effectiveness of different treatments by applying them to infected corals of Horseshoe Reef, near the British Virgin Islands. Some corals were treated with amoxicillin, an antibiotic; others were treated with a paste mixed from chlorine and cocoa butter.

"In this mix, the active ingredient is sodium hypochlorite, an antiseptic commonly used to kill bacteria or viruses. The chlorine powder we used in our treatment is the same used to kill germs in swimming pools. The cocoa butter was just the delivery mechanism allowing us to spread the chlorine on the coral lesions," explained Aeby.

The researchers applied both treatments directly to corals and re-visited the reef every four or five weeks to measure and describe lesions and to reapply the treatment as necessary. After roughly 80 days, the median percentage of tissue lost was 17.6% for chlorine-treated colonies and 1.7% for amoxicillin-treated colonies.


    
        
            [image: Chlorine and cocoa butter could protect corals from disease and decrease antibiotic pollution of the oceans]
             
                The study's co-authors Argel Horton and Laura Arton apply the chlorine paste to a large coral (Orbicella annularis). The bright white area is where the treatment has already been applied. Image: Dr. Graham Forrester. Credit: Dr. Graham Forrester.
            
        

    





																																						
    
     




																																			Environmentally friendly

While the antibiotic treatment was more successful at containing SCTLD, the researchers said that unwanted side effects, such as the development of antibiotic-resistant bacteria, could be lessened when opting for the chlorine treatment. Antibiotic-resistant bacteria do not only affect corals, they said.

"Any organism--crabs, fish, even humans--in that same environment has a higher risk of encountering bacteria that are now antibiotic-resistant," explained Aeby.

While antibiotic treatments greatly impact the environment, the chlorine and cocoa butter paste mixture biodegrades easily, and the chlorine naturally deactivates within a day.

An added benefit is that it is much cheaper to produce--ingredients can be found in drug and hardware stores.

"The antibiotic paste is not only tedious to produce, it also is often too expensive for conservationists, who operate with minimal funding on Caribbean islands," said Argel Horton, a marine biologist at the Ministry of Environment, Natural Resources and Climate Change of the British Virgin Islands and co-author of the study.

Protecting oceans vital to coral health

The researchers said that not all corals responded equally well to the treatments. There also are many more coral species in different regions that haven't been included in the study. They hope that future research will test the effectiveness of different treatment methods elsewhere.

"Disease treatment can help manage a disease, but it will not remove the disease from the coral populations," said Aeby. Direct treatments can decrease the pathogen load in the environment, but treating coral colonies like done in study--individually and by hand--is not feasible in the long-term or on a large scale.

"The best strategy would be to improve environmental conditions so that corals have a better chance of fighting disease themselves. This includes cleaning up water pollution and rebalancing the ecosystem," Aeby pointed out.


																																																					
																				
																						More information:
												Graham E. Forrester et al, The relative effectiveness of chlorine and antibiotic treatments for stony coral tissue loss disease, Frontiers in Marine Science (2024). DOI: 10.3389/fmars.2024.1465173
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New tool allows researchers to study gene mutation directly within living human cells

										

    
        
            [image: New tool allows researchers to study gene mutation directly within living human cells]
             
                Credit: Science (2024). DOI: 10.1126/science.adn5876
            
        

    


Gene mutations have consequences both good and bad--from resistance to conditions like diabetes to susceptibility to certain cancers. In order to study these mutations, scientists need to introduce them directly into human cells. But changing genetic instructions inside cells is complex. The human genome comprises 3 billion base pairs of DNA divided across tens of thousands of genes.



										      
																																	To that end, Harvard researchers have created a tool that allows them to rapidly create mutations only in particular genes of interest without disturbing the rest of the genome. Described in an article published in Science, their tool, called Helicase-Assisted Continuous Editing (HACE), can be deployed to predetermined regions of the genome in intact, living cells.

"The development of tools like this marks a significant leap forward in our ability to harness evolution directly within human cells," said first author Xi Dawn Chen, a Griffin Graduate School of Arts and Sciences student studying synthetic biology in the Department of Stem Cell and Regenerative Biology. "By allowing targeted mutagenesis in specific parts of the genome, this tool opens the door to creating enzymes and treatments that were previously out of reach."

Unlike current methods for mutagenesis, which involve inserting extra copies of genes or broadly mutating many different genes at once, HACE offers the advantage of being directed to locations--like going to a specific address, rather than a neighborhood.

The team's novel bioengineering involves combining a helicase, which is an enzyme that naturally "unzips" DNA, with a gene-editing enzyme. They then use the gene-editing technology CRISPR-Cas9 to guide the protein pair to the gene they want to mutate. As the helicase unzips the DNA, it introduces mutations into only that gene sequence.


																																						
    
     




																																			"HACE combines CRISPR's precision with the ability to edit long stretches of DNA, making it a powerful tool for targeted evolution," explained senior author Fei Chen, assistant professor in the Department of Stem Cell and Regenerative Biology and member at the Broad Institute.

To demonstrate the tool's power in the lab, the scientists used it to identify drug resistance mutations in a gene called MEK1, which cancer treatments often target but frequently fail because the diseased cells mutate resistance mechanisms. Using HACE, the team sequenced only those mutated genes and pinpointed several unique changes associated with resistance to cancer drugs like trametinib and selumetinib, offering insights into how mutations affect drug performance.

They also examined how mutations in SF3B1, a gene involved in a biomolecular process called RNA splicing, affects RNA assembly. Mutations in this gene are common in blood cancers, but it's been unclear which mutations cause the splicing defects; with HACE, the team could easily identify those changes.

And in partnership with Bradley Bernstein's lab at Harvard Medical School and Dana-Farber Cancer Institute, the researchers also used the tool to better understand how changes in a regulatory DNA region affect the production of a protein in immune cells recognized as a potential target for cancer immunotherapies.

Bernstein said tools like HACE could someday allow massive edits of gene regulatory sequences that could then be coupled with deep learning computation for deciphering. "One can imagine many new therapeutic opportunities that involve precise edits or tuning of these regulatory sequences to 'fix' gene activity and ameliorate disease," Bernstein said.


																																																					
																				
																						More information:
												Xi Dawn Chen et al, Helicase-assisted continuous editing for programmable mutagenesis of endogenous genomes, Science (2024). DOI: 10.1126/science.adn5876
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How conflicting memories of sex and starvation compete to drive behavior
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                Caenorhabditis elegans. Credit: Wikipedia
            
        

    


Two conflicting memories can both be activated in a worm's brain, even if only one memory actively drives the animal's behavior, finds a new study by UCL researchers.



										      
																																	In the paper published in Current Biology, the researchers showed how an animal's sex drive can at times outweigh the need to eat when determining behavior, as they investigated what happens when a worm smells an odor that has been linked to both good experiences (mating) and bad experiences (starvation).

The scientists were seeking to understand how an animal's brain decides if something it encounters is good or bad, and how this determines the animal's response.

They found that by conditioning male worms to have both positive and negative associations with an odor, both memories will be activated when the worm smells the odor, but only one will impact the animal's behavior.

The researchers say their findings can be further investigated to gain insight into health conditions where this process goes wrong, such as in post-traumatic stress disorder (PTSD), where memories that should remain latent (dormant) are still problematically influencing behaviors and emotions.

Lead author Dr. Arantza Barrios (UCL Cell & Developmental Biology) said, "For our study, we were looking into the brain of the male worm, in order to understand the cellular or molecular mechanisms that determine if a particular memory impacts behavior. An important part of how we learn is that our brains are able to adapt to new information and override previous associations."


																																						
    
     




																																			Co-first author Dr. Susana Colinas Fischer (UCL Cell & Developmental Biology) added, "By understanding what a very small worm is thinking, we are able to learn more about the processes underlying our own more complex thinking patterns."

The study was undertaken with male C. elegans roundworms, a species of worm 1mm in length that is very commonly used as a model organism in scientific research. The worms were presented with an odor that is innately attractive to them, which the researchers say is akin to a person smelling a delicious dinner.

In a series of experiments, the researchers modified the worms' preference for the odor and monitored their behavior and brain activity.

The worms' instinct to approach the odor was overridden by aversive conditioning, in which the worms experienced the odor together with a punishment of starvation. The researchers then sought to override this learned avoidance with further conditioning, whereby the odor was presented alongside a female mate and some sexual experience, so that the male worms developed a new positive association with the odor.

The analysis identified a circuit of brain cells that represents both positive and negative associations with things the animal has encountered previously, centered on a particular neuropeptide (a chemical messenger in the brain) that stores the memories of both the starvation and mating associations with the odor.


																																			The researchers found that in worms that had been conditioned to associate the odor with starvation and mating, both memories were activated in the brain. But only one of them--the mating association--still caused the worm to approach the odor.

The researchers say this indicates that the prospect of a mating reward overrode the prospect of a starvation punishment, even though both memories remained intact--while the worm no longer avoided the odor, the negative memory of starvation was still represented in the brain activity.

Co-first author Dr. Laura Molina-Garcia (UCL Cell & Developmental Biology) said, "We found that even in an animal with a very small brain like that of a roundworm, two conflicting memories can both be activated at the same time, with one memory impacting behavior and one memory remaining latent.

"The way an animal's brain can flexibly represent something that is partly good and partly bad helps it to learn and adapt to new information. By understanding how some memories can override other conflicting memories, we hope to inform research into treating the maladaptation of this process, such as in PTSD."


																																																					
																				
																						More information:
												Conflict during learning reconfigures the neural representation of positive valence and approach behaviour, Current Biology (2024). DOI: 10.1016/j.cub.2024.10.024. www.cell.com/current-biology/f ... 0960-9822(24)01378-2
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Altering two genes to produce sweeter tomatoes without sacrificing size, weight or yield
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                The expression pattern and subcellular localization of SlCDPK27. Credit: Nature (2024). DOI: 10.1038/s41586-024-08186-2
            
        

    


A team of horticulturists, bio-breeders and agriculture specialists affiliated with a host of institutions across China has produced sweeter tomatoes without sacrificing size, weight or yield by altering two of their genes. In their study, published in the journal Nature, the group modified the genes of a tomato variant that coded for proteins that lowered levels of enzymes related to sugar production.



										      
																					Amy Lanctot and Patrick Shih with the University of California, Berkeley, have published a News and Views piece in the same journal issue outlining the work done by the team in China.

Over the past several centuries, farmers around the world have crossbred tomato plants with the aim of improving yields and increasing fruit size. The result has been a massive growth in both. Unfortunately, making tomatoes bigger has also made them less sweet. Past efforts to make large modern tomatoes sweeter have resulted in smaller yields.

For this new study, the research team took a new approach. They began by looking into the reason for the loss of sweetness in tomatoes and partially corrected crossbreeding effects on the tomato genome.

The research team discovered two genes in multiple tomato variants that were more active in larger varieties. Called SlCDPK26 and SlCDPK27, the two genes were found to code for proteins that lowered the levels of enzymes that produce sugar. The researchers next genetically modified the genome of a variety of large tomato called Money Maker to disable the two genes they had identified.

Plants grown with the modification produced tomatoes with a 30% increase in fructose and glucose levels with no reduction in size or weight. The team further confirmed that the tomatoes were sweeter by tasting them. The gene alterations did not diminish yields--the only other difference they found was that the tomatoes produced fewer seeds, which were also smaller. They suggest consumers would probably like this added feature.

The research team acknowledges that their modified tomatoes are not as sweet as cherry varieties, but suggest further work might lead to more gene changes that could make the biggest tomatoes as sweet as the smallest.


																														
																				
																						More information:
												Jinzhe Zhang et al, Releasing a sugar brake generates sweeter tomato without yield penalty, Nature (2024). DOI: 10.1038/s41586-024-08186-2

Amy Lanctot et al, Tomato engineering hits the sweet spot to make big sugar-rich fruit, Nature (2024). DOI: 10.1038/d41586-024-03302-8
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Reintroduction of fungus-resistant frogs helps facilitate recovery of disease-impacted species
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                As it's done to amphibians worldwide, Batrachochytrium dendrobatidis has devastated native frog populations in Yosemite. Credit: UC Santa Barbara
            
        

    


A remote lakeshore deep inside Yosemite National Park teems with life: coyotes, snakes, birds, tadpoles, frogs. The frogs are at the heart of this scene, which a decade ago was much different. It was quiet--and not in a good way. The frogs that are so central to this ecosystem were absent, extirpated by a deadly fungal disease known as amphibian chytrid fungus.



										      
																																	Now, thanks to the consistent and focused efforts of researchers and conservationists to save, then reintroduce, mountain yellow-legged frogs to this and numerous other lakes in Yosemite, their populations are again thriving.

A landscape-scale study led by UC Santa Barbara (UCSB) biologist Roland Knapp, with colleagues from UCSB, University of Colorado, Boulder, University of Tennessee, and Yosemite National Park, details the long-term endeavor comprising 24 reintroductions across 12 different sites in Yosemite over 17 years.

In that time, remarkably, the frogs have developed some resistance to the chytrid fungus, Batrachochytrium dendrobatidis (Bd), allowing them to persist in its presence. The paper is published in the journal Nature Communications.

"Going back to some of these lakes where frogs are now recovering, and just sitting and watching, reminds you of what has been accomplished," said Knapp, based at UCSB's Sierra Nevada Aquatic Research Laboratory.

"You sit on the bank and you have tadpoles all around you in the water and adult frogs sitting next to you on the shore. You have birds flying in and feeding on them, and snakes that are feeding on them. You have a lake that's alive again."

As it's done to amphibians worldwide, Bd has devastated native frog populations in Yosemite. Once the most common amphibian in the high elevation portion of California's Sierra Nevada mountains, during the past century the Sierra Nevada yellow-legged frog (Rana sierrae) has disappeared from more than 90% of its historical range. It is currently listed as "endangered" under the Endangered Species Act.


																																						
    
     




																																			But in their long-term study, Knapp and co-researchers were able to successfully reestablish breeding populations by translocating Bd-resistant frogs to sites where the species had been wiped out. The success of their recovery efforts is a beacon of hope for amphibian conservation.

"In our study, results from viability modeling suggest that many reintroduced populations have a high probability of persisting over 50 years," Knapp said.

"These results provide a rare example of how reintroduction of resistant individuals can allow the landscape-scale recovery of disease-impacted species, and have broad implications for amphibians and many other taxa that are threatened with extinction by novel pathogens."

Amphibians are the most threatened vertebrate class, with more than 40% of species threatened with extinction. In less than a generation, the human-driven emergence of the amphibian chytrid fungus (Bd) has devastated global amphibian biodiversity, with thousands of populations in decline or extirpated, and dozens of species now extinct in the wild. Even amphibians in the most protected habitats have fallen victim to what Knapp calls an "invisible killer."

All of which makes the success of this study even more "mind-blowing," he said. "It's mind-blowing considering where we were 10 or 15 years ago, when we weren't sure if we were going to have this frog on the landscape anymore, to see how things are turning around. It's incredible to see."


																																			It's taken some seriously painstaking work to get here.

The reintroductions require careful planning; when identifying the best locations for reintroduction, team members must factor site elevation, winter severity and predation risk. And monitoring the translocated frogs is an intensive, long-term effort, often requiring researchers to hike in and capture every frog at a site multiple times per year.

Monitoring those translocated populations over several years, the team observed the recruitment of new adult frogs, indicating successful recovery. Conducted within the protected confines of a national park, their efforts, Knapp noted, demonstrate the importance of maintaining and restoring natural processes in these ecosystems.

What about the prospect of scaling up this approach across the entire Sierra Nevada range--even serving as a proof of concept, and potentially as a model, for similar conservation efforts elsewhere across the globe?

"It's really important to have that broader perspective," said Knapp.

"We now have a proven strategy that is working in Sierra Nevada yellow-legged frogs and is allowing us to recover the frog at the scale of Yosemite National Park. This frog that has been pushed to the verge of extinction by this pathogen is now becoming an example of how we might recover amphibians all around the world."


																																																					
																				
																						More information:
												Roland A. Knapp et al, Reintroduction of resistant frogs facilitates landscape-scale recovery in the presence of a lethal fungal disease, Nature Communications (2024). DOI: 10.1038/s41467-024-53608-4
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Study reveals half a century of change on Britain's iconic limestone pavements

										

    
        
            [image: New study reveals half a century of change on Britain's iconic limestone pavements]
             
                Limestone pavement in the Yorkshire Dales. Credit: Professor Carly Stevens
            
        

    


Fifty years of change on iconic limestone pavements has revealed mixed fortunes for one of the most distinctive landscapes in the UK. The landscapes--which will be familiar to visitors to the Yorkshire Dales and fans of Harry Potter and the Deathly Hallows film--have, in many places, seen reductions of specialist species and more common less desirable species become more abundant.



										      
																																	However, it is not all bad news as the picture is very mixed across the UK's areas of limestone pavement with some areas increasing in plant biodiversity.

The findings, which reveal large changes since the 1970s, are from the first national assessment in half a century of plants and vegetation in Britain's rare and iconic limestone pavements, which was conducted by Carly Stevens, Professor of Plant Ecology at Lancaster University.

An internationally important habitat, Britain's limestone pavements are predominantly found in the northern English counties of Yorkshire, Lancashire and Cumbria, as well as in North Wales and Scotland.

Plants, such as ferns and herbaceous species more commonly found in woodland, heathlands and grasslands, grow within the deep gaps and cracks in limestone pavements known as grikes, often creating a hidden world that you cannot see until you stand directly above them.

In the early 1980s, laws were introduced to protect limestone pavement from quarrying, and many areas are now covered by nature reserve status.

However, despite being a rare and treasured landscape feature, and habitat to many specialized plants and wildlife, Britain's limestone pavements have undergone few scientific studies.

To help address this, Professor Stevens repeated a limestone pavement survey undertaken by two scientists (Stephen Ward and David Evans) in the early 1970s.


																																						
    
     




																																			Professor Stevens used the same methods to replicate the 1970s study as best as possible, surveying areas of limestone pavement totaling 3157 hectares across five years between 2017 and 2022.

Her study, "Large changes in vegetation composition seen over the last 50 years in British limestone pavements" which is published in Functional Ecology, recorded 313 plant species across UK limestone pavements--an additional 29 species to the number recorded in the 1970s.

And some pavements saw the number of plant species living there, or species richness, increase.

However, despite many areas falling under the protection of nature reserves, some less desirable species, such as thistles, nettles and bracken, have increased in abundance across different limestone pavements in the UK. And Professor Stevens also found that important specialist species, such as primrose, lily of the valley, elder flower trees and hairy violet, have declined in abundance across UK limestone pavements.

However, these declines were not uniform and some of these species did see increases in some areas--adding to a complex, but important picture that will be invaluable information for conservationists.

"Limestone pavements have undergone large changes in the number and types of plants that live in these rare and spectacular habitats," said Professor Stevens. "Limestone pavements are a habitat of high conservation value and they are protected for their unusual geology and the plants and animals that live in them.


																																			"But if we are to conserve them for future generations, it's important to understand why these changes have occurred."

A major factor appearing to affect some limestone pavements is tree cover. Professor Stevens undertook aerial photography comparisons with historical aerial images for all the limestone pavements in England to compare how the number and size of trees had changed.

She found that some pavements had seen their area shaded by trees increase by more than 50%. Despite this, the number of pavements without trees also increased, showing there's a very mixed picture across different areas--often depending on the number of trees in the surrounding area.

Pavements where the numbers of trees and shrubs increased have commonly seen reductions in plant biodiversity. Professor Stevens believes this is probably due to trees and shrubs blocking off the light for smaller plants in among the grikes. Those pavements most affected by tree cover are found in Lancashire and Cumbria.

Those pavements that have low or moderate tree cover are more likely to have seen increases in species richness--though not necessarily with desirable specialist species.

Professor Stevens found many open pavements were impacted by grazing of animals, though there have been changes in the 50 years between surveys.


																																						
    
     




																																			"Grazing pressure has declined in a lot of areas since the 1970s as a result of agricultural policy but there are still some pavements that are overgrazed," said Professor Stevens.

"Grazing can be an important tool in the management of limestone habitats but it needs to be carefully considered as overgrazing can result in a loss of biodiversity. Similarly, under-grazing can result in scrub and tree encroachment, which we see can also affect diversity and species composition as light levels are reduced."

The survey will help to inform the future management of limestone pavements, an area that is still developing and will benefit from the survey results and additional data.

"At this stage we don't actually know what optimal management looks like for limestone pavements," said Professor Stevens.

"This survey provides vital data to help further understanding on what the current picture is for limestone pavement vegetation. However, we still need more research to help improve our knowledge on what the threats are to habitat and the potential for restoring damaged limestone pavements."


																																																					
																				
																						More information:
												Large changes in vegetation composition seen over the last 50 years in British limestone pavements, Functional Ecology (2024). DOI: 10.1111/1365-2435.14684
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World-first robotic hand to help cultivate baby corals for reef restoration
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                The soft robotic 'hand' transporting a baby coral. The hand is attached to a coral farming robot called Coral Husbandry Automated Raceway Machine (CHARM). Credit: CSIRO
            
        

    


A world-first soft robotic hand, developed by researchers at CSIRO, Australia's national science agency, could revolutionize the delicate, labor-intensive process of cultivating baby corals in laboratories, offering a groundbreaking approach to coral restoration efforts.



										      
																																	The robotic hand, or gripper, was designed to be attached to a coral farming robot called Coral Husbandry Automated Raceway Machine (CHARM).

CHARM and the Beyond Coral Foundation aim to deploy this technology in aquariums and coral farms worldwide, enabling the large-scale production of coral to restore reefs.

A close collaboration between CSIRO and CHARM, the project is part of CSIRO's Kick-Start program, which offers dollar-matched funding and access to research expertise to Australian start-ups and small and medium-sized enterprises (SMEs).

Dr. Josh Pinskier, CSIRO Soft Robotics Scientist in CSIRO's Data61, said the project aims to partially automate the time-consuming process of coral propagation.

"Cultivating hundreds or thousands of baby coral colonies in the lab demands significant effort and precise handing," Dr. Pinskier said.

"Each coral must be carefully transferred between tanks to maintain ideal growing conditions, a process currently managed entirely by hand.

"This gripper replicates the dexterity of a human hand, allowing it to handle delicate coral tissue without damaging them, while being strong enough to lift various sizes.

"By automating this process, we can contribute to broader global efforts to scale coral farming and help restore the world's reefs."

The grippers were designed using CSIRO's AI-powered generative design algorithms, which identified the optimal structures to safely and effectively handle delicate coral.


																																						
    
     




																																			Sarah Baldwin, a Mechatronics Engineer who conducted this research while at CSIRO, said the gripper design was innovative due to traditional robotics' unsuitability in corrosive saltwater.

"To overcome corrosion, we 3D printed the gripper from hard polymer and soft rubber, with only a few screws and bolts," Baldwin said.

Stephen Rodan, inventor of CHARM and President of Beyond Coral Foundation, emphasized the groundbreaking nature of the project.

"This is the first time in history that a robot apparatus ever picked up a coral and transferred it safely between tanks using a soft robotic gripper of this kind," Rodan said.

The gripper is just one of several attachments CHARM can support, alongside tools such as a soft brush for removing algae, further streamlining coral farming operations.

Rodan said the partnership with CSIRO provided the specialized engineering capability needed to advance Beyond Coral Foundation's reef restoration efforts.

"The next challenge is placing the corals back in their natural habitat, and a well-designed gripper could facilitate the transition from growth to deployment," Rodan said.
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                Mouse in a behavioural experiment conducted by the group led by ETH Professor Johannes Bohacek. Credit: Alessandro Della Bella / ETH Zurich
            
        

    


There is one specific task that stress researchers who conduct animal experiments need to be particularly skilled at. This also applies to researchers who want to improve the conditions in which laboratory animals are kept. They need to be able to assess the well-being of their animals based on behavioral observations, because unlike with humans, they cannot simply ask them how they are feeling.



										      
																																	Researchers from the group led by Johannes Bohacek, Professor at the Institute for Neuroscience at ETH Zurich, have now developed a method that significantly advances their analysis of mouse behavior. The work is published in the journal Nature Methods.

The process makes use of automated behavioral analysis through machine vision and artificial intelligence. Mice are filmed and the video recordings are analyzed automatically. While analyzing animal behavior used to take many days of painstaking manual work--and still does in most research laboratories today--world-leading laboratories have switched to efficient automated behavioral analysis methods in recent years.

Statistical dilemma solved

One problem this causes is the mountains of data generated. The more data and measurements available, and the more subtle the behavioral differences to be recognized, the greater the risk of being misled by artifacts. For example, these may include an automated process classifying a behavior as relevant when it is not. Statistics presents the following simple solution to this dilemma--more animals need to be tested to cancel out artifacts and still obtain meaningful results.

The ETH researchers' new method now makes it possible to obtain meaningful results and recognize subtle behavioral differences between the animals even with a smaller group, which helps to reduce the number of animals in experiments and increase the meaningfulness of a single animal experiment.

It therefore supports the 3R efforts made by ETH Zurich and other research institutions. The 3Rs stand for replace, reduce and refine, which means trying to replace animal experiments with alternative methods or reduce them through improvements in technology or experimental design.


																																						
    
     




																																			Behavioral stability in focus

The ETH researchers' method not only makes use of the many isolated, highly specific patterns of the animals' behavior; it also focuses closely on the transitions from one behavior to another.

Some of the typical patterns of behavior in mice include standing up on their hind legs when curious, staying close to the walls of the cage when cautious and exploring objects that are new to them when feeling bold. Even a mouse standing still can be informative--the animal is either particularly alert or uncertain.

The transitions between these patterns are meaningful--an animal that switches quickly and frequently between certain patterns may be nervous, stressed or tense. By contrast, a relaxed or confident animal often displays stable patterns of behavior and switches between them less abruptly. These transitions are complex. To simplify them, the method mathematically combines them into a single, meaningful value, which renders statistical analyses more robust.

Improved comparability

ETH Professor Bohacek is a neuroscientist and stress researcher. Among other topics, he is investigating which processes in the brain determine whether an animal is better or worse at dealing with stressful situations.

"If we can use behavioral analyses to identify--or, even better, predict--how well an individual can handle stress, we can examine the specific mechanisms in the brain that play a role in this," he says. Potential therapy options for certain human risk groups might be derived from these analyses.

With the new method, the ETH team has already been able to find out how mice respond to stress and certain medicines in animal experiments. Thanks to statistical wizardry, even subtle differences between individual animals can be recognized. For example, the researchers have managed to show that acute stress and chronic stress change the mice's behavior in different ways. These changes are also linked to different mechanisms in the brain.

The new approach also increases the standardization of tests, making it possible to better compare the results of a range of experiments, even those conducted by different research groups.


																																			Promoting animal welfare in research

"When we use artificial intelligence and machine learning for behavioral analysis, we are contributing to more ethical and more efficient biomedical research," says Bohacek. He and his team have been addressing the topic of 3R research for several years now. They have established the 3R Hub at ETH for this purpose. The Hub aims to have a positive influence on animal welfare in biomedical research.

"The new method is the ETH 3R Hub's first big success. And we're proud of it," says Oliver Sturman, Head of the Hub and co-author of this study. The 3R Hub now helps to make the new method available to other researchers at ETH and beyond.

"Analyses like ours are complex and require extensive expertise," explains Bohacek. "Introducing new 3R approaches is often a major hurdle for many research laboratories." This is precisely the idea behind the 3R Hub--enabling the spread of these approaches through practical support to improve animal welfare.


																																																					
																				
																						More information:
												Lukas M. von Ziegler et al, Analysis of behavioral flow resolves latent phenotypes, Nature Methods (2024). DOI: 10.1038/s41592-024-02500-6
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Researchers discover key gene affecting rice leaf growth and methane emissions
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                Working model of the SM1 gene. Credit: YE Yafeng
            
        

    


Rice leaf veins are essential for plants' growth and development. They help support the leaves and transport important substances like water, gases, and nutrients throughout the plant. A research team led by Dr. Wu Yuejin from Hefei Institutes of Physical Science of the Chinese Academy of Sciences recently unveiled the molecular underlying mechanism of how these veins form and develop.



										    
																					They found that a gene called SM1 plays a crucial role in the development of rice leaf veins and affects methane emissions from rice plants. Their findings were published in Plant Science.

With the help of ion beam mutagenesis technology, the team identified a rice mutant, whose leaf veins become solid instead of hollow. These mutant plants were shorter and had 49% less dry weight compared to their wild type plants. Through further research, the team identified a key gene, named SM1, that plays a crucial role in controlling the development of rice leaf veins.

The SM1 gene encodes a litter zipper protein that interacts with another protein, OSHB1, to regulate the expression of OSH1, which controls the growth of the plant's stem cells. This interaction affects how the rice plant's vascular system develops.
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                Phenotypic analysis of SM1 mutant. Credit: YE Yafeng
            
        

    



Researchers also discovered that in the mutant plants, the solid veins were filled with different types of cells, which limited the plant's ability to transport oxygen to its roots. This led to enhanced methanogenic activity in the rhizosphere and a 96.8% increase in total methane emissions.

This research highlights the importance of the rice plant's vascular system in both growth and methane emissions. It also provides new ideas for rice breeding.


																														
																				
																						More information:
												Hongrui Jiang et al, Mutation of rice SM1 enhances solid leaf midrib formation and increases methane emissions, Plant Science (2024). DOI: 10.1016/j.plantsci.2024.112312
																						
																					


                               											
																					
                              										                                        
										
										
											 
												Citation:
												Researchers discover key gene affecting rice leaf growth and methane emissions (2024, November 14)
												retrieved 14 November 2024
												from https://phys.org/news/2024-11-key-gene-affecting-rice-leaf.html
											 

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

										

                                        
									

								



This article was downloaded by calibre from https://phys.org/news/2024-11-key-gene-affecting-rice-leaf.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next




										 by Helena Wegner, The Charlotte Observer										 										 									
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An endangered orca vanished from a dwindling whale pod off the Washington coast, a conservation group said.



										      
																					The missing Southern Resident killer whale, K-26, was not seen by researchers during an Oct. 29 encounter near Middle Bank, the Center for Whale Research said in a Nov. 6 Facebook post.

This latest encounter was the third straight time researchers did not see the 31-year-old whale swimming with his family, the group said.

Now, he's been added to the missing whales list.

K-26, also known as Lobo, was last seen in July, more than three months ago, according to the Orca Conservancy.

Researchers did not say what could have happened to him.

He has a mother and two sisters, according to an Instagram post from the Orca Conservancy. His mom, K-14, is 47 years old.

K pod is the smallest group of Southern Resident killer whales with 15 members, including K-26. This group can be found in waters from British Columbia, Canada, to Northern California, the nonprofit said.

The male killer whale isn't the only orca to disappear recently.

Baby orca vanishes

Researchers also did not see a baby orca belonging to the L pod during the Oct. 29 encounter, the Center for Whale Research said.

L-128 has not been seen since Oct. 5.

Researchers said the calf wasn't in good shape when they saw it last. It was emaciated and being carried by a female whale that was not its mother, the organization said.

"K26 will likely be declared deceased on the next Census, which will bring K Pod down to only 14 members, and the entire Southern Resident population count down to a total of 72, the lowest it has been since 2020," the Orca Conservancy said.

"Every loss hurts," one person commented on Instagram.

"Oof this one hits hard. Big love for K26 Lobo," another person wrote.

Southern Resident killer whales are listed as endangered species in both the U.S. and Canada, according to the Environmental Protection Agency.

These populations have declined due to lack of prey, chemical pollution, noise disturbances from vessels as well as other factors, the agency said.


																														
																					
																															 
												  2024 The Charlotte Observer. Distributed by Tribune Content Agency, LLC.
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Scientists say they have found the world's largest coral near the Pacific's Solomon Islands, announcing Thursday a major discovery "pulsing with life and color".



										      
																																	The coral is so immense that researchers sailing the crystal waters of the Solomon archipelago initially thought they had stumbled across a hulking shipwreck.

"Just when we think there is nothing left to discover on planet earth, we find a massive coral made of nearly one billion little polyps, pulsing with life and color," marine ecologist Enric Sala said.

The standalone structure had been growing for some 300 years, the researchers said, formed from a "complex network" of tiny coral polyps.

It was distinct from a coral reef, which is made from many distinct coral colonies, they explained.

Measuring 34 meters wide (111 feet) and 32 meters long (104 feet), the team said the "mega coral" was three times bigger than the previous record holder--a coral dubbed "Big Momma" in American Samoa.

"While Big Momma looked like a huge scoop of ice cream plopped down on the reef, this newly discovered coral is as if the ice cream started to melt, spreading forever along the seafloor," said lead scientist Molly Timmers.

It was longer than a blue whale and was thought to be "so colossal" that it could "be seen from space".

The coral was discovered at the southeastern tip of the Solomon Islands in an area known as the Three Sisters.
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It was spotted by a National Geographic team embarking on a scientific expedition in the region.

Hotter and more acidic oceans have drained the life from corals in many of the region's tropical waters, including Australia's famed Great Barrier Reef.

But this latest discovery offered a small glimmer of hope, the research team said.

'Beacon of hope'

"While the nearby shallow reefs were degraded due to warmer seas, witnessing this large healthy coral oasis in slightly deeper waters is a beacon of hope," said coral scientist Eric Brown.

The lush rainforests and pristine waters of Solomon Islands have long been celebrated for their ecological diversity.

Wildlife observations made in Solomon Islands in the 1920s helped prove a key part of Charles Darwin's theory of evolution.

"There is so much to learn about the richness of marine life and the ocean ecosystem, but this finding opens doors of knowledge," said top Solomon Islands official Collin Beck.

"More scientific research is needed to better understand our rich biodiversity and our planet."
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Portable spectrophotometer approach predicts shelf life of strawberries in real time
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Based on non-invasive technology, a research group at the University of Cordoba has created a tool to guarantee optimal strawberry quality and minimize food waste.



										      
																																	In 2019, 930 million tons of food were wasted in the world, according to the UN. These losses, which occur at different stages of the agri-food chain for economic, aesthetic and product quality reasons, generate between 8 and 10% of greenhouse gas emissions, so reducing food waste is a primary objective for governments and the research community.

Contributing to solving the problem, Laura Rabasco, Francisco Jimenez, Aricia Possas and Fernando Perez, researchers with the HIBRO group at the University of Cordoba, have developed a method that combines different technologies to predict the shelf life of strawberries quickly, in real time, and without doing damage to the fruit.

Their paper is published in the journal Postharvest Biology and Technology.

"The aim of the project was to create an index to predict the quality of strawberries using non-destructive techniques, which is why we used NIRS (Near-Infrared Spectroscopy) technology, which uses reflected light to measure the physicochemical (firmness, weight loss) and microbiological parameters of the strawberry," explained researcher Jimenez.

A portable spectrophotometer (the apparatus that measures reflectance) capable of measuring both the visible and infrared spectra was used to develop this method. Quality parameters, including color, firmness, weight loss, appearance, and microbial quality were evaluated every three days during the storage of fresh strawberries at different temperatures.


																																						
    
     




																																			Based on this data, "mathematical models were created that are integrated into the Cloud and allow us to make predictions about the shelf life of the strawberry based on the physicochemical parameters that we measured with the spectrophotometer," Jimenez said.

"In the study we tested different temperatures from 5 to 35 degrees, and the idea is for it to be applied within those phases of the chain to extend the shelf life," added researcher Rabasco.

While traditional physical-chemical and microbiological analyses would involve laboratory activity and more time to obtain the results, in addition to damaging the fruit, this technology is non-destructive and decisions can be made in real time (deciding whether a product should come out sooner or later) related to dynamic pricing models in supermarkets, thus adapting the price to the product's shelf life.

"This digital approach uses the information that is collected with the spectrophotometer and sent to the Cloud. The data on the quality of the product is processed and can be used in real time in logistics chains and for decision-making, with the aim of reducing food waste," said Perez.

This technology has been tested at Migros stores, the largest fresh food retailer in Turkey, as part of the PRIMA BiofreshCloud project, which aims to promote the circular bioeconomy, extend the shelf life of strawberries and tomatoes, and reduce food waste in pre-harvest and post-harvest phases by taking a digital approach.


																																																					
																				
																						More information:
												Laura Rabasco-Vilchez et al, Evaluating the shelf life of strawberries using a portable Vis-NIR spectrophotometer and a Reflectance Quality Index (RQI), Postharvest Biology and Technology (2024). DOI: 10.1016/j.postharvbio.2024.113189
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As Congress reconvenes, a coalition of advocates has published a policy brief calling on representatives to provide more support for urban agriculture through a new iteration of the Farm Bill, which has been in a state of limbo since expiring in September 2023.



										      
																																	Built on the expertise and experiences of urban agriculturalists, along with research from the University of Michigan, the brief urges Congress to fully fund the Department of Agriculture's Office of Urban Agriculture and Innovative Production for the first time in the office's six-year history.

First established by the Farm Bill's passage in 2018, the office wasn't funded until 2020, and even then, the funding was at only 20% of its authorized level. By providing more support, the nation could reap even more of urban agriculture's undeniable social and economic benefits, the brief's authors said.

"It is possible to unlock extraordinary synergies between the environmental, economic and social benefits of urban agriculture, and this becomes even more likely if policy is supportive of it," said Jason "Jake" Hawes, an author of the urban agriculture policy brief, which was also published in the Journal of Agriculture, Food Systems, and Community Development.

He's now an assistant professor at the University of Wyoming, but he earned his doctorate at U-M studying the impacts of urban agriculture on people, places and the planet. Members of the nonprofit Michigan Food and Farming Systems and the National Sustainable Agriculture Coalition, an advocacy group, also authored the brief.

In addition to expanding funding for the Office of Urban Agriculture and Innovative Production, the brief also seeks to make that funding more reliable and to foster urban agriculture technical support and data collection.

"Despite the incredible demand the office has seen for its programs, it has not been funded to the extent it was initially written for, and this funding is conditional on repeated approval," Hawes said. "So every year there are questions about the sustainability of its programs, despite their really remarkable success."


																																						
    
     




																																			More support, more sustainability

Results from Hawes's earlier research have emphasized the barriers and challenges urban producers face in maintaining sustainable and viable operations.

The average collective and individual gardens included in the study were more carbon-intensive than conventional agriculture, often as a result of barriers beyond the control of urban agriculturalists, such as land insecurity and preexisting soil pollution.

Yet, despite these barriers, the average urban farm had a greenhouse gas intensity per vegetable competitive with conventional farms. So the research team, which also included Benjamin Goldstein and Joshua Newell of the U-M School for Environment and Sustainability, dug into the reasons for that. They found that solutions are readily available with the right support.

"In this brief, we explore the ways that policy and planning have a role to play in supporting the climate-friendly practices already developed by urban food growers," Hawes said.

For example, on-farm infrastructure--including sheds, raised beds and composting bins--requires costly, upfront investments of time, money and even carbon. But many urban farms and gardens are displaced within a decade of starting due to local policies or development pressures outside of urban producers' control.

Thus, funding an office and programs that help extend the lifetime of these sites would go a long way in offsetting the startup costs and strengthening the environmental impact of urban agriculture, Hawes said. Long-running urban farms and gardens have already shown that, he added.


																																			"Urban agriculturalists have developed a variety of really interesting ways to reduce financial costs and their carbon footprint, including reusing materials, promoting soil carbon retention and reducing fuel use," Hawes said. "When programs are supported for a long period of time, they are often competitive with conventional agriculture in terms of carbon emissions, and outcompete conventional agriculture in terms of some other social and ecological benefits."

It's also important that all these factors and more are considered when evaluating the impact of urban agriculture, said Goldstein, a co-author of the original study and an assistant professor at the U-M School for Environmental and Sustainability.

"For example, our study showed that urban agriculture uses far less synthetic fertilizer," he said. "We need to use holistic approaches to assess these problems and cannot focus solely on one aspect of a system when appraising sustainability."

Furthermore, bolstering the technical assistance available in existing USDA service centers could also promote greater access to conservation practices and lower other barriers to urban agriculture.

"If we learn from the best practices that are out there today, learn from the kind of research we've done and if we have an appropriate level of funding and technical support, we can support urban agriculturists who create systems that are good for communities, good for cities and good for the climate," Hawes said.


																																																					
																				
																						More information:
												Hagan Capnerhurst et al, Sustainable agriculture impacts in urban settings make the case for federal investments [Policy brief], Journal of Agriculture, Food Systems, and Community Development (2024). DOI: 10.5304/jafscd.2024.141.002
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