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25 Technology Innovation Hubs across the country

The 25 Technology Innovation Hubs (TIH) set up across the country 

through the National Mission on Interdisciplinary Cyber-Physical 

Systems (NM-ICPS) are boosting new and emerging technologies to 

power national initiatives in key areas. They are bringing out several 

technological solutions for people-centric problems. Several 

technologies and technology platforms established under the mission 

have helped push impact in multiple sectors.

A total of 496 technological products, including 46 new technologies, 

have been developed through these TIHs. They include the first-of-its-

kind Internet of Things (IoT) device that monitors ambient temperature 

during the transportation of vaccines, including Covid-19, medicines, 

blood samples, food and dairy products, meat products, and animal 

semen developed by researchers at the IIT Ropar Technology 

Innovation Hub - AWaDH and its startup ScratchNest. Besides, a team 

of scientists from IIT Bombay has developed tapestry method for 

screening COVID-19 under Remedial Action, Knowledge Skimming, 

and Holistic Analysis of COVID-19 (RAKSHAK), an effort 

supported by the Technology Innovation Hub (TIH) at IIT Jodhpur.

An AI-driven platform that helped Chest X-ray interpretation of images 

sent over WhatsApp was developed by ARTPARK at IISc Bangalore. 

It brought early intervention through rapid screening of COVID 19, 

aiding doctors who have no access to X-ray machines.

A consortium launched by IITM Pravartak Technologies Foundation 

and five other entrepreneurial start-up companies in the deep tech and 

engineering domain have been established Under the mission I-

STAC.DB - Indian Space Technologies and Applications Consortium 

Design Bureau.

The TIHs have also led to the establishment of 13 Technology Business 

National Mission on Interdisciplinary Cyber-Physical Systems (NM-ICPS) are boosting new and emerging 

technologies to power national initiatives in key areas

Depiction of the geographical distribution of Hubs in the country.
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Incubator (TBI), 54 Start-ups & Spin-off companies, and the creation of 

around 928 jobs. 2024 Human Resource Development activities, 

including 1083 Skill Development programmes, have been conducted, 

and 32 International Collaborations started. The initiative has also given 

rise to 191 Publications, IPR, and other intellectual activities, as well as 

1073 Entrepreneurship Development activities.

NM-ICPS, which fosters technological solutions in health, education, 

energy, environment, agriculture, strategy cum security, Industry 4.0 is 

being implemented through 25 Technology Innovation Hubs (TIHs) 

established in top academic, and National R&D Institutes was approved 

at by the Union Cabinet at a total cost of Rs 3660 crores in December 

2018. All the hubs are working on developing solutions for people-

centric problems. 

The hubs include the following:

AI4ICPS I-Hub Foundation (TIH) at IIT Kharagpur working in the area 

of Artificial Intelligence and Machine Learning.

TIH Foundation for IoT and IoE at IIT Bombay, working in the area of 

Technologies for Internet of Things & Internet of Everything.

IIIT-H Data I-Hub Foundation at IIIT Hyderabad, working in the area of 

Data Banks & Data Services, Data Analysis.

I-HUB for Robotics and Autonomous Systems Innovation Foundation 

at IISc Bangalore, working in the area of Robotics & Autonomous 

Systems.

IHUB NTIHAC Foundation at IIT Kanpur, working in the area of 

Cyber Security and Cyber Security for Physical Infrastructure.

IHUB Drishti Foundation at IIT Jodhpur, working in the area of 

Computer Vision, Augmented and virtual reality.

Divyasampark IHUB Roorkee for Devices Materials and Technology 

Foundation at IIT Roorkee, working in the area of Device Technology 

and Materials.

IIT Patna Vishlesan I-hub Foundation at IIT Patna, working in the area 

of Speech, Video & Text Analytics.

IIT Madras Pravartak Technologies Foundation at IIT Madras, working 

in the area of Sensors, Networking, Actuator  & controls.

NMICPS Technology Innovation Hub on Autonomous Navigation 

Foundation (TiHAN) at IIT Hyderabad working in the area of 

Autonomous Navigation and Data Acquisition systems(UAV, RoVetc).

I-DAPT-HUB Foundation at IIT BHU, working in the area of Data 

Analytics & Predictive Technologies.

IIT Guwahati Technology Innovation and Development Foundation at 

IIT Guwahati, working in the area of Technologies for Underwater 

exploration.

IIT Mandi I-Hub and HCI Foundation at IIT Mandi, working in the 

area of Human-Computer Interaction.

I-Hub Foundation for Cobotics (IHFC) at IIT Delhi, working in the 

area of Cobotics.

IIT Ropar Technology and Innovation Foundation at IIT Ropar, 

working in the area of Technologies for Agriculture & Water.

Technology Innovation in Exploration & Mining Foundation at IIT 

(ISM) Dhanbad, working in the area of Technologies for Mining.

IIT Palakkad Technology I-Hub Foundation, working in the area of 

Intelligent Collaborative Systems.

IIITB Comet Foundation at IIIT Bangalore, working in the area of 

Advanced Communication System, BITS BioCYTiH Foundation at 

BITS Pilani, working in the area of Bio-CPS

IDEAS- Institute of Data Engineering, Analytics and Science 

Foundation at ISI Kolkata, working in the area of Data Science, Big 

Data Analytics and Data curation, etc.

IITI Drishti CPS Foundation at IIT Indore, working in the area of 

System Simulation, Modelling & Visualization.

IHUB Anubhuti-IIITD Foundation at IIIT Delhi, working in the area 

of Cognitive Computing & Social Censing.

I-Hub Quantum Technology Foundation at IISER Pune, working in the 

area of Quantum Technologies.

IIT Tirupati Navavishkar I-Hub Foundation at IIT Tirupati, working in 

the area of Positioning and Precision Technologies.

IIT Bhilai Innovation and Technology Foundation at IIT Bhilai, 

working in the area of Technologies for financial sector (Fintech).

Source: PIB

Dr. S Chandrasekhar, Secretary Department of Science & Technology, 

Govt. of India, stressed on focusing on gaining from lead expertise of 

different countries for taking forward collaborative initiatives. “Focus 

needs to be drawn on working with leading countries in their areas of 

expertise and connecting Indian industries and startups with the best 

minds in the world to produce technologies of global benchmark,” he 
thsaid at the celebration of the 10  Foundation Day of GITA.

Congratulating Global Innovation and Technology Alliance (GITA) for 

completing 10 years of nurturing innovation and industrial R&D by 

fostering bilateral academic industry and government collaborations, 

Dr. Chandrasekhar emphasized the need for robust engagement with 

stakeholders to take these collaborative activities to more countries.

th10  Foundation Day of Global Innovation and Technology Alliance (GITA)

Dr. Chandrasekhar highlighted the need to take the success stories to the 

masses and proper propagation of the technologies throughout the 

length and breadth of the country for societal benefits. He underlined the 

necessity to enhance the visibility of the programme for greater 

participation by people in the projects.

Appreciating one of the projects which had developed mechanism by 

which the refrigeration water cooling systems would consume 25% of 

less electricity and power sources, Secretary said that initiatives should 

be taken to propagate these kinds of processes. He added that even if 

10% power is saved on every refrigerator, especially in the laboratories 

and vaccine industry, storage requires temperatures up to -20 degrees, it 

will directly help reach carbon neutrality and minimize global warming.
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The GITA Global Technology Development Awards 2021 which were 

presented to a total of 7 companies on the occasion of celebration of the 
th10  Foundation Day of GITA, a PPP between Technology Development 

Board (TDB) of the Department of Science & Technology (DST) and 

Confederation of Indian Industry (CII). Three companies in the small, 2 

in medium, and 2 in large categories received the awards. The day was 
thcelebrated on 17  February 2022 on online mode based on the theme-- 

Collaborate & Create for a Sustainable Future. A total of 9 projects 

funded by DST, Ministry of Electronics and Information Technology, 

and Department of Heavy Industries that got successfully completed last 

year were showcased at the event. 

Mr. Deep Kapuria, Chairman, GITA Board, said that GITA has created a 

vision fostering the Indian innovation ecosystem and helped in forging a 

seamless connection between the Government of India, Indian Industry, 

and R&D Institutions for sharing of investment risks in industrial R&D 

and technology.

Mr. Chandrajit Banerjee, Director General Confederation of Indian 

Industry (CII), highlighted the need for significantly scaling up R&D 

investment as well as bold investment in frontier areas, creating world-

class research institutions and enabling infrastructure.

Mr. Sanjeev K Varshney, Head - International Cooperation, DST, 

stressed on the joint role of private sector and government to take the 

fruits of science to the masses and suggested that efforts be made to 

develop confidence in science among all stakeholders.

DST announced recommendations for selection of 6 joint projects from 

the applications received at the 'DST-Vinnova call on smart and 

sustainable cities and transport systems, clean technologies, IoT and 

digitization', which was launched on 5th March 2021. It also declared 

that India and Sweden will soon launch a new call on circular economy.

Two projects to be funded jointly under India-Sweden Collaborative 

Industrial R&D Programme on Smart Grids were declared selected 

from joint Research & Innovation Call by the Sweden Energy Agency 

and DST, GoI. 

The daylong event was a multi-stakeholder platform to exchange ideas 

along with a special 'Fireside Chat with Dr. VK Saraswat, Member, 

NITA Aayog, Chancellor, Jawaharlal Nehru University, and former 

Director-General, DRDO. There were 6 Country Sessions with Israel, 

Republic of Korea, United Kingdom, Sweden, Italy, and Canada and 

Panel Discussion on Global Perspectives 'Collaborate and Create for a 

Sustainable Future' in which Taiwan, Israel, Canada, Sweden, and 

United Kingdom participated.

Source: PIB

 Winners of CSIR organised National Level Scientific Creativity Competition 
Union Minister of State Science & Technology, Dr Jitendra Singh called 

for searching, mentoring and sustaining Innovation Start-Ups and 

emphasised on creating a Start-Up ecosystem based on Science and 

Technology. The Minister was speaking after announcing the winners of 

CSIR organised National Level Scientific Creativity Competition 

“CSIR Jigyasa Vigyan Mahotsav 2022” to celebrate India's 75 years of 

Independence as Azadi Ka Amrit Mahotsav.

Dr Jitendra Singh urged the CSIR Jigyasa team to continue to mentor the 

students so that they will lay strong foundations for the Roadmap 2047 

and help India solve the various challenges and make it a global leader. 

He said, it is critical to engage the future generation of scientists and 

technologists and highlight the science, technology & innovation from 

every part of our country. Dr Jitendra Singh expressed satisfaction that 

CSIR Jigyasa Vigyan Mahotsav 2022, launched on 3rd January 2022, 

had reached out to more than 20,000 students through Bootcamps across 

the country. He said, 7 Bootcamps with futuristic themes in areas like 

Energy, Health, Artificial Intelligence, Climate Change, Water 

Conservation, Disaster Mitigation and Agro-technology were organised 

where in science experts could communicate to students some of the 

contemporary issues that are facing us and which need greater 

awareness and S&T based solutions.

CSIR has got various artists, animators, app developers etc and 

organized bootcamps on developing contents like comics, science 

fictions, videos, infographics, App development, animations etc, said 

the Minister. These bootcamps provided an opportunity to the students 

to understand the scientific concepts and stimulate their thinking and 

approach, he added.

Dr Jitendra Singh said, CSIR Virtual Lab has been the next logical step 

in inculcating scientific temper, and that was also a direction by the 

Prime Minister of India in CSIR Society meeting held on 14th February 

2020 to take science further to all segments of the students in every 

corner of the country. Recollecting the launch of the CSIR Virtual Lab 

platform on 22nd November 2021, and also interacting with some of the 

school students who have benefitted from the Jigayasa program, the 

Minister said, the CSIR Virtual Lab platform developed along with IIT 

Bombay is proving very useful for the students to engage in scientific 

concepts in a fun and creative manner. CSIR Jigyasa has emerged as a 

flagship outreach program of CSIR with a large connects to the school 

students across India. He said, not only have the students physically 

visited CSIR labs and interacted with the students, even during the 

pandemic, students could connect to scientists and engage scientifically 

through webinars. The Minister was happy to note that CSIR Jigyasa 

programme being implemented from 2017 have benefitted more than 4 

lakh students across the country.

The combination of science, creativity and ideas is a step towards the 

future vision of the country as we plan ahead for 2047. He lauded the 

role of CSIR for engaging and providing some insights into developing 

creative content based on scientific concepts. The Minister also 

promised that the content developed by students will also be showcased 

on the CSIR Jigyasa virtual platform and other social media platforms 

to motivate other students.

Dr Jitendra Singh gave away the Grand Prize of Rs One Lakh each to 

three students Mohammed Hisam, Shruti Nimbali and Sanchi Bansal 

for the CSIR's National Level Scientific Creativity Competition 

conducted in Hindi and English Medium. 75 winners from all the 

country were chosen for the awards as part of celebration of India's 75 

years of Independence. The children have been evaluated rigorously for 

their creativity; innovative ideas; story telling ability; message 

conveyed; overall aesthetics; out of box thinking; usability or 

applicability in case of apps/ videos/ animations. Source: PIB
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Prof. Sridharan Devarajan, currently an Associate Professor in the 

Centre for Neuroscience & Associate faculty in Computer Science and 

Automation, Indian Institute of Science (IISc), Bangalore, is a recipient 

of the Swarnajayanti fellowship for the year 2021. He seeks to identify 

brain regions and neural mechanisms that mediate human attention, with 

potential applications in developing therapies for treating attention 

disorders.

The human brain has the remarkable ability to pay attention to important 

objects and locations in our world while ignoring irrelevant ones. 

Although attention has been studied behaviourally for many decades, 

we know very little about how attention works in the brain. Unexplored 

territories include--- identifying brain regions that allow us to sustain 

attention on particular objects, brain regions that suppress irrelevant 

information, and brain processes that are disrupted in disorders of 

attention.

Along with his group,  is employing combinations of Prof. Sridharan

cutting-edge, non-invasive technologies. Including functional and 

diffusion Magnetic Resonance Imaging (fMRI/dMRI), Electro-

Encephalography (EEG), and Trans-Magnetic and Electrical 

Stimulation (TMS/TES) to both record and perturb human brain 

activity in a targeted manner.

In his recent work,  has identified how particular brain  Prof. Sridharan

regions – both in the neocortex (outermost layer of the brain) as well as 

in the deeper midbrain – contribute to attention. His group has shown 

that human participants with asymmetric wiring between the midbrain 

and the cortical hemispheres also show marked asymmetries in the way 

they pay attention. In another recent study, they have shown that 

perturbing activity in a particular region in the neocortex (the parietal 

cortex) can affect participants' ability to pay attention. To analyse and 

simulate how attention works in the brain, they also developed detailed 

mathematical and computational (deep learning) models of the 

neocortex and midbrain. This research has been published in various 

prestigious journals, including PLoS Computational Biology.

Prof. Sridharan Devarajan; Swarnajayanti fellow's work to pave way for developing strategies to 

manage and treat attention disorders

Professor Neena Gupta receives Ramanujan Prize for Young Mathematicians

The Ramanujan Prize for Young Mathematicians was awarded to 

Professor Neena Gupta, a mathematician of the Indian Statistical 
ndInstitute in Kolkata, in a virtual ceremony on 22  February 2022. She 

received the award for the year 2021 for her outstanding work in affine 

algebraic geometry and commutative algebra.

 On the behalf of Secretary and Department, Shri Sanjeev Varshney, 

Head, International Cooperation Division, DST, congratulated Dr. 

Neena Gupta and said that the award conferred to a female researcher 

will encourage other female researchers all around the world to take up 

mathematics as their career. “I am also sure that this recognition will 

motivate her further to expand research with more noteworthy outcomes 

in the future. It will also inspire the researchers and young 

mathematicians not only in our country but in the entire developing 

world, to undertake research in mathematical sciences,” he added.

 The prize is awarded annually to a researcher from a developing country 

funded by the Department of Science and Technology (DST) of the 

Government of India in association with ICTP (International Centre for 

Theoretical Physics) and the International Mathematical Union (IMU).

 It is given to young mathematicians less than 45 years of age who have 

conducted outstanding research in a developing country. It is supported 

by DST in the memory of Srinivasa Ramanujan, a genius in pure 

mathematics who was essentially self-taught and made spectacular 

contributions to elliptic functions, continued fractions, infinite series, 

and analytical theory of numbers.

 Professor Gupta's solution for solving the Zariski cancellation 

problem, a fundamental problem in Algebraic Geometry, earned her the 

2014 Young Scientists Award of the Indian National Science Academy 

(NSA). The NSA described her solution as 'one of the best works in 

algebraic geometry in recent years done anywhere'. The problem was 

posed by one of the most eminent founders of modern Algebraic 

Geometry, Oscar Zariski, in 1949. In an interview with an American 

university, Gupta describes the problem as ---The cancellation problem 

asks that if you have cylinders over two geometric structures, and that 

have similar forms, can one conclude that the original base structures 

have similar forms?

Source: PIB
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Dr E. Poonguzhali, a single parent and woman scientist at the 

Department of Chemistry, Indian Institute of Technology Madras, 

Chennai, has been granted a patent for developing a green methodology 

for producing a medicinally important compound called 

Benzo[b]thiophene.

The compound is present in a range of medicines such as raloxifene 

(used in osteoporosis), zileuton (used in asthma), and sertaconazole 

(antifungal medication) and the one-step synthesis of the 2-substituted 

benzo[b]thiophene can replace hazardous industrial production of the 

compound.Currently, available synthesis methods of the compound like 

Friedel–Craft acylation, mercaptoacetate reaction, subsequent addition 

and oxidation etc. - all give yields ranging from good to excellent, but 

these are not environmentally friendly. Besides, it involves the use of 

very high temperatures. The disadvantages include sulphur emission 

with an unpleasant smell, expensive starting materials and so on. Apart 

from this, the reactions are carried out in closed vessels exposing the 

process to the risk of explosion, use of OLED lights required in the 

reaction increased the cost of the process, and the various steps involved 

needs close monitoring while the metal catalyst needed for it is toxic in 

nature.

Dr Poonguzhali has successfully transferred commercially available 

starting materials to medicinally important 2-acylbenzo[ ]thiophenes in b

the presence of copper acetate and tetrabutylammonium chloride 

catalytic system in water medium and open-air atmosphere at room 

temperature. She worked under the WOMEN SCIENTISTS 

SCHEME (WOS-A) Programme of the Department of Science & 

Technology (DST), Govt. of India.

The new method involves using water medium, room temperature, 

odourless xanthate, open-air atmosphere, handling free inexpensive 

commercially available starting materials and catalysts in a one-pot 

manner.  I t  furnished a good to an excellent yield of 2-

acylbenzo[ ]thiophenes.b

Dr. E. Poonguzhali and Prof. G. Sekar treated commercially available 2-

iodobenzaldehyde, phenacyl bromide, and xanthate sulphur source in 

the presence of copper acetate and tetrabutylammonium chloride 

catalyst to furnish 2-acylbenzo[b]thiophene in water medium at room 

temperature. The thiolate by-product formed usage is being explored. 

The remaining side products can be recovered using their solubility 

properties and reused after purification. The new method also reduces 

the risk of explosion, decreases the cost of the process and obviates the 

toxic and hazardous steps involved.

Elaborating on the science behind the mechanism, Dr Poonguzhali said 

that as water is the medium, no need for organic solvent is involved. 

Besides, there is no air pollution. Room temperature saves energy, and 

directly transferring the commercially available starting materials to 

medicinally essential building blocks in a one-pot manner saves 

workforce, energy and space. Usage of the thiolate by-product is under 

process. At the same time, the other side products (KI and KBr) and 

catalyst (copper acetate and tetrabutylammonium chloride) can be 

recovered and reused for the same reaction and different applications.

“My family had encouraged me to invent green methodology to replace 

the hazardous methods. When I started my research career with DST 

support, I designed the green methodology with the help of Prof. G. 

Sekar and Prof. Ramesh L. Gardas and succeeded in synthesizing the 

medicinally important compounds,” said Dr Poonguzhali. Dr 

Poonguzhali adds, “My life revolves around my son and my research. 

My son's support has helped me overcome the difficulties I have 

encountered so far and spend time on my research.”

Source: PIB

Dr E. Poonguzhali gets patent for green technology producing medicinally 
important compound

“While these studies from our group and others have hinted at the role of 

several brain regions in attention, very few have experimentally 

established these links directly. As part of the Swarnajayanti 

Fellowship, our lab will seek to understand “causal” mechanisms of 

attention in the brain. We will follow a three-pronged approach,” told 

Prof. Sridharan.

First, they will track changes in the structure, activity, and connectivity 

between specific brain regions (“neuroplasticity”) when participants are 

learning to paying attention. Measuring such neuroplastic changes in 

the brain may have key implications for testing the effectiveness of 

interventions for managing attention disorders, both in children and 

adults. Second, they will develop brain-machine interface technologies 

that can be used to train participants to voluntarily control activity in 

attention-related brain regions (“neurofeedback”). They will then try to 

find out whether achieving such neurofeedback control improves 

participants' attention abilities. This type of interface may be developed 

into a non-invasive tool for training attention capacities in healthy 

individuals, as well as in patients with attention disorders. Third, they 

will perturb and image brain activity in real-time, with millisecond 

precision (“neurostimulation”), to identify the role of particular brain 

regions in attention. This technology may be adapted in clinical 

settings for targeting brain regions implicated in disorders of attention, 

such as attention deficit disorder (ADD). All of the experiments will be 

carried out at the state-of-the-art JN Tata National MRI facility at the 

Indian Institute of Science (IISc), which houses a 3T (Siemens Prisma) 

MRI scanner with integrated MR-EEG and MR-TMS setups.

“Broadly, the research findings from this proposal will advance our 

fundamental understanding of key principles by which attention works 

in the human brain and may pave the way for developing rational 

strategies to manage and treat attention disorders,” added Prof. 

Sridharan.
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Shifting to a plant-based diet could drastically curb 
greenhouse gas emissions

The worldwide phase out of animal agriculture, combined with a 

global switch to a plant-based diet, would effectively halt the 

increase of atmospheric greenhouse gases for 30 years and give 

humanity more time to end its reliance on fossil fuels, according to a 

new study by scientists from Stanford University and the University of 

California, Berkeley.

“We wanted to answer a very simple question: What would be the 

impact of a global phase-out of animal agriculture on atmospheric 

greenhouse gases and their global-heating impact?” said Patrick 

Brown, a professor emeritus in the department of biochemistry at 

Stanford University. Brown co-authored the paper with Michael Eisen, 

a professor of genetics and development at UC Berkeley.

Based on the model, published in the open-access journal PLoS 

Climate, phasing out animal agriculture over the next 15 years would 

have the same effect as a 68 percent reduction of carbon dioxide 

emissions through the year 2100. This would provide 52 percent of the 

net emission reductions necessary to limit global warming to 2 degrees 

Celsius above preindustrial levels, which scientists say is the minimum 

threshold required to avert disastrous climate change.

The changes would stem, the authors say, from the spontaneous decay of 

the potent greenhouse gases methane and nitrous oxide, and the recovery 

of biomass in natural ecosystems on the more than 80 percent of 

humanity's land footprint currently devoted to livestock.

“Reducing or eliminating animal agriculture should be at the top of the 

list of potential climate solutions,” Brown said. “I'm hoping that others, 

including entrepreneurs, scientists and global policymakers, will 

recognize that this is our best and most immediate chance to reverse the 

trajectory of climate change, and seize the opportunity.”

Brown is also the founder and CEO of Impossible Foods, a company 

developing alternatives to animals in food production. Eisen is an 

advisor to the company. Both Brown and Eisen stand to benefit 

financially from the reduction of animal agriculture.

Unlocking negative emissions

Brown and Eisen are not the first to point out that ongoing emissions 

from animal agriculture are contributing to global warming. But what 

has not been recognized before, they say, is the much more impactful 

“climate opportunity cost” – the potential to unlock negative emissions 

by eliminating livestock.

“As the methane and nitrous oxide emissions from livestock diminish, 

atmospheric levels of those potent greenhouse gases will actually drop 

dramatically within decades,” Brown said. “And the CO  that was 2

released into the atmosphere when forests and wild prairies were 

replaced by feed crops and grazing lands can be converted back into 

biomass as livestock are phased out and the forests and prairie

Brown and Eisen used publicly available data on livestock production, 

livestock-linked emissions and biomass recovery potential on land 

currently used to support livestock to predict how the phaseout of all or 

parts of global animal agriculture production would alter net 

anthropogenic, or human-caused, emissions from 2019 levels. They 

then used a simple climate model to project how these changes would 

impact the evolution of atmospheric greenhouse gas levels and 

warming for the rest of the century.

They examined four dietary scenarios: an immediate replacement of all 

animal agriculture with a plant-only diet; a more gradual and, the 

authors say, more realistic, 15-year transition to a global plant-only 

diet; and versions of each where only beef was replaced with plant-only 

products.

For each hypothetical scenario, the scientists assumed that non-

agricultural emissions would remain constant and that the land 

formerly used for livestock production would be converted to 

grasslands, prairies, forests and the like that will absorb atmospheric 

carbon dioxide.

“The combined effect is both astoundingly large, and – equally 

important – fast, with much of the benefit realized by 2050,” Brown 

said. “If animal agriculture were phased out over 15 years and all other 

greenhouse-gas emissions were to continue unabated, the phase-out 

would create a 30-year pause in net greenhouse gas emissions and 

offset almost 70 percent of the heating effect of those emissions 

through the end of the century.”

While the complete phase out of animal-based agriculture was 

projected to have the largest impact, 90 percent of the emission 

reductions could be achieved by only replacing ruminants such as 

cattle and sheep, according to the model.

While their paper does not explore the particulars of what a global 

phaseout of animal agriculture would entail, the authors acknowledge 

that “the economic and social impacts of a global transition to a plant-

based diet would be acute in many regions and locales” and that “it is 

likely that substantial global investment will be required to ensure that 

people who currently making a living from animal agriculture do not 

suffer when it is reduced or replaced.”

But, they write, “in both cases, these investments must be compared to 

the economic and humanitarian disruptions of significant global 

warming.”

(Image credit: Getty Images)
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Number of Earth's tree species estimated to be 14% 
higher than currently known

 

A
new study involving more than 100 scientists from across the 

globe and the largest forest database yet assembled estimates 

that there are about 73,000 tree species on Earth, including 

about 9,200 species yet to be discovered.

The global estimate is about 14% higher than the current number of 

known tree species. Most of the undiscovered species are likely to be 

rare, with very low populations and limited spatial distribution, the 

study shows.

That makes the undiscovered species especially vulnerable to human-

caused disruptions such as deforestation and climate change, according 

to the study authors, who say the new findings will help prioritize forest 

conservation efforts.

“These results highlight the vulnerability of global forest biodiversity to 

anthropogenic changes, particularly land use and climate, because the 

survival of rare taxa is disproportionately threatened by these 

pressures,” said University of Michigan forest ecologist Peter Reich, 

one of two senior authors of a paper, Jan. 31 in Proceedings of the 

National Academy of Sciences.

“By establishing a quantitative benchmark, this study could contribute 

to tree and forest conservation efforts and the future discovery of new 

trees and associated species in certain parts of the world,” said Reich, 

director of the Institute for Global Change Biology at U-M's School for 

Changing attitudes

Many will scoff at the idea that billions of people can be convinced to 

switch to a plant-only diet within 15 years. To these skeptics, Eisen 

points out that other revolutions have happened in less time. “We went 

from having no cellphones to cellphones being ubiquitous in less time 

than that. Electricity, cars, solar panels – all became common in a 

relatively short period of time,” Eisen said.

Moreover, Brown added, societal attitudes toward food are far from 

fixed. “Five hundred years ago, nobody in Italy had ever seen a tomato. 

Sixty years ago, nobody in China had ever drunk a Coke. Mutton was 

once the most popular meat in America,” he said. “People around the 

world readily adopt new foods, especially if they are delicious, 

nutritious, convenient and affordable.”

The scientists have made all of the raw data they used, as well as their 

calculations and the computer code used to carry out the calculations, 

publicly available so that others can make up their own mind.

“The great thing about science is that, in the end, it all comes down to 

whether the conclusions are supported by the evidence,” Brown said. 

“And in this case, they are.”

Source: Stanford University news release. Author: Ker Than

Environment and Sustainability.

For the study, the researchers combined tree abundance and occurrence 

data from two global datasets—one from the Global Forest 

Biodiversity Initiative and the other from TREECHANGE—that use 

ground-sourced forest-plot data. The combined databases yielded a 

total of 64,100 documented tree species worldwide, a total similar to a 

previous study that found about 60,000 tree species on the planet.

“We combined individual datasets into one massive global dataset of 

tree-level data,” said the study's other senior author, Jingjing Liang of 

Purdue University, coordinator of the Global Forest Biodiversity 

Initiative.

“Each set comes from someone going out to a forest stand and 

measuring every single tree—collecting information about the tree 

species, sizes and other characteristics. Counting the number of tree 

species worldwide is like a puzzle with pieces spread all over the 

world.”

After combining the datasets, the researchers used novel statistical 

methods to estimate the total number of unique tree species at biome, 

continental and global scales—including species yet to be discovered 

and described by scientists. A biome is a major ecological community 

type, such as a tropical rainforest, a boreal forest or a savanna.

Their conservative estimate of the total number of tree species on Earth 

is 73,274, which means there are likely about 9,200 tree species yet to 

be discovered, according to the researchers, who say their new study 

uses a vastly more extensive dataset and more advanced statistical 

methods than previous attempts to estimate the planet's tree diversity. 

The researchers used modern developments of techniques first devised 

by mathematician Alan Turing during World War II to crack Nazi code, 

Reich said.

Shifting to a plant-based ....
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Researchers identify 1,044 underused plants that 
could combat vitamin deficiency

Roughly 40% of the undiscovered tree species—more than on any other 

continent—are likely to be in South America, which is mentioned 

repeatedly in the study as being of special significance for global tree 

diversity.

South America is also the continent with the highest estimated number 

of rare tree species (about 8,200) and the highest estimated percentage 

(49%) of continentally endemic tree species—meaning species found 

only on that continent.

Hot spots of undiscovered South American tree species likely include 

the tropical and subtropical moist forests of the Amazon basin, as well 

as Andean forests at elevations between 1,000 meters (about 3,300 feet) 

and 3,500 meters (about 11,480 feet).

“Beyond the 27,000 known tree species in South America, there might 

be as many as another 4,000 species yet to be discovered there. Most of 

them could be endemic and located in diversity hot spots of the Amazon 

basin and the Andes-Amazon interface,” said Reich, who was recruited 

by U-M's Biosciences Initiative and joined the faculty last fall.

A further 358 of the potential source species haven't had their 

conservation status assessed, so the number threatened with extinction 

could be much higher. Many of these vulnerable and nutritionally rich 

species are found in global hotspots of malnutrition such as South-East 

Asia and sub-Saharan Africa. These findings highlight the crucial need 

for further conservation action to ensure that edible plant diversity 

“This makes forest conservation of paramount priority in South 

America, especially considering the current tropical forest crisis from 

anthropogenic impacts such as deforestation, fires and climate change,” 

he said.

Worldwide, roughly half to two-thirds of all already known tree species 

occur in tropical and subtropical moist forests, which are both species-

rich and poorly studied by scientists. Tropical and subtropical dry 

forests likely hold high numbers of undiscovered tree species, as well.

“Extensive knowledge of tree richness and diversity is key to preserving 

the stability and functioning of ecosystems,” said study lead author 

Roberto Cazzolla Gatti of the University of Bologna in Italy.

Forests provide many “ecosystem services” to humanity for free. In 

addition to supplying timber, fuelwood, fiber and other products, forests 

clean the air, filter the water, and help control erosion and flooding. 

They help preserve biodiversity, store climate-warming carbon, and 

promote soil formation and nutrient cycling while offering recreational 

opportunities such as hiking, camping, fishing and hunting.

Source: University of Michigan news release

In a new paper, published today in Nature Plants, scientists from the 

Royal Botanic Gardens, Kew, Imperial College London, and 

partners from the UK and the US, reveal the results of a study 

identifying 1,044 plant species that have potential to be a source of 

vitamin B.

Vitamin B in its various forms helps break down and release energy 

from food and helps maintain a healthy nervous system. It is essential 

for human health but is commonly deficient in both developed and 

developing countries.

The researchers gathered vitamin-B content data for nearly 300 plant 

species with known nutrition profiles. Finding that closely related 

species exhibit more similar nutritional values than distantly related 

ones, the researchers used the evolutionary relationships for these plants 

to predict vitamin values for over 6,000 edible plant species 

documented worldwide.

Their findings show approximately 1,000 plant species were newly 

identified as potential sources of five different B vitamins: B1, B2, B3, 

B5 and B9. They also discovered that 63 of the plants are threatened in 

their natural environment.

The future of food

PhD researcher Aoife Cantwell-Jones, from the Department of Life 

Sciences at Imperial College London and lead author of the paper, said: 

"We need to pay more attention to the incredible diversity of edible 

plants to better understand how they can contribute to human nutrition 

and what we need to do to preserve them for future generations. Our 

study represents an important step in that direction."

remains a reservoir of nutrition for future generations.

Dr Samuel Pironon, Researcher in Kew's Ecosystem Stewardship Team 

and co-author of the paper, said: “More than two billion people suffer 

from malnutrition worldwide so improving long-term access to a 

diversity of wild and cultivated plant sources of micronutrients is key to 

human subsistence.

The wild grass species fonio. Credit: RBG Kew

Number of Earth's tree species....

continued 
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“However, very few of the thousands of edible plants found on Earth 

have had their nutritional contents characterised, which hinders their 

preservation and sustainable use. This study illustrates how our 

fundamental knowledge of plant diversity and evolutionary relatedness 

can provide tools to preserve nature and its contributions to people, 

including the most essential one: food.”

Sources of vitamin B

The most popular current sources of B vitamins include meats such as 

livers, kidneys, poultry and seafood, as well as dairy products, eggs, 

legumes and some fresh fruits. B vitamins may also be supplemented 

South Africa. It used to be common in the area, but it has experienced 

severe declines from cattle overgrazing, poor land management and 

diseases. Similarly, Durio kutejensis is a wild species of Durian from 

Borneo, Indonesia, which is threatened by deforestation and expanding 

agriculture.

Making the most of new sources

In order to make use of these potential source species, Aoife said: "We 

should first guarantee they remain available in the wild in the long term, 

and that we know how to make the best use of them. Both source species 

and traditional knowledge surrounding them should thus be prioritised 

for conservation.”

Additionally, she said, these species should have their nutritional 

profiles checked using chemical methods. “They could then be used 

alongside other crops to diversify and complement our food systems 

through conventional breeding, enhancing their domestication, or 

directly consuming them, provided we don't over-harvest them in the 

wild."

Source: Imperial College London news release. Author: Hayley 

Dunning

with fortified foods, including breakfast cereals and nutritional yeast.

Some examples of non-threatened plants newly identified as potential B 

vitamin sources include the Digitaria genus, which is composed of many 

grass species of high nutritional potential, including fonio and its wild 

relatives that are native to the savannas of West Africa. These could 

represent a major food source for the future given they are also fast-

growing and highly resistant to hot and dry climates.

Several oat species (Avena sp) found across Europe and the UK may 

represent important sources of thiamine (B1). The Ethiopian oat (Avena 

abyssinica) is also a traditional and underutilised food with high 

potential for food security.

Threatened potential sources of B vitamins include fruits and seeds of 

several emblematic Baobabs (Adansonia), native to Madagascar. They 

may be good sources of folate (B9), but are used locally for different 

purposes, including food but also charcoal and timber, which leads them 

to be 'Critically Endangered'. Mining and agriculture are also major 

threats and some species have only a handful of populations left in the 

wild.

Secale africanum is a wild rye only found in the Karoo in southwestern 

Vicia ervilia, grain legume known as bitter vetch. Credit: Ori 

Fragman-Sapir

Avena sativa, also known as common oat. Credit: Igor Sheremetyev

Baobab avenue in Madagascar. Credit: Phillip Cribb, RBG Kew
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Can a planet have a mind of its own?

Researchers discuss why cognitive activity operating on a planetary scale is necessary to 

tackle global issues such as climate change.

The collective activity of life—all of the microbes, plants, and 

animals—have changed planet Earth.

Take, for example, plants: plants 'invented' a way of undergoing 

photosynthesis to enhance their own survival, but in so doing, released 

oxygen that changed the entire function of our planet. This is just one 

example of individual lifeforms performing their own tasks, but 

collectively having an impact on a planetary scale.

If the collective activity of life—known as the biosphere—can change 

the world, could the collective activity of cognition, and action based on 

this cognition, also change a planet? Once the biosphere evolved, Earth 

took on a life of its own. If a planet with life has a life of its own, can it 

also have a mind of its own?

These are questions posed by Adam Frank, the Helen F. and Fred H. 

Gowen Professor of Physics and Astronomy at the University of 

Rochester, and his colleagues David Grinspoon at the Planetary Science 

Institute and Sara Walker at Arizona State University, in a paper 

published in the International Journal of Astrobiology. Their self-

described “thought experiment” combines current scientific 

understanding about the Earth with broader questions about how life 

alters a planet. In the paper, the researchers discuss what they call 

“planetary intelligence”—the idea of cognitive activity operating on a 

planetary scale—to raise new ideas about the ways in which humans 

might tackle global issues such as climate change.

As Frank says, “If we ever hope to survive as a species, we must use our 

intelligence for the greater good of the planet.”

An 'immature technosphere'

Frank, Grinspoon, and Walker draw from ideas such as the Gaia 

hypothesis—which proposes that the biosphere interacts strongly with 

the non-living geological systems of air, water, and land to maintain 

In a self-described "thought experiment," University of Rochester astrophysicist Adam Frank and colleagues David Grinspoon at the Planetary 

Science Institute and Sara Walker at Arizona State University use scientific theory and broader questions about how life alters a planet, to posit 

four stages to describe Earth's past and possible future. (University of Rochester illustration / Michael Osadciw)
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Earth's habitable state—to explain that even a non-technologically 

capable species can display planetary Intelligence. The key is that the 

collective activity of life creates a system that is self-maintaining.

For example, Frank says, many recent studies have shown how the roots 

of the trees in a forest connect via underground networks of fungi known 

as mycorrhizal networks. If one part of the forest needs nutrients, the 

other parts send the stressed portions the nutrients they need to survive, 

via the mycorrhizal network. In this way, the forest maintains its own 

viability.

Right now, our civilization is what the researchers call an “immature 

technosphere,” a conglomeration of human-generated systems and 

technology that directly affects the planet but is not self-maintaining. 

For instance, the majority of our energy usage involves consuming fossil 

fuels that degrade Earth's oceans and atmosphere. The technology and 

energy we consume to survive are destroying our home planet, which 

will, in turn, destroy our species.

To survive as a species, then, we need to collectively work in the best 

interest of the planet.

But, Frank says, “we don't yet have the ability to communally respond in 

the best interests of the planet. There is intelligence on Earth, but there 

isn't planetary intelligence.”

Toward a mature technosphere

The researchers posit four stages of Earth's past and possible future to 

illustrate how planetary intelligence might play a role in humanity's 

long-term future. They also show how these stages of evolution driven 

by planetary intelligence may be a feature of any planet in the galaxy that 

evolves life and a sustainable technological civilization.

Stage 1 – Immature biosphere: characteristic of very early Earth, 

billions of years ago and before a technological species, when microbes 

were present but vegetation had not yet come about. There were few 

global feedbacks because life couldn't exert forces on Earth's 

atmosphere, hydrosphere, and other planetary systems.

Stage 2 – Mature biosphere: characteristic of Earth, also before a  

technological species, from about 2.5 billion to 540 million years ago. 

Stable continents formed, vegetation and photosynthesis developed, 

oxygen built up in the atmosphere, and the ozone layer emerged. The 

biosphere exerted a strong influence on the Earth, perhaps helping to 

maintain Earth's habitability.

Stage 3 – Immature technosphere: characteristic of Earth now, with 

interlinked systems of communication, transportation, technology, 

electricity, and computers. The technosphere is still immature, however, 

because it is not integrated into other Earth systems, such as the 

atmosphere. Instead, it draws matter and energy from Earth's systems in 

ways that will drive the whole into a new state that likely doesn't include 

the technosphere itself. Our current technosphere is, in the long run, 

working against itself.

Stage 4 – Mature technosphere: where Earth should aim to be in the 

future, Frank says, with technological systems in place that benefit the 

entire planet, including globally harvesting energy in forms like solar 

that do not harm the biosphere. The mature technosphere is one that has 

co-evolved with the biosphere into a form that allows both the 

technosphere and the biosphere to thrive.

“Planets evolve through immature and mature stages, and planetary 

intelligence is indicative of when you get to a mature planet,” Frank 

says. “The million-dollar question is figuring out what planetary 

intelligence looks like and means for us in practice because we don't 

know how to move to a mature technosphere yet.”

The complex system of planetary intelligence

Although we don't yet know specifically how planetary intelligence 

might manifest itself, the researchers note that a mature technosphere 

involves integrating technological systems with Earth through a 

network of feedback loops that make up a complex system.

Put simply, a complex system is anything built from smaller parts that 

interact in such a fashion that the overall behavior of the system is 

entirely dependent on the interaction. That is, the sum is more than the 

whole of its parts. Examples of complex systems include forests, the 

Internet, financial markets, and the human brain.

By its very nature, a complex system has entirely new properties that 

emerge when individual pieces are interacting. It is difficult to discern 

the personality of a human being, for instance, solely by examining the 

neurons in her brain.

That means it is difficult to predict exactly what properties might 

emerge when individuals form a planetary intelligence. However, a 

complex system like planetary intelligence will, according to the 

researchers, have two defining characteristics: it will have emergent 

behavior and will need to be self-maintaining.

“The biosphere figured out how to host life by itself billions of years ago 

by creating systems for moving around nitrogen and transporting 

carbon,” Frank says. “Now we have to figure out how to have the same 

kind of self-maintaining characteristics with the technosphere.”

The search for extraterrestrial life

Despite some efforts, including global bans on certain chemicals that 

harm the environment and a move toward using more solar energy, “we 

don't have planetary intelligence or a mature technosphere yet,” he says. 

“But the whole purpose of this research is to point out where we should 

be headed.”

Raising these questions, Frank says, will not only provide information 

about the past, present, and future survival of life on Earth but will also 

help in the search for life and civilizations outside our solar system. 

Frank, for instance, is the principal investigator on a NASA grant to 

search for technosignatures of civilizations on planets orbiting distant 

stars.

“We're saying the only technological civilizations we may ever see—the 

ones we should expect to see—are the ones that didn't kill themselves, 

meaning they must have reached the stage of a true planetary 

intelligence,” he says. “That's the power of this line of inquiry: it unites 

what we need to know to survive the climate crisis with what might 

happen on any planet where life and intelligence evolve.”

Source: Based University of Rochester news release. 
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A
n unprecedented new telescope image of the Milky Way 

galaxy's turbulent center has revealed nearly 1,000 mysterious 

strands, inexplicably dangling in space.

Stretching up to 150 light years long, the one-dimensional strands (or 

filaments) are found in pairs and clusters, often stacked equally spaced, 

side by side like strings on a harp. Using observations at radio 

wavelengths, Northwestern University's Farhad Yusef-Zadeh 

discovered the highly organized, magnetic filaments in the early 1980s. 

The mystifying filaments, he found, comprise cosmic ray electrons 

gyrating the magnetic field at close to the speed of light. But their origin 

has remained an unsolved mystery ever since. 

Now, the new image has exposed 10 times more filaments than 

previously discovered, enabling Yusef-Zadeh and his team to conduct 

statistical studies across a broad population of filaments for the first 

time. This information potentially could help them finally unravel the 

long-standing mystery.

The study has been accepted for publication by The Astrophysical 

Journal Letters.

“We have studied individual filaments for a long time with a myopic 

view,” said Yusef-Zadeh, the paper's lead author. “Now, we finally see 

the big picture — a panoramic view filled with an abundance of 

filaments. Just examining a few filaments makes it difficult to draw any 

real conclusion about what they are and where they came from. This is a 

watershed in furthering our understanding of these structures.”

Yusef-Zadeh is a professor of physics and astronomy at Northwestern's 

Weinberg College of Arts and Sciences and a member of the Center for 

Interdisciplinary Exploration and Research in Astrophysics (CIERA).

Constructing the image 

To construct the image with unprecedented clarity and detail, 

astronomers spent three years surveying the sky and analyzing data at 

the South African Radio Astronomy Observatory (SARAO). Using 200 

hours of time on SARAO's MeerKAT telescope, researchers pieced 

together a mosaic of 20 separate observations of different sections of the 

sky toward the center of the Milky Way galaxy, 25,000 light years from 

Earth.

The full image will be published in an additional, accompanying paper 

— led by Oxford University astrophysicist Ian Heywood and co-

authored by Yusef-Zadeh — in a forthcoming issue of The Astrophysical 

Journal. Along with the filaments, the image captures radio emissions 

from numerous phenomena, including outbursting stars, stellar 

nurseries and new supernova remnants.

“I've spent a lot of time looking at this image in the process of working 

on it, and I never get tired of it,” Heywood said. “When I show this image 

to people who might be new to radio astronomy, or otherwise unfamiliar 

with it, I always try to emphasize that radio imaging hasn't always been 

this way, and what a leap forward MeerKAT really is in terms of its 

capabilities. It's been a true privilege to work over the years with 

colleagues from SARAO who built this fantastic telescope.”

To view the filaments at a finer scale, Yusef-Zadeh's team used a 

technique to remove the background from the main image in order to 

isolate the filaments from the surrounding structures. The resulting 

picture astounded him.

“It's like modern art,” he said. “These images are so beautiful and rich, 

and the mystery of it all makes it even more interesting.” 

What we know

While many mysteries surrounding the filaments remain, Yusef-Zadeh 

has been able to piece together more of the puzzle. In their latest paper, 

he and his collaborators specifically explored the filaments' magnetic 

fields and the role of cosmic rays in illuminating the magnetic fields.

Nearly 1,000 mysterious strands revealed in Milky 
Way's center

A mosaic image of the center of the Milky Way, captured with radiowaves. The magnetic filaments are large, vertical slashes throughout the 

image.
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The variation in radiation emitting from the filaments is very different 

from that of the newly uncovered supernova remnant, suggesting that 

the phenomena have different origins. It is more likely, the researchers 

found, that the filaments are related to past activity of the Milky Way's 

central supermassive black hole rather than coordinated bursts of 

supernovae. The filaments also could be related to enormous, radio-

emitting bubbles, which Yusef-Zadeh and collaborators discovered in 

2019.

And, while Yusef-Zadeh already knew the filaments are magnetized, 

now he can say magnetic fields are amplified along the filaments, a 

primary characteristic all the filaments share. 

“This is the first time we have been able to study statistical 

characteristics of the filaments,” he said. “By studying the statistics, we 

can learn more about the properties of these unusual sources. 

“If you were from another planet, for example, and you encountered one 

very tall person on Earth, you might assume all people are tall. But if you 

do statistics across a population of people, you can find the average 

height. That's exactly what we're doing. We can find the strength of 

magnetic fields, their lengths, their orientations and the spectrum of 

radiation.”

What we don't know

Among the remaining mysteries, Yusef-Zadeh is particularly puzzled by 

how structured the filaments appear. Filaments within clusters are 

separated from one another at perfectly equal distances — about the 

distance from Earth to the sun.

“They almost resemble the regular spacing in solar loops,” he said. “We 

still don't know why they come in clusters or understand how they 

separate, and we don't know how these regular spacings happen. Every 

time we answer one question, multiple other questions arise.”

Yusef-Zadeh and his team also still don't know whether the filaments 

move or change over time or what is causing the electrons to accelerate at 

such incredible speeds.

“How do you accelerate electrons at close to the speed of light?” he 

asked. “One idea is there are some sources at the end of these filaments 

that are accelerating these particles.”

What's next 

Yusef-Zadeh and his team are currently identifying and cataloging each 

filament. The angle, curve, magnetic field, spectrum and intensity of 

each filament will be published in a future study. Understanding these 

properties will give the astrophysics community more clues into the 

filaments' elusive nature. 

The MeerKAT telescope, which launched in July 2018, will continue to 

unveil new secrets.

“We're certainly one step closer to a fuller understanding,” Yusef-Zadeh 

said. “But science is a series of progress on different levels. We're hoping 

to get to the bottom of it, but more observations and theoretical analyses 

are needed. A full understanding of complex objects takes time.”

Source: Northwestern University news release. Author: Amanda Morris

Context-dependent behavior can make cooperation 
flourish

Nearly 1,000 mysterious strands....

 

A
person who is generous and caring at home may be cutthroat 

at work, striving to bring in the most sales or advance up a 

corporate management chain. In a similar vein, a self-centered 

neighbor may be a model of altruism on Twitter. 

It's a widespread feature of human society: People can adopt different 

behaviors depending on the social context they're in. Yet according to a 

new study by Penn biologists out in Science Advances, that context-

dependent behavior tends to promote the spread of cooperative 

behavior across a whole society. 

Using models rooted in game theory, the researchers show that 

cooperation is particularly favored when there is room for “spillover” 

between domains. In other words, a worker can observe how their 

colleague behaves with her friends when deciding how to interact with 

that person and others in the workplace.

“We studied groups both small and large,” says Joshua Plotkin, a 

professor in Penn's Department of Biology and senior author on the new 

paper, “and we find that the simple idea of conditioning behavior on the 

social context, while allowing imitation of behaviors across different 

contexts. That alone facilitates cooperation in all domains 

simultaneously.” 

That work, along with a related study in Nature Human Behaviour, 

suggests that the greater the number of domains of social life the higher 

the likelihood that cooperative interactions will eventually dominate. 

“This shows that the structure of interactions in different aspects of our 

social lives can galvanize each other for the benefit of mutual 

cooperation,” Plotkin says.

Ever since Charles Darwin, scientists have puzzled over the enigma of 

cooperation. It's clear that cooperation is essential to human society, but 

evolutionarily it's difficult to explain why people would give something 

up in order to help others. Plotkin and colleagues have modeled and 

explored this issue from many angles, considering how the structure of 

social interaction networks, the presence of memory and reputations, 

and the capacity for empathy, among other features, influence the 

likelihood that cooperation will flourish in a group.

In these new papers, led by first author Qi Su, a Simons Postdoctoral 

Fellow at Penn, the researchers introduced another nuance into their 

analysis of strategic interactions: a multi-layered society, in which 

actors interact in separate social domains. In their model, actors can 

continued
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choose different strategies to enact in the different domains, perhaps 

being selfish in one and cooperative in another.

“For example, I interact with colleagues at work, I interact with family 

and friends outside of work, I interact with people online and people 

offline,” says Plotkin. “Each of those domains may have some internal 

structure—I may be closer to certain people at work than others—but 

the strategies I employ in my interactions at work may differ from 

interactions in my personal life.”

In Nature Human Behaviour, Plotkin and his team's analysis showed 

that when these interactions play out in a model where actors in a given 

context can imitate other players' strategies only in that context, 

cooperation may thrive in one domain, but selfish strategies win out in 

another. Overall, though, the likelihood of cooperation dominating in 

any one domain goes up as the number of social domains increases. 

“Let's say there's a cooperator in layer one, but the same person selfishly 

takes advantage of others in layer two and receives lots of excess payoff 

from his behavior in layer two,” Plotkin says. “Overall, he seems like a 

successful individual, and so individuals in layer one might tend to copy 

his behavior in layer one so that cooperation then spreads in layer one as 

a result of interactions occurring in layer two. Sometimes this dynamic 

will facilitate cooperation in one domain to the detriment of cooperation 

in another, depending upon the network structure in each domain.”

Domains tended to act synergistically when Plotkin and colleagues 

added an additional feature, explored in the Science Advances paper. In 

the model presented there, actors could observe what strategies others 

were using in the other layers, allowing them to copy strategies from one 

sphere of interaction to use in a different sphere.

“Here the results are more striking,” Plotkin says, “because multiple 

domains with spillover tends to facilitate cooperation in all domains 

simultaneously, even if cooperation would never spread in any one 

domain alone.” 

For example, in a population of six people interacting in a single 

domain, roughly half of all possible interaction networks favor the 

evolution of spiteful behavior: people who pay a cost to harm others. 

When taking the same networks of six people and separating the 

pairwise interactions into four different social contexts, on the other 

hand, cooperation is then favored to evolve for all network structures.

“A similar thing occurs in much larger groups,” Plotkin says. “When you 

have multiple domains, cooperation will tend to predominate, even if the 

benefit-to-cost ratio is small.”  

“Context-dependent behavior,” Su says, “may help use to understand 

why human societies are often highly cooperative, even though they are 

densely connected.”

In addition to their modeling, the researchers looked at empirical 

evidence from real-world interaction networks, which supported the 

notion that multilayered social domains will lead to greater cooperation 

by “coupling,” when the strategy an individual employs in one domain 

influences the strategy used in another.

Most models of cooperation assume bi-directional interactions. One 

person chooses where or not to act altruistically to another and also 

conversely. In a third related paper published last month in the 

Proceedings of the National Academy of Sciences, Plotkin and 

colleagues considered unidirectional interactions that are common in 

human society: pure altruism, when one individual helps another 

without the opportunity for receiving anything directly in return.

When including unidirectional interactions in their model, removing the 

opportunity for direct reciprocity between pairs, the researchers found 

that cooperation was still favored across most scenarios, “a truly 

shocking” result, says Plotkin. What drives this, he says, is a kind of 

“third-party reciprocity,” where trios of actors form, each giving in one 

direction, but all benefitting. In this way, the prevailing tendency is for 

actors to cooperate.

The researchers note that many real-world interactions are 

unidirectional: In the pandemic, volunteer first responders put 

themselves at risk to help others; supervisors have opportunity to 

support subordinates that can't be reciprocated; one can follow another 

person on Twitter without that person following them in return. In future 

work, the Penn researchers hope to explore how to possibly intervene in 

a directed network to promote cooperation.

Source: University of Pennsylvania news release. 
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People predisposed to heavy drinking and alcohol problems may have 

lower functional connectivity — the patterns of signaling between brain 

areas — in regions that process emotions and social situations.

In a study published on January 22, 2022, in Alcoholism: Clinical & 

Experimental Research, researchers at University of California San 

Diego School of Medicine propose that the altered neural activity 

patterns may impair some people's ability to interpret facial expressions. 

These differences in brain connectivity, the researchers found, could be 

used to predict individuals' future alcohol use, and may provide the basis 

for new interventions to treat or prevent alcohol use disorder.

The risk of developing disordered alcohol use is genetically influenced 

and has been associated with an individual's level of response to alcohol, 

or how many drinks they must consume before experiencing the effects. 

Those with a low level of response to alcohol (low LR) tend to drink 

measured using functional magnetic resonance imaging (fMRI).

Researchers found that even with no alcohol consumption, low LR 

individuals had less functional connectivity between the amygdala and 

the frontal lobes, insula and parietal regions while processing the 

emotional faces. After consuming alcohol, this connectivity was further 

reduced in low LR individuals, while connectivity actually increased for 

high LR participants.

“We were surprised to find that the brain areas are communicating 

differently in these people even without any alcohol consumed, and 

before they have developed any significant alcohol problems,” said 

McKenna.

McKenna suggested these decreased connections make it more difficult 

for people with low LR to understand and adaptively respond to their 

social environment. For example, seeing a happy face would typically 

produce rewarding brain signals, but if these are not being sensed 

properly in low LR individuals, they may rely more on alcohol to 

compensate and provide reward itself. Further studies will continue to 

explore these hypotheses and the specific networks involved in 

processing positive and negative emotions.

The team also reviewed follow-up data on the same individuals five 

years later, and found that they could use the participants' functional 

connectivity patterns from the earlier scans to predict their future 

alcohol problems.

“If these genetically-influenced neurobiological differences are 

predictive of future behavior, maybe we can identify them early on and 

try to educate people before they ever develop problematic drinking,” 

said McKenna.

Marc Schuckit, MD, senior author of the study and Distinguished 

Professor of Psychiatry at UC San Diego School of Medicine, has been 

involved in developing and testing such psychoeducation programs. 

This research, he said, could help clinicians identify which patients to 

target, what kind of education to provide, and the best time to provide it.

“When trying to understand the relationship between the brain and 

behavior, the field has traditionally looked for differences in brain 

structure or the activity in individual brain regions,” said Schuckit. 

“We're now seeing that functional connectivity between brain areas may 

add a whole new level of explanation. If we can develop therapies to 

target these networks, this could be a powerful tool for stopping the 

disorder in its tracks.”

Co-authors include: Robert M. Anthenelli and Tom L. Smith, both at UC 

San Diego.

Source: University of California San Diego news release. Author: 

Nicole Mlynaryk

Alcohol use linked to lower connectivity in brain areas 
that process emotions

more and develop alcohol problems over time, compared to those with a 

high level of response (high LR).

Prior studies of low LR individuals noted decreased activity in certain 

brain regions, including the amygdala, that are involved in processing 

emotions and rewards. However, the new study is the first to assess the 

functional connectivity between these brain regions in this context.

“The ability to read facial expressions affects the way we interpret a 

situation and shift our behavior in response,” said first author Ben 

McKenna, PhD, assistant clinical professor of psychiatry at UC San 

Diego School of Medicine. “If you can't properly process this valuable 

social and emotional information, this will affect your behavior, 

including your choice to cease or continue drinking.”

In the study, 108 young adults with no history of alcohol problems were 

characterized as having low or high levels of response to alcohol. They 

were then asked to either consume a small volume of alcohol or a non-

alcoholic placebo beverage, and perform an emotional face processing 

task to identify happy, angry and fearful faces while brain activity was 

Photo credit: Pixabay
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Biochemistry

New drug candidates identified in bacteria

The application of bioinformatics and modern 
DNA sequencing methods can significantly 
expedite the hunt for new active ingredients. 
Using this approach, a research team led by 
Jörn Piel, Professor of Microbial Interactions 
at ETH Zurich, has now discovered a new 
synthetic pathway for peptide natural 
products that appears to be widespread in 
bacteria. Their findings were recently 
published in the Proceedings of the National 
Academy of Sciences.

It was by combing through vast digital 
libraries of bacterial genomes that the 
researchers found what they were looking for. 
First, they hunted for blueprints of peptides 
and then for the blueprints of enzymes that can 
modify these peptides. These enzymatic 
modifications generate complex natural 
products in the bacteria; many of those 
products display special activity or added 
stability. Since the peptide blueprints 
characteristic patterns, the researchers were 
able to use search algorithms to find them. The 
blueprints for these peptide natural products 

are stored in compact form in the genome. 
And right next to this peptide gene is where 
the genes for the enzymes sit. “These enzymes 
function in very different ways, meaning that 
peptide natural products have huge potential 
to deliver new active ingredients,” explains 
Florian Hubrich, one of the lead authors of the 
study. The genome analyses suggested that 
the enzymes were the key to discovering a 
whole new class of natural products. The 
researchers sorted similar candidates into 
groups, classified according to the blueprints 
of the different enzyme types. In the process, 
they realised that in one of the largest groups 
the function of the enzymes was still 

unknown.

For three of the potential natural products from 
this group, the researchers then conducted lab 
tests to verify the computer predictions. To this 
end, they inserted the relevant genes into 
laboratory bacteria and analysed which 
substances the microorganisms actually 
produced. This led to the discovery that 
members of this new natural product class are 
ring- shaped peptide molecules with a fatty 
acid appendage. The present study describes a 
total of three enzymes that attach fatty acids of 
differing chain lengths to a peptide. “Initial 
experiments show that it is indeed possible to 
produce these customised lipopeptides in the 
lab,” says Anna Vagstad, another of the study's 
lead authors. The next step will be to 
investigate the biological activity of this new 
substance class.

Source: Based on ETH Zurich release

Biochemistry

A microbial compound in the gut leads to anxious behaviors in mice

A Caltech-led team of researchers has 
discovered that a small-molecule metabolite, 
produced by bacteria that reside in the mouse 
gut, can travel to the brain and alter the 
function of brain cells, leading to increased 
anxiety in mice. The research was conducted 
primarily in the laboratory of Sarkis 
Mazmanian, Luis B. and Nelly Soux Professor 
of Microbiology and affiliated faculty 
member with the Tianqiao and Chrissy Chen 
Institute for Neuroscience at Caltech. The 
research is published in the journal Nature. 
This study focused on a bacterial metabolite 
called 4-ethylphenyl sulfate, or 4EPS. 
Initially produced by microbes in the 
intestines, 4EPS is then absorbed into the 
bloodstream and circulates throughout the 
body in both humans and mice. 

In this work, the team focused on the effects of 
4EPS on mouse models of anxiety. While 
anxiety disorders in humans are complex, 
animal models provide a way to study the 
precise changes in the brain and body that lead 

to anxious behaviors. "Anxiety" in mice is 
measured by their willingness to explore or 
hide in a new space as well as the time spent in 
a risky environment. Bold mice will explore a 
new space, sniffing around, but anxious mice 
will hide, as if facing a predator, instead of 
exploring. The mice with 4EPS spent much 
less time exploring the area and more time 
hiding as compared to their non-4EPS 
counterparts, indicating higher levels of 
anxiety. Brain scans of the 4EPS mice also 
showed that some of the brain regions 
associated with fear and anxiety were more 
activated in addition to overall changes in 

brain activity and functional connectivity. 
Looking closer at brain cells within these 
altered regions, the team found that particular 
cells called oligodendrocytes were altered. 
These cells are important in part because they 
produce a protein called myelin, which acts as 
a protective coating around neurons and nerve 
fibers called axons, like insulation around an 
electrical wire. The team found that in the 
presence of 4EPS, oligodendrocytes are less 
mature and consequently produce less myelin, 
leading to thinner insulation around axons.

However, when the 4EPS mice were treated 
with a drug known to increase myelin 
production in oligodendrocytes, the drug was 
able to overpower the negative effects of 
4EPS—the mice regained normal myelin 
production, and the anxious behaviors were 
reduced.

Source: Caltech news release
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Biology

Flies possess more sophisticated cognitive abilities than previously 
known

In a new study, researchers at the University of 
California San Diego's Kavli Institute for 
Brain and Mind (KIBM) have found that fruit 
flies (Drosophila melanogaster) have 
advanced cognitive abilities. Using a custom-
built immersive virtual reality environment, 
neurogenetic manipulations and in vivo real-
time brain-activity imaging, the scientists 
present new evidence in the journal Nature of 
the remarkable links between the cognitive 
abil i t ies of f l ies and mammals.  The 
researchers created an immersive virtual 
reality environment to test the fly's behavior 
via visual stimulation and coupled the 
displayed imagery with an infra-red laser as an 
averse heat stimulus. The near 360-degree 
panoramic arena allowed Drosophila to flap 
their wings freely while remaining tethered, 
and with the virtual reality constantly 
updating based on their wing movement 
(analyzed in real-time using high-speed 
machine-vision cameras) it gave the flies the 
illusion of flying freely in the world. This gave 
researchers the ability to train and test flies for 
conditioning tasks by allowing the insect to 

orient away from an image associated with the 
negative heat stimulus and towards a second 
image not associated with heat. They tested 
two variants of conditioning, one in which 
f l ies  were  given visual  s t imulat ion 
overlapping in time with the heat (delay 
conditioning), both ending together, or a 
second, trace conditioning, by waiting 5 to 20 
seconds to deliver the heat after showing and 
removing the visual stimulation.  The 
researchers also imaged the brain to track 
calcium activity in real-time using a 
fluorescent molecule they genetically 

engineered into their brain cells. This allowed 
the researchers to record the formation and 
duration of the fly's living memory since they 
saw the trace blinking on and off while being 
held in the fly's short-term (working) memory. 
They also found that a distraction introduced 
during training—a gentle puff of air—made 
the visual memory fade more quickly, marking 
the first time researchers have been able to 
prove such distractedness in flies and 
implicating an attentional requirement in 
memory formation in Drosophila.

This work demonstrates not only that flies are 
capable of higher form of trace conditioning, 
and that the learning is distractible just like in 
mammals and humans, but the neural activity 
underlying these attentional and working 
memory processes in the fly show remarkable 
similarity to those in mammals. This work 
demonstrates that fruit flies could serve as a 
powerful model for the study of higher 
cognitive functions.

Source: University of California San Diego 
news release. 

Biology

Mosquitoes are seeing red; study explains how mosquitoes find hosts

New research led by scientists at the 
University of Washington indicates that a 
common mosquito species — after detecting a 
telltale gas that we exhale — flies toward 
specific colors, including red, orange, black 
and cyan. The mosquitoes ignore other colors, 
such as green, purple, blue and white.  
“Mosquitoes appear to use odors to help them 
distinguish what is nearby, like a host to bite,” 
said Jeffrey Riffell, a UW professor of 
biology.  “When they smel l  specif ic 
compounds, like CO2 from our breath, that 
scent stimulates the eyes to scan for specific 
colors and other visual patterns, which are 
associated with a potential host, and head to 
them.” The results in Nature Comm-
unications, reveal how the mosquito sense of 
smell influences how the mosquito responds 
to visual cues. Knowing which colors attract 
hungry mosquitoes, and which ones do not, 
can help design better repellents, traps and 
other methods to keep mosquitoes at bay.

In their experiments, the team tracked 
behavior of female yellow fever mosquitoes, 

Aedes aegypti, when presented with different 
types of visual and scent cues. The researchers 
tracked individual mosquitoes in miniature 
test chambers, into which they sprayed 
specific odors and presented different types of 
visual patterns — such as a colored dot or a 
tasty human hand.

Without any odor stimulus, mosquitoes 
largely ignored a dot at the bottom of the 
chamber, regardless of color. After a spritz of 
CO2 into the chamber, mosquitos continued 
to ignore the dot if it was green, blue or purple 
in color. But if the dot was red, orange, black 
or cyan, mosquitoes would fly toward it. 

When Riffell's team repeated the chamber 
experiments with human skintone pigm-
entation cards — or a researcher's bare hand — 
mosquitoes again flew toward the visual 
stimulus only after CO2 was sprayed into the 
chamber. If the researchers used filters to 
remove long-wavelength signals, or had the 
researcher wear a green-colored glove, then 
CO2-primed mosquitoes no longer flew 
toward the stimulus. Genes determine the 
preference of these females for red-orange 
colors. Mosquitoes with a mutant copy of a 
gene needed to smell CO2 no longer showed a 
color preference in the test chamber. Another 
strain of mutant mosquitoes, with a change 
related to vision so they could no longer “see” 
long wavelengths of light, were more color-
blind in the presence of CO2. “These 
experiments lay out the first steps mosquitoes 
use to find hosts,” said Riffell.

Source: University of Washington news 
release. 
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Biotechnology

Potential diagnostic biomarker for Japanese encephalitis virus (JEV)

Japanese Encephalitis Virus (JEV) is the 
leading cause of mosquito-borne encephalitis 
in South-East Asia and Western Pacific and is 
often misdiagnosed as Dengue. JEV belongs 
to the family and genus  Flaviviridae 
Flavivirus and exists in a zoonotic cycle. 
Since there is no cure available for JEV, early 
detection is essential to mitigate a breakout. 
National Institute of Animal Biotechnology, 
Hyderabad developed Fluorine Doped Tin 
Oxide (FTO) electrode fabricated with 
reduced Graphene Oxide (rGO) for as an 
electrochemical based immunosensor for the 
rapid, sensitive and specific detection of the 
Non-Structural 1 (NS1) secretory protein, 
which is suitable biomarker for JEV found 
circulating in the blood and has been reported 
to elicit an immune response. Since the 
conventional methods for JEV diagnosis are 
expensive, more hazardous and time-
consuming diagnostic techniques and requires 
an elaborate laboratory set up and trained 

expertise, the developed biosensor may be 
able to overcome these limitations. Rese-
archers published the results in the journal 
Biosensors and Bioelectronics

Detection of the NS1 instead of antibody has 
an added advantage since the antigen is 
present from day 1 of the infection and hence 
facilitates early detection. On the other hand, 
antibodies appear only after Day 4/5 of the 
infection. Docking studies were used to 
identify the specificity of the epitopes for 
different flaviviralNS1 with JEV NS1 
antibody paratopes, followed by JEV NS1 
sequence amplification, cloning and 
transformation.  The NS1 protein was 
expressed in , characterised, and E. coli
immunized in rabbits to raise the polyclonal 
antibodies. The NS1 Antibodies were purified 
from serum, characterized, and used as the 
bioreceptor to fabricate the electrode with 
reduced graphene oxide as a conductivity 
enhancing nanomaterial for the detection of 

JEV NS1 antigen (Ag). The LOD (limit of 
detection) was determined as 0.92 fM in buffer 
and 1.3 fM in spiked serum ranging from 1 fM-
1 µM. This detection range is more sensitive 
than other sensors developed for JEV and can 
detect the minimal infective dose of circ-
ulating NS1 ranging anywhere from 7-284 
ng/ml in clinical samples as tested in other 
flaviviral infections. The fabricated imm-
unosensor was also specific towards JEV 
NS1Ag as compared to other flaviviral 
NS1Ag. Therefore, the proposed imm-uno-
sensor could be a promising candidate for the 
development of an accurate, and rapid, 
diagnosis for specific and sensitive detection 
of JEV from clinical samples.

Source: PIB

Biotechnology

Next-generation probiotic provides hope for longevity and healthy aging

A team of Scientists has recently identified the 
next-generat ion probiot ic  bacter ium 
Lactobacillus Plantarum JBC5 from a dairy 
product that showed great promise in 
promoting healthy aging. The team has also 
developed a yogurt using this probiotic 
bacterium which can be consumed to derive 
all these health benefits. The recent advances 
in medical science have increased life 
expectancy and have led to the rapid growth of 
the aging population. The United Nations 
forecasts that one in every eleven people will 
be older than 65 by 2050. However, aging is 
generally associated with a higher risk of age-
related health issues, such as obesity, neuro-
degenerative diseases (Parkinson's, Alzhei-
mer's), cardiovascular diseases, diabetes, 
cancers, autoimmune diseases, and inflam-
matory bowel disease. Therefore, it raises 
concerns in highly populated countries like 
India and flags the need for scientific ways to 
promote healthy aging.

A team of scientists at the Institute of 
Advanced Study in Science and Technology 
(IASST), Guwahati, an autonomous institute 
of the Department of Science & Technology, 
Govt. of India, searched for healthy bacteria to 

promote healthy living in fermented dairy 
products following the proposal of Nobel 
laureate  Dr.  El ie  Metchnikoff  They 
discovered the next-generation probiotic 
bacterium Lactobacillus Plantarum JBC5 
from a dairy product that shows great promise 
in promoting healthy aging on a model 
organism called Caenorhabditis Elegans --- a 
free-living, transparent nematode living 
temperate soil environments.

The study led by Dr. Mojibur R. Khan, 
Associate Professor and Prof. Ashis K. 
Mukherjee, Director, in collaboration with 
Prof. M. C. Kalita of Guwahati University and 

research scholars, Mr. Arun Kumar and Ms. 
Tulsi Joishy has shown that Lactobacillus 
Plantarum JBC5 improves longevity and 
healthy aging by modulating antioxidative, 
innate immunity and serotonin-signaling 
pathways in Caenorhabditis elegans. It was 
recently published in the journal 'Antioxidant'. 
Dr. M. R. Khan said that the bacterium 
demonstrated a 27.81% increase in the life 
span of the model organism Caenorhabditis 
elegans accompanied by the hallmarks of 
healthy aging by providing improved 
immunity against pathogenic infections 
increased learning ability and memory, gut 
integrity, and oxidative stress tolerance. In 
contrast, it significantly reduced the acc-
umulation of body fat and inflammation. Prof. 
Mukherjee, Director of IASST, opined that the 
probiotic promises to delay the onset of age-
associated diseases, such as obesity, a decline 
in cognitive functions, and immunity in the 
elderly. The team has also developed a yogurt 
using this probiotic bacterium which can be 
consumed to derive all these health benefits. 

Source: PIB
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Bacterial 'bully' could improve food production

According to scientists at Rice University and 
the University of California, Davis (UC 
Davis), bacteria used widely in fermentation 
combine two systems not previously known to 
coexist to acquire the fuel they burn for 
energy.  The hybrid metabolism of lactic acid 
bacteria (LAB) is the focus of a study 
published in eLife and led by Rice bioscientist 
Caroline Ajo-Franklin and UC Davis food 
scientist Maria Marco. Their discovery could 
advance food and chemical production by 
enhancing LAB's metabolic processes with a 
little electronic encouragement. LAB pri-
marily employ fermentation, which produces 
ATP in the absence of oxygen. But LAB can 
also access respiration, which depends on 
oxygen. “What we discovered is a LAB that 
blends the two, like an organism that's not 
warm- or cold-blooded but has features of 
both,” she said. “That's the big surprise, 
because we didn't know it was possible for an 
organism to blend these two distinct 
metabolisms.”

She said that while the common bacteria they 
studied, Lactiplantibacillus plantarum, 

depends predominantly on fermentation, 
“when we put them under particular 
circumstances where we're inducing redox 
stress — providing them with a carbon source 
that makes it harder to make lactate — they've 
got to do some workarounds. That's when the 
new metabolism kicks in.” “Kale has 
compounds like vitamins and quinones that 
lactic acid bacteria use as cofactors in their 
metabolism, and are also involved in 
interacting with the electrodes,” she said. “We 
also found fermenting kale to make juice was 
a trend. It sounded perfect for our biochemical 
reactors.” 

The study showed LAB enhance their 

me tabo l i sm th rough  a  f l av in -based 
extracellular electron transfer pathway, aka 
FLEET, that expresses two genes (ndh-2 and 
pp1A) associated with iron reduction, a step in 
the process of stripping and incorporating 
electrons into ATP.

Because LAB's genome has evolved to be 
small, thus requiring less energy to maintain, 
the wide conservation of FLEET must serve a 
purpose, Ajo-Franklin said. “Our hypothesis is 
this helps bacteria get established in new 
environments,” she said. “It's a way to kick-
start their metabolisms and outcompete their 
neighbours by changing the environment to be 
more acidic. It's being a bully.” That the 
FLEET pathway can be triggered with 
electrodes offers many possibilities, including 
minimizing food waste, she said. “We found 
we can use the hybrid metabolism in food 
fermentation,” Ajo-Franklin said. “Now we 
have a way to change how food may taste and 
avoid failed food fermentations by using 
electronics.”

Source: Rice University news release. 

Biotechnology

Harvesting baker's yeast for ageing-related therapeutics

Researchers from Singapore and the UK 
successfully engineer common baker's yeast 
to produce D-lysergic acid (DLA), an 
ingredient used in medicine for dementia and 
Parkinson's Disease.   Around the world, more 
people are growing older. According to the 
World Health Organisation, 1 in 6 people in 
the world will be aged 60 years or over by 
2030. By 2050, the world's population of 
people aged 60 years and older will double to 
2.1 billion. The number of persons aged 80 
years or older is expected to triple between 
2020 and 2050 to reach 426 million.   In line 
with the growing number of seniors, the 
number of people living with age-related 
diseases such as dementia, including 
Alzheimer's Disease and Parkinson's Disease 
is also expected to increase exponentially. 
These age-related diseases are an emerging 
impediment to healthy and functional ageing. 

A class of medicine used in the treatment of 
neuro-cogni t ive  d i seases  and  o ther 
neurological ailments (migraines, headaches, 
etc) are currently obtained from extracts of the 
ergot fungus. However, continued cultivation 
of the ergot fungus for medicine is not 

sustainable as industrial agriculture is one of 
the largest contributors to carbon emissions 
worldwide.  To meet the global demand for 
such medication, between 10-15 tons of D-
lysergic acid (DLA), an ingredient used in 
producing the medicine, are produced each 
year. The ergot fungi are parasites to cereal 
crops such as rye, and their cultivation entails 
growing them on top of fields of such crops 
that could otherwise be used for food 
production. In order to reduce the use of arable 
land to produce such medicine, a group of 
researchers from the Yong Loo Lin School of 
Medicine at the National University of 

Singapore (NUS Medicine) and Imperial 
College, London have trialled an alternative 
way of producing DLA. 

Using yeast commonly known to make bread, 
and synthetic biology techniques, the team 
introduced the enzymes from the ergot fungus 
into baker's yeast, which also happens to be 
another fungus. Through a process known as 
fermentation, the modified yeast was then 
grown using sugar to produce DLA. Natural 
fermentation has been used throughout human 
history for food production, most notably in 
the production of bread and beer. Just like how 
baker's yeast has been used to produce the 
alcohol and flavours in beer, fermentation 
using the modified yeast can now produce 
DLA. The study was published in the journal 
Nature Communications.

Source: Imperial College news release
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Environmental Science

Temperature, reproduction link holds promise for insect control

Scientists have uncovered a set of neurons in 
fruit flies that shut down in cold temperatures 
and slow reproduction, a system conserved in 
many insects, including mosquitoes, which 
could provide a target for pest control. Their 
study, published in the journal Current 
Biology, takes a step toward understanding 
how a fly's brain contributes to sensing the 
cold and limiting reproduction.  The study has 
public health and agricultural implications, as 
tapping into environmentally dependent 
mechanisms that influence reproduction in 
mosquitoes and crop pests may offer new 
control strategies.  “If there's a brake in the 
mosquito's brain that shuts down their 
reproductive facilities, and if we can find that 
brake and artificially activate it, it might open 
ways to control mosquito populations,” said 
Nilay Yapici, assistant professor of neuro-
biology and behavior and Nancy and Peter 
Meinig Family Investigator in the Life 
Sciences in the College of Arts and Sciences. 
Matt Meiselman, a postdoctoral associate in 
Yapici's lab, is the paper's first author.

In the study, the researchers conducted genetic 
screens and identified a subset of circadian 
neurons in the fly brain. These circadian 

neurons are important for sensing and 
responding to such environmental cues as 
light and cold and for keeping time in the 
brain, but they are not well understood. The 
researchers decided to investigate whether 
these circadian cells could be involved in the 
interplay between reproduction and envir-
onmental cues such as light and temperature.  
They found that while light may have some 
effect on reproduction, as a short day 
corresponds to the winter season, cold 
temperatures dominate light in controlling 
reproduction. In experiments where fruit flies 

were exposed to long days and cold 
temperatures, the rate of egg production still 
slowed down. They also used electrodes in the 
flies' brains to show that the dorsal neurons 
were active in warm temperatures and inactive 
in cold temperatures. “These dorsal neurons 
are sensing the temperature and telling the 
brain it is cold out there, and to slow the rate of 
egg production,” Yapici said.

Once the neurons were identified, the 
scientists asked whether there might be 
specific genes expressed in these cells. Their 
investigation revealed an insect neuropeptide 
called Allotostatin (AstC) is expressed speci-
fically in these circadian neurons. Exper-
iments showed that both injecting AstC or 
over-expressing the neuropeptide from the 
dorsal neurons stimulated egg production. 
Furthermore, AstC gene expression was also 
regulated by temperature, levels of AstC was 
low at cold temperatures and increased in in 
warm temperatures. 

Source: Cornell University news release

Experimental Biology

Study illuminates how tiny flies solve complex navigational challenges

For those of us who occasionally trip over a 
curb or bump into a door frame, it's hard to 
imagine an organism with a brain smaller than 
the period at the end of this sentence deftly 
maneuvering around obstacles while chasing 
fast-moving prey on the wing. A new study in 
the Journal of Experimental Biology by 
researchers from the University of Minnesota 
and the Imperial College London shows how a 
tiny fly can do just that — offering a valuable 
source of insights for efforts to design robots, 
drones and more.  The research, carried out by 
Paloma Gonzalez-Bellido, Mary Sumner, and 
Trevor Wardill of the University of Minne-
sota's College of Biological Sciences, and 
Sam Fabian of the Imperial College London 
Department of Bioengineering, focuses on the 
aerial feats of a miniature robber fly known as 
a gnat ogre — adults are tiny, just 7 mm in 
length on average. Native to North and South 
America, the gnat ogre is known for its ability 
to pursue and capture other insects in flight 
with extreme precision. It's remarkable 

enough that this insect's tiny brain can steer it 
to catch an object on the move. Even more 
remarkable is that it can avoid running into 
obstacles at the same time. The researchers set 
out to investigate how the tiny fly combines 
the two sets of brain-to-muscle instructions.

With the help of plastic bait, fishing wire, and 
high-speed video, they pursued an answer by 
observing gnat ogres as they pursued a 
moving target. Comparing video recordings 
of the fly chasing the bait in the presence of 
obstacles with flight trajectories predicted by 

models of obstacle-eluding flight and moving-
object-pursuing flight, the researchers found 
that gnat ogres continuously adjusted their 
path based on the mix of the two types of visual 
stimuli. If the obstacle was large enough to 
obscure the prey for more than 70 milli-
seconds, the insect was likely to abandon the 
chase. But if the line of sight was barely 
interrupted, the chase continued after the fly 
cleared the obstacle.   “We discovered that 
simple visual feedback alone — reacting to 
things rather than predicting ahead — can be 
used to quickly solve complex navigation 
challenges,” says Fabian.  The researchers 
attribute the fly's ability to adjust its trajectory 
so rapidly to its small size, which allows 
signals to travel rapidly from eye to brain to 
flight muscles. 

Source: University of Minnesota news release
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Genetics

Monkeys' atypical social behaviors may provide insights into autism 
genetics

Just like humans, some monkeys find it easier 
to “fit in” when they are in social situations. 
By studying spontaneous social behaviors of 
free-ranging juvenile rhesus macaques, 
Emory University researchers and their 
colleagues at Baylor College of Medicine 
have shown that, similar to humans, the 
macaques' social behaviors display signi-
ficant genetic influences, or heritability.The 
study results were published in Autism 
Research. “This exploratory study lays the 
groundwork for future research by showing 
that some juvenile macaques exhibit atypical 
social behaviors, some of which are similar to 
those observed in autism spectrum disorders 
(A S D),  and we found that  genet ics 
contributes to both sets of behaviors,” says 
lead author Chris Gunter.

Researchers observed free-ranging juvenile 
macaques interacting with other members of 
their social groups at the Yerkes National 
Primate Research Center Field Station. They 
evaluated more than 200 juvenile macaques' 
behavior using several tools including an 

adapted version of the Social Responsiveness 
Scale, a questionnaire healthcare professional 
widely used as a screening tool for ASD in 
children.  “Right now, autism researchers 
don't really have a good animal model,” says 
Mar Sanchez, PhD. “The Yerkes Field Station 
provided us a unique opportunity to study 
natural behaviors among a large group of 
juvenile macaques as they grew up in a social 
environment.”  Sanchez is professor of 
psychiatry and behavioral sciences at Emory 
University School of Medicine and the 
division chief of Developmental and 
Cognitive Neuroscience at Yerkes. “The 
macaques we studied did not have autism. 

Rather, they sometimes displayed behavior 
combinations similar to those used to diagnose 
ASD in children. In addition to observing 
typical behaviors in macaques' interactions, 
such as social grooming, we also identified 
animals exhibiting combinations of repetitive 
behaviors and solitary play, which are more 
like the diagnostic criteria for ASD. This gives 
us hope rhesus monkeys may be able to serve 
as animal models for better understanding the 
development of disorders of social behavior.” 
Sex and dominance/social status of each 
macaque within their social group also 
influenced the frequency of atypical social 
behaviors. This suggests the important role of 
sex and social experiences/environment on 
individual variation of social behavior, in 
addition to genetics. As part of their study, the 
researchers also analyzed the macaque 
versions of 143 genes shown to influence risk 
for ASD in humans. A handful of these were 
associated with specific behaviors in 
macaques.

Source: Emory University news release

Immunology

Gut fungi influence neuroimmunity, behavior

A specific group of fungi residing in the 
intestines can protect against intestinal injury 
and influence social behavior, according to 
new preclinical research by scientists at Weill 
Cornell Medicine. The study, published Feb. 
16 in Cell, reveals a novel set of molecular 
signals connecting fungi in the gut to their 
host's cells throughout the body, including 
immune cells and neurons. “We have made a 
direct link between a major immune pathway 
induced by fungi in the lining of the intestine 
and signals in the nervous system that impact 
animal behavior,” said senior author Iliyan 
Iliev, associate professor of immunology in 
medicine in the Division of Gastroenterology 
and Hepatology and a member of the Jill 
Roberts Institute for Research in Inflamm-
atory Bowel Disease at Weill Cornell 
Medicine. Dilek Colak, Dr. Melanie 
Johncilla and Megan Allen from Weill 
Cornell Medicine and Dr. Rhonda K. Yantiss 
from Weill Cornell Medicine and NewYork-
Presbyterian also contributed to this study.

The researchers mapped the locations of 
different fungi within the intestine and found 
that a unique consortium of fungi tends to 
accumulate at specific sites near the gut 
epithelium, or lining, suggesting that these 
species have colonized the gut and interact 
closely with the nearby epithelial cells. Mice 
carrying some of these fungi enjoyed better 
protection against events that can disrupt the 
intestinal barrier, such as intestinal injury and 
bacterial infection. “There was fortification of 
those barrier functions when we added that 

specific fungal community to mice,” Iliev said. 
Improving intestinal barrier integrity wasn't 
the only effect of the fungi. In separate 
experiments, the team found that mice carrying 
the fungal community in their gut displayed 
more social behavior than animals without 
these fungi. Both effects appear to stem from 
the animals' own T cells, a type of immune cell. 
The fungi cause T cells to secrete two immune 
signaling proteins, cytokines IL-22 and IL-17. 
Fungi-induced IL-22 acts locally in the 
epithelium, strengthening its barrier function, 
while IL-17 enters the bloodstream and 
eventually reaches neurons, which have 
receptors for it. Mice lacking the IL-17 
receptor in their neurons don't exhibit the 
social effects of fungal colonization.

Source: Cornell University news release
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Immunology

Key growth factor protein protects gut from inflammatory bowel disease

A growth factor protein produced by rare 
immune cells in the intestine can protect 
against the effects of inflammatory bowel 
disease (IBD), according to a new discovery 
from Weill Cornell Medicine researchers. In 
their study, published in Nature Immunology, 
the researchers found that the growth factor, 
HB-EGF, is produced in response to gut 
inflammation by a set of immune-regulating 
cells called ILC3s. These immune cells reside 
in many organs including the intestines, 
though their numbers are known to be 
depleted in the inflamed intestines of IBD 
patients. The researchers showed in experi-
ments in mice that this growth factor can 
powerfully counter the harmful effects of 
TNF, a key driver of intestinal inflammation. 
In doing so, ILC3s protect gut-lining cells 
when they would otherwise die and cause a 
breach in the intestinal barrier. “We've 
discovered a new cellular pathway that is 
essential to protect against gut inflammation. 
This discovery could lead to a better 
understanding of IBD pathogenesis and new 

strategies to treat this disease” said study 
senior author Gregory Sonnenberg, associate 
professor of microbiology and immunology 
in medicine in the Division of Gastro-
enterology and Hepatology and a scientist in 
the Jill Roberts Institute for Research in Infla-
mmatory Bowel Disease at Weill Cornell 
Medicine. Sonnenberg and his laboratory 
have found in recent studies that ILC3s play a 
key role in protecting the gut from harmful 
inflammation and are depleted in human 
patients who have IBD or colon cancer. In the 
new study, the team sought a more precise 
understanding of how ILC3s fight against 
IBD's inflammatory effects.

The researchers in an initial set of experi-
ments recreated an IBD-like condition in mice 
using high doses of TNF, an inflammatory 
immune protein and the target of some IBD 
therapies. They found in these experiments 
that ILC3s strongly protect the gut linings of 
the mice from TNF-induced inflammatory 
damage – mice lacking ILC3s suffered 
significantly worse damage. Using single-cell 
RNA sequencing, a relatively advanced 
technique, the researchers eventually zeroed in 
on the mechanism of ILC3s' protective effect: 
the growth factor protein HB-EGF, which 
they showed could specifically keep gut-lining 
cells alive in the presence of excessive TNF. 
The findings reveal a key mechanism that the 
gut normally uses to protect itself from 
harmful inflammation and suggest that the loss 
of ILC3s is at least one reason this mechanism 
fails in IBD.

Source: Cornell University news release. 

Neurobiology

Bats use different inner ear structures to help navigate the world 
through sound

Two major groups of bats that  use 
echolocation have different structures for 
connecting the inner ear to the brain, 
according to a new study by researchers from 
the University of Chicago, the American 
Museum of Natural History and the Field 
Museum. The research, published this week 
in Nature, provides the first anatomical 
evidence of two distinctive inner ear 
structures used for processing bats' echolo-
cation signals. The study confirms previ-
ously discovered genetic evidence that 
echolocating bats belong to different 
evolutionary lineages, known respectively as 
“Yin” and “Yang” bats, and suggests that 
these two branches have different neuro-
anatomies of the inner ear for different styles 
of echolocation. “Biologists have speculated 
that the two major groups of bats have 
different ways of seeing the world through 
sound,” said the study's lead author 
Benjamin Sulser, SB'16, a UChicago alum 
and current Ph.D. student at the American 
Museum of Natural History.“This is the first 
time we found different neuroanatomies in 

the inner ear, which give these bats different 
ways of processing the echolocating signal.”

Most bats navigate their world through 
echolocation, a way of emitting distinct 
sounds and then listening for the returning 
echo. Echolocation helps bats orient 
themselves, forage for food, and avoid 
obstacles while flying. Bats' sense of hearing 
is intricately related to biological adaptations 
for echolocation. About 20 years ago, 
molecular studies of the mammal tree of life 
revealed that echolocating bats belong to two 
lineages: Yinpterochiroptera, or “Yin” bats, 
and Yangochiroptera, or “Yang” bats. This 
suggests that the hearing function for 

echolocation evolved quite differently, 
possibly twice, among the bats. But a long-
standing question remained: Do the ear 
structures differ between these two long-
separated lineages of bats?

Yin bats rely more heavily on constant 
frequency sounds for echolocation, while Yang 
bats use a more complex, modulated 
frequency. The team's CT scanning showed 
that Yin bats, like most non-bat mammals, 
have a thick canal wall packed with tiny 
openings for the nerve fibers. However, most 
Yang bats have an open canal with no wall, 
allowing for more evolutionary variation of the 
neurons in the ganglion, which is quite 
distinctive from other mammals. The Yang 
bats are also much more evolutionary diverse 
than Yin bats, with about five times the number 
of species and more diverse modes of foraging. 
The team believes that the different ear 
anatomies may contribute to bat diver-
sification.

Source: University of Chicago news release.
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Neurological Science

Deciphering mechanisms associated with learning and memory

In a recent development, scientists have 
developed a first-of-its-kind tool for under-
standing the process of long-term memory 
consolidation in the brain by capturing the 
neural signals from rodent brain. Learning and 
memory are the fundamental processes of 
brain and are one of the most intensively 
studied subjects in the field of neuroscience. 
Learning is attributed to the acquisition of new 
data and memory. Retention of the acquired 
data leads to long-term memory (LTM) 
formation. 

The new tool which uses the behavioral 
tagging model is a novel one to study LTM 
consolidation through behavioral analysis. On 
a similar line, bio-signals are now being used 
to explore the latent features of memory 
consolidation by a technique called In Vivo 
Electrophysiology which can be utilized by 
capturing the neural signals from rodent brain 
under experimental conditions This novel tool 
being a first of its kind in India has been 
developed by Prof. Suhel Parvez and his 

group at the Department of Toxicology, 
School of Chemical and Life Sciences, Jamia 
Hamdard (Deemed to be University), New 
Delhi, who established the Behavioral 
Tagging model for understanding the process 
of LTM consolidation in brain. The research 
has recently been published in the journals 
'Theranostics'  and  'Ageing Research 
Reviews'.

The researchers used the In Vivo Electro-
physiology Facility established at the 
Department of Toxicology with the support of 
Department of Science and Technology 
(DST), Govt. of India under the “Promotion 
of University Research and Scientific 
Excellence (PURSE)” program for the 
capturing bio-signals for developing the 
behavioural tagging model. “The facility is 
well equipped with several neurobehavioral 
apparatuses for rodents to assess parameters 
which are analyzed by using Any-MAZE 
software. Also, the research on neuro-
degenerative disorders causing memory 

impairment such as Dementia, Alzheimer's 
Disease, Parkinson's Disease, and many more 
could utilize the findings of the work to find a 
direct link between the memory consolidation 
pathway and memory impairment mechanism 
in such diseased state,” said Prof. Suhel.  For 
deeper understanding of behavioral aspects of 
brain functioning, Prof. Parvez and his group 
have established in vivo electrophysiology 
technique. 

The team is constantly making efforts for 
bridging the knowledge gap between memory 
formation and memory decline mechanisms 
by utilizing Behavioral Tagging phenomenon 
in combination with in vivo electrophysiology.

Source: PIB

Neurological Science

New imaging scan reveals a culprit in cognitive decline of Alzheimer's

Advanced imaging technology developed by 
Yale researchers has helped them confirm 
that the destruction of brain synapses 
underlies the cognitive deficits experienced 
by patients with Alzheimer's disease, 
according to a study published Feb. 17 in the 
journal Alzheimer's & Dementia: The 
Journal of the Alzheimer's Association. For 
many years, scientists have assumed that the 
loss of connections between brain cells 
caused Alzheimer's-related symptoms, 
including memory loss, but actual evidence 
of the role of synaptic loss had been limited to 
a small number of brain biopsies and post-
mortem brain exams conducted on patients 
with moderate or advanced disease. 
However, the emergence of a positron 
emission tomography (PET) scanning 
technology, developed at Yale, has allowed 
researchers to observe the loss of synapses in 
living patients with even mild symptoms of 
Alzheimer's disease. The new glycoprotein 
2A (SV2A) PET imaging scan allowed 
scientists to measure metabolic activity at the 
brain synapses of 45 people diagnosed with 

mild to moderate Alzheimer's disease. The 
researchers then measured each person's 
cognitive performance in five key areas: 
verbal memory, language skills, executive 
function, processing speed, and visual-spatial 
ability. They found that the loss of synapses or 
connections between brain cells was strongly 
associated with poor performance on 
cognitive tests. They also found that synaptic 
loss was a stronger indicator of poor cognitive 
performance than the loss of overall volume 
of neurons in the brain.

Yale researchers can now track the loss of 

synapses in patients over time, providing better 
understanding of development of cognitive 
decline in individuals, said Christopher van 
Dyck, a professor of psychiatry, neurology, 
and neuroscience at Yale School of Medicine, 
director of the Yale Alzheimer's Disease 
Research Center, and senior author of the 
paper. The findings help us understand the “
neurobiology of the disease and can be an 
important new biomarker to test the efficacy of 
new Alzheimer's drugs,” said Adam Mecca, 
assistant professor of psychiatry and lead 
author of the paper.

Source: Based on Yale University news 
release. 
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Plant Science

World's thinnest roots are 'underground weapons' in ecological 
competition

A new study published in the Proceedings of 
the National Academy of Sciences, Princeton 
ecologists Lars Hedin and Mingzhen Lu show 
that the hidden root systems beneath a South 
African brushland hold the answer to a 
biological puzzle. The roots found by Lu, 
Hedin and their colleagues from the 
University of Cape Town, the South African 
Observational Network, Hebrew University 
of Jerusalem and the Chinese Academy of 
Sciences, are much, much thinner — so 
remarkably thin and so long that a single root 
stretching the length of 15 football fields 
weighs just one gram, the same as a paperclip.  
These roots underlie the Fynbos biome, a dry 
brushland in South Africa that is the most 
ecologically rich biome in the world outside of 
the tropics, with more than 7,000 different 
species of plants, of which the great majority 
exist nowhere else. And in a longstanding 
biological mystery, the Fynbos exists side-by-
side with towering trees in the Afrotemperate 

forest biome that have only a tenth their 
diversity.  Lu described the startling 
sharpness of the boundaries between the 
shrubland and the forest biomes: “In the 
summer, you are scorched by the sun in the 
Fynbos, then you take one step into the forest, 
and you're engulfed by cool humidity and you 
see moss on the trees,” said Lu. “It's like a 
binary switch, zero to one. Boom, you're in 
another world.” They discovered that the two 
biomes exist as alternative stable states in the 
same environmental conditions.  In this 
environment, the remarkably thin roots are a 

competitive strategy. They allow the tough but 
beautiful Fynbos plants to thrive on the poorest 
soil in the world — an almost pure quartz sand. 

 “This paper breaks startling new ground,” said 
William Bond, a professor of biological 
sciences at the University of Cape Town and a 
co-author. “We now see that it is not the 
intrinsic soil properties, but plant feedbacks to 
the soil that create misery for forest saplings. 
The thin roots of the Fynbos are the 
belowground weapon creating miserable 
conditions for nutrient-demanding forest 
plants. The image of an Erica root spreading 
across 15 football fields, versus a forest tree 
root spreading across just a single field, is a 
vivid illustration of how root geometry can 
radically influence belowground nutrient 
acquisition.”

Source: Princeton University news release

Plant Science

Study illustrates trade-off between plant regeneration and defence

After injury, plants make a trade-off between 
repairing damaged tissue and ramping up 
their defenses, according to a new study led 
by researchers in New York University's 
Center for Genomics and Systems Biology 
and published in Developmental Cell. 
Understanding how plants regulate these 
responses enabled the researchers to nudge 
wounded plants toward repair instead of 
defense, a strategy that could be useful in 
improving regeneration in important staple 
crops like corn. “Plants can hardly go a few 
days without some kind of injury. As a result, 
they have developed sophisticated strategies 
to respond,” said Kenneth Birnbaum the 
study's senior author. Unlike animals, who 
employ “fight or flight” responses when 
attacked, plants can't run. Instead, injury 
triggers a “fight or fix” response in plants, 
prompting them to either regenerate their 
damaged or missing parts or defend 
themselves. Plants defend themselves by 
rapidly producing compounds designed to 
stop an animal or pathogen from further 
attacks (these secondary compounds have 
proven to be particularly useful in medicine, 

giving us drugs like morphine, paclitaxel, and 
colchicine).

This study sought to understand how the 
“fight or fix” responses are linked—whether 
they are activated together and ramp up at the 
same time, or if there is a trade-off, with one 
response increasing as the other decreases. 
The researchers studied Arabidopsis, a small 
plant widely used as a model organism in plant 
biology, and corn, America's largest crop and a 
critically important source of food for people 
and animals. The researchers found that the 
balance in regeneration and defence responses 
was regulated by plant glutamate receptor-like 
(GLRs) proteins, which are distant relatives to 

glutamate receptors found in the brain. This 
allowed them to use drugs typically used in 
neurobiology research to study the plant's 
responses to injury. GLRs have been impli-
cated in plant defence responses, but in the 
study, GLRs also played a role in regeneration 
after injury, with GLR-mediated signals 
dialing down the regen-eration system and 
turning up the defence response. Knowing that 
GLRs regulate both regeneration and defence 
responses presents an opportunity to improve 
crop growth—especially cereal crops like 
corn, sorghum, and wheat, which are 
particularly resistant to regeneration. “Retu-
ning the balance between plant defence and 
regeneration could be used to improve 
regeneration for biotechnology, conservation, 
and propagation of staple food crops,” said 
Birnbaum. “Breeding crops that more readily 
regenerate and can adapt to new environments 
is critical in the face of climate change and food 
insecurity.”

Source: New York University news release
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Virology

New highly virulent and damaging HIV variant discovered in the 
Netherlands

As the ongoing coronavirus pandemic has 
demonstrated, new mutations in viral genetic 
sequences can have significant impacts on the 
virus's transmissibility and the damage it 
causes. For many years, there have been 
concerns that this could arise in the HIV-1 
virus, which already affects 38 million people 
worldwide, and has caused 33 million deaths 
to date (www.unaids.org). This has now been 
confirmed with the discovery of a new, highly 
virulent HIV strain in the Netherlands, in an 
international collaborative study with key 
con t r ibu t ions  f rom the  Dutch  H I V 
Monitoring Foundation and led by researchers 
from the University of Oxford's Big Data 
Institute. The results are published in Science.

Individuals infected with the new “VB 
variant” (for virulent subtype B) showed 
significant differences before antiretroviral 
treatment compared with individuals infected 
with other HIV variants. The differences 
include (i) Individuals with the VB variant 
had a viral load (the level of the virus in the 

blood) between 3.5 and 5.5 times higher. (ii) 
the rate of CD4 cell decline (the hallmark of 
immune system damage by HIV) occurred 
twice as fast in individuals with the VB 
variant, placing them at risk of developing 
AIDS much more rapidly (iii) Individuals 
with the VB variant also showed an increased 
risk of transmitting the virus to others. 
Reassuringly, after starting treatment, 
individuals with the VB variant had similar 
immune system recovery and survival to 
individuals with other HIV variants. 
However, the researchers stress that because 
the VB variant causes a more rapid decline in 
immune system strength, this makes it critical 
that individuals are diagnosed early and start 

treatment as soon as possible.

Further research to understand the mechanism 
that causes the VB variant to be more 
transmissible and damaging to the immune 
system could reveal new targets for next-
generation antiretroviral drugs. The VB 
variant is characterized by many mutations 
spread throughout the genome, meaning that a 
single genetic cause cannot be identified at this 
stage. By analysing the patterns of genetic 
variation among the samples, the researchers 
estimate that the VB variant first arose during 
the late 1980s and 1990s in the Netherlands. It 
spread more quickly than other HIV variants 
during the 2000s, but its spread has been 
declining since around 2010. The research 
team believe that the VB variant arose in spite 
of widespread treatment in the Netherlands, 
not because of it, since effective treatment can 
suppress transmission.

Source: University of Oxford news release

Chemical Engineering

New catalysts steer hydrogen fuel cells into mainstream

Cornell chemists have discovered a class of 
nonprecious metal derivatives that can 
catalyze fuel cell reactions about as well as 
platinum, at a fraction of the cost. “These less 
expensive metals will  enable wider 
deployment of hydrogen fuel cells,” said 
Héctor D. Abruña, the lead author of the 
study. “They will push us away from fossil 
fuels and toward renewable energy sources.” 
The findings are published in the journal 
Science Advances. A critical part of the fuel 
cell is the oxygen reduction reaction (ORR), 
an infamously sluggish process – Abruña 
often calls it “God's collective punishment to 
electrochemistry” – that is traditionally sped 
up by platinum and other precious metals. A 
model  ca ta lys t ,  p la t inum conducts 
electricity, catalyzes the most temperamental 
reactions with aplomb, and is hardy enough 
to survive the harsh, acidic environment of a 
fuel cell. But it can be prohibitively 
expensive. Lately, however, more forgiving 
alkaline fuel cells have gained prominence, 

raising the possibility that less expensive 
metals, once ruled out for their vulnerability 
to acidic environments, might replace 
platinum in these gentler, next-generation fuel 
cells. Abruña and his team set out to engineer 
an inexpensive material, fit for an alkaline 
fuel cell, that would conduct electricity and 
catalyze the ORR reaction just as efficiently 
as platinum.

Transition metal nitrides (TMNs) were an 

obvious choice, and DiSalvo is a world expert 
on these materials, Abruña said. A class of 
compounds derived from cobalt, manganese, 
iron and other transition metals, TMNs 
conduct electricity and, when exposed to air, 
tend to form a thin oxygen-based outer shell 
that provides a perfect surface for catalyzing 
chemical reactions. After synthesizing a family 
of TMNs with conductive nitride cores and 
reactive oxide shells, the team tested each 
candidate catalyst in a model hydrogen fuel 
cell. Manganese- and iron-based candidates 
made strong showings. But the cobalt nitride 
catalyst was “the clear winner,” Abruña said, 
with near identical efficiency to platinum 
while costing 475 times less. Those savings 
may help finally brings hydrogen fuel cells out 
of the laboratory and into the mainstream. 

Source: Cornell University news release. 
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Chemical Engineering

A catalyst that can turn carbon dioxide into gasoline 1,000 times more 
efficiently

Engineers working to reverse the proliferation 

of greenhouse gases know that in addition to 

reducing carbon dioxide emissions we will 

also need to remove carbon dioxide from 

power plant fumes or from the skies. But, what 

do we do with all that captured carbon? 

Matteo Cargnello, a chemical engineer at 

Stanford University, is working to turn it into 

other useful chemicals, such as propane, 

butane or other hydrocarbon fuels that are 

made up of long chains of carbon and 

hydrogen.  “We can create gasol ine, 

basically,” said Cargnello, who is an assistant 

professor of chemical engineering. “To 

capture as much carbon as possible, you want 

the longest chain hydrocarbons. Chains with 

eight to 12 carbon atoms would be the ideal.” 

A new catalyst, invented by Cargnello and 

colleagues, moves toward this goal by 

increasing the production of long-chain 

hydrocarbons in chemical reactions. It 

produced 1,000 times more butane – the 

longest hydrocarbon it could produce under 

its maximum pressure – than the standard 

catalyst given the same amounts of carbon 

dioxide, hydrogen, catalyst, pressure, heat 

and time. The new catalyst is composed of the 

element ruthenium – a rare transition metal 

belonging to the platinum group – coated in a 

thin layer of plastic. Like any catalyst, this 

invention speeds up chemical reactions 

without getting used up in the process. 

Ruthenium also has the advantage of being 

less expensive than other high-quality 

catalysts, like palladium and platinum. The 

research is published in the journal 

Proceedings of the National Academy of 

Sciences.

Cargnello and other researchers working to 

make liquid fuels from captured carbon 

imagine a carbon-neutral cycle in which 

carbon dioxide is collected, turned into fuel, 

burned again and the resulting carbon dioxide 

begins the cycle anew. The key to the 

remarkable increase in reactivity is that layer 

of porous plastic on the ruthenium, explained 

lead student author Chengshuang Zhou.  “An 

uncoated catalyst gets covered in too much 

hydrogen on its surface, limiting the ability of 

carbon to find other carbons to bond with,” 

Zhou said. “The porous polymer controls the 

carbon-to-hydrogen ratio and allows us to 

create longer carbon chains from the same 

reactions. This particular, crucial interaction 

was demonstrated using synchrotron 

techniques at SLAC National Laboratory in 

collaboration with the team of Dr. Simon Bare, 

who leads Co-Access there.”

Source: Stanford University news release

Chemical Biology

New DNA computer assesses water quality

Northwestern University synthetic biologists 

have developed a low-cost, easy-to-use, hand-

held device that can let users know if their 

water is safe to drink. The new device works 

by using powerful and programmable genetic 

networks, which mimic electronic circuits, to 

perform a range of logic functions.  Among 

the DNA-based circuits, the researchers 

engineered cell-free molecules into an analog-

to-digital converter (ADC), a ubiquitous 

circuit type found in nearly all electronic 

devices. In the water-quality device, the ADC 

circuit processes an analog input (cont-

aminants) and generates a digital output. The 

research was published in the journal Nature 

Chemical Biology. Equipped with a series of 

eight small test tubes, the device glows green 

when it detects a contaminant. The number of 

tubes that glow depend upon how much 

contamination is present. If only one tube 

glows, then the water sample has a trace level 

of contamination. But if all eight tubes glow, 

then the water is severely contaminated. In 

other words, the higher concentration of 

contamination leads to a higher signal. “We 

programmed each tube to have a different 

threshold for conta-minations,” said 

Northwestern's Julius B. Lucks, who led the 

research. “The tube with the lowest threshold 

will light up all the time. If all the tubes light 

up, then there is a big problem.”

The new system builds off work that Lucks 

and his team published in Nature Bio-

technology in July 2020. In that work, the 

team introduced ROSALIND which could 

sense 17 different contaminants in a single 

drop of water.  To develop ROSALIND, 

Lucks and his team employed cell-free 

synthetic biology. With synthetic biology, 

researchers take molecular machinery out of 

cells, and then reprogram that machinery to 

perform new tasks. At the time, Lucks likened 

ROSALIND's inner workings to “molecular 

taste buds.” Now, in the new version — dubbed 

ROSALIND 2.0 — Lucks and his team have 

added a “molecular brain.” “The initial 

platform was a bio-sensor, which acted like a 

taste bud,” Lucks said. “Now we have added a 

genetic network that works like a brain. The 

bio-sensor detects contamination, but then the 

output of the bio-sensor feeds into the genetic 

network, or circuit, which works like a brain to 

perform logic.” Researchers freeze-dried the 

reprogrammed “molecular brains” to become 

shelf-stable and put them into test tubes. 

Adding a drop of water to each tube sets off a 

network of reactions and interactions, 

ultimately causing the freeze-dried pellet to 

glow in the presence of a contaminant.

Source: Northwestern University news 

release.
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Astronomical Science

New artificial Intelligence-based tools can help finding habitable planets

In the present work, astronomers from the 
Indian Institute of Astrophysics along with 
astronomers from BITS Pilani, Goa campus 
have devised a new approach -- an anomaly 
detection method -- by which they can identify 
potentially habitable planets with a high 
probability. The method is based on the 
postulate that Earth is an anomaly, with the 
possibility of existence of few other ano-
malies among thousands of data points. The 
study is published in the journal, Monthly 
Notices of the Royal Astronomical Society 
(MNRAS). According to the study, there are  
60 potentially habitable planets out of about 
5000 confirmed, and nearly 8000 candidate 
planets proposed. The assessment is based on 
their close similarity to Earth. These planets 
can be viewed as candidates for anomalous 
instances in a huge pool of `non-habitable' 
exoplanets. “Earth being the only habitable  
planet among thousands of planets is defined 
as an anomaly. We explored whether similar 
'anomaly candidates can be found using novel 
anomaly detection methods,' said Dr. 
Snehanshu Saha of BITS Pilani K K Birla 
Goa Campus and Dr. Margarita Safonova of 

Indian Institute of Astrophysics.

The IIA team explains that the fulcrum of the 
idea that postulates (potentially) habitable 
exoplanets as anomalies pivots around the 
well-known anomaly detection problem in 
predictive maintenance of industrial systems. 
Anomaly detection technique suitable for 
industrial systems applies equally well for 
habitable planet detection since in both cases, 
the anomaly detector is dealing with 
“imbalanced” data, where the anomalies 
(number of habitable exoplanets or anom-
alous behavior of industrial components) are 
outliers. These are far less in number 

compared to the normal data. However, with  
the large number of discovered exoplanets, 
finding those rare anomalous instances by 
characterizing them in terms of planetary 
parameters ,  types,  populat ions,  and, 
ultimately, the habitability potential requires 
the knowledge of multiple planetary 
parameters from observations. This, in turn, 
demands hours of expensive telescope time. It 
is a tedious job to scan thousands of planets 
manually and to identify planets potentially 
similar to Earth. Artificial Intelligence (AI) 
can be utilized effectively to find habitable 
planets. The study identified a few planets  
which exhibit similar anomalous charac-
teristics as Earth via the proposed technique, 
which shows reasonably good results, in 
agreement with what astronomers believe. 
Interestingly, this method resulted in similar 
results in terms of anomalous candidate 
detection when it did not use surface 
temperature as a feature, compared to when it 
actually did. This will make future analysis of 
exoplanets much easier.

Source: PIB

Astrophysics

Atmospheric pressure on surface of Pluto is more than 80,000 times 
less than Earth

A team of scientists, including Indian and 
International collaborators, have derived the 
accurate value of Pluto's atmospheric pressure 
at its surface. It is more than 80,000 times less 
than the atmospheric pressure at mean sea 
level on Earth. The pressure was calculated 
from data obtained by observation of stellar 
occultation by Pluto on 6 June 2020 using 3.6-
m Devasthal optical telescope (DOT) (India's 
largest optical telescope) and 1.3-m Devasthal 
Fast Optical Telescope (DFOT) telescopes 
located at Devasthal, Nainital. In astronomy, 
an occultation happens when a celestial object 
gets hidden from the view of the observer due 
to another celestial object passing in between 
them. A compilation of twelve stellar 
occultations by Pluto observed between 1988 
and 2016 showed a three-fold monotonic 
increase of atmospheric pressure during this 
period.

An international team of scientists, including 
members from Aryabhatta Research Institute 
of Observational Sciences (ARIES), used 

signal-to-noise ratio light curves obtained 
from the sophisticated instruments used in the 
observations to derive an accurate value of 
Pluto's atmospheric pressure at its surface. It 
was found to be 12.23 μbar -- 80,000 times 
less than the atmospheric pressure at mean sea 
level on Earth. They also found that the 
pressure at the surface is close to the seasonal 
peak of Pluto.  The research published in 

'Astrophysical Journal Letters (ApJL)' showed 
that since mid-2015, Pluto's atmosphere is in a 
plateau phase close to peak and is in excellent 
agreement with the model values calculated 
earlier by the Pluto volatile transport model in 
2019. The team explained further that this 
occultation was particularly timely as it can 
test the validity of the current models of Pluto's 
atmosphere evolution. The study also confirms 
earlier findings that Pluto suffers intense 
seasonal episodes because of large depression 
on Pluto, known as Sputnik Planitia. Pluto's 
poles remain, for decades, in permanent 
sunlight or darkness over its 248-year long 
orbital period leading to strong effects on its 
Nitrogen (N ) atmosphere that is mainly 2

controlled by vapour pressure equilibrium 
with the surface N  ice. Moreover, as Pluto is 2

now moving away from the Galactic plane as 
seen from Earth, stellar occultations by the 
dwarf planet are becoming increasingly rare, 
making this event a decisive one.

Source: PIB
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Atmospheric Science

Increase in warming in high altitude Himalayas due to water vapor

A recent study has shown that water vapour 

exhibits a positive radiative effect at the top of 

the atmosphere (TOA), suggesting an 

increase in overall warming in the High-

Altitude Himalayas due to it. The precipitable 

water vapor (PWV) is one of the most rapidly 

varying components in the atmosphere and is 

mainly accumulated in the lower troposphere. 

Due to the large variability in space and time, 

mixing processes and contribution to a series 

of heterogeneous chemical reactions, as well 

as sparse measurement networks, especially 

in the Himalayan region, it is difficult to 

accurately quantify the climatic impact of 

PWV over space and time. Moreover, 

aerosol-cloud-precipitation interactions over 

this region, which are one of the most 

climatic-sensitive regions, are poorly 

understood, apparently due to a lack of proper 

observational data.

The recent research led by Dr Umesh Chandra 

Dumka from Aryabhatta Research Institute of 

Observational Sciences (ARIES), Nainital, 

an autonomous research institute of the 

Department of Science and Technology 

(D S T) Govt .  of  India ,  showed that 

Precipitable Water Vapour (PWV) exhibits a 

positive radiative effect at the top of the 

atmosphere (TOA) in high altitude remote 

locations in the order of about 10 watts per 
-2square metre W m ) at Nainital (Altitude -(

-22200m; Central Himalaya) and 7.4 W m  at 

Hanle (Altitude -4500m; western Trans 

Himalaya). Team members from the National 

Observatory of Athens (NOA), Greece; 

Tohoku University, Japan; Indian Institute of 

Astrophysics (I IA) and CSIR Fourth 

Paradigm Institute (CSIR-4PI), Bengaluru 

and Institute for Advanced Sustainability 

Studies, Germany also contributed in the 

study. The research published in the Journal of 

Atmospheric Pollution Research, Elsevier 

shows that the atmospheric radiative effect 

due to PWV is about 3-4 times higher 

compared to aerosols, resulting in atmospheric 
-1heating rates of 0.94 and 0.96 K Day  at 

Nainital and Hanle, respectively. The results 

highlight the importance of PWV and aerosol 

radiative effects in the climate-sensitive 

Himalayan region.

The researchers assessed the combination of 

aerosols and water vapour radiative effects 

over the Himalayan range that is specifically 

important for regional climate and highlighted 

the importance of water vapour as a key 

greenhouse gas and climate forcing agent over 

the Himalayan region. The team believes that 

this work will provide a comprehensive 

investigation of the combined impact of 

aerosols and water vapour on the radiation 

budget.

Source: PIB

Earth and Planetary Science

Puffy planets lose atmospheres, become super-earths

Astronomers have identified two different 

cases of "mini-Neptune" planets that are 

losing their puffy atmospheres and likely 

transforming into super-Earths. Radiation 

from the planets' stars is stripping away their 

atmospheres, driving hot gas to escape like 

steam from a pot of boiling water. The 

findings, published in two separate papers in 

The Astronomical Journal, help paint a picture 

of how exotic worlds like these forms and 

evolve. Mini-Neptunes are a class of 

exoplanets, which are planets that orbit stars 

outside our solar system. These worlds, which 

are smaller, denser versions of the planet 

Neptune, consist of large rocky cores 

surrounded by thick blankets of gas. In the 

new studies, a team of astronomers led by 

Caltech used the W. M. Keck Observatory 

atop Maunakea in Hawaiʻi to study one of two 

mini-Neptune planets in the star system called 

TOI 560, located 103 light-years away; and 

they used NASA's Hubble Space Telescope to 

look at two mini-Neptunes orbiting HD 

63433, located 73 light-years away. Their 

results show that atmospheric gas is escaping 

from the innermost mini-Neptune in TOI 560, 

called TOI 560.01, and from the outermost 

mini-Neptune in HD 63433, called HD 63433 

c. This suggests that they could be turning into 

super-Earths.  The study also found, 

surprisingly, that the gas around TOI 560.01 

was escaping predominantly toward the star.

Since the first exoplanets orbiting sun-like 

stars were discovered in the mid-1990s, 

thousands of others have been found. Many of 

these orbits close to their stars, and the 

smaller, rocky ones generally fall into two 

groups: mini-Neptunes and super-Earths. 

Planets of these types are not found in our solar 

system.  One possible explanation for this gap 

is that mini-Neptunes are transforming into 

super-Earths.  "A planet in the gap would have 

enough atmosphere to puff up its radius, 

making it intercept more stellar radiation and 

thereby enabling fast mass loss," Zhang says. 

"But the atmosphere is thin enough that it gets 

lost quickly. This is why a planet wouldn't stay 

in the gap for long." Other scenarios could 

explain the gap, according to the astronomers. 

For instance, the smaller rocky planets might 

have never gathered gas envelopes in the first 

place, and mini-Neptunes could be water 

worlds and not enveloped in hydrogen gas. 

This latest discovery of two mini-Neptunes 

with escaping atmospheres represents the first 

direct evidence to support the theory that mini-

Neptunes are indeed turning into super-Earths.

Source: Caltech news release
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Earth Science

Supermountains controlled the evolution of life on Earth

Giant mountain ranges at least as high as the 

Himalayas and stretching up to 8,000 

kilometres across entire supercontinents 

played a crucial role in the evolution of early 

life on Earth, according to a new study by 

researchers at The Australian National 

University (ANU).   The researchers tracked 

the formation of these supermountains 

throughout Earth's history using traces of 

zircon with low lutetium content -- a 

combination of mineral and rare earth element 

only found in the roots of high mountains 

where they form under intense pressure.  The 

study found that these supermountains only 

formed twice in Earth's history -- the first 

between 2,000 and 1,800 million years ago 

and the second between 650 and 500 million 

years ago. Both mountain ranges rose during 

periods of supercontinent formation.   Lead 

author, ANU PhD candidate Ziyi Zhu, said 

there are links between these two instances of 

supermountains and the two most important 

periods of evolution in Earth's history.  Co-

author Professor Jochen Brocks said: "What's 

stunning is the entire record of mountain 

building through time is so clear. It shows 

these two huge spikes: one is linked to the 

emergence of animals and the other to the 

emergence of complex big cells."  When the 

mountains eroded they provided essential 

nutrients like phosphorous and iron to the 

oceans, supercharging biological cycles and 

driving evolution to greater complexity. 

The supermountains may also have boosted 

oxygen levels in the atmosphere, needed for 

complex life to breathe.  "The early Earth's 

atmosphere contained almost no oxygen. 

Atmospheric oxygen levels are thought to 

have increased in a series of steps, two of 

which coincide with the supermountains," Ms 

Zhu said.  "The increase in atmospheric 

oxygen associated with the erosion of the 

Transgondwanan Supermountain is the largest 

in Earth's history and was an essential 

prerequisite for the appearance of animals."   

There is no evidence of other supermountains 

forming at any stage between these two events, 

making them even more significant.   "The 

time interval between 1,800 and 800 million 

years ago is known as the Boring Billion, 

because there was little or no advance in 

evolution," co-author Professor Ian Campbell 

said.   "The slowing of evolution is attributed 

to the absence of supermountains during that 

period, reducing the supply of nutrients to the 

oceans.  "This study gives us markers, so we 

can better understand the evolution of early, 

complex life."  The research has been 

published in Earth and Planetary Science 

Letters.

Source: Australian National University news 

release

Ocean Science

Tectonic evolution of Greater Maldive Ridge in western Indian Ocean

In a recent study, researchers traced the 

tectonic evolution and the nature of the 

Greater Maldive Ridge (GMR) --- a very 

crucial geodynamic features in the western 

Indian Ocean whose origin has been the centre 

of many a scientific debate. The study can help 

reconstruct the original Gondwanaland break 

up and dispersal that led to present-day 

configuration of continents, continental 

fragments, and formation of ocean basins in 

the Indian Ocean. The Maldive Ridge is an 

aseismic ridge that is not associated with 

earthquake activities. This ridge, located in the 

western Indian Ocean, southwest of India, is 

not well investigated. It is of paramount 

importance to gain knowledge on the structure 

and geodynamics of aseismic ridges (as it 

provides valuable inputs towards under-

standing the evolution of ocean basins). The 

study by the Indian Institute of Geom-

agnetism, Mumbai has chalked the possible 

geological cross-sections along the GMR for 

the first time with the help of satellite-derived 

high-resolution gravity data. The researchers 

postulated that the GMR may be underlain by 

an oceanic crust. The results from their study 

can provide additional constraints in 

understanding the plate-tectonic evolution of 

the Indian Ocean, better.

The research work carried out by Dr. Priyesh 

Kunnummal under the guidance of Dr. S.P. 

Anand provides the crustal architecture and 

the state of gravitational equilibrium between 

Earth's crust and mantle (isostasy) of the 

Greater Maldive Ridge segment of the larger 

Chagos-Laccadive Ridge (CLR) system. 

Their study, based mainly on the inter-

pretation of gravity anomalies (small 

differences in the pull of gravity caused by the 

lateral variations of density within the 

subsurface) with broadband seismic and 

refraction seismic data, provided for the first 

time a three-dimensional picture of the 

variation of Moho along the Greater Maldive 

Ridge and the adjoining ocean basins. The 

depth to the boundary between the earth's crust 

and  the  mant le  o r  the  Mohorov ic ic 

discontinuity (Moho) over the GMR was 

systematically mapped along with the finer 

variation of effective elastic thickness (Te) at 

the place. The research related to Te variations 

and isostatic compensation has been published 

recently in the journal  'Gondwana Research'.

Satellite-derived gravity anomalies are very 

helpful in deciphering the crustal architecture 

where traditional shipborne geophysical data 

are either not available or scanty. “The study 

provides new insights into the crustal archi-

tecture, isostatic compensation mechanism, 

and the tectonic evolution of the Greater 

Maldive Ridge, said Dr. Priyesh.

Source: PIB

Earth and Planetary Sciences



DISCOVERIES & INNOVATIONS

33 The Scitech Journal Volume 09 Issue 03 March 2022

Ocean Science

High wave activity can pose threat for coastal communities

A recent study carried out a detailed 
investigation on future extreme wind-wave 
projections and its relationship with wind 
speed, sea level pressure, and sea surface 
temperature for the mid-and end-century 
under two different greenhouse emission  gas 
scenarios projected by the Intergovernmental 
Panel on Climate Change (IPCC) called 
RCP4.5 and RCP8.5. Analysis of the 
projections have indicated maximum extreme 
wind and wave activity over the South Indian 
Ocean region during June-July-August and 
September-October-November. Regions over 
the central Bay of Bengal show extreme wind 
activity from the end-century projections, 
signifying the likelihood for more extreme 
events. Extreme wave heights are seen to 
intensify by about 1 m over the South Indian 
Ocean during the June-July-August months. 
An increase of 0.4 m in maximum significant 
wave heights are projected over regions in the 
North Indian Ocean, northwest Arabian Sea, 
northeast Bay of Bengal, and South China 
Sea. This study which was published in the 
journal 'Climate Dynamics', Springer 
recently.

Findings from the study show that the 
projected change in wave heights are 
maximum for the South China Sea in RCP4.5, 
whereas the maximum rise is about 23% in 
RCP8.5 by the end of the end-century. Also, 
the projected change in winds and waves over 
the western tropical Indian Ocean is 
consistent with changes in sea-level pressure 
variations and warm ocean temperatures. 
Significant increment in sea surface 
temperature is projected over the Arabian Sea 
during December-January-February and 
June-July-August months ranging between 
1.5 and 2.0º C, that is 0.5º C greater than Bay 
of Bengal. Projections show that regions over 
the Gulf of Oman and Persian Gulf can 
experience higher warming rates exceeding 2º 
C under RCP8.5 by the end-century. The team 
elaborates that seasonal signature in the 
extreme wind-wave patterns over the Indian 
Ocean directly correlate with the location of 
extreme wind activity. 

The end-century projections identified the 
hotspot locations of extreme wind activity 
over the central Bay of Bengal with 

magnitudes reaching 13-15 m/s, demarcating 
the likelihood of more extreme events in this 
region. Projected changes during the mid-and 
end-century showed a dipole behavior or 
seesaw effect having two distinct dipoles over 
the western and eastern regions in the tropical 
Indian Ocean belt. Regions in the northern, 
central, and eastern sectors of the Bay of 
Bengal, the southern part of the South China 
Sea, northern and western regions of Arabian 
Sea, and eastern tropical Indian Ocean can 
witness changes ranging from 1-1.25 m by the 
end-century under the extreme RCP forcing 
scenario.

 The new findings from this study are expected 
to augment more advanced research on 
extreme wind-wave activity for the North 
Indian Ocean region and also provide the 
scope for a detailed investigation on the 
possible linkages and teleconnection with 
climate indices in a changing climate.

Source: PIB

Electrical/Electronic Engineering

'Exciton surfing' could enable next-gen energy, computing and 
communications tech

A quasiparticle that forms in semiconductors 
can now be moved around at room tem-
perature; a University of Michigan-led study 
has shown. The finding could cool down 
computers, enabling faster speeds and higher 
efficiencies, and potentially make LEDs and 
solar panels more efficient.  “If you think of 
the past almost two decades, the computers 
have always been at two to three giga-
hertz—they never increase the speed. And 
that's the reason. It just gets too hot,” said 
Parag Deotare, corresponding author of the 
study. “But transistors can go faster if one can 
remove the excess heat quickly. If you just cut 
down your communication energy losses, then 
your processing speed automatically incr-
eases. Using excitons can theoretically cut 
those losses significantly.”

An exciton is a negatively charged electron 
and a positively charged “hole” that stick 
together like a single particle. Excitons form 
when semiconductors absorb light—kicking 
an electron out of its spot in the semiconductor 
crystal and creating a hole—as in a solar cell. 

Or they can be induced through electricity, as 
in an LED light or perhaps a future computer 
processor. But because they are charge-
neutral, excitons can't be moved around with 
differences in electric potential the way 
electrons can. The fix demonstrated by 
Deotare and his team, including collaborators 
at Japan's National Institute for Materials 
Science, is acoustic waves running through 
the material. They showed that excitons can 
“surf” these waves, traveling from one 
location in a semiconductor chip to another. 
Deotare suggests that controlling excitons in 
this way could enable data communication, 

possibly leading to the replacement of the 
transistor.

In solar cells, moving excitons out of the 
relatively thick layer of semiconductor that 
absorbs photons, or particles of light, and turns 
them into excitons. If the excitons can be 
moved to a thin layer before separating the 
electrons and holes, the energy could be more 
efficiently converted to electricity. Similarly, 
in LEDs, moving excitons could reduce the 
amount of light lost within the LED. The 
excitons could be moved away from the 
electrodes into an area designed for extracting 
light out of the semiconductor before allowing 
the electrons and holes to combine and produce 
a photon. “Our method offers tunability and 
flexibility to design exciton transport for 
particular applications, as well as a manu-
facturable design,” said , Zhengyang Lyu
second author of the paper published in the 
journal Nature Photonics.

Source: University of Michigan news release. 
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Computer Engineering

Chaining atoms together yields quantum storage

Engineers at Caltech have developed an 
approach for quantum storage could help pave 
the way for the development of large-scale 
optical quantum networks. The new system 
relies on nuclear spins—the angular mom-
entum of an atom's nucleus—oscillating 
collectively as a spin wave. This collective 
oscillation effectively chains up several atoms 
to store information. The work, which is 
described in a paper published in the journal 
Nature, utilizes a quantum bit (or qubit) made 
from an ion of ytterbium (Yb), a rare earth 
element also used in lasers. The team, led by 
Andrei Faraon (BS '04), professor of applied 
physics and electrical engineering, embedded 
the ion in a transparent crystal of yttrium 
orthovanadate (YVO4) and manipulated its 
quantum states via a combination of optical 
and microwave fields. The team then used the 
Yb qubit to control the nuclear spin states of 
multiple surrounding vanadium atoms in the 
crystal. "Based on our previous work, single 
ytterbium ions were known to be excellent 
candidates for optical quantum networks, but 
we needed to link them with additional atoms. 

We demonstrate that in this work," says 
Faraon, the co-corresponding author of the 
Nature paper. The device was fabricated at the 
Kavli Nanoscience Institute at Caltech, and 
then tested at very low temperatures in 
Faraon's lab.

A new technique to utilize entangled nuclear 
spins as a quantum memory was inspired by 
methods used in nuclear magnetic resonance 
(NMR). "To store quantum information in 
nuclear spins, we developed new techniques 

similar to those employed in NMR machines 
used in hospitals," says Joonhee Choi, a 
postdoctoral fellow at Caltech and co-
corresponding author of the paper. "The main 
challenge was to adapt existing techniques to 
work in the absence of a magnetic field." A 
unique feature of this system is the pre-
determined placement of vanadium atoms 
around the ytterbium qubit as prescribed by the 
crystal lattice. Every qubit the team measured 
had an identical memory register, meaning it 
would store the same information. "The ability 
to build a technology reproducibly and reliably 
is key to its success," says graduate student 
Andrei Ruskuc, first author of the paper. "In 
the scientific context, this let us gain 
unprecedented insight into microscopic 
interactions between ytterbium qubits and the 
vanadium atoms in their environment." This 
research is part of a broader effort by Faraon's 
lab to lay the foundation for future quantum 
networks.

Source: Based on Caltech news release.

Material Science

Versatile 'nanocrystal gel' could enable advances in energy, defense and 
telecommunications

New applications in energy, defense and 
telecommunications could receive a boost 
after a team at The University of Texas at 
Austin created a new type of “nanocrystal gel” 
— a gel composed of tiny nanocrystals each 
10,000 times smaller than the width of a 
human hair that are linked together into an 
organized network. The crux of the team's 
discovery is that this new material is easily 
tunable. That is, it can be switched between 
two different states by changing the tem-
perature. This means the material can work as 
an optical filter, absorbing different fre-
quencies of light depending on whether it's in a 
gelled state. So, it could be used, for example, 
on the outside of buildings to control heating 
or cooling dynamically. This type of optical 
filter also has applications for defense, 
particularly for thermal camouflage. The gels 
can be customized for these wide-ranging 
applications because both the nanocrystals 
and the molecular linkers that connect them 
into networks are designer components. 
Nanocrystals can be chemically tuned to be 

useful for routing communications through 
fiber optic networks or keeping the tem-
perature of spacecraft steady on remote 
planetary bodies. Linkers can be designed to 
cause gels to switch based on ambient 
temperature or detection of toxic substances 
in the environment. “You could shift the 
apparent heat signature of an object by 
changing the infrared properties of its skin,” 
said Delia Milliron, professor and chair of the 
M c K e t t a  D e p a r t m e n t  o f  C h e m i c a l 
Engineering in the Cockrell School of 

Engineering. “It could also be useful for 
telecommunications, which all use infrared 
wavelengths.” The new research is published 
in the recent issue of the journal Science 
Advances.

The lab experiments allowed the team to see 
the material change back and forth between its 
two states of gel and not-gel (that is, free-
floating nanocrystals suspended in liquid) that 
they triggered by specific temperature 
changes. Supercomputer simulations done at 
UT's Texas Advanced Computing Center 
helped them to understand what was 
happening in the gel at the microscopic level 
when heat was applied. Based on theories of 
chemistry and physics, the simulations 
revealed the types of chemical bonds that hold 
the nanocrystals together in a network, and 
how those bonds break when hit with heat, 
causing the gel to break down.

Source: University of Texas at Austin news 
release
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Material Science

Researchers develop organic polymers for water purification

A team of researchers at the Indian Institute of 

Science Education and Research (IISERB)-

Bhopal has developed a set of organic 

polymers, which promises to help remove 

organic micropollutants from water more 

effectively. Water contamination due to 

anthropogenic waste discharged to surface 

and groundwater by domestic, agricultural, 

and industrial sectors is an issue of prime 

concern. These wastes contain large numbers 

of organic and inorganic micropollutants. 

Organic micropollutants can pose a severe 

threat to human health and aquatic lives, even 

in trace quantities. The major organic 

micropollutants found in the surface water 

bodies include pharmaceuticals such as 

antibiotics and steroids; industrial chemicals 

such as dyes, food additives, endocrine 

disruptors, and plastic precursors; and 

agricultural residues such as pesticides, 

herbicides, and fertilisers. A process called 

'sorption' is one of the most energy-efficient 

techniques available to purify water from 

organic micropollutants. However, comm-

only used carbonaceous adsorbents for the 

process suffer from several bottlenecks 

including, a slow uptake rate. There has been a 

need for materials that can scavenge the 

pollutants from water rapidly and can be 

synthesized easily on a large scale through 

simple fabrication techniques. The new work 

at IISER-Bhopal promises to achieve this.

The researchers developed a series of 'hyper-

crosslinked porous organic polymers' 

(HPOPs) with distinct morphologies, from 

spherical nanoparticles to two-dimensional 

nanosheets. They finally zeroed in on a two-

dimensional HPOP using a chemical called 

triptycene. The material was found to have a 

remarkable capacity to act as a sponge for the 

adsorption of various organic micropollutants 

from water, with a high surface area of 2,400 

square metres per gram. According to the 

scientists, tests showed that the material could 

sequester a broad spectrum of organic 

micropollutants, including antibiotics, 

endocrine disruptors, steroid-based drugs, 

ionic dyes, plastic precursors, pesticides, and 

herbicides within just 30 seconds. The 

adsorption rate for methylene blue, one of the 

highly toxic wastes from the dye industry, was 

one of the highest among the well-known 

adsorbent materials reported in the literature.

The study was led by Dr. Abhijit Patra, 

Associate Professor at the Functional 

Materials Laboratory of the Institute. They 

have published a report on their findings in the 

science journal ACS Applied Materials and 

Interfaces of the American Chemical Society., 

This project was funded by the Department of 

Science and Technology (DST), Government 

of India, under its 'Centre for Sustainable 

Treatment, Reuse, and Management for 

Efficient, Affordable and Synergistic solutions 

for Water' Initiative.

Source: India Science Wire

Material Science

Self-healing materials for robotics made from 'jelly' and salt

The low-cost jelly-like materials, developed 

by researchers at the University of Cambridge, 

can sense strain, temperature and humidity. 

And unlike earlier self-healing robots, they 

can also partially repair themselves at room 

temperature. The results are reported in the 

journal NPG Asia Materials. “Incorporating 

soft sensors into robotics allows us to get a lot 

more information from them, like how strain 

on our muscles allows our brains to get 

information about the state of our bodies,” 

said David Hardman from Cambridge's 

Department of Engineering, the paper's first 

author. “We've been working with self-healing 

materials for several years, but now we're 

looking into faster and cheaper ways to make 

self-healing robots,” said co-author Dr 

Thomas George-Thuruthel. The researchers 

found that printing sensors containing sodium 

chloride – salt – instead of carbon ink resulted 

in a material with the properties they were 

looking for. Since salt is soluble in the water-

filled hydrogel, it provides a uniform channel 

for ionic conduction – the movement of ions. 

When measuring the electrical resistance of 

the printed materials, the researchers found 

that changes in strain resulted in a highly 

linear response, which they could use to 

calculate the deformations of the material. 

Adding salt also enabled sensing of stretches 

of more than three times the sensor's original 

length,  so  that  the  mater ia l  can be 

incorporated into flexible and stretchable 

robotic devices.

The self-healing materials are cheap and easy 

to make, either by 3D printing or casting. 

They are preferable to many existing 

alternatives since they show long-term 

strength and stability without drying out, and 

they are made entirely from widely available, 

food-safe, materials. “It's a really good sensor 

considering how cheap and easy it is to make,” 

said George-Thuruthel. “We could make a 

whole robot out of gelatine and print the 

sensors wherever we need them.” The self-

healing hydrogels bond well with a range of 

different materials, meaning they can easily be 

incorporated with other types of robotics. For 

example, much of the research in the Bio-

Inspired Robotics Laboratory, where the 

researchers are based, is focused on the 

development of artificial hands. Although this 

material is a proof-of-concept, if developed 

further, it could be incorporated into artificial 

skins and custom-made wearable and 

biodegradable sensors.

Source: University of Cambridge news release
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New technology platform to detect SARS-CoV-2 by fluorescence readout

A team of scientists has developed a new 
technology, platform for fluorometric 
detection of pathogens such as viruses by 
measurement of fluorescent light emitted. The 
potential of the new technology has been 
demonstrated for the detection of SARS-
CoV-2. This technology platform can also be 
used to detect other DNA/RNA pathogens 
such as HIV, influenza, HCV, Zika, Ebola, 
bacteria, and other mutating/evolving 
pathogens. Scientists from Jawaharlal Nehru 
Centre for Advanced Scientific Research 
(JNCASR) along with scientists from IISc 
(India Institute of Science), have dem-
onstrated a noncanonical nucleic acid-based 
G-quadruplex (GQ) topology targeted 
reliable conformational polymorphism (GQ-
RCP) platform to diagnose Covid-19 clinical 
samples. This work has been published in the 
journal 'ACS Sensors' and the team has also 
filed a patent for the novel technology.

The present work demonstrated the first GQ-
targeted diagnostic platform for SARS-CoV-
2 in clinical samples, based on a novel 
platform GQ-RCP. This molecular detection 
platform can be integrated into field-
deployable isothermal amplification assays 

with more reliability and sequence specificity. 
The platform lays greater emphasis on 
deciphering and systematic characterization 
of a unique set of interactions in nucleic acids 
to attain stable and reliable noncanonical 
DNA/RNA targets. The RCP-based target 
validation is a general and modular approach 
for the development of noncanonical nucleic 
acid-targeted diagnostic platforms for diverse 
pathogens, including bacteria and DNA 
/RNA viruses. Recognizing unique DNA 
secondary conformations can be a promising 
solution to achieve reliable readouts. The 
team has identified and characterized a unique 
G-quadruplex-based target derived from the 

30 kb (kilobytes) genomic landscape of 
SARS-CoV-2 for specific detection of SARS-
CoV-2. Unlike the other reliable diagnostic 
assays where the existing fundamental 
concepts have been repurposed, this work 
presents a completely novel strategy to target a 
unique, unconventional structure specific to 
the SARS-CoV-2 sequence using small 
molecule  f luorophores  (microscopic 
molecules).

The team developed GQ topology targeted 
detection of SARS-CoV-2 derived DNA 
obtained after reverse transcription and 
amplification from genomic RNA in clinical 
samples. The GQ targeted detection was 
achieved by pH-triggered facile trans-
formation of the amplified double-stranded 
DNA into stable GQs, which forms the target 
for detection with remarkable selectivity using 
a designed fluorescent dye which is a 
benzobisthiazole-based target-specific turn on 
called BTMA. Thus this study demonstrates a 
reliable strategy for fluorogenic organic 
molecule-based GQ-RCP platform to dia-
gnose Covid-19 clinical samples and is the 
first practical demonstration of it.

Source: PIB

Material Science

Two-dimensional material could store quantum information at room 
temperature

Researchers from the Cavendish Laboratory 
at the University of Cambridge, in coll-
aboration with colleagues from UT Sydney in 
Australia, have identified a two-dimensional 
material, hexagonal boron nitride that can 
emit single photons from atomic-scale defects 
in its structure at room temperature. The 
researchers discovered that the light emitted 
from these isolated defects gives information 
about a quantum property that can be used to 
store quantum information, called spin, 
meaning the material could be useful for 
quantum applications. Importantly, the 
quantum spin can be accessed via light and at 
room temperature. The finding could 
eventually support scalable quantum 
networks built from two-dimensional 
mate r ia l s  tha t  can  opera te  a t  room 
temperature. The results are reported in the 
journal Nature Communications. Future 
communication networks will use single 
photons to send messages around the world, 
which will lead to more secure global 

communication technologies. “We can send 
information from one place to another using 
photons, but if we're going to build real 
quantum networks, we need to send 
information, store it and send it somewhere 
else,” said Dr Hannah Stern from Cambridge's 
Cavendish Laboratory, the study's co-first 
author, along with Qiushi Gu and Dr John 
Jarman. “We need materials that can hold onto 
quantum information for a certain amount of 
time at room temperature, but most current 
material platforms we've got are challenging 
to make and only work well at  low 
temperatures.”

Hexagonal boron nitride is a two-dimensional 
material that is grown by chemical vapour 
deposition in large reactors. It's cheap and 
scalable. Recent efforts have revealed the 
presence of single photon emitters and the 
presence of a dense ensemble of optically 
accessible spins, but not individually isolated 
spin-photon interfaces operating under 
ambient conditions. “Usually, it's a pretty 

boring material that's normally used as an 
insulator,” said Stern, who is a Junior Research 
Fellow at Trinity College. “But we found that 
there are defects in this material that can emit 
single photons, which means it could be used 
in quantum systems. If we can get it to store 
quantum information in spin, then it's a 
scalable platform.” Stern and her colleagues 
set up a hexagon boron nitride sample near a 
tiny gold antenna and a magnet of set strength. 
By firing a laser at the sample at room 
temperature, they were able to observe lots of 
different magnetic field-dependent responses 
on the light being emitted from the material. 
The researchers found that when they shone 
the laser on the material, they were able to 
manipulate the spin, or inherent angular 
momentum, of the defects, and use the defects 
as a way of storing quantum information.

Source: University of Cambridge news release
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Scientists combine artificial intelligence and atomic-scale image for 
better batteries

Today's rechargeable batteries are a wonder, 
but far from perfect. Eventually, they all wear 
out, begetting expensive replacements and 
recycling. “But what if batteries were 
indestructible?” asks William Chueh, an 
associate professor of materials science and 
engineering at Stanford University and senior 
author of a new paper detailing a first-of-its-
kind analytical approach to building better 
batteries that could help speed that day. The 
study appears in the journal Nature Materials. 
Chueh, lead author Haitao “Dean” Deng and 
collaborators at Lawrence Berkeley National 
Laboratory, MIT and other research 
institutions used artificial intelligence to 
ana lyze  new k inds  o f  a tomic-sca le 
microscopic images to understand exactly 
why batteries wear out. Eventually, they say, 
the revelations could lead to batteries that last 
much longer than today's. Specifically, they 
looked at a particular type of lithium-ion 
batteries based on so-called LFP materials, 
which could lead to mass-market electric 
vehicles because it does not use chemicals 
with constrained supply chains.

Chueh said that the performance of any given 
material is a function of both its chemistry and 
the physical interaction in the material at the 
atomistic scale, what he refers to as “chemo-
mechanics.” What's more, the smaller things 
get and the more diverse the atoms making up 
the material are, the harder it is to predict how 
the material will behave. 

For their subject, the team chose lithium iron 

phosphate or “LFP,” a well-known material 
used in positive electrodes that is gaining 
popularity with electric car makers and other 
battery-intensive businesses. This electrode 
does not contain cobalt and nickel, which are 
used in many commercially available 
batteries. LFP batteries are also safer, though 
they hold less electricity per pound. Deng for 
the first time used his image-learning 
techniques, which he applied to a series of two-
dimensional images produced by a scanning 
transmission electron microscope, and to 
advanced (spectro-ptychography) X-ray 
images. The findings, he said, are important to 
a battery's capacity, energy retention and rate. 
Better yet, he thinks it is generalizable to most 
crystalline materials that might also make 
good electrodes. “AI can help us understand 
these physical relationships that are key to 
predicting how a new battery will perform, 
how dependable it will be in real-world use 
and how the material degrades over time,” 
Deng said.

Source: Based on Stanford University news 
release.

Nanotechnology

Slicing the way to wearable sensor prototypes

Engineers at UC Berkeley have developed a 
new technique for making wearable sensors 
that enables medical researchers to prototype 
test new designs much faster and at a far lower 
cost than existing methods. The new 
technique replaces photolithography with a 
$200 vinyl cutter. The novel approach slashes 
the time to make small batches of sensors by 
nearly 90% while cutting costs by almost 
75%, said Renxiao Xu who developed the 
technique which is published in the journal 
ACS Nano.  These devices consist of flat 
wires, called interconnects, as well as sensors, 
power sources and antennas to communicate 
data to smartphone apps or other receivers. To 
maintain full functionality, they must stretch, 
flex and twist with the skin and organs they are 
mounted on without generating strains that 
would compromise their circuitry. The new 
technique is simpler, faster and more 
economical, especially when making the one 
or two dozen samples that medical researchers 
typically need for testing. 

Making sensors starts by attaching an 

adhesive sheet of polyethylene terephthalate 
(PET) to a Mylar (biaxially oriented PET) 
substrate. Other plastics would also work, Xu 
said. A vinyl cutter then shapes them using 
two types of cuts. The first, the tunnel cut, 
slices through only the top PET layer but 
leaves the Mylar substrate untouched. The 
second type, the through cut, carves through 
both layers. This is enough to produce island-
bridge sensors. First, tunnel cuts are used in 
the upper adhesive PET layer to trace the path 
of the interconnects; then the cut PET 
segments are peeled off, leaving behind the 
pattern of interconnects on the exposed Mylar 

surface. Next, the entire plastic sheet is coated 
with gold (another conductive metal could be 
used as well). The remaining top PET layer is 
peeled away, leaving a Mylar surface with 
well-defined interconnects, as well as exposed 
metal openings and contact pads on the islands. 
Sensor elements are then attached to the 
contact pads. For electronic devices, such as 
resistors, a conductive paste and a common 
heat plate are used to secure the bond. Some 
lab-synthesized components, such as carbon 
nanotubes, can be applied directly to the pads 
without any heating. Once this step is done, the 
vinyl cutter uses through cuts to carve the 
sensor's contours, including spirals, zigzags 
and other features. The researchers believe this 
technique could one day become a standard 
feature in every lab studying wearable sensors 
or new diseases. Prototypes could be designed 
using high-powered computer-aided design 
(CAD) software or simpler apps made 
especially for vinyl printers.

Source: Based on UC Berkeley news release. 
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Applying the butterfly principle generate structural colours

For their new technology, scientists in the 
group of Andrew deMello, Professor of 
Biochemical Engineering, drew inspiration 
from butterflies. The wings of the species 
Cynandra opis, native to tropical Africa, are 
decorated with brilliant colours. These are 
produced by extremely intricate regular 
surface structures in the size range of the 
wavelength of visible light. By deflecting 
light rays, these structures either amplify or 
cancel out individual colour components of 
the light. Led by deMello, the researchers 
have succeeded in replicating the surface 
structures of Cynandra opis, as well as other 
modified structures, using a nano- 3D printing 
technique. In this way, they created an easy-
 to-use principle for the production of 
structures that generate structural colours. 
“The regular nanostructures on the wings of 
Cynandra opis, however, were particularly 
well suited to reconstruction using 3D 
printing,” explains Xiaobao Cao, lead author 
of this study. The Cynandra opis structures 
consist of two grid layers stacked per-
pendicular to each other, with a lattice spacing 
of about 1/2 to 1 micrometre. By varying this 

lattice spacing and the height of the lattice 
rods in the range between 250 nanometres and 
1.2 micrometres, the ETH researchers were 
able to produce 3D printed structures that 
generate all the colours of the visible 
spectrum. Many of these colours do not occur 
in the natural model (the butterfly) their 
structures are based on.

The researchers succeeded in producing such 
surfaces using different materials, including a 
transparent polymer. “This made it possible to 
illuminate the structure from behind to bring 
out the colour,” explains Stavros Stavrakis, a 
senior scientist in deMello group and co-
 author of the study. “This is the first time 

we've managed to produce all the colours of 
the visible spectrum as structural colours in a 
translucent material.” As part of the study, the 
scientists produced a miniature image of 
multi- hued structural- colour pixels measuring 
2 by 2 micrometres. Such tiny images could 
one day be used as a security feature on 
banknotes and other documents. Because the 
colours can be produced with transparent 
material, it would also be possible to manu-
facture colour filters for optical technologies. 
This fits well with the main research activity of 
ETH Professor deMello's group, which 
develops microfluidic systems – miniaturised 
systems for chemical and bio-logical 
experiments. Large- scale production of 
nanostructures is also conceivable, the 
researchers say. A negative structure could be 
3D printed to serve as a template, which would 
make it possible to produce large numbers of 
reproductions. 

Source: ETH Zurich news release.
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