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The Budget 2021includes several initiatives 
to promote science,  technology and 
innovation with applications in the country. It 
is a forward-looking budget to substantially 
boost support for R&D in the key identified 
areas of national priorities. These are also in 
line with the projections in the draft Science 
Technology and Innovation Policy 2021 put 
up for public consultations.

This includes a total allocation of Rs 50,000 
crore over 5 years for the National Research 
Foundation, an autonomous body envisaged 
to support researchers working across several 
streams of S&T with special focus on 
universities. This will ensure that the overall 
research ecosystem of the country is 
strengthened with a focus on identified 
national priority thrust areas.

Dr Harsh Vardhan, Minister for Health and 
Family Welfare, Science & Technology and 
Earth Sciences, said that there has been 30 per 
cent increase in budget of Ministry of Science 
& Technology and Earth Sciences put together 
for the year 2021-22 compared to the last year. 
“The last year has been a very challenging 
year due to the COVID-19 pandemic and 
science and technology has played a crucial 
role in tackling various problems caused by 
the COVID-19. There are various new 
schemes in this new budget which would 
further boost science and technology 
ecosystem in the country, reach its benefits to 
the people and help the country become a 
major force in S&T globally,” he added.

The budget also announced the launch of a 
Deep Ocean Mission with an outlay of more 
than 4,000 crore over five years to better 
understand this new  realm which offers 
exceptional opportunities in mapping, 
exploring and utilizing the oceanic resources. 
The mission to be coordinated by the Ministry 
of Earth Sciences will cover deep ocean 
survey, development of technologies for 
exploration and harnessing of ocean resources 
as well as projects for the conservation and 
bio-prospecting of deep-sea biodiversity.

The budget also declared setting up of 
umbrella structures in nine cities for building 
better synergies among R&D institutions, 
Universities and Colleges supported by the 
government while also retaining their internal 
autonomy. This will be coordinated by the 
Ministry of Education, and a Glue Grant will 
be set aside for this purpose. The Department 
of Biotechnology is implementing the URJIT 

Budget allocations for science, technology, and innovation

clusters (University Research Joint Industry 
Translation Clusters) which are being set up in 
10 locations as per the Budget Announcement 
in February 2020. These will complement the 
activities of the Umbrella Structures.

A National Language Translation Mission 
(NLTM) was announced, which will enable 
the translation of the wealth of governance-
and-policy related knowledge on the internet 
to major Indian languages using technologies 
such as AI based Machine Translation 
together with traditional methods.

The launch of a Hydrogen Energy Mission by 
the Ministry of New and Renewable Energy 
was declared for generating hydrogen from 
green power sources, its storage, transport and 
utilization. The Department of Biotechnology 
is developing a Biomass to Hydrogen Mission 
which will be important from the R & D 
perspective. Department of Science & 
Technology and Council of Scientific & 
Industrial Research will also be contributing 
to this mission.

Delineating the achievements of the science 
Ministries, Prof Ashutosh Sharma, Secretary, 
Department of Science & Technology, said, 
“India is placed at 3rd among countries in 
scientific publication featured within the top 
50 innovative economies globally reached 3rd 
position in terms of no of Ph.Ds, in size of 
higher education system as well as in terms of 
number of startups. On the whole, we are on 
the positive climb.”

Dr M. Rajeevan, Secretary, MoES, spoke 

Government initiatives

about improvements in weather forecasting, 
gains for India's agricultural workforce and 
fisherfolk communities and drinking water for 
Lakshadweep Islands, accurate prediction of 
tropical cyclones and fieldwork by disaster 
management agencies, commissioning of an 
urban flood early warning system in Mumbai, 
augmentation of Doppler Weather Radars over 
North West India and a very high-resolution 
operational air quality forecast model for 
Delhi.

Dr.Renu Swarup, Secretary, Department of 
Bio-technology spoke about mission COVID 
Suraksha which was announced with a 
provision of Rs 900 Cr for supporting 
development of a comprehensive ecosystem 
for enabling development of a safe, efficacious 
and affordable vaccine for COVID-19. “A 
total of 30 vaccines have been supported in 
which 6 are out and rest are in various stages of 
progress.

Dr.Shekhar C Mande, Secretary, DSIR and 
Director General, CSIR, said that India has 
received global attention and appreciation for 
the efficient and effective handling of 
COVID-19 pandemic. This has been owing to 
the all-round and focused efforts initiated, 
coordinated and steered by the Government of 
India.

This year the budget of Department of Bio-
technology includes a Special AtmaNirbhar 
Package of Rs. 900 Crores for Mission 
COVID Suraksha – The Indian Vaccine 
Development Mission.
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Vigyangranth- the PhD Thesis Repository has 
been launched which is a joint initiative of 
Academy of Scientific and Innovative 
Research, India (AcSIR) and Council of 
Scientific and Industrial Research, India 
(CSIR). The portal is aimed to give a holistic 
view of R&D initiated and carried out by 
Indian research scholars in the areas of 
Science, Technology, Engineering and 
Mathematics (STEM) with respect to their 
relevance to (i) Broad Heads of Research 
(targets for societal needs), (ii) Sustainable 
Development Goals (SDGs) set by United 
Nations, (iii) National Thrust Areas of 
Research, (iv) Disciplines, in addition to value 
of the contributions as deep discoveries in 
science and frontline advancements in 
technological space.

The portal was launched by the Chief Guest Lt. 
General (Dr.) Madhuri Kanitkar, Deputy Chief 
of Integrated Defence Staff (Medical). At the 
online event organized by CSIR to mark the 
United Nations International Day of Women 
and Girls in Science, Dr. Kanitkar pointed out 
that theses repository is a valuable contribution 
to make the information and knowledge 
accessible to the world at large and also called 
upon the women scientists to follow their 
passion in science. 

Speaking about Dr. R S Vigyangranth, 
Sangwan, Director, AcSIR said that the portal 
has been developed on the suggestion of the 

Vigyangranth- the PhD Thesis Repository portal

PM who, while Presiding over the Society 
Meeting of CSIR in 2020, emphasized the 
need and significance of a databank of 
researchers pursuing PhD in the country and 
of a Portal reflecting research work and topics 
directly relevant to national problems, needs 
and demands. He informed that close to 7000 
thesis abstracts are available currently which 
are searchable by key words and discipline.

Earlier, welcoming the audience, Dr. Shekhar 
C Mande, Director-General, CSIR said that in 
the recent years CSIR is putting in places 

Government initiatives

processes to have more representation of 
women in the system.

A webinar on "CSIR Women Researchers at 
the forefront of the fight against COVID-19" 
was organized on the occasion. Five women 
research students belonging to various CSIR 
laboratories shared their research work related 
to PPEs, COVID-19 drugs, viral sequencing, 
disinfection systems and so on which were 
taken up as a part of CSIRs fight against 
Covid-19. 

SERB announces Women Excellence Award 2021

Four young women fellows of National 
Science Academies have been awarded 
for excelling in science and engineering 
on the International Day of Women and 
Girls in Science 2021.

The SERB Women Excellence Award 
that has been conferred on them provides 
a grant of Rs. 15 lakhs for a period of three 
years to the awardees to pursue their 
research ideas.

The award given by the Science and 
Engineering Research Board (SERB), a 
Statutory body of the Department of 
S c i e n c e  a n d  Te c h n o l o g y  ( D S T ) 
supporting basic research in the frontier 

areas of science and engineering, was 
launched in the year 2013. It is a one-time 
award given to women scientists below 
40 years of age who have received 
recognition from any one or more of the 
National Academies such as Young 
Scientist Medal, Young Associateship, 
etc.

The for women scientists selected for the 
awards include Dr. Shobhna Kapoor, 
Assistant Professor at Indian Institute of 
Technology Bombay, working in the area 
of Chemical Biology with expertise in 
'Host-Pathogen Interact ions and 
Membrane Biology, Chemical Biology 
and Biophysics', Dr. Antara Banerjee, 

Scient ist  B National Inst i tute For 
Research In Reproductive Health, 
Mumbai, Maharashtra from the Health 
Sciences area with expertise in Signal 
Transduction, Biology of Reproduction 
and Endocrinology, Dr. Sonu Gandhi 
Scientist D from National Institute Of 
Animal Biotechnology, Hyderabad from 
Bionanotechnology area focusing on 
Nanosensors, Design and Fabrication of 
Label-free Biosensors and Dr. Ritu Gupta, 
Assistant Professor at Indian Institute Of 
Technology Jodhpur, Rajasthan working 
on Nanotechnology with expertise in 
Materials Science, Nanodevices and 
Sensors, Health & Energy.

It is a one-time award given to women scientists below 40 years of age who have received 

recognition from any one or more of the National Academies 
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The second phase of Vigyan Jyoti programme 
commenced on the occasion of International 
Day of Women and Girls in Science on 
February 11, 2021, which will spread the 
programme for encouraging girls to take 
interest in science and build a career in STEM 
to 50 more districts adding to the existing 50 
districts across the country.

Speaking on the occasion, Prof Ashutosh 
Sharma, Secretary, DST hoped that this 
programme would improve by learnings of the 
past one year and expand to more and more 
districts of the country to empower women and 
help increase number of women in top science 
institutes.

“Under-representation of women is a multi-
dimensional problem, and we need to see the 
problems from all angles and give a little push 
to get the desired result. The New Education 
Policy and the Science, Technology and 
Innovat ion Pol icy could remove the 
constraints and make use of the demographic 
dividend to progress long in short time to help 
increase number of women in science,” he 
added.

He suggested that interaction with girls should 
increase with all sort of role models, especially 
women achievers.

Vigyan Jyoti programme, a new initiative to 
encourage girls to take interest in science and 

Vigyan Jyoti programme spreads to 100 districts in 2nd phase

build career, was launched by the Department 
of Science & Technology (DST) to create a 
level-playing field for the meritorious girls to 
pursue S T E M. I t  had been running 
successfully in 50 Jawahar Navodaya 
Vidyalayas (JNV) since December 2019 and 
has now been expanded to 50 more JNVs for 
the year 2021-22.

The programme addresses the under-
representation of women in certain areas of 
STEM. As a first step, the programme has 
been started at school level for meritorious 
girls of Class IX to Class XII to encourage and 
empower them to pursue STEM courses in 
reputed institutions of the country.

Vigyan Jyoti activities include student-parent 
counselling, visit to labs and knowledge 
centres, partners role model interactions, 
science camps, academic support classes, 
resource material distribution and tinkering 
activities. Online academic support to 
students includes streaming of video classes, 
study materials, daily practice problems and 
doubt clearing sessions.

Dr Sanjay Mishra, Adviser, DST and head of 
KIRAN programmes, including Vigyan Jyoti, 
said that there are plans to add more and more 
districts for this programme in the near future 
and the impact of this programme would be 
visible in 100 districts to encourage girls in 

Government initiatives

STEM. 

Vinayak Garg, Commissioner, Navodaya 
Vidyalaya Samiti (NVS), said that it is very 
important to provide a conducive environment 
for girls and this programme is a huge step in 
the direction to encourage girls taking interest 
in science.

DST is working proactively to bring gender 
parity in Science & Technology (S&T) 
domain through various women-centric 
programmes. Apart from Vigyan Jyoti, it runs 
other women-oriented programmes like 
Women Scientists Scheme to help women 
with career-break, Indo-US Fellowship for 
Women in STEMM (WISTEMM) program 
where women scientists can work in research 
labs of USA, Consolidation of University 
Research for Innovation and Excellence in 
Women Universities (CURIE) programme for 
improving R&D infrastructure and esta-
blishing state-of-the-art research facilities in 
order to create excellence in S&T in women 
universities and Gender Advancement for 
Transforming Institutions (GATI) program in 
pilot mode. Further, DST has also additionally 
established Artificial Intelligence (AI) labs in 
women universities with the goal to foster AI 
innovations and to prepare skilled manpower 
for AI-based jobs in future.

The programme addresses the under-representation of women in certain areas of STEM
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India's excellence in science has now been 
combined with the recognition of its brilliance 
as an innovative economy.

While the country has already attained the third 
position in terms of publications, it now 
features among the top 50 innovative 
economies globally as per the Global 
Innovation Index (GII), placing it ahead of 
many developed and developing countries.

The combination of scientific excellence and 
innovation has been possible through 
encouraging investments in scientific activities, 
infrastructure as well as manpower develop-
ment along with boosting of the entire 
innovation chain in an environment charged 
with the start-up India movement.

“Our efforts for connecting the invention 
ecosystem that excels in creating knowledge and 
the innovation ecosystem facilitating knowledge 
consumption have helped bring about this 

thtransformation, and the 5  National Science 
Technology and Innovation Policy will help us 
take this forward more effectively,” said 
Professor Ashutosh Sharma, Secretary, 
Department of Science and Technology (DST) 
while talking about this achievement.

India's national investment in R&D has incre-
ased from Rs. 1,13,825.03 crore in 2017-18 to 
Rs. 1,23,847.71 crore in 2018-19. At the same 
time, initiatives of DST like NIDHI have 
played a crucial role to reach this position. The 
implementation of NIDHI has nurtured 3681 
startups under incubation through the network 
of around 150 Incubators created by DST, 
generated 1992 intellectual property. Further, 
in the last five years, jobs generated in the form 
of direct employment were 65,864 and Rs 
27,262 crores of economic wealth.

The movement to convert ideas to usable 
technologies and then to scale them up has now 
spread through the country. Among the 13,045 
patents sealed in the year 2017-18, 1,937 
patents were by Indians. However, some states 
held the lion's share of patents filed. Out of 
15,550 patents filed by Indians at Indian Patent 
Office during 2017-18, 65% were filed from 
the States of Maharashtra, Karnataka, Tamil 
Nadu, and Delhi. At the same time, the start-up 
India mission has given a boost to convert these 
patentable innovative ideas into start-ups 
levitating India into the country among those 
with the highest number of start-ups.

While the startup India movement and push for 
patenting has brought a paradigm shift in 
science and technology, the country has 
maintained its growth in publications—the 

India's global position rises both in innovations & publications

traditional indicator of scientific excellence.

The number of publications has increased 
exponentially over the last 10 years.  
According to data from the US agency, the 
National Science Foundation (NSF), India is 
currently in third place, only behind China and 
the United States, with 135,788 scientific 
articles in the year 2018. The NSF database 
shows that India's growth rate of scientific 
publication was 12.9 percent, as against the 
world average of 4.9 percent. India recorded 
the fastest average annual growth rate of 
publications between 2008 and 2018 with 
10.73 percent. In comparison, the average 
annual growth rate of China and the United 
States are respectively 7.81 and 0.71 percent.

This was a result of the government's 
encouragement to researchers in the form of 
increasing investment on R&D activities, 
R&D infrastructure as well as manpower 
development. The country's per capita R&D 
expenditure increased to PPP $ 47.2 in 2017-

Research

18 from PPP $ 29.2 in 2007-08, as has the 
R&D manpower to 3.42 lakh in 2018 from 
2.83 lakh in 2015. The country now has a 
stronger manpower base, with India's 
researchers per million population increased 
to 255 in 2017 from 218 in 2015.

The breeding ground of this escalating 
scientific research lay in the country's 993 
Universities/Deemed Universities, 127 
institutes of national importance, and 39,931 
colleges across the length and breadth of the 
country, which nurtures human resources that 
wil l  take forward the scientif ic  and 
technological legacy of the nation. It is here 
that India's future hopes in science and 
technology lie, and the country is now among 
the top in nurturing the talents in them. It has 

rdattained 3  rank in terms of the number of 
PhDs produced as also in the size of the Higher 
Education System, creating a massive strength 
of human resource that will take the nation 
forward in S&T.

Students, teachers, principals participated in 
initiation of 'engage with science'
A programme has been initiated for engaging 
students, teachers, principals and leaderships 
of schools to develop scientific temper and 
foster a culture of continuous learning as well 
as to bring science and technology to the 
forefront.

“There are few programmes in schools to 
engage with science, and we aim to engage 
more and more schools through this. It would 
require key roles to be played by three 
components --- students, teachers and 
leaderships of schools and would help 
catching young minds and nurturing young 
talents to become assets for the country and 
society,” said Secretary, Department of 
Science and Technology, (DST) Professor 
Ashutosh Sharma at the online initiation 
programme recently. The programme brought 
together students, teachers, principals from 
more than 100 schools across 8 states.

He stressed that science should be comm-
unicated in a manner that is inspirational, 
changes the mindset and attracts larger audience 
and said that leanings can be taken from DST's 
project MANAK which has so far generated 10 
lakh ideas by reaching out to 3 lakh schools. An 
'Engage Mentor Dialogue' session discussed 
how to make STEM aspirational for school 
students in 2021, at this programme organized 
by Vigyan Prasar in partnership with IBM.

Dr Biswajit Saha, Director, Skill & Training, 
CBSE stressed on the need to develop 
scientific temper from young age among 
school children. “These kinds of programmes 
would help in creating a learning envir-
onment in school and encourage inquis-
itiveness,” he said.

“Schools are the basic foundation and role of 
teachers and students are very important in 
encouraging students think scientifically. 
These  k inds  of  p rogrammes  would 
immensely help nurturing young minds and 
developing scientific temper” said Dr Nakul 
Parashar, Director, Vigyan Prasar.

“Technology and science have truly changed 
and has unified the world. STEM is not about 
skills only, but also for the change of mindset 
to truly become atmanirbhar. This prog-
ramme will forge strong ties with school 
principals, teachers and students to help bring 
about that change,” said Sandip Patel, MD, 
India and South India, IBM,

“Regular interactive sessions would be 
organised under the programme 'Engage with 
Science' to discuss ways of finding ways to 
attract young minds towards science and 
schools,” said Saurav Sen, Consultant, 
Vigyan Prasar who conducted the session.
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A post-draft consultation process that saw the 
participation of some of the top experts and 
thought leaders from a range of disciplines 
brought in enriching ideas to strengthen the 

thdraft of the 5  National Science Technology 
and Innovation Policy.

“There has been a digital revolution with 
immense changes in technology in last few 
years. While accounting for this change, we 
need to have rootedness in the culture. One step 
in that direction is strengthening of language 
labs. Besides, practical implementation is 
important for STI for large scale learning. This 
policy document aims at taking everything into 
consideration to shape the future of the 
country,” said Professor K VijayRaghavan, 
Principal Scientific Adviser to the Government 
of India, at the consultation organized through 
webinar on January 23, 2021. He stressed the 
need to incorporate the Policy Process 
Framework Document and the implementation 
strategy in the final document.

Secretary, DST Prof Ashutosh Sharma, said 
“To be ready for the future, states need to 
connect with the centre and use science, 
technology, and innovation to solve their 
problems. At the same time, international 
connect, and science diplomacy needs equal 
attention”. He added that in India, “we focus on 
generated knowledge, but we need to consume 
them properly to bring innovation- connecting 
innovation to knowledge”

“There have been 300 rounds of consultations. 
For the first time, we have consulted States, 
line ministries, and Indian diaspora. These 
kinds of consultations would make the 
document more inclusive,” said Dr. Akhilesh 
Gupta, Advisor, DST, and Head STIP 
Secretariat.

Former  Member  of  National  Disaster 
Management Authority, Secretary of Depart-
ment of Ocean Development and world's 
renowned seismologist Dr. Harsh Gupta stressed 
on the need for a roadmap and implementation 
mechanism coupled with time line for manpower 
and financial plan for increasing investment in 
science and technology.

Prof Sheila Jasanoff, Science and Technology 
Studies expert at Harvard Kennedy School in 
USA, said that the role of social sciences, 
humanities as well as ethics is equally 
important in any country, and the policy should 
reflect it.

Former Secretary General of Rajya Sabha and 
Chief Secretary of UP, Shri Yogendra Narain, 

Top thought leaders provide their vision and ideas on draft STIP

highlighted the need for training of 
supervisors who would supervise research 
and also about the necessity of strengthening 
of institutional collaboration.

Honorary Professor at the Indian Institute of 
Science Professor Ajay Sood emphasized the 
necessity to consider the role of academies in 
the country and the academies, especially in 
science diplomacy, involving them in more 
engaging ways so that they become active and 
contribute in more meaningfully.

Former Professor of Indian Institute of 
Management, Ahmedabad and world's 
renowned expert in grassroot innovations, 
Professor Anil Gupta underlined the impo-
rtance of bringing art closer to science and 
emphasized the role of culture in institutions. 
He also stressed on ackno-wledging every 
knowledge provider and on reaching out to the 
masses through existing networks like Krishi 
Vigyan Kendras, Indian Railways and post 
offices on a daily basis.

Noted environmentalist and Director General 
of Centre for Science and Environment Dr. 
Sunita Narain underscored the need to move 
to societal science and said that science needs 
to be more engaging. “Engagement of Indian 
science with people need to increase like it has 
happened in case of flood forecasting and 
cyclone forecasting,” she added.

Makarand R Paranjape, Director, Indian 
Institute of Advanced Studies, spoke about 
including the integration of disciplines in the 
policy and the need for fostering a culture of 
excellence throughout the country.”

Shobita Parthasarathy, Professor of Public 

Science policy

Policy, Director, Science, Technology, and 
Public Policy program; at the University of 
Michigan, advocated for balance between 
society, environment, and economy. “Grassroots 
innovation and traditional knowledge is the 
strength of India and often offer solutions to 
problems. Women play key role in majority of 
grassroot innovations, and their role should be 
acknowledged,” she pointed out.

Dr. Anil Prakash Joshi, founder of Himalayan 
Environmental Studies and Conservation 
Organization (HESCO), said that in a country 
like India, where the larger population lives in 
rural areas, and a policy must reflect their 
needs and aspirations. “There is a need for 
scientific validity of traditional knowledge,” 
he added.

Dr. Rajeshwari Rajagopalan, Distinguished 
Fellow and Head of the Nuclear and Space 
Policy Initiative at the Observer Research 
Foundation (ORF), pointed out that there 
should be provision for periodic audit of 
investment and benefits, and the policy should 
focus on reversal of brain drain and how to 
retain best brains and bring back the best 
minds to the country.

The draft STIP was put together by STIP 
Secretariat led by Dr. Akhilesh Gupta with 
guidance from the Office of Principal 
Scientific Adviser (PSA) to the Government 
of India (GoI) and the Department of Science 
& Technology (DST), GoI. The draft STIP 

stwas released for public consultation on 31  
December 2020. Since then, a number of post-
draft consultations have already been initiated 
to invite suggestions and recommendations. 
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The necessity for focusing on supporting 
interdisciplinary problems, solution-centric 
and translational research, and increasing the 
scope for participation of industries and 
startups and new ideas, aiming towards 
Atmanirbhar Bharat' was underlined at the 
Fund for Improvement of S & T Advisory 
Board (FISTAB) Meeting on January 22, 
2021.

“The scientific institutions are critical cradle of 
innovation and knowledge creation, and the 
development of scientific infrastructure is 
crucial for advancement of a nation with ease 
of access and greater emphasis for their 
optimal utilization,” said Prof Ashutosh 
Sharma, Secretary, Department of Science & 
Technology (DST) at the meeting organized 
through webinar. He added that it was 
important to focus on better use of resources 
for optimum use of productivity.

The meeting, which discussed the need to 
create an ecosystem towards exploring 
academia-industry link-ups, involvement of 
start-ups in utilization of FIST facilities, and 
promotion of avenues for theoretical Sciences, 
was chaired by Prof S. G. Dhande, Chairman 
FISTAB, and former Director, IIT Kanpur. It 
was attended by more than 15 distinguished 

Supporting interdisciplinary problems & translational research

scientists from R&D Institutions and 
Universities. 

During the meeting, a logo of FIST was 
launched designed by Ms. Nikita Malhotra of 
Guru Nanak Dev University, Amritsar, to 
represent the face of FIST in a new avatar. 
Besides, the National Report on FIST Impact 
Evaluation Study and Report on Activities of 
FIST Program was released. The impact of the 
FIST Program and its associated benefits was 
discussed by different experts under the aegis 
of the Centre for Human and Organizational 
Resource Development (CHORD Division) 
of the Department of Science and Technology 
(DST).

A total of 2913 FIST Projects (from the years 
2000-2019) have been awarded with an 
investment of Rs.2953 crores across the 
country so far. Whereas the direct impacts of 
the FIST grant are tangible changes in the 
grantee institutions' infrastructure that occurs 
at the same time and space, the study has also 
brought out overwhelming evidence and 
responses that suggest highly significant, 
positive indirect benefits post FIST. There 
have been changes in the workplace, capacity 
building, manpower strength (student intake 
and faculty recruitment), research output, and 

Science policy

associated collaborations.

“Fo l lowing  20  yea r s  o f  succes s fu l 
implementation of the FIST Program, the 
scheme guidelines and objectives were 
amended, and the focus for support was 
shifted to research activities preferably in the 
areas aligned with the National Missions and 
other priorities,” said S. S. Kohli, Head, R&D 
Infrastructure taking about the context of 
launch of a new logo. 

The FIST programme was launched in the 
year 2000 to strengthen S&T infrastructure 
with adequate funding and associated 
flexibility. The 24th FISTAB Meeting that 
was held on 12th October 2020 highlighted 
that the FIST Program has played a pivotal 
role in the strengthening of both the teaching 
and research infrastructure in different 
academic and research institutions. However, 
with the shift in priorities and the S&T needs 
of the country, restructuring of the program 
was necessary in the context of the current 
National interests, National Missions, 
Sustainable Development Goals, and its scope 
to strengthen the vibrant economy towards 
building up of a self-reliant India.

CSIR celebrates 20 years of India's Traditional Knowledge Digital 
Library

The Council of Scientific and Industrial 
Research (CSIR) has launched a new campaign 
of highlighting 80 success stories from the 
organization as it is set to turn 80 years old in 
2022. This campaign was launched recently as 
CSIR's Traditional Knowledge Digital Library 
(TKDL) completes two decades of safe-
guarding India's Traditional Knowledge. To 
commemorate the two decades' journey, a 
webinar “Two Decades of TKDL - Connecting 
to the Future" was organized. The distinguished 
dignitaries who graced the program were Dr. 
Raghunath A. Mashelkar, Former DG, CSIR & 
Secretary, DSIR;Vd. Rajesh Kotecha, 
Secretary, Min of AYUSH; Shri Guruprasad 
Mohapatra, Secretary, DPIIT and Ms. 
BegonaVenero, Sr. Counsellor, Traditional 
Knowledge Division, WIPO, Geneva, and Dr. 
Shekhar C. Mande, DG, CSIR and Secretary, 
DSIR.

Dr Viswajanani J Sattigeri, Head TKDL 
described the journey and highlighted that in 

2001, CSIR jointly with Department of Indian 
Systems of Medicine & Homeopathy 
(ISM&H, now Ministry of Ayurveda, Yoga & 
Naturopathy, Unani, Siddha, Sowa Rigpa and 
Homoeopathy (AYUSH) developed the 
Traditional Knowledge Digital Library 
(TKDL). This initiative was a follow up 
action to thwart misappropriation of India's 
valuable traditional knowledge, based on 
learnings from the patent battles with 
international patent offices over the grant of 
intellectual property rights on turmeric, neem, 
basmati  r ice and other such ancient 
knowledge and practices of the country. 
TKDL database contains more than 3.9 lakh 
formulations/ practices from the Indian 
systems of medicine (Ayurveda, Siddha, 
Unani and Sowa Rigpa) and Yoga. The 
database is available to only patent examiners 
through TKDL Access (Non-disclosure) 
Agreement and so far, Access Agreements 
have been signed with 13 international patent 
offices including India. Significantly, 239 

patent applications have either been set aside/ 
withdrawn/ amended, based on the prior art 
evidences present in the TKDL database. The 
valuable partnership with Ministry of Ayush 
and DPIIT and support from WIPO were 
acknowledged.

Dr R.A. Mashelkar emphasized that TKDL 
should aim to promote traditional knowledge 
and emerge as a global repository, apart from 
s a f e g u a r d i n g  t h e  i n f o r m a t i o n  f r o m 
misappropriation. Over the years, TKDL has 
grown in strength and is now poised to expand 
its scope. It envisages covering information 
from traditional knowledge such as disease 
diagnostics, veterinary medicine, agricultural 
practices, food, cosmetics, metallurgy, etc. and 
Traditional Cultural Expressions (TCE) such 
as architecture, metallurgy, paintings, 
carvings, textiles, etc. Going forward, the 
information from digitized and published 
manuscripts as well as oral knowledge is also 
proposed to be included in the TKDL database.
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Interesting new findings on theoretical 
speculations in number theory may soon 
emerge from India. Scientists are working on 
new cases of Stark conjectures, hypothetical 
information about the leading terms of L-
functions in number theory. These conjectures 
have direct applications to Hilbert's 12th 
problem, one of the central problems in 
algebraic number theory.  This theory has 
significance in cryptography, for instance, for 
generating el l ipt ic curves for use in 
cryptosystems.

Number theory concerns the study of integer 
solutions to polynomial equations with integer 
coefficients. Solving such equations, in 
general, is challenging. They are studied by 
attaching various invariants-- function, 
quanti ty,  or property,  which remains 
unchanged when a specific transformation is 
applied.

A very classical, fruitful, and much-studied 
invariant is the L-function (function on the 
complex plane, associated to one out of several 
categories of mathematical objects). Some of 
the deepest problems in modern number theory 

Professor Mahesh Kakde
New findings on conjectures used in number theory with significance in 
cryptography on the cards

are concerned with proving exact formulae for 
the values of L-functions at integer points in 
terms of purely arithmetic objects. Professor 
Mahesh Kakde from the Department of 
Mathematics at the Indian Institute of Science, 
Bengaluru, one of the recipients of this year's 
Swarna Jayanti fellowship instituted by the 

People

Department of Science & Technology, 
Government of India, concentrates on proving 
such exact formulae using various methods, 
including algebra, K-theory and the theory of 
modular forms.

Prof. Kakde's recent work concentrates on 
proving conjectures made in the 1970s by the 
American mathematician Harold Stark 
postulating the existence of special elements 
related to leading terms of L-functions. With 
support from the Swarna Jayanti fellowship, 
Prof. Kakde proposes to use a completely 
novel method to prove deep relationships 
between different Stark elements. Such 
relationships have hitherto been only proven 
in very special cases, and in these cases, Stark 
conjectures are already known. He intends to 
turn this on its head and use results from their 
research along with the results on conjectures 
by mathematicians' Armand Brumer, Benedict 
Gross ,  and  Harold  Stark  ca l led  the 
B r u m e r — S t a r k  c o n j e c t u r e  a n d  t h e 
Gross—Stark conjectures to prove new cases 
of Stark conjectures.                         

Dr. Vijay Gahlaut
Engineering to produce heat-tolerant wheat varieties resulting in 
improved grain yield

We may soon have a wheat variety that does not 
lose its productivity under heat stress.

Heat stress causes a dramatic reduction in yield 
and quality loss of wheat, the food crop that 
nurtures more than one-third of the world 
population.                

In order to address this challenge, Dr. Vijay 
Gahlaut, an Inspire Faculty Fellow of the 
Department of Science and Technology (DST), 
is exploring the epigenetic route to modify gene 
expression in a manner that is stably transmitted 
but do not involve differences in the underlying 
DNA sequence, so that the  do  heritable genes
not buckle under heat stress and non-stress 
conditions during different grain filling stages.

Dr. Vijay who is faculty at the Biotechnology 
division at the Institute of Himalayan Bioresource 
Technology, Palampur, will identify the role of 

DNA methylation (a biological process by 
which methyl groups are added to the DNA 
molecule) patterns of heat stress-tolerant and 
heat stress-sensitive wheat genotypes during 

different grain filling stages. He proposes to carry 
this out through a process called epigenomic 
mapping,  which will  also help in the 
identification of natural epigenetic variation.

His recent publication in the journal 
'Genomics' has shown that differential 
expression pattern of C5-MTase genes under 
heat stress suggesting their role in stress 
response in wheat. This could give a major clue 
to producing heat-tolerant productive wheat 
varieties.

The utilization of genesidentical  that differ in 
the extent of methylation known asepialleles 
identified through his research could be one of 
the most promising solutions to improving 
wheat productivity by engineering elite wheat 
varieties with enhanced heat stress tolerance 
and increase grain yield.
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Scientists may soon develop robust algorithms 
that can provide more efficient machine 
learning applications by focusing on concepts 
that lie at the intersection of algebra and 
geometry.

Hariharan Narayanan, Assistant Professor, 
Tata Institute of Fundamental Research 
Mumbai ,  a  rec ip ient  of  th is  year ' s 
SwarnaJayanti fellowship instituted by the 
Department of Science & Technology, Govt. 
of India, wishes to create machine learning 
algorithms that can learn from observations 
and make improved predictions based on 
mathematical objects known as manifolds 
and Lie groups. This can lead to improved 

Dr. Hariharan Narayanan
Integrating concepts at the intersection of algebra & geometry could 
provide better machine learning algorithms

modelling of data arising from certain 
sources, such as visual observations.

People

Machine learning can be broadly defined as a 
discipline whose goal is to enable a computer 
to make inferences from observed data about 
future observations. There are two directions 
in which progress is crucial to make progress 
in machine learning. The first is making 
inferences from very few observations. The 
second is dealing with complex data, which 
has come to prominence through recent 
applications in vision, imaging like Cryo-
electron Microcrope and the World Wide Web.

The use of manifolds and Lie groups can help 
addressing both of these issues and may lead to 
algorithms that make better predictions in real-
life applications.

Dr. Vimalraj Selvaraj
Working on alternative anti-cancer therapy using transgenic zebrafish

Scientists are exploring an alternative anti-
cancer therapy that involves targeting tumor 
generated the formation of new blood vessels 
which allow the delivery of oxygen and 
nutrients to the body's tissues, technically called 
angiogenesis.

Angiogenesis is critical in the growth of cancer 
because tumors need blood supply to grow. 
Tumors trigger the growth of blood cells by 
giving off chemical signals that stimulate 
angiogenesis. Deregulation of angiogenesis is 
the main reason for tumor growth and 
progression.

Inhibition of tumor angiogenesis has become a 
popular anti-cancer strategy after chemo-
therapy. However, the clinically approved anti-
angiogenic drugs are ineffective due to parallel 
activation of various compensatory mecha-
nisms involving a cascade of molecules, which 
aids tumor angiogenesis and investigation of 
these mechanisms are essential for developing 
anti-angiogenic therapies. 

Dr. Vimalraj Selvaraj from Centre for 
Biotechnology, Anna University, Chennai, a 
recipient of the INSPIRE Faculty Fellowship 
instituted by the Department of Science & 
Technology, Government of India, is exploring 
the role of compensatory angiogenesis 
signaling cues as key targets for cancer therapy.

He has already found that nitric oxide (NO) 

plays a key role in switching off angiogenesis 
under tumor microenvironment and that the 
melatonin hormone suppresses tumor 
angiogenesis. The research published in the 
journals Microvascular Research, Life 
Sciences and Nitric Oxide, has shown that 
compensatory mechanisms could be a 
potential therapeutic target for developing 
effective anti-cancer treatment regimes.

Using the INSPIRE Faculty program Dr. 
Vimalraj and his research team is further 
working to develop transgenic zebrafish 
(which have exogenous genes added to their 
genome) model by use of the CRISPR/Cas9 
gene-editing tool to further study the 
compensatory angiogenesis mechanism in 
tumor microenvironment. Differential 
expression of biomolecules between two 
types of angiogenesis (sprouting angiogenesis 

and intussusceptive angiogenesis ) and their 
molecular mechanism will be analysed using 
transgenic zebrafish models in tumor 
microenvironment.

The transgenic or  CRISPR/Cas9 edited 
Zebrafish platform (TZP) can be used for 
studying the efficacy of a  drug as anti or pro-
angiogenesis in the next phase of the project.

The transgenic zebrafish model has been 
selected for the intussusceptive angiogenesis 
study because of its rapid development, 
optically transparent, high yield in offspring, 
and easy techniques for forward and reverse 
gene manipulation. The CRISPR/Cas9 edited 
zebrafish platform will also be used for 
studying the efficacy of a drug as anti or pro-
angiogenesis in the next phase of the project.

People
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Unraveling the Mystery of Life's 
Origins on Earth

Transcript:

Paul Rand: If you had to think of the three biggest questions in 
science today, what would they be? Maybe you're thinking, ''Can we 
cure cancer? Can we solve the climate crisis?'' Or maybe even, ''Can 
we make it to Mars?'' For Jack Szostak, the biggest questions are much 
more fundamental.

Jack Szostak: Yeah. To me, they're the origin of the universe, the 
origin of life, and the origin of the mind or consciousness.

Paul Rand: Szostak is a Nobel Laureate and professor of genetics at 
Harvard.

Jack Szostak: They're the big questions, I think, everyone would like 
to have some understanding of.

Paul Rand: The origins of the universe, life, and mind are, needless 
to say, all quite complicated, so Szostak decided to answer

Jack Szostak: The first and third just seemed too hard. The origin of 
life is much easier.

Paul Rand: Szostak has dedicated the last two decades of his prolific 
career to figuring out how life on earth began.

Jack Szostak: We all want to know one way or another how we 
came to be here. If you just look around at life and the world, it's so 
amazing and varied and beautiful and it's so different from everything 
that's inanimate. It just raises the question of: How did this difference 
arise and how did it lead to us?

Paul Rand: Szostak's career has positioned him to be uniquely 
prepared to find that out. He's been at Harvard for more than 40 
years, won a Nobel Prize in Medicine for his work and telomeres, or 
the structures at the end of chromosomes, and he holds a 
distinguished position at Mass General Hospital and the Howard 
Hughes Medical Institute. Recently, he gave a lecture as part of the 

Harvard geneticist and Nobel laureate, Jack Szostak explores how we got 
here—and whether we're alone in the universe

This article is a republication of the Transcript of the Podcast published in the University of Chicago news release 

Show Notes

What are the biggest questions in science today: Can we cure cancer, 
solve the climate crisis, make it to Mars? For Nobel laureate Jack 
Szostak, the biggest question is still much more fundamental: What is the 
origin of life?

A professor of genetics at Harvard University, Szostak has dedicated his 
lab to piecing together the complex puzzle of life's origins on Earth. The 
story takes us back billions of years and may provide answers to some of 
our most mysterious questions: Where did we come from—and are we 
alone in the universe?
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University of Chicago's Origins of Life speaker series.

Jack Szostak: Yeah, I've always more or less worked on some aspect 
of nucleic acid chemistry and that's fundamental for the origin of life 
because what you need to have a living system is something that can 
carry information from generation to generation.

Paul Rand: From the University of Chicago, this is Big Brains, a 
podcast about the pioneering research and pivotal breakthroughs that 
are reshaping our world. This episode: How Life Began. I'm your host, 
Paul Rand. What does that actually mean in your mind when you talk 
about the origin of life?

Jack Szostak: Yeah, so we can't go back to the early Earth. We don't 
have time machines, so what I'd like to have is a picture of the whole 
process, going all the way from planet formation and understanding 
early environments, understanding the chemistry that gave rise to the 
building blocks of life, and then how those molecules assembled 
together to make very simple cells that could start to evolve, and then 
through the process of evolution, eventually lead to us.

Paul Rand: When we think about it early on and at least historically 
with philosophers and theologians and others, this whole concept of a 
creator or a life-giver comes into this. Maybe get this out of the way 
right up at the start: How do you think about that?

Jack Szostak: The problem just seemed so hard, so incomprehensible 
that people had to come out with these kinds of supernatural 
explanations. If you think of the origin of life or the nature of life as a 
scientific question, then you can break it down into simpler questions 
and try to understand how life actually didn't get started. I think 
everything that we're learning says that this is a natural process that 
follows the laws of physics and chemistry and there's nothing magical 
about it.

Paul Rand: Rather than despair in the idea that there's nothing 
magical about life, Szostak delights in it. It seems to free him to 
appreciate the world in all of its natural wonder.

Jack Szostak: Yeah, yeah, exactly.

Paul Rand: Szostak started to fixate on the origins of life back in the 
1990s.

Jack Szostak: My lab was working on what we call ''directed 
evolution.''

Paul Rand: ''Directed evolution'' means introducing mutations to 
molecules, looking for variants that could be useful and then allowing 
those novel molecules to reproduce. Think of it like GMOd foods, but 
for molecules like RNA.

Jack Szostak: We're doing this molecular evolution in the lab and it's 
very successful and it gives you lots of interesting new kinds of 
molecules that you can evolve things to do what you want. But it's one 
thing to do this in a lab, right, where you have all the resources of 
modern science at your disposal and you have all kinds of brilliant 
students helping out and doing the experiments, and yet, somehow, 
evolution got started all by itself when the planet was young, and so I 
started to wonder more and more about how that could possibly have 
happened.

Paul Rand: Life has, of course, evolved over billions of years, but 
what did it evolve from? How did molecules first get together and start 
acting like a living system? Well, let's start with what we know. First, 
Earth formed a little over four-and-a-half billion years ago.

Jack Szostak: After the moon-forming impact, it was certainly a 
very violent, hot, unfriendly place to be. But it didn't take that long, 
considering the entire history of the planet, to cool down; maybe a 
hundred million years or so. You have liquid water on the surface, 
you have some areas of dry land, and then you can start to have local 
environments where different kinds of chemistry can start to happen.

Paul Rand: But this is where things get fuzzy. About 4.3 billion 
years ago, Earth may have had a habitat suitable for life, but we don't 
have solid evidence for life until the earliest fossils dated to about 3.7 
billion years ago.

Jack Szostak: That's a big stretch of time, right?

Paul Rand: It is.

Jack Szostak: Somewhere in that 700 or 800 million years, life got 
started and that could have been early on. Life could have popped up 
and been wiped out by impacts and then started to come up again. 
Well, what we're trying to figure out are what were the necessary 
environments and the right kinds of chemistry and roughly where in 
that timeline and under what environments could life have got 
started.

Paul Rand: To explore what those environments may have been like, 
Szostak actually looks to Earth as it is right now. He and his students 
have gone out in the field to explore extreme habitats.

Jack Szostak: Places in Norway and in Iceland and most recently to 
Yellowstone, so they tend to be volcanically-active regions and 
they're in many ways closely related to impact environments.

Paul Rand: Does that mean meteorites when you say an ''impact 
environment''?

Jack Szostak: Yeah, yeah, yeah. When you have like a large 
meteorite or a comet strike the planet, one of the key things is that 
you have fractured rock and it's hot and water circulates through it 
and it extracts compounds from the rocks and brings them up to the 
surface, so you can see that kind of thing happening, for example, in 
Yellowstone.

Paul Rand: Szostak is focused on volcanic areas in part because 
those kinds of environments would have created the extreme 
temperature fluctuations that are useful for chemical reactions.
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Jack Szostak: Exactly. Yes, yes. The whole point is to get evolution 
going out of a chemical system.

Paul Rand: Those chemicals might have collected in pools or ponds 
and then you need energy.

Jack Szostak: The best source of energy is the sun. The ultraviolet 
radiation on the early Earth was stronger than what we experience 
now, and so that's a great source of energy and it can drive chemical 
reactions in the atmosphere. This can bring down to the surface 
compounds like cyanide. That's one of our favorites, a really great 
starting material for making all the building blocks of biology. It's kind 
of ironic, something as deadly as cyanide is maybe the best starting 
material to make the molecules of life, but that's how it looks.

Jack Szostak: Then what you need is surface environments where 
these chemical feedstocks can be concentrated, they can come 
together, and start to react with each other. Then there's a whole series 
of pathways where you build up gradually more complicated 
molecules and there's been a huge amount of work from other labs, 
gradually unraveling how you actually can make not just a random 
collection of thousands of millions of different compounds, but just the 
subset that you want to build life. To me, the most interesting questions 
are once you've got those correct chemicals in the right environment, 
how do they get together and what are the processes that give rise to 
the first cells?

Paul Rand: All right, so let's assume that we've got the environment, 
we've got the chemicals.

Jack Szostak: Then we have to put it in a cellular context, right? It has 
to be in some kind of membrane vesicle, it's something that looks like 
the compartment that you see in a modern cell. We know how to make 
those membrane vesicles. We know how to make them grow and 
divide.

Paul Rand: By combining fatty acids with water, but what about 
genetic material?

Jack Szostak: Here's where the fundamental puzzle of the origin of life 
is, that in modern cells, you have this really complicated biochemistry 
where you start with information stored in DNA.

Tape: Oh, Mr. DNA. Where did you come from?

Tape: From your blood. Just one drop of your blood contains billions 
of strands of DNA, the building blocks of life.

Jack Szostak: Transfer it to RNA, and then you translate it to 
proteins, and every part of that system depends on every other part. It 
was always a puzzle as to how such a self-referential system could get 
started.

Tape: A DNA strand like me is a blueprint for building a living thing.

Jack Szostak: But in the beginning, what you need is something 
simple, just good enough to get by and something that you can get to 
from the chemistry. The breakthrough came from the realization that 
RNA, this molecule in the middle between DNA and proteins, RNA 
can actually do what DNA does because it carries information and its 
sequence of letters and the big surprise was that RNA can also act like 
an enzyme, so it can catalyze chemical reactions, you can build 
structures with it, so RNA is probably not as good at doing either job, 
but it can do them both.

Paul Rand: Okay. Help translate that and help me understand the 
meaning of what the RNA world hypothesis is.

Jack Szostak: I mean, it's almost in some sense, silly to call it a 
hypothesis. It's pretty firmly-

Paul Rand: Established?

Jack Szostak: ... established, yeah.

Paul Rand: It gives it a bit of gravitas though, by calling it that.

Jack Szostak: Yeah, yeah. It's very simple, it's just the idea that the 
most primitive cells, the primordial cells were based on RNA, which 
played the role of the genetic material and they used RNA to carry 
out biochemical functions to catalyze reactions. The smoking gun is 
the cellular machine, the ribosome, right, which it turns out it's built 
partly out of RNA and partly out of proteins, but it's the RNA part 
that actually makes new proteins, so RNA makes all the proteins in 
our bodies and every cell, so it makes sense that RNA came first. All 
we have to do is figure out how something as complicated as RNA 
came to exist on the early Earth.

Paul Rand: This is what Szostak's lab focuses almost entirely on: 
How RNA came into existence.

Jack Szostak: Especially the hardest problem, the thing we've really 
been struggling with for the last 10 years or so, is how you could 
replicate RNA without enzymes, just using chemistry and physics. In 
modern cells, when cells make a new RNA molecule, they use 
building blocks. I don't want to get too technical, but they're 
nucleoside triphosphates. They're molecules that are quite stable. You 
have enzymes that string them together in the right way and it's great, 
but at the origin of life, there were no enzymes. You could only rely 
on chemistry and the right environment. One of the breakthroughs 
was to figure out a new, what we call ''activation chemistry,'' a way of 
making these building blocks more reactive. Well, the way the story 
develops actually quite interesting. The postdoc in the lab figured out 
a little bit of the chemistry that could make this work much better and 
then a couple of other people in the lab figured out that actually, this 
is a way of doing it that totally makes sense for early Earth prebiotic 
chemistry.

Paul Rand: Without enzymes?

Jack Szostak: Yeah, yeah. It makes the whole thing work much 
better without enzymes.

Paul Rand: Is there a point where you say, ''For this series of 
experiments, we've discovered what we wanted to get to?'' What is 
the finale here?

Jack Szostak: What we're aiming for is being able to start with, say, 
one molecule of RNA or some collection of RNAs, and then set up 
the right chemical environment and have it spontaneously replicate 
and make more of itself. We're not there yet. We have ideas about 
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how to do it and I think we might solve that within the next couple of 
years if things work out and we need to put it all together, so we're 
going to have replicating RNA inside replicating compartments. Once 
we have that, that kind of system should start to evolve spontaneously.

Paul Rand: And that would be a pathway to life. There are other 
scientists who are looking for alternatives to RNA as the start to life 
and that's because, as Szostak puts it, ''RNA is a big, complicated 
molecule,'' so some people think that maybe life started with 
something simpler.

Jack Szostak: Ultimately, we may end up with several paths to life 
and we may never know which was the one that actually happened on 
the early Earth, but that would be great, too, because right now, we 
don't have any paths, right? We'd just like to have at least one and 
maybe more.

Paul Rand: Coming up: Was life on Earth inevitable? Everyone likes 
to feel special. We like to think of life on Earth as a one in a billion 
trillion quintillion chance, and everything had to go just so for us to get 
here, right?

Jack Szostak: That is one of the big questions. I think when I started 
to get into this seriously, there were so many gaps in our knowledge. It 
did seem like maybe it was a very, very hard process, something very 
unlikely for all the pieces to come together. The more I've worked in 
this area, more and more of those gaps are getting filled in a way that 
makes it look like maybe all the steps are not that hard.

Paul Rand: Life requires the right environments, the right chemistry, 
but ...?

Jack Szostak: It's possible that given a planetary environment, it 
might be almost inevitable.

Paul Rand: Wow.

Jack Szostak: I wouldn't say that confidently yet, but it could be.

Paul Rand: What does that mean?

Jack Szostak: Well, then the implication is that there should be life 
everywhere in the universe, right?

Paul Rand: If life is inevitable, given the right conditions, maybe we 
are not alone.

Jack Szostak: Yeah. I mean, our field is very closely tied in with all 
these advances in astronomy, the whole amazing story of exoplanets, 
and the fact that we now know that Earth is not unique, there are 
hundreds of millions of rocky planets in our galaxy. One way of 
looking at this question of whether it's easy or hard for life to get 
started is it's basically the same question as, is life common, present on 
lots of these exoplanets, or is it only here on our planet? And so we're 
all asking the same question and the astronomers are trying to get a 
clue by looking at the chemistry of the atmospheres of some of these 
distant planets and we're trying to get clues by doing experiments in 
the lab.

Jack Szostak: If the astronomers get evidence for life on another 
planet, that would say, ''Okay, it's not this incredibly improbable event 
that maybe only happened once in the whole history of the universe,'' 
right? It can't be that hard, and so that would mean for us, yeah, there's 
an answer. We just have to go and find it. On the other hand, if we're 
able to build living cells in the lab in a series of relatively simple steps, 
then I think that would inspire the exoplanet community to look even 
harder for examples of life elsewhere.

Paul Rand: I had to ask, of course, does Szostak believe in alien 
life?

Jack Szostak: Well, you know what? I used to say that I can't answer 
that because we're trying to get the answer to that question by trying 
to understand, is it easy or hard to get from chemistry to life? But I 
will say, over the last 10 years, I'm edging closer to the idea that it 
might not be that hard to go from chemistry to life, and so I'd say 
there's a higher profitability now than what I used to think that life is 
common on other planets.

Paul Rand: Whereas your thinking may have been it was really quite 
a distinct and unique process is you keep saying, which is sort of hard 
to fathom, ''It's not that hard to create life under the right 
circumstances.'' Seeing that happen elsewhere starts giving a different 
level of confidence.

Jack Szostak: Yeah, yeah. I mean, we were just filling in a lot of the 
gaps in our knowledge and every time there's something that just 
seemed like, ''How on Earth could this possibly happen?'' then we 
figure it out and it's, ''Oh, yeah, it's actually quite trivial.'' When that 
starts to happen enough times, then you think, ''Well, maybe the 
whole pathway is easy.''

Paul Rand: Well, I go back to the point where we start our 
conversation about the three fundamental questions of science. I 
wonder if you can tell me, as you have these thoughts, do you find it 
hard to shut off your brain and to not be obsessing about this on a 
moment-by-moment basis? Or is this something you're always 
turning over inside your head?

Jack Szostak: I do think about it a lot, but I love it. It's fun. It's 
exciting. One of my favorite things is just to take a blank pad of 
paper and start scribbling down ideas and sometimes something 
interesting comes up and then we can go in the lab and try things out.

Paul Rand: The thing about Szostak is that he believes the question 
of how life began is one that he and his team will be able to answer, 
and soon, and as excited as he is about finding that answer, he 
remains the utmost pragmatic scientist. I asked him what he thinks it 
will be like when he figures it all out.

Jack Szostak: I don't think that there's likely to be a aha moment 
where, ''Wow, now we see it,'' it'll be a gradual shift where we can do 
little bits of coffee in chemistry now. We need to make it a little bit 
better, a little bit better. At some point, we'll start to see replication, 
but maybe it'll be too error-prone, and then we'll get it to work a little 
more accurately, and there's still a lot more to do, but step-by-step.

Ultimately, we may end up with 

several paths to life and we may never 

know which was the one that actually 

happened on the early Earth, but that 

would be great, too, because right 

now, we don't have any paths, right? 

We'd just like to have at least one and 

maybe more.
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Pandemic erodes living standards in 
developing countries, study shows

The onset of the COVID-19 pandemic caused a sharp decline in living 
standards and rising food insecurity in developing countries across the 
globe, according to a new study by an international team of economists.

The study, published (Feb. 5) in the journal Science Advances, provides 
the first in-depth view of the health crisis's initial socioeconomic effects 
in low- and middle-income countries, using detailed micro data collected 
from tens of thousands of households across nine countries. 

The researchers conducted 16 nationally and sub-nationally repre-
sentative phone surveys from April through July 2020 in Bangladesh, 
Burkina Faso, Colombia, Ghana, Kenya, Nepal, Philippines, Rwanda, 
and Sierra Leone. In all of these countries, respondents reported drops in 
employment, income, and access to markets and services, translating into 
high levels of food insecurity. Many households reported being unable to 
meet basic nutritional needs. 

“COVID-19 and its economic shock present a stark threat to residents of 
low- and middle-income countries — where most of the world's 
population resides — which lack the social safety nets that exist in rich 
countries,” said Mushfiq Mobarak, professor of economics and faculty 
director of the Yale Research Initiative on Innovation and Scale (Y-
RISE), and the study's corresponding author. “The evidence we've 
collected shows dire economic consequences, including rising food 
insecurity and falling income, which, if left unchecked, could thrust 
millions of vulnerable households into poverty.”

Across the surveys, the percentage of respondents reporting losses in 
income ranged from 8% in Kenya to 86% in Colombia. The median, or 
midpoint of the range, was a staggering 70%. The percentage reporting 
loss of employment ranged from 6% in Sierra Leone to 51% in Colombia, 
with a median of 29%. 

“Painting a comprehensive picture of the economic impact of this global 
crisis requires the collection of harmonized data from all over the world,” 

said Edward Miguel, a professor of economics at the University of 
California-Berkeley and a co-author of the study. “Our work is an 
exciting example of fruitful collaboration among research teams from a 
variety of institutions working in multiple countries simultaneously to 
improve our understanding of how COVID-19 has affected the living 
standards in low- and middle-income countries.”

Significant percentages of respondents across the surveys reported 
being forced to miss meals or reduce portion sizes, including 48% of 
rural Kenyan households, 69% of landless, agricultural households in 
Bangladesh, and 87% of rural households in Sierra Leone — the highest 
level of food insecurity. Poorer households generally reported higher 
rates of food insecurity, although rates were substantial even among the 
top half of each sample.  

The steep rise in food insecurity reported among children was 
particularly alarming given the potentially large negative long-term 
effects of under-nutrition, according to the study.

Survey results from Bangladesh and Nepal suggest that levels of food 
insecurity were far higher during the pandemic than during the same 
season in previous years.

In most countries, a large share of respondents reported reduced access 
to markets, likely due to lockdowns and other restrictions implemented 
to contain the spread of the virus. The availability of social support from 
governments or non-governmental organizations varied widely across 
the surveys, but the high rates of food insecurity reported suggest that 
support was insufficient even when present, the researchers found. 

In addition to increasing food insecurity, the study shows that the 
pandemic and accompanying containment measures have undermined 
several other aspects of household wellbeing. In all the countries, 

Continued on page 19
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Are we using technology or are we 
being used? 

Technology companies waited until the halls of government were 

breached, people were killed, and the integrity of our government 

process interrupted before banning the president's presence on 

social media. What should government do or what body should 

regulate these companies in the future so that extremist efforts 

cannot make it this far?

Technology companies have business models, but those cannot come at 
the cost of everything else — we need to create a balance between 
business interests, and the public's interest. We need third-party 
accountability that lies outside these companies' internal employees. 
We've learned more and more how difficult it is for tech companies in 
house to be able to discern disinformation that might be emerging. 

Q&A with UCLA's Ramesh Srinivasan

Elizabeth Kivowitz and Melissa Abraham 

The relationship among technology, politics and societies needs to be re-evaluated

Ramesh Srinivasan studies the relationship between technology, politics and societies. As a professor of information studies and design media 

arts at UCLA, Srinivasan is an expert on social media, including the more extreme and encrypted platforms like Parler and Telegram. He is also 

the founder of the University of California's system-wide Digital Cultures Lab.

Srinivasan has worked with governments, businesses, activists and civil society organizations to advise on technology and the future. His 

research investigates technology's relationship to democracy and politics, public health, policy, social change, economic development, distance 

learning, migration studies and cultural heritage. He has worked in more than 70 countries studying internet/social media technologies, artificial 

intelligence, big data's impacts on political life, economic concerns, and cultural and global effects.

His most recent book, “Beyond the Valley” (MIT Press), is the publisher's top selling book and illustrates the potential for a digital world of the 

future that supports the interests of environmental sustainability, democracy, workers, cultural diversity, and businesses. The book was named a 

top 10 book in tech by Forbes.

Srinivasan's answers have been edited for brevity.

Whether it's a question of capacity or expertise, what's critical is that 
government steps in to establish a body of credible experts and 
journalists from across the political spectrum to help us vet and rate 
different sources. That's critical because that rating system can 
influence the internal workings of the systems the platforms rely upon, 
powered by algorithms. As of this point. that which is chosen to go more 
viral by the algorithms, is determined by maximum user engagement, 
rather than the credibility or rating of the source. Currently, algorithms 
will choose the more radicalized version of something to promote, and 
not to represent a diversity of viewpoints and perspectives that might 
provide balance.

We need to figure out ways for algorithmic systems to have more 
collaborative design, so they don't come out racist, misogynistic and 
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Are we using technology or are we being used? 

We need to think about economic proposals independent of technology 
that can ensure that the revolution we are witnessing can make everyone 
economically prosper … so that overall everyone's standard of living 
increases. Right now, the younger generations are making less than their 
parents, and life expectancy is decreasing in this country. Both of these 
must inspire us to consider proposals like universal basic income or gig 
economies that can come together to create benefits for workers.

Companies have relied on public funding, so perhaps the public should 

The future of technology is a bipartisan concern. The current 

administration has an investigation under way with the department of 

justice and the Federal Trade Commissiion, 48 out of 50 attorneys 

general are looking at antitrust — there is large bipartisan support. The 

philosophy of “move fast and break things” is a playful model in Silicon 

Valley that works in a constricted engineering mindset. But we are 

talking about the minds, lives, psychological experiences, political 

behaviors and economic opportunities of the entire world. If you 

engineer for society without understanding society, you end up 

practicing social engineering. And in that scenario — like during the 

pandemic where we are more technologically dependent than ever 

before — the vulnerable and marginalized are likely to be the most 

harmed.

· We can embark on this path by asking some simple but 

powerful questions, for example:

· When we use technology, are we users, or are we being used?

· Are we Googling or are we being Googled?

· Are we socializing, or are we being socialized?

We have an opportunity to take proactive steps to have inclusive benefits 

and to protect our rights as workers, citizens and people. I truly believe 

we are at an inflection point where we can take these steps.      

What is a “digital bill of rights”? Is it realistic that a Biden 
administration and a congress controlled by the Democrats could 
pass such a bill?

What does a technology company of the future — one that represents 
people — look like?

Government paid for the development of the Internet, and now a 

small number of companies reap its profits. What does a “people's 

internet” look like?

A people's internet is responsive to the values of people, where we the 
users of technology, as workers, as citizens, as members of various 
communities, have significant voice in impacting the digital experiences 
we have. A people's internet is where we are thoughtful and careful of the 
widening and massive economic gulfs we see all around us. A digital 
world moving forward can be transformed to:

bring value to all;

engage us in the image of a true grassroots public sphere, where we can 
have differences of opinions in an open way, avoid the echo chambers 
and filter bubbles of social media that are influenced by confirmation 
bias, and the sensationalist, attention-manipulating algorithms;

has a democratic vision, where technologies are designed to secure 
people's economic interests, not just those of the companies.

schools were closed during most or all of the survey period. 
Respondents also reported reduced access to health services, including 
prenatal care and vaccinations. Combined, these factors could have 
damaging long-term effects on children in particular, the researchers 
note. 

“The pandemic's economic shock in these countries, where most people 
depend on casual labor to feed their families, causes deprivations that 
have adverse consequences in the long term, including excess 
mortality,” said study co-author Ashish Shenoy, a professor of 
agriculture and resource economics at the University of California, 
Davis. “Our findings underscore the importance of gathering survey 
data to understand the effects of the crisis and inform effective policy 
responses. We demonstrate the efficacy of large-scale phone surveys to 
provide this crucial data.”

Current circumstances may call for social protection programs that 
prioritize addressing immediate poverty and under-nutrition before 
tackling deeper underlying causes of inequity and economic 
deprivation, the researchers state. They suggest that policymakers 

discriminatory. Is it the intention of a tech company to be racist? Of 
course not, but this is what happens when you think you can do 
everything in house, when executives and engineers do not represent the 
demographics of society.

consider identifying poor households using mobile phones and satellite 
data and then provide them mobile cash transfers. 

The researchers also recommend providing support for basic utilities, 
such as water and electricity, through subsidies and by removing 
penalties for unpaid bills. They note a fundamental link between 
containing COVID-19 and providing economic relief since households 
facing acute shortages may be less willing than others to follow social 
distancing rules as they pursue opportunities to meet basic needs. 

In addition to researchers from Yale and Y-RISE, the study included 
partners from the following institutions: University of California-
Berkeley; The World Bank; Innovations for Poverty Action; University 
of California-Davis; Northwestern University; University of Basel, 
Switzerland; Princeton University; Busara Center for Behavioral 
Economics, Nairobi, Kenya; Stanford University; WBZ Berlin Social 
Science Center; Columbia University; International Growth Center, 
London; Vyxer Remit Kenya, Busia, Kenya; American University; 
University of Goettingen, Germany; Harvard University; and 
Wageningen University, Netherlands.

have a percentage of equity, of the profitability of these companies. For 
example, what would happen if Uber drivers had 10% of equity in that 
company? Or if the entire platform was owned by its workers, like a 
cooperative? These are all ideas to play with.

Pandemic erodes living standards in developing countries, study shows

(Republished from UCLA  News)

(Republished from Yale university news release)
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What happens in the mouth … 
doesn't stay in the mouth

We know that what happens in the mouth doesn't stay in the mouth – but 
the oral cavity's connection to the rest of the body goes way beyond 
chewing, swallowing and digestion.

The healthy human oral microbiome consists of not just clean teeth and 
firm gums, but also energy-efficient bacteria living in an environment 
rich in blood vessels that enables the organisms' constant communication 
with immune-system cells and proteins.

A growing body of evidence has shown that this system that seems so 
separate from the rest of our bodies is actually highly influential on, and 
influenced by, our overall health, said Purnima Kumar, professor of 
periodontology at The Ohio State University, speaking at a science 
conference recently.

For example, type 2 diabetes has long been known to increase the risk for 
gum disease. Recent studies showing how diabetes affects the bacteria in 
the mouth help explain how periodontitis treatment that changes oral 
bacteria also reduces the severity of the diabetes itself.

Connections have also been found between oral microbes and 
rheumatoid arthritis, cognitive abilities, pregnancy outcomes and heart 
disease, supporting the notion that an unhealthy mouth can go hand-in-
hand with an unhealthy body.

“What happens in your body impacts your mouth, and that in turn 
impacts your body. It's truly a cycle of life,” Kumar said.

When the  American Association for the Advancement of Science
(AAAS) themed , this year's annual meeting around dynamic ecosystems
Kumar saw an opportunity to put the mouth on the map, so to speak, as a 
vibrant microbial community that can tell us a lot about ourselves.

“What is more dynamic than the gateway to your body – the mouth? It's 
so ignored when you think about it, and it's the most forward-facing part 
of your body that interfaces with the environment, and it's connected to 
this entire tubing system,” she said. “And yet we study everything but the 
mouth.”

Kumar organized a session at the AAAS meeting on Feb. 8, 2021 that she 
titled “Killer Smile: The Link Between the Oral Microbiome and 
Systemic Diseases.”

The oral microbiome refers to the collection of bacteria – some helpful to 
humans and some not – that live inside our mouths.

Kumar has led and collaborated on recent research further explaining the 
link between oral health and type 2 diabetes, which was first described in 
the 1990s. She was the lead author of a  that compared the oral 2020 study
microbiomes of people with and without type 2 diabetes and how they 
responded to nonsurgical treatment of chronic periodontitis.

The team found that periodontitis allows bacteria – rather than the 
human host – to take the reins in determining the mix of microbes and 
inflammatory molecules in the mouth. Treating the gum disease led to 
eventual restoration of a normal host-microbiome relationship, but it 
happened more slowly in people with diabetes.

“Our studies have led up to the conclusion that people with diabetes have 
a different microbiome from people who are not diabetic,” Kumar said. 
“We know that changing the bacteria in your mouth and restoring them 
back to what your body knows as healthy and friendly bacteria actually 
improves your glycemic control.”

Though there remains a lot to learn, the basics of these relationship 
between the oral microbiome and systemic disease have become clear.

Oral bacteria use oxygen to breathe and break down simple molecules of 
carbohydrates and proteins to stay alive. Something as simple as not 
brushing your teeth for a few days can set off a cascade of changes, 
choking off the oxygen supply and causing microbes to shift to a 
fermentative state.

“That creates a septic tank, which produces byproducts and toxins that 
stimulate the immune system,” Kumar said. An acute inflammatory 
response follows, producing signaling proteins that bacteria see as food.

“Then this community – it's an ecosystem – shifts. Organisms that can 
break down protein start growing more, and organisms that can breathe 
in an oxygen-starved environment grow. The bacterial profile and, more 
importantly, the function of the immune system changes,” she said.

The inflammation opens pores between cells that line the mouth and 
blood vessels get leaky, allowing what have become unhealthy bacteria 
to enter circulation throughout the body.
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Humanity's Best Friend
Dogs' highly evolved noses can rapidly detect the SARS-CoV-2 virus

According to UC Santa Barbara professor emeritus Tommy Dickey and 
his collaborator, BioScent researcher Heather Junqueira, they can. And 
with a review paper published in the Journal of Osteopathic Medicine 
they have added to a small but growing consensus that trained medical 
scent dogs can effectively be used for screening individuals who may be 
infected with the COVID-19 virus.

This follows a comprehensive survey of research devoted to the use of 
trained scent dogs for detecting COVID.  “The most striking result is 
that studies have already demonstrated that dogs can identify people who 
are COVID-19 positive,” Dickey said of their findings. “Not only that,” 
he added, “they can do it non-intrusively, more rapidly and with 
comparable or possibly better accuracy than our conventional detection 
tests.” 

Not surprisingly, the magic lies in canine sense of smell, which gives 
dogs the ability to detect molecules in tiny concentrations — “one part in 
a quadrillion compared with one part in one billion for humans,” 
according to the paper. Add to that other optimizations for smell, such as 
a large nasal area and the structure of their noses, which allows inflow 
through the nostrils and outflow through nasal folds. Further, with 125-
300 million olfactory cells and a third of their brains devoted to 
interpreting odors, dogs are well equipped with the ability to sniff out the 
volatile organic compounds that indicate the presence of COVID.

“The dogs are basically smelling the sweat of the person,” Dickey said of 
a series of experiments by French and Lebanese researchers testing  
canines' capacity to sense COVID infection. Although the virus itself 
has no odor, metabolic products excreted by COVID-positive 
individuals through their sweat glands were detected by the 18 dogs 
selected for the study (16 Belgian malinois, one German shepherd and 
one Jack Russell terrier) with an accuracy rate of 83-100% after only 
four days of training. True failures, according to the study, could be 
attributed to “distractive external smells or movements by a TV filming 
crew.”

“One dog twice indicated positive results that could not be confirmed,” 
Dickey said. “Two weeks later they found that both people who gave 
those samples had to be hospitalized with COVID.”

Meanwhile, a German research group employed eight scent detection 
dogs in a randomized, double-blind controlled pilot study. The group  
trained the dogs for a week and then set them to sniffing 1,012 samples of 
saliva or tracheobronchial secretions. They returned an average 
detection rate of 94% with a sensitivity (ability to detect a true positive) 
of 67.9% to 95.2% and a specificity (ability to detect a true negative) of 
92.4% to 98.9%. This pilot study used positive samples from severely 
affected individuals and negative samples from people with no 
symptoms. Future studies, according to that paper, could focus more on 
identifying different phases of infection or perhaps the detection of 
different disease phenotypes.

“The body is producing inflammation in response to these bacteria, and 
those inflammatory products are also moving to the bloodstream, so now 
you're getting hammered twice. Your body is trying to protect you and 
turning against itself,” Kumar said. “And these pathogens are having a 
field day, crossing boundaries they were never supposed to cross.”

The exact mechanisms of the links between the oral microbiome and 
specific diseases are complex and still being investigated, but the secret to 
a healthy mouth is no secret at all: Prevention of oral disease is as simple 
as brushing and flossing, and visiting the dentist twice a year for a 
professional cleaning, Kumar said.

The Office of the U.S. Surgeon General  in 2018 that it had announced
commissioned an update to its 2000 report on oral health, which was the 
first to be published on the topic.

Kumar said the national emphasis on oral health as an integral element of 
overall well-being bolsters her argument that the mouth should be an 
“equal opportunity player” in determinants of health.

“Putting the mouth back into the body – that's my goal here,” she said.

(Source: Ohio State news release)
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Using dogs to detect disease is not new. In fact, co-author Junqueira has 
previously published results showing that her scent dogs (beagles, bassett 
hounds and mixes of the two) can effectively detect non-small cell lung 
cancer.

“Canines are capable of detecting other types of cancer as well as malaria, 
Parkinson's disease and diabetes,” Junqueira said, adding that “medical 
scent dog research has really only gained traction in recent years and that 
it will take many more peer-reviewed papers before the idea of using dogs 
for disease detection hits the mainstream.”

Dickey's own interest in the subject was sparked over the course of his 
work as a therapy dog handler of three Great Pyrenees (over 3,000 therapy 
dog visits), a longtime avocation he leaned on after cancer forced him to 
retire from UC Santa Barbara's Department of Geography in 2013.  “I 
loved UCSB,” he said. “I loved teaching and I brought my therapy dogs to 
class all the time. I just had the life, what can I say?” 

In fact, he couldn't stay away — he and his dogs have been on hand to see 
the UCSB community through hard times, offering their shaggy coats, 
wet noses and calm demeanors through tragedy and stress. In retirement, 
Dickey has published three therapy dog books for children, some of 
which recount stories of their UCSB therapy dog adventures.  In addition, 
he and his canines have presented educational demonstrations at the 
California Science Center and the Los Angeles Public Library, work that 
sparked his interest in the power of a dog's sense of smell for medical 
detection.

So when the new disease called COVID-19 hit, Dickey was primed to 
ask: Can dogs detect the novel coronavirus? Naturally, there was little in 
the way of refereed research on the topic, so he teamed up with Junqueira, 
who was already conducting her own COVID detection research with her  
scent dogs in Florida. “One of our big motivations was to write a peer-
reviewed paper that basically gave a progress report,” he said. “Where are 
we? Is this stuff really possible?”

Dickey and Junqueira found that researchers used a variety of dogs. 
“There were a lot of Belgian malinois that were used, and dogs who have 
been trained on explosives and on colon cancer. So they were pro 
sniffers,” Junqueira said. “Other groups, such as the one behind a 
Colombian studywere motivated by the need to find a quick, accurate and 
cost-effective form of COVID early detection.” The Colombian group 
utilized a variety of dogs — four Belgian malinois, one Alaskan 
malamute-Siberian mix and an American pit bull terrier. 

“The pit bull had been previously mistreated,” Dickey said, “but they 
rehabilitated him, and he was perfectly capable and doing a great job at 
sniffing.” After almost two months of training and thousands of samples 
later, this Colombian canine cohort performed with a remarkable 95.5% 
sensitivity and 99.6% specificity.

During the various blind, controlled experiments, the total time for 
detection was a matter of minutes or less. Such speed is a huge asset in real 
world scenarios. In particular, a U.K.-based research group has outlined 
their plans to train and ultimately deploy dogs at United Kingdom airports 
and ports of entry as part of the COVID-19 screening process.

With all the sniffing going on in the presence of an airborne disease, it's 
natural to be concerned over whether dogs can catch and transmit 
COVID-19. It's still the topic of ongoing research, but evidence points to 
a low likelihood of transmission, according to the paper, though 
precautionary measures should be taken to protect everyone involved.

“Current research supports the use of scent detection dogs for pilot 
COVID-19 screening studies involving humans in venues such as 
airports and sporting events,” Dickey said. “In addition, the JOM paper 
points out that another line of research can utilize medical scent detection 

dogs involving the development of medical electronic noses.”

In principle, you wouldn't even need a dog to sniff out COVID if you 
could mimic the way it smells and processes scents, according to the 
researchers. Through sensors and artificial intelligence, they said, it 
might be possible to someday match a dog's performance using 
wearable electronic noses, similar to wristband sensors for reporting 
heart beat rate and patterns, blood pressure and oxygen, that could 
monitor a person's sweat for metabolites and biomarkers that could 
indicate diseases such as COVID-19.(Source: UCA Santa Barbara 
news release written by Sonia Fernandez)
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Crop improvement
Researchers identify phenotype to boost 'nitrogen use efficiency' in rice

Crops take only about 30% of the nitrogen 
fertilizer added and the rest gets washed away 
to cause pollution, ill-health and climate 
change. Improving this poor 'nitrogen use 
efficiency' (NUE) was a major global 
challenge for decades, as there were no simple 
visual cues or genetic means to differentiate 
between high and low NUE cultivars in any 
crop. A team of researchers led by Prof. 
Nandula Raghuram from Guru Gobind Singh 
Indraprastha University, (GGSIU) New 
Delhi, has found the 'phenotype' or the 
visually identifiable features determining 
NUE. They also identified some associated 
genes that could help in crop improvement for 
NUE. “Many scientists described on one or 
two visible or phenotypic features that change 
in a plant in response to N-fertilizer, but 
nobody experimentally distinguished N-
response from NUE” said Prof. N Raghuram.

The team compared 3 high NUE and 3 low 
NUE cultivars of rice with a normal or low 
dose of nitrate or urea as the sole source of 

nitrogen (N). They found that N-use efficient 
cultivars tend to be slow in germination and 
flowering, grow tall and deep with higher 
biomass and take a longer duration to harvest 
but yield more with lesser N input. They also 
reported 34 genes associated with NUE for 
potential crop improvement.

“We were the first in the world to study 25 
phenotypic features together in any crop, 
comparing different cultivars, N-forms and 
doses. We found that only 20 of them respond 
to N-fertilizer, while only 8 of them actually 
account for NUE” added Dr Narendra 

Sharma, the first author of the article. “Even 
out of these 8 features mentioned in the title, 
only 6 are common to different forms of N in 
fertilizers such as nitrate or urea. The effects of 
nitrate on root length and flowering were not 
significant”, he added.

Dr Sharma said “our findings in rice will also 
be relevant to other cereals and possibly other 
crops, though they need to be validated. More 
importantly, the statistical and bioinformatic 
tools used in our study on NUE can be also be 
used for other difficult crop traits”. Prof 
Raghuram said “our work indicates that unless 
scientists bring NUE traits together with yield 
traits through breeding, we may be gaining 
yield at the cost of NUE. We also need to 
worry about whether this is also true for other 
inputs such as phosphorus, water, potassium, 
sulfur etc., which we have not done”. The 
research has been published in the journal 
Frontiers in Plant Science. 

(Source: India Science Wire)

Wonder fungi
From biofuels and other commodity chemicals to methane production, genomic study peers into the 

mysteries of a goat's gut

Biological Science - Agriculture 

Biological Science – Animal Microbiome

“This has been the longest single effort in my 
lab,” said O'Malley, who with her research 
team way back in 2015 first embarked on an 
ambitious project to characterize gut microbes 
in large herbivores. In a paper in the journal 
Nature Microbiology, she and her team report 
the results of more than 400 parallel anaerobic 
enrichment experiments, which include more 
than 700 previously unknown microbial 
genomes and thousands of new enzymes, as 
well as a possible mechanism for much of the 
methane often blamed on cows and goats. Of 
particular interest to the researchers were the 
non-bacteria denizens of the goat gut 
microbiome — “minor players” l ike 
anaerobic fungi that constitute a tiny fraction 
of the bacteria-dominated population. 

Over roughly 400 parallel enrichment 
experiments on fecal matter contributed by 
Elway, a San Clemente Island Goat named 
who lives at the Santa Barbara Zoo, the 
researchers teased out populations of 
biomass-degrading microbes with different 
biomass substrates. They further sculpted 

some of these populations using antibiotics to 
inhibit the growth of bacteria, leaving rarer 
microbes such as fungi and methanogens 
(single-celled organisms from the domain 
Archaea) to dominate. In the process, the team 
uncovered more than 700 novel microbial 
genomes “unique at the species level,” 
according to the study. Also present were rare 
fungi they had previously isolated from large 
herbivores.

For their small population, fungi, it turns out, 
play a disproportionately large role in biomass 

degradation. “They produce the lion's share of 
the biomass degrading enzymes that the 
community relies on to function,” O'Malley 
noted. Additionally, according to the paper, 
fungi have other strategies, such the ability to 
physically penetrate plant cell walls, exposing 
surfaces for these enzymes to act on.

These and other insights from the research take 
us closer to developing technologies using 
microbes to create industrially important 
chemicals from cellulose, the most abundant 
organic compound on the planet. O'Malley and 
her group are focused on understanding the 
roles of and interactions between members of 
these complex ruminal communities, and 
they're looking to a future where designed 
microbial communities can create value-added 
chemicals. “Can we build a bio-reactor that 
houses not just one type of microbe, but a few, 
or dozens? Can we do really complex 
chemistry the way nature does? That's kind of 
the ultimate goal here,” O'Malley said.

(Source: UCA Santa Barbara news release) 
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"Smiling Eyes" and true happiness
Carnegie Mellon study questions influential Duchenne smile hypothesis

A smile that lifts the cheeks and crinkles the 
eyes is thought by many to be truly genuine. 
But new research at Carnegie Mellon 
University casts doubt on whether this joyful 
facial expression necessarily tells others how 
a person really feels inside. In fact, these 
"smiling eye" smiles, called Duchenne smiles, 
seem to be related to smile intensity, rather 
than acting as an indicator of whether a person 
is happy or not, said Jeffrey Girard, a former 
post-doctoral researcher at CMU's Language 
Technologies Institute.

Duchenne smiles might not be as popularly 
known as Mona Lisa smiles or Bette Davis 
eyes, but there is a camp within psychology 
that believes they are a useful rule of thumb 
for gauging happiness. But another camp is 
skeptical. Girard, who studies facial behavior 
and worked with CMU's Louis-Phillippe 
Morency to develop a multimodal approach 
for monitoring behavior, said that some 
research seems to support the Duchenne smile 
hypothesis, while other studies demonstrate 

how it fails. So Girard and Morency, along 
with Jeffrey Cohn of the University of 
Pittsburgh and Lijun Yin of Binghamton 
University, set out to better understand the 
phenomenon. They enlisted 136 volunteers 
who agreed to have their facial expressions 
recorded as they completed lab tasks 
designed to make them feel amusement, 
embarrassment, fear or physical pain. After 
each task, the volunteers rated how strongly 
they felt various emotions. Finally, the team 
made videos of the smiles occurring during 
these tasks and showed them to new 
participants (i.e., judges), who tried to guess 
how much positive emotion the volunteers 
felt while smiling. A report on their findings 
has been published online by the journal 
Affective Science.

Unlike most previous studies of Duchenne 
smiles, this work sought spontaneous 
expressions, rather than posed smiles, and the 
researchers recorded videos of the facial 
expressions from beginning to end rather than 

taking still photos. They also took painstaking 
measurements of smile intensity and other 
facial behaviors. Although Duchenne smiles 
made up 90% of those that occurred when 
positive emotion was reported, they also made 
up 80% of the smiles that occurred when no 
positive emotion was reported. Concluding 
that a Duchenne smile must mean positive 
emotion would thus often be a mistake. On the 
other hand, the human judges found smiling 
eyes compelling and tended to guess that 
volunteers showing Duchenne smiles felt 
more positive emotion. Multimodal systems 
such as the ones being developed in Morency's 
lab hold the promise of giving physicians a 
new tool for assessing mental disorders, and 
for monitoring and quantifying the results of 
psychological therapy over time.

(Source: Carnegie Mellon University news 
release written by Byron Spice)

Human sleep patterns affected by moonlight 
Humans tend to stay up later and sleep less on evenings preceding a full moon

Biological Science - Behavioural Science

Biological Science - Behavioural Science

A n e w  s t u d y  c o - a u t h o r e d  b y  Ya l e 
anthropologists Claudia Valeggia and 
Eduardo Fernández-Duque found that lunar 
phases affect people's sleep schedules. 
According to their findings, humans tend to 
stay up later and sleep less on evenings 
preceding a full moon, when moonlight is 
brightest in the early night. Their findings 
were published in the journal Science 
Advances.

The researchers detected this behavior across 
a range of settings, from rural communities 
without electricity to brightly lit urban areas. 
For the study, they examined people's sleep 
patterns in three indigenous Toba/Qom 
communities in the northern Argentinian 
province of Formosa: a town where parti-
cipants had 24-hour access to electric light in 
their homes and in public places; a rural 
settlement where people had electric lights in 
their homes but no streetlights or other 
exterior lighting; and a sparsely settled region 
without electricity and where people have 
limited exposure to artificial light. The 

researchers also analyzed sleep data from 464 
students at the University of Washington in 
Seattle.

 “We were struck by the similarity between the 
college kids living in a brightly lit American 
city and rural indigenous communities with 
little artificial light,” said Valeggia, professor 
of anthropology in the Faculty of Arts and 
Sciences. “It suggests that sleep changes 
across the moon cycle may still exist in 
modern cities where light pollution is brighter 
than the most intense moonlight and people 
have little awareness of moon phases. “It also 
suggests that people's sleep is synchronized 
with the lunar cycle regardless of ethnic and 

social cultural background or whether they live 
in a bustling city or a rural village.”

The researchers equipped study participants 
with Actiwatch wrist devices to measure their 
sleep and wake patterns. Participants also kept 
sleep logs. The researchers compared the sleep 
data from the Toba/Qom communities to 
NASA sun and moon data for the relevant 
region of Formosa. Changes in each 
participant's sleep duration across the lunar 
cycle ranged from 20 minutes to more than 90 
minutes with little difference between the three 
indigenous groups, according to the study. 
Changes in the time that people fell asleep 
varied from a half hour to 80 minutes, the study 
found. The findings among the college 
students were consistent with these ranges. In 
all cases, people went to bed latest, and slept 
the least amount of time, three to five days 
before a full moon, according to the study.

(Source: Yale University news release written 
by Mike Cummings)
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Microbiome of plant-eating ants
Researchers specifically broke down which components the bacteria contributed so their host could 

build a thicker armour

Gut bacteria in a species of herbivorous ant 
play a major role in processing nutrients that 
allow the ants to build tough exoskeletons, an 
international team of researchers has found. In 
the study, “Gut Bacteria Are Essential for 
Normal Cuticle Development in Herbivorous 
Turtle Ants,” which published Jan. 29 in 
Nature Communications, the researchers 
specifically broke down which components 
the bacteria contributed so their host could 
build a thicker armor. When the researchers 
killed off the gut microbes in plant-eating 
turtle ants, their exoskeletons were only half 
as thick as normal turtle ants. The results 
reveal diverse roles that gut bacteria can play 
in organisms. Such findings could possibly 
offer new directions for biomimicry, using an 
example from nature to design armor or 
coatings, with the help of microbes. “This is 
the first study to show which specific cuticle 
components come from nutrients provided by 
symbiotic bacteria,” said senior author Corrie 
Moreau, the Martha N. and John C. Moser 
Professor of Arthropod Biosystematics and 
Biodiversity and director and head curator of 

the Cornell University Insect Collection in the 
College of Agriculture and Life Sciences.

In this study, Moreau and colleagues 
separated colonies of turtle ants and split them 
in half. One half, a control group, was left 
alone; in the other half, the gut bacteria were 
mostly eliminated with antibiotics. The 
researchers then fed both groups foods 
enriched with urea, a compound with high 
nitrogen content. They used a nitrogen isotope 
in the urea so they could locate where the 
element might be integrated within the ants. 

The researchers could then track how much 
nitrogen the bacteria-free ants were processing 
on their own, and what contributions the 
bacteria were making to synthesize the 
nitrogen.

Since adult ants have fully developed 
exoskeletons, the feeding regimen was 
followed throughout the ants' development, 
including the larval and pupal stages.

In the end, the researchers measured the 
exoskeletons and found that cuticles in 
bacteria-free ants were about half as thick. 
Using analytic chemistry, Moreau and 
colleagues then searched for nitrogen isotopes 
within components of the cuticle. In the 
control group, the researchers found the 
isotopes within chitin (a biopolymer that is a 
primary component in insect exoskeletons), 
cuticular proteins, and in “cross-linkers,” a 
component of the cuticle that acts as a 
connecting fiber.

(Source: Cornell University news release) 

Marine food web affected by phytoplankton
The biomass significantly alters the food web and ocean's ability to absorb atmospheric carbon

Biological Science – Biochemistry

Biological Science - Environmental Science

Scientists at the National Center for Coastal 
Research (NCCR) have explored how 
c h a n g e s  i n  p r i m a r y  p r o d u c e r s  o f 
phytoplankton are affecting the secondary 
producers of phytoplankton biomass in the 
complex coastal ecosystem of the Northern 
Hemisphere between the Arabian Sea and the 
Bay of Bengal in the eastern part of the 
country. According to NCCR scientists, the 
baseline observations noted through the 
present study will help to understand the trend 
and type of food web operating along the 
Indian coastline and accordingly the role of 
food preference of zooplankton on fishery 
yield could be understood.

In addition to the monsoonal runoff and 
regional processes, the phytoplankton 
biomass along the Indian coast may be 
influenced by anthropogenic inputs through 
river discharge. Nutrients such as nitrogen, 
phosphorous and silicate play a key role in 
phytoplankton abundance, growth and 

metabolism. However, higher concentrations 
of nitrate were found in the East coast of India 
(ECI) than in the West coast of India (WCI). 
Despite higher nutrients are found along the 
ECI due to discharge of major rivers, 
threefold higher phytoplankton biomass has 
been observed along the WCI than the ECI 
due to high suspended solid concentrations 
(SSC). On the other hand, rivers also bring 
terrestrial organic matter along with SSC to 
the coastal region that may be supporting 
zooplankton carbon needs in the ECI.

The authors of the present study said that 
phytoplankton biomass growth is minimum 
along the ECI due to higher load of SSC and 
removal of nitrate is also minimum. However, 
zooplankton population was supported more 
by phytoplankton biomass along the WCI 
whereas terrestrial organic matter brought by 
river in the ECI. Researchers believe that due 
to the ongoing climate change, world fisheries 
are economically suffering a lot. As per recent 

records on fisheries, the southwest coast 
provides 31% of the fishery yields and 26% are 
from the southeast coast. The modification of 
river discharge (mainly reduction) may reduce 
terrestrial organic matter inputs to the coastal 
regions that may lead to a significant decline in 
zooplankton biomass and therefore fisheries 
population. An estimate suggests that global 
warming could cut the value of world fishery 
catches from 41 billion dollars a year to about 
17 billion dollars a year by 2050 with East Asia 
and the Pacific suffering the greatest losses.

Led by Manuri D. B., the research team 
comprised of Chandrasekaran M., Perumal M., 
and Mallavarapu R.M of NCCR, NIOT 
Campus, Chennai, Ministry of Earth Sciences. 
The study is published in Environmental 
Science and Pollution Research.

(Source: India Science Wire)

Florida turtle ant. Steven Wang
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New species of a rare ant Genus
New ant species discovered from Kerala named after JNCASR researcher, evolutionary biologist Prof. 

Amitabh Joshi

Two new species of a rare ant genus have been 
discovered in India. The species of the ant 
genus Ooceraea found in Kerala, and Tamil 
Nadu add to the diversity of this rare genus. 
They differ from others of the same genus on 
the basis of the number of antennal segments. 
One of them found in the Periyar Tiger 
Reserve of Kerala, has been named Ooceraea 
joshii, in honour of Prof. Amitabh Joshi, a 
distinguished evolutionary biologist from 
Jawaharlal Nehru Centre for Advanced 
Scientific Research (JNCASR) an auto-
nomous institute of the Department of Science 
& Technology (DST), Government of India.

New species are typically named after some 
distinguishing attribute or location but are 
often named after scientists as a means of 

honouring their research contributions to 
biology, especially in the fields of evolu-
tionary and organismal biology, ecology or 
systematics. The two new species, the first 
ones spotted with ten-segmented antennae 
among this rare genus, were discovered by a 

team led by Prof. Himender Bharti of Punjabi 
University, Patiala. The discovery has been 
published in the journal ZooKeys.

 The genus is currently represented by 14 
species of which eight possess nine-
segmented antennae, while five possess 
eleven- segmented antennae and one species 
has recently been reported with eight-
segmented antennae. In India, the genus was 
so far represented by two species with nine- 
and eleven-segmented antennae respectively. 
The newly discovered ant species with ten 
segmented antennae discovered, establish an 
old world lineage that contains a species 
emerging as the only model organism among 
the ant subfamily.

(Source: PIB release)

Genes of face shape
Genes that determine the shape of a person's facial profile have been discovered by a UCL-led 

research team

Biological Science - Evolutionary Biology

Biological Science – Human Genetics

Researchers identified 32 gene regions that 
influenced facial features such as nose, lip, 
jaw, and brow shape, nine of which were 
entirely new discoveries while the others 
validated genes with prior limited evidence. 
The analysis of data from more than 6,000 
volunteers across Latin America was 
published in Science Advances. The research 
team, led f rom U C L, Aix-Marsei l le 
University and The Open University, found 
that one of the genes appears to have been 
inherited from the Denisovans, an extinct 
group of ancient humans who lived tens of 
thousands of years ago. The team found that 
the gene, TBX15, which contributes to lip 
shape, was linked with genetic data found in 
the Denisovan people, providing a clue to the 
gene's origin. 

Co-corresponding author Dr Kaustubh 
Adhikari said: “The face shape genes we 
found may have been the product of evolution 
as ancient humans evolved to adapt to their 
environments. Possibly, the version of the 
gene determining lip shape that was present in 
the Denisovans could have helped in body fat 
distribution to make them better suited to the 

cold climates of Central Asia, and was passed 
on to modern humans when the two groups 
met and interbred.”

Co-first author Dr Pierre Faux said: “To our 
knowledge this is the first time that a version 
of a gene inherited from ancient humans is 
associated with a facial feature in modern 
humans. In this case, it was only possible 
because we moved beyond Eurocentric 
research; modern-day Europeans do not carry 
any DNA from the Denisovans, but Native 

Americans do.” Co-first author Betty Bonfante 
added: “It is one of only a few studies looking 
for genes affecting the face in a non-European 
population, and the first one to focus on the 
profile only.” Co-corresponding author 
Professor  Andres  Ruiz-Linares  said: 
“Research like this can provide basic 
biomedical insights and help us understand 
how humans evolved.”

The findings of this research could help 
understand the developmental processes that 
determine facial features, which will help 
researchers studying genetic disorders that 
lead to facial abnormalities. The results also 
contribute to the understanding of the 
evolution of facial appearance in human and 
other species. One of the newly discovered 
genes found in this study is VPS13B, which 
influenced nose pointiness; the researchers 
also found that this gene affects nose structure 
in mice, indicating a broadly shared genetic 
basis among distantly related mammal species.

(Source: University College London news 
release)

Diagram showing measurements of facial 
features, such as nose roundedness, nose 
protrusion, and lip thickness (Bonfante et al, 
2021).
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Bioplastics from marine seaweed
Scientists have now directed their research to find marine biomass as an alternative to producing 

biodegradable plastics more sustainably

The National Institute of Ocean Technology 
(NIOT) has developed a bio-plastic film using 
marine seaweed and PEG-3000 which could 
have a huge impact on limiting the usage of 
non-biodegradable plastics and a game-
changer in the plastic industry. Bio-plastic 
films safely breakdown in the environment 
without leaving any toxicity. The physical and 
mechanical properties of bio-plastic film meet 
the properties of conventional plastics. In their 
bid to find viable alternatives without 
hampering the land-based edible plants used 
for human consumption, scientists have now 
directed their research to find marine biomass 
as an alternative to producing biodegradable 
plastics more sustainably so that biomass used 
for feedstocks are not disturbed.

Red algae Kappaphycus alvarezii is a seaweed 
proven to be an important commercial source 
of carrageenans and other products that have 
wide range of industrial applications. These 
algae are highly colloidal and are found to be 
cheap to grow within a short cultivation time 
(45 days) by just using sunlight without the 
need for freshwater or chemicals. They are 
also potential sources of polymers similar to 
the terrestrial plant-based polymers that are 

used to manufacture food packaging and carry 
bags which facilitate good oxygen and 
moisture permeability. As good oxygen and 
moisture permeability are two essential 
parameters for the packaging of fresh produce 
to extend their shelf life, NIOT scientists 
suggest that red seaweed could be our 
environmental saviour when it comes to 
replacing harmful plastics.

NIOT scientists utilized a macro-algae 
Kappaphycus alvarezii (whole seaweed) 
which they cultivated in the Gulf of Mannar 
region for bioplastic film production with the 
plasticizer polyethylene glycol (PEG)-3000 
to achieve higher tensile strength. PEG is a 

non-toxic and eco-friendly polymer, mainly 
used to increase the thermos-plasticity of the 
polymer used in the medicinal fields to make 
creams and dispersing agents that are used in 
medicinal products.

The result of the present NIOT study revealed 
that bio-plastic polymers can biodegrade 
naturally in a short time without producing any 
toxic wastes. These can also be disposed of 
through ordinary food waste collection 
mechanism. The study suggests  that 
commercial manufacturing of bio-plastics 
from this seaweed would be a game- changer 
in the coming time.

The study was led by Dr. Muthiyal Prabakaran 
Sudhakar, Mr. Dhassiah Magesh Peter and Dr. 
Gopal Dharani from Ocean Science and 
Technology for Islands, Marine Biotechnology, 
NIOT, Ministry of Earth Sciences, Government 
of India, Chennai and was recently published in 
the journal Environmental Science and 
Pollution Research.

(Source: India Science Wire)

New security ink for bank-cheques
National Physical Laboratory (CSIR-NPL) has developed a new ink that is difficult to replicate.

Biological Science - Material Science

Chemical Science - Material Science

Counterfeiting a banknote containing multiple 
security features is rather difficult. But 
counterfeiting a bank cheque is not that tough 
because of a lack of security features. To fix 
this problem a group of researchers from the 
Council of Scientific and Industrial Research- 
National Physical Laboratory (CSIR-NPL) 
has developed a new security ink for bank 
cheques that is difficult to replicate.

Banknotes contain a security pigment that 
appears white under ambient light, and red 
under UV light and after removal of UV 
illumination, in green. That is the pigment 
used for this security feature has both 
phosphorescence (shining in a colour under a 
light) and fluorescence (radiating light in a 
particular colour after removal from a light 
source). The MICR code in the cheque is 
printed with a special ink that has ferro-

magnetic properties; however, they do not 
have the light exciting security features like a 
currency note. MICR means Magnetic Ink 
Character Recognition, which makes the 
cheques machine-readable.

The researchers have formulated a high-
security anti-counterfeiting ink by synth-
esizing a pigment having phosp-horescence, 
luminescent as well as magnetic properties in 
it. They synthesized a compound pigment that 
emits intense orange (580 nm wavelength) 
and red (660 nm wavelength) when put under 
ultraviolet (UV) light of 351 and 980 nm 
wavelength, respectively. The ink also reacts 
under a magnetic field making it machine-
readable like the cheques used today.

The new ink developed by the NPL 
researchers, is more secure as they have a 

multi-stage excitable luminescent pigment-
based pattern that emits two different 
encrypted wavelengths when excited with two 
distinct wavelengths. The current inks, used 
even in currency notes shine only in one colour 
under say UV light. However, this ink shines at 
two colours when excited with two different 
wavelengths of light. This technology of single 
unit emitting dual-colour when exposed to 
different wavelengths is not easy to duplicate. 
Thus, with this pigment ink, the cheques will 
become even more difficult to counterfeit.

The research team comprised Dr Bipin Kumar 
Gupta, Dr Kanika, Dr Garima Kedawat and Dr 
Satbir Singh. The research findings have been 
published in the journal Advanced Material 
Technologies.

(Source: India Science Wire)
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Flares from a feeding supermassive black hole
Indian astronomers detect huge optical flare in one of the oldest astronomic objects

Indian Astronomers have reported one of the 
strongest flares from a feeding supermassive 
black hole or blazar called BL Lacertae. 
Analysis of the flare from this blazar, one of 
the oldest astronomical objects, can help trace 
the mass of the black hole and the source of 
this emission. Such analysis can provide a 
lead to probe into mysteries and trace events at 
different stages of evolution of the Universe. 
Blazars or feeding supermassive black holes 
in the heart of distant galaxies receive a lot of 
attention from the astronomical community 
because of their complicated emission 
mechanism. They emit jets of charged 
particles traveling nearly at the speed of light 
and are one of the most luminous and 
energetic objects in the Universe.

BL Lacertae blazar is 10 million light-years 
away and is among the 50 most prominent 
blazars that can be observed with the help of a 
relatively small telescope. It was among the 3 
to 4 blazars that was predicted to be 
experiencing flares by the Whole Earth Blazar 
Telescope (WEBT), an international 
consortium of astronomers.  

A team of astronomers led by Dr. Alok 

Chandra Gupta from Aryabhatta Research 
Institute of Observational Sciences (ARIES), 
an autonomous institute of the Department of 
Science & Technology, Government of India 
who had been following the blazar since 
October 2020 as part of an international 
observational campaign detected the 
exceptionally high flare on January 16, 2021, 
with the help of Sampurnanand Telescope 
(ST) and 1.3m Devasthal Fast Optical 

Telescopes located in Nainital. The data 
collected from the flare observed will help 
calculation of the black hole mass, size of 
emission region, and mechanism of the 
emission from one of the oldest astronomical 
objects known, hence opening a door to the 
origin and evolution of the Universe.

(Source: PIB release)

Five generations of stars spotted
AstroSat's Ultraviolet Imaging Telescope spots rare ultraviolet-bright stars in a massive intriguing 

cosmic dinosaur in the Milky Way

Earth and Planetary Science - Astronomy

Earth and Planetary Science - Astrophysics

Astronomers exploring the massive intriguing 
globular cluster in our Galaxy called NGC 
2808 that is said to have at least five 
generations of stars have spotted rare hot UV-
bright stars in it. These stars whose inner core 
is almost exposed, making them very hot, exist 
in the late stages of evolution of a Sun-like 
star. It is not clear how these stars end their 
lives as not many of them are detected in these 
fast-evolving phases. Motivated by the fact 
that old globular clusters referred to as 
dinosaurs of the universe present excellent 
laborator ies  where  as t ronomers  can 
understand how stars evolve through various 
phases between their birth and death, 
scientists at the Indian Institute of Astro-
physics (IIA) an autonomous institute of the 
Department of Science & Technology, 
Government of India, looked out for NGC 
2808.
With spectacular ultraviolet images of the 

cluster from Ultraviolet Imaging Telescope 
(U V I T) onboard India 's  f irst  multi-
wavelength space satellite, AstroSat, they 
distinguished the hot UV-bright stars from the 
relatively cooler red giant and main-sequence 
stars which appear dim in these images. The 
findings have been accepted for publication 
by the journal 'The Astrophysical Journal'. 
The team of scientists combined the UVIT 
data with observations made using other 
space missions such as the Hubble Space 
Telescope and the Gaia telescope along with 
ground-based optical observations. About 34 
UV-bright stars were found to be members of 
the globular cluster. From the data, the team 
derived the properties of these stars such as 
their surface temperatures, luminosities and 
radii.
One of the UV-bright stars was found to be 
about 3000 times brighter than the Sun with a 

surface temperature of about 100,000 K.  The 
properties of these stars were then used to place 
them on  wha t  a s t ronomers  ca l l  t he 
Hertzsprung-Russel (HR) diagram along with 
theoretical models to throw light on the 
characteristics of their parent stars and to 
predict their future evolution. Most of the stars 
were found to have evolved from a solar stage 
called the horizontal branch stars with hardly 
any outer envelope. Thus they were bound to 
skip the last major phase of life called the 
asymptotic giant phase and directly become 
dead remnants or white dwarfs. Such UV-
bright stars are speculated to be the reason for 
the ultraviolet radiation coming from old 
stellar systems such as elliptical galaxies 
which are devoid of young blue stars. Hence, it 
is all the more important to observe more such 
stars to understand their properties.  
(Source: PIB release)
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Covid-19 lockdown influences local weather 
Indian Institute of Tropical Meteorology (IITM, Pune) conducted a study to gain a better 

understanding

As a result of the lockdowns imposed by many 
nations to control the spread of COVID-19 
pandemic, a dramatic decline in air pollution 
was observed across the globe. Researchers at 
the Indian Institute of Tropical Meteorology 
(IITM, Pune) conducted a study to gain a 
better understanding of the complex role of air 
pollution on weather and climate. Height of 
cloud base and the drop in air pollution is what 
the researchers tried to correlate in this study.

As a result of the complete lockdown imposed 
by the Government of India to stop the spread 
SARS-CoV-2 virus from March 25 to April 
14, 2020, the highways and streets of cities 
became almost empty and devoid of any 
public transport .  This has led to an 
unprecedented reduction of air pollutants 
which rejuvenated the atmosphere. The air 
became so clean that the Himalayan mountain 
range became visible through naked eyes 
from many parts of northern India including 
Delhi for the first time in 30 years. IITM 
Scientists observed a massive drop in 
anthropogenic aerosols over the Delhi region 

during this first Lockdown and as a result, the 
concentration of cloud-condensation nuclei 
(CCN) at lower level decreased. At a higher 
level, due to lower temperature, super-
saturation was achieved with lower number of 
CCN to produce enough droplets to form a 
cloud base. Thus it appeared that effectively 
the clouds propagated upwards during the first 
lockdown period.

The research published in Science of the Total 
Environment says that 'lockdown-spiked 
simulation' produced a good match with the 
actual condition that was seen on the ground. 

“This did feature a reduction in the low-level 
cloud,” said the main author. Results of the 
study revealed that the percentage of low 
clouds with bases located below 3 km above 
the ground was 63% of the total clouds in the 
pre-lockdown period while it reduced to 12% 
during the lockdown. The clouds with a base 
above 6 km increased from 10% to 48% from 
pre-lockdown to lockdown. Though little 
effect on other meteorological parameters like 
air temperature (AT), relative humidity (RH), 
radiation (UV), wind speed (WS) etc. were 
observed, the significant change in cloud base 
height has occurred due to reduction in CCN 
with cut off in pollution due to the lockdown. 
The team used Ceilometer to measure cloud 
base height profiles. Atmospheric chemistry 
and meteorology simulations were done using 
air-pollution data from Delhi between March 
25 and April 15, 2020, the most stringent 
lockdown period in India.

(Source: India Science Wire)

Cause of dense fog and haze in Delhi
Chloride to be the highest inorganic fraction in particulate matter, primarily responsible
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Visibility reduction due to fog and haze 
formation causes severe financial losses and it 
also jeopardises human lives. Researchers 
from the Indian Institute of Technology 
Madras (IIT-Madras) have found Chloride to 
be the highest inorganic fraction in particulate 
matter, primarily responsible for haze and fog 
formation in Northern India including the 
National capital Delhi. The study explains that 
complex chemical reactions involving 
Hydrochloric Acid (HCl), which is directly 
emitted in the atmosphere from plastic 
contained waste burning and few industrial 
processes, is primarily responsible for high 
PM2.5 chloride level. The HCl from various 
sources combines with ammonia, which is 
emitted in great amounts over this region. 
Thus, the ammonium chloride (NH4Cl) so 
formed, condenses to aerosol and expon-
entially increases the water uptake ability of 
aerosol particles resulting in increased size, 
eventually leading to dense fog formation. In 
the absence of the excess chloride, the fog 
formation otherwise would be suppressed 

significantly.

The findings were surprising for the 
researchers and unfolded the mystery of high 
chloride in PM2.5 and scientifically 
unravelled its precise role in fog and haze 
formation over Delhi. Dr. Sachin S. Gunthe, 
Associate Professor, Department of Civil 
Engineering, IIT Madras, who supervised and 
led the study, and his team put before 
themselves a very basic question “If overall 
PM2.5 mass burden over Delhi is much lower 
than polluted megacity Beijing, then why 
visibility reduction is a major problem in 
Delhi?” Elaborating on the findings of this 
research, Dr Gunthe said, “We realised that 
despite absolute PM2.5 mass burden over 
Delhi being much less than other polluted 
megacities around the world, including 
Beijing, the pollution and atmospheric 
chemistry of Delhi is much more complex to 
understand. This work put forward the 
importance of measurements and modelling 
approaches to scientifically conclude, that 

half of the water uptake and visibility reduction 
by aerosol particles around Delhi is caused by 
the HCl emissions, which is locally emitted in 
Delhi, potentially due to plastic contained 
waste burning and other industrial processes.”

Elaborating on this research, Prof R. Ravi-
krishna, Department of Chemical Engineering, 
IIT Madras, who was also part of the team that 
conducted this study, said, “With the results 
from first couple of days, it was very clear to us 
that Delhi is different; because generally for a 
polluted urban region like Delhi, one would 
expect sulfate to be a highest inorganic fraction 
of particulate matter; however, we found 
chloride to be the highest inorganic fraction of 
particulate matter.” “Enhancement in the 
fundamental science of air pollution should be 
given importance as much as technology 
development to tackle pollution” says Dr 
Gunthe. The study has been published in the 
International Journal Nature Geoscience. 

(Source: India Science Wire)
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Heavy metal pollution in the Cauvery river basin
Study finds several anthropogenic activities in the recent decades have led to the deposition of metal 

and other pollutants

River pollution is a cause of concern in India 
as almost 45 rivers have at least two toxic 
heavy metals beyond the permissible limits. A 
group of researchers from Bharathidasan 
University, Tamil Nadu, has found that several 
anthropogenic activities in the recent decades 
have led to the deposition of metal and other 
pollutants in Cauvery river basin in Tamil 
Nadu In the study, traces of elements were 
detected in water and soil samples of the 
Cauvery river basin, which might be 
influenced by several anthropogenic 
activities. Among other reasons, seasonal idol 
immersion activity was reported as one of the 
main sources of pollution. The concentration 
factor and geo-accumulation index revealed 
that soil samples of the Cauvery river basin 
were highly contaminated by Cadmium. The 
presence of other metals was less. “The 
immersion of the seasonal idol may not create 
any strong impacts on the distribution of metal 
in the Cauvery river because of its streamflow. 
However, when the river water ends up into 
the sea, these metal pollutants arising from the 

immersions of idols would have a negative 
impact in the waters and sediments of the Bay 
of Bengal” says the published research paper.

In the study, a total of 29 water and topsoil 
samples were collected from the Cauvery 
basin before and after idol immersion, and 
were evaluated for the presence of metals. The 
experimental results showed elevated 
Cadmium and Lead levels in water and 
sediment samples of both Cauvery and 
Kollidam rivers. Strong statistical signi-
ficance was observed for all the elements 
studied in the soil samples collected before 

and after idol immersion (P < 0.01). Industrial 
effluents, textile waste, untreated sewage, 
municipal waste and agricultural activities are 
the most common causes of elevated levels of 
heavy metals in the study area.

Further, geo-accumulation index and pollution 
load index studies showed lesser impact of idol 
immersion on metal distribution compared to 
other  sites  reported from India.  The 
concentration of heavy metals varied for 
different stations, which could be attributed to 
idol immersion activity or any other source of 
pollution. However, strict regulatory policies of 
the concerned authorities help maintain the 
quality of the Cauvery basin. The research team 
includes Rajaram Rajendran, Vinothkannan 
Anbazhagan, Ganeshkumar Arumuga and Arun 
Ganeshan. The research findings have been 
published in the journal Current Science

(Source: India Science Wire)

Evidence of eastern Himalaya earthquake
This study finding could contribute to a seismic hazard map of the eastern Himalaya
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Scientists have found the first geological 
evidence of an earthquake at Himebasti 
Village on the border of Assam and Arunachal 
Pradesh, documented by historians as Sadiya 
earthquake in history, which is recorded to 
have caused massive destruction in the region 
and almost destroyed the town in 1697 CE. 
This finding could contribute to a seismic 
hazard map of the eastern Himalaya, which 
can facilitate construction and planning in the 
region.

Historical archives refer to often recurring 
earthquakes along the Eastern Himalaya for 
which geological evidence is lacking, raising 
the question of whether these events ruptured 
the surface or remained blind and how they 
contribute to the seismic budget of the region, 
which is home to millions of inhabitants. 
Scient is ts  f rom Wadia Inst i tute  of 
Himalayan Geology (WIHG), a research 

institute under the Department of Science and 
Technology (DST), Govt. of India, carried out 
a mega trench excavation at Himebasti 
village, Arunachal Pradesh, India, where the 
most recent event records the imprints of the 
1697 Sadiya earthquake and analysed it with 
modern geological techniques.

They found the first geological surface 
rupture signatures in the form of exposed 
deposits associated with rivers and streams 
deformed by a thrust fault along a Northeast 
dipping fault zone. In order to constrain the 
causative faulting event at this site, the team 
dated twenty-one radiocarbon samples from 
the trench exposure. They also found large 
tree trunks embedded in the youngest flood 
deposits at the exit of the Subansiri River 
(Sadiya town is located roughly 145 km 
southeast of Subansiri river), suggesting the 
post-seismic aggradation of the river 

following an array of aftershocks till six 
months in an abortive fashion.  This work has 
been recently published in the journal 
'Scientific Report'.

The study of the earthquake at Sadiya standing 
on a grassy plain, almost surrounded by 
forested Eastern Himalayas on the right bank 
of Lohit River, adds an important site to the 
seismic hazard assessment of the eastern 
Himalaya, which will benefit the inhabitants 
and help in providing better infrastructure 
across the Eastern Himalayan foothills which 
is one of the most densely populated regions in 
the world.                                                             

(Source: PIB release)
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New method of planet formation identified
Scientists have suggested a new explanation for the abundance in intermediate-mass exoplanets – a 

long-standing puzzle in astronomy.

Scientists have discovered over 4000 planets 
outside our solar system which display a 
remarkable variety. The computer models 
which scientists use to study the formation of 
planets predict this variety. What the models 
struggle to explain is the observed mass 
distribution of exoplanets. The majority fall in 
the intermediate-mass category – planets with 
masses of several Earth masses to around that 
of Neptune. Now, scientists from the 
Universities of Cambridge and Zurich, 
associated with the Swiss NCCR PlanetS, 
have proposed an alternative explanation. 
Their results are published in the journal 
Nature Astronomy.

“When planets form from the so-called 
protoplanetary disk of gas and dust, 
gravitational instabilities could be the driving 
mechanism,” said co-author Professor Lucio 
Mayer. In this process, dust and gas in the disk 
clump together due to gravity and form dense 
spiral structures. These then grow into 
planetary building blocks and eventually 
planets. The scale on which this process 
occurs is very large – spanning the scale of the 

protoplanetary disk. “But over shorter 
distances – the scale of single planets – 
another force dominates: That of magnetic 
fields developing alongside the planets,” said 
Mayer. These magnetic fields stir up the gas 
and dust of the disk and influence the 
formation of the planets.

“To get a complete picture of the planetary 
formation process, it is important to not only 
simulate the large-scale spiral structure in the 
disk: the small-scale magnetic fields around 
the growing planetary building blocks also 
have to be included,” said lead author Dr 
Hongping Deng. The team developed a new 

modelling technique. First, they needed a deep 
theoretical understanding of both gravity and 
magnetism. Then, they had to find a way to 
translate the understanding into a code that 
could efficiently compute these contrasting 
forces in unison. Finally, due to the immense 
number of necessary calculations, a powerful 
computer was required – like the Piz Daint at 
the Swiss National Supercomputing Centre 
(CSCS). “Apart from the theoretical insights 
and the technical tools that we developed, we 
were therefore also dependent on the 
advancement of computing power,” said 
Mayer.

“With our model, we were able to show for the 
first time that the magnetic fields make it 
difficult for the growing planets to continue 
accumulating mass beyond a certain point,” 
said Deng. “As a result, giant planets become 
rarer and intermediate-mass planets much 
more frequent.”

(Source: Universities of Cambridge news 
release)

Heavy metals in Ganga River
Indian Institute of Technology, Kanpur study finds that lockdown took the edge off heavy metal 

pollution in Ganga
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A team of researchers from the Indian Institute 
of Technology, Kanpur (IIT-Kanpur) has 
studied the occurrence of dissolved heavy 
metals in Ganga River during the lockdown. 
By analyzing the daily geochemical record of 
the Ganga River, the team showed that 
reduced industrial discharge during 51 days of 
mandated nationwide lockdown decreased the 
dissolved heavy metal concentrations by a 
minimum of 50%. In contrast, nitrate and 
phosphate inputs predominantly derived from 
agricultural runoff and domestic sewage 
remained unaffected as these sources were not 
impacted by the nationwide confinement. The 
reason for this was that the residence time of 
people was longer than the per-lockdown 
period. “It is estimated that industrial 
wastewater contributes nearly 20% of the total 
volume of wastewater generated in the Ganga 
Basin and its near absence is undoubtedly a 
rare opportunity to quantify the resilience of 
water quality parameters”, says the research 
paper. The team also showed that the high 

resilience of dissolved heavy metals and 
concluded that industrial wastewater 
minimization programs will substantially 
improve heavy metal pollution of the Ganga 
River in a short time.

River water samples were collected from 
freely flowing surface water for all time 
points. The samples were filtered and were 
collected in pre-cleaned polyethylene 
(HDPE) bottles. All of the samples collected 
during the lockdown events have been 
registered in the System for Earth Sample 
Registration database (www.geosamples.org) 
with a unique International Geo Sample 
Number (ISGN) that can be used to retrieve 
the sample metadata. The major and trace 
elements exhibit temporal variability and 
their concentrations are quite similar to pre-
monsoon (March to May) pre-COVID-19 
concentrations. In general, Rubidium (Rb), 
Strontium (Sr), Lithium (Li), and Arsenic 
(As) concentrations increased with time, that 

of Calcium ion did not, and concentrations of 
Vanadium (V), Chromium (Cr), Cobalt (Co), 
Nickel (Ni), and Copper (Cu) do not show any 
systematic temporal trends. The Li and As are 
emerging aqueous contaminants mostly 
derived from Li-ion batteries (LiBs) and 
pesticides, respectively.

However, large anthropogenic sources of Li 
are absent in the studied catchment and As 
fluxes from mining activities, burning of fossil 
fuels, use of pesticides, and wood prese-
rvatives are small compared to their corres-
pondinggeogenic flux. “Therefore, we suggest 
that Rb, Sr, Li, and As are pred-ominantly 
sourced from common weathering processes 
and are geogenic in nature. Conversely, the 
mobility of V, Cr, Co, Ni, and Cu is low during 
weathering” indicates the paper published in 
the journal Environmental Science and 
Technology Letters.

(Source: India Science Wire)

Artist's impression of the protoplanetary disk 
with magnetic field lines, Credit: Jean 
Favre/CSCS
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Sensing human touch by soft robots
Cornell researchers have created a low-cost method for soft, deformable robots to detect a range of 

physical interactions

Cornell researchers have created a low-cost 
method for soft, deformable robots to detect 
a range of physical interactions, from pats to 
punches to hugs, without relying on touch at 
all. Instead, a USB camera located inside the 
robot captures the shadow movements of 
hand gestures on the robot's skin and 
classifies them with machine-learning 
software. The group's paper was published 
in the Proceedings of the Association for 
Computing Machinery on Interactive, 
Mobi le ,  Wearab le  and  Ubiqu i tous 
Technologies. The paper's lead author is 
doctoral student Yuhan Hu.

The new ShadowSense technology is the 
latest project from the Human-Robot 
Collaboration and Companionship Lab, led 
by the paper's senior author, Guy Hoffman, 
associate professor and the Mills Family 
Faculty Fellow in the Sibley School of 
Mechanical and Aerospace Engineering. 
Rather than installing a large number of 
contact sensors – which would add weight 
and complex wiring to the robot, and would 

be difficult to embed in a deforming skin – the 
team took a counterintuitive approach. In 
order to gauge touch, they looked to sight. 
“By placing a camera inside the robot, we can 
infer how the person is touching it and what 
the person's intent is just by looking at the 
shadow images,” Hu said. “We think there is 
interesting potential there, because there are 
lots of social robots that are not able to detect 
touch gestures.”

The prototype robot, designed by Petersen's 
Collective Embodied Intelligence Lab, 
consists of a soft inflatable bladder of nylon 
skin stretched around a cylindrical skeleton, 

roughly four feet in height, that is mounted on 
a mobile base. Under the robot's skin is a USB 
camera, which connects to a laptop. The 
researchers developed a neural-network-based 
algorithm that uses previously recorded 
training data to distinguish between six touch 
gestures – touching with a palm, punching, 
touching with two hands, hugging, pointing 
and not touching at all – with an accuracy of 
87.5 to 96%, depending on the lighting.

The robot can be programmed to respond to 
certain touches and gestures, such as rolling 
away or issuing a message through a 
loudspeaker. And the robot's skin has the 
potential to be turned into an interactive 
screen. In addition to providing a simple 
solution to a complicated technical challenge, 
and making robots more user-friendly to boot, 
ShadowSense offers a comfort that is 
increasingly rare in these high-tech times: 
privacy.

(Source: Cornell University news release)

Pain-free sampling for diagnostics
Nearly pain-free microneedle patch can test for antibodies and more in the fluid between cells

Engineers at the McKelvey School of 
Engineering at Washington University in St. 
Louis have developed a microneedle patch 
that can be applied to the skin, capture a 
biomarker of interest and, thanks to its 
unprecedented sensitivity, allow clinicians to 
detect its presence. The technology is low 
cost, easy for clinicians or patients themselves 
to use. The research, from the lab of Srikanth 
Singamaneni in the Department of Mech-
anical Engineering & Material Sciences, was 
published in the journal Nature Biomedical 
Engineering. In addition to the low cost and 
ease of use, these microneedle patches are 
nearly pain-free. 

Finding a biomarker using these microneedle 
patches is similar to blood testing. But instead 
of using a solution to find and quantify the 
biomarker in blood, the microneedles directly 
capture it from the liquid that surrounds our 
cells in skin, which is called dermal interstitial 
fluid (ISF). Once the biomarkers have been 
captured, they're detected in the same way — 
using fluorescence to indicate their presence 

and quantity.

ISF is a rich source of biomolecules, densely 
packed with everything from neuro-
transmitters to cellular waste. However, to 
analyze biomarkers in ISF, conventional 
method generally requires extraction of ISF 
from skin. This method is difficult and usually 
the amount of ISF that can be obtained is not 
sufficient for analysis. That has been a major 
hurdle for developing microneedle-based 
biosensing technology. Another method 
involves direct capture of the biomarker in 
ISF without having to extract ISF. Like 

showing up to a packed concert and trying to 
make your way up front, the biomarker has to 
maneuver through a crowded, dynamic soup of 
ISF before reaching the microneedle in the 
skin tissue. Under such conditions, being able 
to capture enough of the biomarker to see using 
the traditional assay isn't easy.

But the team has a secret weapon of sorts: 
“plasmonic-fluors,” an ultrabright fluor-
escence nanolabel. Compared with traditional 
fluorescent labels, when an assay was done on 
a microneedle patch using plasmonic-fluor, the 
signal of target protein biomarkers shined 
about 1,400 times as bright and became 
detectable even when present at low conc-
entrations. That's far beyond the real-world 
physiological range. But using plasmonic-
fluor, the research team was able to detect 
biomarkers on the order of picograms per 
milliliter. These patches have a host of 
qualities that can make a real impact on 
medicine, patient care and research.

(Source: Washington University in St. Louis 
news release)
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Living materials
Imperial and MIT researchers have made smart living materials by engineering microbes to detect 

and react to their environment

Engineered living materials (ELMs) can be 
used to detect and filter contaminants in 
water, in packaging to detect and alert to 
damage using fluorescence, and act as 
'living photographs' which display pictures 
projected onto them. These ELMs are made 
by a mutually beneficial (symbiotic) 
combination of yeast and bacteria similar to 
those found in 'kombucha mother' - a 
mixture used to brew the fermented tea drink 
kombucha. It is also known as symbiotic 
culture of bacteria and yeast (SCOBY).

ELMs have previously been created using 
non-food microbes like  E. coli  and 
filamentous fungi, but scalability has always 
been a challenge. Current ELM tech-
nologies also require trained personnel and 
stringent conditions to grow microbes. This 
new type of ELM solves these problems by 
taking inspiration from the natural 
symbiotic approach of the kombucha 
SCOBY and combining genetically 
engineered yeast cells with cellulose-
producing bacteria, making a 'Syn-

SCOBY'. The researchers found that the Syn-
SCOBY-produced cellulose acts as a scaffold 
which can hold the multi-functional enzymes 
produced by the yeast. This combination led 
to programmable and tough materials that 
were easy to produce at a larger scale from 
cheap sugar mixtures. The findings are 
published in Nature Materials.

The researchers created a microbe population 
similar to a kombucha mother, which usually 
contains one or two strains of bacteria and at 
least two yeast strains that produce cellulose 
and acetic acid, which gives kombucha tea its 
distinctive flavour.

Because the researchers used a well-known 
y eas t  t h a t  i s  w id e ly  en g in ee r ed  i n 
biotechnology, they were able to easily modify 
these cells with DNA-encoded programmes to 
make enzymes that glow in the dark, or release 
proteins on demand. The yeast could even be 
programmed to detect and break down 
pollutants in the environment. Meanwhile, the 
bacteria in the culture produce large quantities 
of tough cellulose to serve as a scaffold. The 
researchers designed their system so that they 
control whether the yeast themselves, or just 
the  enzymes tha t  they produce ,  a re 
incorporated into the cellulose structure. It 
takes only a few days to grow the material, and 
if left long enough, it can expand to occupy a 
space as large as a bathtub. Because almost any 
version of yeast modified in the lab can be 
immediately used to produce kombucha-
inspired materials, hundreds of different cell 
engineering options can be easily incorporated 
into their system in a 'plug and play' manner.

(Source: Imperial College London news 
release)

Wearable sweat sensors
Researchers develop thread-based sensors to detect changes in metabolite levels in sweat

In a new study, researchers from the Indian 
Institute of Technology Bombay (I IT 
Bombay) and Tufts University, United States, 
have developed a novel sensor to detect 
metabolite levels from sweat. These sensors 
can be mounted on adhesive bandages and 
embedded on garments.  The study was 
published in NPJ Flexible Electronics. “There 
is a lot of interest in sweat monitoring as it 
provides a larger window into your health, 
more than any smartwatch,” says Prof Sameer 
Sonkusale. He is a Professor at Tufts 
University and a senior researcher in this 
study. “Looking for other metabolites in sweat 
will expand opportunities in medical 
diagnostics as well,” he adds.  

The researchers developed three types of 
sensors using carbon-coated polyester threads 
for sensing electrolytes like sodium and 
ammonium ions, carbon-coated stainless steel 
threads to test the pH (acidity) and polyester 
threads coated with an enzyme that oxidises 
and senses lactate. The sensors were 

connected to electronic circuit boards that 
wirelessly relayed the gathered information to 
computer programs that calculated the 
concentrations of different metabolites. “As 
soon as the sensor sees a difference in ion 
concentration, the data is transmitted 
wirelessly almost instantaneously and 
displayed on the computer (or phone) screen. I 
would say it takes around a second for this 
transmission,” says Prof Sonkusale. The 
sensor threads for sodium ions, ammonium 
ions, and pH were integrated on one adhesive 
bandage. The lactate sensors were placed on a 
separate bandage since their information is 
processed using a different measuring device. 
The change in ionic levels is measured 
through a potentiometer that registers changes 
in voltage while the lactate concentration is 
measured in the form of current via an 
ammeter. The sensor patch was covered with 
gauze, which provided an absorbent surface to 
collect the sweat.  

The complete sensor bandages were placed on 
the arms, forehead and lower back of the study 
participants while performing mild exercises. 
They took 10–20 minutes to break into a sweat, 
which was absorbed by the gauze. The sensor 
detected different ions and allowed the 
researchers to gather data depicting real-time 
changes in ionic levels. This data can be used to 
analyse the fitness of the participants. 
“Achieving a sensor that seamlessly integrates 
with the body without any discomfort and 
inconvenience to the user is quite a challenge 
since every sensor and electronics platform 
adds to  bulk and r igidi ty  making i t 
incompatible,” says Prof Sonkusale. “Our 
textile threads serve as ideal substrates since it 
can be functionalized to monitor different 
biomarkers in sweat, and can be integrated on 
any garment or even as a standalone patch. The 
latter was what we did,” he concludes. 

(Source: IIT Mumbai news release) 
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Doubling carbon uptake by concrete
Purdue University engineers have discovered a way to make concrete more sustainable

Concrete is not glamorous. It is the 
workhorse of building materials: versatile, 
durable, and almost universally ubiquitous, 
with 30 billion tons of concrete produced 
every year. Cement, a component of 
concrete, produces 8% of the world's carbon 
footprint. Looking to lower that percentage, 
Purdue  Univers i ty  engineers  have 
discovered a way to make concrete more 
sustainable. Their new recipe for concrete 
has the potential to cut carbon emissions 
dramatically, creating building blocks for a 
better world.

A team lead by Mirian Velay-Lizancos, an 
assistant professor of civil engineering at 
Purdue, proposes adding small amounts of 
nanoscale titanium dioxide to the cement 
paste that makes up concrete. The team 
found that titanium dioxide, a powdery 
substance known best for its uses in 
sunscreen, paints, plastics and food 
preservatives, enhances concrete's natural 
ability to sequester carbon dioxide. The 
team discovered that adding only small 
amounts of nano-titanium dioxide nearly 
doubles concrete's absorption of the 
problematic greenhouse gas. The study 

recently appeared in the scientific journal 
Construction and Building Materials

The staggering amount of concrete used 
across the world today—in bridges, in roads 
and infrastructure,  in buildings and 
monuments, dams and pipe systems—means 
that any slight improvement in the carbon 
footprint of concrete could add up to massive 
effects worldwide.

The changes Velay-Lizancos' team proposes 
would result in more than a slight change. Her 
research indicates that including titanium 
dioxide in the cement mix used to make 

concrete can double to the amount of carbon 
dioxide it naturally sequesters in the same 
amount of time. This effect is in addition to 
concrete's well-studied photocatalytic effect, 
where ultraviolet light from sunshine interacts 
with concrete to help concrete oxidize harmful 
nitrogen oxide gases into nitrates.

Initially, Velay-Lizancos and two of her 
doctoral students, Carlos Moro and Vito 
Francioso,  were studying how titanium 
dioxide might interact with cement to make 
concrete stronger and how curing temperature 
might affect those interactions. They noticed 
that some of their concrete samples that 
included nano-titanium dioxide absorbed 
carbon dioxide from the surrounding air faster 
than other samples. Further investigation 
revealed that adding nano-titanium dioxide to 
the concrete mix decreased the size of calcium 
hydroxide molecules, making it vastly more 
efficient at absorbing carbon dioxide than 
other cement pastes. The addition accelerated 
the rate of carbon absorption and increased the 
total volume of carbon dioxide it can absorb.

(Source: Purdue University news release)

Smart video tracking
A novel software platform from which apps and algorithms can intelligently track and analyse video 

feeds from cameras spread across cities

Researchers at the Indian Institute of Science 
(IISc) have developed a novel software 
platform from which apps and algorithms can 
intelligently track and analyse video feeds 
from cameras spread across cities. Such 
analysis is not only useful for tracking missing 
persons or objects, but also for “smart city” 
initiatives such as automated traffic control. 
Many cities worldwide have set up thousands 
of video cameras. Machine learning models 
can scour through the feeds from these 
cameras for a specific purpose ‒ tracking a 
stolen car, for example. These models cannot 
work by themselves; they have to run on a 
software platform or “environment” 
(somewhat similar to a computer's operating 
system). “There has been a lot of research on 
increasing the accuracy of these models, but 
sufficient attention hasn't been paid to how 
you make [the model] work as part of a larger 
operation,” says Yogesh Simmhan, Associate 

Professor at the Department of Computational 
and Data Sciences (CDS). To address this 
gap, Simmhan's lab has developed a software 
platform called Anveshak. It can not only run 
these tracking models efficiently, but also 
plug in advanced computer vision tools and 
intelligently adjust different parameters ‒ 
such as a camera network's search radius ‒ in 
real time.  

The researchers showed how Anveshak can be 
used to track an object (like a stolen car) 
across a 1,000-camera network. A key feature 
of the platform is that it allows a tracking 
model or algorithm to focus only on feeds 
from certain cameras along an expected route, 
and tune out other feeds. It can also 
automatically increase or decrease the search 
radius or “spotlight” based on the object's last 
known position. The platform also enables the 
tracking to continue uninterrupted even if the 

resources ‒ the type and number of computers 
that analyse the feeds ‒ are limited. For 
example, if the search radius needs to be 
increased and the computer becomes 
overwhelmed, the platform will automatically 
start dropping the video quality to save on 
bandwidth, while continuing to track the 
object.  

Simmhan's lab showed how Anveshak could 
potentially be used to control traffic signals 
and automatically open up “green routes” for 
ambulances to move faster. The platform used 
a machine learning model to track an 
ambulance on a simulated Bengaluru road 
network with about 4,000 cameras. It also 
employed a “spotlight tracking algorithm” to 
automatically restrict which feeds needed to be 
analysed based on where the ambulance was 
expected to go.  

Source:  IISc press release 
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Smart aerogel that turns air into drinking water
Researchers have created a substance that extracts water from air without any external power source

Researchers at the National University of 
Singapore (NUS) have created a substance 
that extracts water from air without any 
external power source. In the earth's 
atmosphere, there is water that can fill 
almost half a trillion Olympic swimming 
pools. But it has long been overlooked as a 
source for potable water. 

To extract water from this underutilised 
source, a team led by Professor Ho Ghim 
Wei from the NUS Department of Electrical 
and Computer Engineering created a type of 
aerogel, a solid material that weighs almost 
nothing. Under the microscope, it looks like 
a sponge, but it does not have to be squeezed 
to release the water it absorbs from the air. It 
also does not need a battery. In a humid 
environment, one kilogramme of it will 
produce 17 litres of water a day.

The trick is in the long, snakelike molecules, 
known as polymers, building up the aerogel. 
The special long-chain polymer consists of a 

sophisticated chemical structure that can 
continuously switch between attracting water 
and repelling water. The 'smart' aerogel 
autonomously gathers water molecules from 
the air, condenses them into a liquid and 
releases the water. When there is sunshine, the 
smart structure can further boost the water 
release by transitioning to a complete water-
hating state. And it is very good at that. 95 per 
cent of the water vapour that goes into the 
aerogel comes out as water. In laboratory 
tests, the aerogel gave water non-stop for 
months.

The researchers tested the water and found that 
it met World Health Organization's standards 
for drinking water.

Other scientists have previously devised ways 
to extract water from air, but their designs had 
to be powered by sunlight or electricity, and 
had moving parts that had to be opened and 
closed. 

The NUS researchers published their creation 
in the journal Science Advances on 16 October 
2020. They are now looking for industry 
partners to scale it up for domestic or industrial 
use. Maybe it could even find a place in 
endurance sports or survival kits, for example. 
“Given that atmospheric water is continuously 
replenished by the global hydrological cycle, 
our invention offers a promising solution for 
achieving sustainable freshwater production 
in a variety of climatic conditions, at minimal 
energy cost,” shared Prof Ho.

(Source: National University of Singapore 
news release)

Eye or mouth diseases monitoring
Wearable sensor monitors health, administers drugs using saliva and tears

A new kind of wearable health device would 
deliver real-time medical data to those with 
eye or mouth diseases, according to Huanyu 
“Larry” Cheng, Dorothy Quiggle Career 
Development Professor in the Penn State 
Department of Engineering Science and 
Mechanics (ESM).  Cheng recently published 
a paper in Microsystems & Nanoengineering 
on new micro- and nano-device technology 
that could revolutionize how certain health 
conditions are monitored and treated.  “We 
sought to create a device that collects both 
small and large substances of biofluids such as 
tears and saliva, which can be analyzed for 
certain conditions on a rapid, continuous 
basis, rather than waiting on test results from 
samples in a lab,” he said.  

The sensors would be placed near the tear duct 
or mouth to collect samples, which would then 
produce data viewable on a user's smartphone 
or sent to their doctor, according to Cheng.  

“But a device like this would have to be 
discreet, soft and comfortable for a patient to 

agree to wear it,” he said. “And it would have 
to be a low-cost option for patients.”  The 
tears- and saliva-sensing technology can help 
manage diseases like oral ulcers, oral cancer, 
eye wrinkles and oral or eye infections like 
keratitis, which is inflammation of the clear 
tissue on the front of the eye. 

Last year, Cheng published on a similar 
wearable skin patch that collects sweat and 
tests for pH, sodium and glucose levels — 
most helpful for those with hypoglycemia or 

diabetes. This new device not only collects 
data but also administers medicine with a 
microneedle through the skin around the eye, 
mouth or tongue. “Through nano- to micro-
steel ports on the device, we can probe the cell 
to deliver molecular drugs for treatment in a 
very efficient process at the cellular level,” 
Cheng said. “Conversely, the ports can allow 
us to get access to the gene and coding 
information on the cell.”

The researchers are developing working 
prototypes and are in talks with local 
manufacturers as well as the National 
Insti tutes of Health and Amazon for 
manufacturing the device on a large scale. 
“This is a mature technology with a lot of 
interest behind it,” Cheng said. “There are 
many possible uses for the device if it makes it 
to the commercial marketplace.” With future 
support from the National Science Foundation, 
Cheng hopes to extend the technology to other 
applications as well.  

(Source: Penn State University news release) 
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Quantum internet
Researchers use light used to detect quantum information stored in 100,000 nuclear quantum bits

The researchers, from the University of 
Cambridge, were able to inject a 'needle' of 
highly fragile quantum information in a 
'haystack' of 100,000 nuclei. Using lasers to 
control an electron, the researchers could 
then use that electron to control the 
behaviour of the haystack, making it easier 
to find the needle. They were able to detect 
the 'needle' with a precision of 1.9 parts per 
million: high enough to detect a single 
quantum bit in this large ensemble. The 
technique makes it possible to send highly 
fragile quantum information optically to a 
nuclear system for storage, and to verify its 
imprint with minimal disturbance, an 
important step in the development of a 
quantum internet based on quantum light 
sources. The results are reported in the 
journal Nature Physics.

Channels of light that transmit quantum 
information are promising candidates for a 
quantum internet, and currently there is no 
better quantum light source than the 

semiconductor quantum dot: tiny crystals that 
are essentially artificial atoms. However, one 
thing stands in the way of quantum dots and a 
quantum internet: the ability to store quantum 
information temporarily at staging posts 
along the network. “The solution to this 
problem is to store the fragile quantum 
information by hiding it in the cloud of 
100,000 atomic nuclei that each quantum dot 
contains, like a needle in a haystack,” said 
Professor Mete Atatüre from Cambridge's 
Cavendish Laboratory, who led the research. 

Atatüre and his colleagues showed in 2019 
that when cooled to ultra-low temperatures 

also using light, these nuclei can be made to do 
'quantum dances' in unison, significantly 
reducing the amount of noise in the system. 
Using the light from a laser, the researchers are 
able to communicate with an electron, which 
then communicates with the spins, or inherent 
angular momentum, of the nuclei. By talking 
to the electron, the chaotic ensemble of spins 
starts to cool down and rally around the 
shepherding electron; out of this more ordered 
state, the electron can create spin waves in the 
nuclei. Using this technique, the researchers 
are able to send information to the quantum bit 
and 'listen in' on what the spins are saying with 
minimal disturbance, down to the fundamental 
limit set by quantum mechanics. Besides its 
potential usage for a future quantum internet, 
the technique could also be useful in the 
development  of  sol id-s ta te  quantum 
computing.

(Source: University of Cambridge news 
release)

Ultra-powerful optical computers
New type of optical computing could solve highly complex problems that are out of reach for even the 

most powerful supercomputers

An impor t an t  c l a s s  o f  cha l l eng ing 
computational problems, with applications in 
graph theory, neural networks, artificial 
intelligence and error-correcting codes can be 
solved by multiplying light signals, according 
to researchers from the University of 
Cambridge and Skolkovo Institute of Science 
and Technology in Russia. In a paper 
published in the journal Physical Review 
Letters, they propose a new type of comp-
utation that could revolutionise analogue 
computing by allowing for ultra-fast optical 
computers.

Optical or photonic computing uses photons 
produced by lasers or diodes for computation, 
as opposed to classical computers which use 
electrons. Since photons are essentially 
without mass and can travel faster than 
electrons, an optical computer would be 
superfast, energy-efficient and able to process 
information simultaneously through multiple 
temporal or spatial optical channels. The 
computing element in an optical computer – 
an alternative to the ones and zeroes of a 

digital computer – is represented by the 
continuous phase of the light signal, and the 
computation is normally achieved by adding 
two light waves coming from two different 
sources and then projecting the result onto '0' 
or '1' states. However, real life presents highly 
nonlinear  problems,  where mult iple 
unknowns simultaneously change the values 
of other unknowns while interacting 
multiplicatively. 

Now, Professor Natalia Berloff from 
Cambridge 's  Department of  Applied 
Mathematics and Theoretical Physics and 
PhD student Nikita Stroev from Skolkovo 
Institute of Science and Technology have 
found that optical systems can combine light 
by multiplying the wave functions describing 
the light waves instead of adding them and 
may represent a different type of connections 
between the light waves.  “We found the key 
ingredient is how you couple the pulses with 
each other,” said Stroev. “If you get the 
coupling and light intensity right, the light 
multiplies, affecting the phases of the 

individual pulses, giving away the answer to 
the problem. This makes it possible to use light 
to solve nonlinear problems.” The multi-
plication of the wave functions to determine 
the phase of the light signal in each element of 
these optical systems comes from the 
nonlinearity that occurs naturally or is 
externally introduced into the system.

The authors have also suggested and 
implemented a way to guide the system 
tra jector ies  towards  the  solut ion by 
temporarily changing the coupling strengths of 
the signals.

There are still many challenges to be met 
before optical computing can demonstrate its 
superiority in solving hard problems in 
comparison with modern electronic comp-
uters: noise reduction, error correction, 
improved scalability, guiding the system to the 
true best solution are among them.

(Source: University of Cambridge news 
release)
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Injectable gels for sustained drug release
Injecting patients with a gel that would dissolve over several months could replace the need to 

administer daily or weekly shots

Stanford researchers are developing 
medicinal gels that could be injected into the 
body in order to release drugs over a period 
of months, replacing the need for daily or 
weekly shots.  “We can make gels with the 
right slow-release properties at room 
temperature but once we injected them, 
body heat would rapidly dissolve them and 
release the medicines too quickly,” said Eric 
Appel, assistant professor of materials 
science and engineering. The research was 
published in the journal Nature Comm-
unications. Appel described the science 
behind this rule-breaking with an analogy to 
making Jello: the solid ingredients are 
poured into water, then heated and stirred to 
mix well. As the mixture cools, the Jello 
solidifies as the molecules bond together. 
But if the Jello is reheated, the solid 
reliquefies.

Appel and his team had to make a medicinal 
Jello that didn't melt, thus losing its time-
release properties, when the cool solid was 
heated by the body. To accomplish this, the 
Stanford team created a gel made of two 

solid ingredients – polymers and nano-
particles. The polymers were long, spaghetti-
like strands that have a natural propensity to 
get entangled, and the nanoparticles, only 
1/1000th the width of a human hair, 
encouraged that tendency. The researchers 
began by separately dissolving the polymers 
and particles in water and then stirring them 
together. As the commingling ingredients 
began to bond, the polymers wrapped tightly 
around the particles. “We call this our 
molecular Velcro,” said first author Anthony 
Yu, who did the work as a Stanford graduate 
student and is now a postdoctoral scholar at 
MIT.

The powerful affinity between the polymers 
and particles squeezed out the water molecules 
that had been caught between them, and as 
more polymers and particles congealed, the 
mixture began to gel at room temperature. 
Crucially, this gelling process was achieved 
without adding or subtracting energy. When 
the researchers exposed this gel to the body's 
temperature (37.5 C) it did not liquefy like 
ordinary gels because the molecular Velcro 
effect enabled entropy and enthalpy – 
orderliness and temperature change, resp-
ectively – to remain roughly in balance in 
accord with thermodynamics. Appel said it 
will take more work to make injectable, time-
release gels safe for human use. While the 
polymers in these experiments were 
biocompatible, the particles were derived from 
polystyrene, which is commonly used to make 
disposable cutlery. His lab is already trying to 
make these thermodynamically-neutral gels 
with fully biocompatible components.

(Source: Stanford university news release) 

Combating malnutrition by biofortified foods
Biofortified foods can improve the overall composition and function of gut bacteria, which in turn 

provide health benefits for their host's body

New research from Elad Tako, associate 
professor of food science, shows that iron and 
zinc in biofortified foods, such as beans and 
wheat, can improve the health of gut bacteria 
and reduce the risk of malnutrition. New 
Cornell research shows that biofortified foods 
can improve the overall composition and 
function of gut bacteria, which in turn provide 
health benefits for their host's body. The 
research was published in the journal 
Nutrients. “Our analysis indicated that the 
dietary inclusion of approximately 50% of 
iron/zinc biofortified foods has a significant 
beneficial effect on the gut microbiota,” said 
Elad Tako, associate professor of food science 
in the College of Agriculture and Life 
Sciences and corresponding author on the 
study. “With added improvements in intestinal 
functionality, this also indicates that feeding a 
healthy microbiome reduces the risk of 
metabolic and chronic diseases.” This review 
is the first study to examine the direct link 

between biofor t i f ied  foods  and gut 
microbiota. The researchers looked at the 
effects of iron-biofortified wheat and beans, 
and zinc-biofortified wheat using an in vivo 
model (Gallus gallus). 

In five comparable studies, Tako said they 
noticed a decrease in potentially pathogenic 
gut bacteria and an increase in bacteria 
populations that produce short-chain fatty 
acids (SCFA) — both of which could be 
attributed to the biofortified foods. SCFAs are 
the main energy source for cells lining the 
colon. Higher levels of these fatty acids help 
fuel metabolism and lead to greater uptake of 
dietary minerals, like iron and zinc. 
Sometimes referred to as “hidden hunger,” 
minera l  def ic iencies  are  present  in 
populations experiencing both undernutrition 
and overnutrition. Around the world, iron 
deficiencies affect approximately 2.3 billion 
people, and zinc deficiencies affect another 
1.3 billion — leading to poor growth, 

depressed immune function, physical birth 
defects and neurobehavioral abnormalities.

“Our review indicates that consumption of 
iron/zinc biofortified foods is an effective and 
sustainable approach to reduce the double 
burden of malnutrition,” Tako said. The 
group's analysis demonstrated that iron and 
zinc biofortified foods improved the overall 
health profile of beneficial gut bacteria. The 
increase in mineral absorption supported a 
more robust population of these beneficial 
microbes and lowered the overall risk for 
measles, influenza A, Hepatitis B and bladder 
cancer. This evidence of a direct connection 
between the consumption of biofortified foods 
and the improved profile of gut bacteria, 
supports other areas of ongoing research that 
invest igate  more ways in  which the 
microbiome affects our overall health.

(Source: Cornell University news release) 
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Skin cancer treatment by injection
researchers develop a skin cancer treatment that involves injecting nanoparticles into the tumor, killing cancer cells 

Yale researchers are developing a skin 
cancer treatment that involves injecting 
nanoparticles into the tumor, killing cancer 
cells with a two-pronged approach, as a 
potential alternative to surgery. The results 
are published in the Proceedings of the 
National Academy of Sciences. “For a lot of 
patients, treating skin cancer is much more 
involved than it would be if there was a way 
to effectively treat them with a simple 
procedure like an injection,” said Dr. 
Michael Girardi, professor and vice chair of 
dermatology at Yale School of Medicine and 
senior author of the study.  For the treatment, 
tumors are injected with polymer-based 
nanoparticles carrying a chemotherapy 
agent. Key to the treatment's success is that 
the nanoparticles are bioadhesive — that is, 
they bind to the tumors and remain attached 
long enough to kill a significant number of 
the cancer cells.

“When you inject our nanoparticles into a 

tumor, it turns out that they're retained within 
that tumor very well,” said co-author Mark 
Saltzman, the Goizueta Foundation Professor 
of Biomedical Engineering, Chemical and 
Environmental Engineering, and professor of 
physiology.  For comparison, the same drug 
was injected freely into tumors of control 
models without the nanoparticles. They found 
that the tumors were significantly more 
diminished when the drugs were delivered by 
nanoparticles. In many cases, ridding tumors 
with an injection could eliminate the need for 
surgery, the researchers said. It may also then 
avoid potential wound infections and other 
complications. Additionally, some patients 
with other medical conditions are poor 

candidates for surgery. An injection-based 
therapy would also mean that patients could 
have multiple tumors treated in a single visit.  
“In these studies, we did just a single injection, 
and that's how we'd like it to work clinically,” 
Saltzman said. “You go to a dermatologist, 
they see a lesion and inject into it, and it's gone 
and you don't have to come back.”

Saltzman's lab,  which specializes in 
nanoparticles, worked to optimize the 
particles' drug-carrying ability to deliver as 
much of the chemotherapy agent in a single 
dose as possible. Because the contents of the 
nanoparticle remain at the site of the tumor, the 
delivery system allows for the use of 
particularly powerful drugs. Conventional 
chemotherapy affects the entire body and can 
have severe side effects, so the toxicity of 
drugs is more limited.  

(Source: Yale University news release) 

Predicting Parkinson's-linked cognitive decline 
Simple vision tests can predict which people with Parkinson's disease will develop cognitive impairment and 

possible dementia 18 months later

Simple vision tests can predict which people 
with Parkinson's disease will develop 
cognitive impairment and possible dementia 
18 months later, according to a new study by 
UCL researchers. The study, published in 
Movement Disorders, adds to evidence that 
vision changes precede the cognitive decline 
that occurs in many, but not all, people with 
Parkinson's. In another new study published in 
Communications Biology, the same research 
team found that structural and functional 
connections of brain regions become 
decoupled throughout the entire brain in 
people with Parkinson's disease, particularly 
among people with vision problems. The two 
studies together show how losses and changes 
to the brain's wiring underlie the cognitive 
impairment experienced by many people with 
Parkinson's disease.

Lead author Dr Angeliki Zarkali (Dementia 
Research Centre, UCL Queen Square Institute 
of Neurology) said: “We have found that 
people with Parkinson's disease who have 
visual problems are more likely to get 
dementia, and that appears to be explained by 

underlying changes to their brain wiring. 
Dementia is a common, debilitating aspect of 
Parkinson's disease, estimated to affect 
roughly 50% of people within 10 years of a 
Parkinson's diagnosis.

The researchers identified white matter 
damage to some of the long-distance wiring 
connecting the front and back of the brain, 
which helps the brain to function as a cohesive 
whole network.

The Communications Biology study involved 
88 people with Parkinson's disease (33 of 
whom had visual dysfunction and were thus 
judged to have a high risk of dementia) and 30 
healthy adults as a control group, whose 

brains were imaged using MRI scans.

The researchers found that people with 
Parkinson's disease exhibited a higher degree 
of decoupling across the whole brain. Areas at 
the back of the brain, and less specialised 
areas, had the most decoupling in Parkinson's 
patients. Parkinson's patients with visual 
dysfunction had more decoupling in some, but 
not all brain regions, particularly in memory-
related regions in the temporal lobe.

The research team also found changes to the 
levels of some neurotransmitters (chemical 
messengers) in people at risk of cognitive 
decline, suggesting that receptors for those 
transmitters may be potential targets for new 
drug treatments for Parkinson's dementia. 
Notably, while dopamine is known to be 
implicated in Parkinson's, the researchers 
found that  other neurotransmitters – 
acetylcholine, serotonin and noradrenaline – 
were particularly affected in people at risk of 
cognitive decline.

(Source: UCL news release)
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Blood tests for Alzheimer's clinical trials
Blood tests measuring the hallmark Alzheimer's protein, beta-amyloid (amyloid), could radically 

reduce the cost of clinical trials

The findings, published in the journal Brain, 
suggest that blood tests could be used to 
recruit people to Alzheimer's drug trials 
before they start showing any symptoms. 
Lead author Professor Jonathan said: 
“Current evidence suggests that the brain 
changes leading to Alzheimer's disease start 
many years before symptoms. Identifying 
individuals at risk opens a window of 
opportunity to offer treatments to prevent 
the onset of cognitive decline. “Our results 
show that blood tests may be a useful means 
of identifying individuals who are in the 
earliest stages of the disease. “In the short 
term, this has implications for clinical trials 
of new treatments for Alzheimer's disease. 
Blood tests could allow for rapid screening, 
and reduction of the numbers who would 
need more expensive PET scans before 
entering a study. This would considerably 
reduce the costs and time it takes to run 
clinical trials, and will hopefully accelerate 
the development of new treatments.”

Most amyloid-lowering drug trials so far 
involve people who already have the 

condition. Many researchers believe that by 
the time symptoms set in, the window of 
opportunity for preventing cognitive decline 
may have already passed.  Scientists have 
developed radioactive tags that attach to 
amyloid protein. A PET scanner can pick up 
the radiation from these tags to reveal the 
extent of amyloid build up in a person's brain. 
Researchers use these scans to recruit people 
to clinical trials, confirming that their 
symptoms are caused by Alzheimer's and not 
different form of dementia. Unfortunately, 
they are very expensive and require specialist 
facilities that are only available in a few 

locations throughout the country.

The researchers compared three different ways 
of measuring proteins of interest in the blood 
and compared the results of the blood tests to 
those from the PET scans. In this group of 
cognitively healthy individuals around the age 
of 70, approximately one in five (18%) had 
evidence of a significant build-up of brain 
amyloid – in a similar pattern to patients with 
Alzheimer's dementia. The best performing 
blood test was able to identify those 
individuals with high levels of amyloid with 
about 85% accuracy. Using blood tests to 
screen for amyloid would reduce the 
requirement for PET scans by roughly half.

Dr Ashvini Keshavan, first author on the study, 
said: “In due course blood tests have the 
potential to revolutionise how we diagnose 
Alzheimer's disease, allowing access to better 
diagnostic tests in the community, and 
particularly in settings where more expensive 
PET scans and lumbar puncture tests are not 
currently available.”

(Source: UCL news release)

Religiosity and cardiovascular disease
New study finds that religious beliefs modulate protein expression associated with cardiovascular 

disease in South Asians in the United States

The Study on Stress, Spirituality and Health 
(SSSH), a cutting-edge proteomics analysis, 
suggests that religious beliefs modulate 
protein expression associated with cardio-
vascular disease in South Asians in the United 
States. The research, published in Scientific 
Reports, demonstrates that spiritual struggles, 
in particular, significantly modify the impact 
of unique proteins on risk of developing 
cardiovascular disease (CVD) in U.S. South 
Asians, a community that has especially high 
rates of CVD.

This study represents the first proteomics 
analysis ever conducted on protein levels in 
relationship to CVD within a U.S. South 
Asian population and the first published study 
to analyze proteomics signatures in 
relationship to religion and spirituality in any 
population.

“Before we can develop the best interventions 
to reduce CVD disparities, we need to 
understand the biological pathways through 
which health disparities are produced,” says 

the study's principal investigator and co-
senior author Alexandra Shields, director of 
the Harvard/MGH Center on Genomics, 
Vulnerable Populations and Health Dispar-
ities at the MGH Mongan Institute and 
associate professor of Medicine at Harvard 
Medical School (HMS). “As this study 
shows, psychosocial factors – and religious or 
spiritual struggles in particular – can affect 
biological processes that lead to CVD in this 
high-risk population. Spirituality can also 
serve as a resource for resilience and have a 
protective effect. Given that many of the 
minority communities that experience higher 
levels of CVD also report higher levels of 
religiosity and spirituality, studies such as the 
SSSH may help identify new leverage points, 
such as spiritually focused psychotherapy for 
those in spiritual distress, that could reduce 
risk of CVD for such individuals.”

Results of the study, which included 50 
participants who developed CVD and 50 sex- 
and age-matched controls without CVD from 

the Mediators of Atherosclerosis in South 
Asians Living in America (MASALA) Study 
(100 participants), indicate that there may be 
unique protein expression profiles associated 
with CVD in U.S. South Asian populations, 
and that these associations may also be 
impacted by religious struggles, in which, for 
example, individuals experiencing adverse life 
events feel they are being punished or 
abandoned by their God, or have a crisis of 
faith. The MASALA study includes 1,164 
South Asians who were recruited from the San 
Francisco Bay Area and the greater Chicago 
area and followed for approximately eight 
years with the goal of investigating factors that 
lead to heart disease among this high-risk 
ethnic group. MASALA is one of the original 
cohorts participating in SSSH, through which 
this research was conducted.

(Source: University of California San 
Francisco)
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Personality
An individual's personality does not lie in their behavior or their genes but in the brain, according to a 

new theoretical study

In a new paper, titled "Personality beyond 
taxonomy," published in the journal Nature 
Human Behaviour, Caltech researchers 
from the disciplines of neuroscience, 
psychology, and philosophy discuss the 
l o n g - s t a n d i n g  q u e s t i o n :  W h a t  i s 
personality? Whereas most studies measure 
personality in various ways, they are often 
ambiguous about what personality really is: 
Is it in the behaviors themselves or, perhaps, 
in the genes, the brain, or all of these? The 
Caltech researchers argue for the importance 
of models that make such distinctions and 
conclude that personality resides in the 
brain. "In personality research, there is 
considerable confusion, even among 
scientists, about whether personality is in the 
brain. You can find all sorts of descriptions 
of what makes up personality, ranging from 
genetics, through features of the brain, to 
behavior, but in many cases it remains 

ambiguous whether the quantities are causes 
of personality, effects of personality, or 
whether they actually constitute personality," 
says study co-author Frederick Eberhardt, 
professor of philosophy at Caltech and an 
affiliated faculty member of the Tianqiao and 
Chrissy Chen Institute for Neuroscience at 
Caltech. "We believe that genes and 
environment are causes of personality and 
that behavior results from personality, but 
personality itself is located in the brain."

In the new theoretical study, the researchers 
propose specific models outlining the 
relationship between personality, genes, and 
behaviors, and propose ways of testing those 
models using the tools of neuroscience. They 
also propose ways to test the question of where 
in the brain personality might lie and, in 
particular, how personality is related to other 
psychological functions, such as emotion and 
memory. "By laying out testable hypotheses 
about how personality is realized in the brain, 
we hope to connect these separate endeavors 
of studying personality in psychology with the 
research in neuroscience," says Ralph 
Adolphs, Caltech's Bren Professor of 
Psychology, Neuroscience, and Biology; 
director of the Caltech Brain Imaging Center; 
and an affiliated faculty member of the 
Tianqiao and Chrissy Chen Institute for 
Neuroscience.

(Source: Caltech news release)

Diagnostic tool for Sars-Cov-2 infection
 New test method efficiently detects the presence of viral RNA in human patient samples, with clear 

distinction from samples designated negative for the virus

NCBS researcher Dr. Arati Ramesh, along 
with Dr. Akash Gulyani from the University of 
Hyderabad, sought to tackle the pressing need 
for a rapid, accurate, and inexpensive testing 
method. A team of students from NCBS and 
DBT-inStem joined their efforts to create 
PHANTOM (PHAsed NASBA-Translation 
Optical Method). PHANTOM provides a 
direct and ultrasensitive test that is both a 
powerful and an easily accessible strategy to 
detect a COVID-19 infection.

 PHANTOM efficiently detects the presence 
of viral RNA in human patient samples, with 
clear distinction from samples designated 
negative for the virus. This diagnostic tool was 
developed using RNA biosensors to detect 
SARS-CoV-2 RNA, based on “toehold 
switches”, sensors which can be designed to 
detect any sequence of interest. The target 
RNA, in this case, a portion of the SARS-
CoV-2 RNA, binds to the sensor and activates 
it. This activation then triggers production of a 
reporter protein that causes a change in colour 
(lacZ) or luminescence (Nano-lantern). The 
colour change is visible to the human eye, and 
to a mobile phone camera as well. The 
luminescence can be quantified using a 

luminometer. “This ease of detection was one 
of the big motivations behind developing this 
assay. One can simply look at the tube and tell 
whether the sample is COVID positive or 
not,” says Dr. Arati Ramesh.

 The early steps of designing the biosensor 
involved computational design of a panel of 
potential sensors that might bind portions of 
the SARS-CoV-2 genomic RNA. Next, the 
team started narrowing down the potential 
biosensors from 1000s to a single sensor. By 
coupling the sensor to a step of isothermal 
RNA amplification, the sensitivity of the 
assay was amplified so that it can detect the 
infection down to a 100 copies of SARS-
CoV-2-RNA. The assay has been validated 
against standard RT-qPCR tests. The 

biosensor efficiently detects the presence of 
viral RNA in swab samples from human 
patients, and this response correlates well with 
the cycle threshold values from RT-qPCR 
testing. Apart from high sensitivity, there is no 
sign of false negatives, the sensor is highly 
specific as well. 

The PHANTOM platform does not require 
any sophisticated equipment and is usable 
even in a low resource setting. The entire test 
takes a minimum of 2 and a half hours, by 
which time a clear colour change is observed in 
COVID positive samples. An additional 
advantage is the potential to quantify the viral 
load in the sample, by measuring the amount of 
colour or luminescence.

Source: NCBS news release 
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HIV fusion modelling
Researchers have used robust computer simulations to understand how HIV – the virus that causes AIDS – 

fuses with the host cell membrane

An interdisciplinary team of researchers at 
the Indian Institute of Science (IISc) has 
used robust computer simulations to 
understand how HIV – the virus that causes 
AIDS – fuses with the host cell membrane. 
Published in the Journal of Chemical 
Information and Modeling, the study 
focuses on a process called gp41–mediated 
membrane fusion. Gp41, a core component 
of the HIV envelope protein (Env), is 
essential for the viral membrane to fuse with 
the cell membrane of the host's immune cell, 
called T cell. This step is critical for HIV to 
invade and subsequently replicate within the 
host cell. “If gp41 fusion is blocked, then the 
whole invasion can be blocked there,” 
explains Biswajit Gorai, a former postdoc at 
IISc and first author of the study. Therefore, 
understanding the membrane fusion process 
may help researchers in developing effective 
antiviral strategies. “We wanted to see how 

many gp41 units are required to achieve this 
process,” explains Prabal K Maiti, Professor 
and Chair of the Department of Physics and 
the corresponding author. Maiti elaborates, 
“There were a lot of hints from experimental 
work which showed that gp41 forms a six 
helical bundle in the post-fusion step. That 
prompted us to test the hypothesis that gp41 
could actually help in fusion, which can 
eventually help virus invasion.” 

  The team first built computational models of 
HIV and host cell membranes, and then 
simulated the fusion process. “Initially we 
started with millions of atoms and it was very 
slow but then we turned to a coarse-grained 
model, so now we can have microsecond 
simulations,” explains Gorai. Starting with no 
gp41 on the HIV membrane as the baseline, 
the authors incrementally added gp41 units to 
their simulation. On doing so, they found that 

at least three gp41 units act cooperatively and 
are necessary for fusion.   In another first, the 
team built models of HIV and host membranes 
with lipid compositions nearly identical to 
biological membranes. Using different 
membrane models, the authors showed that 
only the membranes with such identical lipid 
composition fused successfully, while the rest 
did not, indicating that the lipid composition of 
the membranes is critical for fusion.  

The researchers also analysed the nature of 
lipid transfer during fusion and found that the 
trio of gp41 units drives changes to the 
structure and arrangement of lipids at the site 
of fusion. Finally, using mathematical 
calculations, the team found that the presence 
of gp41 reduces the energy required for fusion 
by about four-fold, thereby making this 
process more favourable. 

(Source: IISc press release)

Priming immunity by gut fungi
The new study reveals a new twist in the complex relationship between humans and their associated 

microbes

Common fungi, often present in the gut, teach 
the immune system how to respond to their 
more dangerous relatives, according to new 
research from scientists at Weill Cornell 
Medicine. Breakdowns in this process can 
leave people susceptible to deadly fungal 
infections. The study, published in the journal 
Cell points the way toward novel therapies 
that could help combat a rising tide of drug-
resistant pathogens. The discovery stemmed 
from work on inflammatory bowel disease, 
which often causes patients to carry larger 
than normal populations of fungi in their guts. 
These patients often develop strong antibody 
responses against mannan, a molecule 
common to a wide range of fungal species. 
However, Dr. Iliyan Iliev, associate professor 
of immunology and microbiology in medicine 
in the Division of Gastroenterology and 
Hepatology at Weill Cornell Medicine, 
noticed that healthy controls in these studies 
also had some level of anti-fungal antibodies.

The researchers developed a platform that 
allowed them to determine which gut fungi are 
targeted by antibodies in the blood of 

individual patients. They detected a strong 
response against the yeast Candida albicans. 
Turning to experiments in mice, Iliev and Itai 
Doron, a Weill Cornell Medicine Graduate 
School of Medical Sciences doctoral student 
in the lab and a first author in the study, found 
that colonizing the animals' guts with 
Candida albicans caused them to develop 
antibodies against the fungus in their 
bloodstreams, even though they didn't 
develop blood-borne fungal infections. 
Instead, the animals' immune cells appeared 
to transport fungal antigens to the spleen, 
stimulating the production of circulating 
antibodies in the bloodstream. “Those fungi 

just educate that immune response,” Iliev said.

In patients with suppressed immune systems 
fungi in the gut can invade the bloodstream and 
cause life-threatening infections. Iliev and his 
colleagues mimicked this process by treating 
mice with immunosuppressive drugs. When a 
Candida species colonizes the gut of these 
mice, the fungus moves into the bloodstream, 
causing a fatal infection. Treating the mice 
with purified anti-fungal antibodies from 
donor animals protected the immuno-
suppressed mice from these infections. The 
same strategy worked against infection with 
either C. albicans or the emerging pathogenic 
yeast C. auris.

In patients with suppressed immunity, the anti-
fungal antibodies may decline, leaving them 
vulnerable to fungal infection. New therapies 
that involve either stimulating the production 
of anti-fungal antibodies, or injecting such 
purified antibodies directly into patients' 
bloodstreams, could potentially help combat 
these increasingly common infections.

(Source: Cornell University news release) 
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Self-propelled fluctuations
Scientists have found a clue to dynamical origin of fluctuations in systems like fish schools, swarm of 

insects, flocking birds and bacterial colonies 

Scientists have found a clue to dynamical 
origin of fluctuations in systems like fish 
schools, swarm of insects, flocking birds 
and bacterial colonies, which are called 
active matter systems. This understanding 
c a n  b e  u s e f u l  i n  n a n o t e c h n o l o g y 
applications like building small-scale 
energy-efficient bio-devices as well as 
biomedical applications like characterizing 
infection spread in organs, antibiotic 
resistance and so on. Such systems are made 
up of self-driven components which extract 
energy from their surroundings to generate 
mechanical work. Due to continuous energy 
input, such systems are driven far from 
equi l ibr ium and exhibi t ,  unl ike in 
equi l ibr ium, fascinat ing col lect ive 
behaviours, like clustering, “giant” mass 
fluctuations and anomalous transport. 
Particularly, their transport properties 
(molecular properties, analogous to 
viscosity, thermal conductivity and mobility 

that indicate the rate at which momentum, 
heat, and mass are transferred from one part of 
a system to another) can be perplexing at 
times.

The anomalous behaviour of such systems 
can be understood by considering a cup of 
coffee, stirred with a spoon. If one stops 
stirring, the coffee will eventually come to 
rest, due to the internal viscous forces, which 
resist the fluid motion. In contrast, imagine 
“stirring” a bacterial solution, which, under 
suitable conditions (bacterial concentration), 
can exhibit perpetual or unceasing collective 
directed motion; in that case, the viscosity 
would vanish in such “active” bacterial fluids.

Probing into this anomalous behaviour, 
Scientists from the S N Bose National Centre 
for Basic Sciences, an autonomous institute 
of the Department of Science &Technology, 
Government of India, led by Punyabrata 

Pradhan studied a toy model of self-propelled 
particles and explained the dynamical origin of 
'giant' mass fluctuations in the system, 
providing insights into the emergent properties 
of such active matters in general. The findings 
of the study have been published in the journal 
'Physical Review E' recently.

The team studied a toy model of self-propelled 
particles where the ballistic motion of bacteria 
(like Escherichia coli) was mimicked through 
long-ranged particle hopping. They showed 
that, upon tuning concentration beyond a 
critical value, the conductivity, or the mobility, 
of the particles diverges; in other words, the 
resistance becomes zero. Moreover, they 
demonstrated an intimate relationship 
between the zero resistance and the diverging 
mass fluctuations in the system, thus 
explaining the dynamical origin of “giant'' 
mass fluctuations in the system.

(Source: PIB release)

Gold microstructure substrate
Scientists develop a gold microstructure substrate with the ability to repel water as well as bubbles with 

tunable wettability

Scientists have developed a gold micro-
structure substrate with the ability to repel 
water as well as bubbles with tunable 
wettability, which can be used in designing 
microfluidic devices, biosensors and useful in 
water transportation and self-cleaning. 
Wettability, or the ability of a liquid to 
maintain contact with a solid surface, is an 
important property in surface and interface 
science. Its influence is seen in many 
biochemical processes, sensing, micro-
fluidics, water transportation, self-cleaning, 
industrial processes. The tunable wettability 
results from tunability in surface energy of the 
substrate, which can be utilized to regulate the 
direction of flow in water transportation and 
self-cleaning applications.

According to the recent work published in 
Journal of Applied Physics, Dr. P. Viswanath 
and his group from the Centre for Nano and 
Soft Matter Sciences (CeNS), an autonomous 
institute of the Department of Science and 
Technology (DST), have developed a 
substrate exhibiting morphological gradient 
that helps one to tune the wettability because 

of surface energy change. The morphological 
gradient in the substrate ranges from domes to 
elliptical holes.

Water and oil wetting studies at each position 
on the substrate revealed that wetting is 
tunable with morphology. The substrate 
showed hydrophobic nature, which gets 
magnified when coated with a self-assembled 
monolayer of octadecane thiol - a water-
soluble sulfur compound with a carbon alkyl 
chain. The coating results in a reduction in 

surface energy, which in turn facilitates an 
enhancement in hydrophobic behaviour. 
Underwater wettability investigations on the 
substrate showed that it mainly repelled 
bubbles and when functionalised with coating 
of octadecanethiol, it repels mainly oil. Ms. 
Brindhu Malani S, a research scholar working 
on this, pointed out that these studies would be 
useful in designing microfluidic devices, 
biosensors, and water transportation.

(Source: PIB release)
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