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National Technology Day 2022
Event coincides with India becoming a full Nuclear Country after the Nuclear explosion at Pokhran
on 11th May 1998
Speaking at the National Technology Day 2022 event, which coincides
with India becoming a full Nuclear Country after the Nuclear explosion
at Pokhran on 11th May 1998, Union Minister Dr Jitendra Singh said,
India is already on the ascent and Science, Technology and Innovation
are going to be the key determinants of the roadmap for next 25 years
when we celebrate 100 years of India's Independence. He said, there is
an urgent need to build an “Innovation Ecosystem” for the Start-ups as
there is no dearth of talent and resources in the country. For this, the
Minister emphasised to adopt Integration approach, rather than acting in
silos.
Dr Jitendra Singh also gave away awards to 7 most successful Start-ups
for their pioneering work in areas like Quantum data security, covid
testing kits, A-I powered Robot for electronic assembly, Cryogenic
technologies and Cyber security systems. This award is given to a
technology start-up for development of indigenous technology with
potential for commercialization and the award in addition to the trophy
includes a cash award of Rs.15 Lakh. The Minister also gave awards to
Women Scientists in Translational Research and Women Entrepreneurs,
besides the National Awards for successful commercialization of
indigenous technology and Award under MSME category.

said, scientific infrastructure is the foundation of research and
innovation and facilitating its availability, accessibility and sharing
needs to become a key goal particularly for countries like India with
limited resources. He said, with the aim to adopt a new approach that
can make Research Infrastructure (RI) available to all stakeholders,
Department of Science and Technology formulated a draft of the
Scientific Research Infrastructure Sharing Maintenance and Networks
(SRIMAN) Guidelines through a detailed stakeholder consultation.
The SRIMAN Guidelines aims to promote efficient utilisation and
wider access of Research Infrastructure (RI) to scientists, researchers
and industry professionals across the country by creating a network of
relevant stakeholders.
Dr Jitendra Singh said, India in the recent years has witnessed growth in
acquisition of research equipment and more than 90% of high-end
equipment are imported. Majority of such equipment is not shared and
marred with maintenance issues and lack of spares which adds to the
burden of RI costs. In addition, access to equipment and its proper
utilisation also needs attention. Manufacturing of indigenous
instruments to reduce dependency on imports is also essential along

Dr Jitendra Singh said that both the Start-ups and Women entrepreneurs
have a very high priority for Prime Minister Narendra Modi and the
Department of Science and Technology is taking all the steps to promote
them to their full potential. Pledging complete support to the Start-ups
by proactively reaching out to them, the Minister promised full financial
support and even offered to change the rules to strengthen the support
system.
Dr Jitendra Singh also launched the SSR and SRIMAN Guidelines on
the occasion and said that Scientific Social Responsibility, SSR as an
institutional mechanism, is a significant step to reach out to the widestspectrum of stakeholders of S&T with knowledge, human resources and
infrastructure to make an effective use of existing assets for the benefit
of society. He said, in tune with the spirit of CSR to earmark some profit
for public service, SSR will enable sharing of knowledge and
Infrastructure.
Dr Jitendra Singh recalled that Prime Minister Narendra Modi during
the Inaugural address of 104th Indian Science Congress in 2017 at
Tirupati, Telangana advocated for Scientific Social Responsibility
(SSR)for engaging science for the societal welfare.
Dr Jitendra Singh said, the broad objective of the Scientific Social
Responsibility (SSR) Guidelines is to harness the latent potential of the
scientific community on voluntary basis for strengthening science and
society linkages and thereby making S&T ecosystem responsive to
societal needs. It primarily involves bridging science-society, sciencescience and society-science gaps, thereby bringing trust, partnership and
responsibility of science at an accelerated pace towards achieving social
goals. He said, SSR activities are going to benefit the communities,
groups, entities or individuals through interactions with the knowledge
workers.
Dwelling on the Scientific Research Infrastructure Sharing
Maintenance and Networks (SRIMAN) Guidelines, Dr Jitendra Singh

with human resource development for operations and management of
RI, the Minister added.
Dr S. Chandrasekhar, Secretary, DST said, the scope of the Guidelines
extends to all Govt. scientific departments, research organisations and
grantee agencies that support development of scientific RI and all the
organisations receiving funds for conducting research and
development. Private institutions can also be partners and/ or
beneficiaries in such endeavours based on mutual agreement.
Shri Rajesh Kumar Pathak, IP&TAFS, Secretary, said that it was on
11thMay 1998, that India had a prideful accomplishment of successfully
conducting Nuclear Missile Test at Indian Army's Pokhran range. It's
after this 1998 monumental event that our Former Prime Minister of
India, Late Sh. Atal Bihari Vajpayee declared India a full Nuclear
Country. Since then, 11th May is being observed as National
Technology Day, with an aim to commemorate the achievements of
scientists, researchers, engineers and all others involved in the field of
science and technology.
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Drones to save lives by providing urban-grade healthcare in rural areas
of India
First successful trial in Asia of long-range vaccine delivery shows how drone technology can be
scaled up across India to meet urgent healthcare needs in remote areas
A new experimental programme has shown how drone technology can
be used to bring quality healthcare to people living in the remotest areas
of India. The announcement was released ahead of the World Economic
Forum Annual Meeting 2022, 22-26 May in Davos-Klosters.
Healthcare professionals delivered vaccines, COVID-19 testing
samples and medical products to a population of over 300,000 people
represented by eight district health facilities in the Vikarabad district of
the southern state of Telangana. The district was chosen because it
includes communities living in the dense forests of the Anantagiri hills.
The trial involved over 300 drone sorties in a 45-day period.

has been a torchbearer for the Fourth Industrial Revolution. Using
drones to successfully enable a case for touching the lives of citizens in
remote and inaccessible areas is a highlight that demonstrates how
drones can be integrated into the healthcare ecosystem. Post Telangana,
several other states have replicated the medical delivery use case.”
Apollo Hospitals was a clinical partner in the trail. Sangita Reddy, joint
managing director, said the organization's mission was “to enable
access to quality healthcare services globally with the use of cuttingedge technology”.
“We look forward to continuing working with the World Economic

The trial oversaw the first vaccine delivery over long range (beyond
visual line of sight) in Asia. It is part of a wider programme, Medicine
from the Sky, led by the World Economic Forum's Centre for the Fourth
Industrial Revolution India, in partnership with the Government of
Telangana, Apollo Hospital's Healthnet Global and NITI Aayog, the
Indian government's federal think-tank. The programme aims to work
with business, policymakers and communities to use drone technology
to extend urban-grade healthcare to India's remotest areas. Multiple
stakeholders were consulted throughout, including healthcare workers,
local communities, local police, district-level administrators and local
air traffic control.
The findings of the trial, outlined in the report Medicine from the Sky,
India: How Drones Can Make Primary Healthcare Accessible to All,
offer a practical vision for delivering essential medicines to citizens who
lack access to basic healthcare.
It comes after the central Indian government brought in Drone Rules
2021, a more liberalized regime for unmanned aircraft systems, which is
expected to transform core sectors of the economy including logistics,
agriculture, healthcare and emergency response. It also follows a drive
to improve rural healthcare, with a range of programmes aimed at
making it more accessible and inexpensive. The pandemic highlighted
the lack of access to healthcare for rural communities due to
infrastructure, supply and transport challenges.
Jyotiraditya Scindia, India's Minister for Civil Aviation, described the
programme as “pathbreaking”. He said: “With the recent liberalization
of drone rules and the numerous government incentives for the drone
sector, the stage is set for this innovative technology to flourish in India.
To that end, the Medicine from the Sky initiative has demonstrated how
the country can successfully make use of cutting-edge drone technology
to ensure no one is left behind in terms of access to primary healthcare.
We are hopeful that subsequent phases of this initiative will mainstream
drones in healthcare.”
As key partners in the programme, the state government of Telangana
earmarked the district of Vikarabad for the trials as it serves
communities in the forests of Anantagiri. KT Rama Rao, Minister for
Municipal Administration and Urban Development, Industries &
Commerce, and Information Technology of Telangana, said: “Telangana

Forum, the Government of Telangana and other states across the
country in this project, which I am sure would be the inception of a new
age in enhancing the healthcare supply chain,” she said.
NITI Aayog involved key decision makers in the programme to ensure
high standards of compliance. “The pilot programme has demonstrated
how detailed planning at the last mile, in consultation with local
communities, can go a long way in ensuring that the country benefits
immensely from drone technology," said Anna Roy, Senior Adviser,
NITI Aayog.
Purushottam Kaushik, Head of the Centre for the Fourth Industrial
Revolution India, said that India's policies on the lower skies are
opening up new possibilities for innovation, business and humanitarian
work. “It's critical that all citizens can benefit from this technology.
This programme is enabling emergency healthcare services in remote
terrain where access to services is very challenging. Drones will not
only transcend difficult terrain but also pave the way for secure delivery
for vaccines, medicines and all sorts of payloads,” he said.
The announcement comes ahead of the World Economic Forum Annual
Meeting 2022, 22-26 May in Davos-Klosters.
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Obituary for Prof. Mamannamana Vijayan
Prof Mamannamana Vijayan sadly passed away on 24 April 2022. He
was well known in macromolecular crystallography both within India
and internationally, and has supported bioinformatics and drug design
efforts within the country.
Hailing from Kerala, he acquired his Masters at Allahabad University
and PhD at the Indian Institute of Science (IISc). After his postdoctoral
studies in Prof Dorothy Hodgkin's laboratory Oxford, U.K., he joined
the Molecular Biophysics Unit (MBU), IISc in 1971. He served as
Chairman of the Department, later as Divisional Chair, Biological
Sciences and subsequently as Associate Director of IISc. He continued
his research in MBU until his last days, where he was the DAE Homi
Bhabha Professor.
Prof Vijayan has made outstanding contributions in structural biology
in India, by launching macromolecular protein crystallography in the
country. In a longstanding collaboration with Prof Surolia, his group
solved the structures of many plant lectins. Importantly, he also
produced generations of excellent crystallographers who have their
own research groups all over India and the rest of the world. He
retained and cherished lifelong friendships with protein
crystallographers like Profs Tom Blundell, Guy and Eleanor Dodson
from the UK, and with Prof Ted Baker from New Zealand. He also
spearheaded a nationwide consortium on structure determination and
drug design of Mycobacterium tuberculosis, thereby firmly supporting
structural bioinformatics. These efforts have organically given rise to
strong networks and a rich heritage which should continue.
He was a recipient of several awards such as Shanti Swarup Bhatnagar
Award, GN Ramachandran Medal (by INSA), IISc Alumni Award,
Ranbaxy Award, Padma Shri, Distinguished Biotechnologist Award by

DBT and GN Ramachandran Award for Excellence in Biological
Science and Technology. He was a member of all three Science
Academies in India and had founded the Asian Crystallographic
Association, a member of International Union of Crystallography
(IUCr). He was a fellow of the Academy of Sciences for the
Developing World (TWAS), and served as President of the Indian
Biophysical Society and the Indian National Science Academy.
He has mentored numerous students in his capacity as Guide and
Chairperson of the Department. He is well-known for his unique sense
of kindness, cheer and positivity. Apart from being a mentor, he was
also an excellent human being and a gracious host. He will be sadly,
terribly missed. But, he has shown a path of scientific rigour for
generations of scientists.
He leaves behind his wife Kalyani and his daughter Dorothy Devayani.
Our heartfelt condolences to them.
Source: NCBS News release. Author: Prof. R. Sowdhamini

2022 World Food Prize Awarded to NASA Climate Scientist Dr. Cynthia
Rosenzweig
Leading climatologist, agronomist and former farmer Dr. Cynthia
Rosenzweig has been named the 2022 World Food Prize Laureate for her
pioneering work in modeling the impact of climate change on food
production worldwide. She was recognized for leading the global
scientific collaboration that produced the methodology and data used by
decision-makers around the world.
Awarded by the World Food Prize Foundation, the $250,000 prize
honors Dr. Rosenzweig's achievements as the founder of the
Agricultural Model Intercomparison and Improvement Project
(AgMIP), a globally integrated transdisciplinary network of climate and
food system modelers. AgMIP is dedicated to advancing methods for
improving predictions of the future performance of agricultural and food
systems in the face of climate change, providing the evidence base for
effective food system transformation. Her leadership of AgMIP has
directly helped decision-makers in more than 90 countries enhance their
resilience to climate change.

The award announcement was offered during a ceremony hosted by the
U.S. Department of State. Barbara Stinson, President of the World
Food Prize Foundation, announced the 2022 Laureate, who will
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officially receive the World Food Prize in a renowned ceremony in
October. U.S. Secretary of Agriculture Thomas J. Vilsack, Under
Secretary of State for Economic Growth, Energy, and the Environment
Jose W. Fernandez, Assistant Secretary for Economic and Business
Affairs Ramin Toloui and Special Envoy for Global Food Security Dr.
Cary Fowler gave remarks.
Announcing Dr. Rosenzweig's award, Barbara Stinson said: “I am
honored to announce the selection of Dr. Rosenzweig as the 2022
Laureate given the tremendous contributions of her career over the last
four decades. Dr. Rosenzweig has brought powerful computational
tools into practical application in agriculture and food systems. Her
work has shaped our understanding of the relationship between food
systems and climate change. She advanced the use of multiple models
and created networks of scientists to use them. These innovations have
contributed to many countries' ability to respond effectively to the crisis
we face in climate change.”

Dr. Rosenzweig, Senior Research Scientist at the NASA Goddard
Institute for Space Studies and Adjunct Senior Research Scientist at the
Columbia Climate School, spent four decades cultivating the
understanding of the biophysical and socio-economic impacts of the
interaction between climate and food systems via rigorous
observational and modeling research approaches. As a pioneer in this
field, Dr. Rosenzweig has participated as a Lead or Coordinating Lead
Author on three global assessments of the Intergovernmental Panel on
Climate Change (IPCC). Her work contributed to the scientific
foundation of the United Nations Framework Convention on Climate
Change (UNFCCC), the process which led up to the Paris Agreement
on Climate Change in 2015. Her research also supports work in many
countries to develop National Adaptation Plans and National
Determined Contributions for the UNFCCC.
Source: World Food Prize Foundation news release

Priyamvada Natarajan receives Liberty Science Center 'Genius Award'
Priyamvada Natarajan, a Yale astrophysicist who explores cosmology,
gravitational lensing, and black hole physics, is being honored with a
Liberty Science Center (LSC) Genius Award for her extensive body of
work mapping the unseen universe.
The awards, created in 2011, celebrate innovation, accomplishment,
creativity, science, and technology. They are presented at an annual
“Genius Gala” that has raised nearly $19 million for LSC's STEM
education programs.
Previous honorees include Jane Goodall, Oliver Sacks, Dr. Katherine
Johnson, Frank Gehry, and Nobel Prize-winning astrophysicist Kip
Thorne, as well as Yale faculty members Laurie Santos, a professor of
psychology and director of Yale's Comparative Cognition Laboratory,
and Drs. Sally and Bennett Shaywitz, co-founders of the Yale Center for
Dyslexia and Creativity.
“I am deeply grateful and humbled by this award and recognition,” said
Natarajan, who is a professor of astronomy and of physics and incoming
chair of the Department of Astronomy in Yale's Faculty of Arts and
Sciences. “My own love affair with the cosmos started when I was a kid
growing up in India visiting the Nehru Planetarium in New Delhi
regularly.
“It is a real honor and privilege to be a scientist and engage deeply with
our wondrous and mysterious universe and be able to share insights,
exciting results, and most of all the thrill of discovery with everyone.”
Natarajan is also director of Yale's Franke Program in Science and the
Humanities.
Natarajan will spend this summer as the Schroedinger Visiting Professor
at the Pauli Center for Theoretical Studies in Zurich, Switzerland, jointly
hosted by ETH Zurich and the University of Zurich. Eminent theoretical
physicists appointed to this chair are invited to give a general theory
colloquium (the Schroedinger Lecture), as well as a short course on a
more specialized topic. Natarajan will give the Schroedinger Lecture on

her work mapping dark matter and a short course on the formation of the
first black holes. She will be the first woman to be conferred with this
honor.
Natarajan joined the Yale faculty in 2000. She is the author of the
award-winning book “Mapping the Heavens: The Radical Scientific
Ideas that Reveal the Cosmos” (Yale University Press), and her
groundbreaking research focuses on unseen material such as dark
matter, dark energy, and black holes.
A video of Natarajan's work was shown in the Liberty Science Center's
planetarium in New Jersey — the largest planetarium in the Western
Hemisphere.
Fellow Genius Award honorees this year are Hugh Herr, co-director of
the Center for Extreme Bionics at the MIT Media Lab; and Robert
Montgomery, pioneer of both the laparoscopic procedure for live
kidney donation and the practice of domino-paired kidney swaps.
Source: Yale University news release. Author: Jim Shelton
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The story of DNA: past and present
Pooja S Madhavan
Saveetha College of Allied Health Sciences, Saveetha Nagar, Thandalam, Chennai - 602 105Chennai. Email: poojasm95@gmail.com

T

he discovery of DNA and its applications in medicine changed
the face of biology to as we know it today. It has paved the way
to many exhilarating technologies that has benefitted the
humankind. It is not surprising that we have a dedicated day to celebrate
the molecule of life. The 'DNA Day' is celebrated on 25th April every
year. It was on this day that the structure of DNA elucidated by Watson
and Crick was published in Nature. It also marks the day 'The Human
Genome Project' was completed. Watson and Crick have essentially
become the face of DNA discovery, however it is only fair that we
remember the many scientists who have helped us in building the story
of DNA, brick-by-brick.
Today what we know as DNA was discovered because one man
Fredrich Meischer was curious about the chemical composition of cells.
It was the era when cells were newly discovered and deemed the basic
unit of life. Meischer procured pus filled bandages from local clinics and
set about studying them through alkaline treatment. When the white
blood cells burst out the contents were released, he termed them as
'nuclein.' Upon finding its acidic nature he renamed it as 'nucleic acid.'
However its significance was to be realized much later.
Next in the story of DNA comes the discovery of 'chromatin' by Walther
Flemming. During the study of cell division, he discovered thin thread
like structures that take up color and called them 'chromatin' which
further led to the deduction that chromosomes contain DNA. However
they were still not believed to be the carrier of genetic material as
proteins seemed to bag the role due to their diverse nature and enormous
functionality. The nucleotides as building blocks were disovered few
years down the line and Phoebus Levene discovered the phosphate
backbone. These discoveries form the initial chapters of the DNA story
for they set the stage for us to further unravel the mystery that the DNA
was.
A major breakthrough in the process came much later in the 20th century.
Although the DNA molecules were thought to be continuous chains of
tetranucleotides they did not spark interest like the amino acid
sequences forming proteins. It was only after the famous 'Griffith
experiment' that Avery, McLeod and McCarty brought about the
knowledge of DNA being the genetic material passing from one
generation to other through their 'Transforming principle' experiment.
This breakthrough was successful in bringing back a lot of focus on the
DNA and thus began more extensive studies to better understand this
magic molecule.
Progress in the story of DNA was brought about by Erwin Chargaff.
Inspired by Avery's work, he set about understanding the nucleic acids
through paper chromatography and found that the amount of A, T, G, C
differed from species to species but was conserved within the species.
He further discovered the famous A-T G-C ratio which came to be
known as the Chargaff rule. This became a crucial piece of the puzzle.
Ardent research by many scientists in the field of X-ray and X-ray
crystallography paved way for the use of X-ray crystallography to
understand the structure of DNA.

The 'DNA Day' is celebrated on 25th
April every year. It was on this day
that the structure of DNA elucidated
by Watson and Crick was published in
Nature. It also marks the day' The
Human Genome Project' was
completed.

In the late 1940s when Maurice Wilkins pulled out long strands of DNA
from solutions using a glass rod, the idea that there was some regularity
in the structure of DNA intrigued him and took up producing X-ray
pictures of the DNA. He was then joined by Rosalind Franklin, a
renowned name in the world of X-Ray crystallography for her work on
that of coals. She produced the best images of DNA with her
revolutionary idea of using DNA B form with less water content than the
traditionally used A form. The helical structure was better seen now.
When Wilkins showed this photograph to Watson and Crick, it brought
about their Eureka! moment. During the course of their model building,
they were again helped by Jerry Donohue in incorporating Chargaff's
rule through hydrogen bonding. They successfully built the structure
model compatible to the DNA function and made the defining moment
of modern biology possible. They won the Nobel Prize alongside
Wilkins for their remarkable contribution. Unfortunate circumstances
led to the passing away of Franklin before the announcement of the
awards. However it is not exaggeration to call her the 'mother of DNA.'
At this juncture, it is noteworthy to credit Meselson and Stahl who gave
the semi-conservative model of replication and further strengthened the
validity of the model built by Watson and Crick. This form the illustrious
pathway the discovery of DNA has taken to make modern science and
medicine what it is today. All the immense efforts culminated in taking
up the human genome project, a landmark moment in history. Although
the sequencing was complete in 2003, researchers recognized the many
gaps to be filled. It was only realized very recently through the gap-less
sequencing given by the 'telomere to telomere consortium.' This T2T
consortium formed by numerous scientists across the world have
successfully built what was started by the HGP. While this forms the
present story of the DNA, it is imperative to consider its future. Have we
unraveled all secrets of the DNA? While we know more now it is never
absolute when it comes to science! Hence the future still holds various
opportunities for us the better understand the molecule of life and its
limitless potentials. Through this story of DNA, all I wish to emphasize
is that each effort adds to the big picture. Many scientists have reiterated
time and again that science can never be done alone. Every little drop of
research goes a long way towards building the ocean of knowledge.
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New methods of analyzing DNA will allow for a better
understanding enabling more targeted treatments

B

y using new methods for analyzing DNA data and medical
records, researchers from Brown University are helping
improve the understanding of complex traits that will make
more discoveries relevant to non-white, non-European ancestry groups.
In a study published in the May 5 issue of the American Journal of
Human Genetics, the researchers illustrated examples of the robust
associations of trait determinants, or patterns of similarity, while
studying 25 traits in over 600,000 individuals from seven diverse
human ancestries. With these similarities, discoveries about the nature
of diseases or illnesses and their responses to potential treatments
become more relevant to larger groups of people — including
populations that had previously been ignored or understudied.
Genome-wide association (GWA) datasets, which are commonly used
by geneticists, are based on the assumption that individual genetic
mutations underwrite the genetic basis of traits, explained study author
Sohini Ramachandran, a professor of biology and computer science
who directs both the Center for Computational Molecular Biology and
the Data Science Initiative at Brown. The idea is that a discovery about
those mutations will be relevant to all people across a range of diverse
ancestry groups, so that if the finding is used to develop treatments for
genetic conditions, it will be applicable for all people with that
condition.

However, recent studies have shown that GWA results estimated from
self-identified European individuals are not transferable to nonEuropean individuals. Because of this, the insights from the datasets are
largely biased toward sampling individuals with European ancestry. The
statistical hypothesis underlying the GWA framework is unfairly
restrictive, Ramachandran said.
Thus the researchers used a new “enrichment analysis” methodology,
previously developed in a collaboration between Ramachandran and
Brown assistant professor of biostatistics Lorin Crawford, to address
bias and underrepresentation.
“In this paper, which involved very careful analysis of a ream of data
across multiple biobanks, we show that data viewed only through a very
specific GWA lens may look disparate and irreconcilable,”
Ramachandran said. “Yet, viewed in a more equitable way, with a more
expansive methodology, it becomes biologically unified, interpretable,
and, importantly, actionable.”
Ramachandran's interest in the topic started when she learned about a
study showing that children with acute lymphoblastic leukemia had
different responses to the standard treatment regimen depending upon
their ancestry group — for example, non-white children were more
likely to relapse and had a worse prognosis. As an evolutionary biologist
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New methods of analyzing DNA will allow for a better understanding enabling more targeted treatments

The researchers studied 25 traits in
566,786 individuals from seven
diverse self-identified human
ancestries in the U.K. Biobank and
the Biobank Japan, as well as 44,348
individuals from the PAGE
Consortium including cohorts of
African American, Hispanic and Latin
American, Native Hawaiian, and
American Indian/Alaska Native
individuals. They performed
statistical tests of association at the
mutation, gene and pathway level for
the 25 quantitative traits.

and population geneticist, Ramachandran started thinking about the
increasing reliance on GWA studies in the development of
“personalized” treatments for diseases and conditions.
“There wasn't a lot of discussion around the extent to which the results
from these studies were going to be directly applicable to all
ancestries,” she said. “And based on population genetics and theory, it
just seemed really unlikely that this was going to pan out in a way that
was equitable.”

A fresh look at the data
With other Brown researchers, including Crawford and Samuel Pattillo
Smith, Ramachandran started working on developing statistical
techniques that moved beyond individual mutations to include genes
and pathways.
It's not as if this information didn't exist; over the past two decades,
funding agencies and biobanks around the world have made enormous
investments to generate large-scale datasets of genotypes, exomes and
whole-genome sequences from diverse human ancestries, which are
then merged with medical records and quantitative trait measurements.
However, the researchers explained, analyses of such datasets are
usually limited to the GWA association analyses that assume a direct
correlation between mutations and traits.
The researchers studied 25 traits in 566,786 individuals from seven
diverse self-identified human ancestries in the U.K. Biobank and the
Biobank Japan, as well as 44,348 individuals from the PAGE
Consortium including cohorts of African American, Hispanic and Latin

American, Native Hawaiian, and American Indian/Alaska Native
individuals. They performed statistical tests of association at the
mutation, gene and pathway level for the 25 quantitative traits.
They identified 1,000 gene-level associations that are genome-wide
significant in at least two ancestry groups across these 25 traits, as well
as pathway associations in European, East Asian and Native Hawaiian
groups. A majority of these would not have been identified using GWA
alone, the researchers said.
“Instead of focusing on the single mutation statistical tests — GWA —
we are basically opening up a larger retinue of tests that can look for
patterns at the gene level or the biologically annotated pathway level,”
said Pattillo Smith, a computational biology Ph.D. candidate in
Ramachandran's lab. “For a long time, scientists have been so focused
on the effect of individual mutations that a lot of valuable information is
being ignored in GWA studies or going unreported in resulting
publications — especially in ancestry populations that have smaller
cohorts because the test at the mutation level is incredibly sensitive to a
number of confounding factors. One of the benefits of aggregating
across mutations to the level of a region or gene is that you can kind of
smooth those things over and be more robust in your detection of the
genome-to-trait relationship.”
The researchers were aiming for what's called “biological
interpretability,” Ramachandran said, “which is how we could deploy
these methods in a way to analyze biobanks to their full extent, and take
advantage of all the information they have to offer.”

Applying unbiased methodology to biased data
sets
In the paper, the researchers discuss how biobanks are heavily skewed
toward people who self-identify as having European ancestry, noted
Crawford, an assistant professor of biostatistics at Brown affiliated with
the Center for Computational Molecular Biology. A hidden gem of this
new research, Crawford said, is that it shows how developing
sophisticated statistical methods can help overcome limitations like an
underrepresented sample of non-European ancestry groups.
“You don't have to wait until the number of people from other ancestry
groups is equal to the number of people self-identifying as European,”
Crawford said. “In fact, even if more data is generated, the same
imbalance is likely to be perpetuated. In the meantime, statistical
methods at higher scales of genes and pathways can still help us gain
insight into genetic architecture that can be applied in a beneficial way to
these underrepresented ancestry groups. This methodology can help us
use data more equitably, right now.”
In a field like genomics, the stakes are high, Ramachandran said.
“It's really important to us that we understand trait architecture better so
that we can make steps towards providing effective therapies for
everyone, from every ancestry group.”
Source: Brown University news release.
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Mosquito brains encode human odor so they can seek
us out

M

ost of the world's mosquitos are opportunistic, willing to
drink blood from any nearby source. But in some regions,
the mosquitoes that carry Zika, dengue and yellow fever —
Aedes aegypti — have evolved to bite humans almost exclusively. But
to succeed as a specialized feeder, depending on just one species — ours
— to survive, they must have evolved incredibly precise targeting
strategies. How do they do it?
“We set out to try to understand how these mosquitoes distinguish
human and animal odor,” said Carolyn “Lindy” McBride, an assistant
professor of ecology and evolutionary biology and neuroscience, “both
in terms of what it is about human odor that they cue in on and what part
of their brain allows them to cue in on those signals.”
After years of dedicated work, including countless scientific and
technological challenges, her team has discovered answers to both parts
of this equation. What is it that the mosquitos are detecting, and how do
they detect it? Their results appear in the journal Nature.
McBride described their mosquito-centric approach: “We sort of dove
into the brain of the mosquito and asked, 'What can you smell? What
lights up your brain? What's activating your neurons? And how is your
brain activated differently when you smell human odor versus animal
odor?'”
Then-graduate student Zhilei Zhao, a 2021 Ph.D. alumnus who is now
at Cornell, pioneered their novel approach: imaging mosquito brains at
very high resolution to watch how the mosquito identifies its next
victim. To do that, he had to first genetically engineer mosquitos whose
brains lit up when active, and then the team had to deliver human- and
animal-flavored air in ways that the mosquitos could detect while inside
the team's custom-built imaging equipment.
Human odor is composed of dozens of different compounds, and those
same compounds, in slightly different ratios, are present in most
mammal odors. None of those compounds is attractive to mosquitoes by
itself, so the challenge was to determine the exact blend of components
that mosquitos use to recognize human odor.
The team concluded that two chemicals, decanal and undecanal, are
enriched in human odor. They patented a blend featuring decanal that
they hope could lead to baits attracting mosquitoes to lethal traps, or
repellants that interrupt the signal.
To provide comparison mammals to test, graduate student Jessica Zung
worked with former research specialists Alexis Kriete and Azwad Iqbal
to collect hair, fur and wool samples. For this paper, the team used odor
from sixteen humans, two rats, two guinea pigs, two quail, one sheep
and four dogs. Howell Living History Farm in Hopewell, N.J., donated
several fleeces from their spring sheep shearing; for another
domesticated mammal, Zung went to a PetSmart grooming salon and
gathered trimmed hairs from recently groomed pet dogs.
“For the human samples, we had a bunch of great volunteers,” Zung
said. “We had them not shower for a few days, then strip down naked
and lie down in a Teflon bag.” Why naked? Because cotton, polyester

Photo by iStock
and other clothing fibers have their own smells that would distort the
data.
Once they conquered the technical challenges — retrieving the human
and animal odors nondestructively, designing a system that allowed
them to puff human odor at the mosquitos in the imaging setup, creating
a wind tunnel to test simple blends or single compounds, and breeding
viable strains of mosquitos whose brains respond to the equipment —
they began gathering data.
Very surprising data.
Before this study, researchers speculated that mosquito brains must have
a complicated, sophisticated technique for distinguishing humans from
other animals. Quite the opposite, it turned out.
“The simplicity surprised us,” said McBride. “Despite the complexity of
human odor, and the fact that it doesn't really have any kind of humanspecific compounds in it, the mosquitoes have evolved a surprisingly
simple mechanism for recognizing us. To me, it's an evolutionary story:
if we created a statistical test to differentiate human odor, it would be
very complex, but the mosquito does something remarkably simple, and
simple usually works pretty well, when it comes to evolution.”
In other words, simple solutions tend to breed true, over evolutionary
time.
Mosquito brains have 60 nerve centers called glomeruli (singular:
glomerulus). The team had hypothesized that many — maybe even most
— would be involved in helping these human-dependent mosquitos find
their favorite food.
“When I first saw the brain activity, I couldn't believe it — just two
glomeruli were involved,” Zhao said. “That contradicted everything we
expected, so I repeated the experiment several times, with more humans,
more animals. I just couldn't believe it. It's so simple.”
Of the two nerve centers, one responds to many smells including human
odor, essentially saying, “Hey, look, there's something interesting
nearby you should check out,” while the other responds only to humans.
Having two may help the mosquitos home in on their targets, the
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Scientists have solved an egg forgery scandal two
million years in the making

Cuckoo finch and host chicks. A cuckoo finch chick (top) begs for food very vigorously as soon as it hatches, outcompeting the host parents' own
chicks ‐ here zitting cisticolas ‐ which typically soon die of starvation.

A

round the world, many birds side-step the costs of parenthood
by laying their eggs in the nest of other species. This lifestyle,
termed “brood parasitism”, has many advantages but also
presents challenges such as how to convince the other species to accept
a foreign egg.
Many brood parasites achieve this by mimicking the colours and
patterns of their host's eggs, but some exploit the care of several
different host species whose eggs all look different.
How then can a single brood-parasitic bird species simultaneously
mimic the eggs of several different bird species to trick them into raising
their young?
And how do these parasitic forgers pass this ability on to their young
despite interbreeding between birds raised by different hosts?
These questions have been puzzling scientists for more than a century.
Now genetic research by an international team led by Professor Claire
Spottiswoode from the Cambridge's Department of Zoology and the
FitzPatrick Institute of African Ornithology, University of Cape Town;
and Professor Michael Sorenson at Boston University, has made a
major breakthrough, and their findings may be bad news for the egg
forgers.

The study, published in PNAS, focusses on the genetics of egg mimicry
in the cuckoo finch, a species which adopts a brood-parasitic lifestyle
and exploits many species of warbler across Africa.
The research reveals that female cuckoo finches inherit their ability to
mimic the appearance of their hosts' eggs from their mothers, via the
female-specific W chromosome (analogous to the male-specific Y
chromosome in humans).
Such 'maternal inheritance' allows cuckoo finches to side-step the risk of
inheriting the wrong mimicry genes from a father raised by a different
host, and so has allowed distinct lineages of cuckoo finch females to
evolve specialised egg mimicry of several different host species. Such
mimicry dupes host parents into accepting a parasitic egg as their own
rather than throwing it out of the nest, and so has been crucial to the
success of these African birds.
But the researchers believe that this long-established 'genetic
architecture' of maternal inheritance may come back to haunt the cuckoo
finches. Dr Spottiswoode said:
“In this particular coevolutionary arms race between species, natural
selection has created a double-edged sword."
“While maternal inheritance has allowed cuckoo finches to exploit
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Scientists have solved an egg forgery scandal two million years in the making
multiple host species, it's likely to slow their ability to evolve counteradaptations as their hosts evolve new defences.
“In particular, parasites face a daunting challenge because some host
species have in return evolved an astonishing diversity of egg colour and
pattern 'signatures', that help hosts to distinguish their own eggs from
parasitic mimics.”
The field data were collected at a study site in southern Zambia together
with Dr Wenfei Tong and Dr Gabriel Jamie from the University of
Cambridge and Ailsa Green, Silky Hamama, Ian Taylor and Collins
Moya from the surrounding community in Zambia.
Cuckoo finches in this area trick four different species of grass-warbler
to devastating effect: if host parents fail to detect and remove a parasitic
egg in their nest, the young cuckoo finch typically outcompetes the
hosts' own hatchlings, which soon starve to death.
The team collected DNA samples from 196 cuckoo finches from 141
nests belonging to the four grass-warbler species and studied the
majority by sequencing thousands of short segments across their
genomes.
In their fightback against the forgers, grass-warblers have become
skilled quality controllers, rejecting eggs that differ from their own in
colour and pattern, and all four species have evolved the ability to
deposit unique 'signatures' onto their own eggs to enhance their
detection of intruders. Tawny-flanked prinias, for example, lay eggs
with blue, white, red, or olive-green backgrounds overlaid with a variety
of patterns.
Cuckoo finches have responded not only by evolving mimicry of the
eggs of their several host species but have also further diversified to
mimic at least some of the signature-like variation seen in the eggs of
different females within each host species.
The team established that both abilities are handed down through
maternal inheritance, finally validating a hypothesis first proposed in
1933 by ornithologists pondering how the common cuckoo in Europe
was similarly able to mimic the eggs of several different host species.

Mosquito brains encode human odor so they can seek ...
researchers suggest.
That was one of the biggest “Eureka!” moments in the project, said
McBride. “Zhilei had worked for a couple years to get the transgenic
mosquitoes that he needed, and then we found that we didn't have a good
way to deliver human odor. So we worked for another year or two,
coming up with ideas to try to figure out how to deliver enough human
odor in a controlled enough way to see a response. Then, the first time
we tried this new technology that we described in the paper — this new
way of delivering odors — he actually saw a brain respond. It was
incredible.”
By determining the glomeruli that mosquitos use to detect humans and
identifying what it is they are detecting — decanal and undecanal — the
team has an elegantly straightforward answer to their questions, noted
Zung.
“If this were purely a neuro imaging paper, there would be some

Forgers facing an uncertain future.
The researchers believe that the cuckoo finches now face an uphill
struggle because they cannot recombine the different forgery traits
evolved by their separate family lines.
For example, two different lineages of cuckoo finch mothers have
evolved eggs with either blue or red backgrounds, as an evolutionary
response to similar diversity in their tawny-flanked prinia hosts, but
there is no evidence that they can create the precise mixture of pigments
needed to produce the olive-green eggs that some host females can
produce.
In a previous study, Professor Spottiswoode found that a growing
proportion of eggs laid by tawny-flanked prinia hosts are olive-green,
suggesting this is part of an accelerating evolutionary fightback. As
expected, the team found that these host birds are passing down their
anti-fraud 'egg signature' abilities through a different genetic process (biparental inheritance) to that used by the cuckoo finches. Spottiswoode
said:
“Cuckoo finches are missing out on a powerful source of evolutionary
novelty and that could prove costly in this ongoing arms race."
She added: "The way they inherit their ability to mimic host eggs has a
downside by likely making the grass-warblers' defences more effective
and constraining the parasite's ability to respond.
“We may see the emergence of unforgeable egg signatures which could
force cuckoo finches to switch to other naïve host species. Or the
parasitic birds might become increasingly dependent on young host
individuals that haven't yet learned their own signatures and are bad at
spotting mismatched eggs.”
The study argues that 'selection from host defences drove cuckoo finches
to transfer control of egg appearance to the maternally inherited part of
the genome' at least 2 million years ago.
Source: University of Cambridge news release. Author: Tom AlmerothWilliams

continued from page 11
questions remaining,” she said. “If this were purely an odor analysis
paper, there would still be unanswered questions. A purely behavior
paper, same thing. But one real strength of this project is that we were
able to bring in so many different methods and the expertise of so many
people. And Lindy was just amazing and willing to learn about and
invest in all these different methods.”
“This entire project is incredibly collaborative,” Zhao agreed. “We were
tackling so many lines of evidence that have now converged into a
cohesive story, and that requires so much different expertise. I hadn't
studied any neuroscience before I came to Princeton, but we have the
Princeton Neuroscience Institute here, with so many talented people I
could learn from. For the odor science part, I have no background in that,
but Jessica is an expert. And for the wind tunnel setup, we collaborated
with researchers in Sweden. If we had done everything ourselves, we
might not have gotten such good results; it's only through collaboration
that we got here.”
Source: Princeton University news release. Author: Liz Fuller-Wright
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New methods to counter the vulnerabilities in push
notification-based two-factor authentication systems
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A

s an extra layer of security, several online services have
adopted push notification-based two-factor authentication
systems, whereby users must approve login attempts through a
mobile device. In current authentication systems, especially the “tap to
approve” approach, there is no explicit link that indicates
correspondence between the user's browser session and the notification
they receive on their device. This vulnerability can be exploited by an
attacker.
To address this issue, a team of researchers that includes Nitesh Saxena,
professor in the Department of Computer Science and Engineering at
Texas A&M University, has designed new, easy-to-use methods to
counter the vulnerabilities in push notification-based two-factor
authentication systems.
“The mechanisms we designed have a similar usability to the original
push notification-based authentication method, but they improve
security against concurrent login attacks,” said Saxena. “If a user
receives two notifications, the notification that corresponds to the
browser's session of the attacker will differ. Therefore, the user should
be able to detect that something is amiss and not accept the wrong
notification.”
The team's paper describing the research was published in the
proceedings from the 2021 Institute of Electrical and Electronics
Engineers' European Symposium on Security and Privacy (EuroS&P),
one of the premier venues for cutting-edge cybersecurity research.
Push notifications are clickable pop-up messages sent directly to a user's
mobile or desktop device via an installed application. They can appear at
any time and show various things such as the weather, breaking news,
missed calls or text messages, reminders, etc.
They can also be utilized as second-factor authentication (or passwordless authentication), which works as an additional layer of security to
protect users' online accounts from attackers. With push notification
authentication, a push notification is sent directly to a mobile device —

usually a smartphone — registered to an online account, alerting the user
that a login attempt is taking place. The user can then review the
notification details and either approve or deny the request by tapping a
button.
One of the main advantages of this method is that it's a simple way to
authenticate login attempts that don't require the users to remember and
manage complex passwords for their accounts. Over the past few years,
there's been a sharp increase in the adoption of push notification-based
authentication systems like Duo-Push and Authy. They have also been
commercially adopted by major software and service companies like
Google, Twitter and several academic entities.
While this method is fundamentally more user-friendly than the onetime password method, it contains several security risks, one of which is
called a concurrency attack, introduced in Saxena's research.
During this type of attack, a malicious actor will acquire a user's
password and launch a login session simultaneously as the primary user,
gaining access to the user's login credentials. If the attacker and user log
in simultaneously, the user's device will receive two “push to approve”
notifications. Because there is no fundamental difference between the
two notifications, they could unknowingly accept the attacker's
notification, giving them access to sensitive information.
An early solution the researchers developed, which is mentioned in their
European Symposium on Security and Privacy paper, consisted of using
a random four-digit number the user would have to compare and match
to accept the notification. With this type of approach, however, there's a
high chance that they will not look at it close enough and accept the
attacker's notification.
“There is a large amount of literature in the usability security community
showing that people don't pay attention to these security notifications,
warnings and things of that nature,” Saxena said. “They bypass them by
pressing the OK button so that they can connect and pursue their main

14 The Scitech Journal Volume 09 Issue 06 June 2022

continued on page 16

FOCUS FEATURE

From seawater to drinking water, with the push of a
button

Credits: Photo: M. Scott Brauer

M

IT researchers have developed a portable desalination unit,
weighing less than 10 kilograms, that can remove particles
and salts to generate drinking water.

Combat Capabilities Development Command (DEVCOM). The
research has been published online in Environmental Science and
Technology.

The suitcase-sized device, which requires less power to operate than a
cell phone charger, can also be driven by a small, portable solar panel,
which can be purchased online for around $50. It automatically
generates drinking water that exceeds World Health Organization
quality standards. The technology is packaged into a user-friendly
device that runs with the push of one button.

Commercially available portable desalination units typically require
high-pressure pumps to push water through filters, which are very
difficult to miniaturize without compromising the energy-efficiency of
the device, explains Yoon.

Unlike other portable desalination units that require water to pass
through filters, this device utilizes electrical power to remove particles
from drinking water. Eliminating the need for replacement filters greatly
reduces the long-term maintenance requirements.
This could enable the unit to be deployed in remote and severely
resource-limited areas, such as communities on small islands or aboard
seafaring cargo ships. It could also be used to aid refugees fleeing natural
disasters or by soldiers carrying out long-term military operations.
“This is really the culmination of a 10-year journey that I and my group
have been on. We worked for years on the physics behind individual
desalination processes, but pushing all those advances into a box,
building a system, and demonstrating it in the ocean, that was a really
meaningful and rewarding experience for me,” says senior author
Jongyoon Han, a professor of electrical engineering and computer
science and of biological engineering, and a member of the Research
Laboratory of Electronics (RLE).
Joining Han on the paper are first author Junghyo Yoon, a research
scientist in RLE; Hyukjin J. Kwon, a former postdoc; SungKu Kang, a
postdoc at Northeastern University; and Eric Brack of the U.S. Army

Instead, their unit relies on a technique called ion concentration
polarization (ICP), which was pioneered by Han's group more than 10
years ago. Rather than filtering water, the ICP process applies an
electrical field to membranes placed above and below a channel of water.
The membranes repel positively or negatively charged particles —
including salt molecules, bacteria, and viruses — as they flow past. The
charged particles are funneled into a second stream of water that is
eventually discharged.
The process removes both dissolved and suspended solids, allowing
clean water to pass through the channel. Since it only requires a lowpressure pump, ICP uses less energy than other techniques.
But ICP does not always remove all the salts floating in the middle of the
channel. So the researchers incorporated a second process, known as
electrodialysis, to remove remaining salt ions.
Yoon and Kang used machine learning to find the ideal combination of
ICP and electrodialysis modules. The optimal setup includes a two-stage
ICP process, with water flowing through six modules in the first stage
then through three in the second stage, followed by a single
electrodialysis process. This minimized energy usage while ensuring the
process remains self-cleaning.
“While it is true that some charged particles could be captured on the ion
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From seawater to drinking water, with the push of a button
exchange membrane, if they get trapped, we just reverse the polarity of
the electric field and the charged particles can be easily removed,” Yoon
explains.
They shrunk and stacked the ICP and electrodialysis modules to improve
their energy efficiency and enable them to fit inside a portable device.
The researchers designed the device for nonexperts, with just one button
to launch the automatic desalination and purification process. Once the
salinity level and the number of particles decrease to specific thresholds,
the device notifies the user that the water is drinkable.
The researchers also created a smartphone app that can control the unit
wirelessly and report real-time data on power consumption and water
salinity.

Beach tests
After running lab experiments using water with different salinity and
turbidity (cloudiness) levels, they field-tested the device at Boston's
Carson Beach.
Yoon and Kwon set the box near the shore and tossed the feed tube into
the water. In about half an hour, the device had filled a plastic drinking
cup with clear, drinkable water.
“It was successful even in its first run, which was quite exciting and
surprising. But I think the main reason we were successful is the
accumulation of all these little advances that we made along the way,”
Han says.
The resulting water exceeded World Health Organization quality
guidelines, and the unit reduced the amount of suspended solids by at

least a factor of 10. Their prototype generates drinking water at a rate of
0.3 liters per hour, and requires only 20 watts of power per liter.
“Right now, we are pushing our research to scale up that production
rate,” Yoon says.
One of the biggest challenges of designing the portable system was
engineering an intuitive device that could be used by anyone, Han says.
Yoon hopes to make the device more user-friendly and improve its
energy efficiency and production rate through a startup he plans to
launch to commercialize the technology.
In the lab, Han wants to apply the lessons he's learned over the past
decade to water-quality issues that go beyond desalination, such as
rapidly detecting contaminants in drinking water.
“This is definitely an exciting project, and I am proud of the progress we
have made so far, but there is still a lot of work to do,” he says.
For example, while “development of portable systems using electromembrane processes is an original and exciting direction in off-grid,
small-scale desalination,” the effects of fouling, especially if the water
has high turbidity, could significantly increase maintenance
requirements and energy costs, notes Nidal Hilal, professor of
engineering and director of the New York University Abu Dhabi Water
research center, who was not involved with this research.
“Another limitation is the use of expensive materials,” he adds. “It
would be interesting to see similar systems with low-cost materials in
place.”
Source: MIT news release, Author: Adam Zewe, MIT News Office

New methods to counter the vulnerabilities in push notification-based ... continued from page 14
task. They don't anticipate an attack, so we didn't want to use this
method.”
To address this design flaw, the researchers designed a new method
called REPLICATE. With REPLICATE, users need to approve the
login attempt by replicating a randomized interaction presented on the
browser session over on the login notification, explicitly binding the
notification to the user's browser session. For example, the user would
be instructed to drag a key icon in a particular direction in one
interaction. In another interaction, the user would be shown colored
buttons and press the correct one.
While the interactions are simple to perform, they will prevent a
concurrency attack from occurring because the interaction required to
validate the user's session will differ from the interaction the attacker
will be required to perform to approve their session.
To test the effectiveness of the interface, the team conducted a usability
study with 40-50 participants, where they evaluated and compared its
efficacy to the “just tap” method. They found that the study participants
could successfully carry out the simple tasks efficiently with little to no
errors.
“If the attacker were to log in at the same time to carry out an attack
against this method, they wouldn't succeed because the user is matching
their browser session with the notification and wouldn't be able to accept

the attacker notification,” Saxena said.
In addition to studying REPLICATE's effectiveness with a larger study
group to better measure its usability and adaptability in practice, the
researchers want to increase the randomness of the process of matching
the browser session with the notification.
“For example, when you look at the number of options for the key drag
interaction, the randomness involved in this process is very low,” Saxena
said. “If the user receives two notifications, one saying, 'drag it up' and
the other 'drag it down,' the user could pick the attacker's notification,
perform that operation, and accept it. Although we did not see it in the
study, there's still a small possibility that it could happen, so that would
be one thing we need to solve.”
Saxena also recently received a grant from the National Science
Foundation to study the security and usability of push-based two-factor
authentication systems and potential security vulnerabilities.
Contributors to this line of research include Mohammed Jubur, the
University of Alabama, Birmingham; Prakash Shrestha, Jay Prakash and
Clarice Chua Qing Yuy, Silence Laboratories, Singapore; and Tanvi
Ravindra Thombre, Andrei Bytes, Lucienne Blessing, Jianying Zhou
and Tony Quek, Singapore University of Technology and Design,
Singapore.
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High energy use provides little benefit for health and wellbeing in richer nations
A good, long life requires energy: to illuminate hospitals, homes and
schools, and make it possible to work, cook meals and study without
inhaling toxic smoke or spending a full day collecting fuel. But at some
point, energy stops being the limiting factor for well-being.
New research from Stanford University suggests that point – the
threshold beyond which greater energy use loses its link to national-level
improvements in measures of health, economy and environment – is
surprisingly low.
The results, published April 12 in Ecosphere, suggest nations with high
per capita energy use, such as the United States and Canada, could scale
back consumption while maintaining or even improving well-being.
Countries where energy poverty remains a challenge, meanwhile, may
be able to maximize national health and prosperity with far less energy
than scholars once thought.
The authors found today's average global energy consumption of 79
gigajoules per person could, in principle, allow everyone on Earth to
approach the “maximum health, happiness and environmental wellbeing of the most prosperous countries today,” if distributed equitably.
Finding the target
Other scholars have sought for decades to pin down the bare minimum of
energy supply required per capita to achieve a decent quality of life.
Early estimates suggested a range of 10 to 65 gigajoules per person. “It's
one thing to identify where people don't have enough energy; it's another
to identify what our target might be,” said lead study author Rob Jackson,
professor of Earth system science at Stanford's School of Earth, Energy
& Environmental Sciences (Stanford Earth). “How much additional
energy needs to be provided?”
Answering this question is not just an academic exercise. It is central to
mapping out how the world can achieve international climate goals
while building out modern energy services for the 1.2 billion people who
live without electricity and the 2.7 billion who cook on stoves linked to
3.5 million premature deaths each year from household air pollution.
“We need to address equity in energy use and greenhouse gas emissions.
Among the least sustainable ways to do that would be to raise everyone
to the levels of consumption we have in the United States,” said Jackson,
who is the Michelle and Kevin Douglas Provostial Professor at Stanford
and a senior fellow at the Stanford Woods Institute for the Environment
and at the Precourt Institute for Energy. “Even using renewables, that
would have serious, possibly catastrophic consequences for the
environment,” because of the materials, land and resources required to
supply hundreds of gigajoules per year for each of the 8.5 billion people
projected to inhabit Earth in 2030.

Image credit: Triloks/iStock
The new conclusions derive from statistical analysis of energy-use data
for 140 countries from 1971 to 2018, as well as global data for nine
metrics related to human well-being. Many of those metrics align with
the United Nations' Sustainable Development Goals, a set of objectives
aimed at ending an array of inequities while taking the risks of climate
change into account.
The researchers looked at the primary energy supply, which includes all
energy production minus exports, international marine and aviation
bunkers, and changes in the amount of fuel held in storage, for each of the
140 countries. They then separated out the total energy that goes into
increasing well-being from the energy that is wasted or employed for
other purposes, such as trade.
Recognizing that well-being is likely to be limited by multiple factors,
including income and GDP, the authors examined whether per capita
energy use could decline in some countries while maintaining quality of
life.
Across most metrics, including life expectancy, infant mortality,
happiness, food supply, access to basic sanitation services and access to
electricity, the authors found performance improved steeply, then
peaked with annual energy use averaging 10 to 75 gigajoules per person.
That's less than the 2018 world average of 79 gigajoules per capita, and,
at the higher end of the range, about a quarter of the U.S. average of 284
gigajoules per person.
U.S. energy use per capita has fallen slightly since the late 1970s, largely
because of improvements in energy efficiency, but it remains high in part
because of the nation's outsize demands for energy for transportation.
“In most countries that consume much more energy than the global
average, further increasing energy use per capita might only marginally
improve human well-being,” said coauthor Chenghao Wang, a
postdoctoral scholar in Jackson's lab and also a research fellow at the
Stanford Center for Longevity.

Reducing global population size would also tamp down total energy and
resource needs, Jackson said. But there are other ways to close the global
energy gap with fewer emissions. The new research provides a gauge for
measuring some of the human impacts of one of them: reducing per
capita energy use in what Jackson called “energy profligate countries,”
while raising the rest of the world's energy supply to comparable levels.

Return on excess

Peak performance

The new study reveals at least 10 countries punching above their weight,
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Seven hours of sleep is optimal in middle and old age
According to study, too little or too much sleep associated with poorer cognitive performance and mental health
Seven hours is the ideal amount of sleep for people in their middle age
and upwards, with too little or too much sleep associated with poorer
cognitive performance and mental health, say researchers from the
University of Cambridge and Fudan University.
Sleep plays an important role in enabling cognitive function and
maintaining good psychological health. It also helps keep the brain
healthy by removing waste products. As we get older, we often see
alterations in our sleep patterns, including difficulty falling asleep and
staying asleep, and decreased quantity and quality of sleep. It is thought
that these sleep disturbances may contribute to cognitive decline and
psychiatric disorders in the aging population.
In research published in Nature Aging, scientists from the UK and China
examined data from nearly 500,000 adults aged 38-73 years from the
UK Biobank. Participants were asked about their sleeping patterns,
mental health and wellbeing, and took part in a series of cognitive tests.
Brain imaging and genetic data were available for almost 40,000 of the
study participants.
By analysing these data, the team found that both insufficient and
excessive sleep duration were associated with impaired cognitive
performance, such as processing speed, visual attention, memory and
problem-solving skills. Seven hours of sleep per night was the optimal
amount of sleep for cognitive performance, but also for good mental
health, with people experiencing more symptoms of anxiety and
depression and worse overall wellbeing if they reported sleeping for
longer or shorter durations.
The researchers say one possible reason for the association between
insufficient sleep and cognitive decline may be due to the disruption of
slow-wave – 'deep' – sleep. Disruption to this type of sleep has been
shown to have a close link with memory consolidation as well as the
build-up of amyloid – a key protein which, when it misfolds, can cause
'tangles' in the brain characteristic of some forms of dementia.
Additionally, lack of sleep may hamper the brain's ability to rid itself of

toxins.
The team also found a link between the amount of sleep and differences
in the structure of brain regions involved in cognitive processing and
memory, again with greater changes associated with greater than or less
than seven hours of sleep.
Having a consistent seven hours' sleep each night, without too much
fluctuation in duration, was also important to cognitive performance and
good mental health and wellbeing. Previous studies have also shown that
interrupted sleep patterns are associated with increased inflammation,
indicating a susceptibility to age-related diseases in older people.
Professor Jianfeng Feng from Fudan University in China said: “While
we can't say conclusively that too little or too much sleep causes
cognitive problems, our analysis looking at individuals over a longer
period of time appears to support this idea. But the reasons why older
people have poorer sleep appear to be complex, influenced by a
combination of our genetic makeup and the structure of our brains.”
The researchers say the findings suggest that insufficient or excessive
sleep duration may be a risk factor for cognitive decline in ageing. This is
supported by previous studies that have reported a link between sleep
duration and the risk of developing Alzheimer's disease and dementia, in
which cognitive decline is a hallmark symptom.
Professor Barbara Sahakian from the Department of Psychiatry at the
University of Cambridge, one of the study's authors, said: “Getting a
good night's sleep is important at all stages of life, but particularly as we
age. Finding ways to improve sleep for older people could be crucial to
helping them maintain good mental health and wellbeing and avoiding
cognitive decline, particularly for patients with psychiatric disorders and
dementias.”
Source: University of Cambridge news release

High energy use provides little benefit for health and ... continued from previous page
with greater well-being than most other countries using similar amounts
of energy per capita. The high performers include Albania, Bangladesh,
Cuba, Denmark, Finland, Iceland, Malta, Morocco, Norway and Sri
Lanka.
Air quality stands apart from the other metrics examined by the authors,
in that across 133 countries, it continued to improve with per capita
energy use as high as 125 gigajoules. That's on par with the annual per
capita energy use of Denmark in 2018, and slightly higher than that of
China. One reason may be that the early stages of energy development
have historically been dominated by dirtier fossil fuels.

like the U.S. tend to clean up their air only after they have built up wealth
and the populace demands action,” Jackson said.
Past research has shown that higher income “doesn't necessarily lead to
better and happier lives,” said study co-author Anders Ahlström, a
climate scientist at Lund University who worked on the research as a
postdoctoral scholar in Jackson's lab at Stanford. “Energy supply is
similar to income in that way: Excess energy supply has marginal
returns.”
Source: Stanford University news release. Author: Josie Garthwaite

In the U.S., energy use rose steeply after World War II – decades before
federally imposed limits on pollution from tailpipes and smokestacks
spurred improvements in the nation's air quality. “Wealthier countries
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Unexpected protein could play role in common brain disorder
Scientists have known for years that amyloid
fibrils are present in the brains of patients with
Alzheimer's and Parkinson's diseases and
likely play a role in the progression of these
disorders. Now, UCLA biochemists have
discovered such fibrils in the brains of people
with a form of frontotemporal lobar
degeneration, or FTLD, the most common
neurodegenerative disorder after Alzheimer's
and Parkinson's. But surprisingly, the type of
protein they expected to find in these
potentially harmful fibrils wasn't there at all;
instead, a little-known protein called
TMEM106B was identified as the culprit. The
findings, published in the journal Nature, are
likely to lead to a new focus on TMEM106B
in FTLD and similar brain diseases.
FTLD, which involves damage to the brain's
frontal and temporal lobes, strikes people
earlier in life than Alzheimer's and
Parkinson's, causing dementia in 80 out of
100,000 people between the ages of 45 and 64.

Symptoms can include acute changes in
behavior and a decline in language skills. The
form of the disease studied by the researchers
is characterized molecularly by dense,
spherical aggregates in brain cells, which are
made up of the protein TDP-43. The UCLA
team presumed that if there were amyloid
fibrils in the brains of people with FTLD,
these fibrils would be composed of TDP-43.
Using a technique called cryogenic electron
microscopy, or cryo-EM — which allowed
them to image large biomolecules in
extraordinary detail the researchers
determined that the fibrils were composed
solely of TMEM106B, or transmembrane
protein 106B. The team's structural analysis
of TMEM106B fibrils shows that they share
features with the pathogenic fibrils seen in
Alzheimer's and Parkinson's but are more
complex, Eisenberg noted. Like those other
fibrils, they are made of stacks of thousands of
layers, each layer formed by single protein
molecules with straight segments and bent

corners, folding into a complex shape. In
TMEM106B, the folded protein chain has 18
straight segments, which the researchers liken
to the 18 fairways of a golf course — and like a
golf course, the first and 18th fairways are near
each other. “So we say TMEM106B has a golf
course–like fold,” Eisenberg said. Whether the
TMEM106B amyloid fibrils contribute to
causing FTLD-TDP remains to be seen. It is
also unclear what, if any, role may be played by
the TDP-43 proteins, whose normal function
is to shepherd RNA molecules carrying DNA
blueprints for proteins from the nucleus of
brain cells to the cytoplasm. “TMEM106B
may be found to be a cause of FTLD. In that
case, our knowledge of the structure will aid in
the design of therapeutics,” Eisenberg said.
“Further research may also discover a connection between the actions of TMEM106B
and TDP-43.
Source: UCLA news release

Bioengineering

A 'factory reset' for the brain cures anxiety, drinking behavior
Gene editing may be a potential treatment for
anxiety and alcohol use disorder in adults who
were exposed to binge drinking in their
adolescence, according to the results of an
animal study published in the journal Science
Advances. In prior research, a University of
Illinois Chicago team found that binge
drinking in adolescence alters brain chemistry
at the enhancer region of the Arc gene — for
activity-regulated cytoskeleton-associated
protein immediate-early gene — and
decreases Arc expression in the amygdala of
both rodents and humans. This epigenetic
reprogramming of the Arc gene in the brain's
emotion and memory center contributes to a
predisposition to anxiety and alcohol use
disorder in adulthood. In the new study, the
researchers show that this epigenetic
reprogramming, which persists throughout
life, actually can be reversed with gene
editing. “Early binge drinking can have longlasting and significant effects on the brain and
the results of this study offer evidence that
gene editing is a potential antidote to these
effects, offering a kind of factory reset for the
brain, if you will,” said study senior author
Subhash Pandey. Pandey and his team used a

gene-editing tool called CRISPR-dCas9 in
their experiments to manipulate the histone
acetylation and methylation processes at the
Arc gene in models of adult rats. These
processes make genes more or less accessible
for activation.
First, the researchers studied adult rats with
intermittent alcohol exposure in their
adolescence, corresponding to about age 10 to
18 in human years. They observed that when
dCas9 was used to promote acetylation, a
process that loosens chromatin and allows
transcription factors to bind to the DNA, Arc
gene expression normalized. And, indicators
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of anxiety and alcohol consumption decreased.
Anxiety was measured through behavioral
testing, such as by documenting the
exploratory activity of rats placed in maze
tests, and preference for alcohol was measured
by monitoring the amount of liquid consumed
when the rats were presented with a choice of
two bottles consisting of options such as tap
water, sugar water and varying concentrations
of alcohol (3%, 7% and 9%). In a second
model, the researchers studied adult rats
without early alcohol exposure. When
inhibitory dCas9 was used to promote
methylation, which tightens chromatin and
prevents transcription factors from binding to
DNA, Arc expression decreased and indicators
of anxiety and alcohol consumption increased.
“These results demonstrate that epigenomic
editing in the amygdala can ameliorate adult
psychopathology after adolescent alcohol
exposure,” the authors report.
Source: UIC news release
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Brains and brawn helped crows and ravens take over the world
The diversity of crows and ravens is
accompanied by their ability to live all over
the world in a variety of habitats. In fact, they
are one of the most widespread group of birds
worldwide. Crows and ravens underwent
rapid global expansion, unlike other family
members that stayed mostly within single
continents. They have great flying ability,
which allows them to gain access to new
places more easily. While their flying skills
were key to their success, new research from
Washington University in St. Louis also
shows that big bodies and big brains played an
important role in helping crows and ravens
survive in the new climates they occupied.
The new study is published in the Journal
Nature Communications.
“Our work suggests that crows and the ravens
diversified both quickly and widely because
they were particularly good at coping with
different habitats,” said Carlos Botero,
assistant professor of biology in Arts &
Sciences. In the work led by first-author Joan
Garcia-Porta, the authors show that crows' and

ravens' incredible ability to rapidly expand
and diversify across the planet was driven by a
specific combination of traits. Using
specimens housed in museums across Europe
and the U.S., the scientists found that they
have longer wing lengths, bigger body sizes
and bigger relative brain sizes compared with
other Corvids. “We hypothesize that these
three very convenient combinations of traits
are what allowed this group of birds to
colonize and diversify across the world,”
Garcia-Porta said.
Crows and ravens experienced high rates of

trait evolution and speciation as they adapted
to the many different environments they
encountered during their rapid expansion
across the planet. In fact, they had the highest
rates compared with any other member of the
family Corvidae. Arrival in a new environment exposed them to new selective
pressures. “These new environments often
favor tweaks to an organism's phenotype that
facilitate survival and overall performance.
For crows and ravens, that meant acquiring
new beak shapes that did not exist in any other
Corvid, thereby increasing beak shape
variation in the Corvidae family. The scientists
also found that they increased body size
variation as they colonized new environments.
Garcia-Porta said: “Thanks to these amazing
birds, we now understand a bit more the
processes by which animals rapidly expand
across the planet and how this geographic
expansion translates to the production of new
species with new morphologies.”
Source: Washington University in St. Louis
news release

Biomedical Science

Magic mushroom compound increases brain connectivity in people with
depression
Psilocybin, the psychedelic compound found
in magic mushrooms, helps to “open up”
depressed people's brains, even weeks after
use, a study has found. These are the findings
of a new analysis of brain scans from close to
60 people receiving treatment for depression,
led by Imperial College London's Centre for
Psychedelic Research. The team behind the
study believes it may have untangled how
psilocybin exerts its therapeutic effects on the
brain. The research results reveal that people
who responded to psilocybin-assisted therapy
showed increased brain connectivity not just
during their treatment, but up to three weeks
afterwards. This “opening up” effect was
associated with self-reported improvements in
their depression.
However, similar changes in brain connectivity were not seen in those treated with a
conventional antidepressant (called
escitalopram), suggesting the psychedelic
works differently in treating depression.
According to the team, the findings, published
in the journal Nature Medicine, are a

promising advance for psilocybin therapy.
They explain that patterns of brain activity in
depression can become rigid and restricted,
and that psilocybin could potentially help the
brain to break out of this rut in a way that
traditional therapies cannot.
The paper's senior author Professor Robin
Carhart-Harris said: “The effect seen with
psilocybin is consistent across two studies,
related to people getting better, and was not
seen with a conventional antidepressant. “In
previous studies we had seen a similar effect in
the brain when people were scanned whilst on
a psychedelic, but here we're seeing it weeks
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after treatment for depression, which suggests
a 'carry over' of the acute drug action."
Professor David Nutt, Head of the Imperial
Centre for Psychedelic Research, said: “These
findings are important because for the first
time we find that psilocybin works differently
from conventional antidepressants – making
the brain more flexible and fluid, and less
entrenched in the negative thinking patterns
associated with depression. This supports our
initial predictions and confirms psilocybin
could be a real alternative approach to
depression treatments.” Professor CarhartHarris said: “One exciting implication of our
findings is that we have discovered a
fundamental mechanism via which psychedelic therapy works not just for depression –
but other mental illnesses, such as anorexia or
addiction. We now need to test if this is the
case, and if it is, then we have found something
important.”
Source: Imperial College London news release
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Warming climate and agriculture halve insect populations in some areas
The study published in Nature is the first to
identify that an interaction between rising
temperatures and land use changes, is driving
widespread losses in numerous insect groups
across the globe. Lead author Dr Charlie
Outhwaite said: “Many insects appear to be
very vulnerable to human pressures, which is
concerning as climate change worsens and
agricultural areas continue to expand. Our
findings highlight the urgency of actions to
preserve natural habitats, slow the expansion
of high-intensity agriculture, and cut
emissions to mitigate climate change.
“Losing insect populations could be harmful
not only to the natural environment, where
insects often play key roles in local
ecosystems, but it could also harm human
health and food security, particularly with
losses of pollinators. The researchers analysed
a large dataset of insect abundance and species
richness from areas across the globe,
including three-quarters of a million records
for nearly 20,000 insect species.
The team compared insect biodiversity in

different areas depending on how intensive
agriculture is in the area, as well as how much
historic climate warming the local area has
experienced. They found that in areas with
high-intensity agriculture and substantial
climate warming, the number of insects was
49% lower than in the most natural habitats
with no recorded climate warming, while the
number of different species was 29% lower.
Tropical areas saw the biggest declines in
insect biodiversity linked to land use and
climate change. The researchers found that in
areas of low-intensity agriculture and
substantial climate warming, having nearby
natural habitat buffered the losses: where 75%

of the land was covered by natural habitat,
insect abundance only declined by 7%,
compared to a 63% reduction in comparable
areas with only 25% natural habitat cover.
Many insects rely on plants for shade on hot
days, so a loss of natural habitats could leave
them more vulnerable to a warming climate.
Senior author Dr Tim Newbold said: “The
environmental harms of high-intensity
agriculture present a tricky challenge as we try
to keep up with food demands of a growing
population. We have previously found that
insect pollinators are particularly vulnerable to
agricultural expansion, as they appear to be
more than 70% less abundant in high-intensity
croplands compared to wild sites.” Joint first
author Peter McCann said: “We need to
acknowledge how important insects are for the
environment as a whole, and for human health
and wellbeing, in order to address the threats
we pose to them before many species are lost
forever.”
Source: University College London news
release

Evolutionary Science

Diverse life forms may have evolved earlier than previously thought
Diverse microbial life existed on Earth at least
3.75 billion years ago, suggests a new study
led by UCL researchers that challenges the
conventional view of when life began. For the
study, published in Science Advances, the
research team analysed a fist-sized rock from
Quebec, Canada, estimated to be between 3.75
and 4.28 billion years old. In an earlier Nature
paper, the team found tiny filaments, knobs
and tubes in the rock which appeared to have
been made by bacteria. Now, after extensive
further analysis of the rock, the team have
discovered a much larger and more complex
structure – a stem with parallel branches on
one side that is nearly a centimetre long – as
well as hundreds of distorted spheres, or
ellipsoids, alongside the tubes and filaments.
The researchers say that, while some of the
structures could conceivably have been
created through chance chemical reactions,
the “tree-like” stem with parallel branches
was most likely biological in origin, as no
structure created via chemistry alone has been
found like it. The team also provide evidence

of how the bacteria got their energy in
different ways. These new findings, according
to the researchers, suggest that a variety of
microbial life may have existed on primordial
Earth, potentially as little as 300 million years
after the planet formed. As well as analysing
the rock specimens under various optical and
Raman microscopes, the research team also
digitally recreated sections of the rock using a
supercomputer that processed thousands of
images from two high resolution imaging
techniques. The first technique was microCT, or microtomography, which uses X-rays
to look at the haematite inside the rocks. The
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second was focused ion beam, which shaves
away miniscule - 200 nanometre-thick - slices
of rock, with an integrated electron microscope
taking an image in-between each slice. Both
techniques produced stacks of images used to
create 3D models of different targets. The 3D
models then allowed the researchers to
confirm the haematite filaments were wavy
and twisted, and contained organic carbon,
which are characteristics shared with modernday iron-eating microbes. In their analysis, the
team concluded that the haematite structures
could not have been created through the
squeezing and heating of the rock (metamorphism) over billions of years, pointing out
that the structures appeared to be better
preserved in finer quartz (less affected by
metamorphism) than in the coarser quartz
(which has undergone more metamorphism).
Source: UCL news release
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Chronic larval crowding in fruit flies steers evolution
Scientists have found that populations of
insects that experience chronic larval
crowding all evolve to give rise to larger and
faster hatching eggs, even though they vary in
other adaptations. Till around 2003 it was
believed that fruit flies adapted to larval
crowding evolved greater competitive ability,
invariably through the evolution of a
combination of higher larval feeding rate and
greater pre-adult tolerance to toxic levels of
metabolic waste products like ammonia and
urea. In a paradigm shift of this understanding,
previous studies by researchers from
Jawaharlal Nehru Advanced Centre for
Research (J N C A S R), an autonomous
institution of the Department of Science and
Technology (DST), over the last 15 years
revealed that the kind of traits that evolved
depended not just on overall larval density, but
rather on the specific combination of food
amount and egg number at which chronic
crowding was experienced. Now, in a recent
study published in the Journal of Genetics,

this group of researchers has shown that one
particular adaptation-- larger and faster
hatching eggs—is common for all fruit fly
populations exposed to crowding, irrespective of their exposure to different
combinations of food amount and egg
number.
The team, which is a world leader in
understanding the evolution and ecology of
competitive ability in fruit flies, showed that
three separate sets of fruit fly (Drosophila
melanogaster) populations, which
experienced chronic larval crowding in
slightly different ecological contexts, and had
consequently evolved differing adaptations to
crowding, nevertheless shared a common
evolved adaptation. They all produced larger

and faster hatching eggs than their common
ancestral control populations. For this study,
the scientists used unique populations
developed by the researchers through
selection in the laboratory --- populations that
are not available anywhere else in the world.
Hypothesizing that one way of getting an
advantage in competition for scarce larval
food could be to hatch from eggs earlier than
others and start feeding, S Venkitachalam, S
Das, A Deep, and A Joshi investigated whether
such a 'head-start' mechanism had evolved in
any of their crowding adapted populations, in
addition to other adaptations that they had
observed. They found that all of them had
evolved larger and faster hatching eggs, even
though they differed in other adaptations to
crowding. This suggests that the head-start
attained by larvae due to hatching quickly, and
at a larger size, is adaptive under a variety of
crowded conditions, unlike several other
traits.
Source: PIB

Genetics

Scientists identify genetic variants linked to mobility changes in aging
In a new study, scientists from the USC
Leonard Davis School of Gerontology have
discovered genetic variations in a mitochondrial enzyme that may contribute to agerelated changes in strength and mobility. The
results help to address the question of why
some individuals remain active as they age
while others find it more difficult to get
around. Measures of muscle health correlate
with overall health in older populations. While
a lack of exercise or poor diet can contribute to
age-related muscle loss, genetic factors also
likely play a role, according to the researchers.
The research, published in eLife, identifies
specific genetic contributors associated with
age-related muscle loss, a condition connected
to a decline in quality of life, an increased risk
of falls, and sarcopenia, the progressive loss of
strength and performance that impacts up to
half of older adults. “While aging is universal,
the genetic factors that contribute to
differences among individuals as they age are
unclear. We wanted to examine the role those
genetic variations in a mitochondrial enzyme
play in age-related changes to mobility and

were able to uncover a new biomarker of agerelated muscle health,” said Osvaldo Villa, a
co-first author of the study.
For their study, the team screened the
roundworm Caenorhabditis elegans ( C.
elegans) for genetic mutations that contribute
to a build-up of oxidative stress, a process that
can cause cell damage in muscle tissue. They
found that mutations in a mitochondrial gene
called ALH-6 were strongly associated with
stress responses specifically in the muscle.
Over time, worms with these mutations
displayed premature decline in mobility;
slower crawling and swimming. Next, the
team analyzed data from the U.S. Health and
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Retirement Study (HRS) to see if genetic
variants in the human equivalent of this gene,
called ALDH4A1, were also linked to agerelated mobility changes. The HRS has
enrolled more than 36,000 US adults aged 50
and over, and collected genetic and health
information. By analyzing a subset of
participants with genetic data and measures of
strength, the researchers found that older
adults with certain variations in the ALDH4A1
gene had slower walking speeds and reduced
hand strength as they aged. “These findings
suggest that variations in the ALH-6 or
ALDH4A1 gene can impact muscle aging in C.
elegans and humans, and may help predict
muscle health in people as they age,” said
Stuhr, a co-researcher. The team cautions that
many human genes likely interact with each
other, as well as diet and other factors, to
influence strength and mobility as people age.
More studies are needed to understand all of
the genes involved in these age-related
changes.
Source: USC news release
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Whole genome sequencing data reveals new clues to causes of cancer
In the biggest study of its kind, a team of
scientists led by Professor Serena Nik-Zainal
from Cambridge University Hospitals (CUH)
and the University of Cambridge, analysed the
complete genetic make-up or whole-genome
sequences (WGS) of more than 12,000 NHS
cancer patients. Because of the vast amount
of data provided by whole genome sequencing, the researchers were able to detect
patterns in the DNA of cancer, known as
'mutational signatures', that provide clues
about whether a patient has had a past
exposure to environmental causes of cancer
such as smoking or UV light, or has internal,
cellular malfunctions. The team were also
able to spot 58 new mutational signatures,
suggesting that there are additional causes of
cancer that we don't yet fully understand. The
results are reported in the journal Science.
The genomic data were provided by the
100,000 Genomes Project: an England-wide
clinical research initiative to sequence
100,000 whole genomes from around 85,000
patients affected by rare disease or cancer.

heel' in individual cancers.

“WGS gives us a total picture of all the
mutations that have contributed to each
person's cancer,” said first author Dr Andrea
Degasperi. “The reason it is important to
identify mutational signatures is because they
are like fingerprints at a crime scene - they
help to pinpoint cancer culprits,” said Serena
Nik-Zainal, from the Department of Medical
Genetics and an honorary consultant in
clinical genetics at CUH. “Some mutational
signatures have clinical or treatment
implications – they can highlight abnormalities that may be targeted with specific
drugs or may indicate a potential 'Achilles

“We were able to perform a forensic analysis
of over 12,000 NHS cancer genomes thanks to
the generous contribution of samples from
patients and clinicians throughout England.
We have also created FitMS, a computerbased tool to help scientists and clinicians
identify old and new mutational signatures in
cancer patients, to potentially inform cancer
management more effectively.” Michelle
Mitchell, chief executive of Cancer Research
UK, which funded the research, said:
“This study shows how powerful whole
genome sequencing tests can be in giving clues
into how the cancer may have developed, how
it will behave and what treatment options
would work best. It is fantastic that insight
gained through the NHS 100,000 Genomes
Project can potentially be used within the NHS
to improve the treatment and care for people
with cancer.”
Source: Cambridge University news release

Microbiology

Yeast has "regulated cell-death" processes like those found in animals
The cells of some yeast species undergo what
appears to be a self-destruct process following
certain kinds of stress, according to a new
study from researchers at the Johns Hopkins
Bloomberg School of Public Health. The
findings suggest that these single-celled
organisms, thought to be among the earliest
forms of life, have programmed or regulated
cell-death mechanisms like those that are
known to work in animals and other complex
organisms. Future drugs to treat yeast and
other fungal infections might target such
mechanisms, the researchers say. The study is
published in the Journal Cell Reports. "This is
an exciting area of biology that has been
neglected and could offer powerful new
strategies for killing pathogenic fungi—not
just in the realm of human medicine but also in
agriculture and veterinary medicine," says
study senior author J. Marie Hardwick.. In the
study, Hardwick's team found the first solid
evidence of one of these mechanisms in yeast,
which are unicellular fungi—fungi that exist
as unstructured collections of cells. Initially

possibility that a distinct cell-death process,
reliant on key genes, was at work.

the researchers observed that a brief heat
treatment of Saccharomyces cerevisiae, a
much-studied model organism used in
brewing and baking, kills only some yeast
cells, and only after an hours-long
delay—hinting that the heat triggers a
sequence of cell-death-promoting events.
Next, they subjected the yeast cells to the heat
treatment after systematically knocking out
individual yeast genes. They discovered that
when certain genes were absent, the yeast
cells were much less likely to die from the
treatment, and those cells that did die perished
more slowly. This again pointed to the
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The scientists linked the death-resistant gene
knockouts to a four-protein complex in yeast
cells called AP-3. They confirmed in further
experiments that when AP-3 is intact, the cells
die off in a normal way following the heat
treatment, but the cells are relatively spared
when AP-3 is not intact and can't function. The
researchers showed that this same cell-death
process appears to occur when S. cerevisiae
cells are exposed to modest doses of two other
stressors, acetic acid and hydrogen peroxide,
though, again, the process is forestalled and
cells become more likely to survive when AP3 is absent. They also showed that not only S.
cerevisiae but also the disease-causing yeast
Cryptococcus neoformans, which contributes
to hundreds of thousands of deaths around the
world annually, resists the lethal effects of such
stressors when AP-3 is absent.
Source: Johns Hopkins University
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E. coli bacteria exploits Crohn's disease inflammation
A multi-year study of the role of E. coli gut
bacteria in Crohn's disease finds that intestinal
inflammation liberates chemicals that nourish
the bacteria's growth and promotes their
ability to cause inflammation. The results
identify new avenues for treatments that
selectively disrupt the compounds that feed E.
coli. The study published in the journal JCI
Insight, focuses on ileal Crohn's disease, an
inflammatory bowel disease that affects the
last part of the small intestine. A particular
type of E. coli, called adherent and invasive
E.coli (AIEC), which stick to and invade
cultured epithelial cells from the intestine and
replicate in macrophages, has been isolated in
21 to 63% of patients with ileal Crohn's
disease, leading researchers to suspect AIEC
plays a key role in the disease process. The
researchers adopted a patient-based multidisciplinary approach to identify factors
found in patients associated with ileal AIEC,
and the impact of these factors on growth and
virulence of AIEC. Dr. Shiying Zhang
spearheaded the experiments related to AIEC,

guided by the multi-pronged analyses of Dr.
Xochitl Morgan at the University of Otago.
“This study gives us a whole new patientbased roadmap of things we might want to
target to stop Crohn's associated E.coli from
growing and inciting inflammation,” said
senior author Kenneth Simpson, professor in
the Department of Clinical Sciences in the
College of Veterinary Medicine and at Weill
Cornell Medicine in New York City.
In this study, the research team characterized
the ileal microbiome, chemical environment
and cultivable bacteria along with the genetic
predisposition of patients with and without
Crohn's disease. They wanted to answer why

intestinal inflammation drives a shift towards
E.coli across people, dogs, cats and mice. The
researchers determined that inflammation
creates a chemical environment that is
enriched in a number of compounds (called
metabolites), notably phospholipids and
amino acids, that Crohn's associated E.coli can
selectively use for growth, energy, stress
resistance and movement towards the gut
lining. They next determined that
phospholipid associated ethanolamine, and
glutamine, accentuated the aggressive
behavior of AIEC in cultured cells, and they
linked use of ethanolamine to intestinal
inflammation in a model of inflammatory
bowel disease. The team found that E. coli in
many people with Crohn's are resistant to
multiple classes of antibiotics. They believe
that indiscriminate use of antibiotics may
promote gut E. coli and related bacteria that
can then exploit a susceptible individual.
Source: Cornell University news release

Microbiology

Research sheds light on why a certain plant virus is so powerful at
fighting cancer
In a new study published in the journal
Molecular Pharmaceutics, researchers at the
University of California San Diego and
Dartmouth College researchers uncover
details that explain why cowpea mosaic virus
in particular is exceptionally effective
against cancer. “This study helps validate the
cowpea mosaic plant virus nanoparticle as
our lead cancer immunotherapy candidate,”
said Steinmetz, the lead researcher. The
cowpea mosaic virus nanoparticles, which
are infectious in plants but not in mammals,
are injected directly inside a tumor to serve as
immune system bait. The body's immune
cells recognize the virus nanoparticles as
foreign agents and get fired up to attack.
When the immune cells see that the virus
nanoparticles are inside a tumor, they go after
the cancerous cells. This approach not only
takes care of that one tumor, but it also
launches a systemic immune response
against any metastatic and future tumors. The
researchers have seen it work in mouse
models of melanoma, ovarian cancer, breast
cancer, colon cancer and glioma. They've

also had success using it to treat canine
patients with melanoma, breast cancer and
sarcoma. What's also interesting is that
cowpea mosaic virus has worked the best at
triggering an anti-cancer immune response
compared to other plant viruses or virus-like
particles the researchers have studied. “We've
shown that it works, and now we need to show
what makes it so special that it can induce this
kind of response,” said first author Veronique
Beiss.
The researchers created plant virus-based
nanoparticle immunotherapies and injected
them into the melanoma tumors of mice. Each
immunotherapy candidate was administered
in three doses given 7 days apart. Mice given
the cowpea mosaic virus nanoparticles had
the highest survival rate and the smallest
tumors, with tumor growth essentially stalling
four days after the second dose. The
researchers then extracted immune cells from
the spleen and lymph nodes from the treated
mice and analyzed them. They found that the
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plant viruses all have a protein shell that
activates receptors, called toll-like receptors
that are on the surface of immune cells. But
what's unique about cowpea mosaic virus is
that it activates an additional toll-like receptor
through its RNA. Activating this additional
receptor triggers more types of pro-inflammatory proteins called cytokines, which help
boost the immune system's anti-cancer
response. In other words, triggering a stronger
inflammatory response makes the immune
system work harder to look for and get rid of
tumors, explained Beiss. The team's analysis
also found another unique way that the cowpea
mosaic virus boosts the immune response.
Four days after the second dose, the
researchers measured high levels of cytokines
which stayed high over a long period of time.
This prolonged immune response is another
key difference that sets cowpea mosaic virus
apart.
Source: University of California San Diego
news release
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Preclinical study illuminates origin of epileptic seizures
New evidence from a zebrafish model of
epilepsy may help resolve a debate into how
seizures originate, according to Weill Cornell
Medicine and NewYork-Presbyterian
investigators. The findings may also be useful
in the discovery and development of future
epilepsy drugs. In the study, published in the
Journal Brain, the researchers were able to
track the activities of neurons throughout the
entire brains of larval zebrafish during
seizures. They showed that the seizures
originated from an excess of “excitatory” over
“inhibitory” brain cell activity in relatively
confined regions of the brain and spread only
when they overcame strong inhibitory activity
in surrounding regions. “What's really nice
about the zebrafish model is that we can image
every brain region, and in this model, for the
first time, we were able to distinguish and
track the activity of both excitatory and
inhibitory neurons,” said first author James
Niemeyer. “So, this is a good starting point for
examining the nuanced roles of these cell
types during seizures.”

Epilepsy is common, afflicting roughly 50
million people around the world at any one
time. But how it originates has never been
entirely clear. On the one hand, there is
evidence that seizures arise from zones in the
brain that favor excitatory neuron activity
over the usual restraining influence of
inhibitory neurons. On the other hand, several
recent studies have suggested that excessive
activity in inhibitory neurons may trigger
seizures. This has left a gap in understanding
of the different roles of excitation and
inhibition in seizures. “The issue has been
hard to resolve, due to the challenges involved
in distinguishing and tracking excitatory and

inhibitory neuron activity across multiple
brain regions in an awake animal,” said
Schwartz, who is also a professor of
neurological surgery and of neuroscience at
Weill Cornell Medicine. With the zebrafish,
the researchers were able to surmount those
challenges. Using special fluorescent probes,
electrical recordings and a technique called
two-photon microscopy, they simultaneously
distinguished and tracked excitatory and
inhibitory neurons' activity across the brain,
before and during seizures induced by a
standard chemical method. They observed that
seizures in this model tend to originate in the
midbrain, at sites with a heavy imbalance of
excitatory over inhibitory neuronal activity.
Surrounding zones were much more weighted
towards inhibitory activity, and evidently for
this reason were able to resist, at least briefly,
the spread of seizure activity from the
initiating zone.
Source: Cornell University news release

Neuroscience

How do our eyes stay focused on what we reach for?
Keeping our eyes focused on what we reach
for is due to a complex neurological process
involving intricate timing and coordination.
In a newly published study in the journal
Nature, a team of researchers sheds additional
light on the machinations that ensure we don't
look away from where we are reaching. The
work centers on a form of coordinated looking
and reach called “gaze anchoring”—the
temporary stoppage of eye movements in
order to coordinate reaches. “Our results
show that we anchor our gaze to the target of
the reach movement, thereby looking at that
target for longer periods,” explains Bijan
Pesaran, one of the paper's authors. “This is
what makes our reaches much more accurate.
The big question has been: How does the brain
orchestrate this kind of natural behavior?” To
examine this phenomenon, the scientists
studied brain activity in the arm and eye
movement regions of the brain at the same
time as non-human primates performed a
sequence of eye and arm movements. The first

movement was a coordinated look-and-reach
to a target. Then, as little as 10 milliseconds
later, a second target was presented that
subjects needed to look at as quickly as
possible. This second eye movement revealed
the gaze anchoring effect. These movements
are similar to those made when changing the
radio while driving and attending to a traffic
light—if you quickly look away from the
radio to the traffic light, you might not select
the right channel. Their results showed that,
during gaze anchoring, neurons in the part of
the brain—the parietal reach region—used for
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reaching work to inhibit neuron activity in the
part of the brain—the parietal saccade
region—used for eye movements. This
suppression of neuron firing serves to inhibit
eye movement, keeping our eyes centered on
the target of our reach, which then enhances the
accuracy of what we're grasping for.
Importantly, the scientists note, the effects
were tied to patterns of brain waves at 15-25
Hz, called beta waves that organize neural
firing across the different regions of the brain.
By further illuminating the neurological
processes of coordinated looking and reaching,
tying them to inhibitory beta waves, this study
offers the potential to better understand
afflictions of attention and executive control
that orchestrate natural behaviors like
coordinated looking and reaching.
Source: New York University news release
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A new mutation behind neurodegenerative disorders
Scientists at EPFL have carried out an
extensive study of a newly discovered
mutation that can uncover new insights into
the molecular basis of pathology formation in
a family of disorders that includes Lewy body
dementia and Parkinson's disease. The study
was published in the Journal Science
Advances. Parkinson's disease and Lewy body
dementia belong to a family of neurodegenerative disorders called synucleinopathies. In a healthy brain, alpha-synuclein is
found in synapses as distinct proteins called
monomers. But various mutations of the gene
that encodes alpha-synuclein can cause the
protein to clump together and form larger
oligomers and even larger fibrils.
A study in 2020 reported a new mutation of the
alpha-synuclein gene in a patient with Lewy
body dementia and an atypical degeneration
of the frontal and temporal lobes. The
mutation substitutes the amino acid glutamate
(E) with a glutamine (Q) at the 83rd position of
the protein's amino acid sequence – which is
why the mutation is called E83Q. What

distinguishes this mutation from all
previously identified mutations is that it lies in
the middle of the domain that regulates alphasynuclein normal functions (interaction with
membranes) and drives aggregation and
pathology formation initiation. “I was
intrigued by the unique position of this
mutation and the fact that the E83Q mutation
carrier showed severe Lewy body pathology
in the cortical and hippocampal regions of the
brain than the usual substantia nigra which
tends to be majorly affected in Parkinson's
disease,” says Hilal Lashuel at EPFL's School
of Life Sciences. Their in vitro studies showed
that this mutation not only increased
dramatically the rate of alpha-synuclein

aggregation but also formed aggregates with
structural and morphological signatures that
are distinct from those seen with the normal
protein. “This was exciting since recent
studies have shown that aggregates of different
structures exhibit differences in their ability to
induce pathology and spreading in mouse
models of PD and could possibly explain the
clinical heterogeneity of Parkinson's disease
and other neurodegenerative diseases,” says
Senthil T. Kumar, one of the study's first
authors. “Our findings support a central role of
alpha-synuclein in the development of PD and
other synucleinopathies and demonstrate that
variations in the structural properties of alphasynuclein aggregates could contribute to the
neuropathological and clinical heterogeneity
of synucleiniopathies,” says Lashuel. “Thus,
emphasizing the critical importance of using
disease models that reproduce to the extent
possible the diversity of the human pathology
and therapies capable of targeting the diversity
of pathological alpha-synuclein species.”
Source: EPFL news release

Neuroscience

Blind people remember language better than sighted people do
Blind people can remember speech better than
sighted people, but a person's ability to see
makes no difference in how they remember
sound effects, found a new study by Johns
Hopkins University and the University of
California, Irvine. "It's interesting that people
who are blind only showed an advantage with
verbal memory," said senior author Marina
Bedny. "Blind people may use language like a
mental tool to remember information." The
findings appear in Experimental Brain
Research.
Researchers conducted two memory tests
with 20 blind adults and 22 blindfolded
sighted adults. They wondered if blind
participants would outperform sighted ones at
remembering spoken sounds. First, participants listened to series of letters, followed
by a delay. Then they heard either the same
series or a 'foil' series where a letter is replaced
or put into the wrong position. Participants
then judged whether the second series of
letters was the same as the first. For the second
test, they listened to letters while solving
mathematical equations with proposed

answers. Participants determined if equations
solutions were correct, followed by reciting
back the letters. As the researchers expected,
blind participants outperformed sighted ones
on remembering speech. The results from
another testing phase, which required solving
mathematical equations and recalling letters,
confirmed researchers' predictions. Blind
participants again reme-mbered more letters
than sighted participants despite being forced
to multitask mentally. "On a daily basis, blind
people use their memory much more to
remember things, while sighted people can
rely on visual clues to recall information," said
Karen Arcos, lead author and a blind
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postdoctoral fellow at University of California,
Santa Cruz who earned her PhD at University
of California, Irvine. "We think blind people's
advantages on the verbal tests stem from
increased practice remembering information.
The brain area responsible for vision in sighted
people, the 'visual' cortex, is repurposed for
other functions in blind people. Perhaps it
enhances blind people's language processing."
In another experimental phase, participants
listened to two streams of sound effects and
were asked if sounds matched. The researchers
used sound effects such as tones and highpitched beeps rather than everyday sounds to
ensure sounds couldn't be labeled with words.
On this task, blind and sighted people
performed essentially the same. "By using
meaningless sound effects, we prevented
participants from using language to remember
them this lowered blind people's usual memory
advantage" said Bedny.
Source: Johns Hopkins University news
release
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Research finds the risk of psychotic-like experiences can start in
childhood
It has long been understood that environmental and socio-economic factors –
including income disparity, family poverty,
and air pollution – increase a person's risk of
developing psychotic-like experiences, such
as subtle hallucinations and delusions that can
become precursors to a schizophrenia
diagnosis later in life. Research has long
focused on young adults but now, thanks to
data from the Adolescent Brain Cognitive
Development (ABCD) Study, researchers at
the University of Rochester have found these
risk factors can be observed in pre-adolescent
children. “These findings could have a major
impact on public health initiatives to reduce
the risk of psychotic-like experiences,” said
Abhishek Saxena, a graduate student in the
department of Psychology at the University of
Rochester and first author of the study
recently published in Frontiers in Psychiatry.
“Past research has largely focused on the
biological factors that lead to development of
schizophrenia spectrum disorders, but we now

know that social and environmental factors
can also play a large role in the risk and
development of schizophrenia. And this
research shows these factors impact people
starting at a very young age.”
Researchers looked at data collected from
8,000 kids enrolled in the ABCD study. They
found that the more urban of an environment a
child lived in – proximity to roads, houses
with lead paint risks, families in poverty, and
income disparity – the greater number of
psychotic-like experiences they had over a
year's time. These findings are in line with
past research conducted in young adults, but

have not been found like this in preadolescences. “It is disconcerting that the
association between these exposures and
psychotic-like experiences are already present
in late childhood,” said David Dodell-Feder,
Ph.D., assistant professor of Psychology and
Neuroscience and lead author of this study.
“The fact that the impact of these exposures
may occur as early as pre-adolescence highlights the importance of early prevention.”
The University of Rochester Medical Center is
one of 21 research sites across the country
collecting data for the National Institutes of
Health ABCD Study. Since 2017, 340 children
from the greater Rochester area have been
participating in the 10-year study. In all, the
study is following 11,750 children through
early adulthood looking at how biological
development, behaviors, and experiences
impact brain maturation and other aspects of
their lives, including academic achievement,
social development, and overall health.
Source: University of Rochester news release

Neuroscience

'Stressed' cells offer clues to eliminating build-up of toxic proteins in
dementia
A characteristic of diseases such as Alzheimer's and Parkinson's – collectively known
as neurodegenerative diseases – is the buildup of misfolded proteins. These proteins, such
as amyloid and tau in Alzheimer's disease,
form 'aggregates' that can cause irreversible
damage to nerve cells in the brain. Protein
folding is a normal process in the body, and in
healthy individuals, cells carry out a form of
quality control to ensure that proteins are
correctly folded and that misfolded proteins
are destroyed. But in neurodegenerative
diseases, this system becomes impaired, with
potentially devas-tating consequences. In a
study published in Nature Communications, a
team led by scientists at the UK Dementia
Research Institute, University of Cambridge,
has identified a new mechanism that appears
to reverse the build-up of aggregates, not by
eliminating them completely, but rather by
'refolding' them. “Just like when we get
stressed by a heavy workload, so, too, cells
can get 'stressed' if they're called upon to

produce a large amount of proteins,”
explained Dr Edward Avezov from the UK
Dementia Research Institute at the University
of Cambridge. “There are many reasons why
this might be, for example when they are
producing antibodies in response to an
infection. We focused on stressing a component of cells known as the endoplasmic
reticulum, which is responsible for producing
around a third of our proteins – and assumed
that this stress might cause misfolding.”
Dr Avezov and colleagues hypothesised that
stressing the endoplasmic reticulum in cells
might lead to protein misfolding and
aggregation by diminishing its ability to
function correctly, leading to increased
aggregation. They were surprised to discover
the opposite was true.
“We were astonished to find that stressing the
cell actually eliminated the aggregates – not
by degrading them or clearing them out, but by
unravelling the aggregates, potentially
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allowing them to refold correctly,” said Dr
Avezov. “If we can find a way of awakening
this mechanism without stressing the cells –
which could cause more damage than good –
then we might be able to find a way of treating
some dementias.” The main component of this
mechanism appears to be one of a class of
proteins known as heat shock proteins (HSPs),
more of which are made when cells are
exposed to temperatures above their normal
growth temperature, and in response to stress.
Dr Avezov speculates that this might help
explain one of the more unusual observations
within the field of dementia research. “There
have been some studies recently of people in
Scandinavian countries who regularly use
saunas, suggesting that they may be at lower
risk of developing dementia. One possible
explanation for this is that this mild stress
triggers a higher activity of HSPs, helping
correct tangled proteins.”
Source: University of Cambridge news release
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Study reveals a general mechanism deep in the human brain that
alerts us when we make an error
A new Caltech-led study reveals there is a
general mechanism deep in the human brain
that alerts us almost instantaneously when we
make errors. The neurons involved in that
mechanism also retain specific details related
to the event, making it possible for other parts
of the brain to access that information, and
quickly correct the mistake. Even more
surprisingly, these same neurons also carried
information about mistakes across different
tasks, providing a mechanism for learning
from mistakes in one task that could be
flexibly transferred to perform well on
another. A paper describing the new study was
published in the journal Science. "A central
question has been whether our brain learns
ways to monitor errors in specific ways in
each task, or whether there is an errormonitoring mechanism which can work for
many different tasks," explains Rutishauser, a
lead researcher. "In this study, we found that
the frontal lobe has mechanisms that are
domain-general, which means that they can
function across different tasks." The

researchers were able to monitor the neural
activity of individual neurons in 34 patients
who had thin electrodes temporarily
implanted in their brains (as part of a
diagnostic procedure for possible epilepsy
surgery). While the patients completed two
different tasks in which they could make
mistakes, the researchers monitored neurons
in their dorsal anterior cingulate cortex
(dACC) and the pre-supplementary motor
area (pre-SMA), two areas of the medial
frontal cortex (MFC), which is a region of the
frontal lobe known to be involved in error
monitoring.

detecting errors are, generally, the same
neurons that provide the task-specific
information needed to fix a mistake or improve
at a task. The researchers saw this with the help
of new geometric tools they developed to
model the activity of the various MFC
neurons. "We view neurons working as a
group, like an orchestra," Fu says. "At any
given moment, many neurons are firing, but
they fire at different levels."
"We have shown here that the information is
there," he says. "But we don't know how it
arises or why it can happen so quickly." They
would also like to continue to contribute the
knowledge needed to develop treatments for
psychiatric diseases such as obsessivecompulsive disorder (OCD), which involve
deficiencies in error monitoring. "The study
raises as many open questions as it provides
answers," Adolphs adds. "It also highlights the
unique insights we are able to obtain from
invasive recordings from these patients."
Source: Caltech news release

The team found that the neurons involved in
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Gene therapy reverses effects of autism-linked mutation in brain
organoids
In a study published in Nature Communications, scientists at University of California
San Diego School of Medicine used human
brain organoids to reveal how a genetic
mutation associated with a profound form of
autism disrupts neural development. Using
gene therapy tools to recover the gene's
function effectively rescued neural structure
and function. Several neurological and
neuropsychiatric diseases, including autism
spectrum disorders (ASD) and schizophrenia have been linked to mutations in
Transcription Factor 4 (TCF4), an essential
gene in brain development. Transcription
factors regulate when other genes are turned
on or off, so their presence, or lack thereof,
can have a domino effect in the developing
embryo. Still, little is known about what
happens to the human brain when TCF4 is
mutated. To explore this question, researchers focused on Pitt-Hopkins Syndrome, an
ASD specifically caused by mutations in

TCF4. Children with the genetic condition
have profound cognitive and motor
disabilities and are typically non-verbal.
Existing mouse models of Pitt-Hopkins
Syndrome fail to accurately mimic patients'
neural characteristics, so the UC San Diego
team instead created a human research model
of the disorder. Using stem cell technology,
they converted patients' skin cells into stem
cells, which were then developed into threedimensional brain organoids, or “minibrains.” Initial observations of the brain
organoids revealed a slew of structural and
functional differences between the TCF4mutated samples and their controls. “Even
without a microscope, you could tell which
brain organoid had the mutation,” said senior
study author Professor Alysson R. Muotri.
T h e T C F 4 - m u t a t e d o rg a n o i d s w e r e
substantially smaller than normal organoids,
and many of the cells were not actually
neurons, but neural progenitors. These simple
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cells are meant to multiply and then mature
into specialized brain cells, but in the mutated
organoids, some part of this process had gone
awry. A series of experiments revealed that the
TCF4 mutation led to downstream dysregulation of SOX genes and the Wnt pathway,
two important molecular signals that guide
embryonic cells to multiply, mature into
neurons and migrate to the correct location in
the brain. Due to this dysregulation, neural
progenitors did not multiply efficiently and
thus fewer cortical neurons were produced.
This atypical cellular architecture disrupted
the flow of neural activity in the mutated brain
organoid, which authors said would likely
contribute to impaired cognitive and motor
function down the line.
Source: University of California San Diego
news release
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Magnet made of one molecule opens new doors data storage, quantum
computing
Sometimes making a brand-new type of box
requires outside-the-box thinking, which is
exactly what MSU chemists used to create an
eight-atom, magnetic cube. That tiny box is at
the heart of a new magnetic molecule that
could power future technologies for data
storage, quantum computing and more. “In
the beginning, our approach seemed like a
really wild idea,” said Selvan Demir, an
assistant professor of chemistry in the College
of Natural Science. “But it turns out it works.”
Demir and her team published their work in
the journal Chem. Part of what made the
researchers' idea so wild was their choice to
work with starting ingredients that are
notoriously finicky in the chemistry community. One ingredient is a group of elements
referred to as lanthanides, which occupy a
special row toward the bottom of the periodic
table of elements. The other is the metallic
element bismuth, which doesn't typically get
too much attention (although some may
recognize it from its role in bright pink

antacids such as Pepto Bismol).
By finding a way to combine the bismuth with
a lanthanide element — notably terbium or
dysprosium — they created a molecule with
permanent magnetic features. It's the same
magnetism found in bar magnets and hard
disk drives, but at a much smaller scale. The
small scale of molecular magnets offers
technological opportunities, such as
improving the storage capacity of magnetic
hard drives. There are also emerging
applications where conventional magnets
may simply be too large to contribute, such as
in processors for quantum computers.
The molecule itself, though, looks simple,
belying the complexity of the process

required to make it. The top and bottom of the
molecule are capped with rings of carbon and
hydrogen atoms. Each ring is linked to a
lanthanide that forms a cube with the bismuth
atoms. “The lanthanide metals are kind of
sitting on a throne that looks like the 'chair'
structure of cyclohexane, a special structural
motif familiar in organic chemistry,” Demir
said. “It's very stable.” That stability comes in
handy here because nature usually doesn't like
to make cubes. Despite the complexity of the
process, the sensitivity of the ingredients
involved, and the challenges of its structural
and physical characterization, the Spartan
scientists succeeded in discovering a brandnew type of single-molecule magnet. “We're
the first ones worldwide to make this. I think
that's cool,” Demir said. “It's not every day you
get to find a new path to something. But it's the
challenge of work in this kind of uncharted,
high-risk area that keeps us coming back to the
lab every day.”
Source: Michigan State University

Chemistry

New hydrogen fuel cell that uses iron instead of platinum
Imperial researchers have developed a
hydrogen fuel cell that uses iron instead of rare
and costly platinum, enabling greater use of
the technology. Hydrogen fuel cells convert
hydrogen to electricity with water vapour as
the only by-product, making them an
attractive green alternative for portable power,
particularly for vehicles. Now, a European
team led by Imperial College London
researchers has created a catalyst using only
iron, carbon, and nitrogen – materials that are
cheap and readily available – and shown that it
can be used to operate a fuel cell at high power.
Their results are published in the journal
Nature Catalysis. Lead researcher Professor
Anthony Kucernak, from the Department of
Chemistry at Imperial, said: “Currently,
around 60% of the cost of a single fuel cell is
the platinum for the catalyst. To make fuel
cells a real viable alternative to fossil-fuelpowered vehicles, for example, we need to
bring that cost down. “Our cheaper catalyst
design should make this a reality, and allow
deployment of significantly more renewable
energy systems that use hydrogen as fuel,

ultimately reducing greenhouse gas emissions
and putting the world on a path to net-zero
emissions.”
The team's innovation was to produce a
catalyst where all the iron was dispersed as
single atoms within an electrically conducting
carbon matrix. Single-atom iron has different
chemical properties than bulk iron, where all
the atoms are clustered together, making it
more reactive.
These properties mean the iron boosts the
reactions needed in the fuel cell, acting as a
good substitute for platinum. In lab tests, the
team showed that a single-atom iron catalyst
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has performance approaching that of platinumbased catalysts in a real fuel cell system. As
well as producing a cheaper catalyst for fuel
cells, the method the team developed to create
could be adapted for other catalysts for other
processes, such as chemical reactions using
atmospheric oxygen as a reactant instead of
expensive chemical oxidants, and in the
treatment of wastewater using air to remove
harmful contaminants. First author Dr Asad
Mehmood, from the Department of Chemistry
at Imperial, said: “We have developed a new
approach to make a range of 'single atom'
catalysts that offer an opportunity to allow a
range of new chemical and electrochemical
processes. "Specifically, we used a unique
synthetic method, called transmetallation, to
avoid forming iron clusters during synthesis.
This process should be beneficial to other
scientists looking to prepare a similar type of
catalyst.”
Source: Imperial College London news release
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Plasma-based green disinfectants can limit spread of infectious diseases
like COVID 19
Researchers have developed a plasma-based
disinfectant generated with the help of cold
atmospheric pressure plasma (CAP) which
could act as a green decontaminant for
COVID 19.

that the plasma generated by cold atmospheric
pressure (CAP) has the potential to deactivate
SARS-CoV-2 spike protein, which binds to
human ACE2 receptor for inducing viral
infection and subsequent Covid-19.

The COVID 19 pandemic had brought forth
the urgent need for decontaminants that can
limit the spread of infectious diseases through
contact. However, most decontaminants
consisted of chemicals which are hazardous
for the environment. This encouraged
researchers to work towards greener alternatives. A team of scientists Dr. Kamatchi
Sankaranarayanan, Dr. Mojibur R. Khan, and
Dr. H. Bailung from the Life Sciences and
Physical Sciences divisions from the Institute
of the Advanced Study in Science and
Technology (I A S S T), an autonomous
research Institute of the Department of
Science and Technology (DST), Govt. of
India, Guwahati, Assam has demonstrated

Plasma, the fourth state of matter which
makes up most of the universe when produced
in controlled conditions in the lab and are
termed as Cold Atmospheric Pressure Plasma
(CAP). The scientists passed plasma forming
gases such as Helium, Argon, and Air through
a high voltage electric field which led to the
formation of a stable plasma with a mixture of
ions, and electrons emitting a pink glow of
CAP inside the reaction chamber. This
research recently published in the international journal of the RSC (Royal Society of
Chemistry) Advances shows that short-lived
highly reactive oxygen and nitrogen species
(ROS/RNS) generated in the plasma led to
complete deactivation of the SARS-CoV-2

Spike protein occurs within 2 min of CAP
treatment. The RT-PCR analysis has also
established that CAP can deactivate the RNA
of the SARS-CoV-2 virus. The researchers
showed that the CAP, a plasma-based
disinfection method is a better alternative to
environmentally hazardous chemical-based
decontamination methods. “The cold
atmospheric plasma is environmentally safe
since, during the entire decontamination
process by plasma treatment, no chemical
waste is produced. The lead authors Dr.
Kamatchi Sankaranarayanan and Dr. H.
Bailung said that the disinfection method
could further be extended for various bacterial
or fungal infections. The research was
conducted at the Covid-19 testing and research
facility of IASST which according to Director
Prof. Ashis K. Mukherjee has carried out more
than 1.54 lakhs tests till date.
Source: PIB

Material Science

New materials called ferrocenes could help make cheaper and easier
solar cell devices
New solar cell devices that are cheaper and
easier to make could soon make their way to
market thanks to materials made at Imperial
College London. Traditional solar cells are
made from silicon, which has good efficiency
and stability, but is relatively expensive to
make and can only be manufactured in stiff
panels. Perovskite solar cells offer an
intriguing alternative; they can be printed
from inks, making them low cost, high
efficiency, thin, lightweight and flexible.
However, they have trailed behind silicon
solar cells in efficiency and, importantly,
stability, breaking down under normal
environmental conditions. New metalcontaining materials called ferrocenes could
help with these problems. Researchers from
City University of Hong Kong (CityU) have
added Imperial-made ferrocenes into
perovskite solar cells, vastly improving their
efficiency and stability. The results are
published in the journal Science.
Co-lead author Professor Nicholas Long said:
“Silicon cells are efficient but expensive, and
we urgently need new solar energy devices to

accelerate the transition to renewable energy.
Stable and efficient perovskite cells could
ultimately allow solar energy to be used in
more applications – from powering the
developing world to charging a new
generation of wearable devices. “Our
collaboration with colleagues in Hong Kong
was beautifully serendipitous, arising after I
gave a talk about new ferrocene compounds
and met Dr Zonglong Zhu from CityU, who
asked me to send over some samples. Within a
few months, the CityU team told us the results
were exciting, and asked us to send more
samples, beginning a research program that
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has resulted in perovskite devices that are both
more efficient and more stable.” Perovskite
forms the 'light-harvesting' layer of solar cell
devices. However, these devices have been
less efficient at converting solar energy into
electricity than silicon-based solar cells,
primarily because the electrons are less
'mobile' – they are less able to move from the
harvesting layer to the electricity conversion
layers. Ferrocenes are compounds with iron at
their centre, surrounded by sandwiching rings
of carbon. One property their structure gives
them is excellent electron richness, which in
this case allows electrons to move more easily
from the perovskite layer to subsequent layers,
improving the efficiency of converting solar
energy to electricity.
Tests performed by the team CityU and in
commercial labs show that the efficiency of
perovskite devices with an added ferrocene
layer can reach 25%, approaching the
efficiency of traditional silicon cells.
Source: Imperial College news release
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Spinning stars shed new light on strange galactic signal
Researchers from The Australian National
University (ANU) have found an alternative
explanation for a mysterious gamma-ray
signal coming from the centre of the galaxy,
which was long claimed as a signature of dark
matter. Gamma-rays are the form of
electromagnetic radiation with the shortest
wavelength and highest energy. Co-author of
the study Associate Professor Roland Crocker
said this particular gamma-ray signal - known
as the Galactic Centre Excess - may actually
come from a specific type of rapidly rotating
neutron star, the super-dense stellar remnants
of some stars much more massive than our
sun.
The Galactic Centre Excess is an
unexpected concentration of gamma-rays
emerging from the centre of our galaxy that
has long puzzled astronomers. "Our work
does not throw any doubt on the existence of
the signal, but offers another potential

produce a signal entirely compatible with the
Galactic Centre Excess."

source," Associate Professor Crocker said. "It
is based on millisecond pulsars -- neutron
stars that spin really quickly -- around 100
times a second. "Scientists have previously
detected gamma-ray emissions from
individual millisecond pulsars in the
neighbourhood of the solar system, so we
know these objects emit gamma-rays. Our
model demonstrates that the integrated
emission from a whole population of such
stars, around 100,000 in number, would

The discovery may mean scientists have to rethink where they look for clues about dark
matter. "The nature of dark matter is entirely
unknown, so any potential clues garner a lot of
excitement," Associate Professor Crocker
said. "But our results point to another
important source of gamma-ray production.
"For instance, the gamma-ray signal from
Andromeda, the next closest large galaxy to
our own may be mostly due to millisecond
pulsars." ANU Masters student Anuj Gautam
led the research, which also involved scientists
from The Australian Defence Force Academy,
University of Canterbury, and University of
Tokyo. The research has been published in the
journal Nature Astronomy.
Source: Australian National University news
release

Astrophysics

Scientists spot a new member belonging to rare group of young stars
Episodically accreting young stars are young,
low-mass stars that have not initiated
hydrogen fusion in their core and are fuelled
by gravitational contraction and deuterium
fusion (pre-main-sequence phase of the star).
These pre-main-sequence stars are surrounded by a disc from which it steadily feeds on
the matter from the disc-shaped region of gas
and dust surrounding the star to gain mass.
This process is known as mass accretion from
the circumstellar disc of the star. On occasions
their feeding rate increases. This is known as
the periods of enhanced mass accretion from
their circumstellar disc. During such episodes,
the brightness of the star increases by 4-6
magnitudes in the optical bands. So far 25
such rare groups of stars have been
discovered. Indian astronomers from the
Aryabhatta Research Institute of Observational Sciences (ARIES), an autonomous
institute under the Department of Science &
Technology, Government of India, as part of
an international team, including groups within
India from the Tata Institute of Fundamental
Research (TIFR) and Indian Institute of
Astrophysics (IIA), have discovered Gaia

20eae, the latest member of episodically
accreting young stars. On August 28, 2020,
the Gaia Photometric Alert system– a sky
survey which actively searches for the
transient objects and publishes a daily report
on the number of transients it detects,
published a report stating that Gaia 20eae has
brightened by 4.5 magnitudes. This indicated
a likely case of enhanced episodic accretion.
A team led by Arpan Ghosh, a Ph.D. student
with Dr. Saurabh Sharma from ARIES along
with Dr. Joe. P. Ninan from Pennsylvania
State University, USA, Dr. D. K. Ojha from
TIFR, Mumbai, Dr. B.C Bhatt from IIA,
Bengaluru, and other members from
Princeton University, University of Oklahoma, John Hopkins University, University of
California and Space Telescope Science
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Institute, USA, National Astronomical
Research Institute of Thailand, and Macquarie
University, Australia started to monitor Gaia
20eae immediately after the detection of the
alert. The team of astronomers carried out
simultaneous photometric and spectroscopic
observations using Indian facilities like the
1.3m Devasthal Fast Optical Telescope, 3.6m
Devasthal Optical Telescope, 2m Himalayan
Chandra Telescope, and international facilities
like 10m HET telescope and 0.5m ARC Small
Aperture Telescope. In what has been a firsttime discovery, the team detected a signature
of magnetospheric accretion (red-shifted
absorption) component from the highresolution spectra (in Ca II IR triplet lines).
This research published in the journal 'The
Astrophysical Journal' provides an important
test-bed to probe the various physical aspects
of episodic accretion and their comparison
with previously discovered sources.
Source: PIB
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A new model for inferring density inhomogeneity in the solar corona
Scientists have developed a new theoretical
model to quantify the inhomogeneity in
density of solar corona generated by the
turbulence in the electrically conducting,
magnetized fluid present as plasma in it. The
solar corona is an extremely dynamic
medium. It is well established from the last
few decades that electrically conducting,
magnetized fluid present as plasma which
causes magnetohydrodynamic (MHD) wavedriven turbulence, plays an important role in
the heating of the solar corona by millions of
degrees. The heating is a factor of a thousand
times higher than the solar surface. The exact
reason behind heating of the solar corona to
such a high temperature is still an open
question and is known as the 'coronal heating
problem' in the solar physics community.
Turbulent motion in a fluid is characterized by
chaotic changes in pressure and flow velocity.
But, due to the extremely hot temperature in

the solar corona, the material in the solar
corona becomes like a soup of charged
particles, which is called plasma. Propagation
of the MHD waves in a plasma medium can
cause turbulence. When the MHD-wave
propagates through the medium, it carries
energy, and the amount of energy depends on
the density inhomogeneity of the medium.
Scientists from Aryabhatta Research Institute
of Observational Sciences ( A R I E S ),
Nainital, an autonomous institute under the
Department of Science & Technology,
Government of India, have developed a new
approach to estimate the amount of density
inhomogeneity in the solar atmosphere,
which can be quantified by the density filling
factor (fraction of the volume occupied by the
overdense regions with respect to the entire
volume of the medium). This method involves
numerical simulation. This model, Developed
by Dr. Samrat Sen, a post-doctoral researcher

at KU Leuven, Belgium, and Dr. Vaibhav Pant,
published in The Astrophysical Journal, talks
about two different methods to calculate the
density filling factor. One of the methods
involves calculation of the density filling
factor from the area measurement obtained
from the simulated data. Whereas, in the
second method, forward modelling (use of
specific model to produce an outcome
according to the user interests) is used for the
spectroscopic measurement to estimate the
density filling factor. The researchers have
found that the theoretically estimated values
are in good agreement with the observed
values in the solar corona. According to the
study, M H D wave-driven turbulence
increases the filling factor of the overdense
structures, and the medium becomes more
density homogeneous.
Source: PIB

Astrophysics

A new candidate “Black widow" star devours its rapidly circling
companion
A new study published in the journal Nature
reports a new candidate black widow star
system, named ZTF J1406+1222, in which
the stars orbit around each other every 62
minutes—the shortest orbital period observed
to date for this type of binary star system. The
previous black widow record holder, PSR
J1653-0158, contains stars orbiting around
each other every 75 minutes. The new
candidate system was found using the Zwicky
Transient Facility (ZTF) instrument at
Caltech's Palomar Observatory near San
Diego. ZTF is funded by the National Science
Foundation (NSF) and an international
consortium of partners. "This 62-minute orbit
is remarkable because we don't understand
how the stars could get into such a tight orbit,"
says Kevin Burdge, a postdoctoral scholar at
MIT who performed the research while at
Caltech. "The process of the pulsar ablating its
companion should actually drive them apart.
This is pushing the boundaries of what we
thought possible." Burdge says that upcoming
observations from NASA's Chandra X-ray

Observatory should help confirm the result.
"Our data indicate we are looking at a black
widow binary, but it could be something
entirely new."
The new candidate black widow binary stars
were identified by scanning millions of stars
for those that rapidly blink on and off in the
night sky. ZTF captures images of the entire
night sky every two nights thanks to its
camera's large field of view, which covers an
area of sky equivalent to a grid of 247 full
moons. The sky survey enables researchers to
search for objects that change in brightness or
location on rapid timescales. "ZTF has
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revealed a zoo of exotic stellar species," says
co-author Tom Prince, the Ira S. Bowen
Professor of Physics, Emeritus, at Caltech and
a co-investigator of ZTF. "Rather than being
boring, static objects, a large fraction of stars
exhibit dips, pulsations, or periodic
brightenings that are a key to understanding
their nature." In this case, Burdge developed an
algorithm to search for ZTF objects that
dramatically change in brightness on
timescales of less than 80 minutes.
Interestingly, this black widow system also has
a third companion orbiting much farther out, at
a distance of roughly 600 astronomical units,
or AUs (an AU is the distance between Earth
and the sun). While the primary pulsar and
brown dwarf orbit each other every 62
minutes, the third partner star orbits the tight
pair every 10,000 years.
Source: Caltech news release
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Abundant features on Europa bodes well for search for extraterrestrial life
Europa is a prime candidate for life in our
solar system, and its deep saltwater ocean has
captivated scientists for decades. But it's
enclosed by an icy shell that could be miles to
tens of miles thick, making sampling it a
daunting prospect. Now, increasing evidence
reveals the ice shell may be less of a barrier
and more of a dynamic system – and site of
potential habitability in its own right. Icepenetrating radar observations that captured
the formation of a “double ridge” feature in
Greenland suggest the ice shell of Europa may
have an abundance of water pockets beneath
similar features that are common on the
surface. The findings, which appear in the
journal Nature Communications, may be
compelling for detecting potentially habitable
environments within the exterior of the Jovian
moon. “Because it's closer to the surface,
where you get interesting chemicals from
space, other moons and the volcanoes of Io,
there's a possibility that life has a shot if there

are pockets of water in the shell,” said study
senior author Dustin Schroeder. “We were
working on something totally different related
to climate change and its impact on the surface
of Greenland when we saw these tiny double
ridges – and we were able to see the ridges go
from 'not formed' to 'formed,' ” Schroeder
said.
The researchers found that the “M”-shaped
crest in Greenland known as a double ridge
could be a miniature version of the most
prominent feature on Europa. Through
analyses of surface elevation data and icepenetrating radar collected from 2015 to 2017
by N A S A's Operation IceBridge, the

researchers revealed how the double ridge on
northwest Greenland was produced when the
ice fractured around a pocket of pressurized
liquid water that was refreezing inside of the
ice sheet, causing two peaks to rise into the
distinct shape. Rather than behaving like a
block of inert ice, the shell of Europa seems to
undergo a variety of geological and
hydrological processes – an idea supported by
this study and others, including evidence of
water plumes that erupt to the surface. A
dynamic ice shell supports habitability since it
facilitates the exchange between the subsurface ocean and nutrients from neighboring
celestial bodies accumulated on the surface.
The findings equip researchers with a radar
signature for quickly detecting this process of
double ridge formation using ice-penetrating
radar, which is among the instruments
currently planned for exploring Europa from
space.
Source: Stanford University news release
Physics, Maths and Engineering

Digital Technology

Smartphone app could make it easy to screen for neurological disease at
home
Researchers at the University of California
San Diego have developed a smartphone app
that could allow people to screen for
Alzheimer's disease, ADHD and other
neurological diseases and disorders—by
recording closeups of their eye. The app uses a
near-infrared camera, which is built into
newer smartphones for facial recognition,
along with a regular selfie camera to track how
a person's pupil changes in size. These pupil
measurements could be used to assess a
person's cognitive condition. “While there is
still a lot of work to be done, I am excited
about the potential for using this technology to
bring neurological screening out of clinical
lab settings and into homes,” said Colin Barry,
the first author of the paper. “We hope that this
opens the door to novel explorations of using
smartphones to detect and monitor potential
health problems earlier on.” Pupil size can
provide information about a person's
neurological functions, recent research has
shown. For example, pupil size increases

when a person performs a difficult cognitive
task or hears an unexpected sound.
Engineers in the Digital Health Lab, led by
UC San Diego electrical and computer
engineering professor Edward Wang,
collaborated with researchers at the UC San
Diego Center for Mental Health Technology
(MHTech Center) to develop an affordable
and accessible solution. “A scalable
smartphone assessment tool that can be used
for large-scale community screenings could
facilitate the development of pupil response
tests as minimally-invasive and inexpensive
tests to aid in the detection and understanding

33 The Scitech Journal Volume 09 Issue 06 June 2022

of diseases like Alzheimer's disease. This
could have a huge public health impact,” said
Eric Granholm, a psychiatry professor at UC
San Diego School of Medicine and director of
the MHTech Center. The app developed by the
UC San Diego team uses a smartphone's nearinfrared camera to detect a person's pupil. This
enables the app to calculate pupil size with submillimeter accuracy across various eye colors.
The app also uses a color picture taken by the
smartphone's selfie camera to capture the
stereoscopic distance between the smartphone
and the user. The app then uses this distance to
convert the pupil size from the near-infrared
image into millimeter units. The app's
measurements were comparable to those taken
by a device called a pupillometer, which is the
gold standard for measuring pupil size. The
researchers also included various features in
their app to make it more user friendly for older
adults.
Source: University of California San Diego
news release
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Manipulating demographic of bacterial community with novel electronic
technology
Molecular biologists and physicists at the
University of California San Diego have
joined forces to develop a novel method of
using electrical shocks to control the
development of communities of bacteria.
Their findings, obtained with a newly
developed technology, are significant from a
medical perspective. In areas where bacteria
growth is a concern, biofilms can lead to
chronic infections, especially in locations
such as hospitals where antibiotic resistance is
a major health threat. Much like other multicellular organisms, biofilms are composed of
various cell types that carry out specialized
roles. The balance of these cell types defines
the physical and biological properties of the
biofilm and is also important for its
development. Changing the ratio of the cell
types offers a precise method for controlling
biofilms. As described in the journal Cell
Systems, a team at UC San Diego with
postdoctoral scholar Colin Comerci and
fellow researchers in the laboratory of
Professor Gürol Süel in the Department of
Molecular Biology, along with colleagues in

the Department of Physics, developed a novel
microfluidic device and combined it with a
multi-electrode array, which allowed them to
apply localized electric shocks to a growing
biofilm. To the researchers' surprise, electrical
stimulation caused motile cells to multiply,
even though all cells in the biofilm are
genetically identical.“While it is known that
electrical shocks can kill cells, here we show
that they can cause growth of a specific subtype of cells,” said Süel, a Biological Sciences
professor with affiliations in the San Diego

Center for Systems Biology, BioCircuits
Institute and Center for Microbiome
Innovation. “How a second-long stimulation
can promote growth for hours and only of one
type of cells is a great puzzle that we are eager
to solve.” “Being able to modulate cell types in
this way is not just important for
understanding biofilms,” said Comerci. “The
electrochemical signals we used are similar to
signals used during development in more
complicated organisms like frogs, fish or even
humans. Thus, our findings may offer
analogies to other biological systems.” Why
electrical stimulation boosts the population of
one cell type rather than another remains a
mystery and continues to be studied at the Süel
laboratory. Such influence, the researchers
say, provides control of the biofilm's
composition and development, and may offer
a new tool to destabilize biofilms in healthcare
and agriculture settings.
Source: University of California San Diego
news release

Engineering Science

Making chemical separation more eco-friendly with nanotechnology
Chemical separation processes are essential to
manufacturing, but also consume high levels
of energy. Penn Engineers are developing new
membranes for energy-efficient membranebased separations on a nanoscale level.
Chemical separation processes are essential in
the manufacturing of many products from
gasoline to whiskey. Such processes are
e n e rg e t i c a l l y c o s t l y, a c c o u n t i n g f o r
approximately 10–15% of global energy
consumption. In particular, the use of socalled “thermal separation processes,” such as
distillation for separating petroleum-based
hydrocarbons, is deeply ingrained in the
chemical industry and has a very large
associated energy footprint. Membrane-based
separation processes have the potential to
reduce such energy consumption significantly. Membrane filtration processes that
separate contaminants from the air we breathe
and the water we drink have become
commonplace. However, membrane technologies for separating hydrocarbon and other

organic materials are far less developed.
Researchers from Penn's School of Engineering and Applied Science are developing
new membranes for energy-efficient organic
separations by rethinking their physical
structure on the nanoscale.
Nanofiltration using self-assembling membranes has been a major research area for
Chinedum Osuji, Eduardo D. Glandt
Presidential Professor in the Department of
Chemical and Biomolecular Engineering, and
his lab. The performance of these membranes
was highlighted in a previous study describing
how the structure of the membrane itself
helped to minimize the limiting tradeoff
between selectivity and permeability that is
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encountered in traditional nanofiltration
membranes. This technology was also
included in last year's Y-Prize competition,
and the winners have advanced a case for its
use to produce non-alcoholic beer and wine in
a startup called LiberTech. Now, Osuji's latest
study adapts the membrane for filtration in
organic solutions such as ethanol and
isopropyl alcohol, and its self-assembling
molecules make it more efficient than
traditional organic-solvent nanofiltration
(OSN). The study, published in the journal
Science Advances, describes how the uniform
pores of this membrane can be fine-tuned by
changing the size or concentration of the selfassembling molecules that ultimately form the
material. This tunability now opens doors for
the use of this membrane technology in
solving more diverse real-world organic
filtration problems.
Source: University of Pennsylvania news
release
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New ways for design & engineering of reconfigurable magnonic crystals
Sometime in the future, magnons may replace
electrons as carriers of our thoughts and
commands more efficiently. Researchers have
found ways for broader design and
engineering of reconfigurable functional
magnonic crystals, which can show the way
for magnon based computing systems and
bring about a paradigm shift in computing and
communication devices. Magnons are particle
avatars of spin waves which can ripple
through a lattice of tiny ferromagnetic
particles of nano dimensions. Since magnons
are quasiparticles, their movement through
the material does not generate any heat. The
promise held by magnons has led to
magnonics, a budding research field in
nanoscience that deals with the excitation,
propagation, control and detection of
magnons or spin waves through periodic
magnetic media.
Research scientists at the Spintronics & Spin
Dynamics Lab at the S.N Bose National
Centre for Basic Sciences, an autonomous
institute of the Department of Science and

Technology, have recently merged magnonics
with “Artificial Spin Ice”, creating ways for
broader design and engineering of
reconfigurable functional magnonic crystals.
Artificial spin ice or ASI are metamaterials
made up of coupled nanomagnets arranged on
different lattices. The tag 'ice' comes from the
similarity in molecular structure with
tetrahedron shaped ice crystals in which two
hydrogen atoms are close to the central
oxygen atom, and two are far. The spin ice
material, too, is made of corner linked
tetrahedra. Each vertex of the tetrahedron is a
magnetic ion which has a magnetic moment.
In their low energy state, they follow a two
in–two out arrangement.
Artificial spin ice (ASI) systems replicate the
principles of the spin ice systems. According
to the scientists, “The successful use of ASI as
a functional magnonic crystal will depend
upon the efficient reconfigurability of their
magnetic microstates and the ensuing spinwave properties.” This precisely is the crux of
their research.

Using an experimental set-up developed in
house, the S. N. Bose Centre scientists are
studying the samples through Brillouin light
scattering (BLS). BLS is an inelastic light
scattering phenomenon of light quanta
photons from quasiparticles like magnons or
phonons, which can help in understanding
spin-wave propagation and dispersion under
the influence of an external magnetic field.
The BLS method is a breakaway from the
earlier experimental methods. Experimental
observations using BLS are consolidated and
extrapolated through simulations. Their
studies published in ACS Publications show
that the ASI systems can potentially give rise
to a huge variety of magnetic microstates,
which can be globally or locally controlled by
a magnetic field. This would lead to the
effective formation of different magnonic
crystals by subtle changes in the external
magnetic field, more like origami or a
kaleidoscope.
Source: PIB

Engineering Science

New technology could make biopsies a thing of the past
A Columbia Engineering team has developed
a technology that could replace conventional
biopsies and histology with real-time imaging
within the living body. Described in a new
paper published in Nature Biomedical
Engineering, MediSCAPE is a high-speed 3D
microscope capable of capturing images of
tissue structures that could guide surgeons to
navigate tumors and their boundaries without
needing to remove tissues and wait for
pathology results. For many medical
procedures, particularly cancer surgery and
screening, it is common for doctors to take a
biopsy, cutting out small pieces of tissue to be
able to take a closer look at them with a
microscope. “The way that biopsy samples are
processed hasn't changed in 100 years, they
are cut out, fixed, embedded, sliced, stained
with dyes, positioned on a glass slide, and
viewed by a pathologist using a simple
microscope. This is why it can take days to
hear news back about your diagnosis after a
biopsy,” says Elizabeth Hillman, senior author

of the study.
Another major benefit of the approach is that
cutting tissue out, just to figure out what it is,
is a hard decision for doctors, especially for
precious tissues such as the brain, spinal cord,
nerves, the eye, and areas of the face. This
means that doctors can miss important areas
of disease. “Because we can image the living
tissue, without cutting it out, we hope that
MediSCAPE will make those decisions a
thing of the past,” says Hillman. Over the past
decade, Hillman, who is also Herbert and
Florence Irving Professor at Columbia's
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Zuckerman Mind Brain Behavior Institute, has
been developing new kinds of microscopes for
neuroscience research that can capture very
fast 3D images of living samples like tiny
worms, fish, and flies to see how neurons
throughout their brains and bodies fire when
they move. The team decided to test whether
their technology, termed SCAPE (for Swept
Confocally Aligned Planar Excitation
microscopy) could see anything useful in
tissues from other parts of the body. The team
demonstrated the power of MediSCAPE for a
wide range of applications, from analysis of
pancreatic cancer in a mouse, to nondestructive, rapid evaluation of human
transplant organs such as kidneys. The team
also realized that by imaging tissues while they
are alive in the body, they could get even more
information than from lifeless excised
biopsies.
Source: Columbia University news release.

DISCOVERIES & INNOVATIONS

Physics, Maths and Engineering

Engineering Science

Making bricks out of Martian soil, using bacteria and urea
In collaboration with the Indian Space
Research Organisation (ISRO), a team of
researchers from the Indian Institute of
Science (IISc) has developed a sustainable
method for making bricks out of Martian soil,
using bacteria and urea. These “space bricks”
can be used to construct building-like
structures on Mars that could facilitate human
settlement on the red planet. The method for
making these space bricks has been outlined in
a study published in PLOS One. A slurry is
first created by mixing Martian soil (simulant)
with guar gum, a bacterium called
Sporosarcina pasteurii, urea and nickel
chloride (NiCl2). This slurry can be poured
into moulds of any desired shape, and over a
few days the bacteria convert the urea into
crystals of calcium carbonate. These crystals,
along with biopolymers secreted by the
microbes, act as cement holding the soil
particles together. An advantage of this
method is the reduced porosity of the bricks,

method to Martian soil proved challenging.
“Martian soil contains a lot of iron, which
causes toxicity to organisms. In the beginning,
our bacteria did not grow at all. Adding nickel
chloride was the key step in making the soil
hospitable to the bacteria,” explains Kumar.
which has been a problem with other methods
used to consolidate Martian soil into bricks.
“The bacteria seep deep into the pore spaces,
using their own proteins to bind the particles
together, decreasing porosity and leading to
stronger bricks,” says Aloke Kumar, one of
the senior authors of the paper.
The research group had previously worked on
making bricks out of lunar soil (simulant),
using a similar method. However, the
previous method could only produce
cylindrical bricks, while the current slurrycasting method can also produce bricks of
complex shapes. In addition, extending the

The group plans to investigate the effect of
Mars' atmosphere and low gravity on the
strength of the space bricks. The Martian
atmosphere is 100 times thinner than Earth's
atmosphere, and contains over 95% carbon
dioxide, which may significantly affect
bacterial growth. The researchers have
constructed a device called MARS (Martian
AtmospheRe Simulator), which consists of a
chamber that reproduces the atmospheric
conditions found on Mars in the lab. The team
has also developed a lab-on-a-chip device that
aims to measure bacterial activity in microgravity conditions.
Source: IISC news release

Nanotechnology

'Nanomagnetic' computing can provide low-energy AI
Researchers have shown it is possible to
perform artificial intelligence using tiny
nanomagnets that interact like neurons in the
brain. The new method, developed by a team
led by Imperial College London researchers,
could slash the energy cost of artificial
intelligence (AI), which is currently doubling
globally every 3.5 months. In a paper
published in Nature Nanotechnology, the
international team have produced the first
proof that networks of nanomagnets can be
used to perform AI-like processing. The
researchers showed nanomagnets can be used
for 'time-series prediction' tasks, such as
predicting and regulating insulin levels in
diabetic patients. Software run on traditional
silicon-based computers was used to simulate
the magnet interactions. Now, the team have
been able to use the magnets themselves to
process and store data – cutting out the
middleman of the software simulation and
potentially offering enormous energy savings.
Nanomagnets can come in various 'states',
depending on their direction. Applying a

magnetic field to a network of nanomagnets
changes the state of the magnets based on the
properties of the input field, but also on the
states of surrounding magnets.
The team, led by Imperial Department of
Physics researchers, were able to design a
technique to count the number of magnets in
each state once the field has passed through,
giving the 'answer'.
Co-first author of the study Dr Jack Gartside
said: “We've been trying to crack the problem
of how to input data, ask a question, and get an
answer out of magnetic computing for a long
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time. Now we've proven it can be done, it paves
the way for getting rid of the computer
software that does the energy-intensive
simulation." Co-first author Kilian Stenning
added: “How the magnets interact gives us all
the information we need; the laws of physics
themselves become the computer.” Team
leader Dr Will Branford said: “It has been a
long-term goal to realise computer hardware
inspired by the software algorithms of
Sherrington and Kirkpatrick. It was not
possible using the spins on atoms in
conventional magnets, but by scaling up the
spins into nanopatterned arrays we have been
able to achieve the necessary control and
readout.” The team will next teach the system
using real-world data, such as ECG signals,
and hope to make it into a real computing
device. Eventually, magnetic systems could be
integrated into conventional computers to
improve energy efficiency for intense
processing tasks.
Source: Imperial College London news release
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Neon ice shows promise as new qubit platform for future quantum
computers
In a recent Nature paper, a team led by the U.S.
Department of Energy (DOE)'s Argonne
National Laboratory has announced the
creation of a new qubit platform formed by
freezing neon gas into a solid at very low
temperatures, spraying electrons from a light
bulb's filament onto the solid and trapping a
single electron there. This system shows great
promise to be developed into ideal building
blocks for future quantum computers. Kater
Murch, professor of physics in Arts &
Sciences at Washington University in St.
Louis, is a senior co-author of the paper. He
explains some of the science behind the
discovery in this short video animation: A key
component in the team's new qubit platform is
a chip-scale microwave resonator made out of
a superconductor. (The much larger home
microwave oven is also a microwave
resonator.) Superconductors — metals with
no electrical resistance — allow electrons and
photons to interact together at near to absolute
zero with minimal loss of energy or

information. “The microwave resonator
crucially provides a way to read out the state
of the qubit,” Murch said. “It concentrates the
interaction between the qubit and microwave
signal. This allows us to make measurements
telling how well the qubit works.” To realize a
useful quantum computer, the quality
requirements for qubits are extremely
demanding. While there are various forms of
qubits today, none of them is ideal. But the
new neon system described in this paper is
very good, the co-authors said in a news
release shared by the DOE, and they plan to
continue optimizing and improving its
coherence times.
As part of Washington University's new
Center for Quantum Leaps, Murch and
members of his research group use nanofabrication techniques to construct
superconducting quantum circuits that allow
them to probe fundamental questions in
quantum mechanics. Physics graduate student

Kaiwen Zheng is working with Murch to build
on work initiated at Argonne National
Laboratory, developing the capabilities to trap
electrons on neon in the group's facilities
housed in Crow Hall on the Danforth Campus.
They have developed technologies to deposit
neon thin film in selective locations at
cryogenic temperatures and patterned the
trapping electrodes. Now, they are looking at
ways to mitigate decoherence in new qubit
systems, thus improving its longevity. “At the
moment, the qubit we have is based on the
motion of the electron,” Murch said. “We call
this a charge qubit, but one of the exciting
future prospects will be to convert this into a
spin qubit, relating to the spin of the electron.
This should make the qubit much less sensitive
to its environment, increasing the quality of
the qubit by orders of magnitude.”
Source: Washington University in St. Louis
news release

Physics

Mechanism 'splits' electron spins in magnetic material
Holding the right material at the right angle,
Cornell researchers have discovered a strategy
to switch the magnetization in thin layers of a
ferromagnet – a technique that could
eventually lead to the development of more
energy-efficient magnetic memory devices.
The work was published in the journal Nature
Electronics. The paper's co-lead authors are
postdoctoral researcher Arnab Bose and
doctoral students Nathaniel Schreiber and
Rakshit Jain. Ralph's (a senior researcher of
the work) group has focused on finding ways
to control the direction of the spin in spin
currents by generating them with antiferromagnetic materials. In antiferromagnets,
every other electron spin points in the opposite
direction, hence there is no net magnetization.
“Essentially, the antiferromagnetic order can
lower the symmetries of the samples enough
to allow unconventional orientations of spin
current to exist,” Ralph said. “The mechanism
of antiferromagnets seems to give a way of
actually getting fairly strong spin currents,
too.”

The team had been experimenting with the
antiferromagnet ruthenium dioxide and
measuring the ways its spin currents tilted the
magnetization in a thin layer of a nickel-iron
magnetic alloy called Permalloy, which is a
soft ferromagnet. In order to map out the
different components of the torque, they
measured its effects at a variety of magnetic
field angles. The researchers eventually
identified a mechanism called “momentumdependent spin splitting” that is unique to
ruthenium oxide and other antiferromagnets
in the same class. “For a long time, people
assumed that in antiferromagnets spin up and
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spin down electrons always behave the same.
This class of materials is really something
new,” Ralph said. “The spin up and spin down
electronic states essentially have different
dependencies. Once you start applying electric
fields that immediately gives you a way of
making strong spin currents because the spin
up and spin down electrons react differently.
So you can accelerate one of them more than
the other and get a strong spin current that
way.” This mechanism had been hypothesized
but never before documented. When the
crystal structure in the antiferromagnet is
oriented appropriately within devices, the
mechanism allows the spin current to be tilted
at an angle that can enable more efficient
magnetic switching than other spin-orbit
interactions. Eventually, the researchers'
approach could lead to advances in technologies that incorporate magnetic randomaccess memory.
Source: Cornell University news release
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Quantum Technology

Single photon emitter takes a step closer to quantum tech
To get closer to quantum technology we need
to develop non-classical light sources that can
emit a single photon at a time and do so on
demand. Scientists at EPFL have now
designed one of these “single photon
emitters” that can work at room temperature
and are based on quantum dots grown on costeffective silicon substrates. Developing nonclassical light sources that can emit, ondemand, exactly one photon at a time is one of
the main requirements of quantum technologies. But although the first demo-nstration
of such a “single photon emitter”, or SPE,
dates back to the 1970s, their low reliability
and efficiency has been stood in the way of
any meaningfully practical use. The main
advantage of SPEs is that they can do two
things: emit a single photon and do so ondemand – or, in more technical terms, their
single-photon purity, which they can maintain
at an ultrafast timeframe. Thus, for a light
source to qualify as an SPE, it must feature a

single-photon purity above 50%; of course,
the closer to 100%, the closer we will be to an
ideal SPE.
Researchers at EPFL, led by Professor
Nicolas Grandjean, have now developed
“bright and pure” SPEs based on widebandgap semiconductor quantum dots grown
on cost-effective silicon substrates. The
quantum dots are made of gallium nitride and
aluminum nitride (GaN/AlN) and feature
single-photon purity of 95% at cryogenic
temperatures, while also maintaining
excellent good resilience at higher temperatures, with a purity of 83% at room

temperature. The SPE also shows photon
emission rates up to 1 MHz while maintaining
a single-photon purity over 50%. “Such
brightness up to room temperature is possible
because of the unique electronic properties of
the GaN/AlN quantum dots, which preserves
the single-photon purity due to the limited
spectral overlap with competing neighboring
electronic excitation,” says Stachurski, one of
the researchers. “A very appealing feature of
GaN/AlN quantum dots is that they belong to
the III-nitride semiconductor family, namely
that behind the solid‐state lighting revolution
(blue and white LEDs) whose importance was
recognized by the Nobel prize in Physics in
2014,” state the researchers. An important
future step will be to see if this platform can
emit one photon and only one per laser pulse,
which is an essential prerequisite to determine
its efficiency.
Source: EPFL news release

Quantum Technology

Lasers trigger magnetism in atomically thin quantum materials
Researchers have discovered that laser can
trigger a form of magnetism in a normally
nonmagnetic material. This magnetism
centers on the behavior of electrons. These
subatomic particles have an electronic
property called “spin,” which has a potential
application in quantum computing. The
researchers found that electrons within the
material became oriented in the same
direction when illuminated by photons from a
laser. The research was published in the
journal Nature. By controlling and aligning
electron spins at this level of detail and
accuracy, this platform could have applications in the field of quantum simulation,
according to co-senior author Xiaodong Xu.
The research team worked with ultrathin
sheets — each just three layers of atoms thick
— of tungsten diselenide and tungsten
disulfide. Both are semiconductor materials,
so named because electrons move through
them at a rate between that of a fully
conducting metal and an insulator, with
potential uses in photonics and solar cells.
Researchers stacked the two sheets to form a
“moiré superlattice,” a stacked structure made

correlation among other electrons, with their
spins all orienting in the same direction.

up of repeating units. Stacked sheets like
these are powerful platforms for quantum
physics and materials research because the
superlattice structure can hold excitons in
place. Excitons are bound pairs of “excited”
electrons and their associated positive
charges, and scientists can measure how their
properties and behavior change in different
superlattice configurations.
The researchers were studying the exciton
properties within the material when they
made the surprising discovery that light
triggers a key magnetic property within the
normally nonmagnetic material. Photons
provided by the laser “excited” excitons
within the laser beam's path, and these
excitons induced a type of long-range
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The spin alignment that the researchers
witnessed within the superlattice is a
characteristic of ferromagnetism, the form of
magnetism intrinsic to materials like iron. It is
normally absent from tungsten diselenide and
tungsten disulfide. Each repeating unit within
the moiré superlattice is essentially acting like
a quantum dot to “trap” an electron spin, said
Xu. Trapped electron spins that can “talk” to
each other, as these can, have been suggested
as the basis for a type of qubit, the basic unit
for quantum computers that could harness the
unique properties of quantum mechanics for
computation. Collectively, the researcher's
discoveries illuminates relationships between
a material's structure and its magnetism that
could propel future advances in computing,
data storage and other fields.
Source: University of Washington news
release
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