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DIRECTO R’S N OTE – SAT YAJIT M AYO R, CEN TRE DIRECTO R

NCBS TODAY AND TOMORROW
NCBS has navigated yet another year of uncertainty, and while this
appears to be becoming a matter of routine, we need to confront the
realities facing us. We are also in a year that will culminate in our
first (ever) quinquennial review by an external review board, set up
by the TIFR Director and the Council of Management. This has allowed
us to reflect on what makes NCBS what it is, and make recommendations
on what it may become.
NCBS started its life as a small institute with a big vision about
biology. As a centre of Tata Institute for Fundamental Research (TIFR),
dedicated to the biological sciences, NCBS was an experiment aimed at
building a research centre that would address all scales of biology,
and a hiring mandate and strategy to recruit excellence in any area
of biology. Research at NCBS spans the molecular to ecosystem scales
and nanosecond to evolutionary time scales (www.ncbs.res.in). Today,
NCBS is a 35-faculty strong institute with a spread across all scales
of biology. It has had to chart a uniquely collaborative model to achieve what is the outcome of its 25 plus years of growth in this fashion.
It has also recruited an extremely multidisciplinary faculty, and has
evolved a uniquely interdisciplinary attitude towards biology. Numerous collaborations between individuals are evidence of the transdisciplinary nature of our research.
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To develop certain areas of biology, NCBS has also created new structures. To engage in field biology, NCBS has set up one of India’s
finest Masters programmes on Wildlife Biology and Conservation, and
developed a network of field stations. The Masters programme was
generously supported by the Tata Trusts as well as the Department
of Science and Technology, with core support from TIFR. This brings
into NCBS, a perspective from the ecological sciences and also
wildlife biology, thereby encouraging field research in our laboratories. A deeply-felt need to embed a more theoretical approach to
biology has driven the creation of a Theory Centre. Subsequently,
endowed by a grant from the Simons Foundation, the Simons Centre for
Living Machines has emerged. Here, physicists and computer scientists
engage with biological problems either in collaboration with experimentalists or inspired by questions raised by contemporary biology.
Addressing the need for translation of its research, NCBS-TIFR
(a DAE-funded Centre) has set up two institutes in its neighbourhood
by collaborating with the Department of Biotechnology. One, the Institute for Stem Cell Science and Regenerative Medicine (inStem; www.
instem.res.in), a theme-driven institute whose mandate is research on
the biology of stem cells and its effective translation, and two, the
Centre for Cellular and Molecular Platforms (C-CAMP; www.ccamp.res.in).
The latter focusses on providing an environment for incubation and
entrepreneurship, and is rated one of India’s finest biotech incubators. NCBS has helped establish a very broad spectrum of core facilities, augmented by the requirements of inStem and C-CAMP. C-CAMP
provides a portal as well as a mechanism for researchers around the
country, and beyond, to use the excellent resources and core facilities set up on the campus.
NCBS has also spearheaded the Bangalore Life Science Cluster, along
with inStem and C-CAMP, to create a synergistic, geographically
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Some of the accolades that we celebrate this year include the
conferment of the prestigious Gutenberg Chair of the University of
Strasbourg upon Gaiti Hasan; the selection of Dimple Notani as an
EMBO Global Investigator, and the Distinguished Investigator Award
to Mahesh Sankaran from the SERB. Two of our M.Sc. Wildlife alumni
also received prestigious awards: Divya Karnad was the first Indian
woman to receive the Future of Nature award for Marine Conservation,
and Nishant Srinivasaiah was awarded the Carl Zeiss award for
outstanding contribution to conservation in India.
The cover page of this report celebrates our excellent Core
Facilities, its heroic facility colleagues, and their tireless Head,
Krishna, who have helped establish an extraordinary suite of facilities
on this campus. These have served us well and we salute our staff who
have worked through thick and thin to put this campus on the map.
Our Research and Development Office has been instrumental in catalysing the process of finding and securing grants, and has grown in
its capabilities under Vineetha. It started as an experiment in research administration and has now become an important motivator for
the same to be created in other places. We have begun a Resources and
Planning Cell headed by Navin Sharma to tap into multiple sources of
funding—philanthropic, industrial, and others—to broaden our institutional funding framework from an almost completely governmentdependent mode to a more diversified one.
At NCBS we have tried to have a small and efficient administration
and here we see that there are several challenges as we grow as well
as age. Recently, we have had a major assessment of the number of staff
employed at NCBS, and hope that adequate staffing for our administration as well as our technical division will be met. After Mr. Pawha
left to head inStem last year, we have not been able to recruit a
full-time head of administration and finance, and this has been very
stressful all around. For the interim, Mr. Pandian, who served as
Head of A&F, during a similar change-over period previously, has stepped into the breach along with Mr. Srinidhi, our Accounts Officer, to
serve as Head A&F, respectively. We remain grateful for their commitment, and to Mr. Pawha for all the heavy lifting.
We are acutely aware of the need to connect with the broader social
and educational landscape around us. Communications and Archives@
NCBS are milestones in Indian Centres for Science and Research Outreach. Our Archives goes from strength to strength, driven by Venkat
Srinivasan, and his spirited band of interns. They have already catalysed a wealth of scholarly engagement on the campus, and built a web
of interactions between similar nascent activities in India, and much
more mature archival work abroad. Our Communications Office has been
active in getting out the word about our science and amplifying our
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localised site for research and innovation. This has been very
successful and we have a vibrant set of activities as a consequence
of this structure. Several national and international multi-institutional collaborations distinct from individual collaborations have
also characterised the Cluster’s research ethos. The Chemical Ecology
Programme (https://www.ncbs.res.in/ChemicalEcology/ChemicalEcology
AndNCBS), and the programme on Acceleration of Discovery in Brain
Disorders using Stem cells (https://www.ncbs.res.in/adbs/about-adbsprogram) are but some examples. In these flagship programmes, we see
NCBS as nucleating exciting science on a scale that has been extremely
rare in India, and developing a new culture of highly ambitious, multiinstitutional projects. The Cluster has also enabled the setting up
of the National Mouse Facility, the National Facility for CryoEM, and
Big Data Analysis under this umbrella.

outreach, and must be congratulated on the numerous accolades they
have received for their various pioneering initiatives: the BLiSC
Science Café, and the Jigyasa Project (Sci-Comm in local languages),
to name a few.
IndiaBioscience, hosted and nurtured at NCBS, is a communityfocussed effort, providing a platform for interactions with scientists and knowledge about the life science ecosystem in the country,
and a soft-landing point for young scientists seeking to return to
India, and many labs from all over the country have used this
platform for interacting with prospective faculty.
Having continuously explored new ways of doing science in India in
the last 25 years, to flourish in the next 25, we will have to take
on new challenges and create opportunities so that we may continue
to thrive. NCBS’s recruitment strategy and broad life science mandate
has created the fabric of research at NCBS, and this remains a
characteristically vibrant feature of science on the campus. Is this
now a limiting factor? Does it impede our scientific growth in any
given area of research? These are questions we must pose as we go
towards the next 25 years. At the same time, NCBS, and the Indian
science ecosystem in general are at a transition point as we move
from a system of steady government support to uncharted territory.
A unique contribution of NCBS has been to facilitate a new language
for biology, deeply embedded in theory, and also expanding the definitions of how and where biology may be studied. This is an important
contribution to the Indian life science ecosystem. Should NCBS try and
influence this vision of biology outside its confines, and if so, how?
Uma Ramakrishnan and colleagues at NCBS are engaged in determining
the scope and direction of a hugely ambitious National Biodiversity
Mission aimed towards enhancing human wellbeing. With our cohort of
ecologists, field biologists, and population biologists, we hope to
play an important anchor role in this ambitious mission. This will
bring new opportunities and resources for developing this area of
research and application in the country.
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How have other institutions managed such changes? Where are the
best opportunities? How can we maintain our core personality when
so much else is in flux? It is important that we build bridges with
other neighbouring institutes/universities in terms of stronger collaborations, exchanges, and student training. We must become involved
in pedagogy and curriculum setting that will facilitate sharing our
vision of a new biology, changing our ecosystem, and influencing our
neighbourhood. We continue to explore new avenues for multidisciplinary research by establishing centres for complex systems, computer
science, imaging, mechanics, and other disciplines in conjunction with
our neighbours—ICTS, CAM, and IISc—to address central questions in
biology anchored by our faculty who pose these questions.
We also need a formula for continuous renewal. No institution can
remain viable and vibrant unless it is renewing itself either by growth
or turnover. At NCBS we are close to our maximum capacity while substantial growth is taking place in our neighbourhood (inStem). It is
therefore vital that we develop a strategy for renewal that will keep
us youthful, whilst maintaining NCBS’s character as an institution
for biology across scales and at the forefront of biological research.
Satyajit Mayor
C E N T R E DI R E C T O R
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Several of our investigators have
research interests spanning multiple
areas of biology and only one of
their affliations is given here.
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EN TRY 1.01 – M K M AT HE W

ROOTS AND MECHANISMS
OF SALT TOLERANCE
IN ARABIDOPSIS
Salt stress induces enhanced endocytosis in plants and we
have shown that it does so by turning on a novel endocytic
pathway. In mutants that do not turn on this pathway, we now
show proliferation of root hairs close to the elongation zone.

ma thew
@ncbs.res.in
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The vps9a2 mutation in a Rab GEF disrupts the ability of Arabidopsis
to turn on a salt-induced endocytic pathway. We now show that this
mutation also induces the proliferation of root hairs close to the
elongation zone. Induction of root hairs by salt has been well
documented in the past, but the extent seen in vps9a2 mutants is
significantly greater than in wild type Arabidopsis plants. It is
also accompanied by an absence of build-up and acidification of
endomembrane compartments, which are features of the salt response
that we have reported on in the past. Our data suggest that endocytosed membrane contributes to the build-up of endomembrane compartments, linking the two processes. However, the bushy proliferation of root hairs is not predicted by previously observed
phenotypes and we are currently investigating this phenomenon.
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Prolifera tion of root hairs in
muta nts tha t are deficient in
salt-induced endocytosis.
Top two panels are wild-type roots, the lower two panels
are of roots of mutant plants. The left panels are in
the absence of salt stress while the right panels are
following 12 hours of salt stress.

P U B LIC AT IO N S

Roy, S. and Mathew, M. K., 2018. Fluid flow modulates electrical activity in cardiac hERG potassium
channels. Journal of Biological Chemistry, 293(12),
pp. 4289-4303.
Meena, M. K., Prajapati, R., Krishna, D., Divakaran,
K., Pandey, Y., Reichelt, M., Mathew, M. K., Boland,
W., Mithöfer, A. and Vadassery, J., 2019. The Ca2+
channel CNGC19 regulates Arabidopsis defense against
Spodoptera herbivory. The Plant Cell, 31(7),
pp. 1539-1562.
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EN TRY 1.02 – R S OW D H A MINI

COMPUTATIONAL APPROACHES
TO PROTEIN SCIENCE

We employ computational algorithms to enable efficient
annotation of functions to unknown gene products. Our ongoing
and future projects are geared towards modelling protein/
ligand interactions with applications in biomedical research
and plant genomics, aided by in-depth and collaborative
scientific ventures.

mini
@ncbs.res.in
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Genome sequencing projects have enormous potential for benefiting
human endeavors. However, just as acquiring a language’s vocabulary
does not enable one to speak it, databases that list the amino acid
compositions of proteins do not directly tell us much about these
proteins’ higher-level structures and functions. The most productive
way to indirectly exploit the information in these databases has been
to start with a small number of proteins that are fully-characterised,
and to assume that other proteins with ‘similar’ sequences will have
related structures and functions. Proteins with very similar amino
acid sequences are ‘no-brainers’
—but the real test, which our group
largely focuses on—is to detect the ‘essential’ similarities in proteins whose non-critical sections have experienced random rearrangements during evolution. In such cases, functionally similar proteins
may have <25% sequence overlap. To enable more complete tracing of
protein family trees, we have developed and improved upon a wide
range of computational methods: some can be applied to all proteins,
others exploit characteristic features of specific protein types
(e.g. the strong influence of disulphide bonds on the structures of
extracellular proteins). These have been adapted into a number of
widely used and publicly accessible web resources (e.g. DIAL, iMOT,
MODIP, FMALIGN).
Applying these and other techniques, we have also carried out withinand cross-genome surveys of several protein families and superfamilies to improve our understanding of their biological functions.
Finally, we have identified families of enzymes, such as terpene
synthases and cytochrome P450s in herbal plant genomes to ascertain
their roles in the biosynthesis of medicinally relevant secondary
metabolites.
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Doma ins in the enzyme allan toa te amidohydrolase
(Protein Da ta Bank code IMO)

P U B LIC AT IO N S

Iyer, M.S., Joshi, A.G. and Sowdhamini, R., 2018.
Genome-wide survey of remote homologues for protein
domain superfamilies of known structure reveals
unequal distribution across structural classes.
Molecular Omics, 14(4), pp. 266-280.
Pasha, S. N., Shafi, K. M., Joshi, A. G., Meenakshi,
I., K. Harini, Mahita, J., Sajeevan, R. S., Karpe, S.
D., Ghosh, P., Nitish, S., A. Gandhimathi, Mathew, O.
K., Prasanna, S. H., Malini, M., Mutt, E., Naika, M.,
Ravooru, N., Rao, R. M., Shingate, P. N., Sukhwal,
A., Sunitha, M. S., Upadhyay, A. K., Vinekar, R. S.
and Sowdhamini, R., 2019. The transcriptome enables
the identification of candidate genes behind medicinal value of Drumstick tree (Moringa oleifera).
Genomics, https://doi.org/10.1016/j.ygeno.2019.04.014.
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EN TRY 1.03 – AS WIN SES H ASAYEE

ADAPTATION,
THE BACTERIAL WAY!

Bacterial adaptation to a given environment is complex and
multi-pronged. Not only do bacteria use combinations of
regulatory players to determine what molecules to produce
when, they also adapt often by changing their genetic makeup
in small steps. We ask how these phenomena operate using
genetics and number crunching with computers.

aswin
@ncbs.res.in

The model bacterium E. coli can survive and divide independent of
the origin of replication (oriC) under certain conditions, including
those in which RNA-DNA hybrids which can prime DNA replication are
stabilised (cSDR for constitutive stable DNA replication). Are there
discrete sites (oriK) from which such non-canonical replication
initiations occur? Or are such sites distributed across the chromosome, consistent with the genome-wide prevalence of RNA-DNA hybrids
in these strains? How does E. coli—whose genome organisation has
evolved to maximise the outcomes of replication initiation from
oriC—adapt to cSDR?
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Many bacteria undergo cycles of feast and famine. The bacterium
E. coli metabolises nutrients to grow rapidly before facing a period
of nutrient starvation. However, they continue to evolve, grow, and
die during this phase of starvation, thus maintaining a dynamic population. What evolutionary strategies and regulatory adaptations do
bacteria use during phases of prolonged starvation? Broadly, how do
bacterial regulatory networks evolve over different time scales?
We use laboratory evolution experiments, next-generation genomics,
and bioinformatics to address these questions.
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Transcription factor (TF) mutations are commonly seen
early in adaptation, before plateauing out, whereas
mutations in non-TF target genes (TG) increase at a more
steady pace. DAF stands for Derived Allele Frequency.
Data based on publicly available data from the long-term
evolution experiment from Richard Lenski’s laboratory.

P U B LIC AT IO N S

Chawla, M., Mishra, S., Anand, K., Parikh, P., Mehta,
M., Vij, M., Verma, T., Singh, P., Jakkala, K., Verma,
H. N., AjitKumar, P., Ganguli, M., Seshasayee, A. S.
N. and Singh, A., 2018. Redox-dependent condensation
of the mycobacterial nucleoid by WhiB4. Redox
Biology, 19, pp. 116-133.
Lal, A., Krishna, A. and Seshasayee, A. S. N., 2018.
Regulation of global transcription in Escherichia
coli by Rsd and 6S RNA. G3: Genes, Genomes, Genetics, 8(6), pp. 2079-2089.
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Analysis and image by
Farhan Ali (BioRxiv DOI:
10.1101/785691)

EN TRY 1.04 – R A N A BIR DAS

PROTEIN FOLDING, DESIGN,
AND MODIFICATIONS

Proteins rapidly fold up into particular 3D shapes for their
function. Post-translational modifications (PTMs) of proteins
also regulate their function and lifetime. We address questions about anomalies in protein folding and modification
processes which could disturb cellular homeostasis.
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rana
@ncbs.res.in

We are focussed on studying three topics: (a) protein folding and
misfolding; (b) protein self-assembly by rational engineering; and
(c) the role of PTMs in host-pathogen interactions. Our studies have
revealed structural details of protein folding intermediates, which
has uncovered a mechanism of aggregation in the prion protein. We
have also shown that specific orientations of atomic interactions
at the buried core of a protein can have major implications for its
molecular recognition on the surface, indicating that the specific
geometry of interactions may be evolutionarily conserved. We have
designed new motifs that can be universally engineered into proteins
to drive self-assembly. These designs have generated exciting possibilities for the rational engineering of macromolecular assembly for
specific functions. Our studies have also provided exciting insights
into the synergy between multiple post-translational pathways, which
are exploited by pathogens for sustained infections. We found that
phosphorylation of the human cytomegalovirus transactivator protein
IE2 increases its SUMOylation and enhances its activity. This finding highlights a novel mechanism where SUMOylation and phosphorylation of the viral protein IE2 work in tandem to enable transcription of viral genes. We routinely use NMR spectroscopy and X-ray
crystallography for protein structure determination, and blend these
techniques with in vitro and cellular biochemical assays to evaluate
the functional implications of our findings.
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The conserved orienta tion between aroma tic
sidechains a t the core of SUMO protein can
regula te its conforma tions and function.

Temperature (ºC)

c)
Anisotropy

Sumoylation

SUMO(S)

SUBSTRATE

a) A conserved face-to-edge aromatic interaction in the core of SUMO.

Time (min)

The comparison of b) stability and c) SUMOylation of mutants in SUMO
that perturb the specific face-to-edge interaction.

Ra tional protein engineering can crea te domainswapped dimers from monomers.
a)

b)

MK0293ctd

Protomer1

c)

Protomer 2

Protomer1

Protomer 2

a) Engineering the ‘QVVAG’ motif in the beta-turn of a typical
protein(MK0293ctd) creates b) dimers that are domain-swapped at the
turn. c) is the surface representation of b).

P U B LIC AT IO N S

Chatterjee, K. S., Tripathi, V. and Das R., 2019.
A conserved and buried edge-to-face aromatic interaction in Small Ubiquitin-like Modifier (SUMO) has
a role in SUMO stability and function. Journal of
Biological Chemistry, 294(17), pp. 6772-6784.
Nandwani, N., Surana, P., Negi, H., Mascarenhas, N.
M., Udgaonkar, J. B., Das, R. and Gosavi, S., 2019.
A five-residue motif for the design of domain swapping in proteins. Nature Communications, 10(1),
p. 452.
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EN TRY 1.05 – A R ATI R A M ES H

STRUCTURE TO SIGNALLING:
INSIGHTS INTO BACTERIAL
BIOLOGY THROUGH RNA
STRUCTURE
We are interested in RNA structure and RNA-mediated signalling. Using biochemical/structural approaches, we investigate
how RNAs create the chemical complexities required to sense
diverse molecules, how natural signal-sensing RNAs function,
and how these molecules can be exploited to develop RNA-based
biosensors.

ara ti
@ncbs.res.in

My lab’s programme addresses three broad areas centred around RNA
structure: (a) identifying signalling pathways mediated by metabolitebinding riboswitches and protein-RNA complexes; (b) designing RNA
probes for cellular metabolites; and (c) understanding the role of
RNA structure in fundamental RNA-driven processes like transcription
and translation.
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We are working towards identifying non-coding RNAs induced under
infection-like conditions in pathogenic bacteria. Although crucial
for bacterial signalling, RNAs from certain bacterial phyla remain
elusive. By revamping computational approaches, we recently discovered a family of structurally-conserved RNAs in actinobacteria. These
RNAs function by recruiting signal-sensing ANTAR proteins to select
and regulate transcripts via translational repression.
In mycobacteria, transcripts targeted by ANTARs encode important
redox enzymes involved in lipid metabolism. The cellular response
to ANTAR regulation is hierarchical, wherein the immediate metabolic
changes induced by ANTAR–RNA binding is amplified through a global
transcriptomic response. This response includes changes in gene activities of oxidative/reductive pathways, ultimately switching cells
towards reductive metabolism. Our discovery of ANTAR RNAs and their
associated regulatory mechanisms classifies RNAs as crucial players
in controlling the metabolic flexibility of mycobacteria and indicates
that ANTAR RNA regulation may play a prominent role in metabolic
processes across actinobacteria. Another area of investigation is the
role of RNAs in iron homeostasis. We have discovered an RNA family
that is iron-responsive. We are now investigating how these RNAs sense
iron, and contribute to iron homeostasis. One family of these RNAs is
restricted in phylogenetic distribution and the kinds of genes it is
linked to, while the other is widespread and appears to link iron
homeostasis to sulfur metabolism. We are investigating how these RNAs
affect iron-mediated redox in the cell.
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in recognition and direct binding of ANTAR-target RNA targets. This
leads to translational regulation of lipid metabolism and related
redox enzymes. Regulation of relevant enzymes results in metabolic
changes, driving cells towards increased reductive capacity.
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Structure and
chemistry of signalsensing RNAs

Discovery of a non-coding RNA family
across actinobac teria
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REGULATION OF DNA DAMAGE
RESPONSE AND REPAIR

Cells constantly face the threat of DNA damage. Incorrectly
repaired or unrepaired damage can lead to mutations, loss
of genetic information, or even cell death. We study how DNA
damage repair is regulated in microbial systems to ensure the
maintenance of genome integrity.

anja na
@ncbs.res.in

Successful DNA repair requires three steps to occur accurately:
(a) regulation of cell cycle to ensure that cells do not divide before
repair has been completed; (b) repair pathway choice to ensure that
the right pathway is employed to repair damaged DNA; and (c) modulation
of activity of error-free and error-prone repair systems to maintain
genome integrity while also increasing chances of survival under stress.
While repair pathways have been well-studied in isolated contexts in
vitro, little is known about their dynamics, mechanisms of action, and
regulation in a living cell. To address these questions in an in vivo
context, my lab employs live-cell imaging and novel genetic assays to
introduce perturbations in the system. We primarily study genome integrity maintenance in bacteria; however, our recent work has also led us
to investigate DNA damage response regulation in yeast mitochondria.
Some questions we are currently working on are listed below:

Damage response and cell cycle regulation
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• How do bacteria recover after DNA damage repair?
• How is mitochondrial DNA damage sensed and DNA repair regulated?

Repair pathway choice and regulation
• Regulation of error-prone translesion synthesis repair and its crosstalk with other repair pathways in bacteria
• Mechanism of homology search: role of the SMC protein, RecN
• Understanding the bacterial adaptive response
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Yeast (without
damage): budding
yeast cells with
labelled mitochondria.

DNA damage response (SOS)
act iva tion in E. coli cells seen
with mCherry expressed from an
SOS-inducible promoter.

P U B LIC AT IO N S

Raghunathan, S. and Badrinarayanan, A.. 2019.
Tracking bacterial chromosome dynamics with microfluidics-based live cell imaging. In: Badrinarayanan
A. (eds) SMC Complexes. Methods in Molecular Biology, vol 2004. Humana, New York, NY, pp. 223-238.
Chimthanawala, C. and Badrinarayanan, A., 2019. Livecell fluorescence imaging of RecN in Caulobacter
crescentus under DNA damage. In: Badrinarayanan A.
(eds) SMC Complexes. Methods in Molecular Biology,
vol 2004. Humana, New York, NY, pp. 239-250.

<se ctio n> BIO CHEMIST RY, BIOPHYSICS, AND BIOINFO RM ATICS <se ctio n/>;

< p a g e > 2 1 < p a g e/>;

EN TRY 1.07 – VIN OT H K U M A R K R

MEMBRANE PROTEIN
STRUCTURE AND DYNAMICS

Membranes define a cell; the proteins within these membranes
mediate a wide range of functions including transport and
signalling and are often targets for drugs. Our aim is to
elucidate the structure of membrane proteins, including
enzymes and ion-channels, and understand how they function.

vkumar
@ncbs.res.in

Our broad interest lies in tackling challenging and interesting biological problems connected to membrane proteins and macromolecular
complexes. Currently, we are interested in understanding the functioning of the rhomboid family of proteins, mechanism of transport of
molecules by ABC transporters (particularly in retinal and surfactant
transport), and mechanotransduction. We use a range of systems, from
bacterial to eukaryotic cell lines, to express these proteins and
characterise them biochemically and structurally using X-ray crystallography and electron cryo-microscopy (cryoEM).
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CryoEM as a technique, is our other interest, and in 2017, we succeeded in establishing the National CryoEM facility. Using this facility,
we have obtained the structures of many macromolecules; the first of
these structures, which is of a bifunctional enzyme (PaaZ) explaining
its substrate transfer mechanism, has now been published (Figure 1A).
Another structure that we have obtained is that of the enzyme
dimethyl-formamidase, which is used by microbes to degrade dimethyl
formamide, an industrial solvent and environmental hazard. This
structure reveals several interesting features, including the dimertetramer equilibrium, a novel fold, and an iron-containing active
site (Figure 1B).
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a) The bifunctinal enzyme PaaZ
is used by many bacteria to
degrade environmental pollutants and catalyses the ring
opening of oxepin-CoA using
hydratase and dehydrogenase
activity. We used cryoEM to
determine structures of PaaZ
with bound ligands and provide
a hypothesis for how substrate
transfer from one enzymatic
domain to the other occurs.
A cartoon representation of
the PaaZ dimer (monomers in red
and green) showing the active
site residues and ligands in
the sphere-and-stick repre-

Sa thya nara yana n
et al., 2019

sentations. A close-up view
of the substrate transfer pathway in PaaZ and the possible
mode of substrate transfer is
shown with a black arrow.

b) Dimethylformamidase is an
enzyme that consists of two

b)

polypeptides (α and β) that
hydrolyses dimethylformamide.
The surface representation
of the dimer shows the
arrangement of the β and α
subunits and a cavity through
which the substrate might
enter. The zoomed image of the
cavity shows the active site,
which contains iron (brown
sphere) and water (red sphere)
molecules.
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DECIPHERING GENETIC AND
MOLECULAR ALTERATIONS IN
CANCERS
We are interested in understanding the genetic and molecular
alterations responsible for the development of cancers and
their resistance to treatments, using computational and
functional genomics approaches.

saba ri
@ncbs.res.in

The DNA in the cells of our bodies contains all the information
required to ensure correct cellular functioning. However, the accumulation of DNA alterations or mutations, can cause cells to grow and
divide in an uncontrolled manner to form tumors that may also metastasise. In order to prevent and treat any cancer, it is of paramount
importance to fully understand the genetic and molecular basis of the
disease; this includes identifying and understanding what gene(s) are
affected by mutations and how they alter cellular functions.
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We address these questions through the analysis of large-scale cancer
genomics datasets (whole genomes, exomes, and transcriptomes) generated
by national and international cancer genome projects, with a particular
focus on the Indian population. We develop computational methods to
integrate different levels of genomic information to identify genes
and pathways that are altered due to mutations and may be likely
drivers of cancer in individual patients.
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Integrative omics analyses
to detect cancer driver
genes and pathways

Sequenced
patient cohort

um

The schema tic
diagram represents
the multiomics
approach to
ident ifying cancer
driver muta tions in
individual pa tients
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UNDERSTANDING HUMAN
CERVICAL CANCER
PROGRESSION AND BUILDING
A BIOLOGY-MEDICINE
INTERPHASE
Our group has two interests: (a) understanding the nature
of human cervical cancer progression with a particular focus
on Notch signalling in a subset of CD66+ cells; and (b) and
enabling inter-campus bio-medical efforts spanning diverse
areas such as haematology, HLA platforms, Dengue vaccines,
etc.

skrishna
@ncbs.res.in
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Human cervical cancers constitute a major part of malignancies in
women in our country, and are caused by papillomaviruses of a highly
oncogenic type. Our cumulative data over decades has led us to suggest
that ligand-dependent Notch pathway activation acts as a ‘second signal’
in human cervical cancer progression (reviewed in Maliekal T. et. al.,
Oncogene 2008). Subsequently, we have identified a sub-set of CD66+
cells with distinctive tumor promoting properties that are dependent
on Notch signalling (Bajaj J. et al., Cancer Research 2011 and Pattabiraman C. et al., Cancer Research 2014). An analysis of recently
published literature and available information on genetic changes
in cervical cancers are consistent with Notch pathway activation and
amplification (Rodrigues et al., 2019). Ongoing experiments revolve
around therapeutic strategies, the role of cell extrusion, etc.
Since 2008, we have been working intensively with the St. John’s
Medical College campus and built extensive research laboratories and
explored joint teaching programmes with medical colleagues. We have
now extended that programme to an international viral genomics effort
focusing on Dengue genomics and vaccine development with an East
African hub. Currently, we are exploring the creation of an Indo-African
consortium along the lines of the global virome project/Pandora net.
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MECHANISMS OF MEMBRANE
ORGANISATION AND
ENDOCYTOSIS
The principal focus of our laboratory is to uncover the
physico-chemical rules that govern local organisation of the
cell membrane in a living cell and connect this to cellular
and organismal physiology. Specifically, we ask: How does
the cell build functional signalling complexes at the plasma
membrane? What are the requirements to create a responsive
endocytic platform?

mayor
@ncbs.res.in
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The plasma membrane is not a homogenous, passive boundary of a cell,
but a macromolecular assembly teeming with activity and local heterogeneities. It is the hub of signalling processes mediating bilateral
information transfer and endocytic activities. Our laboratory studies
how local membrane heterogeneities arise and how endocytic trafficking is regulated. Our studies provide a compelling picture of the
cell membrane as an active composite of the lipid bilayer with a
dynamic cortical actin layer beneath, wherein, dynamic actin filaments help in controlling the local composition of the membrane.
While working towards understanding the physiological functions of
nanoclustering on the plasma membrane, we find that activation of
integrin molecules on a specific extra-cellular matrix surface leads
to actin reorganisation and alteration of the local membrane environment, which is in turn, required for cells to spread on the surface.
Our work on the membrane organisation of the cell adhesion protein
CD44, reveals a hierarchical organisation of the protein, with actomyosin active composite-mediated nanoclusters being localised to the
larger mesoscale template. Furthermore, with the active composite
model as a cornerstone, we have reconstituted T-cell signalling components in vitro and have probed their relative contributions to actomyosin driven spatio-temporal dynamics of T-cell signalling. A combination of experiments using reconstitution systems and theoretical
modelling has also yielded new insights into the organisation of the
active composite itself, suggesting that the membrane cortex might
have a stratified organisation of actin and myosin. Overall, our recent
work has shed light on the organising principles of the actomyosin
active composite, how the active composite affects the organisation
of membrane components, and how that, in turn, mediates important
cellular processes such as cell spreading and cell adhesion.
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CD44 in detail

EN TRY 2.03 – R AG H U PA DINJAT

PHOSPHOINOSITIDE
SIGNALLING IN CELL
BIOLOGY
Chemical messengers derived from the lipid phosphatidylinositol
are part of an evolutionarily conserved mechanism of cell
signalling. These molecules regulate key cellular and biological
processes in eukaryotes. We study the logic underlying lipid
signalling and its relevance to biomedical science.

<lo catio n> N CBS ANNUAL REPO RT 2018-19 <lo catio n/>;

praghu
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Our long-term scientific interest is to understand cellular communication mediated by lipid molecules generated by the metabolism of
phosphatidylinositol. Phosphoinositide signals provide molecular control
for key subcellular processes such as membrane remodelling, cytoskeletal
function, transcription and translation. Through these processes, this
signalling pathway orchestrates basic cellular behaviours such as cell
division, shape changes, polarised movement, and cell death; and these
behaviours play key roles in a number of physiological processes including early embryogenesis, lymphocyte development and function, as well
as neuronal activity. The overall goal of our work is to understand how
the architecture in this signalling cascade is designed to optimally
deliver physiological outputs. The work is multidisciplinary and done
using a combination of Drosophila and human disease models. Over the
last year, we have uncovered the function of key enzymes that regulate
lipid signalling and provided a molecular mechanism by which they control
cellular processes. These include the mechanism by which lipid molecules
are exchanged between cellular compartments, the control of membrane
turnover and receptor activity by lipids, and a quantitative model of
the turnover of lipids during critical cell signalling reactions important for brain function. We also study the function of phosphoinositides
in neuronal cell biology and brain disorders using human iPSC-derived
neural cells in cell culture. The goal of this work is to uncover the
function of altered phosphoinositide signalling in brain disorders.
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a) 45 day-old neurons exhibit spontaneous activity detected using
calcium imaging. Neuronal cultures can be maintained for upto 120
days in vitro and can be used for studying neural physiology and cell
biological properties.
b) hNSC-derived 60 day-old neurons express MAP-2 (red), layer-VI marker
CTIP2 (green), Synapsin-1 punctae (yellow) and nucleus stained with
DAPI (blue).

b)

Time(s)

Time(s)

Drosophila larval neuromuscular junction
stained to reveal the motor neurons and its
synapse with the underlying muscle.
Motor neuron stained with HRP in blue. Synaptic boutons marked
in pink using an antibody to the synaptic protein synapsin.
This model is used to study the control of synaptic function by
phosphoinositides.
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Biochemical and functional characterisa tion of human hNSC-derived neurons:

a)

EN TRY 2.04 – VA R A D H A R AJA N SU N DA R A M URT H Y

BIOLOGY OF HOSTPATHOGEN INTERACTIONS
DURING INTRACELLULAR
INFECTIONS
The broad goal of our lab is to understand the interactions
between intracellular pathogens and host cells, with particular interest in the modulation of host trafficking pathways.
We combine cell biological methods, high content imaging, and
computational approaches with conventional cell and molecular
biology to address these questions.

vara dha
@ncbs.res.in

My lab works on host-pathogen interactions, specifically, on how
fundamental host cellular processes such as endocytosis, autophagy,
and polarity are modulated by intracellular infections. The lab focus
is on two distinct pathogens: (a) M. tuberculosis, which causes tuberculosis, and (b) the liver stage of Plasmodium spp., that cause malaria.
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Our aim is to combine quantitative image analysis from 2D, 3D, and
live-cell imaging with conventional tools of cell and molecular
biology to explore the relationships between the two pathogens with
their host systems at molecular, cellular, and tissue levels. Recent
results show that both pathogens cause global alterations in the
organisation and dynamics of the host cell endocytic network. These
alterations include sub-cellular redistribution of specific endosomal
pools and an increase in the numbers and contents of distinct endosomal populations specifically in the infected cells. In case of
M. tuberculosis infections, the endosomal system influences the
infectivity of the pathogen, and lysosomes distinctly modulate the
intracellular survival of the pathogen.
In some cases, abrogation of these alterations by chemical treatment
results in killing of the pathogen, suggesting the importance of
these changes in pathogenesis mechanisms. Alternatively, modifying
the endolysosomal pathways in different ways results in elevated
levels of pathogens in cells. Our work shows that there is extensive
re-wiring of host endocytosis machinery during intracellular pathogenesis and suggests a finely nuanced nature of the interactions
between host and pathogen systems. These results provide further
support for host-directed therapeutics against infectious diseases.
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A section from
Mtb infected mouse
lung stained for
macropha ges.
(Blue - DAPI;
Green - Mtb-GFP;
Red - macropha ge
marker CD11b)
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EN TRY 3.01 – UPIN DER S B H ALL A

MULTISCALE SIGNAL FLOW
IN BRAIN COMPUTATION
AND MEMORY
We use in vivo and in vitro optical and electrical recordings
as well as multiscale computer models to understand sequence
recognition and memory as fundamental computations in the
brain. We develop tools for rigourous, experiment-driven
neural models in health and disease.

bhalla
@ncbs.res.in

In vivo, we use 2-photon imaging to monitor hippocampal activity
from hundreds of neurons to watch how sequences form when mice learn
to associate stimuli separated in time. This provides a window into
brain computation and memory.
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In vitro, we use optogenetics to deliver precise patterned stimuli
to the hippocampal network. We perform single-cell patch recordings
to study complex summation and the encoding of neuronal computation
through amplitude and timing. We also use optogenetic patterned inputs to analyse how sequences can be discriminated by single cells.
In silico, we have developed an array of tools for building datadriven models of brain function in health and disease. These include
the multiscale neuronal simulator, MOOSE; FINDSIM,which systematises
the process of defining models based on experiments, a database of
codified experiments, and a database of models. Along with colleagues
around the country we are launching a consortium—SANKET (the Signalling and Neurophysiology Knowledge-Resource for Experiments and
Theory)— to systematically collect data and build models, with an
initial interest in autism disorders and synaptic plasticity. We have
highly detailed models of synaptic plasticity, subcellular sequence
recognition, and activity-triggered protein synthesis in synapses
with particular relevance to autism.
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Optogenetic probing of Excitatory-Inhibitory balance in hippocampus.
Light stimuli are given on a grid in CA3, and CA1 cells are recorded.
There is tight proportionality between the excitatory and inhibitory
components of the recordings for different stimulus patterns, and
different numbers of stimulated grid points.
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Proportional excita tory and inhibitory responses

EN TRY 3.02 – SA NJAY SA NE

THE PHYSICS, NEUROBIOLOGY,
AND ECOPHYSIOLOGY OF
INSECT FLIGHT
My laboratory studies the physical, neural, and ecological
basis of insect flight and insect architecture. We study
diverse flight-related behaviours including fast aerial manoeuvers, territorial chases, short-distance navigation tasks
(such as foraging or odor-source localisation), long-distance
migration, and also the fascinating intricacies of individual
and collective insect nest-building.
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sane
@ncbs.res.in

Insect flight is an extraordinary feat of evolution. The spectacular
evolutionary success of insects is probably because they were the
first animals to evolve flight and have maintained their mastery over
the aerial habitats. Across various scales of size and neural complexity, insects fly with exquisite speed, control, and manoeuverability.
Their wings flap rapidly—often at frequencies of several hundred
beats per second—each wing stroke finely controlled by a sensorimotor system that acquires and processes information at similarly
rapid rates. Sensory input is acquired by visual,olfactory, mechanosensory, hygro-, and thermo-sensory organs, and is communicated to
the central nervous system, which then generates appropriate motor
responses in the form of head, leg, and wing movements. To understand
the mechanistic details of even the most mundane observations about
flying insects (e.g. flies chasing other flies, moths hovering on
flowers, dragonflies or hoverflies guarding territories, etc.), we
must conduct a multi-disciplinary study of the entire chain of
event from sensory input to motor output and flight force generation.
My laboratory combines inputs from physics, engineering, biomechanics, neurobiology, muscle mechanics, and behavioural biology to
address diverse flight-related phenomena. In addition to flight, we
also study complex nest-building behaviour in insects, which involves
intricate coordination of their movements at the individual and
collective levels.
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This includes the brain (blue), antennal
muscles (purple, orange, yellow and green)
and the tentorium (pink). We have extensively
explored the structure and function of antennal sensory inputs and their influence on
antenno-motor outputs, and on flight.

Johnston’s
organs

Antennal mechanosensory
and motor center

Hair plates
(Böhm’s
bristles)

Schematic of the antennal mechanosensory
organs and their role in antennal position-

Antennal
muscles

ing. Mechanosensory neurons underlying
the Bohm’s bristles sense gross deflections
in antennal positioning and directly and
reflexively activate the antennal motor
neurons in the antennal mechanosensory
and motor centre of the insect brain. In

Motor
neurons

Motor
neurons

contrast, the Johnston’s organs have a more
indirect effect on antennal positioning via
putative interneurons which modulate the set
point of the antennal positioning reflex.

Interneurons
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A frontal view of the head of a hawkmoth
and its internal structures

EN TRY 3.03 – SU M A N TR A CH AT TA RJI

EFFECTS OF STRESS
DISTRIBUTED ACROSS
NEURAL NETWORKS: THE
AMYGDALA AND BEYOND
Debilitating emotional problems are a hallmark of stressrelated psychiatric disorders. We use animal models to explore
the neural basis of these phenomena in the brain’s emotional
hub—the amygdala—from molecular and synaptic mechanisms
at one end, to their behavioural consequences at the other.

shona
@ncbs.res.in
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All memories are not created equal—some are more equal than
others. For instance, emotionally salient experiences tend to be well
remembered, and the amygdala plays a central role in this process. But
the rapid and robust encoding of emotional experiences, such as aversive
memories, can become maladaptive—traumatic or prolonged stress often
turns them into a source of debilitating anxiety.What are the neural
mechanisms underlying these powerful emotional symptoms? To answer
this question, we combine a range of behavioural, morphometric, molecular, and electrophysiological techniques to analyse stress-induced
modulation of neuronal structure and function in the amygdala. We have
identified unique features of stress-induced plasticity in the amygdala,
which are strikingly different from those seen in the hippocampus and
could have long-term consequences for behavioural symptoms seen in
affective disorders.
In earlier studies, stress-induced plasticity in different brain
regions was viewed as a stand-alone effect manifested as properties
intrinsic to individual structures. Further, function was inferred
from analysis at the cellular and behavioural levels without any online
readout of dynamic changes in neuronal activity in the intact animal.
However, neuroanatomical data also points to extensive interconnections
between the hippocampus and amygdala. This raises the intriguing possibility that some of the structural and physiological changes triggered
by stress in one brain area may, at least in part, influence changes in
other areas. Therefore, we are using in vivo recordings in freely behaving animals to investigate the potential interdependence and interactions between brain areas differentially affected by stress.
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Rahman et al., 2018

The effects of chronic stress on extinction recall depend on whether
the fear memory was formed before or after stress. (a) In control
animals, fear conditioning enhances freezing, which is subsequently
reduced by extinction. This is accompanied by, first an increase and
then a reduction, in theta activity in both the basolateral amygdala
(BLA) and dorsal medial prefrontal cortex (dmPFC). Also, stronger

Madan & Gupta
et al., 2018

dmPFC-BLA theta synchrony and dmPFC-to-BLA directional influence
is seen during fear and extinction recall. Thus, the direction of
changes in freezing are mirrored by in vivo electrophysiological
changes in both the BLA and mPFC (indicated by *), although 10 days
after conditioning, fear expression no longer depends on BLA activity.
(b) When fear memories were formed before exposure to chronic stress,
recall of fear extinction was not affected. Although theta activity in
the BLA exhibited a persistent increase, its bidirectional regulation
was normal in the mPFC. Stress also disrupted mPFC-BLA thetafrequency synchrony and directional coupling. However, fear memories
formed 10 days ago no longer depend on BLA activity. Consequently,
the expression of fear after extinction reflects normal regulation of
theta activity in the mPFC (*), not theta hyperactivity in the BLA.

The nature of the translational response to
stress in neurons remains largely unexplored.
Even less is known about how glia are affected. Using a click-chemistry-based method
to label the de novo proteome in live brain
slices, we found that a brief stressor causes
an immediate upregulation of protein synthesis in both amygdalar and hippocampal
neurons and astrocytes. However, these two
areas eventually exhibit opposite temporal
profiles of protein expression well after
the end of stress. This image shows enhanced
neuronal and astrocytic protein synthesis in
hippocampal slices from stressed (top) and
unstressed (bottom) rats.
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EN TRY 3.04 – VATSAL A T HIRU M AL AI

DEVELOPMENT, MODULATION,
AND FUNCTION OF MOTOR
SYSTEMS
In
in
We
at

vertebrates, locomotion is generated by multiple circuits
the brain and spinal cord acting in a coordinated fashion.
study how these circuits assemble and how they function
all stages of life.

va tsala
@ncbs.res.in
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In vertebrates, the circuits that control movement are found in the
spinal cord and in the brain. My lab focussed on the function and development of brain circuits that control locomotion. We use zebrafish,
a small freshwater tropical fish endemic to the Ganges, as our model
system. The embryonic and larval stages of these fish are transparent,
allowing for direct visual observation of developing internal organs
including the brain. We employ a suite of techniques to tease out the
circuitry responsible for generating swimming in developing and more
mature zebrafish. We record electrical activity from individual neurons
using extracellular and whole-cell patch clamp techniques (Figure 1).
We record activity from populations of neurons simultaneously using
calcium imaging. We generate transgenic zebrafish to express proteins
of interest in particular neurons. This allows us to selectively ablate
and also to electrically activate/inactivate specific populations at
will. Our work aims to understand how sensory inputs are integrated
by disparate circuits in the optic tectum, cerebellum, hind brain,
and spinal cord to generate appropriate locomotor behaviour.

Using these cutting-edge tools, we have begun studies looking at
circuits in the cerebellum. We have discovered dynamical properties of
cerebellar Purkinje neurons and demonstrated the significance of these
properties for locomotion. We have established that gap junctions are
crucial for cerebellar circuit assembly. Currently, we are exploring
the synaptic information transfer and neuromodulation of this circuit.
Further, we are also probing the properties of eurydendroid cells,
which are downstream targets of Purkinje neurons (Figure 2). Additionally, we are exploring how spinal motor circuits control speed of
locomotion. Recent studies from multiple groups demonstrate the
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(left) Whole-cell patch clamp
recording from a single Purkinje
neuron in vivo from a paralysed
zebrafish larva at 7 days postfertilisation.
(below) Purkinje cells in 7-day
old larval zebrafish are marked
with Archaerhodopsin-mCherry
and their downstream synaptic
targets, eurydendroid cells,
express EGFP.

existence of ‘speed modules’ in the spinal cord, that
are selectively and sequentially activated at increasing
speeds. Our latest study shows that dopaminergic neuromodulation can act as an additional layer of control in
determining the speed of locomotion. Our results show
that activation of D1 receptors makes motor neurons more
excitable and increases the amplitude of tail bends.
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EN TRY 3.05 – HIYA A G H OS H

MOLECULAR CONTROL OF
CELLULAR FUNCTIONS IN
THE ADULT BRAIN
My lab seeks to understand molecular actions that underlie
cell-specific processes and intercellular interactions influencing normal functionality of the brain. Broadly, we are
investigating the molecular control of adult neurogenesis,
mature neuronal maintenance, and microglial functions in
the adult brain.
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hiyaa
@ncbs.res.in

The discovery of ‘neural stem cells’ in the adult brain has ignited
new hopes for regenerative medicine in the context of brain pathologies. However, we do not yet fully understand the fundamental
principles for fate decision and full potential of the adult neural
stem cells. How does the environment influence the process of adult
neurogenesis and vice-versa? Neurons are one of the most elaborate
and long-living cell type of our body, yet have little capacity for
regeneration or repair. How do neuronal circuits adapt to dysfunctionality or loss of individual neurons? Microglia, known as the
resident immune cells of the brain, perform a diverse array of
functions under homeostatic conditions in the normal healthy brain
as well as in conditions of infection and injury. How are microglia,
as a cell type, able to manifest themselves in these diverse forms
and functions? These above questions, related to different cell-types
and cellular functions in the brain, are the major directions of
research in my group. Using the mouse as our model system, we interrogate these broad questions in the context of ‘adult neurogenesis’,
‘mature neuronal maintenance’, and ‘microglial functions’. The overall goal is to gain insights into the homeostatic processes in the
healthy brain, in order to be able to better correlate conditions
of impaired functionalities to specific molecular events in a cellspecific manner.
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Sta tes of microglia:
post-na tal microglia,
adult microglia
under homeosta tic
conditions and after
systemic induction with
bacterial mimetics
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DEVELOPMENT OF NEURAL
CIRCUITS AND MUSCLES
AND THE EMERGENCE OF
BEHAVIOUR
Our laboratory studies how the birth, morphogenesis, and
connectivity of neurons and muscles translate into behaviour.
We pare this complex problem to tractability by focussing on
the olfactory and motor system of Drosophila melanogaster.

vijay
@ncbs.res.in
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Behaviour is the culmination of neural and muscular function.
We investigate both these parts to envision the sum. We have
been able to identify a single interneuron pair in the whole
brain that modulates habituation to bitter tasting substances.
By looking into which neurons exert similar control on habituation to sweet taste and attractive odors, we hope to identify
if similar regulatory principles apply to different neural
circuits by identifying specific neurons and their functions.
We have demonstrated that aberrant neuronal RNP granule assembly
results in altered long term memory and neurodegeneration. The
molecular link between memory, RNP granules assembly, and their
clearance are being interrogated. In parallel studies, we find
that proteins effecting RNP granule assembly are also key to
muscle maintenance. We are taking an in-depth look into muscle
homeostasis, specifically asking if there is coordinated transcription within the hundreds of nuclei in a syncytium and how it
may operate. Having previously identified a stem cell-like population in adult muscles, we ask what specific signals—whether
physical, neuronal or chemical, or a combination thereof, influence their function. To document muscle form accurately in situ,
we employ MicroCT scanning with an in-house designed protocol.
We hope to continue expanding our studies to integrate our understanding of neuronal and muscular functions that effect behaviour.
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the fly brain, the Hugin Neuron,
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measure adult fly walking.
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ANTERIOR

EN TRY 4.02 – GAITI H ASA N

NEUROMODULATION OF
DROSOPHILA FLIGHT

Insect flight is a complex behaviour that requires the
integration of multiple sensory inputs with flight motor
output. In the past year, we have identified novel neuromodulatory inputs and circuits underlying sustained flight
bouts in Drosophila flight.

gaiti
@ncbs.res.in
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The evolution of flight enhanced the ability of insects to evade
predators, search for food or egg-laying sites, and escape from unfavorable environmental conditions. The path and duration of insect
flight is determined by the integration of multiple sensory inputs
and their coordination with the flight motor circuit. Cellular and
molecular components that help modulate insect flight behaviour are
therefore of interest and require investigation. We have identified
two sets of central dopaminergic neurons, PPL1 and PAM, that modulate
flight bout durations. The ability of central PPL1 dopaminergic neurons to modulate flight depends on a neuropeptide receptor FMRFaR.
FMRFaR signals through CAMKII to maintain the intrinsic excitability
of PPL1 flight neurons. The PAM neurons form part of a neural circuit
which helps maintain the ‘rest state’ in flies. When PAM neurons are
activated, they inhibit downstream GABA neurons, leading to disinhibition of the ‘rest state’. This disinhibition is required to maintain
longer flight bouts. PAM neurons in turn, are activated by octopaminergic inputs from neurons that respond to hunger. The octopaminergicPAM circuit for flight might thus drive the search for food in a
hungry fly.
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RNA SILENCING
AND REGULATION
OF EPIGENETICS
Small RNA regulators play a major role in the establishment
and maintenance of epigenetic marks, thereby influencing
growth and development. We are interested in understanding
the mechanisms of small RNA biogenesis, their functions,
and their role in the establishment and maintenance of
epigenetics.

shiva prasad
@ncbs.res.in

<lo catio n> N CBS ANNUAL REPO RT 2018-19 <lo catio n/>;

Plant small (s)RNAs are processed from stem-loop structures
containing precursor RNAs, or from completely complementary dsRNA
substrates by Dicer-like proteins. In association with the Argonaute family of proteins, these sRNAs regulate the expression of key
genes such as transcription factors. We hypothesised that sRNAs and
epigenetic regulation might have played a key role in the domestication of crops, since many of the genetic changes were not proportional to the phenotypic changes observed among domesticated crops
(Shivaprasad, 2018; 2019). Using genetic and molecular approaches such
as RNA-seq, small RNA-seq, degradome, and proteome analyses, we identified a key sRNA molecule that has likely been a major player in the
domestication of rice from their weedy semi-aquatic ancestors. This
sRNA likely regulated the mechanical strength of plants by altering
lignification. In support of this finding, we have observed that
this sRNA and its targets mapped back to 26 previously identified
QTLs responsible for rice yield (Chenna et al., 2018). Similarly, the
variations in fruit colours in different grape varieties are a product
of sRNA-mediated regulation of a new class of transcription factors
(Tirumalai et al., 2019). Our results have identified novel mechanisms that have likley altered phenotypes of plants under stringent
selection, and may provide us with new tools to increase yield.
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1a) Schematic representation
of the small RNA-mediated change
that resulted in domestication
of indica rice.

1a)

1b) Loss of miRNA-mediated
repression of laccases improved
lignification and mechanical
strength in domesticated rice.

Chenna et al., 2018

Regula tion of phenylpropanaoid pa thway by
plant miRNAs

2a)

2c)

2a) Grape variety ‘Bangalore
blue’ at various stages
of ripening.
2b) VvMYB114 is a repressor
of anthocyanins and promoter
of flavonol biosynthesis.
2c) miRNAs regulate MYB transcription factors to control
anthocyanin and flavonol

2b)

biosynthesis.

Tirumalai et al., 2019
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The Plant Cell, 30(11), pp. 2649-2662.
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EN TRY 4.04 – R AJ L A D HER

DEVELOPMENT AND
MORPHOGENESIS OF
THE INNER EAR
We want to understand the blueprint for making an inner ear,
with particular emphasis on how cells integrate extrinsic
instructions, the genes that they control, and the cellular
and subcellular changes that drive morphological adaptation
to mechanosensory function.
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rajla dher
@ncbs.res.in

The specialisation and organisation of cells to form organs that
effectively carry out functions vital to life, is a fascinating
problem. We investigate the formation of the inner ear as a model for
cellular and tissue-level differentiation. The inner ear is a complex
structure that is actually generated from a relatively simple group
of cells. These cells should have become skin, yet receive a series
of instructions that change their potential and their shape. Over
time, a subset of these cells form inner ear hair cells. These are
the sensors of the vertebrate inner ear, converting the mechanical
vibrations associated with sound and balance into electrochemical
impulses that are sent to the brain. These cells possess sub-cellular
adaptations in the form of fine hair-like protrusions from the top of
the cell, that enable the sensitive and precise detection of these
vibrations. The formation of these cells is also a consequence of
instructions. How do inner ear cells receive these instructions and
then decode and implement them? What are the physical and molecular
responses of cells to these dynamic genetic and epigenetic cues? How
can variation be introduced into the development of cells and tissues
to enable fine-level functional tuning? Using a variety of molecular,
cellular, imaging, and computational techniques, our aim is to generate a blueprint of the inner ear, that we can interrogate to understand congenital hearing impairment in particular, and developmental
morphogenesis in general.
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from the otic placode, which
undergoes remodelling—going
from a flat sheet of tissue to
an internalised vesicle, called
the otocyst. Shown is a section
through the closing otocyst.
Multiple layers of cells are
found on the edges.

Stereocilia are the mechanosensory apparati
of the inner ear hair cells, the tips of
which are important for the perception of
balance. Shown here is the expression of
FGFR1 at the tips of vestibular hair cell
stereocilia.
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protocadherin-15 loading mediates cargo specificity
during intraflagellar transport in inner ear
hair-cell kinocilia. Proceedings of the National
Academy of Science USA, 115(33), pp. 8388-8393.
Ladher, R. K. 2017 Changing shape and shaping
change: Inducing the inner ear. In Seminars in
Cell & Developmental Biology, 65, Academic Press,
pp. 39-46.
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The inner ear is derived

EN TRY 4.05 – DIM PLE N OTA NI

CHROMATIN DYNAMICS IN
GENE REGULATION

My group is interested in understanding the dynamic interplay
between regulatory elements, non-coding RNAs, and chromatin
architecture in gene regulation.

dnota ni
@ncbs.res.in
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Gene regulation is often governed by distal regulatory elements
such as enhancers, which regulate the target gene transcription by
delivering important protein cargos to the promoter. While the biological importance of enhancers has long been appreciated, a mechanistic understanding of how enhancers regulate genes dynamically
during short bursts of signalling remains unsolved.
Using oestrogen signalling that peaks at 1h and declines at 3h after
ligand stimulation, we show that unliganded ERα binds to specific
sites in the genome, thereby marking them as future enhancers. Upon
ligand exposure, ERα binds to several EREs relatively proximal to
these pre-marked or persistent ERα-bound sites. Interestingly, the
persistent sites interact extensively, via chromatin looping, with
the proximal transiently bound sites, forming ERα-clustered enhancers
in 3D. The clustered enhancers regulate the target gene expression
in a transient but robust fashion, where the loss of target gene
expression coincides with the disappearance of clustered enhancers
and concomitant loss of total ERα protein levels. The clustered
enhancers overlap with the ERα puncta in nuclei that are induced
in a ligand-dependent manner. CRISPR-based deletion of persistent
sites disrupts the formation of clustered enhancers as well as the
corresponding ERα puncta, resulting in the loss of E2-dependent
induction of gene expression. Finally, ERα-clustered enhancers are
highly enriched in Mediator1 binding, suggesting their existence as
ERα condensates. Our work thus establishes the role of persistent
unliganded ERα binding in priming enhancer clusters and transient
but robust gene regulation in a ligand-dependent fashion.
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The schema tic depicts the
functional ana tomy of an
enhancer-promoter unit
Functional enhancers recruit lineage
and tissue-type specific transcriptional
machinery, triggering eRNA transcription
leading to target gene activation via
looping.

Enhancer
eRNA

Cofactors

K27ac

K27ac

Mediator
Cohesin
eRNA associated proteins

Coactivator

mRNA

Promoter
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2019. Ligand dependent gene regulation by transient
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chromatin state characterises and promotes
migratory properties of cervical cancer cells.
Experimental Cell Research, 378(2), pp. 206-216.
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EN TRY 5.01 – S H ACHI G OSAVI

COMPUTATIONAL PROTEIN
FOLDING, DESIGN, AND
ASSEMBLY
My group uses computational methods to understand the
architecture of proteins. We are specifically interested
in understanding how protein function and conformational
dynamics affect the folding of proteins and how folding
simulations can, by themselves impart information on
protein function.

shachi
@ncbs.res.in
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Natural proteins fold robustly because of a funnel-shaped energy
landscape. This funnel shape arises because native interactions
dominate the folding landscape, while interactions not present in
the native state (i.e. non-native interactions) contribute only in
an average way. Structure based models (SBMs) of proteins ignore
non-native interactions by encoding only the folded structure
of the protein into the energy function. This energy function
can then be used to perform molecular dynamics (MD) simulations.
SBMs have been successfully used by us and others to understand
the folding routes and folding rates of several proteins. The
advantage of using SBMs is that they simplify the energy function
such that large proteins can be folded and unfolded. In my group,
we use and develop SBMs and variants to understand the folding
and conformational dynamics of natural and designed proteins.
Natural proteins have evolved to fold on a biologically reasonable
timescale and to be as stable as is necessary to perform their
function. However, selection directly acts only on the functional
residues (where function could be binding, catalysis, cellular
localisation, etc.). These functional residues cannot be mutated
to make protein folding more efficient or protein stability greater.
Given the choice of only twenty amino acids at each position, it
has become apparent that parts of the protein which function are
likely to be the least foldable or stable. Functional regions thus
perturb folding from the ‘ideal’ and we use SBMs to understand
both, what ideal folding is, and how functional regions perturb it.
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Angle
SIMPLIFY SHAPE
Native
Dihedrals

Attraction
only between
native contacts
SIMPLIFY ENERGETICS

CΑ TRACE

ENERGETIC INTERACTIONS

Cartoon of a coarse-gra ined
structure based model
The protein shape is simplified by coarsegraining it to a Cα level. The energetic
terms that contribute to the potential
energy function are listed in the table. The
parameters for these terms are all derived
from the folded state of the protein. All
Cα atoms not in contact in the folded state
of the protein interact through a purely
repulsive interaction.
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Backbone

EN TRY 5.02 – M U K U N D T H AT TAI

THE ORIGINS OF
COMPLEX CELLS

We use the eukaryotic membrane traffic system as a window to
study the evolution of eukaryotes from prokaryotic ancestors,
over two billion years ago. This effort combines population
genetics, dynamical systems, and graph theory, with genomics
data and quantitative experiments.

tha ttai
@ncbs.res.in

As a physicist practising biology, I am interested in how cellular
complexity emerges from microscopic disorder. My group, based within
the Simons Centre for the Study of Living Machines at NCBS, have
pioneered the application of mathematical models and biophysical
principles to the study of cell biology, particularly focussing on
the dynamic membrane traffic network that couples eukaryotic endomembrane organelles. We collaborate extensively: we work with computer scientists to develop rigourous mathematical formulations of
cell-biological hypotheses, and work with experimental cell biologists to test the predictions of our models. We ask:
What genomic variations drive the diversity of membrane traffic
across species?
How do organelles maintain their identity despite constant
molecular exchange?
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How do cells use membrane traffic to regulate distributed
biochemical activities?
For the past decade, we have been deeply involved with the
development of the field of evolutionary cell biology, combining
molecular data and phylogenetics to answer questions about key
stages of eukaryote evolution. We have used small GTPases to probe
the nature of the archaeal ancestor of eukaryotes, dynamins and
FtsZ to track mitochondrial endosymbiosis, vacuolar ATPases to
study early endocytosis, and Rab/SNARE biophysics to place
constraints on the evolution of new endomembrane organelles.

< p a g e > 6 4 < p a g e/>;

<title> th e origins of co m plex cells <title/>; <a uth or> m u ku n d th attai <a uth or/>;

(grey circles: organelles; white circles: transport vesicles).
ER: endoplasmic reticulum. ERG: ER-Golgi intermediate compartment.
CG: cis-Golgi. MG: medial-Golgi. TG: trans-Golgi. TGN: trans-Golgi
network. PM: plasma membrane. EE: early endosome. LE: late endosome.
LY: lysosome. RE: recycling endosome. We use graph-theoretic ideas
to study how molecules flow across such a network. Some organelles
are in steady state, due to balanced gain and loss of molecular
components. Others, such as endosomes and the cisternae of the Golgi
apparatus, have compositions that mature over time (blue arrows).

Glycans are complex sugar polymers which are
synthesised in the Golgi apparatus by sloppy

cystic fibrosis
mucin

human chorionic
gonadotropin

horse chorionic
gonadotropin

glycosyltransferase enzymes. By splitting
of the Golgi apparatus, cells are able to
prevent unwanted glycosylation reactions
and tightly control the final set of glycan
products.

C O M PA R T M E N TA L I Z E D
ENZYMES

these enzymes across the different cisternae

C O M PA R T M E N TA L I Z E D
R E A C T IO N S
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Jaiman, A. and Thattai, M. 2019. Golgi compartments
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fidelity in influenza genome assembly. bioRxiv,
p.636613.
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Schema tic of a typical metazoan
membrane traffic network

EN TRY 5.03 – SA N DEEP K RIS H N A

DYNAMICS OF BIOLOGICAL
SYSTEMS ACROSS SCALES

I am interested in a theoretical understanding of dynamical
patterns in biological systems ranging from molecules to cells
to populations.

sandeep
@ncbs.res.in

At the molecular level, I am interested in using a combination of
experimental data and mathematical models to study the dynamics of
different mechanisms of protein regulation and their roles in feedback loops. At the cellular level, I have been interested in oscillatory behaviour, synchronisation, and entrainment in signalling pathways. Finally, at an ecosystem level, I have been studying microbial
communities to understand issues related to the spontaneous emergence
of heterogeneity in isogenic populations, and the long-term coexistence and coevolution of multiple species.

Figure (on the right) extracted from reference [1] shows the dynamics that
emerge when the NF-kB system is driven by a periodic TNF signal. Arnold tongues
are triangular regions of the TNF amplitude-period parameter space where NF-kB
oscillations can be synchronised to the TNF signal. Outside the Arnold tongues,
e.g. point 0, there is no synchronisation. As TNF amplitudes increase the Arnold
tongues start overlapping and the behaviour becomes more complex. Keeping the
TNF period fixed (here we used T = 50 min), as we increase the TNF amplitude,
we enter three distinct states: Point 1: A single Arnold tongue, only allowing
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one oscillation state. Point 2: Overlap of Arnold tongues, allowing two stable
oscillation states. The presence of noise can cause transitions (mode-hopping).
Point 3: Chaotic dynamics, with apparently unpredictable trajectories.
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BIOLOGICAL NET WORK
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EX TERNAL AMPLITUDE

Chaos

Time(min)
Multi-stable
cycles

Time(min)
Oscillations

Time(min)

d)

e)
OUTPUT OF HILL FUNCTION

STIMULATION PROFILES

CONCENTRATION NF-KB
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On chaotic dynamics in transcription factors and
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regulation. Nature Communications, 10(1), p. 71.
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Krishna, S. and Laxman, S. 2018. A minimal
“push–pull” bistability model explains oscillations
between quiescent and proliferative cell states.
Molecular Biology of the Cell, 29 (19), pp. 22432258.
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EN TRY 5.04 – M A DA N R AO

THEORETICAL APPROACHES
IN CELL BIOLOGY: PHYSICS
OF ACTIVE, EVOLVING
SYSTEMS
Our group studies the interplay between active mechanics,
molecular organisation, geometry, and information processing
in a variety of cellular contexts such as cell surface
signalling and endocytosis, packing of chromatin within the
nucleus, organelle biogenesis, and tissue morphogenesis.

mada n
@ncbs.res.in

We are interested in how living systems, composed of physical
entities such as molecules and molecular aggregates, driven far from
equilibrium, have self-organised (evolved) to perform ‘engineering
tasks’ such as efficient processing of information, computation, and
control. This potentially brings together many fields of research,
including non-equilibrium statistical physics, soft active mechanics,
information theory, and control theory, to the study of biology.

<lo catio n> N CBS ANNUAL REPO RT 2018-19 <lo catio n/>;

We explore new physical and chemical principles underlying biological organisation across scales, from functional biomolecules,
to subcellular organelles, to the cellular and tissue scale. We are
interested in the folding and packaging principles that govern the
three-dimensional functional organisation of large biomolecular
assemblies, such as proteins and chromatin, and their interactions
with other cellular components. At a larger scale, at the subcellular,
cellular, and tissue level, organisation is often driven by active
mechanisms fueled by energy.
Typically these active forces arise from: (a) the coupled dynamics
of the cytoskeleton, motors, and cytoskeletal regulatory proteins,
and (b) the active dynamics of fission and fusion of organelles,
and regulate the flux of mass, stress, energy, and information.
Using the framework of active hydrodynamics, we study the mechanical response, pattern formation, symmetry breaking, hydrodynamic
instabilities, and information flows in both in vivo and in vitro
reconstituted active systems.
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Membrane coarse-grained densities and velocities
Fissiongens (k=1)
and fusiongens (k=2)

Membrane density
of active components
Internal
states n

Background membrane
density

Coarse-graining
thickness
~50—100nm

Active force dipoles

Covariant hydrodynamics of a cellular membrane compartment, subject to the
active processes of fusion and fission of transport vesicles. Each such event
is achieved through a biochemical reaction cycle over a number of intermediate
steps, typically requiring the hydrolysis of ATP or GTP. These fusion and fission
cycles are associated with a local transport of membrane area, bulk volume, and
momentum via active force dipoles.
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ORIGINS AND ORGANISATION
OF LIVING SYSTEMS

Our research programme aims for a broad understanding of the
origins and organisation of living systems. We are an interdisciplinary group combining experimental and theoretical
techniques drawn from physics, engineering, and biology.

shashi
@ncbs.res.in

Our group uses experiment and theory to investigate the origins and
self-organisation of living systems. Broadly, our research programme
is comprised of two approaches:

<lo catio n> N CBS ANNUAL REPO RT 2018-19 <lo catio n/>;

(i) Construct de novo, synthetic mimics of living matter:
These studies serve as a kind of synthetic biology from a physical
perspective and are likely to shed light on early evolution and the
transitions therein. They are also likely to throw up new solutions
that might be useful in engineering and biotechnology. We study the
minimal ingredients for self-assembly, replication, feedback, and
evolvability. Currently, our focus is on self-assembly in active
systems, particularly towards understanding self-replication and
origin-of-life scenarios.
(ii) Probe the physical basis of organisation in cells:
This represents a kind of physical biology which will allow us to
quantitatively identify the broadly universal features of cellular
organisation. We have multiple research projects along these lines
in which we investigate a) the dynamics of cellular populations in
response to fluctuating environments and extreme perturbations;
b) the physical basis of metabolism; c) microbial communities and
interactions; and d) chemical reactions in the crowded cellular
cytoplasm.
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Flow-induced phase sepa ra tion of
active part icles
Top row: Boundary conditions (green circles indicate
spherical active particles, walls/interfaces are indicated
in grey). Collective dynamics due to the phase-separation
seen in simulations (middle row) and corresponding
experiments (bottom row).
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EN TRY 6.01 – M A HES H SA N K A R A N

TERRESTRIAL ECOSYSTEMS
AND COMMUNITY ECOLOGY

Can our ecosystems cope with the challenges of ever-expanding
human activities? We work on understanding the dynamics of
grasslands and mixed tree-grass ecosystems, their responses to
changes in climate, particularly drought, and what this means
for their future distribution and functioning.

mahesh
@ncbs.res.in

Current research in the lab is grouped around the following broad
themes that examine: (a) how interactions and feedbacks between
climate, biogeochemistry, fires, and herbivory influence the structure,
composition and stability of ecosystems and the cycling and sequestration of nutrients; and (b) how projected changes in climate, such
as increasing variability of rainfall, frequency of droughts, aridity
in the tropics, nitrogen and phosphorus deposition, and rising CO2
levels will impact ecosystem function, stability, and services.
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Most of our research is carried out across a range of systems, from
savannas and grasslands to tropical forests, in India and Africa. Our
current and planned future work will employ both long and short-term
experiments, as well as targeted field surveys to address the above
questions across the gamut of natural ecosystem types of the Indian
subcontinent, with the goal of bringing a comprehensive understanding
of biome-scale vegetation and nutrient dynamics in the Indian subcontinent.
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Quantifying soil carbon fluxes a t
one of our study sites
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Pho to of a semi-arid
savanna site

EN TRY 6.02 – U M A R A M A K RIS H N A N

UNDERSTANDING HUMAN
IMPACTS ON BIODIVERSITY AND
FACILITATING FUTURE SURVIVAL
THROUGH A GENETIC LENS

uramakri
@ncbs.res.in

India has a population of over a billion people, with
only 4% of its area protected as wildlands. Yet the Indian
subcontinent harbours incredible biodiversity. How are we
impacting this diversity, and can we facilitate its survival?
My research attempts to address these questions. We conduct
fieldwork to sample behavioural, ecological, and genomic data
from wild animal populations and analyse these data in population genomic and phylogenetic contexts to better understand
the evolution, population ecology, and conservation of animal
populations.

Indian biodiversity: tracking its history, conserving its future
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An individuals’ genome defines it, reflects its evolutionary journey,
and could be used to predict future survival. Today, we are able to
completely read the genome of an individual, thanks to novel, cuttingedge genomic sequencing methods. Genomes from several individuals
provide information about a species’ population history, and recent
human impacts including population isolation and potential inbreeding.
In my group, we use genetic information to better understand the
evolutionary history of Indian biodiversity and human impacts; then,
we devise strategies for the conservation of threatened species in the
Indian subcontinent.
How isolated are populations of endangered species today? What
determines connectivity? Are individuals in isolated populations
inbred? How has human-induced fragmentation impacted the probability
of zoonoses? We use field collected samples (invasive at times, but
mostly non-invasive), generate genomic (or genome-wide) data, and use
computational tools to analyse these data and make inferences. Ongoing
conservation efforts must be informed by genetic analyses to establish
if threatened populations have sufficient heterogeneity for unaided
survival. If not, what are the possible management actions that can
be taken? Similarly, understanding the impacts of land-use change in
facilitating zoonotic disease spillover will allow us to suggest landuse management to minimise such effects. We are already working with
on-the-ground teams around the country to support action-oriented
programmes for tigers and vultures. We hope to continue and enhance
such engagement in conservation and the emerging infectious disease
space.
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We are now using hair shed by identified tigers
to acquire genome-wide da ta and reconstruc t
rela tedness and pedigrees in wild popula tions.
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Natesh, M., Taylor, R.W., Truelove, N., Palumbi, S.A.,
Hadly, E.A., Petrov, D.A. and Ramakrishnan, U. 2019.
Empowering conservation science and practice with
efficient and economical genotyping from poor
quality samples. Methods in Ecology and Evolution,
10(6), pp. 853-859.

2020 onward: Elected fellow of Indian National
Science Academy
2019: featured in ‘31 Fantastic Adventures in
Science: Women Scientists in India’

Thatte, P., Joshi, A., Vaidyanathan, S., Landguth,
E. and Ramakrishnan, U. 2018. Maintaining tiger
connectivity and minimizing extinction into the
next century: insights from landscape genetics
and spatially-explicit simulations. Biological
Conservation, 218, pp. 181-191.
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SPECIATION, ADAPTATION,
AND MORPHOLOGICAL
DIVERSIFICATION IN
THE TROPICAL REGION
Diversity is the cornerstone of life on earth. We are
evolutionary biologists who study biodiversity, its
organisation and complexity, the selective processes that
shape it, and the means to preserve it in tropical regions
such as India.

krushnamegh
@ncbs.res.in

I have a broad interest in biology encompassing the fields of
natural selection theory, genetics, population and community ecology, and conservation biology. The long-term goal of my lab is
to study the organisation of biological diversity, the selective
processes that shape its evolution, and the means to preserve it
in India. We use two systems as microcosms to study a range of
phenomena that fascinate us, such as morphological evolution,
sexual dimorphism and polymorphism, geographical distribution
of animals, and speciation.
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Our first study system is Batesian mimicry, which is a phenomenon
in which unprotected prey species (called ‘mimics’) gain protection
from predators by mimicking toxic or otherwise protected species
(called ‘models’). Predators learn to avoid models based on prior
experience, and subsequently avoid eating mimics due to misidentification. Hundreds of mimetic insects, especially butterflies, are
known from tropical forests. There is tremendous variation in Batesian mimicry: mimicry can be sexually monomorphic, polymorphic, or
sex-limited within and across species. Our research aims to understand selective pressures that favor such variations in mimetic
colour patterns, and uncover its genetic basis.
Our second study system is focussed on Indian butterflies. India’s
butterfly diversity is spread across four globally recognised
biodiversity hotspots, and offers virtually unlimited opportunities
to study biogeography, community ecology, population biology, and
conservation issues. Some Indian butterfly species also exhibit
seasonally variable wing patterns, large-scale annual migrations,
and phenomenal boom-and-bust population cycles, which make them
excellent model organisms to address a wide variety of scientific
questions. We study all these phenomena as part of our various
ongoing projects.
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A)

B)

A molecular phylogeny of major
orders of holometabolous insects

From Fig. in
Baral et al.,
2019

(Panel A) along with a doublesex gene tree (Panel B)
and exon usage of doublesex in these orders (Panel C).
doublesex regulates expression of sexually dimorphic
and polymorphic traits in these orders with sex-specific
and form-specific isoforms and differential expression
during pupal development.
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Baral, S., Arumugam, G., Deshmukh, R. and Kunte,
K. 2019. Genetic architecture and sex-specific
selection govern modular, male-biased evolution
of doublesex. Science Advances, 5(5), p. eaau3753.

2018 Presidential Award of the American Society
of Naturalists, “honouring an outstanding article
published in The American Naturalist in the
previous year”

Kunte, K. 2018. Butterflies in a changing climate.
pp. 94–96 in Biodiversity and Climate Change: An
Indian Perspective, edited by J. Bhatt, A. Das,
and K. Shanker. Ministry of Environment, Forest
and Climate Change, Government of India,
New Delhi, India.
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TRACKING THE OBJECTS OF
INSECT AFFECTIONS ACROSS
SPECIES AND CONTINENTS
The Naturalist-Inspired Chemical Ecology (NICE) group studies
how animals, and especially insects, identify objects in
nature. They take field trips, record neurons, generate models,
and even build virtual worlds to understand how insects have
evolved to detect relevant cues and make decisions.
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shannon
@ncbs.res.in

The NICE group is interested not only in the what and how of object
identification, but how insects have evolved to identify objects in
a range of environments, including invasive species. Their work traverses Himalayan meadows, ecologically sustainable agriculture in
Coorg, and pollution in Bangalore—anywhere insects are important,
which is nearly everywhere on Earth. This past year saw the culmination of three projects. First, in collaboration with Christer Löfstedt
at Lund University, we unravelled the behaviour, physiology, and structure of a promiscuous volatile that elicits activity across almost
all insect orders. Second, in collaboration with Dr. Axel Brockmann
of NCBS and Dr. Dhandapany Perundurai of inStem, we found that fieldcollected Giant Asian honey bees and lab-reared Drosophila fruit flies
exposed to increased air pollution in the city of Bangalore exhibit
differences in behaviour, physiology, gene expression, and survival.
This is the first quantitative analysis on the current impacts of
air pollution on wild pollinators, and indicates the urgency for more
non-human studies to accurately assess the effects of pollution on
our natural world. Finally, we assessed long-range search behaviour in
tethered flying insects using virtual reality. These results provide
the foundation for studies that aim to elucidate search processes for
applications ranging from pest management to robotics. We also participated in several events, which included writing popular articles
and an exhibit with the Srishti School of Design at the Victoria and
Albert Museum in London.

< p a g e > 8 0 < p a g e/>;

<title> trackin g th e o bje cts of inse ct affe ctio ns across... <title/>; <a uth or> s h a n n o n olss o n <a uth or/>;

Hoverfly’ at the Victoria and Albert Museum,
FOOD: Bigger than the Plate Exhibition in
London, UK 2019

Photo: Thomas Pausz

A tethered fly receiving wind and odour in
our virtual reality arena.

Photo: Shoot for Science, Deepak
Kakara , Dinesh Yadav Sukanya
Olkar, Parija t Si
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Batra S, Corcoran J, Zhang D-D, Pal P, K.P. U,
Kulkarni R, Löfstedt C, Sowdhamini R and Olsson SB
(2019) A functional agonist of insect olfactory
receptors: Behavior, physiology and structure.
Frontiers in Cellular Neuroscience, 13.

Inducted Member, Sigma Xi Research Honour Society
Exhibitor, Victoria and Albert Museum, FOOD: Bigger
than the Plate, 2019

Katsnelson, A. Decoding an Insect’s Sensory World,
Chemical and Engineering News, June 18, 2018.
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A view of our exhibit ‘Non Flowers for a

EN TRY 6.05 – DEEPA AGAS HE

GENETIC AND ECOLOGICAL
FACTORS UNDERLYING
ADAPTIVE EVOLUTION
Our lab combines diverse approaches to understand the
evolutionary and ecological processes underlying adaptive
evolution. We often use experimental evolution of insects
and bacterial systems to determine the dynamics of adaptation under new genetic and ecological selective pressures.

dagashe
@ncbs.res.in

A central goal of modern biological research is to understand the
ecological drivers and genetic bases of evolutionary change in
organisms, which in turn, is important to address a number of fundamental questions in biology. Organisms frequently face new, changing
or otherwise challenging environments, which are thought to drive a
large proportion of evolutionary adaptations. However, different populations and species often respond differentially to the same environmental change, potentially altering their evolutionary trajectories.
For instance, some organisms flourish in new environments, whereas
others go extinct. What factors determine individual and populationlevel responses, and what are the processes and molecular mechanisms
that mediate adaptation to new habitats?

<lo catio n> N CBS ANNUAL REPO RT 2018-19 <lo catio n/>;

We address evolutionary processes and constraints acting at three
different levels: (a) genetic and genomic features that can limit cellular growth; (b) phenotypic and genetic tradeoffs that may constrain
adaptation; and (c) inter-species associations that may either limit
or facilitate population growth and establishment.
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TEMPORAL HETEROGENEITY

TEMPORAL +
SPATIAL HETEROGENEITY

Schematic summarizing the impact of prior experience on
resource choice behaviour of larvae of the flour beetle,
SPATIAL HETEROGENEITY

Homogeneous
resource mix

Experience
Resource1

Spatially
separated
resources

Resource2

Tribolium castaneum. Larval food preference is indicated
by their orientation in the lower half. Sometimes, this
preference is maladaptive (i.e. prior experience leads
larvae to choose a suboptimal resource, even though the
optimal food—indicated here in blue—is offered).

Subsequent
Choice

Graphical abstract based on
Ravi Kumar et al., 2018

Escherichia coli. Stacked bar plots show the proportion of
mutations showing various categories of fitness effects,
quantified using each mutant’s growth rate in liquid media
containing a single carbon source. Antagonistic pleiotropy
refers to cases where a single mutation reduces fitness
in one carbon source, but increases it in another carbon
source. Synergistic pleiotropy refers to cases where a
mutation either increases or decreases growth in both
resources. Each bar represents pooled data across all
pairwise resource comparisons for a focal resource

PROPORTION OF COMPARISONS

Incidence of pleiotropy among single mutational steps in

(80 mutants x 10 resource pairs involving the focal
resource = 800 data points per bar). Contrary to expectation, very few mutations are antagonistically pleiotropic. Thus, antagonistic pleiotropy is unlikely to result
in tradeoffs that can constrain adaptive evolution.

RESOURCE
No Change

Change in one resource

Synergistic decrase (SP)

Antagonistic pleiotropy (AP)

Synergistic increase (SP)

Figure from Sane
et al., 2018
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Ravi Kumar, V., Issar, S. and Agashe, D. 2018.
The induction of larval resource preference in
heterogeneous habitats. Ecological Entomology,
43(6), pp. 719-730.

Member of the Indian National Young Academy of
Science (INYAS)

Sane, M., Miranda, J.J. and Agashe, D. 2018.
Antagonistic pleiotropy for carbon use is rare in
new mutations. Evolution, 72(10), pp. 2202-2213.
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Prior experience impacts larval resource
choice under habitat heterogeneity

EN TRY 6.06 – R A D HIK A VEN K ATESA N

CHEMICAL ECOLOGY OF
PLANT-INSECT-MICROBE
INTERACTIONS
Chemical ecology is the study of chemically mediated interactions in nature. We study such interactions across a broad
range of levels, from those involving biochemistry to those
spanning ecosystems. Specifically, we investigate plant
defence responses and their regulation by phytohormones,
insect detoxification mechanisms, and the evolutionary
origins of plant defence responses.

radhika
@ncbs.res.in

Plants possess many defences against herbivores that can be direct
or indirect. Indirect defences include the production of herbivoreinduced plant volatiles (HIPVs) that attract predators and parasitoid
wasps. HIPVs thus function as information conduits between plants and
insects. We study the roles of HIPVs in regulating insect adaptation,
parasitoid attraction, as well as their effects on insect physiology
and behaviour.
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We investigate HIPV-mediated tri-trophic interactions between plants,
insect herbivores, and the parasitoid wasp; how do wasps select their
host? Does the host suitability change with plant quality? Can insect
herbivores resist parasitisation? Insects lack adaptive immunity, but
harbour effective innate immune systems to combat parasites; however,
parasitoid wasps have strategies such as injection of maternal factors
to suppress insect immune responses. Since survival of parasitoid
progeny strictly depends on the host, we examine the roles of plant
secondary metabolites in how parasitoids choose their insect hosts.
We have found that parasitoid choice is affected by certain plant
metabolites. We are working on further studies to reveal the exact
nature of these compounds and their roles in parasitoid survival.
We study these questions in the lab using various imaging and analytical tools such as gas and/or liquid chromatography coupled to mass
spectrometry. Taken together, our lab attempts to understand ecological interactions mediated by chemistry, and elucidates the role of
various plant defensive metabolites in shaping these interactions.
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Stress
1. Pathogen
2. Parasitoid

Mortality

Exposure to
Specific HIPV

Reduced Mortality/Tolerance

Schematic shows the effect of a specific HIPV in
enhancing the innate immunity of Spodoptera litura,
a polyphagous insect herbivore. The enhanced immune
responses translated into better survival against
natural enemies

Ghosh &
Venka tesan, 2019
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Ghosh, E. and Venkatesan, R. 2019. Plant volatiles
modulate immune responses of Spodoptera litura.
Journal of Chemical Ecology, 45(8), pp.715-724.
Sasidharan, R. and Venkatesan, R. 2019. Seed
elaiosome mediates dispersal by ants and impacts
germination in Ricinus communis. Frontiers in
Ecology and Evolution, 7, p.246.
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THE HONEY BEE LAB

Research at the honey bee lab focusses on two broad themes:
(a) identifying molecular processes underlying complex
behavioural capabilities like time-memory and communication
of navigational information; and (b) comparative studies on
the biology and ecology of Asian honey bees.

axel
@ncbs.res.in

Starting with Karl von Frisch, many scientists have made honey bees
(Apis mellifera) the insect species of choice in studies to identify
and study complex sensory and behavioural capabilities in the natural
context. In the last few years, we have established different behavioural paradigms and technical procedures to identify molecular and
neural mechanisms involved in the cognitive capabilities of honey bees.
For example, by training honey bees to visit a feeder at a specific
time of day, we have demonstrated that the expression of the transcription factor Egr-1 (early growth response protein-1) in the mushroom bodies likely plays an important role in time-memory.
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We have developed free-flying behavioural assays to study the molecular underpinnings of dance communication. One of our experiments
suggests that a gene for foraging behaviour, which is known to be
involved in locomotory behaviour in Drosophila, might also play a
role in communication of spatial information in honey bees.
In addition to our work on Apis mellifera, we have also started behavioural and molecular studies on Asian honey bees. Currently, we
are focusing on the giant honey bee species, Apis dorsata, which
plays a major role in pollination in India.
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Food Reward

Foraging
Time

Hypothetical network of interactions
between food reward system and the
circadian clock involved in genera ting
time-memories.

MB

Clock
Brain

Screenshots of the mobile app prototype for
a citizen science project to monitor Apis
dorsata colonies in Bangalore.

Egr-1 expressing cells (magenta)
in the mushroom bodies
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Chatterjee, A., George, E.A., Prabhudev, M.V., Basu,
P. and Brockmann, A. 2019. Honey bees flexibly
use two navigational memories when updating dance
distance information. Journal of Experimental
Biology, 222(11), p. jeb195099.
Shah, A., Jain, R. and Brockmann, A. 2018.
Egr-1: a candidate transcription factor involved
in molecular processes underlying time-memory.
Frontiers in Psychology 9, p. 865.
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ADMINISTRATION REPORT
We work in a dynamic environment which continues to change
from time to time, which is why we believe that our staff
must evolve to accept new challenges. Our staff come from
a variety of diverse backgrounds and require an environment
that encourages innovation, collaboration, and partnership
at all levels. The NCBS administration consistently strives
to achieve this mission. Our staff services are characterised
by professionalism, dedication, and productivity, and we
achieve this by recognising commitment and dedication to
the institution through a ‘Best Employee Award Programme’
conducted every year.

We work in a dynamic environment which continues to change from time
to time, which is why we believe that our staff must evolve to accept
new challenges. Our staff come from a variety of diverse backgrounds
and require an environment that encourages innovation, collaboration,
and partnership at all levels. The NCBS administration consistently
strives to achieve this mission. Our staff services are characterised
by professionalism, dedication, and productivity, and we achieve this
by recognising commitment and dedication to the institution through
a ‘Best Employee Award Programme’ conducted every year. At the administration department, we use resource optimisation tools and methods
to match the available resources (human, machinery, and financial)
with the current and future needs of the institution for its goals.
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During 2018, the administrative focus was on improving the Occupation
Health and Safety (OHS) programme. We directed our efforts towards
enhancing the safety of individuals at work, to promote NCBS as a
safe working place for researchers and other staff. Under this programme, we conducted training sessions on emergency evacuation and
first aid techniques, which were highly appreciated by all. We developed our own safety policies and helpdesk systems to tackle safety
issues at NCBS. We believe that this has helped in resolving many
safety issues at NCBS. During 2018–2019, there have been no major
changes in the student–faculty ratio (as compared to the previous
year, 2017–2018), although there have been significant reductions
in the numbers of administrative and scientific/technical staff.
Although NCBS faced a funds crunch in the plan funds this year, the
issue was balanced by the considerable progress that has been made
in gaining funds through extramural grants, in which 33 new grants
were added over the last 12 months. These grants have helped in
supporting more than 200 researchers. The Department of Biotechnology
(DBT), Science & Engineering Research Board (SERB), Department of
Science & Technology (DST), Wellcome Trust-DBT India Alliance, Simons
Foundation, Medicines for Malaria Venture (MMV), The Human Frontier
Science Programme (HFSP), Asian Office of Aerospace Research and
Development (AOARD), Max Planck Institute (MPI), and the Ministry of
Human Resource Development (MHRD) were the major funders under the
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extramural category. Shri N R Narayana Murthy, co-founder of
Infosys, granted a further ₹ 2 crores in 2018–2019 towards the Dengue
Vaccine Development Programme (bringing the cumulative amount of
his donations to the programme up to ₹ 4 crores). M/s TTK Prestige
Limited also contributed ₹ 50 lakhs this year towards the ‘Shri T. T.
Narasimhan Grant’ for supporting the ‘Scientists Without Boundaries’
programme (bringing the cumulative amount of their donations to this
programme up to ₹ 1 crore).

The human resources and financial data for
2018–2019 at a glance:

2018-19

308

2017-18

(INR in millions) (INR in millions)

300

2018-19
2017-18

Research

Extramural Grants

367.39

376.72

231.1

246.48

Expenditure

263.1

281.1

Construction

265.1

152.2

1641.79

1373.2

Salaries

Operational

Total

200

150

50

41

67

84

100

40

and Fellowships

250

98

316.7

81

515.1

83

and Development

61
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I would like to take this opportunity to thank our faculty, students,
partners, and the entire NCBS community for their continued support.
I would also like to commend the administrative staff for their important contributions and continuing efforts in helping NCBS to function
smoothly.

Administra tive
Staff of NCBS

<se ctio n> Aca demics and A d ministration <se ctio n/>;

< p a g e > 9 1 < p a g e/>;

EN TRY 7.02

MASTERS PROGRAMME IN
WILDLIFE BIOLOGY AND
CONSERVATION
The Masters Programme in Wildlife Biology and Conservation,
anchored at NCBS, is a unique academic institution-NGO
partnership programme, the only such operational model that
we are aware of in the country.

Asian elephants in a water body in a human-
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dominated landscape in southern India

Photo by
Sandesh Kadur

Started in 2004 with the goal of training India’s future conservation
leaders, in partnership with the Wildlife Conservation Society–India
and the Centre for Wildlife Studies–Bangalore, the programme is now
in its 16th year!
In every even year, the programme takes in 15 Indian students
following a national entrance exam, and trains them over the course
of two years in the concepts, theory, field methods, and practise of
conservation science. In 2016, the programme added an additional two
places for international students from South, South-east, and Central
Asia, to extend it mission of building capacity for conservation
science across the wider Asian region. Our first international students have come from Mongolia, Nepal, and Bangladesh. Growing enquiries
from across the Asian region confirm that our assessment of the need
for such conservation capacity in this region was accurate.
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For the current cohort of students, 2018-19 has been another eventfilled year in the programme. As of this writing, after one-anda-half years of rigourous coursework and field training, they have
spread out across the country for their master’s research projects.
The research projects chosen by the students encompass a breadth of
topics, species, and habitats reflecting, in microcosm, the diverse
problems, challenges, and opportunities in wildlife and conservation
science in Asia today. While the study species range from tigers,
elephants, otters, and dolphins, to tropical forest owls and rodents,
the ecosystems range from freshwater and marine to tropical forests
and grasslands, and the questions address both fundamental issues
relating to the ecology of lesser-known species and applied problems
in wildlife and ecosystem conservation. As examples, while one
project will investigate the diets of tigers in protected and nonprotected areas in Rajasthan, another hopes to understand human–
otter interactions in the Khazan fisheries of Goa; while one project
will document how increases in seed predation by rodents in tropical
forest fragments is changing tree regeneration, another hopes to

Blackbuck antelope and cattle foraging sideby-side in the Terai region of southern Nepal

Field trip to the Andaman Islands, March 2019
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We are happy to say that the 102 graduates from our first 7 cohorts
have done exceptionally well, both in scientific research, and in
engaging with on-the-ground conservation. In the past year, they
have done us proud, publishing research in high profile journals
including Nature Ecology and Evolution, Ecology Letters, and Conservation Biology. They have won national and international accolades
including such prestigious recognition as the Future For Nature Award
and the Sanctuary Asia Awards for Conservation. Our first international graduates have returned to excellent placements in their
home countries including the Snow Leopard Trust in Mongolia and the
Forest Department in Nepal. The past year has also seen some of our
earliest alumni join faculty positions in leading institutions in
India, including the Centre for Ecological Sciences, Ashoka University, Krea University, and the Laboratory for Conservation of Endangered Species. We are excited for them, and have no doubt that the coming
decade will see excellent contributions from them to conservation
research and student training in India.

Students getting emergency first response
training before departures to the field,
September 2019

One-horned rhinoceros in Dudhwa Tiger
Reserve, Uttar Pradesh

understand how human communities are coping with elephant cropraiding in the production landscapes of lower Assam. We wish all
our students a productiveand successful field season.
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Our programme does not exist in isolation. We are supported and strengthened by a network of researchers, faculty, and resource people
from multiple supporting institutions across the country, including
academic institutions and NGOs. We are humbled by the goodwill and
commitment of all these individuals and partners, who make our programme the unique space that it is. Funding for our programme comes
from core funds from the Department of Atomic Energy, the Centre for
Wildlife Studies, and the Tata Trusts. We are very grateful for this.
As we enter another year, we look forward to expanding the reach of
our programme through more partnerships, more outreach, and education
across the many stakeholder groups in conservation, and by reaching
more landscapes in the country.

< p a g e > 9 4 < p a g e/>;

<title> m asters pro gra m m e in w ildlife biolo g y <title/>;

RESEARCH FACILITIES
REPORT (2018–2019)
Current scientific research is critically dependent on
the use of sophisticated and rapidly advancing technology
platforms. These not only include cutting-edge technology
and sophisticated equipment, but also complex genetic and
biological manipulations at the tissue and organismal level.
Such technologies often evolve rapidly and are driven by
the development of new experimental methods, as well as the
instrumentation that allows such methods to be implemented
practically. In addition, for complex experiments requiring
the simultaneous use of different advanced technologies, it
is essential to have a pool of well-trained technicians with
state-of-the-art knowledge in the use of such technology
platforms, and who can also train institute scientists in
the use of such facilities. The research facilities at NCBS
are designed to meet these requirements.
Facilities Coordination Committee: Uma Ramakrishnan, Colin Jamora, Taslimarif
Sayed, Krishnamurthy H., Raghu Padinjat, and Upinder Singh Bhalla

C O M M O N R E S E A R C H FA CI L I T I E S AT N C B S

The Animal Care and Resource Centre (ACRC) is a unique state-ofthe-art barrier-protected specific pathogen free (SPF) laboratory
animal facility which provides services and resources for investigators to accomplish animal research objectives while ensuring
optimal welfare conditions and animal ethics regulations. Currently,
the ACRC has >280 strains of mice, >12 lines of rats, 12 lines of
zebrafish, and Xenopus laevis frogs. All mice and rat colonies
are housed in individually ventilated caging (IVC) systems with a
controlled environment in the animal rooms. In the last 5 years,
ACRC has trained ~461 internal animal users and ~87 external scientists in various aspects of lab animal management. There have been
~38 publications from ACRC during the 12th plan period.
ACRC Crew: Mohan G. H., Aurelie Jory-Lily, Latha Chukki, Shwetha Reddy, Yogesh
C., Sreenivasulu T., Vinodkumar D., Manjunath A. M., Rupa Kumari, Lalitha, Arpana,
Sudhagar Babu, and Shruthi M.
Faculty Advisory Committee: Raj Ladher, Hiyaa Ghosh, Colin Jamora, Arjun Guha, and
Vatsala Thirumalai
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The Animal Care and Resource Centre (ACRC)

The Mouse Genome Engineering Facility (MGEF) provides services and
training to generate genetically modified mouse models using the
latest gene editing and transgenic technologies. Other operational
domains include the generation of specific pathogen-free mice through
strain re-derivation and embryo transfer techniques. Additionally, the
MGEF team has expertise in mouse sperm and embryo cryopreservation,
as well as cryo-recovery and in vitro fertilisation, and continues to
provide services to backup, archive, and resurrect frozen mouse sperm
or embryos from internal and external Indian and international collaborators. This portfolio of services allows the MGEF to regularly add
and share new mouse stocks consolidated in a national mouse repository. Finally, the MGEF organises several hands-on workshops throughout the year allowing other scientists from all over India to acquire
skills in the latest mouse genome engineering, embryo microinjection,
stock cryopreservation, and assisted reproductive technologies to
enhance mouse colony management possibilities.
MGEF Crew: Aurelie Jory-Lily, Shilpa B. A., Reena V., Debajeet Das, Jasper
Chrysolite Paul, Saumya Mary Mathew, Adarsh M., and Latha Chukki.
Faculty Advisory Committee: Raj Ladher, Hiyaa Ghosh, Colin Jamora, Arjun Guha,
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Vatsala Thirumalai, Tina Mukherjee, and Raghu Padinjat.

The Mouse Genome Engineering Facility (MGEF)
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Biosafety Facility Crew: Jagadish Sampath and Ranjith P. P.
Faculty Advisory Committee: Shivaprasad P. V., Varadharajan Sundaramurthy, Colin
Jamora, and Sunil Laxman

The Biosafety Facility

The High-Performance Computing Facility caters to the ever-increasing
demands for high-performance computing from our scientific community.
The facility at NCBS is a symbiosis of computing, network, graphics,
and visualisation. The facility is a functionally distributed supercomputing environment and shared memory systems, with state-of-theart computing systems and open source software packages, all of which
are connected by a powerful high-speed network backbone. The facility
is equipped with three high-performance computer clusters and hosts
~300 TFlops of computer power in total with 8GB/core in memory. The
facility also includes one storage system with a parallel file
system, providing a bandwidth of 20GB/s, as well as one storage
system with 1 Lakh IOPS, with an overall usable capacity of 1.8 PB.

IT Crew: Baruah P. K., Rajshekar K. S., Rajesh R., Chakrapani, Rifat N., Deanish M.
A., Arindam D., Alok B., Divya K., Subramani R. P., and Kishore R.
Faculty Advisory Committee: Vinothkumar K. R., Sabarinathan Radhakrishnan, and
Upinder Singh Bhalla
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The Biosafety Facility in NCBS comprises of dedicated biosafety
level-2 (BSL-2) and biosafety level-3 (BSL-3) laboratories. The BSL-2
laboratories are equipped with class-2 biosafety cabinets and other
essential equipment to undertake experiments related to known risk
group-2 (RG-2) infectious agents and virus-based transfection work.
At present, there are 15 registered users of BSL-2 laboratories. The
BSL-3 facility in NCBS has been designed by experts with appropriate
biosafety guidelines to perform research on known risk group-3 (RG-3)
infectious agents. The BSL-3 suites have two independent workspaces,
one of which is dedicated for Mycobacterium tuberculosis work, while
the second can be used for other infectious agents which require a
BSL-3 facility. At present, there are 8 trained users of the BSL-3
facility.

The Central Imaging and Flow Cytometry Facility (CIFF) is equipped
with 22 state-of-the-art high-end microscopes and 14 flow cytometers.
CIFF is an operator-free facility which caters to the needs of both,
internal and external researchers. The perennial training programmes
in imaging and flow cytometry conducted at CIFF are open to basic and
clinical researchers. The facility has trained 351 researchers in
2018–2019, who have published 70 papers in peer-reviewed journals.
CIFF Crew: Feroz M., Musthafa H., Divya A., Reena C., Kulkarni R., Raksha K., Anil
Kumar H. V., and Krishnamurthy H.
Faculty Advisory Committee: Anjana Badrinarayanan, Raj Ladher, Sanjay Sane,
Vinothkumar K. R., Srikala Raghavan, Arjun Guha, and Shashi Thutupalli

A researcher working in the Central Imaging and Flow cytometry Facility (CIFF)

The Electron Microscopy (EM) Facility is equipped with a highresolution TEM (Tecnai T12 G2 spirit), a high-resolution FESEM
(Merlin Compact VP), and a Cryo-SEM, along with a biological sample
preparation lab. The EM facility also trains on-site researchers.
This is an operator-free facility used by both internal and external
researchers.
EM Facility Crew: Saloni Sharma and Deepti Negi
Faculty Advisory Committee: Anjana Badrinarayanan, Raj Ladher, Sanjay Sane,
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Vinothkumar K. R., Srikala Raghavan, Arjun Guha, and Shashi Thutupalli

The High Throughput Screening and High Content Imaging Facility (HTS/
HCI) is equipped with 5 integrated liquid handlers which can perform
multiple activities in parallel in 96, 384, and 1536 formats. The HTS
has two high-end cell imagers which can read fluorescence in confocal
mode. The facility also houses a BSL-2 cell culture lab. This screening facility is an expert-assisted facility which caters to internal
academic, external academic, and industrial users, and also offers
training programmes for HTS.
Faculty Advisory Committee:

Varadharajan Sundaramurthy, Anjana Badrinarayanan,

Raj Ladher, Sanjay Sane, Vinothkumar K. R., Srikala Raghavan, Arjun Guha, and
Shashi Thutupalli
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FF Crew: Deepti Trivedi, Gajendra, Basavaraj, Yashwantha, Srividhya A., Hemavathy
C., Anitha V. A., Nataraj N., Kishore V., Shwetha H., Jithin R., and Doyel Dasgupta.
Faculty Advisory Committee: Raghu Padinjat and Tina Mukherjee

A shot of the Fly Facility of NCBS

The Museum and Field Stations Facility organised field courses at
the Pachmarhi field station and a conservation retreat in Bangalore
this year. The museum gallery hosted two exhibitions—Lab culture I
and Lab culture II—from June, 2019 till December, 2019. The exhibitions and the associated outreach activities have been successful,
with >2500 school students visiting the exhibitions since their
opening. The collections facility has substantially added to its
database with valuable insect and herpetology specimens as well as
tissue samples from across India. The facility has been central in
the identification of several new species, and was acknowledged in
11 research papers.

MFS Crew: Vivek Ramachandran, Aswathanarayana G., Savita Chib, Chintan Seth,
Raghvendra, and Shashank Ongole
Faculty Advisory Committee: Uma Ramakrishnan, Sanjay Sane, Mahesh Sankaran, and
Shivaprasad P. V.
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The Fly Facility caters to the needs of Drosophila biologists within
and outside of NCBS. It generates approximately 150–200 transgenic
flies, and 20–30 CRISPR-based mutants annually. In the recent years,
the fly facility has provided services in molecular DNA cloning using
various molecular techniques, making it the only facility worldwide,
that provides a complete CRISPR service from designing and cloning
molecular constructs, injections, and screening to the generation of
desired genomic manipulations in Drosophila melanogaster. In addition,
this facility maintains ~8,000 different fly strains for internal
users. The fly facility also supports researchers in technology
development in the area of Drosophila genome engineering and trains
researchers in transgenic Drosophila husbandry. This year (2018–2019),
the fly facility trained 29 users in different methods in fly genetics,
and was acknowledged for its contributions in 19 publications.

The Museum collection room of the Museum and Field Stations Facility,

The Genomics Facility includes both, a Sanger sequencing and next
generation genomics facility (NGGF). The Sanger sequencing facility
is equipped with one state-of-the-art 48 capillary Sanger sequencing
machine, and provides plasmid, PCR product sequencing, and genotyping
services to internal and external researchers in very short turnaround times. The NGGF is equipped with one state-of-the-art highthroughput next generation sequencing platform (Hiseq2500) and two
bench-top next generation sequencing platforms (Miseq and Ion Proton).
The NGGF caters to the next generation sequencing needs of internal
and external researchers, and also provides user training and support
in NGS library preparation using various protocols (DNA, mRNA, small
RNA, ChIP, metagenomics etc.) and sequencing. The NGGF trained 29
researchers in 2018–2019, who have published 18 papers.
Genomics Facility Crew: Awadhesh Pandit, Tejali Naik, and Vijay Soni
Faculty Advisory Committee: Aswin Seshasayee, Deepa Agashe, Dimple Notani, and

<lo catio n> N CBS ANNUAL REPO RT 2018-19 <lo catio n/>;

Dasaradhi Palakodetti

The Genomics Facility
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Greenhouse Facility Crew: Ranjith P. P., Thirumala K., Narasimha Raju, and Parvatamma
Faculty Advisory Committee: Shivaprasad P. V., Mahesh Sankaran, Krushnamegh Kunte,
Uma Ramakrishnan, and Sanjay Sane

Built on the rooftop, the Greenhouse Facility is used by several scientists on the
campus and is equipped with fully automated climate control systems.

The Nuclear Magnetic Resonance (NMR) Facility is equipped with two
machines (800 MHz and 600 MHz) with cryo-probes. The facility aids in
studies that focus on the de novo structure determination of macromolecules such as proteins and nucleic acids, and their dynamics in
the picosecond to millisecond time scales. NMR spectroscopy is a
versatile technique for calculating chemical shift perturbations
(CSPs) during protein-protein, protein-ligand, and protein-nucleic acid
titrations. In structural biology, real-time NMR is extensively used
to understand the folding pathways of proteins. The facility provides
24 h service, on all 7 days of the week for both internal and external
users, and periodically conducts training programmes for new users,
as well as hands-on training sessions for regular users. In the last
two years, the NMR facility has trained 26 researchers and has been
acknowledged in 8 published papers.
NMR Facility Crew: Purushotham Reddy P.
Faculty Advisory Committee: Ranabir Das, Arati Ramesh, Minhaj Sirajuddin,
and Vinothkumar K. R.
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The Greenhouse Facility has 7 greenhouses that allow researchers to
maintain pure/transgenic strains of plants and insects, and to study
plant-animal interactions. The greenhouses are equipped with adjustable and fully automated climatic control systems to control light,
temperature, and humidity levels using special lights, shading
screens, evaporative pads, fan cooling systems, heaters, humidifiers,
and dehumidifiers.

The Nuclear Magnetic Resonance (NMR) Facility

The Mass Spectrometry (MS) resources on campus aim to provide
researchers with state-of-the-art techniques and equipment to characterise biomolecules such as metabolites, proteins with post-translational modifications, glycans, and lipids. A number of modern
instruments for the separation, identification, and quantitation of
all major biomolecules by mass spectrometry-based approaches are
available. The facility is actively involved in developing new
analytical methods required to facilitate on- and off-campus
research. In addition to providing MS-based structural characterisation services, the MS facility also provides 3–5-day training
programmes on the use of different LC-MS/MS technologies such as
lipidomics, proteomics, metabolomics, and glycomics. In the last
five years, >120 researchers have been trained, and the facility
has been acknowledged in 37 publications.
MS Crew: Chhaya Patole, Dhananjay Shinde, Padma Ramakrishnan, Alifia Jaffer, and
Raviswamy M.
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Faculty Advisory Committee: Radhika Venkatesan, Sunil Laxman, and Raghu Padinjat

The Mass Spectrometry Facility
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MMF Crew: Feroz M. and Musthafa H.
Faculty Advisory Committee: Anjana Badrinarayanan, Raj Ladher, Sanjay Sane,
Vinothkumar K. R., Srikala Raghavan, Arjun Guha, and Shashi Thutupalli

Microfluidics and Microfabrication Facility

The X-Ray Facility aims to provide the necessary infrastructure and
expert support for users who wish to undertake structural studies of
the biological macromolecules in a crystalline state or in solution.
The facility offers high-end instruments and training for data collection, processing, and three-dimensional structure determination of
biological macromolecules, which exist either arranged in an orderly
fashion (as in single crystals) or in a dynamic state (in solution).
The facility provides researchers with 24 h access on all 7 days of
the week to an FR-X X-ray diffractometer and BioSAXS-1000 from Rigaku,
USA, for high-resolution data collection and up-to-date versions of
computing software for data analysis and automated structure solution.
In 2018–2019, the X-ray facility trained >14 internal and external
academic users for data collection on single-crystal X-ray diffraction and BioSAXS instruments. The structures obtained from the data
collected at the facility have contributed significantly to 6 publications from the Bangalore Life Science Cluster in the last two
years.
X-Ray Crew: Nishant Kumar Varshney
Faculty Advisory Committee: Ranabir Das, Arati Ramesh, Minhaj Sirajuddin, and
Vinothkumar K. R.
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The Microfluidics and Microfabrication Facility is equipped for
Su8 photolithography and PDMS fabrication technologies, along with
a state-of-the-art Class 10000 cleanroom and sub-micron resolution
mask aligner. It provides micro-fabricated device delivery and
equipment access for the needs of internal and external researchers.
The customised training programmes in the facility are open to both
academic and industrial researchers. The facility has trained 36
researchers during 2018–2019.

The X-Ray Facility

The Radioactivity Facility has been classified as a Type-2 radioactive laboratory. The facility is equipped to handle 32P, 55Fe, 125I,
3
H, and 14C isotopes, and operates strictly within the guidelines set
by the AERB. New users undergo a rigourous training programme under
the supervision of the campus radiation safety officer. In addition
to the use of radionuclides, the training programme also includes
modules on the safe disposal of radionuclides as according to safety
regulations. Additionally, the facility also has a cobalt-based gamma
irradiator used to irradiate animal cells.
Radioactivity Facility Crew: Ranjith P. P. and Ashwin Nair
Faculty Advisory Committee: Shivaprasad P. V., Arati Ramesh, Sunil Laxman, and
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Colin Jamora

The Radioactive Facility
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EN TRY 8.01

THE RESOURCE DEVELOPMENT
AND PLANNING UNIT (RDPU)
The resource development and planning unit (RDPU) was established in March 2019 with the aim of diversifying our funding
streams beyond extramural grants. Our mission is to grow the
volume and visibility of the Cluster’s research enterprise. We
hope to achieve this by developing an in-depth understanding
of the private funding landscape—such as philanthropic and
CSR funds—and by nurturing industrial collaborations. We
will also be working with the faculty members of the Cluster
to help them establish and cultivate deep connections with
donors and funders.

The RDPU works with the Cluster’s academic community to creatively
develop and secure new private funding opportunities, build a solid
brand for the cluster, and engage with sponsors.
All three member institutions of the Bangalore Life Science Cluster
(BLiSC) derive substantial core support from the Government of India.
This has allowed us to consistently build bold scientific programmes
of exceptional quality. However, to make rapid use of emerging opportunities and further our reach, we need a mixed funding portfolio
of government and philanthropic funds.

S T R AT E G Y

The RDPU activities fall into four main areas: a) identifying and
sustaining philanthropic donations; b) developing industrial collaborations; c) facilitating corporate social responsibility (CSR)
grants; and d) managing private grants. Our strategic research
development initiatives are described below:
• Customised strategy sessions with faculty to start, revitalise, or diversify
funding streams
<lo catio n> N CBS ANNUAL REPO RT 2018-19 <lo catio n/>;

• Catalyse formation and development of donor-specific research initiatives and
pitches
• Facilitate visits from philanthropists and the private sector to improve Cluster
visibility, communications, and impact; coordinating fundraising campaigns
• Ensure we have the necessary materials/collateral to share with potential
prospects
• Cultivating and sustaining warm relationships with donors and organisations
• Business plans and paths to CSR grants; CSR funding alerts
• Building a database of potential funders from India and outside India
• Administer submissions processes for philanthropic solicitations
• Creating and managing a dedicated webpage for fundraising activities
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Creating an engaged, supportive network of alumni is crucial to
the Cluster’s success. The involvement of alumni in supporting and
providing contributions voluntarily is important for maintaining
and expanding the Cluster’s development. NCBS has recently created
Alamshine (alumni.ncbs.res.in/), a portal, to connect all our alumni
through one platform. The newly formed platform is dedicated to
strengthening partnerships between alumni and the Cluster to connect, support, and coordinate the vision and mission of the Cluster.

BANGALORE LIFE SCIENCE CLUSTER FUND

We now seek to create and sustain an endowment fund—the Bangalore
Life Science Cluster (BLiSC) Fund. This fund will hep us jumpstart
promising nascent ideas, support unanticipated expenses, further the
exchange of talented research investigators to and from our campus
and the international community, and help us engage effectively with
the broader social context we work in.
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ALUMNI ACTIVITIES

OUR PRESENT FUNDERS

The Bangalore Life Science Cluster deeply appreciates the support
received from all sponsors, donors, and partners—presently committed
to the tune of ₹45 Crores. This support has allowed us to develop and
sustain high-quality research programmes and technology development
initiatives at our campus and has facilitated our ability to broaden
our research.
Some successful examples of the programmes benefitting from private
funding include the Centre for Brain Development and Repair (CBDR)
at inStem, which is supported by the Shanta Wadhwani Foundation.
The Pratiksha Trust and DBT have supported a major programme – ‘The
Accelerator programme for Discovery in Brain disorders using Stem
cells (ADBS)’ at NCBS and inStem, with institutional collaborations
with NIMHANS. In 2017, the TTK Prestige Group awarded a generous
grant for supporting our vision of ‘Science Beyond Boundaries’, which
has given a significant boost to our Campus Fellows Programme and
enabled BLiSC to support international researchers on campus. In addition, this grant also enables students and postdoctoral fellows to
attend international conferences and workshops through the ‘T. T.
Narasimhan Travel Awards’ which complement the ‘Infosys Travel Awards’.
Other notable philanthropic donations were from Mr. Narayana Murthy
for supporting the Dengue Vaccine Development Programme and the
Simons Centre for Living Machines. Through the generosity of our
philanthropic partners, we initiated an Endowment Fund in 2016 for
research, training, innovation, and outreach. NCBS has received corpus
donations from the Wildlife Conservation Trust, the Infosys Foundation,
and Dr. Kiran Mazumdar-Shaw. More recently, the ‘Siddharth Gopalakrishnan Endowment’ which was established in memory of our alumnus
Mr. Siddharth, by his parents.
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For a complete list of our present funders, please visit https://www.
ncbs.res.in/our-funders.

R DPU Team: Navin Sharma
and Vijai Dharmamony
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RESEARCH
DEVELOPMENT OFFICE
Research at the Bangalore Life Science Cluster, which includes
NCBS, inStem, and C-CAMP, spans a diverse range of questions
and approaches in the broad area of life sciences. The
Research Development Office (RDO) was created to facilitate
research and training at the Cluster via research funding.

Over the course of the last nine years, the RDO has supported the
diverse needs of the campus in fundraising, grants management, and
contract negotiation for research funding from funding agencies,
corporate sources, and charitable organisations.
Generous funding from the Government has been invaluable in establishing large institutional programmes on campus such as the Centre
for Chemical Biology and Therapeutics (CCBT), Bangalore Life Science
Cluster for Multiscale Basic and Applied Research in the Biological
Sciences (B-LIFE), the Programme on Chemical Ecology, the National
Mouse Research Resource (NaMoR), and the Macromolecular Crystallography and Scattering Facility. The RDO manages all these large
programmes.
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A recent successful example of an institutional programme benefiting
from such mixed funding is the ‘Accelerating the application of Stem
cell technology in Human Disease’ (ASHD) programme at NCBS and inStem
(which also has institutional collaborations with NIMHANS). This programme is jointly supported by the Pratiksha Trust and DBT. Recently,
the Pratiksha Trust has extended its support to the ASHD programme at
NCBS and inStem for a further three years.
Generous funding from the TTK Prestige Group has enabled support
for the NCBS and inStem vision of ‘Science Beyond Boundaries’, which
in addition to giving a significant boost to the Campus Fellows
Programme, has also provided support for international researchers
at BLiSC. This funding has further enabled NCBS and inStem to institute the ‘T. T. Narasimhan Travel Awards’ at the two institutes for
supporting students and postdoctoral fellows in attending international conferences and workshops. Philanthropic support to NCBS
from Mr. Narayana Murthy and the Simons Foundation continue to support the Dengue Vaccine Development programme the Simons Centre for
Living Machines, respectively.
Through the generosity of our philanthropic partners, an Endowment
Fund was initiated in 2016 for research, training, innovation,
and outreach.
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Work at the RDO is made possible by a dynamic and professional team
who are committed to offering several key services to the campus at
the boundaries of science, management, and outreach. We look forward
to a rewarding journey further ahead for the RDO, in supporting
campus research funding and the Endowment Fund.

The Research Development Office team
from right to left: Roshan Kumar, Jinu
Ma tthew Valayil, M. C. Aruna, Vineetha
Raghavan, and Malini S. Pillai
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ACTIVITIES OF THE
COMMUNICATIONS OFFICE
OF THE BLISC
The BliSC Communications Office supports NCBS by providing
communications counsel, support, and services to augment the
institute’s presence through various channels and engagement
platforms. An updated, online repository of publications,
popular science articles, and news reports of research is
maintained. In addition, the Communications Office writes and
designs articles to engage with the public and nurture our
growing reach via social media channels and various outreach
initiatives.
The Communications Office plays a key role in building
bridges between science and society through a comprehensive
calendar of initiatives. This includes platforms, events,
talks, workshops, and more. Our efforts towards connecting
and engaging with the public help make science more
accessible and less formidable to the common person.

OUTREACH AND SCIENCE ENGAGEMENT
SCIENCE CAFÉ

The BLiSC Science Café is a popular science outreach programme that
takes campus scientists to the public in and around Bangalore to
speak colloquially about their work in informal settings. Several
NCBS scientists have participated in this programme.
This year we experimented with the first of the BLiSC Science Café
Specials: “SciComm’erce with Arjun Kamdar” (an M.Sc. Wildlife student)
to schools in the city. Arjun’s interesting take on economics and ecology found resonance with the students of Valley School and we will
be taking the module to other schools in the near future.
In this manner, the Communications Office intends to innovate
and adapt the Science Café programme to continually connect with
diverse groups and communities, including non-English speaking ones.

<se ctio n> Bang alore Life Science Cluster <se ctio n/>;
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The Science Café events in the city have taken science into unconventional
places and communities not yet touched upon. These spaces are as varied as cafés,
community halls, dance studios and more.

FA CIL I T Y T O U R S
• Faculty and laboratories at NCBS have worked closely with the Communications
Office to further their outreach efforts with facility visits, school visits,
lectures, etc.
• Students are introduced to different laboratories and facilities within the
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Cluster, view live demos, and interact with scientists.
• We have hosted >1000 students from 30+ schools, colleges, and institutes from
across the country this past year.

O P E N D AY S
• The Communications Office works with NCBS faculty and laboratories to organise
large events that see school students visit the campus in large numbers.
• This year’s Moth Day was a stupendous success with close to a thousand visitors
in attendance, including 14 schools from Bangalore and beyond.
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This past year we have turned our focus to sci-art and sci-entertainment in looking at new ways to represent science through performances, exhibits, and screenings. The underlying aim to this approach
is to raise awareness, stimulate discussion about contemporary science
communication, and encourage new formats.
• We have screened science themed films such as ‘Love and Bananas’ (about elephant
rescue in Thailand).
• In sync with the popularity of theatre in the city, we hosted science-themed
plays on campus such as Nilanjan Choudhary’s ‘The Square Root of a Sonnet’.
• We partnered with the Cluster’s Museum and Field Stations Facility (MFS) to
host Lab Culture I and II, which were one-of-a-kind exhibitions that explored
the intersections of science, art, and design.*
• The Communications Office also created and executed the ‘The Craft of Science
Communication’ workshop for its campus members in May this year. It was a first
of its kind event
— designed and executed entirely in-house.*
• We hosted memorable featuring speakers such as Jane Robinson (CalTech), who spoke
on poetry and science, and BK Tyagi, who introduced the idea of using folk art
as a medium for science communication.
*For more information check the ‘Highlights of the Year’ section of this report.

Film screenings and plays
are just some of the events
organised on campus each year
by the Communications Office
contributing to the cultural
life on campus and building
bridges between science and
entertainment.
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S C I- A R T A N D S C I- E N T E R T A I N M E N T

ACCOLADES
• The Head of the BLiSC Communications Office serves on the Advisory Board for the
Fallings Walls Foundation, that provides platforms for international and interdisciplinary exchanges on science and society.
• Invited to the Silbersalz Science and Media Festival in Halle, Germany
(June 2019)
• Invited to Berlin for Falling Walls Conference 2019 (November 2019).
• Participated in the National Science Communication Orientation Programme held
in Bhopal (August 2019)
• Gave talks at the CFTRI Symposium on Science Journalism and Science
Communication (August 2019)

Looking ahead, we want to build on the success of the Communications
Office’s initiatives. We want our initiatives to have a greater impact,
reach more people of all ages, and play a part in shaping their views
on science and technology. This is crucial to create a public that is
aware about and engaged with science and technology shaping the world
around them.
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We are planning on several things that will help make science cool for
everyone again, get kids wide-eyed in wonder, and create ways that make
people start dinner conversations with, “did you know what I read on
the NCBS page today? Let me tell you…”
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HIGHLIGHTS OF
THE YEAR
Meetings And Workshops Calendar 2019
Opening of the Archives at NCBS
Lab Culture report
Scientainment – Film Screenings, Theatre, and Workshops
The Craft of Science Communication
The Language of Biology
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EN TRY 9.01 – M EE TIN GS A N D W O RKS H OPS CALEN DA R 2019

Each year, NCBS hosts a range of meetings
and workshops aimed at providing our
faculty and students with national and
international exposure to cutting-edge
research and developments.

JANUARY

FEBRUARY
JANUARY 16, 2019

FEBRUARY 4, 2019

TERMINATION OF
TRANSLATION IN BACTERIA
AND EUKARYOTES

PUBLIC OPENING OF
THE ARCHIVES AT NCBS
The Archives at NCBS, a
collecting space for the
history of contemporary
biology in India, is
now open to the public

A talk by Nobel Laureate
Prof. Venki Ramakrishnan

MARCH

APRIL
MARCH 1, 2019

APRIL 5, 2019

TO MARCH 2, 2019

BIRDING FRONTIERS - THE
INTERSECTION OF BIRDERS,
SCIENCE AND TECHNOLOGY

THE SECOND BANGALORE
MEETING ON ASIAN BEES

A talk by Jessie Barry and
her colleagues from the
Cornell Lab of Ornithology
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MAY

JUNE
MAY 26, 2019

JUNE 18, 2019 ONWARDS

PUBLIC TALK – APPLYING
MODERN TECHNOLOGY TO
UNDERSTAND DISEASES OF
THE BRAIN

LAB CULTURE HOSTED BY
THE MUSEUM AND FIELD
STATIONS FACILITY

The first-ever Mysore
iteration of the Science
Café – in collaboration
with CFTRI, Mysore
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A one of a kind
exhibition that explores
the intersection of
science, art, and design
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JULY

AUGUST
JULY 19, 2019

AUGUST 26, 2019

CREATIVE CONVERSATIONS
WITH SCIENTISTS

TO AUGUST 30, 2019

CHEMICAL ECOLOGY OF
THE NORTH EAST REGION
(NER) OF INDIA

An interaction between
scientists and the public
hosted in association
with Lab Culture

SEPTEMBER

A collaborative programme
linking NER and
Bangalore researchers

OCTOBER
SEPTEMBER 15, 2019

OCTOBER 18, 2019

TO SEPTEMBER 22, 2019

THE LINK BETWEEN
FUNDAMENTAL SCIENCE AND
ECONOMIC DEVELOPMENT

BANGALORE MICROSCOPY
COURSE 2019
Taught by world leaders in
biological microscopy, this
course provides didactic
and hands-on training in
state-of-the-art optical
microscopy techniques

NOVEMBER

Dr. Didier Roux from
the Institut de France
(French Académie des
Sciences) discussed the
link between fundamental
research, inventions,
and innovations

DECEMBER
NOVEMBER 13, 2019

DECEMBER 1, 2019

TO NOVEMBER 15, 2019

TO DECEMBER 6, 2019

BIO-INFORMATICS (ADBSIBAB GENOME/TRANSCRIPTOME ANALYSIS WORKSHOP)

Computational analysis of
protein-protein interactions
in cell function and disease
01 – 06 December 2019 | Bangalore, India

ORGANIZER

SPEAKERS

Shachi Gosavi

National Centre for Biological Sciences-TIFR, IN

Malvika Sharan

The workshop focussed
on variant calling,
population genomics, and
differential gene analysis
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Miguel Andrade

Johannes Gutenberg University Mainz, DE

Holger Dinkel

Allegra Via

IBPM-CNR c/o Sapienza University of Rome, IT

Natasha Wood

European Molecular Biology Laboratory, DE

Max-Planck-Institut für biologische Kybernetik,
DE

Hyrax Biosciences (Pty) Ltd, ZA

CO-ORGANIZERS

Norman Davey

Harvard Medical School, US

Nadezhda Doncheva

The Hebrew University of Jerusalem, IL

Zsuzsanna Dosztányi

National Centre for Biological Sciences-TIFR, IN

Institute of Cancer Research, UK

Toby Gibson

European Molecular Biology Laboratory, DE

Zsuzsanna Dosztányi

Eötvös Loránd University Budapest, HU

Manjeet Kumar

European Molecular Biology Laboratory, DE

University of Copenhagen, DK
Eötvös Loránd University Budapest, HU

Toby Gibson

European Molecular Biology Laboratory, DE

Lars Juhl Jensen

REGISTRATION

University of Copenhagen, DK

Registration deadline
30 October 2019
Abstract submission deadline
15 September 2019
Student/postdoc .. 3000 INR/50 EUR
Academic ................ 5000 INR/80 EUR

Haribabu Arthanari

Ora Schueler-Furman

Ramanathan Sowdhamini
Tamás Korcsmáros

Earlham Institute, UK

Manjeet Kumar

European Molecular Biology Laboratory, DE

Marco Punta

The Institute of Cancer Research, Centre for
Evolution and Cancer, UK

CONTACT

Scooter Morris

Shachi Gosavi

University of California San Francisco, US

SHACHI@NCBS.RES.IN

Malvika Sharan

Malvika Sharan

European Molecular Biology Laboratory, DE

COMPUTATIONAL ANALYSIS
OF PROTEIN-PROTEIN
INTERACTIONS IN CELL
FUNCTION AND DISEASE

MALVIKA.SHARAN@EMBL.DE

meetings.embo.org/event/19-protein-protein

Trainees learned about
developments in the field
through plenary talks,
practical sessions, and
lectures
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EN TRY 9.02

OPENING OF THE
ARCHIVES AT NCBS
Archives enable diverse stories. This aim guides its work, the
purpose of an archive, and what environments it could nourish
in the future.
The Archives at NCBS, a new collecting space for institutional
records as well as the history of contemporary biology in
India, opened to the public on February 4, 2019.

The Archives at NCBS opened with five manuscript collections, seven
institutional collections, two artefact collections, two bibliographic
collections, and an oral history collection. The holdings are in
various forms, ranging from manuscripts to negatives to photographs,
books, fine art, audio recordings, scientific equipment, letters,
and field and lab notes.
The Archives have been shaped by a crew of over 40 students and professionals working in short stints between 2016 and 2018: archivists
and historians; journalists and writers; scientists, administrators,
and librarians; students of sociology, engineering, history, photography, the sciences, marketing, education, architecture, and design.
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Archives formal
opening poster
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A selection of photos taken at the opening of the archives, which saw speakers
from the past as well and current staff of NCBS.

The opening event consisted of short talks with a set of informal
reflections by senior faculty and staff of NCBS, looking back at their
first days in the ecosystem and when they first came to know of this
place in the early 1970s and 1980s. The NCBS Director, Satyajit Mayor,
gave an overview of the history of the Archives project. This was
followed by a talk by Dr. Sanjeev Jain of the National Institute of
Mental Health and Neuro Sciences (NIMHANS), drawing from his early
archival work from psychiatric case studies. The opening exhibition
(‘Backstage of Biology’) curators (Srajana Kaikini, Naveen Mahantesh,
and Meera Baindur) gave an overview of their work. Opening of the
Archives and walkthroughs began at 6:00 PM and went late into the
night. The event was attended by about 130 people, including the
noted writer, Jayant Kaikini, and historian, Ramachandra Guha.
The Archives has opened its website to the public: http://archives.
ncbs.res.in/, and the full catalogue of 50,000 objects is available
online at http://catalogue.archives.ncbs.res.in/. Since its opening,
and within the first eight months, the Archives has received small
donations from over a dozen different sources within campus and from
the public.
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EN TRY 9.03

LAB CULTURE REPORT
The Museum and Field Stations Facility at NCBS hosted a one-of-a-kind
exhibition that explores the intersections of science, art, and
design. Approximately 3000 students visited this exhibition.
The seeds of this exhibition were sown during the open science day
in November 2018, an annual outreach event that the BLiSC hosts
on-campus. Ten of these exhibits were selected by a transdisciplinary
jury and curated in a two-part exhibition called ‘Lab Culture’. The
exhibits were on display at the Gallery space in the inStem building
on the BLiSC campus.
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Following its successful opening on the 18th of June 2019, Lab
Culture I concluded on the 16th of August 2019. A successful outreach
programme in collaboration with the BLiSC Communications Office
ensured that the exhibition hosted >800 school children from in and
around Bangalore. Lab culture II opened on the 14th of September 2019
and went on till the end of the year. The exhibition was curated by
Ishita Shah (designer and historian), with support from Sai Netra
Ajjampur (architect and designer), installation artist Shashank Satish,
and visual artist Navin Kumar. All the content was developed in
collaboration with the laboratories at the Cluster.

(right) A selection of butterfly species from
the Museum and Field Stations Facility of
NCBS at display on the Lab Culture exhibit
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<title> la b culture re p ort <title/>;

Over 800 students
came on campus to
see the exhibition

C U R AT O R I A L N O T E
“The Museum & Field Stations Facility (MFS), NCBS at BLiSC, brings to you the
second exhibition of the Lab Culture series: tracing the making of a collective.
Lab Culture, a two-part exhibition series has brought diverse practitioners
together from arts, science, design, and history to interpret and disseminate the
relationships between these spheres.
‘Mirroring’ the processes from the first exhibition, the curatorial notes of
Lab Culture II attempt to delve deeper into the journey of making a collectivist
culture. Envisaged to tell stories of science, Lab Culture I presented a symphony
of ideas and explorations, distinguishing one laboratory’s work culture from
another. Thus, the scientific exhibits and creative representations displayed
then, made a remark about the culture of an art-science collaborative in more
individualistic ways.
Following that, the interpretative search for Lab Culture II has been inspired
from specific studies about cell and neuro biology, introduced by the participating labs from NCBS and inStem. Starting from the mere existence of a single
cell or a neuron, to the growth of a systemic structure, newer processes are
discovered and adapted. Situations are quite similar, when an institution grows.
This exhibition will thus, trace values like scalability, modularity, and flexibility across time, space, and philosophy, to represent their effects on a living
ecosystem.”
- Ishita Shah, Curator

The gallery of the facility is envisioned as an interaction space,
showcasing science in all its beauty and complexity. It provides
opportunities for students and lay people to interact with scientists
and learn about the latest discoveries in the biological sciences
through various interactive displays. It facilitates educational
activities for larger audiences, especially students of all stages.
This is a major interface where NCBS interacts with the larger
society that supports our research and gains from our findings.
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The exhibit was also
open to the public
who came in large
numbers as well

EN TRY 9.04

SCIENTAINMENT – FILM
SCREENINGS, THEATRE,
AND WORKSHOPS
This past year we emphasised sci-entertainment, or scientainment—representing science through performances, art, and
film screenings. The idea of scientainment is to communicate
science in an entertaining manner to make it engaging and
enjoyable, and explore the potential of avenues such as
storytelling, theatre, dance, poetry, and stand-up comedy
as a means to communicate science stories.

We screened science-themed films like, ‘Love & Bananas’ (on elephant
rescue in Thailand), ‘Wild Karnataka’ (on Karnataka’s rich biodiversity), and ‘SuryaGanga’ (on water conservation and clean energy).
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The special screening of ‘Love and Bananas’ at BLiSC on 27th July 2019
received a very enthusiastic and positive response from Bengaluru,
both from our campus and the city. The film narrates a truly moving
tale of conservation efforts for elephant populations in Thailand.
The documentary raises key issues of human–wildlife conflict, as
well as the tourism industry and religious traditions which exploit
elephants. It carries the spirit of love and protection for wildlife
from Lek Chailert, Founder of the ‘Save Elephant’ Foundation and
Elephant Nature Park in northern Thailand. She was named TIME Magazine’s Hero of Asia and honoured by Secretary of State Hillary Rodham
Clinton as one of six Woman Heroes of Global Conservation. During
Lek’s very engaging Q&A session following the film screening, her
approach was made very clear to a rapt audience: “You don’t need a
bull hook to control an elephant. You can guide an elephant with
love... and bananas”.
The film ‘SuryaGanga’ was screened in concert with the culmination
of the Swach Bharat initiative, and featured a panel discussion of
prominent speakers from various clean energy backgrounds. Incisive
questions and difficult conversations were approached, leaving the
audience with plenty of food for thought.
Under the purview of scientainment, we also visited theatre productions that considered the crossroads of science and art. A theatrerich society like Bangalore enjoyed the efforts of hosting various
plays at the campus.
• ‘Songs from Snakes’ from the Barefoot Theatre Company, Delhi
• Nilanjan Choudhury’s ‘The Square Root of a Sonnet’ (The Strange History
of Black Holes)
• The Vijay Padaki Theatre Festival by Bangalore Little Theatre
• Five plays by Stagecraft - In letter and spirit, and 4 other shorts
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Panel discussion after
the screening of the
science themed film,
‘SuryaGanga’

Campus performance of the science-based
musical: ‘Songs from Snakes’ from the
Barefoot Theatre Company, Delhi

Nilanjan Chaudhary’s acclaimed production,
‘The Square Root of a Sonnet’ was performed
at NCBS
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It was a year rich for Science-Comm and we have had the pleasure of
hosting speakers such as Prof. Jane Robinson (CalTECH) who spoke on
poetry and science and Dr. B.K. Tyagi of Vigyan Prasar to speak about
the use of folk media in science communication. Ultimately, this
route aims to provide the general public better access to science
through entertainment—making the exercise both factual and fun.

EN TRY 9.05

THE CRAFT OF SCIENCE
COMMUNICATION
The Communications Office of the Bangalore Life Science
Cluster organised a workshop titled ‘The Craft of Science
Communication’ for its campus members in May this year; the
first of its kind designed and executed entirely in-house.

The workshop, comprising five distinct modules spread over five days,
aimed to apprise the participants of various aspects of science communication. The first module was an introduction to science communication, followed by sessions on storytelling, written communication,
visual communication, and verbal communication. Each module had its
own instructor, and the workshop saw a total of 65 registrations,
with an average turnout of 20 people per module.
The workshop received a lot of positive feedback.
Many participants appreciated the design and structure of the workshop. One of them liked that, “there were exercises after each topic
to familiarise ourselves with that concept and bring it into practise.
I also liked that our assignments were checked, and we were provided
feedback on it”.
The concepts covered during the workshop were also well received by
the participants. One of them felt that, “going through the beginning
of how to write a science story was really nice”, while another, “liked
the analogies between storytelling and how science can be told”.
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Engaging discussions, constructive criticism, and a dynamic two-way
learning experience for instructors and participants made this workshop a strongly interactive exercise.
Buoyed by the success of the workshop, the BLiSC Communications
Office looks forward to organising more workshops in the future, to
cover more specific aspects of communicating science better. We are
also looking at ways to collaborate and engage with more institutions, stakeholders, and practitioners of science communication
to better shape science communication in India and further our
capacity-building efforts.
Eventually, we hope to see scientists engage with the public in more
compelling, creative, and confident ways, while making science more
accessible and equitable for different audiences.
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BLiSC campus students with the instructors of the workshop. Designed and executed entirely inhouse, the workshop was the first of its kind

Siddharth Kankaria of NCBS
teaching a module a t the
workshop
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EN TRY 9.06

THE LANGUAGE OF BIOLOGY
What does the word ‘design’ mean to a neuroscientist or
structural biologist? What is ‘change’ to a microbiologist or
an ecologist? What do these words mean to you?

This year’s annual talks programme was themed ‘The Language of
Biology’. This was inspired by a number of new communication activities spear-headed by our BLiSC Communications Team, including ‘Out of
the Lab’ for postdoctoral scholars, ‘Science Café’, and the ‘Jigyasa
Project’. Their efforts to increase scientific discourse and communication to different people and in different languages inspired us to
consider how we use language in our scientific efforts. The talks as
a whole explored the terms we use to define the natural world, and
the way we interpret the same words in multiple ways.

Prof Satyajit Mayor, Director
of NCBS speaking at the Annual
Talks at NCBS. All faculty, as
well as eminent scientists from
other institutes participate in
this meeting making it one of the
busiest events on campus.
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The spacious open air colonnade
of the NCBS SLC Complex is
the perfect place for the poster
presenta tions
The talks began with presentations by our Head of Communications,
Mahinn Khan, our Head of Archives, Venkat Srinivasan, and a public
talk on language by the eminent Kollegala Sharma. Following this
introduction, students and scientists at the National Centre for
Biological Sciences presented their latest research and findings
related to the words ‘Movement’, ‘Change’, ‘Connection’, ‘Design’,
and ‘Control’. Alongside these presentationss were talks by guest
speakers from around the world interspersed with short videos on
the BLiSC community’s interpretation of different terms in their
scientific work.
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ARCHIVES
AT NCBS
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EN TRY 10.01

ARCHIVES AT NCBS
The Archives is a collecting space for institutional
records as well as the history of contemporary biology in
India. It adheres to the philosophy of archiving and the
policies laid by the International Council on Archives (ICA)
in the Universal Declaration on Archives (2011). The currently
accessible collections at Archives at NCBS include five manuscript collections, seven institutional collections, two artefact collections, two bibliographic collections, and an oral
history collection. The holdings are in various forms, ranging
from manuscripts to negatives to photographs, books, fine art,
audio recordings, scientific equipment, letters, and field
and lab notes.

The Archives (http://archives.ncbs.res.in/) has one underlying philosophy: to enable diverse stories. And it has three broad objectives
in the coming years: continuing to build up the archive as a space
to strengthen the commons; a focus on education through archival
material; and to build a broader consortium of science archives
with a discovery layer for the public to find, describe, and share
archival material and stories (like these: http://stories.archives.
ncbs.res.in/exhibit/13ways/).
The Archives is free and open to the public. Since its opening on
February 4, 2019, the Archives has received over hundreds of visitors,
including many school and college tours.
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The physical archive is located in a 2000-sq ft space in the Eastern Lab Complex (ELC) basement in NCBS. It includes two reading
rooms, one processing office, an indoor and outdoor exhibition area,
a storage space for documents and artefacts, and a professional
recording room for oral history interviews and podcasts. The storage is a state-of-the-art facility with monitoring of temperature,
light, humidity, air quality, water, fire, pests, and noise.
The Archives at NCBS opened with the intent of being a space to
strengthen the civic commons and become a gathering space for a
variety of people. The Archives has been the workspace for the
Bangalore Sustainability Forum, as well as students and visitors
working on research projects. The IndiaBioscience group uses the
Archives recording room for their podcasts. In addition, students
from other labs have also started to use the recording room and
other equipment like the slide and negative scanners for their
projects.
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in the space that used to be the laboratory
of Dr. Obaid Siddiqui (The Founder of NCBS).
It houses a library and reading space,
an exhibit, a space with quality storage
facilities and offices.

Archives Exhibit

Archives Entrance

Archives Library

Archives Storage
A Tektronix
oscilloscope
camera, one of
the many rare
historical items
stored in the
archives (left);
Archives event
poster (right)
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It feels right that the Archives at NCBS are

C O L L A B O R AT IO N S

Between February 11 and February 22, 2019, the Archives at NCBS
hosted the Winter School in Oral History 2019: ‘Community, Environment and Oral History: Individual and Collective Memory’. This was
in collaboration with the Centre for Public History, Srishti Institute
of Art Design and Technology, Bangalore. The Archives was host to
over two dozen research scholars from around India and other parts
of the world. As part of this winter school, the Archives also worked
with six scholars who were affiliated with the Archives and agreed
to conduct six distinct oral history interviews that will be
deposited in the Archives.
The Archives at NCBS collaborated with the British Library, London,
in a workshop on ‘Digitisation Workflows, Archival Standards, an
Digital Research Studies Methodologies’, from August 19–20, 2019.
The meeting saw 45 participants representing over 12 different
archives and libraries from across the country. Besides the talks
by the British Library experts, the workshop included 10 lightning
talks by participating institutions, giving an overview of their
repositories and challenges.
The Archives at NCBS is collaborating with the M.Sc. Wildlife
Programme at NCBS to host a bridging post-doctoral fellow, Hari
Sridhar. Hari Sridhar will be spending the year (Aug 2019–Aug 2020)
building on archival material, and developing an oral-history-led
narrative of ecological histories in India. His work will also
include fresh oral history interviews to be deposited in the
Archives at NCBS.
The Archives at NCBS is a member of the Social Networks and Archival
Context Cooperative (SNAC-C). The SNAC Cooperative (snaccooperative.
org), which includes the Smithsonian Institution, Harvard University,
and the U.S. National Archives and Records Administration, is an
effort to connect archival material across the world and help discover,
locate, and use distributed historical records. The Archives at NCBS
is the first such member institution from Asia. It was invited to
give a special talk on the state and role of archives in India, and
science institutions in particular, at the annual SNAC conference
on Sep 19-20 2019 in Washington, D.C.
The Archives has received interest from TIFR, the Indian Institute of
Astrophysics, and the Indian Institute of Science, in being part of
the proposed interconnected digital archive of science (IDAS). For
this, the Archives has started funding conversations with venture
capitalists, foundations, and trusts.
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MEETINGS

Between March 2019 and December 2019, the Archives was invited for
talks and conducting workshops on the role of archives in the public
at the following centres: French Institute of Pondicherry; Ashoka
University Archives; Indian Institute of Astrophysics; Goethe Institute
– Weimar, Germany; Yale University; Science History Institute – Philadelphia; SNAC Cooperative – National Archives – US; Caltech Archives;
Nature Conservation Foundation Centre for Cellular and Molecular
Biology – Hyderabad; IIT Hyderabad; FLAME University – Pune; Indian
Institute for Human Settlements; and Serendipity Arts Festival – Goa.
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Between February and August 2019, the Archives worked with a conservator who has done extensive assessments of the preventive measures
in the Archives. This includes a full condition assessment of the
Archives collections, a detailed conservation assessment of acidities
of certain materials, a full-fledged restoration of a 1939 black
and white photograph from the Obaid Siddiqi Papers, and a facility
assessment to evaluate its resilience to environmental changes.

E D U C AT IO N

Between August 2017 and August 2019, the Archives has been host to 43
undergraduate and postgraduate interns from across India, with backgrounds in the basic sciences, education, journalism, public space
design, and history. The students trained on a variety of projects,
including archival methods, narrative building, space design, and
curriculum development.

DIG I TA L A R C H I V E

The Archives webpage (http://archives.ncbs.res.in/) has a fully accessible public version of the catalogue and is routinely in use by researchers and the public: http://catalogue.archives.ncbs.res.in/. The
Archives has about 49,000 digital objects. Five percent of this has
been available to the public since the opening. All other material
can be made available to researchers upon discretion, including
remote access. New accessions will be scanned by end of 2019.

EX HIBITIO NS

The Archives gallery is currently showing ‘Backstage of Biology’, an
exhibition curated by Srajana Kaikini, Naveen Mahantesh, and Meera
Baindur. The exhibition will be on till early 2020. The next exhibition in February 2020 will be on the trade of knowledge in the 17th to
19th century in India, focusing on the Malabar coast. In the future,
this will be a collaboration with external funding agencies to make
it a biannual feature.

OUTREACH

The Archives runs a monthly public lecture series (https://www.ncbs.
res.in/events/apls), framed around discussions by scientists, historians, and journalists giving talks on their work that is based on use
of science archives. It has now become a staple at NCBS with 22 talks
so far. Talks between February and December 2019 included topics such
as the history of the double slit experiment, Himalayan communities
and ecology, cartography, conservation ecology, science of sound,
agricultural histories, caste and gender, recent history of databases,
and a biography of JBS Haldane.
The Archives now has an active social media presence:
https://twitter.com/archives_ncbs
https://www.instagram.com/archives_ncbs/
https://www.facebook.com/archives.at.NCBS/
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U N I T E D S TAT E S O F A M E R IC A
• University of Minnesota
• Albert Einstein College of Medicine,
New York
• University of Connecticut
• Florida State University
• City University of New York
• University of Florida at Gainesville
• University of Georgia
• National Cancer Institute, NIH
• University of Massachusetts, Amherst
• New York University (NYU)
• University of California, San Francisco
• Purdue University
• University of California, San Diego
• Boise State University
• Michigan State University
• Colorado State University
• University of Southern California
• Brandeis University
• UT Southwestern Medical Center
• Stanford University
• Agricultural Research Service
• New Mexico State University
• Penn State University
• State University of New York
• University of California, Berkeley
• University of Notre Dame
• Cardiff University
• University of Chicago
• George Mason University
• Cold Spring Harbor Laboratories
FRANCE
• University of Bourgogne
• ESPCI Paris
• University of Reunion
• University of Nantes
• Inserm, Paris
• CNRS, Montpellier
• Pierre and Marie Curie University (UPMC)
• University of Burgundy, Dijon
• Institut Curie, Paris
• Institute Sophia Agrobiotech
SPA IN
• Universitat Autònoma de Barcelona
• Institute for Bioengineering
of Catalonia (IBEC)
• The Institute of Photonic Sciences (ICFO)
I TA LY
• IFOM the FIRC Institute of
Molecular Oncology, Milan
• IBP, Naples
SINGAPORE
• Singapore Immunology Network, SIgN A-Star,
• Bioinformatics Institute, A*STAR
• Temasek Life Sciences Laboratory
• Nanyang Technical University
• National University Singapore
• Duke-NUS Medical School
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UNITED KINGDOM
• Natural History Museum, London
• University of Cambridge
• Univerisity of Edinburgh
• University of Warwick
• John Innes Centre
• Durham University
• University of Leeds
• University College, London
• Nottingham Trent University
GERMANY
• Zoological Research Museum Alexander Koenig
• Max Planck Institute for Dynamics
and Self-Organisation
• Max Planck Institute of Molecular Cell
Biology and Genetics
• Max Planck Institute for Mathematics
in the Sciences
• University of Würzburg
• Martin-Luther-University Halle-Wittenberg
• Max Planck Institute for Chemical Ecology

PORTUGAL
• Instituto de Medicina Molecular
(IMM), Lisbon
SO U T H AFRICA
• South African National Parks
K E N YA
• University of Nairobi
NEW ZEALAND
• University of Otago, Dunedin
AUSTRALIA
• The University of Queensland
• Centenary Institute
• University of Adelaide

CANADA
• University of Waterloo
• McGill University
• University of Guelph
• Université Laval
• University of Nova Scotia
ISR AEL
• Technion University
DENMARK
• Technical University of Denmark (DTU)
• Niels Bohr Institute
AUSTRIA
• University of Vienna
NETHERLANDS
• University of Groningen
JAPA N
• National Institute of Advanced
Industrial Science and Technology (AIST)
• Nagoya University
• Kyoto University
• Riken Research Institute, Japan
• Shinshu University
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M A L AY S I A
• International Medical Univerisity, Malaysia
POLAND
• Nencki Institute of Experimental
Biology, Warsaw
SWITZERLAND
• University of Geneva
SWEDEN
• Lund University
• Stockholm University
• KTH Royal Institute of Technology
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List of all the national institutions:
K A R N ATA K A (B A N G A L O R E)
• Indian Institute of Science
• Institute of Bioinformatics and Applied
Biotechnology (IBAB)
• Raman Research Institute
• Ashoka Trust For Research in Ecology
and the Environment
• Foundation for Ecological Research,
Advocacy and Learning
• Jawaharlal Nehru Centre for Advanced
Scientific Research
• Gandhi Krishi Vignana Kendra (GKVK)
• International Centre for Theoretical
Sciences
• National Institute of Mental Health
and Neuro-Sciences
• Kidwai Memorial Institute of Oncology
• Nature Conservation Foundation
T E L A N G A N A ( H Y D E R A B A D)
• University of Hyderabad
• Center for Cellular and Molecular
Biology (CCMB)
• Tata Institute of Fundamental Research
• Centre for DNA Fingerprinting
and Diagnostics (CDFD)
• International Institute of Information
Technology (IIIT)
M A H A R A S H T R A (M U M B A I)
• Tata Institute of Fundamental Research
• Indian Institute of Technology
• Bhabha Atomic Research Center (BARC)
• Bombay Natural History Society
• Tata Memorial Hospital
M A H A R A S H T R A (P U N E)
• Indian Institute of Science Education
and Research
• Agarkar Research Institute
• Savitribai Phule Pune University
ARUNACHAL PRADESH
• Rajiv Gandhi University
MANIPUR
• Institute of Bioresources
and Sustainable Development
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NAGALAND
• Nagaland Science Council
ASSAM
• Indian Institute of Technology, Guwahati

KERALA
• Indian Insitute of Science Education and
Research, Thiruvananthapuram
DELHI
• Institute of Genomics and
Integrative Biology
• All India Institute of Medical Sciences
• National Institute of Immunology
• National Institute for Plant
Genome Research
• University of Delhi
• International Centre for Genetic
Engineering and Biotechnology (ICGEB)
R A J A S T H A N (J O D H P U R )
• Indian Institute of Technology
• Central University of Rajasthan
• All India Institute of Medical Sciences
JAMMU AND K ASHMIR
• Indian Institute Of Integrative
Medicine, Jammu
• University of Kashmir, Srinagar
H A R YA N A
• Ashoka University, Sonipat
• Regional Centre for Biotechnology, Pali
U T TA R A K H A N D
• Indian Institute of Technology, Roorkee
• Wildlife Institute of India, Dehradun
T A M I L N A D U (C H E N N A I )
• Chennai Mathematical Institute
• MS Swaminathan Research Foundation
• Indian Institute of Technology Madras
• Adayar Cancer Institute
TA M I L N A D U (T I R U C H I R A P PA L L I)
• Bharathidasan University
U T TA R P R A D E S H
• National Botanical Research
Institute, Lucknow
PUNJAB
• Indian Institute of Science Education
and Research, Mohali
ANDHRA PRADESH
• Indian Institute of Science Education
and Research, Tirupati

WEST BENGAL
• Indian Institute of Science Education and
Research, Kolkata
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DESIG N CO N CEP T N OTE

T H E S U P E R FA CIL I T Y

This year’s theme focusses on the nineteen Research
Facilities at the National Centre for Biological Sciences.
All projects at NCBS use a combination of the facilities
in order to generate research. Therefore, the visual
concept for this annual report is The Super Facility.
The cover visual attempts to create a fictional world of
specialised, multi-faceted equipment coming together to
form a super-machine so large it overflows the boundaries of the page. The equipment come from labs like
Central Imaging and Flow Cytometry, Mass Spectrometry,
Sequencing Facility, Radioactive Facility, NMR Facility,
and Computing Clusters, to name a few. There are also
images of protein crystals from the X-Ray Facility. The
Super Facility also contains plants and animals, like
a mouse from the Mouse Genome Engineering Facility,
flies, and a samples tray from the Fly Facility. You
will also find stalks of Syzigium caryophyllatum and the
tobacco plant, a vine of Aristolochia meionantha, and
a few adult soldier flies from the Greenhouse Facility.
When we think of facilities, the first image that comes
to mind is that of a highly sterile and cold environment.
While NCBS labs are spotless, the people who work here are
friendly and approachable. Signs of human ingenuity are
everywhere, you will find handwritten labels, notes on
whiteboards, and so on. I have repurposed these as pink
and yellow handwritten sticker notes throughout this book.
Hence, while the overall design documents the facilities,
it also brings in the warmth and approachability that is
characteristic of the NCBS population. The typeface used
for most of the text is Roboto Mono, a monospaced typeface,
typical of letters found in programming languages
interfaces.
This work would have been impossible without the support
of the Communications Office. I would like to specially
highlight the advice of H. Krishnamurthy, the head of
Research Facilities, and his team, who answered all my
queries every step of the way, and Ravi Kumar Boyapati,
who assisted me immensely by documenting and photographing every facility at NCBS.
Anoopa John
D ES IG N E R
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