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Executive Summary

Established in 1977 under Council of Scientific and Industrial Research, Centre for Cellular and Molecular
Biology (CCMB) was the first institute in India dedicated for modern biology research and reaching to society
through its research. As an institute built without departments and devoid of hierarchy, with close connect
with leaders in science, industry, statesmen and policymakers, CCMB sought to address questions at the
cutting edge of biology. In the four decades of CCMB’s existence, its scientists have taken many areas of
research to heights in India. These include its work in understanding genetics, molecular, cellular, structural
and developmental biology of plants and animals, including humans as well as unravelling the diversity and
biology of micro-organisms. Most of these works have been published in international, peer-reviewed
journals, and are extensively cited.

CCMB’s vision to connect its research with common
masses was realized through the technologies and
products it developed. The DNA fingerprinting
technology developed at CCMB made India the
third country ever to have its indigenous probe for
DNA fingerprinting. Also CCMB has ensured that
the judicial system of India understands the power of
the technology to be taken as reliable evidence, and
it still continues to do so. The technology has
enabled providing fair justice to people, including
those in multiple high profile criminal cases.
CCMB’s efforts in this direction also led to
establishing the Centre for DNA Fingerprinting and
Diagnostics (CDFD), an independent institute of the
Department of Biotechnology, India.

CCMB has set up Laboratory for Conservation of
Endangered Species (LaCONES) to work towards
understanding ecology and conservation of
wildlife. It has been at the forefront at working with
multiple state and central government agencies
such as forest and customs departments to curb
wildlife crime. The Universal Primer Technology
developed at CCMB enables reliable detection of
species of animals even with minute amounts of
biological samples. This has especially helped in
preventing wildlife smuggling and identifying cases
of poaching. CCMB has also been instrumental in
helping the Directorate of Aerospace to help
prevent aircraft accidents from bird hits by
identifying the birds and canopy enginnering
around the airports. LaCONES has worked with
Nehru Zoological Park, Hyderabad and Central Zoo



SOCIETAL IMPACT ASSESSMENT OF CENTRE FOR CELLULAR AND  MOLECULAR BIOLOGY

ii

Authority to help them strategize breeding of the near extinct Indian mouse deer through understanding of the
deer’s reproductive physiology, and its reintroduction to its native habitat in Farahabad range of Amrabad Tiger
Reserve. LaCONES now houses the National Wildlife Genetic Resource Bank, which aims to work with zoos all
over the country to collect and store genetic samples of wildlife.

CCMB has made a worthwhile contribution by discovering micro-organisms from the polar and Himalayan
glaciers as well as stratosphere by literally pushing the boundaries. These efforts have helped place India on the
global map for search of extremophiles. These psychrophilic organisms are a huge storehouse that CCMB holds
to be harnessed for their unique properties to withstand and function under extreme conditions. Some of these
bacteria surviving extreme cold have been successfully evaluated for their ability to biodegrade human refuse,
and could thus be used in areas like Siachin in the Himalayas in a project executed by DRDO. It has also been
shown that some of these bacteria, when added to soil, improve plant yields in cold.

CCMB has placed a great deal of impetus on
understanding the origin of population of the Indian
subcontinent. Using its strength in genomics, CCMB
has done seminal works in elucidating the waves of
population migration on the Indian sub-continent.
CCMB has provided strong evidence for variable
genetic risk for many common diseases. Some of the
current focuses of the institute is to understand the
Indian population genetics, and its relation to its
predisposition to many health conditions. India is a
country with an estimated genetic burden of 70 mn -
much of it due to consanguineous marriages. As
prevention is still the best measure to avoid these
diseases, it runs Genetic Diagnostics and Counseling
Centre. The Centre helps thousands of people each

year with identification of many monogenic disorders from India and its neighbouring countries.

CCMB scientists have invested in understanding host-pathogen interactions in both animals and plants. This has
resulted in a better understanding of the molecular mechanisms of bacterial division. It has opened up newer
avenues in combating anti-microbial resistance through development of newer antibiotic targets.

Through a rigorous understanding of host-pathogen
interactions in rice, CCMB with collaboration with
ICAR Indian Institute of Rice Research developed a
bacterial blight resistant rice variety. The variety of
rice used for this work is popular in South India. The
low glycemic index of the rice makes it an attractive
choice for diabetics. These together have helped
increase the farmers’ incomes. CCMB has already
partnered with multiple NGOs and state
governments to spread the rice varieties to multiple
states. The rice has already reached 8 Indian states
and is estimated to have a trait specific value
addition of Rs 540 cr currently.
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CCMB fosters a deep culture of sharing and
collaboration. All resources and facilities housed in
CCMB are pooled together and shared without any
discrimination. In addition over these 40 years, CCMB
has partnered with 174 Indian universities and
research institutes and 119 abroad. CCMB is not only
well-equipped, it shares its high end equipments with
other universities, research institutes, start-ups and
industries. In the 1990s when entrepreneurship was
still new in life sciences sector in India, CCMB
incubated Shantha Biotechnics – a company that went
on to redefine the biotechnology sector in India. It
made the Hepatitis B vaccine affordable and
accessible to Indians by a 100-fold reduction in cost
within a decade of the introduction of ShanVac into the

market. Today, CCMB provides incubator services to early stage life science start-ups through its Department of
Scientific and Industrial Research arm and Atal Incubation Centre. The 20 start-ups associated with CCMB work
on a variety of topics ranging from nutrition, biochemical manufacturing, drug discovery and diagnostics.

Scientists from CCMB have helped many other
prestigious academic institutes grow in India by
taking up leadership roles there. CCMB plays an
important role in human resource development
through its PhD training program. Through an
extremely selective program, it has had more than
350 PhD students graduated through the program.
Around 40% of its PhD alumni have gone on to hold
positions in premier academic institutes such as
IISc, IITs, IISERs, DBT/DST/DAE/CSIR institutions as
well as scientist positions in industries in India and
abroad. Through its many short term skill
development programs, CCMB helps develop
human resources for research institutes and life
science industry.

CCMB keeps close connect with academicians,
industry and the general public through several
channels. It has organized and hosted more than
150 meetings, conferences and training workshops
that bring together scientists from the forefront of
research and technology development in academia
and industry. It actively reaches out to public
through its Open days, print and electronic media.
CCMB scientists actively engage with public
through newspapers, TV and radio programs in
addition to the now social media. Similarly, CCMB
has stressed immensely on maintaining connect
between art and science. The founding Director, PM
Bhargava had been vocal on the two being

connected with each other in their pursuits and
motivations. In line with it, CCMB has organized
multiple artists' camps where they have enabled
national and international stalwarts of music,
dance, sculpting, and painting to come and work on
its campus and interact with its students and
scientists.

These have helped CCMB make a deep imprint on
the Indian society. It has been a crucible for
scientists to excel, industries to collaborate with and
develop technologies that focus on India’s needs. In
the coming years, CCMB wants to pursue deep
explorations into fundamental mechanisms of
cellular processes from the molecular and atomic
levels to organisms and populations. It wants to
focus on developing a deeper understanding of how
genomes encode a variety of information and how
different kinds of cells and cellular machineries
function. With a strong thrust on understanding
population genomics of India, it wants to work
towards precision and personalized medicine.
Supplementing these with genome-editing and
stem cell technologies it wants to open up newer
avenues in human healthcare while pushing the
frontiers of understanding of biology behind it. On a
parallel note, it wants to utilize its expertise in
understanding ecological systems and support
conservation of biodiversity in the face of changing
geographical and climatic conditions.



SOCIETAL IMPACT ASSESSMENT OF CENTRE FOR CELLULAR AND  MOLECULAR BIOLOGY

iv



1

SOCIETAL IMPACT ASSESSMENT OF CENTRE FOR CELLULAR AND  MOLECULAR BIOLOGY

EXECUTIVE SUMMARY i

FRAMEWORK OF THE REPORT 1

Objectives of the Study 1

Introduction 1

Scope of the Study 1

CCMB – A MODERN BIOLOGY RESEARCH INSTITUTE 2

CCMB’S Inception 3

Charter of CCMB 4

Core Activities at CCMB 5

SALIENT ACHIEVEMENTS OF CCMB 8

Research Publications 9

Intellectual Property Rights 10

Awards and Achievements 12

Recognition to CCMB Scientists 16

SPECIFIC CONTRIBUTIONS OF CCMB’S RESEARCH ACTIVITIES 17

Advancement of Biology through Basic Research 17

Social and Inclusive Development through Technologies Developed 24

Ventures with Industry 36

Contributions in Guiding Science & Technology Policies in India 38

RESOURCES TO FURTHER BIOLOGY IN INDIA 39

Training Future Scientists 39

Short Term Training Programs – for Academia and Industry 41

Services Provided 46

Centralized Facilities 47

Entrepreneurship 49

Contents



SOCIETAL IMPACT ASSESSMENT OF CENTRE FOR CELLULAR AND  MOLECULAR BIOLOGY

“The whole of science is nothing more than a re�inement of everyday thinking.”

– Albert Einstein

AWARENESS GENERATION IN SOCIETY 50

Reaching out to General Public 50

Outreach Programs for School and College Students 52

JIGYASA - A Magazine in Hindi 53

CCMB’S WORK CULTURE AND ETHOS 54

Management C 54REDO

Selection at CCMB 55

Retention at CCMB 56

Work Culture 56

A Place of Continuous Learning 57

Partnering with Premier Institutes 67

Working with Artists 68

CCMB’S Appreciation for Art 69

FUTURE PLANS 71

REVIEW BY EXPERT PANEL 72

CCMB as a Setter of Standards in Modern Biology Research 73

Collaborations of CCMB 73

Societal Impact of CCMB’s Contributions 73

Relevance of CCMB in scientific dissemination 74

Recommendations to CCMB 74

Conclusion 74

APPENDICES 76

Appendix I: Recognition to CCMB Scientists 76

Appendix II: CCMB Faculty Member Alumni and their Achievements 78

Appendix III: Selected PhD Students Alumni and their Achievements 79

Appendix IV: List of Conferences and Meetings organized by CCMB 85

Appendix V: List of International Collaborations at CCMB in the last 5 years 87

Appendix VI: CCMB Patents 89

Appendix VII: Technologies Commercialized 94

Appendix VIII: List of Reviewers 96

REFERENCES 97



SOCIETAL IMPACT ASSESSMENT OF CENTRE FOR CELLULAR AND  MOLECULAR BIOLOGY

Objectives of the Study
To document and present the societal impact of
research based on the organization’s charter

Introduction
In view of acknowledged exper t i se of
Administrative Staff College of India (ASCI) in
carrying out impact and assessment studies in
government, public, and private domains, the
Centre for Cellular and Molecular Biology

(CCMB) awarded it the project titled “Measuring
Societal Impact of Research at Centre for Cellular
and Molecular Biology”.

Scope of the Study
The study includes the preparation of a
comprehensive report to document and present
the societal impact of the research and other
activities conducted by CCMB since its inception
in 1977.

Framework of the report

1
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The Centre for Cellular and Molecular Biology
(CCMB), ever since its inception in 1977, has
been a forerunner in the frontier areas of modern
biology. CCMB, a constituent laboratory of
Council of Scientific and Industrial Research
(CSIR) , is located in Hyderabad, Telangana.1

CCMB has been contributing to push the
boundaries of knowledge in life sciences through

intellectual and skill development of workforce
for cutting edge research, providing premium
infrastructure and development of newer centres
for specialized research. This is complemented by
a doctoral program and many capacity-building
programs. CCMB’s contributions span across
various sectors including agriculture, healthcare
and pharmaceuticals.

1 A network of 38 national laboratories

CCMB – A modern biology research institute



SOCIETAL IMPACT ASSESSMENT OF CENTRE FOR CELLULAR AND  MOLECULAR BIOLOGY

CCMB’s Inception
In recognition to the growing field of modern
biology, CCMB was initially set up as a semi-
autonomous centre on April 1st, 1977 in the
Biochemistry Division of the then Regional
Research Laboratory (now the Indian Institute of

Chemical Technology), Hyderabad. In 1981,
CCMB was awarded the status of a full-fledged
national laboratory with its own Executive
Committee and Scientific Advisory Council. The
present main campus of CCMB started
functioning in 1987.

Aerial view of the main campus of CCMB at Habsiguda, Hyderabad- The clover-shaped one is the
main building; the surrounding buildings host the additional facilities. In addition, there are two

annex campuses-iHUB and LaCONES

3
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Charter of CCMB

� To conduct research in frontier and multi-disciplinary areas of
modern biology and to seek potential applications of this work

� To carry out exploratory work in areas of biology with a view to
aid the development of biochemical and biological technology
in the country on a sound basis

� To train people in the advanced areas of biology to serve the
needs of development in these areas, with special provision for
short-term training of staff from other institutions in techniques
for which adequate facilities might not exist elsewhere

� To provide centralized facilities in the country for new and
modern techniques in the inter-disciplinary areas of biology,
and to ensure that these facilities are so organized, maintained
and administered that they can be put to maximal use by
research workers from other laboratories and institutions in the
country

� To interact adequately with other institutions doing basic or
applied work in areas related to the activities of the Centre

� To collect, collate and disseminate information relevant to
biological research
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Core Activities at CCMB

Research

Technology

development

Academics Training

Research

facilities and

Services

Public

outreachCCMB
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Research

Researchers at CCMB try understanding life
at its cellular and molecular details. They
address the connections between genes,
proteins, cell and body functioning. The
spread of research at CCMB is roughly
categorized into the following themes:

• Cell and Developmental biology

- Understand how genes regulate
development of complex living
organisms – microbes, plants and
animals

• Structural biology

- Understand the structural basis of cells
and biomolecules inside cells

• Genomics and epigenetic regulation

- Unders tand Indian popula t ion
structure and disease susceptibility

• Stem cell biology

- Understand the mechanisms of
different kinds of cell behaviours

• Bacterial physiology

- Understand how microbes survive and
function under various conditions

• Wildlife conservation and ecology

- Understand how tools of modern
biology be used for conserving wildlife

• Crop improvement

- Using knowledge from plant biology to
develop better crop varieties

Technology development

CCMB furthers the laboratory explorations into
marketable technologies . I t suppor ts
innovation and technology development
through

• Department of Scientific and Industrial
Research supported Common Research

and Technology Development Hub at
CCMB

• Atal Innovation Mission supported Atal
Incubation Centre at CCMB
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Academics

CCMB trains future scientists through its
rigorous Doctor of Philosophy (PhD) program
in modern biology. CCMB has nurtured more
than 350 PhDs, many of whom have played an
important role in Indian academia and life
science industry.

Training

CCMB conducts several short term training
programs for students in sciences, engineering
and medicine. These programs aim at
familiarizing these students to research
methodologies and environment as well as skill
development. Some of the programs are as
follows:

• Certification programs in skill development
– relevant for research laboratories as well
as industries

• Summer training programs

• Project based research training

• Dissertation research training

• Research observership and hands on lab
programs for MBBS students

Research facilities and Services

CCMB houses state of the art research facilities
in life sciences. These facilities are not only
available for in-house use but also for other

academics, start-ups and industries. These
facilities also enable CCMB to provide the
following services:

• Chromosomal Diagnostics

• Molecular Diagnostics and Genetic
Counseling,

• Wildlife Forensics, and

• Incubation of early stage life science start-
ups

Public Outreach

CCMB actively reaches out to wide range of
stakeholders through a variety of programs.
Some of the oldest running initiatives at CCMB
include:

• Information dissemination through
newspapers, television, radio and social
media

• Annual popular science magazine in Hindi

• Young Innovators Program for high school
students

• Talks by scientists on public forums
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The biggest focus for CCMB has been knowledge
generation and furthering the understanding of
life from cellular and molecular levels.

CCMB scientists have worked towards
understanding how information for the various
bodily functions is stored in genes. They have
been able to harness the information stored in
genes of populations to understand the origin of
Indian population. This has equally enabled
them to reveal sources of some of the common
genetic disorders among Indians. They have
done instrumental work in understanding how
proteins – the tiny machines in our cells function
reliably and with high accuracy. There have been
important discoveries on how cellular structures
are maintained. There has been an impetus on
understanding how stem cells maintain their
population in adult bodies. Equally renowned
are the plant biologists at CCMB for their studies
to understand plant physiology.

CCMB scientists have been well-known for their
pursuits to understand microbial life better. They
have been parts of expeditions and ventures to
find micro-organisms growing in extreme
conditions – in stratosphere and under glaciers.
They have also been active in understanding the
biology of bacterial cell-division, and host-
pathogen interactions.

These bodies of work have enabled looking at
many questions relevant to Indian population as
well as connecting with world pioneers. CCMB’s
basic research, its consequent knowledge base
and the manpower developed from the training
has been pivotal in taking India’s life science to
the global scene. The impact of these is evident
through the publications from CCMB over the
years, and the technologies of societal relevance
it has developed. The details of each are
discussed ahead.

Salient Achievements of CCMB
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Research Publications

Until 2019, more than 3,000 academic papers
have been published from CCMB with impact on
the global life science community. Many of their

work have featured in very prestigious and
widely read scientific journals. as well as have
made to the cover pages of these journals.

Papers published in peer-
reviewed journals

Popular written articles/
participation in radio or

TV programmes

Number of national and
international seminars/

symposia/ conferences hosted
by CCMB

Books

• 3149

• 639

• 187

• Authored: ~10
• Chapter Contributions: ~50

• Citations in Google Scholar: 80132
• Citations in Web of Science 52688
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Intellectual Property Rights

� 227 (51 inventions)

� 127 (30 inventions)

� 5

The patents that CCMB has in force demonstrate
how life science research can potentially lead to
better candidates for pharmaceuticals, drugs
and diagnostics industry, food industry, and
wildlife protection. Some of them are for
biomarkers to detect disease conditions like
diabetes and cancer, while some of them are to
check purity of plant seeds or for animal origins
of biological materials.

Till date, CCMB has filed for 227 patents for its
51 inventions (details are in appendices VI and
VII). 60% of these have been granted patents.
CCMB has licensed some of the technologies to

other companies. This includes the Improved
Samba Mahsuri rice variety that is now licensed
to M/s Sribiotech Laboratories (I) Ltd,
Hyderabad and M/s Metahelix Life Sciences,
Bengaluru, the patent on checking seed purity
was licensed to M/s DuPont India Pvt Ltd, and
the salt-inducible vector for over-expression of
proteins was licensed to M/s Invitrogen – Life
Technologies, USA. The universal primer
technology has been transferred to M/s
Innobate Technologies, New Delhi.

Patents
filed

Patents
granted

Patents
licensed/
commer
cialised
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European Patent
Office/ US Patent

and Trademark
Office/ Japan
Patent Office

India
Patent Office

Other
Patent Offices

� Filed: 104

� Granted: 71

� Filed: 37

� Granted: 15

� Filed: 85

� Granted: 39
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Awards and Achievements

CCMB’s awards over the years show its
commitment towards rigorous research and
technology development for the betterment of
society.

• Chosen as a Centre of Excellence, by

UNESCO's Global Network of Molecular
and Cell Biology

• Received the Third World Academy of

Sciences (TWAS) Award, Italy and

designated as a South Centre of Excellence

in Research & Training

• Probe developed for DNA fingerprinting

won the CSIR Technology Award in

Biological Sciences
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• Given the Federation of Indian Chambers

of Commerce and Industry (FICCI) Award

for Outstanding Achievement in Science &
Technology

• Member of the ICICI Knowledge Park

launched jointly by the Industrial Credit &
Investment Corporation of India (ICICI)
Ltd., and the Govt. of Andhra Pradesh,
Hyderabad

• an internationalMember of APBioNet,

webs i t e f o r t he advancemen t o f
bioinformatics

CCMB scientist receiving the
CSIR Technology Award for development of

universal primer technology

• for developmentCSIR Technology Award

of a universa l probe for species
identification



1

SOCIETAL IMPACT ASSESSMENT OF CENTRE FOR CELLULAR AND  MOLECULAR BIOLOGY

14

CCMB scientist receiving the
CSIR Technology Award for

development of a salt-inducible vector

CCMB scientist receiving the CSIR
Technology Award for establishing

Drosphila based system to screen drugs

• for a transgenicCSIR Technology Award

Drosophila system for screening and
validation of potential anti-cancer agents

• for developmentCSIR Technology Award

of salt-inducible vector for over-expression
of proteins
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• jointly with theBiotech Product and Process Development and Commercialisation Award-2016

Indian Institute of Rice Research (IIRR) from Department of Biotechnology, New Delhi for
development and deployment of an improved Samba Mahsuri rice variety

• CSIR Award for S&T Innovations for Rural Development

Award to the team working on development of Improved Samba Mahsuri rice variety
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Recognition to CCMB Scientists

CCMB has attracted some of the best minds in the science
in the country, which is evident from the publications in
high impact journals and quality of science delivered
during the past 3 decades. The CCMB scientists were
recognized with several awards, a few of the prominent
ones are listed below. The details can be found in
appendix I.

Padma Bhushan 1

Padma Shri 4

Shanti Swarup Bhatnagar Prize 11

Shanti Swarup Bhatnagar Fellow 1

Fellow of Indian National Academy 21
(FNA)

Fellow of National Academy 20
of Sciences  (FNASc)

Fellow of Indian Academy of 24
Sciences (FASc)

Infosys Prize 2

INSA Young Scientist Medal 5

CSIR Young Scientist Award 5

Third World Academy of 3
Science (TWAS)

J C Bose National Fellow 14

Swarna Jayanti Fellowship 1

G N Ramachandran Gold Medal 2

Number of
Awards

Received

Name of the Award/Recognition

Many CCMB scientists have gone on to
occupy leadership positions in many
reputed research institutes of India. The
details can be found in appendix II.

In addition to this, PhD students at CCMB
receive multiple awards and fellowships
at national and international levels. This
supports CCMB’s contributions in
training promising leaders. Their
achievements are cited in appendix III.
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Advancement of Biology through Basic Research

From forming the first cell as an embryo to
dividing to form a multicellular organism
performing various functions, our cells and the
machineries inside them work in a tightly
regulated, orchestrated fashion. CCMB scientists
have found out the structural basis of how cells
are encased in a cell membrane as well as many
proteins with different functions. They have
elucidated mechanisms of gene expression,
especially during development of an organism.
They have focused on how stem cells function
and maintain themselves – not only during fetal

development but also during adulthood. The
knowledge created from these studies are
important in better understanding of how all
kinds of living cells function – microbes, plants
and animals alike.

The pursuit of CCMB scientists to study life at its
cellular and molecular details has uncovered
many mysteries. Some of the noteworthy
findings from CCMB’s basic research focus are
discussed ahead.

Specific Contributions of CCMB’s Research Activities
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1. Studying characteristics of microbial life

Some of the most noteworthy work from CCMB in
understanding microbial life stems from their
focus on bacterial physiology. They have studied
in molecular details of how bacteria grow and
adapt, and how they gain entry into other cells to
cause diseases, in both plants and animals.

CCMB scientists were the first to discover the
proU operon – a set of genes that let bacteria
survive under high salt conditions. This
knowledge was harnessed to over-produce
genetically-engineered polypeptides by addition
of salt in the bacterial culture media. This
technology was licensed to M/s Invitrogen - Life
Technologies, USA.

CCMB scientists have discovered a novel class of
proteins that bacteria use during cell-division.
These proteins act like scissors to cut the
peptidoglycan (PG) cover on the bacteria – a
prerequisite to grow the PG layer when cells
divide into two. Without this set of proteins,
bacterial cells eventually burst and die. Studies
on reproductive physiology led CCMB scientists
to discover the first ever protein (seminalplasmin)
from mammalian sources with antimicrobial
properties that did not arise due to enzymatic
activity.

As more and more bacteria get resistant to
antibiotics, it is getting difficult to treat bacterial
infections. CCMB is actively engaged in
developing newer therapies and novel
antibiotics that will help effective treatment of

bacterial infections. Finding novel antimicrobials
and newer targets to develop antibiotics have
become a need of the hour for the society.
CCMB’s work fit into the remit quite well.

Microbial growth

Proteins help in breaking and forming the bacterial

cell-wall during cell division



1

SOCIETAL IMPACT ASSESSMENT OF CENTRE FOR CELLULAR AND  MOLECULAR BIOLOGY

19

From the polar regions

Older life forms can also be found buried under
ice around the poles, in the Arctic and Antarctic
regions or in the glaciers of Himalayas. CCMB

scientists found bacteria that belong to the early
parts of the 1900s and compared them with
those from the later parts of the century.

The studies of the microbes from the polar
regions suggest that the microbial population in
t h e 1 9 2 0 s w a s p r e d o m i n a t e d b y
Methylobacteria while a greater variety of
bacteria populated the samples collected from
later years of 1980s. generallyMethylobacteria

live on organic compounds containing methyl
groups. Their presence in the earlier dated
samples also correlated with the presence of
methanosulphate and phosphate ions found in
the samples. are also found toMethylobacteria

be more resistant against desiccation and UV
than the other commonly found bacteria of this
age. This also suggests the differences in the
kinds of bacteria that have populated the earth in
the last 100 years, a rather small period of time in
earth’s evolution.

The bacteria found in the polar regions of
Anta rc t ica are found to show higher
pigmentation, which possibly protects these
better against UV. Their membrane composition
protects them against low temperatures better
than bacteria found elsewhere on earth. Most of
these were also found to be non-spore formers.

These studies have given worthwhile insights
into how life exists in extreme conditions. These
microbes found are a resource house of
biomolecules that can survive and function
under extreme conditions.

Microbial life in extreme conditions

CCMB scientist on his Antartica expedition (left), and in the lab setup
at Antartica (right) to study polar microbes
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2. Understanding the structural basis of life

Most cells measure in the order of micrometers –
roughly a hundred times smaller than the
thickness of human hair. However, in these
minute cells there are workers about a thousand
times smaller that are working constantly. A cell
can be well visualized as a factory where each
worker is assigned a particular duty. These
workers are mostly proteins in cells that carry out a
whole myriad of functions essential for the cell’s
survival.

CCMB scientists have developed state of the art
techniques to understand how cells and
biomolecules inside them are structured. These
include understanding how cell membranes are
assembled using lipids and proteins that can
communicate with the external world of the cell.
Understanding the dynamics of proteins on the
cell membranes is important because they are
attractive drug targets. Some of the latest work in
this direction at CCMB is on elucidating the
organization, dynamics and interactions of
serotonin receptor proteins that are targeted by
anti-depression drugs. When cells communicate
with each other, calcium ions are often used as
messengers. Understanding the structure of
calcium-binding proteins, which can help read
the cellular message, has also been one of the
focuses for CCMB scientists.

CCMB scientists have closely studied how cells
distinguish between very similar building blocks
of proteins called amino acids. There are 20
different amino acids present in nature, and each
of the amino acids can have two mirror image
forms (referred as D and L). Though we still do not
know of any particular advantage of choosing one
over the other, living cells only choose L-amino
acids to build their proteins. The proteins fold
incorrectly if they are adulterated with D-amino
acids. These misfolded proteins are not
recognized by the cellular machinery causing

their accumulation, which is deleterious and fatal
for the cells. CCMB scientists have used the state-
of-the-art tools to visualize and study the protein,
DTD that bacterial cells use to distinguish
between the D and L forms of amino acids and
ensure D-amino acids are not incorporated in to
building proteins.

A protein’s function is tightly linked with its
structure. CCMB scientists have invested deeply
into understanding how proteins fold under
different conditions. Insights from these studies
have helped in understanding the role of
misfolding of proteins in disease conditions,
especially the role of crystallin proteins in eye
cataract.

These studies have led to understanding the
mechanisms of enormously detailed interactions
that occur in the minute cells of our bodies every
second of our lives. Such processes are the
foundation of life and its continuity, and
understanding them is key to unravel the workings
and mysteries of the cell.

Structure of a bacterial protein, DTD
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3. Studying nuclear organization to study cellular differentiation and death

4. Genomic studies on Indian population to understand its origin

One of the core focus areas at CCMB has been on
understanding how different genes are activated
in different cells that decide their fate. Many of
their studies have been on understanding the
functioning of homeotic gene clusters in giving
rise to different body parts in fruitfly, Drosophila
melanogaster. These gene clusters are interesting
because the order of their occurrence on the
chromosomes corresponds with the order of body
parts that they regulate. And such a pattern is
conserved even in the vertebrates. CCMB
scientists have studied the reason for conservation
of this colinearity in homeotic gene clusters.

They have also studied the organization of
nucleus – a part of the cell that houses the genetic
material. The nuclear pore complexes embedded

in the nuclear membrane to allow protein import
into the nucleus, and nuclear lamina that forms a
fibrous network underlying the inner nuclear
membrane have been a particular area of focus at
CCMB. Studies from CCMB have helped in
understanding the molecular events that happen
in the nuclei of cells to enable them to differentiate
into different types of cells – with a special focus
on muscles.

Not only in cellular differentiation, CCMB
scientists also try to understand molecular events
leading to cell death. CCMB scientists have also
explored understanding the cascade of molecular
signals that balance cell proliferation and cancer
formation in our bodies.

CCMB scientists studied DNA sequences of
populations of India, and collaborated with
researchers across the world to compare these
with the populations globally.

Detailed genetic studies gave insights into how
human population migrated out of Africa and
traveled to different parts of the world over the
course of many centuries– across India, and how
some of them settled in India. These studies have
been instrumental in providing the first- ever
evidence for the two waves of modern human
migration out of Africa- the first wave of migration
from Africa to Andaman, and en route some of
them settled in South India. In the second wave of
migration, humans settled in Europe and North
India. The ancestral North and South Indian

populations mixed among each other about 2000-
4000 years back. These evidences established the
spread of humans from the African continent to
Europe and Asia. Their studies show that human
migration from Europe happened about 1000
years back, and has had nominal impact on the
current gene pool of the country.

These studies are some of the most reliable
explanations of the history of Indian population of
thousands of years back. They helped the Indian
population to understand their origins better – a
very important social factor that plays out
consciously or unconsciously.
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5. Understanding molecular mechanisms of plant reproduction to control
the quality of produce

Many plants reproduce by forming seeds as a
result of the union of male sperm cells and female
egg cells, each containing one set of genes. The
sperm and egg are derived from different
individual plants. This helps in creating plants
with desirable characteristics from both parents
(called as hybrid vigour), which make them fitter.
But this mechanism also allows for changes in
genetic makeup between the parent plant and its
progeny. However, if one already has plants with
the desired characteristics, one might not want to
risk any change in its genetic makeup.

C o m p a r i s o n o f e m b r y o s a c s ( f e m a l e

gametophytes) in commonly found Arabidopsis

plants (a) and in those without DYAD protein (b).

Female gametes in common Arabidopsis plants

are formed by reductional division and contain 5

chromosomes each (c) – half of their parent cell’s

chromosome number. Those without DYAD

protein form gametes by equational division and

contain 10 chromosomes each – like their parent

cells (d).

Eggs and sperm cells are formed by a special form
of cell division, called meiosis. Meiosis ensures
that these cells get only one set of chromosomes
(containing genes) from the parent cells. Thus,
when such egg and sperm cells from different
plants unite, the characteristics of the progeny
become varied and unpredictable, making it a
difficult choice for plant cultivators. This also
compels the cultivators to buy seeds with hybrid
vigour each cultivation season. Seed companies
manually develop seeds from plants of selected
genetic makeup. Despite this, they can ensure
the quality of seeds for only one season. The
Indian seed market is estimated to have grown at
17% from 2010-17, and amounted to US$3.6
billion in 2017. However, if the egg or sperm
cells contained both sets of its genes then such
problems can be circumvented. It has been a
long standing question in the field to figure out
how to ensure that egg or sperm cells of plants
contain both sets of its genes.

2 https://www.researchandmarkets.com/research/nf2gqz/seed_industry
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The research publications and the intellectual
property generated at CCMB, empowered it
with a rich and robust knowledge base. This has
helped to enrich the scientists here across
various domains in biology to carry out
technologies suited for Indian populace. Plant
geneticists have come up with robust plant
varieties, human geneticists have found genetic
basis to many diseases among South Asians,

and conservation researchers have developed
tools to detect identity of animals non-
invasively. Some of the noteworthy studies and
their applications that continue to contribute
socio-economically are as follows:

A gist of some of the technologies developed

by CCMB:

• The DNA fingerprinting technology
developed at CCMB has revolutionized
forensic sciences in India. It has been
accepted as evidence in the court of law
for the first time in the annals of Indian
history. Subsequently, CCMB has further
evolved this technique for biomedical
applications.

• CCMB has pioneered the use of DNA
technologies for wildlife forensics in
India and has been used to solve a very
large number of cases involving wildlife
related crimes.

• CCMB acted as an incubation centre for
Shantha Biotechnics towards the
d e v e l o p m e n t o f t h e f i r s t e v e r
recombinant DNA-based vaccine for
Hepatitis B vaccine (Shanvac-B) in India
in the 1990s, which helped in

significantly bringing down the cost of
this vaccine for the common citizens of
India.

• The bacterial blight-resistant improved
Samba Mahsuri rice variety has been of
great benefit to farmers who grow fine
grained rice varieties such as Samba
Mahsuri in bacterial blight endemic
areas of our country.

• Apple cultivation in tribal areas of
Telangana and Andhra Pradesh to
improve their socio-economic status.

• Identification of biomarkers (genetic,
epigenetic and protein) that predict
susceptibility to diabetes, pancreatitis
and cardiovascular disorders in Indian
populations.

Social and Inclusive Development through Technologies developed
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The scientists at CCMB were involved in
elucidating molecular players- genes– made of
DNA, and proteins, which are critical for sex
determination. During this study they developed
molecular tools that became instrumental in
identifying genes in humans. This technique is
called DNA fingerprinting. India was the third
country in the world to develop its own tools
(called probes) for DNA fingerprinting, which
helps in reliable identification of individual
human beings.

The technique can be used to match DNA found
in crime/ disputed scenes, to establish biological
relationships among individuals, identify tissue/
organ donors, among others. A conservative
estimate says that the technique can reliably
match a DNA sample among a population of one
billion unrelated individuals.

Establishment of Centre for DNA Fingerprinting

and Diagnostics

Envisioning that the DNA fingerprinting
technology would have a wide scope in research
and services, the Centre for DNA Fingerprinting
and Diagnostics (CDFD) was set up in 1990,
under the aegis of Department of Biotechnology
(DBT), India.

CDFD is authorized to handle samples from the
judiciary and other government authorities, and
CCMB provides services such as establishing
biological relationship for an organ transplant,
and exchange of tissues.

CCMB has organized several symposia and
lectures to train scientists and technical personnel
of CDFD, and Central and State Forensic Science
Laboratories as well as to engage judiciary and
police officials.

This technology has helped in resolving many
criminal cases, including many high profile ones
(as mentioned in the fig below). It has proven
equally helpful in resolving many household
disputes around paternity.

1.Using molecular biology tools to identify individuals
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The DNAfingerprinting technology had multifold
advantages, using which the CCMB scientists
took up a short term project on DNA
fingerprinting of wild animals (later known as
Universal Primer Technology - UPT) and their
assisted reproduction. The results of this research
firmly refuted the claims that Asiatic lions are
highly inbred and have no future. The subsequent
research from CCMB in this area spurred the
government to set up a laboratory dedicated for
this purpose, Laboratory for Conservation of
Endangered Species (LaCONES).

Establishment of Laboratory for Conservation of

Endangered Species

The Laboratory for Conservation of Endangered
Species (LaCONES) was established in 2007 as
CCMB’s annex I. It was dedicated to the nation by
the then President, Dr APJ Abdul Kalam for
conducting research on wildlife and its
conservation. The laboratory was built with
support from DBT, India and is now supported by
Central Zoo Authority (CZA).

The laboratory houses scientists working towards
developing different methods and techniques to
study and work with wildlife. It also houses the
National Wildlife Genetic Resource Bank that
can contain 17,000 vials of genetic samples of
animals. It works in conjunction with zoos all
over the country to collect the genetic samples.

LaCONES has ensured that the scientific
community of India would not need to look for
help in DNA fingerprinting, forensics, assisted
reproduction and genome banking for wildlife
from the international community.

The success of LaCONES has been in establishing
and maintaining collaborations with different
government bodies like the Central Zoo Authority
and Telangana Forest Department. These
collaborations have helped in addressing the
challenges in wildlife from multiple agencies
with different expertise.

2.Using molecular biology tools to identify species of animals
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• Developed DNA-based methods for rapid
detection of certain parasitic, bacterial,
fungal and viral diseases in endangered
animals from different zoological parks
and wildlife sanctuaries in India

• Developing protocols for collection and
cryopreservation of oocytes, sperms and
gonads from endangered species and their
effective revival for production of
functional gametes, to serve as live
repositories of wildlife that might suffer
mortality in zoos and other places

• Identified “living fossils” in Ganges
dolphin and Purple frog by tracing their
evolutionary origins using DNA sequence
based analyses

• Provided conclusive evidence that Olive
Ridley turtles that nest in Indian coastline
are the parental stock of all the other
known ridleys in the world, thereby
highlighting importance of biological
wealth in the Indian Ocean

• Developed a non-invasive technique for
estimation of lion and tiger populations
based on DNA analysis of scat samples,
resulting in crucial information on sex
ratio, population structure and corridors of
movement in tigers. This has led to creation
of new Tiger Reserves and potential
habitats for their dispersal.

• Demonstrated successful Arti f icial
Insemination in the Spotted deer as a
model for critically endangered deer
species of India

• Brought the Indian mouse deer from the
verge of extinction with a number of 6 to
250, and reintroduced it into their natural
home at Farahabad range of Amrabad Tiger
Reserve

Some of the key achievements of LaCONES are as follows:

• Successfully rehabilitated large populations of
smuggled star tortoise seized in airports by assigning
them to geographic population based on molecular
marker studies

• Developed a DNA-based method for identification of
birds in bird-hit cases for the Directorate of Aerospace
Safety, which has helped in avoiding birds hits on jets
and other aircrafts, and thereby, saving lives and
valuable national assets
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Media coverage of UPT helping the Indian Air Force
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UPT finds a mention as DNA Bar Code Technology by the Indian Air Force
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CCMB’s population genetic studies pointed that
the ancestral South and North Indians have
followed endogamy - bred within their
communities, over the last 2,000 years. This has
increased the possibilities of recessive genetic
disorders.

S c i e n t i s t s a t C C M B h a v e w o r k e d o n
understanding causes of several health disorders
and found that genes are responsible for
premature deaths, and sudden cardiac deaths
among South Asians (including Indians) widely.
They have identified genes that can predict Type-
2 diabetes and tropical chronic pancreatitis
among Indians. In addition, the studies also
provided insights into vitamin B12 deficiency in
many expecting mothers in India and its
association with low birth weights of their
offspring.

These studies on Indian populations have been
also instrumental in establishing genetic
differences between Indians and the western
world’s population. Many of these differences
give rise to disorders that are either not common

in the western world and/or need different
medications. This has paved the way for research
in healthcare and pharmaceutical sector
specifically for the Indian populace.

Many of the genetic diseases are fatal at very early
age and often go unnoticed, especially in rural
areas. To circumvent this problem, CCMB runs a
state of the art Molecular Diagnostic and Genetic
Counselling Facility that provides services on 30
monogenic (controlled or caused by a single
gene) disorders in India at nominal charges. The
services reach hospitals and patients across India.
Despite the fact that many of these genetically
predictable disorders are incurable, an efficient
counseling system helps in better control and
management of the diseases.

3.Understanding diseases in India through its population genetics
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CCMB developed an Improved Samba Mahsuri
(ISM) in collaboration with Indian Institute of
Rice Research (IIRR). Samba Mahsuri (SM) is a
rice variety, grown widely in the states of
southern India and known for its fine grain
quality and taste. CCMB scientists used gene
marker technology to address its susceptibility
to Bacterial Leaf Blight (BLB), which commonly
causes a loss of 10-30 % without appropriate
pest control measures against it.

The technology utilizes the ability to selectively
choose and propagate desired genes from the
existing population of SM. Since it does not
involve genetic modification, the crop is
suitable for farmers and widely accepted by the
consumers.

CCMB has popularized the use of ISM through
different government and private distribution
channels across India. ISM seeds were
distributed to ~6700 farmers, and has been
successfully grown in Telangana, Andhra
Pradesh, Tamil Nadu, Karnataka, Chhattisgarh,
Uttar Pradesh, Bihar - many of these are blight-

affected regions of India. According to the socio-
economic impact assessment of ISM done in
2016 by National Institute of Agricultural
Extension Management, ISM was grown over
1.3 lac hectare area from 2011-2016. During
this period, the total cumulative production of
ISM was calculated to be 7 lac tonnes, with an
average of 5.7 tonnes per hectare and worth Rs
1249 Cr. The trait value of ISM was Rs 240 cr –
i.e. the value that farmers earned by cultivating
ISM instead of SM.

ISM cultivations have survived the severe BLB
epidemic that followed Hudhud cyclone in
2014 better than SM in the affected regions of
East Godavari district of Andhra Pradesh.

According to the current estimates, ISM is grown
over 3 lac hectares in India, and contributing to
a total produce worth Rs 2882 cr so far. The trait
value today is estimated to be Rs 554 cr.

4. Enabling better agricultural produce by developing more disease resistant rice varieties
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CCMB has led a multi-institutional National
Network project on Apple Genetics and
Genomics supported by the DBT, Government of
India. The program aimed towards genetic
improvement of apples from the hilly regions of
India such as Himachal Pradesh, Jammu &
Kashmir, and Uttarakhand. Most apples that grow
in these areas require chill exposure of around
0 C for 1000-1500 hours. In this project genetic0

material from more than 500 different varieties of
apples were collected. Of these, some of were
found to grow with a lower chill exposure of 5-
13 C for 200-300 hours and at altitudes of 1,000-0

1,200 meters. Scientists at CCMB realized that
such conditions can be fulfilled in many non-
traditional highland areas of the Eastern Ghats
and Gondwana regions of India. They also
realized that many of these areas are socio-
economically backward, have a large tribal
population, and lack sustainable livelihood as
well as a balanced diet comprising of fruits and
vegetables.

Apples, being a cash crop, can help people
develop a better means of livelihood. Having an
easy access to fruits and vegetables in the farms or

backyard gardens is expected to help the locals
adopt a more nourishing diet, which is otherwise
very frugal in these parts.

CCMB scientists supplied about 15,000 apple
tree grafts to NGOs and 300 local tribals/farmers
in areas like Chintapalli, Arraku valley,
Lambasinghi, Rajupakala in Andhra Pradesh,
Karemeri in Adilabad district of Telangana,
Koraput in Orissa in July 2017. CCMB has
organized pre-monsoon and post-grafting
meetings for farmers who have taken up the
project. This program has been supported by
CSIR-800 (now called CSIR-HARIT) program
from 2015-17. It has inspired similar other
initiatives by NITDI, Vishakhapatnam and
Andhra Pradesh horticulture department as well
as in other states like Kerala and Chhattisgarh.
The project still needs standardization programs
of the horticultural practices to be conducted by
the state to grow apples optimally and sustainably
in the non-traditional areas. This can also
potentially help grow apples in these areas twice
a year, which will mean a better return on
investment.

5. Identification of nutrient-rich fruits that can grow beyond their traditional areas
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CCMB has stayed connected with multiple life
science and chemical companies in India.
There have been research projects with CCMB
as well as technology transfers from the
institute. Some of the key ones are listed below
while appendix VII cites the entire list.

• Key role in development of f irst
recombinant DNA-based Hepatitis-B
Vaccine for human use by Shantha
Biotechnics Pvt Ltd, Hyderabad

• Extended support to Dr. Reddy’s Research
Foundation through technological tie-up

• Collaboration with EID Parry’s Ltd,
Chennai and developed a protocol for
standardization of PCR-based markets to
distinguish the parental and hybrid seed
varieties of rice

• Technology to assess seed purity with
DNA markers was transferred to M/s
DuPont India Pvt Ltd

• Collaboration with Biological E Ltd and
Reliance Industries for technological tie-
ups

• A salt-inducible vector for overexpressing
recombinant proteins in bacterium E. coli

has been licensed to M/s Invitrogen - Life
Technologies, USA

• Technology to produce R-Nasin - an
enzyme-inhibitor has been successfully
transferred to M/s Bangalore Genei (P)
Ltd, Bengaluru

• First DNA based diagnostic kit for eye for
simultaneous detection of bacterial, viral
and fungal pathogens was developed
with M/s XCyton Diagnostics Ltd,
Bengaluru

• CCMB has undertaken a collaborative
research project with M/s Dabur Research
Foundation and the IICT to develop a new
therapeutic agent for the treatment of
cancer

Ventures with industry
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CCMB was the first Indian institute dedicated for
modern biology that provided optimum
facilities for life science research and inculcated
an unlocked workspace without the boundaries
of departments. This culture set benchmark for
many other life science research institutes to
grow in India in the coming decades.

Despite many criticisms from the academics in
India, it was CCMB’s drive in the 1990s to
introduce the usage of DNA fingerprinting in
forensics, and obtain approval as a valid
evidence to be used in court. This move enabled
faster and judicious decision-making in many
high profile criminal cases as well as domestic
disputes.

Through its universal primer technology,
LaCONES-CCMB has been instrumental in
curbing wildlife crime such as smuggling and
poaching. It has also been able to assist the
Directorate of Aerospace Safety in reducing the
bird-hit cases by understanding ecology around
the airports.

CCMB has provided insights to Department of
Biotechnology in designing the proposed
Human DNA Profiling Bill in the Constitution,
which will decide the way information from
human DNAis stored, accessed and used.

Shantha Biotechnics, the first recombinant
vaccine company, incubated at CCMB, went on
to change the scene of vaccines in India. It made
the Hepatitis-B vaccines accessible and
affordable for Indians by bringing down the
price of each vaccine. In the late 1980s, it cost
$23 per dose of Hep-B vaccines. Within 20
years of Shantha Biotechnic’s introduction of
ShanVac into the market, it became less than
$0.23 per dose in late 2000s. India went on later
to be called the vaccine capital of the world.

Genetic modifications are not allowed in food
yet because of public apprehension on the
effects of the methods used for the modification,
on humans. By developing improved crop
variet ies through tradi t ional breeding
techniques with the correct knowledge of
genetics, CCMB scientists have opened up a
new way of looking at crop improvement in
India. These varieties are also better options for
farmers because they can store the seeds for
future use, unlike the hybrid or genetically
modified varieties.

Contributions in guiding Science & Technology policies in India
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Realizing the need for building the capacities of
individuals to take up research in the domain of
biology, CCMB has been providing various
academic expertise at different levels.

Training Future Scientists

PhD Program

The PhD program at CCMB aims to groom future
researchers in India with not only an analytical

bent of mind and expertise of scientific tools and
techniques but also aware of the social needs of
the country.

Resources to further Biology in India

A PhD student working in a lab at CCMB

So far, about 400 students have graduated from
the institute and have furthered their careers in
leadership roles in academia, industry and
entrepreneurship.

Students who worked on their doctoral degrees at
CCMB have gone onto have leadership positions

in academia as well as industry, ventured into
entrepreneurship, pursued science writing and
education, and taken up management roles.
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The numbers of PhD students from CCMB who have gone onto impact by working in different

kinds of organizations of importance in India and abroad are as follows:

Type of organization Number of CCMB alumni

CSIR labs 18

DBT and DST institutes 93 4

MHRD institutes (IISERs, IITs, IISc) 155

DAE institutes 16

Central and State Universities 12

Institutes under Central and State Health ministries 5

Private research institutes and colleges in India 11

Private companies in India 34

Academia/industries abroad 73

Entrepreneurship 4

Details of some of the alumni and their achievements can be found in the appendix III.

3 Department of Biotechnology
4 Department of Science and Technology
5 Ministry of Human Resource and Development
6 Department of Atomic Energy
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Short Term Training Programs – for

Academia and Industry

Dissertation Research Training Programmes

CCMB accepts applications from candidates
pursuing M.Sc/ M.Pharm/ M.Tech/ B.Pharm/
B.Tech in any branch of life sciences to undertake
research training as a part of fulfillment of their
academic degree. One can participate in this
program for 6 months or can be extended to 12
months.

During this period, students work on ongoing
research problems with the researchers of CCMB.
In addition to laboratory training, they are
exposed to scientific ethics, good laboratory
practice and career opportunities in life sciences.
At the end of the training, participants are
required to present their work to the scientific
community at CCMB.

In the year 2018, 115 students from all over India
participated in this program. This has also earned
CCMB Rs 33.65 lacs during the year.

Project-based Research Training Programs

CCMB accepts applications for undertaking
project-based research training in laboratories
based on their research interest. These trainings
are offered for either 6 or 12 months.

During this period, the candidates are expected
to be trained in laboratory techniques and
practices as well as research ethics. The
programmes also focus on career opportunities in
life sciences.

In the year 2018, 44 students participated in this
program, and generated a revenue of Rs 11 lacs.
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Summer Research Training Programs

This programme is open to final year students in
B.Tech, Integrated M.Tech programmes and first
year students of M.Sc. It is a highly competitive
paid-for programme with a 3-4% selection rate.

In this program, each participant is expected to
execute a small project under a scientist’s
supervision at CCMB. This program intends to
create awareness and excitement for real life
research.

Training Programs for Medical Students

Second and third year MBBS students can attend
this paid-for program. Each participant is assigned
to a research group at CCMB for two weeks.
During this period they are expected to keenly
observe and understand the research focus of the

lab and the techniques used. The aim of the
program is to have the future medical
professionals excited and aware about research in
life sciences and bridge the two communities
better.

A group of summer research trainees at CCMB

A group of MBBS students in an interaction with CCMB, Director, Rakesh Mishra
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Skill Development Programs

Currently, CCMB conducts 13 skill development
programs around the year. These programs target
students (with M.Sc., M.Tech, M.Pharm.,
B.Tech., B.V.Sc., MBBS, B.Pharma degrees) and

employees from government labs/institutes/
organizations, hospitals, pathology laboratories,
tissue banks, industries, universities.

Below are the topics that the skill development
programmes are based on:

• Cell, Developmental and Molecular
Biology
- Molecular cloning and protein

expression
- Basics in cell biology and cell-based

assays
- Human cytogenetics – Chromosomal

preparations from peripheral blood
cultures

- Basics of stem cells
- Engineering mammalian cells with

CRISPR tools

• Microbiology
- Analysis of microbial diversity and

polyphasic characterization

• Bioinformatics
- Next Generation Sequencing data

analysis

• Instrumentation
- Technical training on scientific
instruments

• Wildlife Forensics
- DNA fingerprinting technology and
its application in wildlife forensics

IFS officers at a training programme at LaCONES
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In the year 2018-19, the skill development
programs had 168 participants, and earned a
revenue of Rs 21.5 lacs.

Through these programs CCMB has developed
accomplished researchers as well as better

professionals in government, public and private
sectors. That the attendees pay to attend many of
these programs suggests at the quality of the
training CCMB provides.
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Young Innovators Program

The Young Innovators Program is specially
designed to excite high school students on
research. It has been an annual programme since
the last five years. The programme runs in two
parts. In the first part of the session, high school
students are invited for an interactive meeting
with a prominent scientist. This session is free
and open to all students.

Of these, around 20 are selected for a two weeks
training at the institute via a selection test. During

their stay at CCMB for the two weeks students
work with researchers in laboratories, conduct
some of the basic experiments and exchange
their ideas. This helps them appreciate scientific
research and its methodologies from closer
quarters. It is also important for them to be aware
of the career possibilities in research.

The participants of Young Innovators' Program
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Services Provided

CCMB provides

• Chromosomal Diagnostics,

• Molecular Diagnostics, and Genetic
Counselling,

• Wildlife Diagnostics

CCMB established its Chromosomal Diagnostic
Services a little more than two decades back.
During this period they have helped in more than
35,000 clinical cases. Through the Molecular

Services, CCMB diagnoses 30 genetic disorders
at costs half of what the major players in market
charge.

These services can be availed through referrals
from medical professionals. Over the years, the
referrals have come from pediatricians,
gynaecologists, cardiologists, neurologists, IVF
specialists, embryologists, fetal medicine
specialists, sonographers, oncologists and
psychologists.

Chromosomal Diagnostics at CCMB

CCMB counsels and helps the patients and their
families to cope with the diagnosis effectively.
The Centre brings together medical professionals
and geneticists together to discuss the problems
with the patient and their families, alleviate their
fears and offer alternatives available. It has
helped both in disease management as well as
prevention through timely and appropriate
counselling.

The services offered here have benefitted people
from different parts of India as well as other
neighbouring countries.

The wildlife forensics facility helps government
agencies such as the customs and forest
departments in curbing wildlife crime. More
details on this can be found under Achievements
of LaCONES.
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Centralized Facilities

CCMB offers many high end and specialized
research instrumentation facilities to life science
researchers and industries across India. These
include providing appropriate laboratory
animals such as fruitfly, zebrafish and mice,

microscopy and spectroscopy, DNA sequencing,
bioinformatics, tissue culture facilities for
research. The National Wildlife Genetic
Resource Bank at LaCONES is available for all
zoos to utilize to store genetic material from their
deceased animals.
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A glimpse of different research facilities at CCMB
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Entrepreneurship

Since its first venture of incubating Shantha
Biotechnics in 1994, CCMB has been proactive
in encouraging entrepreneurship.

Shantha Biotechnics was formed in 1993 and7

first started working out of Osmania University.
However, due to perceived institutional politics
Shantha Biotechnics had to move out of the
university. While it was not commonplace to
incubate companies in academic institutes in
those days, CCMB hosted Shantha Biotechnics
by providing infrastructure and a space of
intellectual encouragement.

In the following years, Shantha Biotechnics went
on to produce the low-cost vaccine for Hepatitis
B. The Hepatitis B vaccine sold in the early
1990s cost $23 USD – a price beyond the
affordability of Indians. Shantha Biotechnics
launched their vaccine – Shanvac – B, for less
than $1 USD per dose. This increased the
consumption of Hepatitis B vaccine from a few
hundred thousand doses to 22mn doses in the

first year of the release of Shanvac – B.
Comparative studies were done and published to
establish the high quality of the vaccine. With
their high quality, high volume and low margin
strategy, Shantha Biotechnics thrived and started
the vaccine revolution in the country. It fetched
many high valued investments, and its revenues
exceeded $90mn USD in 2009. Sanofi Aventis,
in 2009 acquired 80% of the controlling stake at
Shantha Biotechnics at $784mn USD.

Today, CCMB’s Innovation Hub (iHUB) houses
Department of Scientific and Industrial Research
(DSIR)’s Common Research and Technology
Development Hub (CRTDH) and Ata l
Incubation Centre (AIC) – CCMB, a not-for-profit
incubator for biotech startups supported by Atal
Innovation Mission and NITI Aayog. So far, it has
supported 17 startups in diverse fields–
diagnostics, development of biomolecules, food
and nutrition, animal health. The startups
receive high-end biotech infrastructure at
extremely reasonable prices with access to the
research expertise of the campus.

Innovation Hub (iHUB) CCMB

7 https://globalizationandhealth.biomedcentral.com/articles/10.1186/1744-8603-7-9
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CCMB reaches out the general public through
prominent national and local media outlets,
including television, radio, print, electronic and
social media. Press releases describing the new
initiatives, innovations, scientific leads and

discoveries published in high impact journals are
shared to the press and media persons. This helps
in an enhanced coverage in both national and
local newspapers.

Awareness Generation in Society

Reaching out to General Public
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Popular and special lectures are organised by CCMB for the benefit of students and the general public of
twin cities.
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Outreach Programs for School and College

Students

Regular Visits by school & college students

CCMB regularly has educators and student
visitors from all over the country. The visitors
get to see and understand the activities at
CCMB closely. They are provided with
guided tours with full description of work
done is provided by well-informed staff. A
total of 1766 people in 2015 and 1958
people in 2016 have visited CCMB.

CCMB Open Day on September 26th every year

On the occasion of CSIR’s Foundation Day,
CCMB organizes its Open Day when it
opens its gates to all. CCMB puts up a grand
exhibition of all its current research
activities. It receives around 10,000 visitors
each year, most of them school and college
students and teachers.

• Scientists and PhD students of CCMB visit
local schools and colleges to talk about their
research and its implications on society.
They also create awareness on the on the
scope and opportunities of building careers
in science.

• Talks by eminent personalities hosted by

CCMB are uploaded on the YouTube
channel thus facilitating easy access to8

students and researchers across the world.
CCMB believes making the research talks
open to all in India is an important need
when most college students do not get an
opportunity to meet active researchers.

8 https://www.youtube.com/channel/UCura12DSJisJl3GolbJrLyA

School students visiting at Open Day
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Jigyasa - AMagazine in Hindi

CCMB publishes Jigyasa, which brings out the
different activities being carried out at the
institution. So far, 16 issues have been published.

Special issues on Human Genome Project, Gene,
Environment, and Health, Genetic Diseases,
Biotechnology, Human Health, Modern
Bioscience, Lifestyle-related diseases were the
themes of the issues.

The articles are written in Hindi by researchers at
CCMB. It has helped propagate scientific content
to a huge section of Indian population that is not
proficient in English.

Cover page of Jigyasa 2018-19
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CCMB has deeply invested in developing
international standards for progressing their
research as well as their allied activities. They

have worked towards selecting and retaining
scientists and other employees who work
towards the vision and mission of the institute.

CCMB’s Work Culture and Ethos

Management Credo

� Transformational and collaborative
� Startegically aligned with advances in modern biology and national

interests

� Adopted the global practice of grouping scientists into group leaders
leading chosen priority areas

� Group leaders guide project leaders to ensure implementation
� Adequately supported by scientist fellows, research associates and

students

� Creating a culture of highest ethical standards of pursuing research
� Core values: honesty, integrity, transparency and truthfulness
� Concern for society, environment and creating collaborative

networks
� Creating a shared vision with employees and their family members

Leadership

Structure

Ethical
Value

System
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Students, researchers and staff at CCMB go
through rigorous selection procedures that check

their suitability, interest and ability for the
assigned role.

Selection at CCMB

Project
Assistants

Doctor of
Philosophy (PhD)

Scientists

Technical Staff

� Applications are invited throughout the year.
� Selection is based on their performance in the written test and interview.

� Only those with national fellowships for 5 years are eligible to attend the
nationwide written test.

� Based on the performance, students are selected for interviews. The PhD
students are enrolled via Jawaharlal Nehru University, New Delhi or AcSIR
and are mandated to go through the prescribed course requirements of the
university.

� Researchers with outstanding scientific research experience on a rolling
basis.

� Individuals with interest, ability, and commitment to establish an
independent research programme of the highest quality that would add to
the centre’s excellence are eligible.

� If selected, the applicant is invited to interact with the researchers at
CCMB.

� Selected based on written and trade test that check their aptitude and
attitude for the job.
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Currently CCMB has

• Scientists : 58
• Technical staff : 111
• Support staff : 106
• Administrative staff : 42
• PhD students and postdoctoral fellows : 193
• Project personnel and consultants : 67
• (Contract) workers : 280
• Total number of staff : 857

Retention at CCMB

Work Culture

The work culture at CCMB follows a zero hierarchy model that preserves each employee’s dignity,
creates a sense of belongingness, and encourages delivering to the best of their abilities.

CCMB also recognizes the contributions of its students and employees, and encourages by various
awards. The awards celebrate a range from contributions – from academia to technical services to
maintenance of harmonious culture at the institute.

The scientific and technical staff receives comparable pays that put priority on excelling in their assigned
jobs, irrespective of the cadre of the job. The CCMB fraternity closely connects with society via various
outreach programs – that lets them utilize the privilege of their positions well and see the value to their
work.
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The employees are kept updated with the state of
the art technologies and changing work cultures
by sponsoring their training programs. The PhD
students are encouraged to meet international
stalwarts by participation in various conferences
and workshops, many of them also organized by
CCMB. Appendix IV Lists of some of the
important conferences and workshops.

CCMB, since its very inception, has invited many
noteworthy scientists, including famous
awardees, executive officials, statesmen and
policymakers. Such interactions have enabled
better and more meaningful dialogue between
scientists and society.

A place of Continuous Learning

His Excellency, Giani Zail Singh (in left), the Hon'ble  President of India at CCMB when it was at
RRL-H in 1983, with CCMB Founder-Director P M Bhargava (in right)
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Lalji Singh (in left) with Georges Koehler, Nobel laureate at the inauguration of
CCMB’s new and present campus in 1987

Francis Crick (in right), FRS and Nobel laureate with PM Bhargava (in left)
during the inauguration of CCMB's new and present campus in 1987
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Rajiv Gandhi (in right), Hon'ble Prime Minister of India gives the inaugural speech
at inauguration of CCMB's new campus in 1987

Sidney Brenner (later Nobel laureate) delivering a Foundation Day lecture at CCMB in 1989
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Andrew Huxley (in left), Nobel laureate with the then CCMB Director, Sharat Chandra (in middle)
during his CSIR Golden Jubilee Lecture in 1991

Nurul Hasan (in left), Governor of Odisha with PM Bhargava (in right) at CCMB in 1988
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M Chenna Reddy (in middle), the Hon'ble Chief Minister of Andhra Pradesh
at CCMB with PM Bhargava (in right) and G S Sidhu  (in left) in 1981

Kiran Bedi, IPS delivering a lecture at CCMB in 1995
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Noam Chomsky delivering a lecture at CCMB in 1996

Her Excellency, Kumudben Joshi, Governor of Andhra Pradesh (in right)
in conversation with P M Bhargava (in left) in 1988
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Justice M Hidayatullah, Vice President of India waves at CCMB staff,
accompanied by PM Bhargava, in 1981

D Balasubramanian, CCMB receives the FICCI Award
for Physical Sciences from Pranab Mukherjee, Hon'ble Minister of Finance in 1983
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James D Watson delivering the CCMB Foundation Decadic Year Lecture in 1997

K Kasturirangan at CCMB in 2000 with Lalji Singh
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Year of visit Nobel Laureates Year of Nobel Prize

1987 Francis Crick , then at University of 1962
San Diego, La Jolla, USA

1987 D C Gajdusek, Maryland, USA 1976

1987, 1991 S Ochoa, Madrid, Spain 1959

1989 Sydney Brenner,  then at University of Cambridge, UK 2002

1990 Paul Berg, Stanford University, USA 1980

1991 Andrew Huxley, UK 1963

1994 Werner Arber, then at University of Basel, Switzerland 1978

1995 Jean-Marie Lehn, University of Strasbourg, France 1987

1996 P G de Gennes, Paris, France 1991

1996 Aaron Klug, London, UK 1982

1997 James D Watson,  Cold Spring Harbor Laboratory, USA 1962

2000 H E Varmus, New York, USA 1989

2002 & 2008 Martin Evans, University of Cambridge, UK 2007

2012 Jules Hoffmann, University of Strasbourg, France 2011

2013 Oliver Smithies, University of Wisconsin-Madison, 2007
University of North Carolina, USA

2013 Venkataraman Ramakrishnan, University of Cambridge, UK 2009

2014 Harald zur Hausen, German Cancer Research Centre, 2008
Heidelberg, Germany

2015 Richard Roberts, New England Labs, Massachusetts, USA 1993

2017 Kurt Wuthrich, The Scripps Research Institute, USA 2002

Visit to CCMB by Nobel Laureates

Some of the other visitors include:
• B S Blumberg, Pennsylvania, USA,

recipient of Nobel Prize in 1976
• Max Delbruck, Pasadena, California,

USA, recipient of Nobel Prize in 1969
• Dorothy Hodgkin, Oxford, UK, recipient

of Nobel Prize in 1964
• Andrew Huxley, UK, recipient of Nobel

Prize in 1963
• John Kendrew, Cambridge, UK, recipient

of Nobel Prize in 1962

• G Kohler, Stubeweg, Federal Republic of
Germany, recipient of Nobel Prize in
1984

• C Milstein, Cambridge, UK, recipient of
Nobel Prize in 1984

• P Nurse, London, UK, recipient of Nobel
Prize in 2001

• Lord G Porter, London, UK, recipient of
Nobel Prize in 1967

• Rodney Porter, Oxford, UK, recipient of
Nobel Prize in 1972
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• N F Ramsey, Cambridge, Massachusetts,
USA, recipient of Nobel Prize in 1989

• René Thom, Institut des Hautes Études
Scientifiques, Bures-sur-Yvette, France,
recipient of Fields Medal in 1958

• Luc Montagnier, Pasteur Institute, Paris,
France, recipient of Nobel Prize in 2008
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CCMB has maintained a rich and active network
with researchers in India and across the world
alike. It has collaborated with roughly 170
national research institutes, medical schools and
universities as well as industry and 120

international research institutes and universities
to date. The details of the international
collaborations at CCMB can be found in
appendix V.

Partnering with premier institutes

Partnerships for studying Some Selected Partners

Human genomics Harvard Medical School, Broad Institute, Calicut Medical
College, Asian Institute of Gastroenterology, Sanger Institute,
University College of London

Development of better Indian Institute of Rice Research
crop varieties

Plant microbe-soil interactions University of California, Irvine/ Davis, Lawrence Berkeley
National Laboratory,  University of Texas, Austin

Epigenetics in health and disease University of Southampton, London School of Hygiene and
Tropical Medicine, Bharati Vidyapeeth University

Cancer biology Imperial Cancer Fund

Wildlife conservation Central Zoo Authority, Nehru Zoological Park

Others The Volkswagen Foundation

The India Japan Science Council

The National Institutes of Health

Centre National de la Recherche Scientifique
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CCMB has been a fertile ground for artists of many
kinds to come and develop their thoughts with the
scientists here.

Art in CCMB has been more than just decorative
paintings or gatherings over music concerts. Right
f rom i t s founding , CCMB has fe l t the
commonalities between art and science – as both
stem from human intrigue, creativity and goes
through criticism and rigor. At CCMB, they are
both seen as a human pursuit for beauty.

Working with artists

Shobha Naidu performing Kuchipudi
dance at CCMB

Bharat Ratna Ustad Bismillah Khan performs a shehnai recital at CCMB
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Since CCMB’s foundation it has been very
supportive of housing artists and artworks on
its campus. It had a resident artist Surya
P r a k a s h f o r m a n y y e a r s w i t h t h e
responsibility of nurturing art and science by
conducting various art workshops. These
facilitated closer interaction between artists,
scientists, and other art lovers and broaden
each other’s horizon. These sessions have
been fertile grounds of many artists of the
likes of painter and sculptor M F Hussain,
Kuchipudi expert Shobha Naidu and
musician Ustad Bismillah Khan. Underlining
the importance of scientific temper with art,
CCMB feels it enhances one’s sensitivity to
one’s surroundings, creates a sense of
belongingness and develops the sentiment of
nurture for one’s environment.

CCMB’s Appreciation for Art

Painters at work at an artists' camp in CCMB

A sculptor at work at a sculptors' camp in CCMB
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Artists MF Hussain (on top) and Suryaprakash (one below)
during making an artwork at CCMB
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CCMB seeks to address major unanswered
questions of biology and keep up with the cutting
edge technological advances. Some of the areas
that CCMB would delve further into are structural
biology, developmental biology, cell biology,
genomics, plant biotechnology, wildlife
conservation and ecology. It also wants to
venture into applications in areas like cell

therapy, personalized genomics, biomarker
assisted disease diagnoses and species
identification.

At the same time, CCMB would like to continue
its tradition of integrating science and society via
its art camps, supporting education and public
outreach.

Future Plans

CCMB directors since its inception sharing a frame.
From left to right, Ch Mohan Rao, PM Bhargava, D Balasubramanian, Rakesh Mishra and Lalji Singh



1

SOCIETAL IMPACT ASSESSMENT OF CENTRE FOR CELLULAR AND  MOLECULAR BIOLOGY

72

An eminent panel of globally renowned scientists
from India and abroad was selected to review the
impact of CCMB’s contributions to science and
society. The annexure VIII provides the details of
the five reviewers who have shared their
evaluations.

The societal impact of CCMB’s research was
measured using the following indicators :9

• Publications
• Conferences and Events

• Partnerships and Collaborations
• IPR, Patents and Technology

Commercialization
• Furthering Education and Research

(including Human Resource
Development), and

• Societal Relevance of Research

The evaluation was done for each of these
indicators on a scale of 1-5 .10

Review by Expert Panel

9 Modified from Godin and Dore (2005)
10 A five point Likert scale, where 5 stands for excellent, 4 for very good, 3 for good, 2 for fair and 1 for poor

The expert panel's evaluations suggest CCMB's
strength in scientific research through its
publications, conferences and events that it
holds, partnerships and collaborations that it

forges, furthering education and research and
pursuing research with societal relevance. Their
suggestions are elaborated ahead.
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CCMB as a setter of standards in Modern

Biology Research

The expert panel is of the view that CCMB has set
international standards for research in modern
biology. The culture of centralized facilities,
autonomy to scientists to choose the objectives of
their work aligned to their interest, setting no
departmental boundaries and a flat hierarchy
among colleagues have been exemplary and
trend setting for the modern biology institutes to
come up in India in later years.

The quality of the institute and its work can be
judged on the basis of awards that its scientists
have been bestowed with. It has had 4 scientists
honored with Padmashri and 1 with Padma
Bhushan – some of the highest civilian awards in
India. CCMB scientists have also achieved global
recognition as fellows of The World Academy of
Sciences for the developing world. 11 young
scientists of CCMB have received Shanti Swarup
Bhatnagar Prize – an award by CSIR to celebrate
outstanding contributions in science. Majority of
the doctorates from CCMB occupy leadership
positions in India and abroad. The vision of
founder Director Dr. Pushpa M Bhargava has
been achieved and CCMB has successfully
pushed frontiers in modern biology.

Collaborations of CCMB

The panel is of the view that CCMB has excellent
collaborations with academic institutions (200
plus universities) in India and abroad. CCMB’s
collaborations with a variety of stakeholders have
enabled a variety in their work and a far-reaching
impact. These include working with judiciary
system of the country to translate DNA
fingerprinting technology, with government to set
up Centre for DNA Fingerprinting and

Diagnostics and Laboratory for Conservation of
Endangered Species, with agricultural research
institutes to develop better crop varieties and with
state government, forest authorities, zoos as well
as airport authorities to help protect wildlife and
prevent wildlife crime. With CCMB’s ancient
DNA lab, it has been an instrumental part of
international teams working towards studying
ancient human populations – key to our
understanding of our origin and ancestry.

CCMB’s support to Shantha Biotechnics in its
early days to create vaccine against Hepatitis B
affordable to Indians stands out. However, the
panel also feels that the collaborations with
industry should be strengthened further and more
international collaborations can be pursued.

Societal Impact of CCMB’s Contributions

The review panel has stated that though CCMB’s
mandate is to conduct basic research, the societal
impact in human genomics and plant biology
have been exceptional. These projects have had
immense value for governments and society, and
will continue to do so. The DNA fingerprinting
technology was developed at CCMB through its
efforts to understand mechanisms of sex
determination. It made India only the third
country to have its own probes, and be self-
sufficient to identify humans using molecular
biology techniques. This technology has helped
in solving multiple disputes and criminal cases
over the years, and ensured justice to the
country’s citizens. The universal primer
technology and the services at LaCONES have
enabled curbing global wildlife crime including
smuggling and poaching. This has been able
because of their ability to identify the details of
animal source of any biological sample. CCMB
was a pioneer in setting up genetic testing
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services to prevent spread of genetic diseases,
available at a nominal cost to people in India as
well as in the neighbouring countries. Their
studies have also emphasized the need to
understand the Indian population genetics, and
use them to base our medical recommendations
instead of these based on western population.
Development and spread of pest-resistant rice
with low glycemic index to multiple states in
India aims towards improving farmers’ income as
well as providing the country a rice variety safe
f o r d i a b e t i c c o n s u m p t i o n . Wo r k o n
understanding bacterial physiology has led to
development of salt-inducible vectors useful for
industries.

Early on, CCMB also paved the way towards
showing that premier research institutes could
also support young start-ups through its support
for Shantha Biotechnics.

Through these contributions, the panel thinks of
CCMB as an effective bridge between biological
sciences and society in India.

Relevance of CCMB in scientific

dissemination

The review panel feels that CCMB has made
inroads in developing human resources for
biology especially through the Ph.D programme
(450 scholars ) and is also connect ing
academicians, industry and public through
various workshops and conferences. The quality
of conferences and seminars is highly
appreciated across the world. However, the panel
also suggests a scope for improvement in
enhancing its presence both in national and
international scientific events.

Recommendations to CCMB

The panel commends CCMB on its excellent
work in modern biology since inception. The
panel is of the view that the societal impact of
research laboratories may not be quantifiable in
economic terms fully. The panel observed that a
key factor in CCMB’s success lies in selecting best
young biologists and nurturing their talent and
skills by providing complete autonomy in
pursuing their area of work. It believes that CCMB
has the potential to become a model laboratory
for excellence in research in biology as well as
emerge as a good mentoring institute to emerging
innovative technology start-ups in healthcare
domain with a highly specific agenda. But the
panel also suggests further improvement in IP
portfolio and industry partnerships.

Conclusion

The charter of CCMB is to conduct research in
multi-disciplinary areas of modern biology and to
seek potential applications of this work for
furthering the development of biochemical and
biological technology in India. It targets to
provide centralized facilities for relevant
biological research and continuously interact
with national and global stakeholders/partners in
biological research. It also aims to provide best in
class higher education and capacity building in
advanced areas of biology. The feedback and
recommendations from the esteemed panel of
reviewers indicate that it has been achieving all
its objectives in a comprehensive manner. It has
emerged as a leading basic research organization
in modern biology in India.
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Over the last four decades, CCMB has played a
critical role in advancing frontiers of modern
biology as well as developing technology to fulfill
societal needs of India. While CCMB focused on
studying the basic cellular and molecular
processes in life forms, these studies set the stage
for some of the following technologies: The DNA
fingerprinting technology in India helped the
country to identify criminals and bring upon
justice. The universal primer technology could
enable identifying the genetic details of any
animal or biological samples with an animal
origin. This helped conserve wildlife by curbing
smuggling and poaching. Through understanding
plant-microbe interaction, better crop varieties
were developed for enhancing farmers’ incomes.
This also became an excellent alternative for
diabetics in the country. By isolating life forms
surviving the extreme conditions of earth and
studying their properties, CCMB has built a
storehouse of microbes with unique properties. It
has played an important role in supporting the
healthcare sector of the country by developing
faster and more reliable diagnostic tools to detect
eye infections. Its support to Shantha Biotechnic
in their early days towards developing affordable
Hepatitis B vaccine for Indians is cited as an
example of a conducive ground for young
industries to establish themselves. CCMB’s
continued efforts in human genomics have
helped in a great deal of understanding of the
ancestry of Indian population. This has also
paved the path to understand many population-
specific diseases unique to Indians.

CCMB has nurtured high quality scientists who
are an asset to the global biology research
community and industry – most of them through

its PhD programme. Its PhD alumni are placed in
many well-known academic and research
institutes of India and abroad. In their current
positions, they are now contributing towards
developing well-trained scientific minds in the
country. CCMB has also impacted the life science
industry scene through its PhD alumni but also
many skill development programs that it runs. It
also houses a successful incubation centre now to
support young start-ups in life sciences.

CCMB’s collaborations with major international
universities have created avenues for big
international projects. Studies on human
migration, population ancestry and genomics
have bene f i t ed immense ly f rom such
collaborations. At the same time, collaborations
with many state and national level research
institutes, universities and medical institutes have
helped in tackling the immediate problems of the
country by addressing them at the grassroots. This
includes development and distribution of pest-
resistant rice varieties, conservation of
endangered animal species, studying life forms
from the extreme conditions of earth among
others.

Through the breadth and depth of CCMB’s
contributions, it emerges as a model basic
research organization that encourages young
minds to address questions at the cutting edge of
modern biology. And the knowledge base and the
scientific minds that CCMB has developed, will
allow the institute to contribute in healthcare
improvement and disease management, relevant
for India and beyond.
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Appendices

Appendix I: Recognition to CCMB scientists

Name of the Scientist Awards & Honors

Pushpa Mitra Bhargava FNA
Padma Bhushan (1986)

Sharat Chandra FNASc, FASc, FNA

D Balasubramanian FNASc, FASc, FNA
Shanti Swarup Bhatnagar Prize (1981)
Padma Shri (2002)

Lalji Singh FNASc, FASc, FNA
INSA Medal for Young Scientist (1974)
Padma Shri (2004)
J C Bose Fellow (2006)
Shanti Swarup Bhatnagar Fellow (2010)

Ch Mohan Rao FNASc, FASc, FNA
Shanti Swarup Bhatnagar Prize (1999)
J C Bose Fellow (2011)

R Nagaraj FNASc, FASc, FNA
INSA Young Scientist Medal (1982)
CSIR Young Scientist Award (1987)
Shanti Swarup Bhatnagar Prize (1994)
J C Bose Fellow (2011)

Ghanshyam Swarup FASc, FNA
CSIR Young Scientist Award (1989)
Shanti Swarup Bhatnagar Prize (1996)
J C Bose Fellow (2011)

KN Ganesh FNASc, FASc, FNA
Shanti Swarup Bhatnagar Prize (1998)
JC Bose Fellow (2006)

Veena Parnaik FNASc, FASc, FNA
J C Bose Fellow (2011)

S Shivaji FNASc, FASc

Purnima Bhargava FNASc, FASc

Amitabha Chattopadhyay FNASc, FASc, FNA
Shanti Swarup Bhatnagar Prize (2001)
J C Bose Fellow (2008)
GN Ramachandran Gold Medal (2019)

M R Das FNASc, FASc, FNA
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Name of the Scientist Awards & Honors

Dipankar Chatterji FNASc, FASc, FNA
Shanti Swarup Bhatnagar Prize (1992)
Padma Shri (2016)

J Gowrishankar FNASc, FASc
INSA Young Scientist Medal (1986)
CSIR Young Scientist Award (1987)
Shanti Swarup Bhatnagar Prize (1997)
JC Bose Fellow (2007)
Padma Shri (2013)

Somdatta Sinha FNASc, FASc, FNA

L S Shashidhara FNASc, FASc, FNA
JC Bose Fellow (2003)
Shanti Swarup Bhatnagar Prize (2008)

Rakesh K Mishra FNASc, FASc, FNA
J C Bose Fellow (2016)

Ramesh V Sonti FNASc, FASc, FNA
Shanti Swarup Bhatnagar Prize (2004)
J C Bose Fellow

Imran Siddiqi FASc, FNA
Infosys Prize (2013)
J C Bose Fellow (2016)

Yogendra Sharma FASc, FNA
CSIR Young Scientist Award (1992)
J C Bose Fellow (2018)

K Thangaraj FASc, FNA
J C Bose Fellow (2019)

R Sankaranarayanan FNASc, FASc, FNA
Shanti Swarup Bhatnagar Prize (2004)
J C Bose Fellow (2015)
GN Ramachandran Gold Medal (2015)

Manjula Reddy FASc
Infosys Prize (2019)

A S Kolaskar FNASc, FNA

G R Chandak FNASc, FAMS, FASc

Mohd Idris CSIR Young Scientist Award (2012)

B Raman INSA Young Scientist Medal (1996)

Ram Rup Sarkar INSA Young Scientist Medal (2008)

Satya Brata Routh INSA Young Scientist Medal (2018)
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Appendix II: CCMB Faculty Member Alumni and their Achievements

Sr No. Names Position outside CCMB

1 S Shivaji Current Director of Prof Brien Holden Eye Research Centre at LVPEI after
retiring from CCMB in 2013

2 D Balasubramanian Director, Prof Brien Holden Eye Research Centre after retiring from
CCMB in 1998

3 Giriraj R Chandak Director, Centre for DNA Fingerprinting and Diagnostics (on lien from
2015-16)

4 Durgadas P Kasbekar Haldane Chair at Centre for DNA Fingerprinting and Diagnostics after
retiring from CCMB in 2012

5 J Gowrishankar Staff scientist and later Director (2005-16) of Centre for Centre for DNA
Fingerprinting and Diagnostics after moving from CCMB in 2000

6 Ramesh V Sonti Director of National Institute of Plant Genome Research (on lien from 2017)

7 Lalji Singh Vice Chancellor, Benaras Hindu University after retiring from CCMB in 2009

8 L S Shashidhara Chair of Biology, Department of Biology at IISER, Pune (2007-17)
Dean, Research and Faculty, IISER, Pune (2007-16) after moving from
CCMB in 2007

9 Jyotsna Dhawan Founder Dean at inStem, Bengaluru (on lien from 2009-14)

10 AS Kolaskar Joined University of Pune after his position at CCMB, and became its
Vice Chancellor (2001-06) and is currently the Vice Chancellor of
Neotia University

11 K Kannan Joined University of Pune and Ranbaxy University after his position at
CCMB. Later he became the Vice Chancellor, Nagaland Central University
(2006-11)

12 KN Ganesh Started his career at CCMB and moved to CSIR-NCL in 1987. Later became
the Director, IISER, Pune (2006-17) and the current Director, IISER, Tirupati

13 MR Das Founder Director of Rajiv Gandhi Centre for Biotechnology,
Thiruvananthapuram (1994-2001) after his retirement from CCMB.
He also held the position of the Chairman of the Science, Technology and
Environmental Committee (STEC), and Ex-Officio Principal Secretary,
Department of Science, Technology and Environment, Government of
Kerala, during the period (1998-2002)

14 Neeraj Jain Started his career in CCMB and went on to become the current Director,
National Brain Research Institute, Manesar



1

SOCIETAL IMPACT ASSESSMENT OF CENTRE FOR CELLULAR AND  MOLECULAR BIOLOGY

79

Appendix III: Selected PhD students Alumni and their Achievements

Sr No. Names Position held

1 E Shyam Prasad Reddy Professor and Director, Morehouse School of Medicine

2 Veena Rao Professor and Co-Director, Cancer Biology Program
GCC Distinguished Cancer Scholar, Morehouse School of Medicine

3 Ravi Sirdeshmukh Distinguished Scientist & Associate Director, Institute of
Bioinformatics, Bengaluru

4 Pramod Srivastava Professor, Department of Immunology, Eversource Energy Chair in
Experimental Oncology,
Director, Center for Immunotherapy of Cancer and Infectious
Diseases,
Director, Carole and Ray Neag Comprehensive Cancer Center,
Connecticut

5 Thomas Alphonse Thanaraj Dasman Diabetes Institute, Kuwait

6 Jayashree Ponherkar Professor of Biochemistry, MS University, Baroda

7 Girish Deshpande Research Scientist, Princeton University

8 Gayatri Saberwal Dean, Academic Affairs, Institute of Bioinformatics and Applied
Biology, Bengaluru

9 Purnananda Guptasarma Dean of Life Sciences, IISER, Mohali

10 Sushmita Mukherjee Associate Professor, Weill Cornell Medical College, New York

11 Krishnaveni Mishra Professor, University of Hyderabad

12 Vinisha Khemani Senior Scientist, Elli Lily Company
Chief Creative & Marketing Officer, Better breads, bakes and foods

13 Abhijit A Sirdesai Group leader, Centre for DNA Fingerprinting and Diagnostics,
Hyderabad

14 Siddhartha A Datta Staff Scientist, Alan Rein lab, HIV Drug Resistance Program,
National Cancer Institute, Maryland

15 Satinder Singh Rawat Licensing officer, Office of Technology Management, UMass
Medical School

16 K Rajaraman Associate Director, Research, Neurophage Pharmaceuticals,
Cambridge, Massachusetts

17 Suvendra Kumar Ray Professor, Tezpur University

18 Rana Anjum Principal Scientist I/Lead Bioscientist, Oncology IMED,
AstraZeneca, Cambridge, Massachusetts

19 Malay Kumar Basu Assistant Professor, University of Alabama, Birmingham

20 Ruchi Bajpai Assistant Professor, Centre for Craniofacial Molecular Biology,
University of South California

21 Chetana Sachidanandan Senior Scientist, CSIR-Institute of Genomics and Integrative Biology

22 Ramkumar Sambasivan Associate Professor, IISER, Tirupati

23 Pallavi Ghosh Assistant Professor, University at Albany, State University of New York
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24 Priyamvada Acharya Scientist, NIH and New York Structural Biology Cluster

25 Maumita Mandal Assistant Professor, Carnegie Mellon University, Pittsburgh,
Pennsylvania

26 Subhadeep Chatterji Scientist, Centre for DNA Fingerprinting and Diagnostics,
Hyderabad

27 Bhavna Agashe Research Scientist, DuPont Pioneer, Hyderabad

28 Shanti Kalipatnapu Principal Technical Officer – Research Communications, IISER Pune

29 Mohit Prasad Associate Professor, IISER, Kolkata

30 Pallavi Kshetrapal Assistant Professor, THSTI, Gurgoan

31 H Raghuraman Associate Professor, Saha Institute of Nuclear Physics, Kolkata

32 R Rajesh Assistant Professor, IISER Mohali

33 Thomas Pucadyil Associate Professor, IISER Pune

34 Rachana Tripathi Director and Founder, RAS Lifesciences
Hyderabad Area

35 Sushma Shivaswamy Vice President of Research and Development, XBiotech, Austin, Texas

36 TK Prasad Senior Principal Investigator, Reddy Labs, Hyderabad

37 Hendre Prasad Suresh Genomics Scientist, World Agroforestry Centre (ICRAF)
Kenya

38 T Venkata Reddy Scientist, CSIR-Institute of Himalayan Bioresource Technology,
Palampur

39 M Indumathi Scientist, LV Prasad Eye Institute, Hyderabad

40 Purusharth Rajyaguru Assistant Professor, Indian Institute of Science, Bengaluru

41. Amit Das Chief Scientific Officer & Co-founder, Smart Farming India Pvt Ltd,
Kolkata

42 M. Janaki Ramaiah Associate Professor, SASTRA University, Thanjavur

43 S. S Jain Scientist, CSIR-Indian Institute of Chemical Technology

44 Ravi Maruthachalam Assistant Professor, IISER Thiruvananthapuram

45 Vivek Saroj Kumar Chopra Scientist, Translational Medicine, Celgene, San Francisco

46 E Rajakumara Assistant Professor, IIT, Hyderabad

47 Sahasransu Mahapatra Scientist, Pharmacology, Celgene, San Diego

48 Ranjan Tamuli Professor, IIT Guwahati

49 Aneesh Goyal Senior Scientist, inSTEM, Bengaluru

50 Tanweer Hussain Assistant Professor, IISc, Bengaluru

51 Nitin Chaudhary Assistant Professor, IIT Guwahati

52 Aravind Penmatsa Assistant Professor, IISc, Bengaluru

53 Madhusudhan Nandineni Scientist, Centre for DNA Fingerprinting and Diagnostics,
Hyderabad

54 R Harinarayananan Scientist, Centre for DNA Fingerprinting and Diagnostics,
Hyderabad
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55 Gopaljee Jha Scientist, National Institute of Plant Genome Research, New Delhi

56 Niraj Rai Scientist, Birbal Sahni Institute of Palaeosciences, Lucknow

57 Rajender Singh Principal Scientist, CSIR-Central Drug Research Institute, Lucknow

58 Shradha Goenka Managing Director, Biotech Desk Pvt Ltd, Hyderabad

59 Arvind Raghavan Chief Science Officer, Thrivors Inc, Greater Boston Area

60 Shalu Singh Principal Scientist, Biocon, Bengaluru

61 Lakshmi Rajagopal Professor, Department of Global Health, University of Washington,
Seattle

62 Amritha Suresh Principal Scientist, Mazumdar Shaw Centre for Translational
Research, Bengaluru

63 Felicite Kamdem Noubissi Assistant Professor, Jackson State University, Mississippi

64 Prabhu Patil Senior Scientist, CSIR-Institute of  Microbial Technology,
Chandigarh

65 Anjana Devi Scientist, CSIR-Indian Institute of Chemical Technology, Hyderabad

66 Preeti Paliwal Group Head Biology, Cytokinetics, South San Francisco

67 Anshu Bharadwaj Senior Scientist, CSIR-Institute of Microbial Technology, Chandigarh

68 Ram Parikshan Kumar Staff Scientist, St Jude’s Children Hospital, Tennessee

69 Sumit Gandhi Senior Scientist, CSIR-Indian Institute of Integrative Medicine,
Jammu

70 K S Rakesh Setty Group Lead, Dr Reddy’s Laboratories, Hyderabad

71 Aditya Nath Jha Scientist, Sickle Cell Institute Chhattisgarh, Raipur

72 Ashish Kumar Singh Professor, IIT(BHU), Varanasi

73 E Rajakumara Assistant Professor, IIT, Hyderabad

74 Aridaman Pandit Assistant Professor, University Medical Centre, Utrecht

75 Manjula Reddy Chief Scientist, CSIR-Centre for Cellular and Molecular Biology,
Hyderabad

76 P Chandrasekhar Senior Scientist, CSIR-Centre for Cellular and Molecular Biology,
Hyderabad

77 M V Jagannadham Retd Scientist, CSIR-Centre for Cellular and Molecular Biology,
Hyderabad

78 Vijaya Gopal Retd Scientist, CSIR-Centre for Cellular and Molecular Biology,
Hyderabad

79 GSN Reddy Principal Technical Officer, CSIR-Centre for Cellular and Molecular
Biology, Hyderabad

80 Krishna Kumari Retd Principal Technical Officer, CSIR-Centre for Cellular and
Molecular Biology, Hyderabad

81 C Sivakami Sundari Principal Technical Officer, CSIR-Centre for Cellular and Molecular
Biology, Hyderabad



1

SOCIETAL IMPACT ASSESSMENT OF CENTRE FOR CELLULAR AND  MOLECULAR BIOLOGY

82

82 Pratik Jagtap Managing Director, Center for Mass Spectrometry and Proteomics
(CMSP) at the University of Minnesota, Minneapolis

83 Seshu K Gudlavalleti Chief Scientist (conjugate vaccines), JN Medical Corporation
Omaha

84 Ajit Kumar Satapathy Principal Investigator, Biochemistry (Protein Engineering /
Enzymology), DuPont Knowledge Center, Hyderabad
Technology Project Leader (Synthetic Biology), Reliance Industries,
Mumbai

85 Bhubanananda Sahu Research Specialist, UMass Medical School, Massachusetts

86 K Prasanna Kumar Senior Vice- President, Daichi Sankyo ,New Jersey

87 Kakoli Mukherjee Senior Scientist, Astra Zeneca, Bengaluru

88 Anil Ojha Associate Professor, Wardsworth Centre, SUNY, Albany

89 Shalini Mani Associate Professor, JAYPEE Institute of Infotech, Noida

90 Arvind Raghavan Chief Science Officer, Thrivors Inc, Minneapolis

91 V Rema Consultant Neuroscientist, National Brain Research Centre,
Manesar

92 Sreekanth Rouduri AVP & Head, Discovery Biology, SAI Life Sciences, Pune

93 Sanjeev Gupta Lecturer, Lambe Institute for Translational Research, University of
Ireland, Galway

94 Satyajit Mitra Associate Director, Cancer Biology, pH Pharma Co., Ltd., Palo Alto

95 Nishant Jain Senior Scientist, Department of Applied Biology, CSIR-Indian
Institute of Chemical Technology, Hyderabad

96 Preeti Paliwal Alliance Manager- Joint Ventures and Corporate Alliances,
AtomwiseInc, San Francisco

97 Megha Bansal Scientific writer, Novartis Healthcare Pvt Ltd., Hyderabad

98 A. Nagabhushana Senior Scientific Writer I, Novartis Healthcare India Pvt. Ltd,
Hyderabad

99 Madhavi Muppirala Patent Agent and Intellectual Property Consultant, Videaim,
Bengaluru

100 Vipul Vaibhava Assistant Professor & Head,  PG department of Zoology, M. S.
College, Motihari, Bihar

101 Subhashini Sadasivam Co-founder & Chief Scientific Officer, DeepSeq Bioinformatics,
Bengaluru

102 Yatender Kumar Assistant Professor, Netaji Subhas University of Technology, New
Delhi

103 Shubhangi Kamatkar Business Development Consultant, Pune

104 Swapna Mahurkar Assistant Project Scientist, University of California,
Los Angeles

105 Sneha Sudha Komath Professor, School of Life Sciences, Jawaharlal Nehru University,
New Delhi
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106 R Rukmini Principal Technical Officer, CSIR-Centre for Cellular and Molecular
Biology, Hyderabad

107 K. G. Harikumar Senior Research Scientist, Mayo Clinic, Arizona

108 Soumi Mukherjee Associate Scientific Manager, Biocon, Bengaluru

109 Pushpendra Singh Senior Research Scientist, Ocugen, Pennsylvania

110 Yamuna Paila Research Scientist, Cambridge Biomedical Inc, Boston

111 Roopali Saxena Clinical Research Co-ordinator, Durham VA Medical Centre, North
Carolina

112 Hirak Chakraborty Assistant Professor, Sambalpur University, Sambalpur

113 Savithri Balasubramanian Principal Investigator, Division of Nephrology, Beth Israel
Deaconess Medical Centre,  Boston

114 Satya Keerthi Kota Instructor in Oral Medicine, Infection and Immunity, Harvard
School of Dental Medicine, Boston

115 Kasturi Mitra Assistant Professor, Nutrition Obesity Research Centre, University of
Alabama at Birmingham

116 Dattananda Chelur Group Leader, Antibody Core Development, Eisai/Morphotek,
Philadelphia

117 Dipankar Manna Director of Research and Development, LGC Genomics, Wisconsin

118 Radhika Ganeshan Technical Services Scientist, Promega, Wisconsin

119 Sridhar Dharmapuri Senior Food Safety and Nutrition Officer, Food and Agriculture
Organization of the United Nations, Bangkok

120 Kiran Madanahally Divakar Vice President of Research and Development, Bako Diagnostics,
Georgia

121 Uma Devi Komath President, Biologics at Hemarus Therapeutics Ltd, Hyderabad

122 Venkatesh Kota Research and Development Manager, Jeneil Biotech Inc, Wisconsin

123 Vivek Srivastava Manager, M2K Group (IPL), Gurgaon

124 Ashwin Bhat Senior Scientist, Bharat Biotech International Ltd, Hyderabad

125 Prakash Arumugam Principal Investigator, Bioinformatics Institute, A*STAR, Singapore

126 Manni Luthra Prof. and Head, Immunology at PGI, Chandigarh

127 L Uma Director, Research and Development, Thermo Fisher Scientific Inc,
Carlsbad, California

128 V Srinivas Principal Technical Officer, CSIR-Centre for Cellular and Molecular
Biology, Hyderabad

129 Mukund Ramakrishnan Assistant Professor, IISER, Berhampur

130 Subramanya Srikantan Junior Research Faculty, Department of Medicine, UT Health San
Antonio

131 Anupam Paliwal Senior Scientist, Evolva Biotech Pvt Ltd., Chennai

132 Ved Prakash Dubey Government Naveen College, Katekalyan, Dantewada
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133 Ajay Kumar Goel Trait Development Lead-corn & rice, Syngenta, Hyderabad

134 Aparna Gudlur Senior Scientist, CALIBR, Scripps Reasearch, La Jolla, California

135 Alok Pandey INSA-INSPIRE Faculty, CSIR-Central Institute of Medicinal and
Aromatic Plants (CSIR-CIMAP), Lucknow

136 Dipanwita Sinha Assistant Manager, R&D, Revelations Biotech Pvt. Ltd., Hyderabad

137 Ashish Ranjan Ramalingaswami Fellow, University of Hyderabad

138 Tayi Lavanya DST-INSPIRE Faculty, Osmania University, Hyderabad

139 Ganesh Bagler Associate Professor, IIIT-Delhi

140 Subbaya Subramanian Associate Professor, Department of Surgery, University of
Minnesota, Minneapolis

141 Siyaram Pandey Professor, Chemistry and Biochemistry, University of Windsor,
Ontario

142 DVS Sudhakar Scientist, National Institute for Research in Reproductive Health
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Appendix IV: List of conferences and meetings organized by CCMB

• Indo U.S. workshop on ‘Membrane
Structure and Function: The State of the
Art’, jointly with IISc, 7-15 Jan, 1991

• 61st Annual meeting of Society of
Biological Chemists, 21-23 Dec, 1992

• 12th Annual convention of the Indian
Association for Cancer Research:
Symposium on the Biology of the
Cancer Cel l Development and
Differentiation, 23-25 Jan, 1994

• Workshop on ‘GCG sequence analysis
software’, at DIC-Bioinformatics,
CCMB, 18-19 Apr, 1994

• Symposium on Indian Biology in the
Year-2000 (IBY2K), 24-27 Nov, 1997

• S a t e l l i t e s y m p o s i u m o f X I I I
International Biophysics Congress on
“Membranes, Sensors and Cell
Surfaces”, 15-17 Sept, 1999

• 23rd All India Cell Biology Conference,
27-29 Nov, 1999

• 4th ADNAT (Association for Promotion
of DNA fingerprinting and other
t echno log i e s ) ; Sympos ium on
‘Emerging trends in DNA based
diagnosis’, 23–24 Feb, 1999

• Hands -on t r a i n ing Cou r s e on
"Microsatellite Markers in Genome
Diversity", 23 Feb – 5 Mar, 2000

• Workshop on “Mathematical Modeling
and Computational Biology”, 8-13 Jan,
2001

• Symposium on Perspect ives in
Genome Analysis during 5th ADNAT
(Advances in DNA Technology), 23-24
Feb, 2001

• XXVI Annual Conference of the Indian
Society of Human Genetics "Human
Genome and Beyond", 23-24 Feb,
2001

• International hands-on training course
on DNA sequencing and Genotyping,
25 Feb-10 Mar, 2002

• Workshop on ‘Laboratory Methods in
Human Genome Diversity’, with
Anthropological survey of India, 22-23
Oct, Hyderabad, 2002.

• S i l v e r J u b i l e e C e l e b r a t i o n s
(1977–2002); Symposium on ‘The
Current Excitement in Biology’, 24–29
Nov, 2002

• EMBO workshop on ‘Cell Interactions
in Development and Disease’, 16-18
Dec, 2004

• Hands-on training course on ‘DNA
m a r k e r s : D e v e l o p m e n t a n d
Applications’, 25 Feb-12 Mar, 2004

• 9th ADNAT Symposium on Molecular
Medicine & Health, 20-23 Feb, 2005

• 1st Annual International Conference on
Translational research for Cancer &
Other Diseases, 19-20 Mar, 2005

• A two-weeks hands-on-training course
on ‘Chromosomal and Molecular
Diagnostics’, with ADNAT and ISHG,
25 Feb-10 Mar, 2005.

• 10th ADNAT Symposium on RNAi
and microRNA in Development and
Health, 23-24 Jan, 2006

• E M B O Wo r k s h o p o n ‘ H u m a n
Evolution and Disease’, 6-9 Dec, 2006

• Indo-US workshop on Mitochondrial
Research and Medicine, 22-24 Jan,
2007

• I n t e r n a t i o n a l S y m p o s i u m o n
‘Chromosomes to Genome’, 3-5 Jul,
2007

• International Symposium titled ‘Role of
Genes and Environment in complex
diseases’, 7-9 Dec, 2007
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• 8th International Symposium on
‘Biochemical Roles of Eukaryotic Cell
Surface Macromolecules’, 21-25 Jan,
2008

• Internat ional Symposium ti t led
‘Genetic and epigenetic basis of
complex diseases’, with MRC, UK
during 5-7 Dec, 2009

• 5th AOHUPO Congress, 14th ADNAT
Convention & 1st PSI Conference on
new perspec t ives in Pro teome
Research, 21-25 Feb, 2010

• A 20 days hands-on-training course on
‘Recent Techniques in Proteomics
Research’, with ADNAT, 25 Feb - 10
Mar, 2010

• 1st Annual Conference of the Society
for Mitochondrial Research and
Medicine on ‘Mitochondria in Biology
and Medicine’, 9-10 Dec, 2011

• A three day symposium on ‘Genomics
and Biodiversity’, 23 – 25 Feb 2011;
followed by Hands-on Workshop on
‘Methods for Character izat ion,
Conservation and Utilization of
Biodiversity’, 26 Feb – 15 Mar, 2011

• Workshop on High-Reso lu t ion
Respirometry (O2K), 8 Dec, 2011

• Biology 2012 and Beyond (B12B), 25-
27 Nov, 2012

• 4th Asian Chromatin Meeting on
E p i g e n e t i c M e c h a n i s m s i n
Development & Disease, 22-24 Nov,
2012

• Biophysical Society thematic meeting
on ‘Lipid-protein Interactions in
Membranes: Implications for Health
and Disease’

• First CCMB Advance workshop on
‘Next Generation Sequencing’ 18-27
Nov, 2013

• EMBO HOX- 14-17 Dec, 2014

• Indian Society of Developmental
Biologists (InSDB), 15-18 Jul, 2015

• 14th FAOBMB Congress & 84th Annual
Meeting of SBC(I), 27-30 Nov, 2015

• Young Scientist Programme (YSP), 14th
FAOBMB Congress & 84th Annual
Meeting of SBC(I), 24-26 Nov, 2015

• `Heart Disease: Genetics and Clinical
Correlation’ Contributions in Medicine
a n d R e s e a r c h ; w i t h I n d i a n
Organization for Rare Diseases (I-
ORD), 11 Jul, 2015

• Pre-Conference Hands-on NextGen
Sequencing and Bioinformatics
Workshop, 24-30 Sept, 2015

• 2015 NextGen Genomics, Biology,
Bioinformatics and Technologies
(NGBT) Conference, 1-3 Oct, 2015

• A two-day symposium on Next
Generation Sequencing, 5-6 May, 2016

• 30th Annual Meeting of Society for
Neurochemistry India (SNCI), 9-11
Dec, 2016

• 19th Annual MRC-Sneha International
Workshop on Developmental Origins
of Health and Disease, 26-28 Feb,
2016

• P r e - C o n f e r e n c e Wo r k s h o p o n
Respirometry, 7-8, Feb, 2017

• S e c o n d C o n f e r e n c e o n N e x t
Generation Sequencing, 5-6 May, 2017

• `Jigyasa-CSIR-Kendriya Vidyalaya
School Connect Program; 4 Jul, 2017

• `Down Syndrome: Diagnosis, Care and
Management’, with Asian Institute of
Fetal Medicine and Reproductive
Genetics (AIFMRG), 21 Mar, 2017

• International Congress of Cell Biology-
2018, "The Dynamic Cell" from
molecules and networks to form and
function. 27-31 Jan, Centre for Cellular
and Molecular Biology, Hyderabad,
India, 2018
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Appendix V: List of international collaborations at CCMB in the last 5 years

ASIA

• National Taiwan University, Taiwan

AFRICA

• South Africa University of Pretoria, South
Africa

• University of the Witwatersrand; MRC
DPHRU, Johannesburg, South Africa

• Mammal Research Institute (MRI),
University of Pretoria, South Africa

AUSTRALIA

• Griffith University, 170 Kessels Road,
Nathan, 4111 Australia

• Melbourne University, Australia

EUROPE

• Southern DenmarkUniversity, Odense,
Denmark

• Kjems Aarhus University, Denmark

• Estonian Biocentre, Riia23b, Tartu 51010,
Estonia

• UMR1078 "Génétique, Génomique
Fonctionnelle et Biotechnologies",
INSERM, EFS - Bretagne, Université de
Brest, CHRU Brest, Brest, France.

• Institute of Tropical Medicine, 72074
Tübingen, Germany

• Institute of Human Genetics, Heinrich-
Heine-Universität Düsseldorf 40225,
Düsseldorf, Germany

• University of Oldenburg, Germany

• Else Kröner-Fresenius-Zentrum für
Ernährungsmedizin (EKFZ), Paediatric
Nutritional Medicine, Technische
Universität München (TUM), Freising,
Germany

• A.N.Severtsov Institute of Ecology and
Evolution,119071 Moscow, Russia

• Russian Academy of Sciences, Moscow,
Russia

• Center for Integrative Genomics,
University of Lausanne, Switzerland

• Imperial College, London, UK

• Wellcome Trust, UK

• Natural History Museum, London,UK

• MRC Unit The Gambia at the London
School of Hygiene and Tropical Medicine,
London, UK

• MRC Lifecourse Epidemiology Unit,
University of Southampton, UK

• MRC Laboratory of Molecular Biology, UK

• Institute of Developmental Studies,
University of Southampton, Southampton,
UK

• Centre for Global Health Research, Usher
Institute for Population Health Sciences
and Informatics, University of Edinburgh,
Edinburgh, EH8 9AG, UK

• Institute of Biomedical and Clinical
Science, University of Exeter Medical
School, UK

• School of Medicine, Medical Sciences and
Nutrition, University of Aberdeen, Lilian
Sutton Building, Foresterhill, Aberdeen, UK
AB25 2ZD

• Department of Health Sciences, University
of Leicester, Centre for Medicine,
University Road, Leicester LE1 7RH UK

• Sanger Institute, Wellcome Genome
Campus, Hinxton, Cambs. CB10 1SA, UK

• UCL Institute of Neurology, 10-12 Russell
Square, London WC1B 5EH, UK

• University of Cambridge, Cambridge CB2
1QH, UK

• Royal Veterinary College, North Mymms,
Hertfordshire, AL9 7TA, UK
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NORTH AMERICA

• City College of CUNY, USA

• Colorado State University, USA

• University of Barcelona, USA

• Harvard University, USA

• Children’s Cancer Therapy Development
Institute, Oregon, USA

• University of Toronto; Alliance for Human
Development, Toronto, Canada

• Anderson Cancer Centre, Texas, USA

• Harvard Medical School, Boston, USA

• Broad Institute of Harvard and MIT,
Cambridge, USA

• University of California, Berkeley, USA

• National Wildlife Research Center, USDA
APHIS Wildlife Services, Fort Collins, USA

• Center for Exocrine Disorders, Department
of Molecular and Cell Biology, Boston
University Henry M. Goldman School of
Dental Medicine, Boston, USA
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Appendix VI: CCMB Patents

• Process for producing polypeptides.

Gowrishankar Jayaraman,Inventors:
Bhandari Poonam, Rajkumari Kaveti

The invention relates to the construction
and use of novel expression systems that
make use of DNA sequences encoding a
promoter or promoters along with cis-
regulatory elements, such as those for proU,
that permit osmotically inducible initiation
of transcription in bacteria; the expression
systems of the present invention can be used
to efficiently hyperexpress heterologous
gene products including proteins or
polypeptides; methods for construction of
vectors and strains enabling NaCl-induced
hyperexpression of heterologous gene
products in several organisms such as
Escherichia coli, and methods for NaCl-
induced hyperexpression of heterologous
gene products, including proteins or
polypeptides, using the said novel
combinations in a variety of organisms such
as Escherichia coli, and further purification
of the gene product of interest in either
laboratory or industrial scale production
systems.

Grant date.US Patent No. 5830690,
03/11/1998, Status- Lapsed.

• Process for identifying mutagens and
antimutagens.

Manjula Reddy, GowrishankarInventors:
Jayaraman, Bhandari Shanti M Bharatan

The invention relates to a process for
determining the frequency of mutations in
living and essentially nondividing cells; a
process for obtaining strains of a particular
specified genotype in which such mutation
frequencies may be determined; and a
process for determining the effects of
various agents including chemical
substances and genes on the frequency of
mutations in living and essentially
nondividing cells.

Grant date.US Patent No. 5981191,
09/11/1999, Status- Lapsed.

• Process for synthesis of novel cationic
amphiphiles containing N-hydroxyalkl
group for intracellular delivery of
biologically active molecules.

Rajkumar Banerjee, PrasantaInventors:
Kumar Das, Gollapudi Venkata Srilakshmi,
Nalam Madhusudhana Rao, Arabinda
Chaudhuri

The invention provides processes for the
synthesis of novel cationic amphiphiles
capable of facil i tating transport of
biologically active molecules into cells
wherein the said amphiphiles contain N-
hydroxyalkyl group and have at least one
hydroxyalkyl group containing 1-3 carbon
atoms directly linked to the positively
charged nitrogen atom.

date. 25/12/2001,Patent No. US6333433
US6346516, dt 12/02/2002, Status-
Lapsed.

• DNA markers for assessing seed purity
and method of using DNA sequences for
assessing seed purity

Sonti RV, Jamir YInventors:

The invention relates to DNA markers
specific to WA cytoplasmic male sterile
lines of rice, for assessing seed purity and a
method for ensur ing the puri ty of
cytoplasmic male sterile lines of rice using
the said DNAbased markers.

date.Patent No. US  6528265
04/03/2002, Status- Lapsed

• Bacterial mutant BX065 and a method
thereof

Geol AK, Lakshmi R, Sonti RVInventors:

The invention relates to a mutant bacteria
Xanthomonas oryzae pathovar oryzae
BXO65 with mutation at a site coding for
enzyme shikimate dehydrogenase and a
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method of producing said mutant and also a
method of screening inhibitors of bacterial
pathogens with shikimate dehydrogenase
pathway to develop bactericides.

date. 22/03/2005,Patent No. US 6869601
Status- Lapsed

• Preparation, characterization, ESR and PAS
studies of Cu0.5NbAlP3O12 (CNP) and
HNbAlP3O12 (HNP)

M. Vithal, B. Srinivasulu, K.Inventors:
Koteswara Rao, Ch Mohan Rao

The invention relates to the process of
preparation and characterization of novel
sodium superionic conductor (NASICON)
type niobium aluminium phosphate of
fo rmula Cu0 .5NbAlP3O12 (CNP) ,
HNbAlP3O12(HNP) and to study its
Electron Spin Resonance (ESR) and Photo
Acoustic (PA) spectra..

, date.13/09/2005,Patent No. US 6942843
Status- In Force

• Universal primers for wildlife identification

Verma Sunil Kumar,  Singh LaljiInventors:

The invention provides novel universal
primers that can amplify the fragment of
cytochrome b gene of any animal species in
polymerase chain reaction (PCR) and reveal
the identity of the biological material of any
unknown animal origin and a method for
identification of the specific animal from a
given biological sample.

, date.28/11/2006,Patent No. US  7141364
Status- In Force

• Chimeric protein BNAC crystallin withα

extraordinarily high chaperone-like
activity and a method related to the use
thereof

Vithal; M., Srinivasulu; B., Rao;Inventors:
K. Koteswara, Rao Ch Mohan

The invention relates to a chimera BNACα

of SEQ ID No.1 and a corresponding
chimeric protein BNAC crystallin of SEQα

ID No. 2, with said chimeric protein having

extraordinarily high chaperone-like activity
and a method of preventing protein
aggregation using said chimeric protein.

date.28/11/2006,Patent No. US  6958224,
Status- In Force

• Indolicidin analogs with anti-microbial
activity

Subbalakshmi Chilukuri,Inventors:
Bikshapathy Eruguraia, Sitaram
Narasimhaiah, Nagaraj Ramakrishnan

The invention relates to three single
tryptophan analogs ILPWKLPLLPLRR-amide
(IL4) (SEQ ID NO: 1), ILPLKLPWLPLRR-
amide ( I L8 ) ( SEQ ID NO: 2 ) and
ILPLKLPLLPWRR-amide (IL11) (SEQ ID NO:
3), of Indolicidin, a cationic tridecapeptide
amide found in the granules of bovine
neutrophils, the analogs having the amino
acid only at the 4th, 8th or 11thposition from
the N-terminal, with leucine at its all other
conventional positions, the analogs
selectively having only anti-microbial
activity and no hemolytic activity of
Indolicidin, and thereby providing
therapeutic options and a method thereof.

date.03/10/2006,Patent No. US  7115572,
Status- In Force

• DNA sequence for root preferred gene
expression in plants

Virupapuram Vijaybhaskar,Inventors:
Imran Siddiqi

Expression of DNA sequences in a preferred
manner in the roots of a plant is often
desirable. For instance improved resistance
to soil-borne pathogens may be attained by
expression of a pathogen resistance gene in
a part of the plant such as the root that may
be the site of infection. It is therefore
desirable to develop tissue-preferred
promoters that are capable of directing the
expression in a preferred manner in plant
roots, of another DNA sequence that is
operably linked to the promoter sequence.
Further, it is desirable to have access to
multiple promoters with similar expression
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patterns since these may differ with respect
to their degree of successful applicability in
di f ferent plant species where such
expression may be desired. Here we
describe the isolation and analysis of a DNA
sequence from the upstream regulatory
reg ion o f the A t1g73160 gene o f
Arabidopsis. The said DNA sequence acts as
a root-preferred promoter by conferring root-
preferred expression of the GUS reporter
gene cloned immediately downstream.
Composition of the invention comprises a
novel DNA sequence for a root-preferred
promoter and the method comprises
incorporation into the genome of a plant or
plant cell, a DNA sequence operably linked
to the said root-preferred promoter.

date.06/02/2007,Patent No. US  7173166,
Status- In Force

• Stable gene variants of lipases

Nalam Madhusudhana Rao,Inventors:
Priyamvada Acharya

The invention relates to the generation and
production of novel thermostable, organic
solvent stable and pH tolerant lipase gene
variants. The invention also relates to
methods of selecting lipase variants for high
temperatures and for their purification.

date.04/12/2007,Patent No. US  7303904,
Status- Lapsed

• A method for developing a tissue proteome
library

Inventors: BSN Murthy

The invention relates to the description of an
approach for developing tissue proteome
library, which overexpresses all the
transcripts (mRNAs) present in a given tissue.
Transcripts of interest present in a tissue are
normally cloned and overexpressed
individually to enable purification of
expressed protein and for conducting its
structure-function studies. Methods for
identification of novel and low abundant
transcripts present in tissues are not
available, particularly of specimen tissue
samples, oocytes and early embryos, for
which tissue availability is also a serious
limitation. Expression of all the transcripts

present in a tissue and comparison of the
profile of total expressed protein with that of
appropriate controls can be used in
identification of all and particularly novel
transcripts present in a tissue. This novel
proteome library construction approach
enables expression of all the transcripts
present in a tissue just in one go and analysis
of all the expressed proteins employing
proteomics and / or other suitable
approaches

date.19/08/2009,Patent No. EP 1971685,
Status- In Force

• Method of identifying calcium-binding sites
in gamma-crystallin useful for management
of cataract

Yogendra Sharma, BheemreddyInventors:
Rajini Devi

The invention relates to a method of
identifying calcium binding sites in gamma-
crys ta l l in use fu l in ca lc ium-based
homeostasis for the management of
Cataract, said method comprising steps of
isolating gamma-crystallin from eye lens,
studying binding of calcium to the isolated
protein by both direct and indirect methods,
identifying Greek key Motif as calcium-
binding sites of the protein gamma crystallin
with the said protein binding 4-mol eq of
calcium having dissociation constant of 90
micromole.

, date.04/05/2010,Patent No. US 7711497
Status- Lapsed

• Regulatory elements of cold-inducible hutU
gene from the Antarctic Psychrotrophic
Bacterium Pseudomonas syringae

Kamala L. Janiyani, Malay KumarInventors:
Ray

A DNA sequence from the upstream region
of cold-inducible hutU gene of the Antarctic
Psychrotrophic Bacterium Pseudomonas
syringae, comprising promoter elements and
other regulatory sequences, with unique
‘CAAAA’ nucleotide sequence at ` 10 site of
multiple transcription start sites and using
said promoter to express genes of interest in
the said bacterium at temperature as low as
4` C. and using the said bacterium with
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generation time ranging between two and
half to three hours, as a system to produce
heat labile proteins of pharmaceutical
significance.

date.04/05/2010,Patent No. US 7807410,
Status- In Force

• Biomarkers useful for detection of types,
grades and stages of human breast cancer

Dinesh Kumar Lekha, VermaInventors:
Vinod Kumar, Appukuttan Nair Rekha, Jem
Prabhakar, Katoor Jayasree

The invention relates to biomarkers useful
for detection of types, grades and stages of
human breast cancer. The present invention
particularly relates to the development of
these identified biomarkers as a miRNA chip
for the early and accurate diagnosis of
human breas t cancer. Th i s pa ten t
application highlights the novelty in the
utility of these miRNAs, that they could be
used as a diagnostic kit (miRNA chip) for
early and accurate detection of breast
cancer grades, stages and subtypes. Few to
hundreds of samples can be checked within
a span of 2 to 3 hrs and hence this becomes
an easy, fast, robust and high throughput
technology for screening program for early
detection of breast cancer.

CanadaPatent No. US20150080244 A1,
2852384A1, date: 19/03/2015, Status-
Application

• WDR13 as a novel biomarker useful for
treating diabetes and cancer

Inventors: Satish Kumar, Vijay Pratap Singh

WD-repeat proteins are very diverse, yet
these are structurally related proteins that
participate in a wide range of cellular
functions. WDR13, a member of this family,
is conserved from fishes to humans and
localizes into the nucleus. To understand the
in vivo function(s) of Wdr13 gene, we have
created and characterized a mutant mouse
strain lacking this gene. The mutant mice

had higher serum insulin levels and
increased pancreatic islet mass as a result of
the enhanced beta cell proliferation. While a
known cell cycle inhibitor, p21, was down
regulated in the mutant islets overexpression
of WDR13 in the pancreatic MIN6 cell line
r e s u l t e d i n u p r e g u l a t i o n o f p 2 1 ,
accompanied by retardation of cell
proliferation. We suggest that WDR13 is a
novel negative regulator of the pancreatic
b e t a c e l l p r o l i f e r a t i o n . C o -
immunoprecipitation experiments showed
that this protein interacts with estrogen
receptors and various HDACs. We provide
evidence to show that WDR13 can regulate
estrogen receptors-mediated transcription
both in HDAC-dependent and HDAC-
independent manner. Given the higher
insulin levels, better glucose clearance and
the lack of insulin resistance in WDR13
deficient mice, we propose that this protein
may be a potential candidate drug target for
ameliorating impaired glucose metabolism
in diabetes.

date.01/12/2015,Patent No. US 9198986,
Status- In Force

• Protein nanostructures for the delivery of
therapeutic agents to the anterior segment
of the eye

Inventors: Saad Mohammad Ahsan,
Chintalagiri Mohan Rao

• Recombinant protein based method for the
delivery of silencer rna to target the brain

Vijaya Gopal,Ghulam HassanInventors:
Dar

• Small heat shock proteins as inclusion body
tags for peptide synthesis and purification

Saad Mohammad Ahsan,Inventors:
Abhishek Asthana, Srinivas Volety, Raman
Bhaktisaran, Ramakrishna Murti Tangirala,
Sridhara Rao Kunchela, Mohan Rao
Chintalagiri
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• Novel chlorin based compounds, a process
for preparation thereof and use as
photodynamic therapeutic agents and
fluorescent probes

Marydasan Betsy, BollapalliInventors:
Madhuri, Danaboyina Ramaiah, Kunchala
Sridhar Rao, Chintalagiri Mohan Rao,
Tavarekere K. Chandraheka, Suneesh C.
Karunakaran

• Production of metal nanoparticles in
aqueous solution

Sankalp Vinod Agarwal, ShyamInventors:
Sunder Reddy, Marshal
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Appendix VII: Technologies commercialized

• Universal Primer Technology:

Technology transferred toM/s. Innobate
Technologies, New Delhi on 28th April
2010

Sunil Kumar Verma, Lalji singhInventors:

This technology deals with a method for
identification of the specific species from a
given biological sample

The invention provides novel universal
primers that can amplify the fragment of
cytochrome b gene of any animal species in
polymerase chain reaction (PCR) and reveal
the identity of the biological material of any
unknown animal origin

• DNA markers for assessing seed purity:

Technology transferred to M/s DuPont India
Pvt. Ltd., Hyderabad on 15th Dec 2012.

Ramesh Sonti V, Jamir YInventors:

A DNA marker that is amenable for
automation to distinguish cytoplasmic male
sterile from cognate maintainer lines

The invention relates to DNA markers
specific to WA cytoplasmic male sterile lines
of rice, for assessing seed purity and a
method for ensur ing the pur i ty of
cytoplasmic male sterile lines of rice using
the said DNAbased markers.

• Improved Samba Mahsuri rice variety:

Technology transferred to M/s Sribiotech
Laboratories(I) Ltd., Hyderabad

and to M/s Metahelix Life Sciences.
Bangalore, second licensee on 8th Jan 2015:

Ramesh V Sonti, M R VishnuInventors:
Priya and DRR Scientists

Developing a variety of seeds of bacterial
blight resistant rice variety with good yield
and fine quality characteristics of Samba
Mahsuri

The invention relates to develop Improved
Samba Mahsuri (RP Bio-226) which is a high
yielding fine grain rice variety. The variety
was developed using Marker assisted
selection and has three major bacterial
blight resistance genes Xa21, xa13 and xa5.

This variety was developed jointly by CCMB
& Directorate of Rice Research (DRR),
Hyderabad, India.

• Process for producing Polypeptides:

US Patent No. 5830690

Technology transferred to M/s Li fe
Technologies, Inc. USA (Renamed as
Invitrogen ) on 23rd June 1997

Inventors: Jayaraman Gowrishankar,
Poonam Bhandari, Kaveti Rajkumari

The invention relates to the construction and
use of novel expression systems that make
use of DNA sequences encoding a promoter
or promoters along with cis-regulatory
elements, such as those for proU, that permit
osmotical ly inducible ini t ia t ion of
transcription in bacteria;

The expression systems of the present
invention can be used to efficiently
hyperexpress heterologous gene products
including proteins or polypeptides;

The invention provides methods for
construction of vectors and strains enabling
NaCl - induced hyperexpres s ion o f
heterologous gene products in several
organisms such as Escherichia coli.



1

SOCIETAL IMPACT ASSESSMENT OF CENTRE FOR CELLULAR AND  MOLECULAR BIOLOGY

95

Methods for NaCl-induced hyperexpression
of heterologous gene products, including
proteins or polypeptides, using the said
novel combinations in a variety of
organisms such as , and furtherE coli
purification of the gene product of interest in
either laboratory or industrial scale
production systems.

The total license fee received from M/s
Invitrogen- Life Technologies ,USA from the year
1997 to 2006 is Rs.97,10,541/-.

T h e c o m p a n i e s t h a t C C M B h a s r u n
projectsworked with in different capacities are:

Shantha Biotechnics Pvt Ltd
Dr Reddy’s Laboratories
Dabur Research
Bangalore Genei Pvt Ltd
EID Parry Ltd
DuPont India Pvt India
M/s Life Technologies Inc
Biological E Ltd
XCyton Diagnostics Ltd
Innobate Technologies Ltd
Vittal Mallya Scientific Research Foundation
Ingenovis, ilabs Ltd
Panacea Biotec Ltd
Textan Chemicals Pvt Ltd

Bioserve Biotech Pvt Ltd
Avestha Gengraine Tech Pvt Ltd
International AIDS Vaccine Initiative, Inc
Magene Life Sciences Pvt Ltd
Unique Biotech Ltd
Indraprastha Medical Corp Ltd
Celestial Labs Ltd
GVK Biosciences Pvt Ltd
Vivo Bio Tech Ltd
Bioplus Life Sciences Pvt Ltd
Matrix Laboratories Ltd
Biorad Laboratories (India) Pvt Ltd
Reliance Life Sciences Pvt Ltd
Sandor Proteomics Pvt Ltd
Truth Labs
KLES Diabetes Centre
Kashyap Life Sciences Pvt Ltd
GEoCoDE European Union
AGADAMedical Technologies Pvt Ltd
Golden Helix
Astrel Genome Ltd
USV Pvt Ltd
Torrent Pharmaceuticals
Viridis Biopharma Pvt Ltd
Sribiotech Laboratories (I) Ltd
Metahelix Life Sciences
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Appendix VIII: List of Reviewers

1. R. Mashelkar
President,
Global Research Alliance, Pune , India

2. A.V. Rama Rao,
Chairman & Managing Director,
AVRA Laboratories Pvt. Ltd., Hyderabad

3. Fred Maxfield
Department of Biochemistry  Room A116
Weill Cornell Medical College, New York

4. G. Padmanaban
Former Director of IISc
NASI Senior Scientist, Department of Biochemistry
Indian Institute of Science, Bangalore

5. M.R.S. Rao
Chromatin Biology Laboratory
Molecular Biology and Genetics Unit (MBGU)
Jawaharlal Nehru Centre for Advanced Scientific Research
Bangalore
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