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Modern biology in the present era is highly diversified, as we witness a number
of sub-disciplines in the areas such as biochemistry, immunology, microbiology,
molecular biology, plant and animal anatomy, physiology, cytogenetics, plant
morphogenesis, etc. This expansion of diversity in modern biology is mainly due
to bringing into fold subjects such as physics, chemistry, and mathematics, which
greatly had helped us to understand the intricate and finer details of structural and
functional activities of cells and organisms.

The immense progress that has been made in the science of biotechnology, till
now, has greatly improved the health conditions and welfare of the humanity.

Biotechnology employs molecular biology and genetics to create improved
agricultural products, food, animal feed, industrial materials and medicines.
Biotechnology is helping in playing a pivotal role in the prevention of environmental
degradation and in conserving water and soil. Now, and even more so in the near
future, biotechnology will provide consumers with foods improved in taste and
nutritional quality. Millions of people worldwide have been treated or helped by
drugs and vaccines developed using various techniques involved in biotechnology.
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In one form or other, biotechnology has flourished since prehistoric times. When
the ancient people began to cultivate crops and feed animals, they were quite
unaware of the knowledge they are already knowing from biotechnology. They
learnt biotechnology unknowingly when they converted fruit juices to wine by
fermentation; milk to cheese or yogurt; and malt and hops to beer. They were
involved in the manipulation of biotechnology when the first animal breeders
realized that different physical traits could be either magnified or lost by mating
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appropriate pairs of animals. The first bakerers were totally ignorant of the fer-
mentation by yeast when they made their loaf of bread very soft and spongy.

‘Biotechnology’ in its purest form refers to the use of living organisms or their
products to modify human health and environment. In the mid-forties, more
interest was shown to produce antibiotics in mass scales involving bioreactors.
In later stages, biotechnology was also involved in the highly complex molecular
processes such as the introduction of any other genes from plants, animals, or
microbes to any other recipient cell through recombinant DNA technology.
Several pharmaceutical industries were involved in research activities involving
the production of newer vaccines and interferons.

The all important miracle antibiotic, penicillin, was produced on a commercial
scale. The techniques followed were:

a) isolation of the organism that could produce anti-microbial substance,
followed with inter screening/selection procedures; and

b) showing improvements in mass production through improved and updated
version in fermentation technology processes. High yielding strains of
microorganisms were obtained through mutagenesis.

Today, the science of biotechnology embraces wider vistas such as study and
discovery of nucleic acids, heredity and genes, functions of genes, regulation of
gene activity, cloning of genes, proteomic study, human genomic study, creation
of transgenic crops, plants, animals and microbes, prevention of environmental
degradation through biotechnological process, gene repair and gene therapy,
making of newer drugs for disease control etc.

The intestinal bacterium, Escherichia coli, attracted much attention since it
became a model organism for much of biotechnological work. This bacterium is
very much exploited for making different proteins by the introduction of genes
from other organisms.

One of the more striking discoveries of the 20th century was the native and
denatured states in many proteins, which were inter convertible, and by careful
control of solution conditions (for example, dialyzing away a denaturing
chemical), a denatured protein could be converted to native form. The issue of
how proteins arrive at their native state is an important area of biochemical study,
called study of protein folding (protein engineering).

Classical fermentation enables one to produce products much faster than it was
possible earlier. Proteins, which are available in smaller quantities, may be allowed
to be produced in larger quantities through biotechnological applications. This can
be demonstrated by the fact that the gene for insulin, after having been introduced
into the recipient living cell, namely, E. coli, had started translating the genetic
code for the synthesis of insulin in larger quantities. Also, the spectrum of
‘bioreactors’ (organisms used for production) has been broadened to include a
variety of animals and plants including microbes.
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Although there are enormous benefits in the healthcare programmes and food
production through genetic engineering of crops, fertilizers, pesticides, vaccines
and in aquacultures, the implementation of various biotechnological processes and
techniques depends upon the acceptance by the consumer forum. Whatever is the
criticism that the public may be having in their minds, ultimately the benefits of
biotechnology  will speak for itself.

Some people are concerned that biotechnology will produce unforeseen
problem for human or environmental safety. There are certain binding procedures
and standards including certain tests to be conducted by the participating
companies and organisations involved in biotechnology procedures. There are
regulatory agencies in several countries that are monitoring the products of
biotechnology, considering their safety levels.

World Health Organization (WHO) and United Nations Food and Agriculture
Organization are the regulatory agencies that provide the necessary certification
for the safety of the products produced by respective companies.

It is imperative that the consumers should have the right to know what is in
their food. Labeling of product is essential, as it gives enough information about
the product to the consumer. All information provided should be science-based,
understandable, accurate, and essentially useful.
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Pursuing biotechnology is best at the postgraduate level. Students who have
fundamental knowledge in chemistry, physics, biology or biochemistry are apt
condidates to take up the study of biotechnology. This observation was made by
the visiting Director, Christopher R. Lowe, Institute of Biotechnology at the
University of Cambridge, United Kindom.

The Institute of Biotechnology, founded in 1988, works in a range of areas
such as biosensors, optics, electrochemistry, polymers, proteomics, spectroscopy,
cell cycle control, genetics, protein engineering, molecular biology, waste water
processing, medical and animal biotech areas. Each of these areas requires the
knowledge of one or the other basic science. Successful work in biotech research
lied in the mindset of working in high-end original areas and a good business plan
to convert research into good enterprise.

Research insititute should weave in business enterprise as part of biotechnology
course. This helped a student to convert an idea into a successful business plan.
Well trained postgraduates interface with and move towards knowledge based
industry and be reasonably entrepreneurial. If a similar model has to be replicated
in India or the third world, the focus of an institution should be sound R and D,
good financial plan, right experts in the group, venture capitalists and the right
high-end equipment.
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“At the core is a sound academic base around which comes up research
enterprises that get external support from the industry”.

When a decision has been made to create a company, it is important to have
that kind of mindset, which will create the scientific infrastructure, its complex
equipments, organise the instrumentation, the system.  ....Then it was question of
making people invest in the company, find the start up fund look for venture
capitalists and finally big industry investment for the research work. It is a matter
of gathering experts in this complex discipline of research. (K, Ramachandran,
The Hindu, Aug.14)
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In the past, biotechnology has borrowed best knowledge from biology, genetics,
husbandry and agriculture. Some 6,000 years ago, what could be classified as
biotechnological in nature was the baking of bread and brewing of wine with the
help of yeast by the Egyptians. Shortly thereafter, inhabitants of the Mesopotamian
region discovered how to change wine into vinegar. The Greeks discovered that
by rotating their crops much more yield could be attained. Since scientific
knowledge was unkown then, these practices, though biotechological, were much
more an art than a science. These people-groups had no scientific explanations by
which to elucidate them.

Interestingly, even the Bible records a story with a biotechnological
undercurrent. In Genesis 30, Jacob is recorded as being the incharge of Laban’s
flocks. As Laban was to pay Jacob for his service, Jacob requested every “spotted
sheep”, every “dark-coloured lamb” and every “spotted goat”. As Jacob watched
his newly-acquired flocks, as well as continued to watch over Laban’s flocks, he
intermated the flocks to obtain strong, speckled or spotted sheep and goats. In
other words, he deliberately made an attempt to cross breed the inter-specific
species and put biotechnology to work for him.

In the mid-to-late 1800’s, Louis Pasteur performed many experiments leading
to a rudimentary understanding of the roles of microorganisms including the
basics of fermentation. While Pasteur was studying microorganisms, his
contemporary, Mendel was finishing his pioneering work, “the chromosomal
theory of inheritance”. In it he demonstrated that heredity was mathematically
predictable. A few decades later, in the early 20th century, Wilhelm Johannsen
coined the phrase ‘gene’, and Thomas Hunt Morgan established the link between
these genes and Mendel’s chromosomes. Then, in 1944, Oswald T. Avery, et.al.,
determined that DNA was the ‘inheritable transcript’ or the ‘transforming
principle’ that was passed on from generation to generation and determined what
the offspring would be.

In 1953, Watson and Crick made one of the most revealing of scientific
breakthroughs of all time—they indicated that DNA was found as a
double-stranded helix made of polynucleated strand, with adenine pairing with
thiamine, and guanine always pairing with cytosine.
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Description Year

Austrain Monk proposes laws of heredity. He had cross-bred pea plant. A
local journal published his theories, which were ignored for 30 years.

German embryologist Walther Fleming was examining salamander larvae
under microscope. He noticed tiny threads within cell’s nucleus. They were
dividing. These threads were identified as chromosomes.

Francis Galton coined the term “Eugenics”. He was the man who pronounced
improving the human condition via selective breeding.

Thomas Hunt Morgan’s experiments with fruit flies reveal that some
genetically determined traits are sex-linked. His work verifies that genes re-
side on Chromosomes.

Hermann Muller discovers that X-rays can cause genetic mutations in fruit
flies.

Oswald Avery, Colin Macleod and Maclyn McCarty demonstrated that DNA,
not protein is the hereditary material. They worked with the bacterium
Pneumococcus.

James D. Watson and Francis Crick published their paper on nature and
structure of DNA. The double helical strand of DNA was shown by them.

The Tobacco Mosaic Virus was separated with nucleic acid and protein as
separate entities and were reassembled by Heinz Fraenkel Conrat.

Nobel Leureate Arthur Kornberg synthesizes infectious viral DNA.

The first oncogene in a virus discovered by virologist Peter Duesbery and
Peter Vogt

Bruce Ames develops a test to identify chemicals that damage DNA. This test
is used to identify Carcinogenic substances.

The first construction of a recombinant DNA molecule containing genetic
material from two different species. This work was successfully attempted
by Cohen, Annie Chang, Herbert Boyer and Robert Helling.

Stanley Cohen and Herbert Boyer demonstrated the expression of a foreign
gene implanted in bacteria by recombinant DNA methods. Cohen and Boyer
had shown that DNA can be cut with a restriction enzyme, joined together
with other enzyme, and reproduced by inserting the DNA into Escherichia
coli.

J. Michael Bishop and Harold Varmus showed that oncogenes appear on
animal chromosomes, and alternatives in their structure or expression results
in Cancer.

Biochemists Bill Rutler and Howard Goodman isolated gene for rat insulin.

Somatostatin, a human growth hormone releasing inhibitory factor, the first
human protein to be expressed and produced in a microorganism was
produced by Genentech Inc. a US based company.

Genentech Inc. and The City of Hope National Medical Centre announced the
successful laboratory production of human insulin using recombinant DNA
technology.

John Baxter and his colleagues at American Federation for Clinical Research
report the cloning of the gene for human growth hormone.

Stanford recieves a process patent to make mirror-image molecules known
as Chimeras, an important step in developing new pharmaceuticals.

1866

1882

1883

1910

1926

1944

1953

Oct/1956

Dec/1967

Dec/1970

 March/1973

Nov/1973

 June/1974

March/1976

June/1977

Dec/1977

Sep/1978

May/1979

Dec/1980
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Stanley Prusiner describes a new pathogen, coined as ‘prion’. It contributes to
degenerative brain diseases.

Applying phosphoramadite chemistry, DNA synthesis instruments are used to
manufacture synthetic DNA used in probes, primers and gene constructs,
Initiated by Applied Biosystems Inc.

Pasteur Institute at Paris and UCSF lab isolate AIDS virus.

First cloning and sequencing of the entire human immunodeficiency virus
(HIV) genome was announced by Chiron Corporation.

Monty Krieger describes in Nature the cloning of a gene that could lead to an
atherosclerosis therapeutic for heart disease.

Calgene Inc. announces the first successful field trial of genetically
engineered cotton plants for use with herlvicide bromoxynil.

The first transgenic dairy. cow, created by Genpharm  International Inc. is
born. The cow will be used to produce milk proteins to make infant formula.

The Human genome project begins: goal is set for mapping the entire human
genome by 2005.
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Although, India is far lagging behind in biotechnology research when compared
to the developed countries such as European States, Canada , Japan and the United
States, the scientists in India are equally competing with the scientists in China,
Japan, Australia and Korea. India has the potential and brain power to show
increased activities in the field of biotechnology. Biotechnology provides
revolutionary promises in healthcare, industrial processing, agriculture and
environmental sustainability. Indian biotech sector is the third largest in the Asian
region after China and Australia. It is capable of earning $ 5 billion and has the
potential to generate 1 million jobs by 2010. Indian government is focusing on
education and infrastructure in order to establish capabilities in the area of
biotechnology.

The National Science and Technology Policy of the government and the Vision
Statement on Biotechnology issued by the Department of Biotechnology (DBT)
had laid certain strategic directives for the manufacturers of products of
biotechnology in India.
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There is a substantial growth in the biomedical research in India. This has helped
the academic and research institutions to develop. The private sector is very much
benefitted from the developments. The commercial potential in the field of
biotechnology is very much evidenced from the fact that the United States Patent
and Trademark Office had granted several patents between 1991 and 2002.

April/1982

March/1983

Nov/1983

 Sep/1984

 Feb/1990

March/1990

Dec/1990

June/1990
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• The need to scale up proven technologies such as diagnostics and
vaccines.
Biotech in India still lacks the infrastructure required for R and D in
molecular modelling, protein engineering, drug designing and
immunological studies. The DBT will act to facilitate a single window
clearance machanism for the establishment of biotech plants and
encourage private participation in infrastructure development.

• The need to augment the number of Ph.D programmes in life science
and biotechnology.
This aspect would create strong pool of academic leaders, which is critical
to sustained innovation. A National Task Force will be created to formulate
model undergraduate and postgraduate curricula, attract talent to life
sciences, and enable working conditions for scientists to undertake
industry oriented research.

• The need for government support, fiscal incentives and tax benefits are
crucial to this sector, as biotechnology is the most research intensive
industry and Companies invest 20-30% of their operating costs on R and
D or technology outsourcing. Financial support is needed for the product
development.

• India’s strategy should aim at increasing value from R and D investment
and IPR generation. India needs to provide active support through
incubator funds and provision of various incentives; the ability to create a
continuous pipeline of products. Clear government policies for promotion
of innovation and commercialization of knowledge will propel growth of
the biotechnology sector.

• Establishment of biotechnology parks to provide a viable mechanism for
licensing new technologies to upcoming biotech companies to start new
ventures and achieve early stage value enhancement of technology with
minimal financial inputs. Parks facilitates transfer of technology by serving
as an impetus for entrepreneurship through partnership among innovators
from academia, R and D in institutions and industry.

• Creation of small business Innovative Research Initiative (SBIRI) scheme
through DBT to support small and medium size enterprises through grants
and loans. The scheme will support early stage innovative research and
provide mentorship.

• Need for a scientific, rigorous, transparent, efficient and consistent
regulatory mechanism for biosafety evaluation; a single National
Biotechnology Regulatory Authority should be established and governed by
an independent administrative  structure.

In the words of Dr. Bhan, “The biotech policy of India is continuously
evolving, but its basic concepts have been settled for creating a vibrant industry,
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wealth generation, and whatever biotechnology has to offer the country. The
whole policy framework has been structured around how to use biotechnology
in a pragmatic and sensible way for the betterment of the masses.
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Knowing well the importance and potential of biotechnology, the government of
India set up the National Biotechnology Board in 1982, which became a full
pledged department (called as Department of Biotechnology, DBT) in 1986 under
the Ministry of Science and Technology. DBT supported the establishment of
Centres for Plant Molecular Biology (CPMB) in 1990. A total of six such centres
were set up initially at various Universities/institutions namely, Jawaharlal Nehru
University (New Delhi); Madurai Kamaraj University (Madurai); Tamil Nadu
Agricultural University (Coimbatore); Osmania University (Hyderabad); National
Botanic Research Institute (Lucknow); and Bose Institute (Kolkata). A seventh
centre was established at the University of Delhi, South campus, in 1997.
The DBT has supported over the last 12 years a large number of research projects.
Several projects dealing with basic research in plant molecular biology,
development of transgenics with genes of agronamic importance, and
development of in vitro regeneration and genetic transformation protocols of
important crop species are some of the major projects sponsored by DBT. A
number of multi-institutional projects have been launched, which include
development of transgenics for resistance to geminiviruses in cotton; resistance to
rice tungra disease, resistance to bollworms in cotton, and development of
molecular methods for heterosis breeding. A number of molecular markers linked
to grain protein content, seed size, bread-making quality etc. have been identified.
A new institute, National Centre for Plant Genome Research (NCPGR) has been
established in New Delhi, with an objective to strengthen plant biotechnology
research in India. This institute is being established for strengthening research in
the area of crop biotechnology.

�,+'�1!1"#�%#",!&1

Rice is the staple food crop for the people of India, and it holds the key to the food
security of the country. DBT and the Indian Council of Agricultural Research
(ICAR), after consultation with the experts at the National and International level,
jointly took the initiative to participate in the International Rice Genome
Sequencing Programme (IRGSP) in June, 2000. Two laboratories in  India—one
at the University of Delhi, South Campus, and the other at Indian Agricultural
Research Institute (IARI) in New Delhi are jointly sequencing part of
chromosome II (region between 57.3 cm and 110.1 cm of the genetic map).
Around 15.58 Mb of DNA was already sequenced by December, 2002. The
project on genome sequencing will also allow rapid progress in the
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