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Biotechnology  

 

Biotechnology is that branch of science which gained popularity in the 1970s. This 
is a Science which through different biological processes exploits organisms, cells, 
or/and cellular components to develop new technology. 

Biotechnology is proven to be very useful in the field of agriculture, medicine, 

industry, and environmental studies. 

The Different Categories in Biotechnology 

Red Biotechnology 

This technology is used in the field of medicine to do research and develop new 

drugs. It makes use of stem cells to regenerate damaged human tissue. 

Green Biotechnology 

This technology is used in the field of agriculture to research and develop pest-

resistant solutions. As part of Green Biotechnology, research activities are also done 

for disease-resistant animals. 

White Biotechnology 

This technology used in the field of industry to research and develop new 

chemicals or for the development of new fuels for vehicles. 

Blue Biotechnology 

This technology is used in the field of marine and aquatic environment to research 

and develop new techniques to control the proliferation of noxious water-borne 

organisms. 

Deoxyribonucleic Acid 

Deoxyribonucleic Acid or simply DNA is a micro element that specialized in carrying 

the genetic information in all cellular forms.  

As it is a natural polymer of nucleotide; therefore, it is known as polynucleotide. 

Most of the DNA molecules consist of two biopolymer strands, which remain coiled 

around each other and form a double helix structure (as shown in the image ). 

DNA is a storehouse of biological information. 

In 1869, DNA was first isolated by Friedrich Miescher; however, the molecular 

structure was first identified by James Watson and Francis Crick in 1953. 

Application of DNA Science in Technology 

Genetic Engineering 

The technology is used in developing genetically modified organisms, frequently 

used in agriculture. 



                                                                                   Biotechnology Lecture-1  

 pg. 2 

DNA Profiling 

This is done by forensic scientists; they take blood sample, semen, skin, body hair, 

saliva, etc. to identify people based on their DNA. This comes as great help in cases 

such as where the criminals need to be identified or the biological parentage of a 

child needs to be identified. 

Bioinformatics 

It is a technique to store, data mine, search, and manipulate biological data. It is 

largely applied in Computer Science. For example, it is used in string searching 

algorithms, machine learning, etc. 

DNA Nanotechnology 

This technology is used in molecular recognition, i.e., learning the properties of DNA 

and other nucleic acids. 

Anthropology 

DNA technology greatly helps anthropologists to understand the evolutionary history 

of organisms. 

Ribonucleic Acid 

Ribonucleic Acid or simply RNA is a nucleic acid that helps in coding, decoding, 

regulation, and expression of genes. Unlike DNA, RNA is found as a single-strand 

folded onto itself, rather than a paired double-strand (see the image given below – a 

comparative structure is shown). 

Cellular organisms normally use messenger RNA, i.e., mRNA to convey genetic 

information. 
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Uses of Biotechnology Agriculture 

▪ Alternative of conventional farming: Use of genetically modified crops is a 
possible solution. It is an alternative path to conventional farming. 

▪ The understanding of genetics could enable farmers to obtain maximum yield 
from their fields and to minimise the use of fertilisers and chemicals so that their 
harmful effects on the environment. 

▪ Genetically Modified Organisms (GMO): Plants, bacteria, fungi and animals 
whose genes have been altered by manipulation are called Genetically Modified 
Organisms (GMO). GM plants have been useful in many ways. Genetic 
modification has: 
 

▪ Made crops more tolerant to abiotic stresses (cold, drought, salt, heat). 
▪ Reduced reliance on chemical pesticides (pest-resistant crops). 
▪ Helped to reduce post-harvest losses. 
▪ Increased efficiency of mineral usage by plants (this prevents early 

exhaustion of fertility of soil). 
▪ Enhanced nutritional value of food, e.g., golden rice, i.e., Vitamin ‘A’ 

enriched rice. 
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Genetically modified biopesticide: Bt toxin is produced by a bacterium called 
Bacillus thuringiensis (Bt for short). 
 

▪ Bt toxin gene has been cloned from the bacteria and been expressed in 
plants to provide resistance to insects without the need for insecticides 

▪ In effect created a bio-pesticide. Examples are Bt cotton, Bt corn, 
rice, tomato, potato and soyabean etc. Bt Cotton. 
 

▪ Some strains of Bacillus thuringiensis produce proteins that kill certain 
insects such as lepidopterans (tobacco budworm, armyworm), 
coleopterans (beetles) and dipterans (flies, mosquitoes). 

 

 
▪ B. thuringiensis forms protein crystals during a particular phase of their 

growth. These crystals contain a toxic insecticidal protein. 

Use of Biotechnology in Medicine 

▪ The recombinant DNA technological processes have made immense impact in the 
area of healthcare. It enables mass production of safe and more effective therapeutic 
drugs. 

▪ The recombinant therapeutics do not induce unwanted immunological responses as is 
common in case of similar products isolated from non-human sources. 

Genetically Engineered Insulin 

▪ Management of adult-onset diabetes is possible by taking insulin at regular time 
intervals. 

▪ Insulin consists of two short polypeptide chains: chain A and chain B, that are linked 
together by disulphide bridges. 

▪ In mammals, including humans, insulin is synthesised as a prohormone. 
 

Gene Therapy 

▪ If a person is born with a hereditary disease, can a corrective therapy be taken for such 
a disease. Gene therapy is an attempt to do this. 

▪ Gene therapy is a collection of methods that allows correction of a gene defect that has 
been diagnosed in a child/embryo. 

▪ Genes are inserted into a person’s cells and tissues to treat a disease. 

▪ Correction of a genetic defect involves delivery of a normal gene into the individual or 
embryo to take over the function of and compensate for the non-functional gene. 

Molecular Diagnosis 

▪ For effective treatment of a disease, early diagnosis and understanding its 
pathophysiology is very important. 

▪ Using conventional methods of diagnosis (serum and urine analysis, etc.) early 
detection is not possible. Some of the techniques that serve the purpose of early 

https://www.drishtiias.com/loksabha-rajyasabha-discussions/in-depth-dna-technology-bill
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diagnosis are: 
 

o Recombinant DNA technology, 

o Polymerase Chain Reaction (PCR) and 

o Enzyme Linked Immuno-sorbent Assay (ELISA). 

▪ Presence of a pathogen (bacteria, viruses, etc.) is normally suspected only when the 
pathogen has produced a disease symptom. 

▪ However, the concentration of pathogens is already very high in the body. 

▪ With molecular diagnosis, very low concentration of a bacteria or virus can be detected 
by amplification of their nucleic acid by PCR. 

CRISPR technology 

▪ It is a simple yet powerful tool for editing genomes. It allows researchers to easily alter 
DNA sequences and modify gene function. 

▪ CRISPR-Cas9 was adapted from a naturally occurring genome editing system in 
bacteria. 

▪ The bacteria capture snippets of DNA from invading viruses and use them to create 
DNA segments known as CRISPR arrays. 

▪ The CRISPR arrays allow the bacteria to remember the viruses 

▪ If the viruses attack again, the bacteria produce RNA segments from the CRISPR 
arrays to target the viruses' DNA. 

▪ It is being explored in research on a wide variety of diseases, including single-gene 
disorders such as cystic fibrosis, hemophilia, and sickle cell disease 

Transgenic Animals 

▪ Animals that have had their DNA manipulated to possess and express an extra 
(foreign) gene are known as transgenic animals. 

▪ Transgenic rats, rabbits, pigs, sheep, cows and fish have been produced, although 
over 95 per cent of all existing transgenic animals are mice. They have numerous 
utilities. 
 

Normal physiology and development: Transgenic animals can be specifically designed 
to allow the study of how genes are regulated, and how they affect the normal functions 
of the body and its development. 
 

• E.g. study of complex factors involved in growth such as insulin-like growth 
factor. 

• By introducing genes from other species that alter the formation of this factor 
and studying the biological effects that result, information is obtained about 
the biological role of the factor in the body. 

Study of disease: Many transgenic animals are designed to increase our understanding 
of how genes contribute to the development of disease. 
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• These are specially made to serve as models for human diseases so that 
investigation of new treatments for diseases is made possible. 

• Today transgenic models exist for many human diseases such as cancer, 
cystic fibrosis, rheumatoid arthritis and Alzheimer’s. 

Biological products: Medicines required to treat certain human diseases can contain 
biological products, but such products are often expensive to make. 
 

• Transgenic animals that produce useful biological products can be created 
by the introduction of the portion of DNA. 

• These DNA codes for a particular product such as human protein (α-1-
antitrypsin) used to treat emphysema. 

• Similar attempts are being made for treatment of phenylketonuria (PKU) and 
cystic fibrosis. 

• In 1997, the first transgenic cow, Rosie, produced human protein-enriched 
milk. 

• The milk contained the human alpha-lactalbumin and was nutritionally a 
more balanced product for human babies than natural cow-milk. 

Vaccine safety: Transgenic mice are being developed for use in testing the safety of 
vaccines before they are used on humans. 
 

• Transgenic mice are being used to test the safety of the polio vaccine. 

• If successful and found to be reliable, they could replace the use of monkeys 
to test the safety of batches of the vaccine. 

Chemical safety testing: This is known as toxicity/safety testing. 
 

• The procedure is the same as that used for testing toxicity of drugs. 

• Transgenic animals are made that carry genes which make them more 
sensitive to toxic substances than non-transgenic animals. 

• They are then exposed to the toxic substances and the effects studied. 

• Toxicity testing in such animals will allow us to obtain results in less time. 

Biotechnology in India 

▪ The Department of Biotechnology manages most of the programmes 
of biotechnology sector in India. It is under the Ministry of Science and 
Technology. 
 

▪ Genetic Engineering Appraisal Committee (GEAC) 
 

The GEAC functions under the Ministry of Environment, Forest and 
Climate Change (MoEF&CC). 

It is responsible for the appraisal of activities involving large-scale use of 
hazardous microorganisms and recombinants in research and industrial 
production from the environmental angle. 

https://www.drishtiias.com/daily-updates/daily-news-editorials/biotechnology-sector-in-india
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The committee is also responsible for the appraisal of proposals relating to the 
release of genetically engineered (GE) organisms and products into the 
environment including experimental field trials. 

GEAC is chaired by the Special Secretary/Additional Secretary of MoEF&CC 
and co-chaired by a representative from the Department of Biotechnology 
(DBT). 

▪ Recently, the Society of Biotechnology of India (SBPI) promoted transformation 
changes and approaches towards core research in modern biotechnology so that the 
outcome could lead to more products and technologies for economic and social gain. 

The programs undertaken in agriculture 
 

▪ Wheat Genome Sequencing Programme 
▪ Rice Functional Genomics 
▪ Crop Biofortification and quality improvement programme 
▪ National Plant Gene Repository programme 
▪ Next Generation Challenge Programme on Chickpea Genomics, 

 
 

 

https://www.drishtiias.com/daily-updates/daily-news-analysis/society-of-biotechnology-of-india

