BASIC PRINCIPLES OF GENETIC ENGINEERING

Introduction

Genetic engineering, also called recombinant DNA technology, refers to the direct
manipulation of an organism’s genetic material by artificial means. Unlike traditional breeding
or selection, which depend on naturally occurring variations, genetic engineering allows
scientists to remove, modify, or insert genes in a controlled and precise manner.

e The concept was introduced in the 1970s by pioneers such as Paul Berg, Herbert
Boyer, and Stanley Cohen.

e The field has since grown into one of the most revolutionary areas in modern biology,
with applications in medicine, agriculture, industry, and environmental protection.

o Example: The production of human insulin using genetically engineered E. coli was
one of the first great successes of recombinant DNA technology, replacing animal-
derived insulin in diabetic treatment.

The basic principles involve a series of coordinated steps: isolation of genetic material,
cutting of DNA, joining into a vector, transfer into host cells, selection of recombinants,
expression of genes, and product recovery.

1. Isolation of Genetic Material (DNA)

The first principle in genetic engineering is to obtain pure DNA from the organism carrying
the gene of interest.

o Cell lysis: The cell wall/membrane is disrupted using enzymes (lysozyme for bacteria,
cellulase for plants) or detergents.

o Separation: Proteins and lipids are removed by treatment with proteases or organic
solvents.

o Purification: RNA is removed by RNase enzymes, leaving behind pure DNA.

o Final product: The isolated DNA is free of contaminants and suitable for further
processing.

7 Example: DNA isolated from human pancreatic cells may contain the insulin gene.

2. Cutting of DNA at Specific Sites

Once the DNA is isolated, it must be cut at precise locations to separate the desired gene. This
is achieved by restriction endonucleases.

e Definition: Restriction enzymes are molecular scissors that cut DNA at specific
palindromic sequences (e.g., GAATTC).
o Types of cuts:
o Sticky ends: Overhanging sequences, easy to join with complementary DNA.
o Blunt ends: Straight cuts, more difficult to ligate.
e Enzymes like EcoRI, HindIIIl, and BamHI are commonly used.



P Example: The insulin gene can be cut from human DNA using EcoRI, producing sticky
ends for easy insertion into vectors.

3. Amplification of Gene of Interest

Since the gene of interest is usually present in small amounts, it needs to be multiplied.
e Polymerase Chain Reaction (PCR): An in vitro technique that creates billions of
copies of a gene using cycles of denaturation, annealing, and extension.

e Cloning within host organisms: Alternatively, once inserted into a plasmid, the gene
is naturally copied as the host cell divides.

> Example: PCR is often used to amplify viral DNA for vaccine development.

4. Insertion of Gene into a Vector

A vector is a carrier DNA molecule that transfers the gene of interest into the host cell.
e Plasmids: Small, circular DNA found in bacteria, replicate independently.
o Bacteriophages (phage vectors): Viruses that infect bacteria, useful for high-
efficiency gene transfer.
e Cosmids, BACs (Bacterial Artificial Chromosomes), YACs (Yeast Artificial
Chromosomes): For cloning larger DNA fragments.
Features of a good vector:
1. Origin of replication (ORI) — ensures replication inside the host.

2. Selectable marker — usually antibiotic resistance genes.
3. Multiple cloning site — unique restriction sites for gene insertion.

P Example: The pBR322 plasmid is one of the most commonly used vectors in genetic
engineering.

5. Joining of DNA — Recombinant DNA Formation

The cut donor DNA and vector DNA are joined together to form recombinant DNA.
o DNA Ligase is the enzyme used, often called “molecular glue.”
e If both donor and vector DNA were cut with the same restriction enzyme, the sticky

ends are complementary, allowing easy ligation.

7 Example: The human insulin gene ligated into a plasmid vector creates recombinant DNA.

6. Transfer of Recombinant DNA into Host Cell

The recombinant vector is introduced into a suitable host organism for multiplication and
expression.



Techniques used:

e Transformation: Bacterial uptake of plasmids.

o Electroporation: Electric pulses create pores in membranes.

e Microinjection: Direct insertion of DNA into the nucleus of animal/plant cells.
e Gene gun (biolistics): DNA-coated gold particles shot into plant cells.

e Transfection: Introduction into eukaryotic cells using chemicals or viruses.

2 Example: Recombinant plasmids carrying the insulin gene are introduced into E. coli
bacteria.

7. Selection of Transformed Host Cells

Not all host cells will take up recombinant DNA, so selection is essential.

o Selectable markers: Antibiotic resistance genes (e.g., ampicillin resistance) help
identify transformed cells.

o Reporter genes: Genes encoding GFP (Green Fluorescent Protein) or B-galactosidase
help visually identify positive colonies.

7 Example: Only E. coli colonies containing recombinant plasmids survive on ampicillin
plates.

8. Expression of Gene and Product Formation

Inside the host, the recombinant DNA 1is transcribed and translated to produce the desired
protein.

o Host machinery synthesizes the protein coded by the foreign gene.
o Expression can be enhanced using strong promoters and enhancers.

¢ Example: E. coli with a recombinant insulin gene produces human insulin protein, which
is harvested and purified.

9. Downstream Processing

The final stage is isolation, purification, and packaging of the product.

e Harvesting: Cells are broken open (lysis) or the product is secreted into the medium.
e Purification: Chromatography, precipitation, ultrafiltration.
e Formulation: Conversion into usable form (e.g., insulin injection vials, vaccines).

Basic Principles of Genetic Engineering
Step 1: Isolation of DNA

Step 2: Cutting with Restriction Enzyme
Step 3: Amplification (PCR/Cloning)



Step 4: Insertion into Vector (Plasmid, Phage, etc.)
Step 5: Joining by DNA Ligase — Recombinant DNA
Step 6: Transfer into Host Cell

Step 7: Selection of Recombinants

Step 8: Expression of Gene

Step 9: Product Recovery (Downstream Processing)

Applications of Genetic Engineering

1. Medicine

e Production of recombinant proteins: Insulin, human growth hormone, interferons.
o Development of vaccines: Hepatitis B, HPV.

e Gene therapy: Correcting defective genes in patients.

e Monoclonal antibodies: Used in cancer treatment.

2. Agriculture

e Development of GM crops with pest resistance (Bt cotton).
e Crops with improved nutritional content (Golden Rice with Vitamin A).
e Drought and salinity-resistant varieties.

3. Industry

e Microbes engineered for large-scale production of enzymes (amylase, protease,
lipase).
e Production of biofuels, bioplastics, and biodegradable materials.

4. Environment

e Creation of “superbugs” for oil spill cleaning (bioremediation).
o Treatment of toxic industrial waste by engineered bacteria.

Ethical, Legal, and Social Issues

o Biosafety concerns: Risk of allergenicity, toxicity in GM crops.

o Ethical issues: Human cloning, germline modification.

e Environmental concerns: GM crops may affect biodiversity.

e Regulation: National and international agencies (e.g., ICMR, DBT, WHO, FAO)
provide guidelines for safe use.

Conclusion

The basic principles of genetic engineering revolve around a systematic process of DNA
isolation, cutting, joining, transferring, selecting, and expressing genes. These principles



have transformed biotechnology, enabling advances in medicine (life-saving drugs,
vaccines), agriculture (high-yield, pest-resistant crops), and industry (enzyme and biofuel
production).

While the technology holds immense promise, ethical and safety concerns must always be
addressed to ensure responsible use. Genetic engineering remains one of the most powerful
scientific tools of the 21st century, bridging the gap between biology and technology for the
welfare of humanity.



