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Recombinant DNA Technology: Part I

Introduction:

Recombinant DNA technology was invented by

American biochemists Stanley N Cohen, Herbert W Boyer,

and Paul Berg. In the 1970s Berg isolated two different

DNA from two different viruses and then combined with

each other resulting a recombinant DNA molecule. Boyer

and Cohen then inserted this recombinant into plasmid fol-

lowed by infecting bacteria, which produced multiple cop-

ies of the recombinant molecule. Boyer and Cohen subse-

quently developed methods for the generation of recombi-

nant plasmids1,2. A few years before this invention, Swiss

microbiologist Werner Arber reported  type I restriction

enzymes, whereas  at about the same time American mi-

crobiologist Hamilton O Smith  identified type II restriction

enzymes3-5. Type I restriction enzymes cleave DNA at ran-

dom sites, whereas type II restriction enzymes cut DNA at

specific sites. So, type II enzymes became important tools

in genetic engineering.

Genetic engineering starts with the generation of

DNA clone ie,  members of a clone are genetically identi-

cal. Recombinant DNA technology has provided scientists
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stranded overhang.  Each restriction enzyme recognises just

one or a few restriction sites will cut in the DNA molecule

at its target sequence.

Thus, it produces an overhang of 5'-AATT-3' on

each end of the cut DNA (Fig 1). For this reason, enzymes

that leave single-stranded overhangs are said to produce

sticky ends. Sticky ends are helpful in cloning because they

hold two pieces of DNA together so they can be linked by

DNA ligase.

There are another types of restriction enzymes

which produce blunt ends, so they are known as cuts DNA

to produce “blunt cutters”, which cut straight down the

middle of a target sequence and leave no overhang. The

the ability to produce many copies of a single fragment of

DNA, such as a gene or a DNA of specific interest6-11. So,

Tice the procedure is carried out by inserting a DNA frag-

ment of interest into a DNA vector, known as DNA carrier

allowing this molecule to replicate inside a simple living cell

such as a bacterium. The most commonly used vectors are

plasmids (circular DNA molecules that originated from bac-

teria), viruses, and yeast cells.  Plasmids are not a part of

the main cellular genome, but they can carry genes that pro-

vide the host cell with useful properties, such as drug resis-

tance, mating ability, and toxin production. They are small

enough to be conveniently manipulated experimentally, and,

furthermore, they will carry extra DNA that is spliced into

Fig 1 – Restriction Endonuclease EcoR1 Digest of DNA

Restriction enzymes–These are DNA-cutting en-

zymes for a specific site in DNA. The enzymes found in

bacteria (and other prokaryotes)  make staggered cuts,

known  as restriction sites, producing ends with a single-

by DNA ligase. However, blunt-ended fragments are harder

to ligate together (the ligation reaction is less efficient and

more likely to fail) because there are no single-stranded

overhangs to hold the DNA molecules in position.

them10-15.

Creating the Clone:

restriction enzyme SmaI is an example of a blunt cutter

(Fig 2).

Blunt-ended fragments can be joined to each other

Fig 2 – Blunt Cutter SmaI Restriction Endonuclease Digest of DNA A SmaI Enzyme Cuts DNA and Produces Blunt

Ends, the Cut Sites are:5'-...CCC|GGG...-3'   3'-...GGG|CCC...5'
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DNA ligase: If two DNA molecules have match-

ing ends, they can be joined by the joining enzyme DNA

ligase. DNA ligase seals the gap between the molecules,

forming a single piece of DNA.

In DNA replication, ligase’s job is to join fragments

of newly synthesised DNA. The ligase does do basically

5'-...GAATTC...-3' 3'-...CTTAAG...-5' (Fig 3).

Recombinant Plasmid:

Let’s see how restriction digestion and ligation can

be used to insert a gene into a plasmid. Suppose we have a

target gene, flanked with EcoRI recognition sites, and a

Fig 3 – DNA Ligase Seals the Gap Created by EcoR1 Digestion

the same thing in DNA cloning. If two pieces of DNA have

matching ends, DNA ligase can join them together to make

an unbroken molecule.

The single-stranded regions of the two molecules

plasmid, containing a single EcoRI site:

We start off with a target gene and a circular plas-

mid. The target gene has two EcoRI restriction sites near

its ends. The plasmid has one EcoRI site in it, lying just

Fig 4 – EcoR1 Digestion of Target Gene and Plasmid

can stick together by hydrogen bonding, but there are still

gaps in the backbone:

5'-...G|AATTC...-3' 3'-...CTTAA|G...-5'

DNA ligase seals the gaps to make an unbroken molecule

of DNA:

after a promoter that drives expression in bacteria. The

sequence of the EcoRI sites is:

5'-GAATTC-3' 3'-CTTAAG-5' (Fig 4).

Our goal is to use the enzyme EcoRI to insert the

gene into the plasmid. First, we separately digest (cut) the
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gene fragment and the plasmid with EcoRI. This step pro-

duces fragments with sticky ends:

We separately digest (cut) the gene fragment and

the plasmid with Eco RI. This step produces fragments

with sticky ends. All of the ends have an overhang of four

nucleotides, with the sequence 5'-AATT-3'. That's because

Eco RI's cut pattern is:

5'-G|AATTC-3' 3'-CTTAA|G-5' (Fig 5).

Next, we take the gene fragment and the linearised

has now been inserted into the plasmid, making a recombi-

nant plasmid.

The mixture should now contain a population of

vectors each containing a different donor insert. This solu-

tion is mixed with live bacterial cells that have been spe-

cially treated to make their cells more permeable to DNA.

Recombinant molecules enter living cells in a process called

transformation (Fig 7). Usually, only a single recombinant

molecule will enter any individual bacterial cell. Once in-

Fig 5 – Insertion  of Target Gene into Plasmid

(opened-up) plasmid and combine them along with DNA

ligase. The sticky ends of the two fragments stick together

by complementary base pairing:

Next, we take the gene fragment and the linear-

ized (opened-up) plasmid and combine them along with

DNA ligase (Fig 6). The sticky ends of the two fragments

stick together by complementary base pairing. However,

there are still gaps in the sugar-phosphate backbones of

the DNA double helix at the junction sites where the gene

and plasmid DNA meet.

Once they are joined by ligase, the fragments be-

come a single piece of unbroken DNA. The target gene

side, the recombinant DNA molecule replicates like any

other plasmid DNA molecule, and many copies are subse-

quently produced. Furthermore, when the bacterial cell di-

vides, all of the daughter cells receive the recombinant plas-

mid, which again replicates in each daughter cell.

Molecular Cloning:

Target DNA molecule usually extracted from an

organism/animal or human DNA by restriction enzymes,

which is then inserted into a vector molecule, known as

plasmid.The vector is then cleaved and opened by restric-

tion enzymes.The target DNA is then inserted into the cir-
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cular DNA, which can then reform the circle to include the

target DNA, and the vector can be inserted into a bacterial

Fig  6 – Confirmation  of Insertion of Target Gene into Plasmid at EcoR1 Site

cell so that the gene can produce multiple copies of target

DNA.

Fig 7 – Target  Gene Insertion and Recombinant Plasmid Construction

Restriction Mapping:

In a laboratory setting, knowing exactly where cer-

tain restriction sites are on a DNA strand is extremely helpful

and convenient. If the DNA sequence is known, restriction

mapping can be done by computer, which can quickly map

all possible restriction enzyme recognition sequences (Fig

8). If the DNA sequence is not known, a researcher can

still create a general map by using different enzymes by them-

selves and in conjunction with other enzymes to cleave the

molecule. Using deductive reasoning, the general restric-
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tion map can be created. Having a restriction map avail-

able is critical when cloning genes16.

DNA Sequencing:

Once a segment of DNA has been cloned, its nucle-

Fig 8 – Restriction  Map of pBR322. [Locations of restriction sites for each enzyme used in these experiments are

shown, with the base pair location indicated. Total plasmid size is 4361 base pairs]

Recombinant DNA Replication:

The process of transformation or heat shock is used

to put the recombinant DNA molecule into a host bacterial

cell, which can then generate many copies of the synthetic

DNA. These bacteria are grown on agar plates, cultured

up in special bacterial broths, and then lysed in order to

release the recombinant DNA. Finally, the DNA can be

verified by DNA sequencing, functional experiments, and

restriction enzyme digestion17.

otide sequence can be determined. The nucleotide sequence

is the most fundamental level of knowledge of a gene or

genome. It is the blueprint that contains the instructions for

building an organism, and no understanding of genetic func-

tion or evolution could be complete without obtaining this

information.

Sequencing (Fig 9) simply means determining the

exact order of the bases in a strand of DNA. Because bases

exist as pairs, and the identity of one of the bases in the pair
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determines the other member of the pair, researchers do

not have to report both bases of the pair.

In the most common type of sequencing used to-

day, called sequencing by synthesis, DNA polymerase (the

enzyme in cells that synthesises DNA) is used to generate

accuracy.

Researchers can use DNA sequencing to search

for genetic variations and/or mutations that may play a role

in the development or progression of a disease. The dis-

ease-causing change may be as small as the substitution,

Fig 9 – DNA Sequencer [It is shown how to DNA fingerprint using agarose gel, Southern blotting, and a radioactive

DNA probe, DNA is extracted, treated with restriction enzymes, and sequenced using gel electrophoresis to create a

genetic fingerprint]

a new strand of DNA from a strand of interest. In the se-

quencing reaction, the enzyme incorporates into the new

DNA strand individual nucleotides that have been chemi-

cally tagged with a fluorescent label. As this happens, the

nucleotide is excited by a light source, and a fluorescent

signal is emitted and detected. The signal is different de-

pending on which of the four nucleotides was incorporated.

This method can generate ‘reads’ of 125 nucleotides in a

row and billions of reads at a time13,14.

To assemble the sequence of all the bases in a large

piece of DNA such as a gene, researchers need to read

the sequence of overlapping segments. This allows the

longer sequence to be assembled from shorter pieces,

somewhat like putting together a linear jigsaw puzzle. In

this process, each base has to be read not just once, but at

least several times in the overlapping segments to ensure

deletion, or addition of a single base pair or as large as a

deletion of thousands of bases.

Isolation of Clone:

In general, cloning is undertaken in order to obtain

the clone of one particular gene or DNA sequence of inter-

est. The next step after cloning, therefore, is to find and

isolate that clone among other members of the library. If the

library encompasses the whole genome of an organism, then

somewhere within that library will be the desired clone.

There are several ways of finding it, depending on the spe-

cific gene concerned. Most commonly, a cloned DNA seg-

ment that shows homology to the sought gene is used as a

probe. For example, if a mouse gene has already been

cloned, then that clone can be used to find the equivalent

human clone from a human genomic library. Bacterial colo-
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nies constituting a library are grown in a collection of Petri

dishes. Then a porous membrane is laid over the surface of

each plate, and cells adhere to the membrane. The cells

are ruptured, and DNA is separated into single strands-all

on the membrane. The probe is also separated into single

strands and labelled, often with radioactive phosphorus. A

solution of the radioactive probe is then used to bathe the

membrane. The single-stranded probe DNA will adhere

only to the DNA of the clone that contains the equivalent

gene. The membrane is dried and placed against a sheet of

radiation-sensitive film, and somewhere on the films a black

spot will appear, announcing the presence and location of

the desired clone. The clone can then be retrieved from the

original Petri dishes6,7.

Protein Manufacture:

Recombinant DNA technology is used for the syn-

thesis of foreign proteins. This technique is useful for pre-

paring large amounts of protein. In addition, it can produce

valuable proteins for medical use. The genes for human

proteins such as growth hormone, insulin, and blood-clot-

ting factor can be commercially manufactured, are the ex-

ample of this procedure. Other approach is to introduce

the desired gene into the genome of an animal via recombi-

nant DNA technology and engineered in such a way that

the protein is secreted in the animal's milk16-19.

Genomic Library Construction:

Construction of a genomic library (Fig 10) involves

creating many recombinant DNA molecules. The host

(organism’s/animal/human)genomic DNA is extracted and

then purified. This DNA is then digested with a restriction

enzyme and  the fragments can be separated by gel elec-

trophoresis. The separated fragments can then be excised

and cloned into the vector separately. However, when a

large genome is digested with a restriction enzyme, there

are far too many fragments to excise individually. The en-

tire set of fragments must be cloned together with the vec-

tor, and separation of clones can occur after. In either case,

the fragments are ligated into a vector that has been di-

gested with the same restriction enzyme. The vector con-

taining the inserted fragments of genomic DNA can then be

introduced into a host organism7,8.

When the genomic library is constructed with a vi-

ral vector eg, lambda phases, it is required to find the titre

of the library, which will provide the number of infectious

virus particles. In order to perform titrations, several dilu-

tions of library to transform cultures of E coli of known

concentrations. The cultures are then plated on agar plates

followed by incubation overnight. The number of viral

plaques will provide the total number of infectious viral par-

ticles in the library. Most viral vectors also carry a marker

that allows clones containing an insert to be distinguished

from those that do not have an insert. This allows research-

ers to also determine the percentage of infectious viral par-

ticles actually carrying a fragment of the library7,8.

A similar method can be used to titre genomic li-

braries made with non-viral vectors, such as plasmids and

BACs. A test ligation of the library can be used to trans-

form E coli. The transformation is then spread on agar plates

and incubated overnight. The titer of the transformation is

determined by counting the number of colonies present on

the plates. These vectors generally have a selectable marker

allowing the differentiation of clones containing an insert from

those that do not. By doing this test, researchers can also

determine the efficiency of the ligation and make adjust-

ments as needed to ensure they get the desired number of

clones for the library7,8.

The original mixture of transformed bacterial cells

is spread out on the surface of a growth medium in a Petri

dish so that the cells are separated from one another. These

individual cells are invisible to the naked eye, but as each

cell undergoes successive rounds of cell division, visible colo-

nies form. Each colony is a cell clone, but it is also a DNA

clone because the recombinant vector has now been am-

plified by replication during every round of cell division.
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Thus, the Petri dish, which may contain many hundreds of

distinct colonies, represents many clones of different DNA

from cells and then amplifying it using DNA cloning tech-

nology.

Fig 10 – Genomic Library Construction

Below is a diagram of the above outlined steps.

fragments. This collection of clones is called a DNA li-

brary. By considering the size of the donor genome and the

average size of the inserts in the recombinant DNA mol-

ecule, a researcher can calculate the number of clones

needed to encompass the entire donor genome, or, in other

words, the number of clones needed to constitute a ge-

nomic library7,8.

Genomic DNA  Library:

A genomic DNA library  (Fig 11) is a collection of

DNA fragments that make up the full-length genome of an

organism. A genomic library is created by isolating DNA

Screening Library (Fig 12):

Both genomic and cDNA libraries are made with-

out regard to obtaining functional cloned donor fragments.

Genomic clones do not necessarily contain full-length cop-

ies of genes. Furthermore, genomic DNA from eukaryotes

(cells or organisms that have a nucleus) contains introns,

which are regions of DNA that are not translated into pro-

tein and cannot be processed by bacterial cells. This means

that even full-sized genes are not translated in their entirety.

In addition, eukaryotic regulatory signals are different from

those used by prokaryotes (cells or organisms lacking in-

ternal membranes ie, bacteria). However, it is possible to
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produce expression libraries by slicing cDNA inserts im-

mediately adjacent to a bacterial promoter region on the

by an organism. Complementary DNA, or cDNA, is cre-

ated through reverse transcription of messenger RNA, and

Fig 11 – Genomic DNA Library Construction

vector; in these expression libraries, eukaryotic proteins

are made in bacterial cells, which allows several important

technological applications that are discussed below in DNA

sequencing.

Construction of cDNA library (Fig 13):

Other type of library is a cDNA library, which starts

from messenger ribonucleic acid (mRNA) instead of DNA.

DNA produces mRNA for the translation into proteins.

So, for cDNA library these mRNA is transcribed to

complementary DNA (cDNA) by reverse transcriptase,

which is amplified by polymerase chain reaction. cDNA is

ligated to desired vector and form a library.

 cDNA library :  A cDNA library represents a

collection of only the genes that are encoded into proteins

a library of cDNAs is generated using DNA cloning tech-

nology.

Both genomic and cDNA libraries are not made

just to get functional cloned donor fragments. Genomic

clones do not necessarily contain full-length copies of genes.

Furthermore, genomic DNA from eukaryotes contains in-

trons, which are not expressible  into protein and cannot be

processed by bacterial cells. This means that even full-sized

genes are not translated fully. In addition, eukaryotic regu-

latory signals are different from those used by prokaryotes

However, it is possible to produce expression libraries by

slicing cDNA inserts immediately adjacent to a bacterial

promoter region on the vector; in these expression librar-

ies, eukaryotic proteins are made in bacterial cells, which

allows several important technological applications that are
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discussed below in DNA sequencing7,8.

Several bacterial viruses have also been used as

pUC plasmids (plasmids engineered to produce a very high

number of DNA copies but that can accommodate only

Fig 12 – Screening of Library and Isolation of Clone – Colony Blot Hybridisation [In order to isolate clones that contain

regions of interest from a library, the library must first be screened. One method of screening is hybridisation. Each

transformed host cell of a library will contain only one vector with one insert of DNA. The whole library can be plated

onto a filter over media. The filter and colonies are prepared for hybridisation and then labelled with a probe13. The

target DNA- insert of interest – can be identified by detection such as autoradiography because of the hybridisation with

the probe as seen below. Another method of screening is with polymerase chain reaction (PCR). Some libraries are

stored as pools of clones and screening by PCR is an efficient way to identify pools containing specific clones]

vectors (Table 1). The most commonly used is the lambda

phage. The central part of the lambda genome is not es-

sential for the virus to replicate in Escherichia coli, so this

can be excised using an appropriate restriction enzyme,

and inserts from donor DNA can be spliced into the gap.

In fact, when the phage repackages DNA into its protein

capsule, it includes only DNA fragments the same length of

the normal phage genome7,8.

Vectors are chosen depending on the total amount

of DNA that must be included in a library. Cosmids are

engineered vectors that are hybrids of plasmid and phage

lambda; however, they can carry larger inserts than either

small inserts) or lambda phage alone. Bacterial artificial chro-

mosomes (BACs) are vectors based on F-factor (fertility

factor) plasmids of E coli and can carry much larger amounts

of DNA. Yeast artificial chromosomes (YACs) are vectors

based on autonomously replicating plasmids of Saccharo-

myces cerevisiae (baker’s yeast). In yeast (a eukaryotic

organism) a YAC behaves like a yeast chromosome and

segregates properly into daughter cells. These vectors can

carry the largest inserts of all and are used extensively in

cloning large genomes such as the human genome.

Genomics:
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Genomics is an interdisciplinary field of biology fo-

cusing on the structure, function, evolution, mapping, and

editing of genomes. A genome is an organism’s whole

derstanding of even the most complex biological systems

such as the brain4. The field also includes studies of

intragenomic (within the genome) phenomena such as

   Fig 13 – cDNA Library Construction

DNA, including all of its genes. In contrast to genetics,

which refers to the study of individual genes and their roles

in inheritance, genomics aims at the collective

characterisation and quantification of all of an

organism’s genes, their interrelations and influence on

the organism19-27. Genes may direct the production of pro-

teins with the help of enzymes, other factors and messen-

ger RNA molecules. In turn, proteins carry the phenotypic

body structures, control chemical reactions and carry sig-

nals between cells. Genomics also involves the sequencing

and analysis of genomes through uses of high throughput

DNA sequencing and bioinformatics to assemble and

analyse the function and structure of entire genomes2,3.  Ad-

vances in genomics have triggered a revolution in discov-

ery-based research and systems biology to facilitate un-

epistasis (effect of one gene on another), pleiotropy (one

gene affecting more than one trait), heterosis (hybrid vigor),

and other interactions between loci and alleles within the

genome1. Knowledge of the entire genome sequence In hu-

mans,  has facilitated searching for genes that produce he-

reditary diseases. It is also capable of revealing a set of

proteins–produced at specific times, in specific tissues, or

in specific diseases–that might be targets for therapeutic

drugs26-28.

Genomics has two subdivisions: Structural genomics

and functional genomics. Structural genomics is based on

the complete nucleotide sequence of a genome. Each mem-

ber of a library of clones is physically manipulated by ro-

bots and sequenced by automatic sequencing machines, en-

abling a very high throughput of DNA. The resulting se-
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quences are then assembled by a computer into a com-

plete sequence for every chromosome. The complete DNA

sequence is scanned by computer to find the positions of

open reading frames (ORFs), or prospective genes. The

sequences are then compared to the sequences of known

genes from other organisms, and possible functions are as-

signed. Some ORFs remain unassigned, awaiting further

research.

Structural genomics (Fig 14) seek to describe the

3-dimensional structure of every protein encoded by a given

genome. This genome-based approach allows for a high-

cluding experimental methods using genomic sequences or

modelling-based approaches based on sequence or struc-

tural homology to a protein of known structure or based on

chemical and physical principles for a protein with no ho-

mology to any known structure. As opposed to traditional

structural biology, the determination of a protein structure

through a structural genomics effort often (but not always)

comes before anything is known regarding the protein func-

tion. This raises new challenges in structural bioinformatics

ie, determining protein function from its 3D structure26-30.

Functional genomics is a field of molecular biology

that attempts to make use of the vast wealth of data pro-

duced by genomic projects (such as genome sequencing

projects) to describe gene (and protein) functions and in-

teractions. Functional genomics focuses on the dynamic as-

pects such as gene transcription, translation, and protein-pro-

tein interactions, as opposed to the static aspects of the ge-

nomic information such as DNA sequence or structures. Func-

tional genomics attempts to answer questions about the func-

tion of DNA at the levels of genes, RNA transcripts, and

protein products. A key characteristic of functional genomics

studies is their genome-wide approach to these questions,

generally involving high-throughput methods rather than a more

traditional “gene-by-gene” approach29-35.

A major branch of genomics is still concerned with

sequencing the genomes of various organisms, but the

knowledge of full genomes has created the possibility for

the field of functional genomics, mainly concerned with pat-

terns of gene expression during various conditions. The most

important tools here are microarrays and bioinformatics.

Functional genomics attempts to understand func-

tion at the broadest level (the genomic level). In one ap-

proach, gene functions of as many ORFs as possible are

assigned as above in an attempt to obtain a full set of pro-

teins encoded by the genome (called a proteome). The

proteome broadly defines all the cellular functions used by

the organism. Function in relation to specific developmental

stages also is assessed by trying to identify the

Fig 14 –  Protein Structure Determined by the Midwest

Center for Structural Genomics

throughput method of structure determination by a combi-

nation of experimental and modelling approaches. The prin-

cipal difference between structural genomics and traditional

structural prediction is that structural genomics attempts to

determine the structure of every protein encoded by the

genome, rather than focusing on one particular protein. With

full-genome sequences available, structure prediction can

be done more quickly through a combination of experi-

mental and modelling approaches, especially because the

availability of large numbers of sequenced genomes and

previously solved protein structures allow scientists to

model protein structure on the structures of previously

solved homologues. Structural genomics involves taking a

large number of approaches to structure determination, in-
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“transcriptome”, the set of mRNA transcripts made at spe-

cific developmental stages. The practical approach utilises

micro-arrays–glass plates the size of a microscope slide

imprinted with tens of thousands of ordered DNA samples,

each representing one gene (either a clone or a synthesised

segment). The mRNA preparation under test is labelled

role in gene expression and regulation, and are involved in

numerous cellular processes such as in differentiation/de-

velopment and tumorigenesis. The study of epigenetics on

a global level has been made possible only recently through

the adaptation of genomic high-throughput assays.

Metagenomics is the study of metagenomes, ge-

netic material recovered directly from environmental samples.

The broad field may also be referred to as environmental

genomics, ecogenomics or community genomics. While tra-

ditional microbiology and microbial genome sequencing rely

upon cultivated clonal cultures, early environmental gene

sequencing cloned specific genes (often the 16S rRNA

gene) to produce a profile of diversity in a natural sample.

Such work revealed that the vast majority of microbial

biodiversity had been missed by cultivation-based meth-

ods. Recent studies use “shotgun” Sanger sequencing  (Fig

15) or massively parallel pyrosequencing to get largely un-

biased samples of all genes from all the members of the

sampled communities. Because of its power to reveal the

previously hidden diversity of microscopic life,

metagenomics offers a powerful lens for viewing the micro-

bial world that has the potential to revolutionise understanding

of the entire living world29-35.

cDNA Vaccines:

In earlier days vaccine used to develop using entire

pathogen which has several proteins. Each protein gener-

ally makes its own antibody. These unnecessary proteins

and antibodies can cause adverse events, or serious ad-

verse events. But with the advent of recombinant DNA tech-

nology desired antigen can be chosen and then a construct

can be made which will produce safer and cost-effective

vaccine. DNA vaccination involves the direct inoculation,

into the animal or human,  of an antigen-encoding bacterial

plasmid or animal virus construct for antigen coding to elicit

the immune response. DNA vaccines can stimulate the in-

duction of both humoral- and cell-mediated immune re-

sponses, vital for protection against a wide range of patho-

Vector type 
Insert size 
(thousands 
of bases) 

Plasmids up to 10 

Phage lambda (λ) up to 25 

Cosmids up to 45 

Bacteriophage P1 70 to 100 

P1 artificial 
chromosomes (PACs) 

130 to 150 

Bacterial artificial 
chromosomes (BACs) 

120 to 300 

Yeast artificial 
chromosomes (YACs) 

250 to 2000 

 

Table 1 – Vector Type and the Size of the Insert

with a fluorescent dye, and the micro-array is bathed in

this mRNA. Fluorescent spots appear on the array indi-

cating which mRNAs were present, thus defining the

transcriptome.

Epigenomics is the study of the complete set of

epigenetic modifications on the genetic material of a cell,

known as the epigenome. Epigenetic modifications are re-

versible modifications on a cell's DNA or histones that af-

fect gene expression without altering the DNA sequence

(Russell 2010 p. 475). Two of the most characterised epi-

genetic modifications are DNA methylation and histone

modification. Epigenetic modifications play an important
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gens. They are relatively easy to produce and are very stable by gene therapy may reverse the symptoms of disease in

the treated individual, but the modification is not passed on

to the next generation. Germinal gene therapy aims to place

corrected cells inside the germ line (eg, cells of the ovary or

testis). If this is achieved, these cells will undergo meiosis

and provide a normal gametic contribution to the next gen-

eration. Germinal gene therapy has been achieved experi-

mentally in animals but not in humans33-43.

Gene therapy (Fig 16) is designed to introduce ge-

netic material into cells to compensate for abnormal genes

or to make a beneficial protein. If a mutated gene causes a

necessary protein to be faulty or missing, gene therapy may

be able to introduce a normal copy of the gene to restore

the function of the protein.

A gene that is inserted directly into a cell usually

does not function. Instead, a carrier called a vector is ge-

netically engineered to deliver the gene. Certain viruses are

often used as vectors because they can deliver the new gene

by infecting the cell. The viruses are modified so they can’t

cause disease when used in people. Some types of virus,

such as retroviruses, integrate their genetic material (includ-

ing the new gene) into a chromosome in the human cell.

Other viruses, such as adenoviruses, introduce their DNA

into the nucleus of the cell, but the DNA is not integrated

into a chromosome.

The vector can be injected or given intravenously

directly into a specific tissue in the body, where it is taken

up by individual cells. Alternately, a sample of the patient's

cells can be removed and exposed to the vector in a labo-

ratory setting. The cells containing the vector are then re-

turned to the patient. If the treatment is successful, the new

gene delivered by the vector will make a functioning pro-

tein.

Recombinant DNA technology has made possible

a type of genetics called reverse genetics. Traditionally, ge-

netic research starts with a mutant phenotype, and, by Men-

delian crossing analysis, a researcher is able to attribute the

phenotype to a specific gene. Reverse genetics travels in

Fig 15 – Environmental Shotgun Sequencing (ESS) – A

Key Technique in Metagenomics [(A) Sampling from

habitat; (B) filtering particles, typically by size; (C) lysis

and DNA extraction; (D) cloning and library construction;

(E) sequencing the clones; (F) sequence assembly into

contigs and scaffolds]

with a long shelf life.

Gene Therapy:

Gene therapy is the introduction of a normal gene

into an individual’s genome in order to repair a mutation

that causes a genetic disease. When a normal gene is in-

serted into a mutant nucleus, it most likely will integrate

into a chromosomal site different from the defective allele;

although this may repair the mutation, a new mutation may

result if the normal gene integrates into another functional

gene. If the normal gene replaces the mutant allele, there is

a chance that the transformed cells will proliferate and pro-

duce enough normal gene product for the entire body to

be restored to the undiseased phenotype. So far, human

gene therapy has been attempted only on somatic (body)

cells for diseases such as cancer and severe combined im-

munodeficiency syndrome (SCIDS). Somatic cells cured
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precisely the opposite direction. Researchers begin with a

gene of unknown function and use molecular analysis to

determine its phenotype. One important tool in reverse ge-

A new gene is inserted directly into a cell. A carrier

called a vector is genetically engineered to deliver the gene.

An adenovirus introduces the DNA into the nucleus of the

Fig 16 – Genetic  Engineering for Gene Therapy

netics is gene knockout. By mutating the cloned gene of

unknown function and using it to replace the resident copy

or copies, the resultant mutant phenotype will show which

biological function this gene normally controls.

cell, but the DNA is not integrated into a chromosome.

Researchers must overcome many technical chal-

lenges before gene therapy will be a practical approach to

treating disease. For example, scientists must find better
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ways to deliver genes and target them to particular cells.

They must also ensure that new genes are precisely con-

trolled by the body.

In-vitro Mutagenesis:

For structure-function studies of proteins, a sys-

temic approach is to produce a large number of random

structural variants, followed by screening of the variants

with particular function. The procedures useful in random

mutagenesis approach, perhaps directed toward a particular

region of the functional protein. Transposon mutagenesis

has significant value in the field of strain improvement where

chemical or physical mutagenic methods have been tradi-

tionally favoured. Transposons have the advantage of reli-

ably creating single mutations; and transposons can be

readily mapped by virtue of DNA sequencing primer sites

engineered into their termini. These techniques have also

been used to address a large variety of genetic problems

as well as to probe structure-function relationships; the more

general subject has been discussed extensively. The chap-

ter discusses many techniques that have recently been de-

veloped that allow a variety of quite novel approaches to

the studies of the relationship between the linear sequence

and the function of proteins. Much of the discussion has

focused on the procedures for manipulating the DNA to

achieve proteins with altered function44-51.

Several works were done by in-vitro method of

mutagenesis of Saccharopolyspora erythraea generating

the mutants. Once the mutants are made and screened,

many highly relevant mutations of direct interest to eryth-

romycin production can be seen. The method is useful in

the improvement mechanisms of new strain.The commer-

cial production of drugs from natural sources, such as mi-

cro-organisms as in large scale submerged fermentation, is

often economically unfavourable due to low production ef-

ficiencies. One solution to this problem is to genetically

modify the organisms; however, many different types of

genes can increase yield52 and it is nearly impossible to

predict which mutations will work best in a new strain un-

der a certain set of growth conditions.  As more systems

are studied, general principles should begin to emerge, but

for the present, random mutagenesis followed by screening

and then identification of the gene target provides one of

the most direct routes to producing improved strains and

understanding how strain improvement works.

The development of in-vitro transposition by

Goryshin and Reznikoff53 however, opened up a new route

for using transposons in actinomycete research. The gen-

eral approach is to isolate genomic DNA from the actino-

mycete of interest, and then mutate that DNA in vitro with a

transposon. The transposon-mutated DNA is then put back

into the host in its natural location in the genome. A techni-

cal requirement, that may be a limitation for many actino-

mycetes, is that to perform this procedure the strain must

have an efficient method for acquiring exogenous DNA.

Another route around the transformation problem is to use

strain variants or mutants that are more highly transform-

able. For S erythraea the red-variant strain can be trans-

formed with plasmid DNA at a much higher frequency than

the wild type. The “red variant” is deeply red pigmented on

certain media and is a spontaneous variant (mutant) of the

wild type strain. Not all red variants carry the same ge-

nomic rearrangement, but most are significantly more trans-

formable than the wild type of strain. Red variant strains

produce a few foldless erythromycin. Such limitation is ex-

plained in the following way : (a) Manipulation of growth

medium, (b) optimum perimeter, (c) strain’s ability to per-

form efficient gene replacements with incoming DNA.  Gene

replacement occurs in S erythraea automatically once ho-

mologous DNA enters the cell cytoplasm but (depending

on the size of the homologous fragment) only about 10% of

transformants actually carry out a double crossover event

as compared to about 50% of the transformants that un-

dergo a single crossover event. In the remainder of the

transformants the plasmid DNA does not integrate at all

and remain separated during sporulation of the strain. De-
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spite the effort required for setting up an in-vitro transposon

mutagenesis experiment, the work performed is rewarded

with the unambiguous identification of mutations that influ-

ence erythromycin production. Also, when the wild type

strain is used (as opposed to a highly mutated production

strain), these mutations appear at a high frequency 54  and

impossible to predict the precise type or position of the

mutations obtained. In-vitro mutagenesis, however, allows

specific mutations to be tailored for type and for position

within the gene. A cloned gene is treated in the test tube (in-

vitro) to obtain the specific mutation desired, and then this

fragment is reintroduced into the living cell, where it replaces

therefore, many mutations can be found relatively easily.

Another use of cloned DNA is in-vitro mutagen-

esis in which a mutation is produced in a segment of cloned

DNA. The DNA is then inserted into a cell or organism,

and the effects of the mutation are studied. Mutations are

useful to geneticists in enabling them to investigate the com-

ponents of any biological process. However, traditional

mutational analysis relied on the occurrence of random

spontaneous mutations-a hit-or-miss method in which it was

the resident gene.

One method of in-vitro mutagenesis is oligonucle-

otide-directed mutagenesis. A specific point in a sequenced

gene is pinpointed for mutation. An oligonucleotide, a short

stretch of synthetic DNA of the desired sequence, is made

chemically. For example, the oligonucleotide might have

adenine in one specific location instead of guanine. This oli-

gonucleotide is hybridised to the complementary strand of

the cloned gene; it will hybridise despite the one base pair

Fig 17 – Gene Knockout
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mismatch. Various enzymes are added to allow the oligo-

nucleotide to prime the synthesis of a complete strand within

the vector. When the vector is introduced into a bacterial

Gene Knockout:

In gene knockout (Fig 17) a functional gene is re-

placed by an inactivated gene that is created using recom-

cell and replicates, the mutated strand will act as a tem-

plate for a complementary strand that will also be mutant,

and thus a fully mutant molecule is obtained. This fully mu-

tant cloned molecule is then reintroduced into the donor

organism, and the mutant DNA replaces the resident gene.

Another version of in-vitro mutagenesis is gene

disruption, or gene knockout. Here the resident functional

gene is replaced by a completely nonfunctional copy. The

advantage of this technique over random mutagenesis is

that specific genes can be knocked out at will, leaving all

other genes untouched by the mutagenic procedure17,18,30.

binant DNA technology. when a gene is “knocked out”, the

resulting mutant phenotype (observable characteristics) of-

ten reveals the gene’s biological function.

Genetically Engineered Organisms:

The ability to obtain specific DNA clones by using

recombinant DNA technology has made it possible to add

the DNA of one organism to the genome of another32,33 .

The added gene is called a transgene. The transgene inserts

itself into a chromosome and is passed to the progeny as a

new component of the genome. The resulting organism car-

Fig 18 – Genetically  Modified Organisms  Produced Using Scientific Methods that Include Recombinant DNA
Technology
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rying the transgene is called a transgenic organism or a ge-

netically engineered organism (GEO). In this way, a “de-

signer organism” is made that contains some specific change

required for an experiment in basic genetics or for improve-

eas55-58.

(a) It can provide precise diagnostic information

about genetic diseases, allowing appropriate counselling,

and indicating future directions for research on therapeutic

 Fig 19 – Genetically  Engineered Corn (Maize)

ment of some commercial strain. Several transgenic plants

have been produced. Genes for toxins that kill insects have

been introduced in several species, including corn and cot-

ton. (Figs 18 & 19). Bacterial genes that confer resistance

to herbicides also have been introduced into crop plants.

Other plant transgenes aim at improving the nutritional value

of the plant.

Reverse Genetics:

Diagnostics – As yet recombinant DNA technol-

ogy does not appear to have widespread diagnostic ap-

plication in pathology. However, it does have a useful role

to play in specific circumstances in at least four main ar-

intervention eg, gene therapy.  Counselling can take place

with prospective parents as to the likelihood of having a

child with a particular disease, and they are also used in the

prenatal prediction of genetic disease in the foetus. Research-

ers look for specific DNA fragments that are located in close

proximity to the gene that causes the disease of concern.

These fragments, called restriction fragment length polymor-

phisms (RFLPs), often serve as effective “genetic mark-

ers”.

(b) Micro-organisms can be identified more sensi-

tively and specifically, in fresh or fixed tissue samples, and

their genomes can be analysed in fine detail, providing in-

formation relevant to the aetiology, epidemiology and patho-
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genesis of many diseases.

(c)  In tumour pathology the main application so

far has been to resolve diagnostic problems associated with

leukaemias and lymphomas, when other diagnostic proce-

dures have been inconclusive. Specific chromosomal trans-

locations, involving recognised genes, are particularly ame-

nable to diagnosis by these means. Diagnostic applications

to solid tumours are yet to be identified, although signifi-

cant insights into tumorigenesis have been obtained, and

these may ultimately lead to the development of useful

markers for prognostic and therapeutic purposes.

(d) In forensics, DNA fragments called variable

number tandem repeats (VNTRs), which are highly vari-

able between individuals, are employed to produce what

is called a “DNA fingerprint”. A DNA fingerprint can be

used to determine if blood or other body fluids left at the

scene of a crime belongs to a suspect.

Biosimilar Products of Biological Drugs:

One of the biggest contributions of recombinant

DNA technology is to manufacture cheaper biological

drugs. Biosimilar products are the biological product.  of

large molecular weight Two biological products were manu-

factured in two different manufacturing processes but yielded

two products of are “highly similar” and have “no clinically

meaningful differences” in their safety or efficacy59. The

structure and conformation of these molecules are also im-

portant as proteins exist in three types of structure: pri-

mary, secondary and tertiary. Protein folding is a very im-

portant step to maintain its functionality, stability and thera-

peutic values. Moreover, the addition of, sugars

(glycosylation) and phosphate moiety (phosphorylation)

further maintain stability, bioavailability, and immunogenic-

ity of a protein as Improper glycosylation of human eryth-

ropoietin or missing one or more glycosylation site may

reduce the drug's intended effect59.

Conclusions:

We discussed so far the development of recombi-

nant DNA technology. Due to tremendous advancement

and broad range of application this technology has grown

to multidisciplinary applications.Pharmaceuticals and vac-

cines are now being used confidently and rapidly attaining

commercial approvals.Recombinant DNA technology has

been used to synthesize hormones, vaccines, drugs like al-

pha-interferon, biosimilar drug products and genetically

modified foods, and in gene therapy. Side by side gene

therapy, and genetic modifications are also widely used for

the purpose of bioremediation and treating serious diseases

and this aspect will focus on its importance and the possible

applications in daily life. Some of these will be discussed in

the next part.
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