GENETIC ENGINEERING

Ms. G. N. Neeraja Shree
Assistant Professor
Department of Biotechnology
St. Joseph'’s College of Arts & Science for Women
Hosur- 635126



GENETIC ENGINEERING

Author : Ms. G. N. Neeraja Shree

Year Published : May 2026

Publisher : Ms. G. N. Neeraja Shree,
Assistant Professor,

Department of Biotechnology,
St.Joseph'’s College of Arts and
Science for Women (Autonomous)
Hosur - 635 126

8903287619
Printed by : A.R. Research Publication
ISBN : 978-93-5782-418-7
ALL RIGHT RESERVED

Copyright reserved by publisher
Publishing rights & Printing rights reserved by the
publisher



ACKNOWLEDGEMENT

With profound gratitude and heartfelt appreciation, I extend my
sincere thanks to everyone who has directly and indirectly
contributed to the successful completion of this book.
First and foremost, I bow my head in gratitude to the Almighty
God for His abundant blessings, wisdom, strength, and
guidance throughout this journey. His grace has been my
constant source of inspiration and perseverance, enabling me to
accomplish this work successfully.
I would like to extend my sincere thanks to the Management,
for providing me with a supportive academic environment,
valuable opportunities, and continuous encouragement. Their
guidance and motivation have greatly contributed to the
successful completion of this book.
I express my deepest gratitude to my beloved family for their
unconditional love, endless encouragement, patience, and
sacrifices. Their unwavering support and faith in me have been
the foundation of my strength and motivation during every
stage of this work.
I am equally thankful to my dear friends and well-wishers
whose moral support, encouragement, and positive words
inspired me throughout this journey. Their presence and
motivation have truly meant a lot to me.
Finally, I extend my sincere gratitude to everyone who has
contributed in one way or another toward the completion of this
work. Every bit of support, encouragement, and kindness has
played a meaningful role in making this book a reality.
This book stands as a humble reflection of the support,
inspiration, and blessings I have received from all those around
me, and I dedicate this work with love and gratitude to
everyone who has been a part of my journey.

iii



PREFACE

Genetic Engineering is a rapidly advancing field of
biotechnology that has transformed modern science, medicine,
agriculture, and industry. By enabling the manipulation of
genetic material, it has opened new opportunities in disease
treatment, crop improvement, and the production of valuable
biological products.

This book provides a clear and concise understanding of the
fundamental concepts and applications of Genetic Engineering.
It covers important topics such as recombinant DNA
technology, cloning vectors, PCR, gene therapy, transgenic
organisms, and modern genetic engineering techniques. Ethical
aspects and future perspectives of the field are also briefly
discussed.

The book is designed to support students of Biotechnology,
Microbiology, Life Sciences, and related disciplines by
presenting the subject in a simple and systematic manner.

It is my sincere hope that this book will serve as a useful
academic resource and inspire learners to explore the vast
potential of Genetic Engineering in improving human life and
scientific development.

Ms. G. N. Neeraja Shree
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GENETIC ENGINEERING

Introduction to Recombinant DNA Technology

» Recombinant DNA technology refers to the joining together

of DNA molecules from two different species that are inserted
into a host organism to produce new genetic combinations that are
of value to science, medicine, agriculture, and industry.
Recombinant DNA (rDNA), on the other hand is the general name
for a piece of DNA that has been created by the combination of at
least two strands.

They are DNA molecules formed by laboratory methods
of genetic recombination (such as molecular cloning) to bring
together  genetic  material from  multiple  sources,
creating sequences that would not otherwise be found in
the genome.

Recombinant DNA in a living organism was first achieved in 1973
by Herbert Boyer, of the University of California at San
Francisco, and Stanley Cohen, at Stanford University, who
used E. coli restriction enzymes to insert foreign DNA into
plasmids.

RECOMBINANT DNA TECHNOLOGY
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Steps of Genetic Recombination Technology:
» Isolation of Genetic Material

» Restriction Enzyme Digestion
» Amplification Using PCR
» Application of Recombinant DNA technology
» Limitations of Recombinant DNA technology
Isolation of Genetic Material:
» The first step in rDNA technology is to isolate the desired DNA
in its pure form i.e. free from other macromolecules.
» Since DNA exists within the cell membrane along with other

macromolecules such as RNA, polysaccharides, proteins, and
lipids, it must be separated and purified which involves enzymes
such as lysozymes, cellulase, chitinase, ribonuclease, proteases
etc.

» Other macromolecules are removable with other enzymes or
treatments. Ultimately, the addition of ethanol causes the DNA to
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precipitate out as fine threads. This is then spooled out to give
purified DNA.

Restriction Enzyme Digestion:

>

>

Restriction enzymes act as molecular scissors that cut DNA at
specific locations. These reactions are called ‘restriction enzyme
digestions’.

They involve the incubation of the purified DNA with the selected
restriction enzyme, at conditions optimal for that specific enzyme.
The technique ‘Agarose Gel Electrophoresis’ reveals the progress
of the restriction enzyme digestion.

This technique involves running out the DNA on an agarose gel.
On the application of current, the negatively charged DNA travels
to the positive electrode and is separated out based on size. This
allows separating and cutting out the digested DNA fragments.
The vector DNA is also processed using the same procedure.

Amplification Using PCR:

>

Polymerase Chain Reaction or PCR is a method of making
multiple copies of a DNA sequence using the enzyme — DNA
polymerase in vitro.

It helps to amplify a single copy or a few copies of DNA into
thousands to millions of copies.

PCR reactions are run on ‘thermal cyclers’ using the following
components:

Template — DNA to be amplified

Primers — small, chemically synthesized oligonucleotides that are

complementary to a region of the DNA.

Enzyme — DNA polymerase

Nucleotides — needed to extend the primers by the enzyme.

» The cut fragments of DNA can be amplified using PCR and
then ligated with the cut vector.

Ligation of DNA Molecules:

>

The purified DNA and the vector of interest are cut with the same
restriction enzyme.
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This gives us the cut fragment of DNA and the cut vector, that is
now open.

The process of joining these two pieces together using the enzyme
‘DNA ligase’ is ‘ligation’.

The resulting DNA molecule is a hybrid of two DNA molecules —
the interest molecule and the vector. In the terminology of
genetics this intermixing of different DNA strands is called
recombination.

Hence, this new hybrid DNA molecule is also called a
recombinant DNA molecule and the technology is referred to as
the recombinant DNA technology.

Insertion of Recombinant DNA Into Host:

>

>

In this step, the recombinant DNA is introduced into a recipient
host cell mostly, a bacterial cell. This process is ‘Transformation’.
Bacterial cells do not accept foreign DNA easily. Therefore, they
are treated to make them ‘competent’ to accept new DNA. The
processes used may be thermal shock, Ca™ ion treatment,
electroporation etc.

Isolation of Recombinant Cells:

>

>

The transformation process generates a mixed population of
transformed and non-trans- formed host cells.

The selection process involves filtering the transformed host cells
only.

For isolation of recombinant cell from non-recombinant cell,
marker gene of plasmid vector is employed.

For examples, PBR322 plasmid vector contains different marker
gene (Ampicillin resistant gene and Tetracycline resistant gene.
When pstl RE is used it knock out Ampicillin resistant gene from
the plasmid, so that the recombinant cell become sensitive to
Ampicillin.
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Application of Recombinant DNA technology:

» Recombinant DNA is widely used
in biotechnology, medicine and research.

» The most common application of recombinant DNA is in basic
research, in which the technology is important to most current
work in the biological and biomedical sciences.

» Recombinant DNA is used to identify, map and sequence genes,
and to determine their function.

» Recombinant proteins are widely used as reagents in laboratory
experiments and to generate antibody probes for examining

protein synthesis within cells and organisms.

» Many additional practical applications of recombinant DNA are
found in industry, food production, human and veterinary
medicine, agriculture, and bioengineering.

1. DNA technology is also used to detect the presence of HIV in a
person.

2. Application of recombinant DNA technology in Agriculture — For
example, manufacture of Bt-Cotton to protect the plant against
ball worms.

3. Application of medicines — Insulin production by DNA
recombinant technology is a classic example.

4. Gene Therapy — It is used as an attempt to correct the gene defects
which give rise to heredity diseases.
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5.

Clinical diagnosis — ELISA is an example where the application
of recombinant DNA is possible.

Limitations of Recombinant DNA technology:

>

>

Y

Y

Destruction of native species in the environment the genetically
modified species are introduced in.

Resilient plants can theoretically give rise to resilient weeds
which can be difficult to control.

Cross contamination and migration of proprietary DNA between
organisms.

Recombinant organisms contaminating the natural environment.
The recombinant organisms are population of clones, vulnerable
in exact same ways. A single disease or pest can wipe out the
entire population quickly.

Creation of superbug is hypothesized.

Ethical concern about humans trying to play God and mess with
the nature’s way of selection. It is exaggerated by the fear of
unknown of what all can be created using the technology and how
is it going to impact the civilization.

Such a system might lead to people having their genetic
information stolen and used without permission.

Many people worry about the safety of modifying food and
medicines using recombinant DNA technology.

Tools of Recombinant DNA technology:

>

Inserting the desired gene into the genome of the host is not as
easy as it sounds. It involves the selection of the desired gene for
administration into the host followed by a selection of the perfect
vector with which the gene has to be integrated and recombinant
DNA formed.

This recombinant DNA then has to be introduced into the host.
And at last, it has to be maintained in the host and carried forward
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>

to the offspring. Recombinant DNA technology can be complete
and achieved with the help of some elemental tools.
The different tools used for the purpose are discussed below:

Restriction Enzymes:

>

>

The restriction enzymes — help to cut, the polymerases- help to
synthesize and the ligases- help to bind.

The restriction enzymes used in recombinant DNA technology
play a major role in determining the location at which the desired
gene is inserted into the vector genome.

They are two types, namely endonucleases and exonucleases.
The endonucleases cut within the DNA strand whereas the
exonucleases cut the nucleotides from the ends of the DNA
strands.

The restriction endonucleases are sequence-specific which is
usually palindrome sequences and cut the DNA at specific points.
They scrutinize the length of DNA and make the cut at the specific
site called the restriction site. This gives rise to sticky ends in the
sequence.

The desired genes and the vectors are cut by the same restriction
enzymes to obtain the complementary sticky notes, thus making
the work of the ligases easy to bind the desired gene to the vector.

Vectors:

>
>

The vectors help in carrying and integrating the desired gene.
These form a very important part of the tools of recombinant DNA
technology as they are the ultimate vehicles that carry forward the
desired gene into the host organism.

Plasmids and bacteriophages are the most common vectors
in recombinant DNA technology.

Host Organism:

>

Host organism is the organism into which the recombinant DNA
is introduced.
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» The host is the ultimate tool of recombinant DNA technology
which takes in the vector engineered with the desired DNA with
the help of the enzymes.

» There are a number of ways in which this recombinant DNA’s are
inserted into the host, namely — microinjection, biolistics or gene

gun, alternate cooling and heating, use of calcium ions, etc.

Restriction Enzyme (Restriction Endonuclease)
Definition:
» Restriction enzyme, also called restriction endonuclease, is
a protein produced by bacteria that cleaves DNA at specific sites
along the molecule.
> Restriction endonucleases cut the DNA double helix in very

precise ways. It cleaves DNA into fragments at or near specific
recognition sites within the molecule known as restriction sites.

» They have the capacity to recognize specific base sequences on
DNA and then to cut each strand at a given place. Hence, they are
also called as ‘molecular scissors’.

EcoRI ﬂ/o

.| Restriction Enzyme

..GGTCABEERIgcCTGA..

..CCAGT CTTAAG CGACT..

\

AATTC GCTGA...
..GGTCA G G CGACT...

..CCAGT CTTAA

© Sagar Aryal

Source of Restriction Enzymes:
» The natural source of restriction endonucleases are bacterial cells.

» These enzymes are called restriction enzymes because they
restrict infection of bacteria by certain viruses (i.e.,
bacteriophages), by degrading the viral DNA without affecting the
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bacterial DNA. Thus, their function in the bacterial cell is to
destroy foreign DNA that might enter the cell.

» The restriction enzyme recognizes the foreign DNA and cuts it at
several sites along the molecule.

» Each bacterium has its own unique restriction enzymes and each
enzyme recognizes only one type of sequence.

Recognition Sites:
» The DNA sequences recognized by restriction enzymes are called

palindromes. Palindromes are the base sequences that read the
same on the two strands but in opposite directions.
For example, if the sequence on one strand is GAATTC read in 5°—3’
direction, the sequence on the opposite strand is CTTAAG read in the
3°’—5' direction, but when both strands are read in the 5°— 3’ direction
the sequence is the same. The palindrome appears accordingly —
5" GAATTC 3’
3" CTTAAG 5’
In addition, there is a point of symmetry within the palindrome. In the
example, this point is in the center between the AT/AT.

» The value of restriction enzymes is that they make cuts in the
DNA molecule around this point of symmetry.

» Some enzymes cut straight across the molecule at the symmetrical
axis producing blunt ends.

» Of more value, however, are the restriction enzymes that cut
between the same two bases away from the point of symmetry on
two strands, thus, producing a staggering break.

Mechanism of Cleavage of Restriction Enzymes:

When a restriction endonuclease recognizes a particular sequence, it snips
through the DNA molecule by catalyzing the hydrolysis (splitting of a
chemical bond by addition of a water molecule) of the bond between
adjacent nucleotides. To cut DNA, all restriction enzymes make two
incisions, once through each sugar-phosphate backbone (i.e. each strand)
of the DNA double helix.
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Types of Restriction Enzymes:
Traditionally, four types of restriction enzymes are recognized, designated

I, II, I, and IV, which differ primarily in structure, cleavage site,
specificity, and cofactors.

1. Type I enzymes cleave at sites remote from a recognition site;
require both ATP and S-adenosyl-L-methionine to function;
multifunctional protein with both restriction and methylase
activities.

2. Type Il enzymes cleave within or at short specific distances from
a recognition site; most require magnesium; single function
(restriction) enzymes independent of methylase.

3. Type III enzymes cleave at sites a short distance from a
recognition site; require ATP (but do not hydrolyze it); S-
adenosyl-L-methionine stimulates the reaction but is not required;
it exists as part of a complex with a modification methylase.

4. Type IV enzymes target modified DNA, e.g. methylated,
hydroxymethylated and glucosyl-hydroxymethylated DNA.

Nomenclature of Restriction Enzymes:
Since their discovery in the 1970s, many restriction enzymes have been

identified while Type II restriction enzymes have been characterized.
Each enzyme is named after the bacterium from which it was isolated,
using a naming system based on bacterial genus, species and strain. For
example, the name of the EcoRI restriction enzyme was derived as:
E — Escherichia: Genus
co- coli: specific species
R- RY13: strain
I- First identified: order of identification in the bacterium
Applications of Restriction Enzymes:

» Restriction enzymes can be isolated from bacterial cells and used

in the laboratory to manipulate fragments of DNA, such as those
that contain genes; for this reason, they are indispensable tools of
recombinant DNA technology (genetic engineering).
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> The most useful aspect of restriction enzymes is that each enzyme
recognizes the same unique base sequence regardless of the
source of the DNA. It means that these enzymes establish fixed
landmarks along an otherwise very regular DNA molecule. This
allows dividing a long DNA molecule into fragments that can be
separated from each other by size with the technique of gel
electrophoresis.

» Each fragment, thus generated, are also available for further
analysis, including the sequencing.

» One value of cutting DNA molecule up into discrete fragments is
being able to locate a particular gene on the fragment where it
resides which is done by the general technique of Southern

blotting.
Some examples of Restriction Enzymes:
X
¢ Hndl mp Qs 5
4T TCGAAY digest 3 [ CC 5 3 5
5’ protruding ends
X

: G 3 Pstl » JC T C | 3 s (6] 5
ol G 5 digest 3 fe] 5 3 5

3’ protruding ends

4 C J 3 EcoRV - AGATE 5 3

gl C 5 digest 3| Al

Blunt ends

» One of the most popular restriction enzymes is called EcoRI
from E. coli (bacterium).

» Hundreds of other restriction enzymes with different sequence
specificities have been isolated from several bacteria and are
commercially available.
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Enzyme | Obtained from Recognition Sequence

EcoRI Escherichia coli 5’GAATTC 3°CTTAAG

EcoRII Escherichia coli 5’CCWGG 3’ GGWCC

BamHI Bacillus amyloliquefaciens || 5°GGATCC 3°’CCTAGG

HindIII Haemophilus influenzae S’AAGCTT 3’ TTCGAA
DNA Ligase:

»> DNA ligase is an enzyme that catalyzes the ligation reaction,
ligation is the process of joining various types of DNA fragments.

» DNA ligase joins the DNA molecule covalently by catalyzing the
formation of phosphodiester bonds between adjacent nucleotides.

» The final phosphodiester linkage between the 5’-phosphate group
on the DNA chain synthesized by DNA polymerase I1I and the 3’-
hydroxyl group on the chain made by DNA polymerase I is
catalyzed by DNA ligase.

» The most organism requires energy for the cleavage of ATP and
NAD-+. Energy is required for the joining of nicks (nicks lack the
phosphodiester linkage between the nucleotide sequence) of
DNA. Whereas ecukaryotic DNA ligases are ATP-dependent
bacteria, archaea and virus DNA ligases are both NAD+ and ATP
dependent.

» DNA ligase forms a bond between the sugar-phosphate backbone
to fully repair the DNA.

» DNAligase plays a vital role in DNA replication, DNA repair, and

DNA recombination. Now day purified DNA ligase is isolated in
the laboratory, which is used in gene cloning to join DNA
molecules together to form recombinant DNA.
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>

The enzyme DNA ligases were firstly isolated from E. coli in
1967, and several DNA ligases were discovered in 1967and 1968.

» DNA ligase belongs to the nucleotide transferase superfamily,

including RNA ligases and mRNA capping enzymes.
Structure of DNA Ligase:

» The size of DNA ligases is different from organism to organism.
Viral ATP-dependent DNA ligases are generally small in size.

» ATP-dependent and NAD+ dependent ligases have a catalytic
core. Six conserved motifs (I, 111, IIla, IV, V, VI) are components
of the catalytic core.

» For ATP or NAD+ co-factor binding, metal ion coordination, and
ligation chemistry, these motifs are necessary.

» Many DNA ligases also contain a non-catalytic domain that is

conserved, but the function of this domain is unknown.

ATP-dependent ligases (based on Bacteriophage T7):

>

>

It is two domain ligase, the first one is the adenylation or
nucleotide-binding domain. This domain serves site for ATP
binding, which is located in a pocket beneath one of the B-sheets.
Domain 1 is composed of 3 antiparallel B-sheets that are flanked
by six a-helix.

And the second domain is the oligonucleotide binding fold
domain consists of a highly twisted antiparallel B-sheet with a
single o helix running along one edge.

These two domains are connected by a flexible linker.

TTTTTTrTTrTrTgee C AATTCI\I.HHIHIIHIII

llllllllllllll»llGAATT ClJfllIlIlllHIII
DNA ligase (ligation)
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NAD* dependent ligases (based on E. coli LigA ligase):

>

>

NAD" dependent ligases have a central ligase catalytic core which
is composed of oligonucleotide binding fold domain and
nucleotidyltransferase domain.

These two domains are located at the edge of the N-terminal
domain (also known as domain la) and three C-terminal domains
(which are a helix hairpin-helix (HhH) domain, zinc (Zn)-finger
domain, and a BRTC domain).

Domain la is required for the reaction of ligase with NAD™ to form
the ligase-AMP intermediate.

Types of DNA Ligase:

DNA ligases are classified into two categories based on source, the
enzyme requires either ATP or NAD" as a cofactor.
ATP dependent DNA ligases:

>

>

Most eukaryotic DNA ligases use ATP as a cofactor, including
bacteriophage, archaeal, and eubacteria DNA ligases.

They vary in size in different organisms. The enzyme found in
Haemophilus influenza consists of 268 amino acids, and larger
cellular ligases such as human DNA ligase I consist of 912 amino
acids, and I'V consist of 844 amino acids.

1. Bacteriophage T7:

>

It is the most widely used DNA ligase derived from the T7
bacteriophage. It is a monomeric form with a molecular weight
41KDa.

It consists of two domains, namely 1 and 2. Domain 1 serves site
for ATP binding it is composed of six alpha-helices that surround
three antiparallel beta-sheets, and domain 2 is made up of
antiparallel beta sheets and alpha helix

2. Bacteriophage T4:

» It can ligate either cohesive end or blunt ends of DNA, RNA
-DNA hybrid, and also RNA.
» Itis a monomeric form with a molecular weight 68KDa.

14| Page



3. DNA ligases in Mammals:

>

>

>

DNA ligase I: ligate Okazaki fragments during lagging strand
DNA replication and some recombinant fragments

DNA ligase II: purification or excision repair of alternatively
spliced form of DNA ligase III found in non-dividing cells.

DNA ligase III: It is the only mammalian ligase that is found in
mitochondria. It ligates DNA during the process of nucleotide
excision repair and recombinant fragment.

DNA ligase IV: homologous recombination repair and important
in immune cell development and other activities critical to a
normal cell.

NAD" dependent DNA ligases:

>

>

>

Bacterial DNA ligases are NAD" dependent ligases. They are also
present in some mimivirus and entomovirus. While some bacteria,
archaea, and viruses, DNA ligases are both NAD+ and ATP
dependent.

Mycobacterium tuberculosis codes for NAD+ dependent ligases
and at least three different types of ATP-dependent ligases.

They have a finely uniform size and consist of 656 — 837 amino
acids.

1. E. coli DNA ligases:

» It is a monomeric enzyme of molecular weight 74KDa and
requires NAD" as a cofactor.

» It catalyzes the formation of the phosphodiester bond in double-
stranded DNA containing cohesive ends.

» LigA and LigB (product of lig gene) are mostly used E. coli DNA
ligases.

2. Taq DNA ligases:

> It is a thermostable ligase identified in several thermophilic
bacteria, they require NAD" as a cofactor.

> It is more stable and active at extreme temperatures than

conventional DNA ligases. It is used in DNA amplification
reactions to detect mutations in mammalian DNA.
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Mechanism of DNA ligase:

In the mechanism of DNA ligase, two covalent phosphodiester bonds
between the 3 hydroxyl end of acceptor nucleotide with the 5’ phosphate
end of donor nucleotide are formed. In this process, two ATP molecules
are consumed per one phosphodiester bond. The reaction can proceed in
three steps or catalytic events.

1. Adenylation of DNA ligase/ Activation of DNA ligase:

DNA ligase is activated using ATP.

ATP breakdown into AMP releasing energy, and this Adenosine
monophosphate nucleotide is attached to the amino group of lysine present
on conserved active site of the enzyme by phosphoramidite bond leads to

the formation of enzyme-AMP complex.

2. Activation of 5’ phosphate in nicks:

The activated ligase-AMP complex is now transferred to the 5’ phosphate
group at the breaking point, and AMP interacts with the phosphate group
releasing the ligase enzyme, thus activating the 5 end of single-strand
DNA.

3. DNA ligation:

The 5’ phosphate group is attacked by a 3’ hydroxyl group of another

strand, forming a phosphodiester bond releasing free AMP and hydrogen
ions. In this way, DNA and nicks are sealed.
Note: Bacterial ligase is adenylated by NADH?2, which cleaved to form
nicotinamide mononucleotide.
Functions of DNA Ligase:

» DNA replication, DNA repair, and recombinant DNA experiment

are incomplete without DNA ligases. DNA ligases join the nicks
and form a phosphodiester bond between the nucleotide.

» Several laboratories purified DNA ligases from different
organisms, which are used in gene cloning to join DNA molecules
together to form recombinant DNA.

» They are used with restriction endonuclease enzyme to insert
DNA fragments, often genes, into the plasmid.
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> E. coli DNA ligases are used for high-efficiency cloning of full-
length cDNA.

» Commercially available thermostable Taq ligases are used in
amplification reactions because of their thermostable properties.

» Human DNA ligase IV is required for V(D) J recombination, the
process that generates diversity in immunoglobulin and T-cell
receptor loci during immune system development.

VECTORS:

A vector is a substance, usually a piece of DNA that carries a sequence of
DNA or other genetic material and introduces it into a new cell.

>

Vectors act as vehicles to transfer genetic material from one cell
to the other for different purposes like multiplying, expressing, or
isolation.

Vectors are used as a tool in molecular cloning procedures so as
to introduce the desired DNA insert into a host cell.

The DNA insert that is transmitted by a vector is termed
recombinant DNA, and the process is also known as recombinant
DNA technology.

Usually, the vectors are DNA sequences that carry different parts
involved in different functions. Vectors usually have an insert,
also known as a transgene, that carries the recombinant DNA and
a larger sequence called the backbone of the vector responsible
for the structure of the vector.

Vectors can be classified into different types depending on
different characteristics. The selection of vectors thus depends on
the purpose of the process.

Vectors are an important component of the genetic engineering
process as these form the basis for the transfer of DNA fragments
from one cell to another.

Vectors have particular features that carry the gene sequences and
enable them to survive within the host cell.

The process of gene transfer also differs in different vectors where
some enter the host cell and get incorporated into the host DNA,
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whereas the others just pass the genetic material into the host cell
and recover themselves.

Even though vectors are usually DNA sequences, viruses and
other particles can also function as vectors in processes
like transduction.

Vectors can be reused for multiple processes as these can be
recovered at the end of the process.

A cloning vector is a category of vectors that are essential for
cloning procedures. These vectors have different sequences that
enable them to initiate replication in host cells as well as
propagate within the host.

tor - Definition, Features, Types, Examples, Applications, Limitations

Origin of
replication
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Characteristics or Features of vectors:

The foll
>

owing are some of the characteristic features of vectors;

Vectors should be capable of replicating autonomously, which, in
turn, depends on the presence of particular sequences in the vector
that enables them to initiate replication and propagation within the
host cell. Some vectors might even have sequences that allow the
production of proteins essential for the inserted DNA, regulation
of the process, and further transfer of the insert between different
vectors.
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>

The size of an ideal vector should also be small enough for it to
be incorporated into the host genome. The small size of the vector
also enables it to incorporate a large-sized insert for transfer.
Vectors should be easy to isolate and purify as these need to be
recovered and reused for multiple processes.

For a vector to be effective, these should also have certain
components that facilitate the process of determining whether the
host cell has received the vector. Most vectors used in this process
have a gene that either provides resistance to an antibiotic or
produces a particular type of protein. These components are called
marker genes.

Many vectors also require unique restriction enzyme recognition
sites that enable the insertion of the vector DNA in the presence
of specific restriction enzymes. However, many vectors have been
designed with a series of restriction sites close to multiple cloning
sites that increases the possible restriction enzymes that can be
used to digest the sequence.

The introduction of vectors into the host cell should be easy,
which depends on a number of factors.

In the case of gene transfer processes, it is important that the
vector is capable of integrating itself or the recombinant DNA into
the genome of the host cell.

It is important that the introduction of recombinant DNA into the
vector doesn’t affect the replication cycle of the vector.

Types of vectors:

Vectors can be classified into different groups depending on the purpose
of the process and the type of particles used in the process. The following

are the commonly studied group of vectors that are used for different

purposes;
1. Cloning vectors

>

Cloning vectors are vectors that are capable of replicating
autonomously and thus are used for the replication of the
recombinant DNA within the host cell.
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>

Cloning vectors are responsible for the determination of which
host cells are appropriate for replicating a particular DNA
segment.

Cloning vectors are of further different types that are defined by
different features unique to each type of vector.

a. Plasmid vector:

>

>

Plasmids are small extrachromosomal circular DNA molecules
capable of replicating autonomously within the host cell.

These are also termed as the workhorse cloning vector in
recombinant DNA technology.

Plasmids are widely used as vectors in all three domains of life;
however, these are frequently used in bacteria and yeasts.

The most important feature of plasmids that makes them one of
the best vectors is their small size. The small size of the plasmid
facilitates the separation of recombinant DNA from the host’s
genomic DNA.

The size of plasmids ranges from a few thousand base pairs to
more than 100 kilobases. The small size of the vector does,
however, affect the maximum size of the insert DNA it can carry.
Plasmids can carry insert DNA that is less than 20 kb as the
cloning efficiency and plasmid stability decrease with the size of
the vectors.

The autonomous replication of plasmid is made possible by the
presence of genes and sequences that can initiate plasmid
replication independent of the host’s replication cycle.

Bacterial plasmids contain ori sequences that not only control
plasmid replication but also determine the possibility of two
plasmids coexisting within the same host cell.

Different plasmids have different types of selective markers, but
the most common markers include antibiotic resistance and the
production of the B-galactosidase enzyme.
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» Some of the most widely used plasmids are pBR322, pUC, and

pBluescript vectors that use E. coli as the host.
b. Cosmid:

» Cosmid vectors are hybrid vectors composed of plasmid and
phage A vectors, capable of incorporating up to 42 kb of DNA.

» Cosmid vectors are prepared by the insertion of the cos region of
the phage vector into the plasmid vectors.

» Cosmid vectors are large-sized vectors with sizes ranging from
400 base pairs to 30 kb. These can carry DNA sequences having
sizes ranging from 28 to 46 kb.

» Cosmid vectors are created in order to incorporate large-sized
DNA molecules that cannot be carried by plasmids.

» Since these are hybrid vectors, these can replicate within the host
cell like plasmids or remain packaged like a phage.

» Cosmid vectors do not have many phage characteristics except the
signal sequences that promote phage-head stuffing.

» The hybrid structure of cosmid enables the phage heads to be
incorporated within all donor DNA for transfer.

» The use and production of cosmid vectors have increased over the
years as the packaged system is highly efficient and selective for
the recovery of larger hybrids.

» One of the examples of the cosmid vectors prepared and used in

practice are cosmid pHC79 which is a cos-containing derivative
of the vector pBR322.
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c. Bacteriophage vector
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» Bacteriophage vectors are viruses that only infect bacteria and
transform them efficiently while carrying large inserts.

> Bacteriophages or phages have higher transformation efficiencies
which increase the chances of recovering a clone containing the
recombinant DNA segments.

» The most important feature of a phage is the packaging system
which enables the incorporation of large eukaryotic genes and
their regulatory elements.

» The use of phages also facilitates the isolation of larger quantities
of DNA that can be used for the analysis of the insert.

» Even though there are a number of phages that can and have been
used as vectors, phage A is the most convenient cloning vector.

» It can selectively package a chromosome about 50 kb in length,
and the size of the phage can be adjusted by removing the central
part of the genome as it is not necessary for replication or the
packaging of the donor DNA.

» The use of a bacteriophage vector that can incorporate larger DNA
segments decreases the number of clones required to obtain a
particular DNA library with the entire genome of the organism.

» Phage vectors are also effective as cloning vectors as the
recombinant molecules formed after the cloning process are
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>

packaged into infective particles that can then be stored or handle
efficiently.

Some of the common phages used as vectors include M 13 phages,
A phages, and P1 phages.

d. Bacterial artificial chromosome:

>

Bacterial artificial chromosomes are engineered DNA molecules
that are used to clone DNA segments in bacteria cells (usually F.
coli).

These consist of a bacteria-derived F-factor replication origin
which enables the propagation of large DNA fragments in a
supercoiled circular form.

Bacterial artificial chromosomes can carry a much larger size of
insert DNA as compared to plasmid or phage vectors.

These vectors are considered superior over other artificial
chromosomes like yeast artificial chromosomes, and mammalian
artificial chromosomes as the F-factor found in the bacteria
reduces insert chimerism and instability that might arise during
the process.

These are highly efficient as DNA segments as large as 300,000
base pairs can be inserted into bacterial artificial chromosomes,
which decreases the number of clones and cycles to be performed
to obtain the desired result.

BAC libraries have been used to generate large genomic DNA
inserts for processes like positional cloning, physical mapping,
and genome sequencing.

BAC cloning system has been increasingly used in genetic
engineering due to its stability and ease of use as compared to
other similar vectors.

However, BACs have been associated with the random insertion
of DNA fragments into the host genome resulting in unpredicted
expression.

23 |Page



e. Yeast artificial chromosome:

>

Yeast artificial chromosomes are engineered DNA molecules that
are used to clone DNA inserts within the yeast cells, particularly
Saccharomyces cerevisiae.

YACs have been developed in order to clone large sequences of
DNA so as to increase the efficiency of the process.

YAC:s can clone up to 500 kb of DNA, which is much higher than
most traditional cloning vectors.

Even though these are frequently used as cloning vectors, they are
also helpful in other genetic processes like DNA sequencing and
analysis.

These are also unique in their ability to clone the complete
sequences of larger genomes that exceed the limits of traditional
techniques.

Since yeast cells are eukaryotic cells, YACs can be used for
unstable sequences when cloned in prokaryotic systems.

These consist of a mixture of functional units from different
organisms, but once the insert DNA is cloned, these can function
as normally replicating yeast chromosomes.

There are some limitations with using YAC as vectors as these
introduce a high degree of chimerism and insert rearrangement.
Since these are eukaryotic cells, these are difficult to handle and
have lower efficiencies as compared to bacterial artificial
chromosomes.

Different yeast artificial chromosomes have been created over the
years that are then used for different purposes.

One of the most commonly used examples of yeast artificial
chromosomes includes pYAC4, which has been extensively used
as a cloning vector.

f. Human artificial chromosome:

>

Human artificial chromosomes are extrachromosomal DNA
fragments that act as a new chromosome within the human cell.
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The use of human artificial chromosomes has increased with
advances in genetic engineering as it helps overcome problems
commonly associated with traditional vector systems.

HAC:s can exist as single copy episomes without integration into
the host chromosomes allowing long-term stable maintenance.
Besides, there is no upper limit in the size of the DNA insert to be
incorporated into a HAC as entire genomic units can be used to
mimic the natural gene expression.

In spite of numerous advantages, HACs have only been used for
studies related to the structure and function of human
kinetochores.

Limitations associated with HACs are due to technical difficulties
during gene loading and ill-defined structures of the vectors.

2. Viral vectors:

>

Viral vectors are one of the most effective means of gene transfer
to modify host cells or tissues and manipulate them to express
different types of genes.

The concept of using viruses as vectors arose from the fact that
viruses are very effective in transducing their own genetic
information into the host cell.

During viral transduction, the non-essential viral genes are
replaced with foreign DNA sequences of therapeutic interest in
order to produce recombinant viral vectors.

Currently, different groups of viruses have been studied doe their
possible use as viral vectors to deliver genes to provide transient
or permanent transgene expression.

The use of viral vectors also enables location specificity with
unique injection technology within a specific time period.

Some of the common virus groups considered for viral vectors are
adenoviruses, retroviruses, poxviruses, and adeno-associated
viruses.
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The choice of a particular virus as a vector depends on a number
of factors that include efficiency of transgenic expression, ease of
production, safety, and stability.

Different clinical trials have been held with different potential
viral vectors that are suitable for different purposes.
Adenoviruses have been used for the transfer of tumor suppressor
genes in cancer treatment, and retroviruses are studied for their
potential use in tissue repair and engineering.

3. Expression vector:

>

>

Expression vectors are vectors that enable the expression of
cloned genes in order to determine the successful cloning process.
Usually, cloning vectors do not allow the expression of a cloned
gene which is why the use of expression vectors is required.

The use of expression vectors facilitates the processing of introns
in prokaryotes as these are designed with restriction sites next to
the regulatory region.

The restriction sites on the vectors result in splicing of the cloned
gene to permit the expression of the gene under the regulatory
system.

The regulatory system in expression vectors consists of a
promoter sequence, a termination sequence, along a transcription
termination sequence.

The use of expression vectors is essential to determine the success
of a cloning procedure and the efficiency of selective markers on
the vectors.

Expression vectors can be plasmid-based or viral-based that are
introduced into the host cells in order to code for particular
mRNAs.

The expression vectors are often used for the production of
proteins that can then be visualized by different methods
depending on the complexity of the host cell.
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Expression vectors are of varying degrees of complexity
depending on whether they are to be used in prokaryotic or
eukaryotic cells.

4. Shuttle vector:

>

>

Shuttle vectors are that carry origins of replication from two
different hosts, which enables them to ‘shuttle’ between the two
hosts.

These vectors contain DNA plasmids that can usually replicate in
both mammalian cells as well as bacterial cells.

Shuttle vectors function as hybrid vectors containing DNA
sequences from bacterial plasmids and mammalian viruses.

The vectors contain three functional DNA sequences involved in
the cloning process; a viral replication origin, a bacterial
replication origin, and a drug resistance gene.

The presence of different replication sites and repair sequences
enable the recovery and maintenance of these vectors in bacterial
cells.

There are three different shuttle vectors depending on the type of
replication system utilized by the vectors.

Transiently replicating shuttle vectors that need to be recognized
by large T antigen in order to replicate in human cells.

Episomal shuttle vectors work to establish cell lines that can
replicate permanently in the form of plasmid DNA containing the
DNA insert.

Integrated shuttle vector undergoes replication only after fusion
with particular cell types for gene expression.

5. Secretion vector:

>

Secretion vectors are a type of specialized expression vector that
expresses the cloned genes in order to produce proteins at
locations other than the cytoplasm.

The transport of protein product from the cell is achieved by the
fusion of the inset DNA with a nucleotide sequence encoding the
peptide of an easily secreted protein.
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> The use of secretion vector has many advantages like higher yield,
simple purification process, and improved protein stability.

» Secretion vectors can be designed for more than one type of
prokaryotes or eukaryotes, including mammals.

» A commonly associated problem with the incorporation of a
protein of eukaryotic origin into a prokaryotic host is the
overexpression of the protein. This problem is solved by the use
of secretion vectors that alleviate the formation of inclusion
bodies.

» Secretion vectors have replaced cloning vectors in processes
focusing on the production of proteins and the expression of
eukaryotic DNA fragments.

Examples of Vectors:

The following are some of the examples of vectors that are commonly
used for different genetic engineering processes;

pBR322:

HindIII
EcoRI EcoRV

BamHI
4359029 456

pBR322

4361 bp

» pBR322 is a commonly used plasmid cloning vector used in
prokaryotes, primarily E. coli.

» The vector consists of an origin of replication from a ColE1-like
plasmid, pMBI1, an ApR gene (Ampicillin resistance gene) from
the transposon, Tn3, and a TcR gene from pSC101.
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> pBR322 was designed to overcome the limitations with pPBR312
and pBR313, both of which have extraneous DNA sequences and
restriction enzyme cleavage sites that affected their function as
vectors.

» The structure of pBR322 was designed to maximize the number
of restriction enzyme cleavage sites on the vector and to minimize
its size.

» The vector contains twenty-one unique restriction enzyme
cleavage sites, eleven of which are present in the TcR and ApR
genes.

» The structure also facilitates a unique EcoRI cleavage site within
the plasmid in order to increase the efficiency of the vector.

» The pBR322 family of vectors was initially created for general
cloning purposes in E. coli and other similar prokaryotes;
however, over the years, derivatives of the vector have been
designed for cloning purposes that specific to a particular
organism or a particular function.

» Even though pBR322 has been used for decades as an effective
multipurpose cloning vector, it has some limitations.

» The vector might be lost in continuous culture in the absence of
selective pressure, which might be a problem in large-scale
fermentation of recombinant bacteria.

pUC19:

2000
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pUC19 is also an example of a plasmid cloning vector that is used
for the transfer of recombinant DNA fragments into a host cell.
The name ‘pUC19’ is given o the vector where the ‘p’ indicates
plasmid and ‘UC’ indicates the University of California’ where
the vector was designed and constructed.

The vector has been extensively used for cloning purposes where
the host cells containing the plasmid are distinguished from the
ones that do not have it by the differences in the color of the
colonies on the growth medium.

The vector is a double-stranded DNA molecule with 2686 bp and
a high copy number.

pUCI19 consists of a 54 base-pair cloning site polylinker that
further contains 13 different hexanucleotide-specific restriction
endonucleases.

The colony screening after cloning with pUC19 is due to the
presence of a selective marker that encodes for the N-terminal
fragment of B-galactosidase.

A phage:

>

>

A-phage is an example of a bacteriophage that infects the bacterial
species, Escherichia coli (E. coli).

This vector is more effective than other plasmid vectors as it has
a higher efficiency in entering bacterial cells so as to incorporate
the recombinant DNA within the host genome.

It is a double-stranded DNA bacteriophage that contains an ori
sequence requires for replication and a number of DNA sequences
encoding regulatory and replicative proteins.

The phage DNA replicates by the combination of theta and rolling
circle replication process to produce a linear dsDNA. It is then
followed by the cos sequence, which enables the circularization
of the genome after infection.

The DNA sequences between the two arms of the vector are not
essential which are then replaced with the recombinant DNA
during cloning.
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Applications of Vectors:

The application of vectors in molecular biology and genetic engineering
has increased with time due to the simplicity, cost-effectiveness, and
rapidity of the process. The following are some of the major applications
of vectors in molecular biology;

>

Cloning vectors are the most important group of vectors that are
used for the transfer of foreign DNA into host cells for different
purposes.

One of the most important applications of vectors is to generate
engineered organisms for a particular function, like
engineering E. coli bacteria for insulin production.

Vectors can be used to isolate a particular gene sequence within a
genome and to determine its nucleotide sequence through DNA
sequencing.

It also helps determine control sequences and regulatory
sequences in genomes for their study and analysis.

Cloning vectors can be used for studying the structure, function,
and production of protein in different organisms.

Phage therapy is a form of therapy that uses bacteriophage vectors
to treat different bacterial infections in humans and other animals.
Vectors can also be used to identify mutations in different regions
of DNA sequences as well as to diagnose gene defects related to
certain diseases.

Recombinant DNA technology has been used in clinical
microbiology in different approaches like recombinant antigens,
recombinant vaccines, and diagnostic probes.

Recombinant antigens prepared by cloning techniques by using
cloning vectors have been used for the screening of diseases like
HIV, HCV, and CMV.

Vectors are one of the components in molecular biology which
enable numerous studies related to cell structure, nucleic acid
composition, and genetic engineering techniques.
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Limitations of Vectors:

The following are some of the limitations of vectors;

1.

Vectors are not very stable due to changes in metabolic energy and
changing pH and temperature in different hosts. The stability of
vectors depends largely on the type of vector and host genotypes.
Overexpression of a particular type of genes in the host cell is a
common problem associated with the use of vectors.

The use of a single type of vector might not be sufficient for a
particular purpose. The use of multiple vectors is complex and
results in difficulties during the process.

Even though a large number of studies are done in the field of
molecular biology for the production of more efficient vectors, it
is a time-consuming and expensive process.

Screening and Selection of Recombinants:

» Screening and selection of recombinants are essential steps in

recombinant DNA technology. After introducing recombinant
DNA into a host organism such as Escherichia coli, scientists
must identify which cells have successfully taken up the
recombinant plasmid and distinguish them from non-recombinant
cells.

This process ensures that only the desired genetically modified
organisms are used for further research, cloning, protein
production, or industrial applications.

Selection generally refers to methods that allow only transformed
cells to survive, while screening identifies the cells carrying the
desired recombinant DNA insert. Various molecular and
immunological techniques are used for this purpose.

Importance of Screening and Selection:

The process of screening and selection is important because:

>

>
>
>

Transformation efficiency is usually low.

Not all transformed cells contain recombinant plasmids.

Some cells may contain self-ligated vectors without foreign DNA.
Identification of correct recombinants saves time and resources.
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» Accurate screening ensures successful gene cloning and
expression.
Methods of Screening and Selection of Recombinants:
1. Antibiotic Resistance Selection:
One of the simplest selection methods involves plasmid vectors carrying

antibiotic resistance genes such as:

e Ampicillin resistance (ampR)

e Tetracycline resistance (fetR)

¢ Kanamycin resistance
After transformation, bacteria are grown on agar plates containing the
specific antibiotic. Only transformed cells containing the plasmid survive,
while non-transformed cells die.
Principle:
The plasmid vector carries an antibiotic resistance gene. When bacteria
acquire the plasmid, they become resistant to the antibiotic.
Procedure:

1. Recombinant plasmid is introduced into bacterial cells.

2. Cells are spread on antibiotic-containing medium.

3. Only transformed bacteria form colonies.
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Advantages:
» Simple and rapid
> Cost-effective
> Highly efficient for initial selection
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Limitations:
» Cannot distinguish recombinant plasmids from non-recombinant
plasmids
» Additional screening methods are required.
2. Blue-White Colony Screening:
Blue-white screening is one of the most widely used methods for
identifying recombinant colonies.
Principle:
This method is based on insertional inactivation of the lacZ gene, which
encodes the enzyme [-galactosidase. The plasmid vector contains a
multiple cloning site within the lacZ gene.
» If foreign DNA is inserted into the lacZ gene, the gene becomes
inactive.
> Ifno insert is present, lacZ remains functional.
The bacteria are grown on medium containing:

» X-gal (chromogenic substrate)
» IPTG (inducer)
Results:
> Blue colonies — Non-recombinant plasmids (functional lacZ)
» White colonies — Recombinant plasmids (inactive lacZ)
Procedure:
» Foreign DNA is inserted into the plasmid vector.
» Recombinant plasmids are introduced into bacterial cells.
» Cells are plated on agar containing antibiotic, X-gal, and IPTG.
» Colonies are observed after incubation.
Mechanism:
B-galactosidase cleaves X-gal and produces a blue-colored product.
e Functional lacZ — Blue colonies
e Interrupted lacZ — White colonies
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Advantages:
» Easy visual identification

> Rapid screening
» Highly effective for cloning experiments
Limitations:
» False positives may occur
> White colonies still require confirmation
» Applicable mainly to lacZ-based vectors
3. Polymerase Chain Reaction (PCR) Screening:
PCR screening is a molecular method used to detect the presence of

inserted foreign DNA directly from bacterial colonies.
Principle:

PCR amplifies a specific DNA sequence using:
Primers

DNA polymerase

Nucleotides

YV V V V

Thermal cycling
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If the insert is present, amplification occurs and produces DNA fragments
of expected size.
Procedure:

1. A small portion of bacterial colony is picked.

2. Cells are lysed to release DNA.

3. PCR reaction is performed using insert-specific primers.

4. Amplified products are analyzed using agarose gel

electrophoresis.
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Interpretation:
» Presence of expected DNA band — Recombinant colony

» Absence of band — Non-recombinant colony
Types of PCR Screening:
a) Colony PCR
Direct amplification from bacterial colonies without DNA purification.
b) Insert-specific PCR
Uses primers specific for the foreign gene.
¢) Vector-specific PCR
Uses vector primers flanking the insertion site.
Advantages:

> Highly sensitive

» Rapid and accurate

> Detects insert orientation and size
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Limitations:

» Requires specialized equipment

» Possibility of contamination

> False amplification may occur
4. Colony Hyvbridization:
Colony hybridization is a nucleic acid-based screening technique used to
identify recombinant colonies containing a specific DNA sequence.
Principle:
The method is based on hybridization between:

» Alabeled DNA probe

» Complementary target DNA in bacterial colonies

» The probe binds specifically to colonies containing the desired
gene.
Procedure:
» Bacterial colonies are transferred onto a nitrocellulose or nylon
membrane.
Cells on the membrane are lysed.
DNA is denatured into single strands.
A labeled probe is added.
Hybridization occurs between probe and complementary DNA.
Excess probe is washed away.
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Detection is carried out using autoradiography or fluorescence.
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Types of Probes:
» Radioactive probes

» Fluorescent probes
> Enzyme-labeled probes
Advantages:
> Highly specific
» Useful for large-scale screening
» Detects rare sequences
Limitations:
» Time-consuming
» Requires probe preparation
» Radioactive probes may be hazardous
5. Direct Screening Methods:
Direct screening involves identification of recombinant clones based on
the visible expression of the inserted gene or its product.
Principle:
The recombinant gene produces a detectable phenotype, enzyme activity,
or metabolic change that can be directly observed.
Examples:
a) Enzyme Activity Screening
Recombinant colonies producing specific enzymes can be identified by
substrate conversion.
Example:
e Amylase-producing colonies create clear zones on starch agar
after iodine treatment.
b) Fluorescent Protein Screening:
Genes encoding fluorescent proteins such as GFP (Green Fluorescent

Protein) produce glowing colonies under UV light.
¢) Metabolic Screening:

Colonies expressing metabolic genes can grow on selective media lacking
certain nutrients.
Advantages:

> Rapid detection
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> Easy observation

» Useful for functional gene analysis
Limitations:

» Not suitable for all genes

» Expression may vary

» Some products may not be easily detectable
6. Immunological Methods of Screening:
Immunological screening detects recombinant colonies based on antigen-
antibody interactions.
Principle:
When recombinant cells express a foreign protein, specific antibodies can
bind to that protein. Detection of antibody binding identifies recombinant
colonies.
Procedure:

1. Colonies are transferred to a membrane.

2. Cells are lysed to expose proteins.

3. Membrane is treated with specific primary antibodies.

4. Secondary antibodies linked to enzymes or fluorescent markers

are added.
5. Detection is performed using colorimetric or fluorescent
reactions.
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Common Immunological Methods:

a) ELISA (Enzyme-Linked Immunosorbent Assay)

Detects recombinant proteins using enzyme-linked antibodies.

b) Western Blotting
Proteins are separated by electrophoresis and detected using antibodies.
¢) Immunoscreening of Expression Libraries

Used to identify clones expressing specific proteins.

Advantages:

> Highly specific
» Detects protein expression directly
» Useful in protein engineering

Limitations:

» Requires specific antibodies
> Expensive

Comparison of Screening Methods:

Method Principle Detection Advantages | Limitations
Blue-White lacZ Colony color | Simple and | False
Screening inactivation rapid positives
PCR Screening | DNA DNA bands Highly Requires
amplificati sensitive equipment
on
Colony Probe Probe signal | Highly Time-
Hybridization hybridizati specific consuming
on
Direct Screening | Gene Visible Functional Limited
expression | phenotype analysis applicability
Immunological | Antigen- Protein Protein- Expensive
Screening antibody detection specific
reaction

Applications of Recombinant Screening:

Screening and selection techniques are widely used in:

» Gene cloning
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Production of recombinant proteins
Vaccine development

Gene therapy

Agricultural biotechnology
Pharmaceutical industries

YV V.V V VYV V

Functional genomics research

These methods help scientists isolate desired clones efficiently and
accurately.

Conclusion:

» Screening and selection of recombinants are fundamental
processes in genetic engineering and molecular biology.

» Since transformation produces a mixture of recombinant and
non-recombinant cells, accurate identification methods are
essential.

» Techniques such as blue-white colony screening, PCR screening,
colony hybridization, direct screening, and immunological
methods provide reliable ways to identify desired recombinant
clones.

» Each method has its own advantages and limitations, and often

multiple techniques are combined to achieve accurate results.

Construction of Genomic and cDNA Library:
» DNA Library or Gene Library is simply the collection of DNA
fragments cloned into vectors and stored within host organisms.

» They contain either the entire genome of a particular organism or
the genes that are expressed at a given time.
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DNA Library Preparation
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DNA Library Preparation:

>

>

The genome is vast and complex. To understand the entire genome
or study specific genes, it is important to study it in smaller and
more manageable fragments.

DNA libraries make the entire genome accessible in small
fragments. These libraries are used to identify, isolate, and study
particular genes of interest.

The development of molecular Dbiology technologies
including recombinant DNA (rDNA) technology, cloning vectors,
and techniques for transforming bacteria laid the foundation for
the construction of DNA libraries.

Types of DNA Library:

Genomic information can be obtained by two primary methods.
Based on this, DNA libraries are divided into two types: genomic
and cDNA library.

1. Genomic Library:

>

A genomic DNA library is a collection of DNA fragments that
represent all genetic information of an organism. This includes
both coding and noncoding regions of the DNA.

Genomic libraries are suitable for a wide range of applications,
including genome mapping and comparative genomics. It allows
the study of regulatory elements and noncoding sequences that are
important in gene expression and regulation.
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>

Genomic libraries also have certain disadvantages including the
complexity and size of handling large DNA fragments and the
resource-intensive process of creating and maintaining such
libraries.
Genomic Library and cDNA Library
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2. cDNA Library:

>

>

A cDNA (complementary DNA) library is a collection of cDNA
molecules derived from mRNA.

Unlike genomic libraries, cDNA libraries represent only the
expressed genes of an organism, excluding non-expressed
genomic regions such as introns and other noncoding sequences.

cDNA libraries are useful for studying gene expression, protein
functions, and producing recombinant proteins. Since cDNA
libraries exclude noncoding regions, they provide a more focused
view of the expressed genetic information.

The disadvantages of the cDNA library include the limitation of
studying gene regulation due to the absence of regulatory
sequences, limited gene diversity, and bias toward highly
expressed genes.

cDNA libraries are specifically created from eukaryotes to study
the expressed genes. Prokaryotes do not contain introns.
Therefore, creating cDNA libraries for prokaryotes is generally
not necessary, as their genomic DNA directly corresponds to their
mRNA.
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Differences between Genomic Library and cDNA Library
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and bacterial
artificial
chromosomes
(BACs), which can
hold large DNA
fragments.

plasmid  vectors,
which are suitable
for the smaller
cDNA fragments.

Genomic libraries
are used for
genomic mapping,

cDNA libraries are
particularly useful
for studying gene

Application comparative expression
genomics, and | patterns and the
studying gene | functions of
regulation. expressed genes.

Construction (Preparation) of Genomic Library:
1. Isolation of Genomic DNA:
» The construction of a genomic library begins with the isolation of

genomic DNA from the organism of interest.
» Genomic DNA can be isolated using different methods such as
cell lysis, protein digestion, and phenol-chloroform extraction.
» The isolated DNA represents the entire genome of the organism
and contains both coding and non-coding regions.
2. Fragmentation of Genomic DNA:

» Theisolated genomic DNA obtained is often too large to be cloned
directly into vectors. So, it needs to be fragmented into smaller
fragments suitable for cloning.

» This fragmentation can be achieved using physical methods such
as sonication, mechanical shearing, or enzymatic methods
involving restriction enzymes.
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3. Cloning:
» The fragmented genomic DNA is then cloned into a suitable

vector. Some common vectors used for genomic library
construction include plasmids, bacteriophages, bacterial artificial
chromosomes (BACs), and yeast artificial chromosomes (YACs).

» Bacterial vectors are suitable for smaller DNA fragments, while
YAC:s are used for larger DNA fragments.

e The vectors are treated with restriction enzymes to create sticky
ends that are compatible with the fragmented DNA.

e DNA ligase enzyme is used to bind the DNA fragments to the
vector, creating recombinant DNA molecules.

4. Transformation:

» The recombinant vectors containing the cloned genomic DNA

fragments are transformed into a suitable host organism,

usually E. coli and yeast.

» The transformed host cells take up the recombinant vectors and
are cultured on agar plates containing selective media to allow the
growth of colonies containing the recombinant DNA. These
colonies form a genomic DNA library.

Construction of a Genomic DNA Library
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Construction (Preparation) of cDNA Library:

1. Isolation of mRNA:

>

>

Construction of a cDNA library starts with the isolation of mRNA
from eukaryotic cells.

mRNA is isolated and purified using methods such as column
purification. Column purification uses oligomeric dT nucleotide-
coated resins that bind only mRNA with a poly-A tail.
Eukaryotic mRNA contains a poly-A tail at the 3° end. When a
cell lysate is passed through the poly-T column, the poly-A tails
of mRNA molecules bind to the oligo-dT sequences.

This retains the mRNA in the column while all other molecules
that do not have poly-A tails pass through the column and are
discarded. Finally, the mRNA molecules are separated from the
oligo-dT sequences using an eluting buffer.

2. Synthesis of cDNA:

>

>

After isolating and purifying mRNA molecules, the next step is
the synthesis of cDNA molecules from the isolated mRNA.

At first, a short oligo-dT primer is annealed to the 3’ poly-A tails
of the mRNA molecule, which initiates the synthesis of the first
DNA. Using reverse transcriptase enzyme, the primer is extended
to form an RNA-DNA duplex.

RNase H enzyme degrades the mRNA strand in the mRNA-DNA
hybrid, leaving small RNA fragments that are used as primers for
the synthesis of the second DNA strand.

DNA polymerase 1 synthesizes the second DNA strand in
segments removing the RNA primers.

DNA ligase enzyme seals the nicks between the newly
synthesized DNA fragments, resulting in the formation of a
double-stranded cDNA copy of the mRNA.

3. cDNA Cloning:

>

The next step is the ligation of cDNA molecules into suitable
vectors for cloning.
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Since ¢cDNA has blunt ends, restriction site linkers or adapters
need to be added to the ends of the cDNA molecules to make them
compatible with the vector DNA. These linkers contain
recognition sites for restriction enzymes. The linkers are then
digested using restriction enzymes.

The most commonly used vectors for cloning cDNA are plasmid
and phage vectors. The suitable vectors are cut with the same
restriction enzyme as the cDNA.

The ¢cDNA molecules are joined with the vector DNA which
creates recombinant DNA molecules.

4. Transformation:

>

The recombinant DNA molecules are transformed into host cells
that can be cultured to produce colonies containing the cloned
cDNA inserts.

To select host cells that have successfully taken up the
recombinant DNA, the transformed cells are cultured on agar
plates containing a selective medium. The selective medium
contains antibiotics that inhibit the growth of untransformed cells.
The presence of a selectable marker gene on the vector ensures
that only cells containing the recombinant DNA survive and form
colonies on the selective medium. The resulting colonies form the
cDNA library.

®

@ ' cDNA synthesis,
= amplification,
RNA extraction | library preparation

Total RNA cDNA library
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Screening a DNA Library:

>

After the construction of gene libraries, the screening process for
both ¢cDNA and genomic libraries is important to identify and
isolate the recombinant clones containing the DNA inserts of
interest.

There are several screening methods. The most commonly used
screening method for gene libraries is hybridization-based
screening. This method uses labeled DNA or RNA probes that are
complementary to the target DNA sequence in the gene library.
In hybridization-based screening, the colonies or plaques in the
gene libraries are transferred onto a solid membrane such as a
nitrocellulose membrane.

The membrane is then probed with radiolabeled probes to identify
clones containing the target sequence. The probe will hybridize
with its complementary sequence in the target DNA.

Positive clones are identified based on the presence of
hybridization signals, which are visualized using autoradiography
or fluorescence detection.

Other commonly used screening methods include PCR screening,
immunological assay, and sequencing-based screening.

Applications of Genomic Libraries:

» Genomic libraries are essential for constructing physical maps of

genomes which helps in understanding the layout and structure of
genes.

These libraries are particularly useful for studying non-coding
regions, regulatory elements, and gene sequences that may not be
expressed.

Genomic libraries from different species can be compared to
study their evolutionary relationships.

Genomic libraries also help identify genetic mutations and
disease-associated genes which is important for understanding the
genetic basis of diseases.
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Applications of cDNA libraries:

>

cDNA libraries are useful for studying actively expressed genes
in different tissues under specific conditions. cDNA library allows
the identification and cloning of expressed genes.

cDNA libraries can be used to compare gene expression profiles
between different species which is useful in the study of
evolutionary biology.

cDNA libraries are also used to produce recombinant proteins.
These libraries are also used to identify and study the expression
of disease-related genes, which can help in the development of
diagnostic markers.

Polymerase Chain Reaction:

>

Polymerase Chain Reaction (PCR) is a nucleic acid amplification
technique used to amplify the DNA or RNA in vitro
enzymatically.

It is a temperature-dependent enzymatic process where either a
specific targeted region of DNA or the whole DNA is replicated
to quickly make millions of copies of the target DNA or DNA
segment. It is also called “molecular photocopying”.

It is a non-cultured based nucleic acid cloning technique. We can
quickly produce billions of copies of a single segment of DNA
or RNA using the PCR technique.

It is temperature dependent cyclic process, and by the end of the
20th to 25th cycle, over a million copies of the target nucleic acid
segment will be produced.

It combines the principle of nucleic acid hybridization with the
principle of nucleic acid replication.

It denatures the double-stranded DNA (dsDNA) into single-
stranded DNA (ssDNA), selects a segment of DNA to amplify
using a specific primer, and then follows the method of
replication using DNA polymerase enzyme to amplify that
segment.
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» PCR dates back to the mid-1980s when Kary Mullis and his
associates developed this revolutionary technique.

» He was awarded the Nobel Prize in chemistry with Michael
Smith in 1993. Since then, it has been the most important tool in
molecular biology and genetics as a basic tool for DNA and RNA
analysis.

Objectives of Polymerase Chain Reaction (PCR):

1. To amplify the specific segment of DNA or RNA, resulting in
billions of copies of a single DNA or RNA segment.

2. To reduce the time required for the cloning of nucleic acids

3. Additionally, it has been modified to diagnose certain genes, and
mutations, and support other genetic and molecular studies or
techniques

Principle of PCR:

» PCR combines the principle of nucleic acid hybridization with the
principle of nucleic acid replication with the temperature
variations of cyclic heating and cooling throughout the process.

» Itis based on the fact that double-stranded DNA can be thermally
broken into single-stranded DNA segments. In these ssDNA
templates, primers can anneal to their complementary sequences
based on the nucleic acid hybridization principle.

» DNA polymerase then elongates the primer by sequentially
adding the nucleotides to the 3’ end and generates a dsDNA
following the principle of DNA replication.

» By continuously regulating the temperature, these 3 steps;
denaturation, annealing, and elongation, can be permitted to occur
in a cyclic manner leading to millions of copies of a single
targeted nucleic acid sequence.

Components of PCR (Enzymes used in PCR):

1. Nucleic Acid Template (Template DNA):

» Template DNA is the sample DNA that contains the selected
nucleic acid sequence that needs to be amplified. The template
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must be DNA only: Genomic DNA (gDNA), complementary
DNA (cDNA), and plasmid DNA.

» Reverse transcriptase polymerase chain reaction (RT-PCR) uses
RNAs as starting materials, but RNAs are primarily converted to
complementary DNA (cDNA) before amplification. The
template DNA must be highly pure with an absorbance ratio of
~1.8. A quantity of 0.1 to 200 pg can be used, with an ideal
quantity of 30 pg to 50 pg.

Components of PCR (Enzymes used in PCR)
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2.DNA Polymerase:

» DNA polymerases are enzymes that catalyze the synthesis of
complementary DNA strands by assembling the nucleotides
sequentially according to the template strand. Simply, it is the
enzyme that synthesizes DNA; hence plays a key role in DNA
replication.

» Taq DNA polymerase, the DNA polymerase enzyme extracted from
the bacterium Thermus aquaticus, is the most widely and the best—
known DNA polymerase used in PCR since its establishment.

» Taq DNA polymerase is thermally stable and continues its activity
after the repeated heating and cooling cycle. It is stable up to 95°C
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and shows the most effective reaction at around 72°C to 78°C
incorporating about 60 bases per second.

» Ina50 L reaction mixture, around 1 to 2 units of Tag polymerase is
sufficient for amplification.

» Recently, two other thermostable DNA polymerase enzymes are
available, viz., the Vent enzyme isolated from Thermococcus
litoralis, and the Pfu enzyme isolated from Pyrococcus furiosus.

3. Primers:

» Primers are artificially synthesized short single-stranded sequences
of oligonucleotides that are complementary to the target nucleic acid
sequence in the template DNA.

» They are short sequences of around 15 to 30 bases that act as starting
point for DNA synthesis.

» They anneal at their complementary position in a single-stranded
template DNA strand. The DNA polymerase enzyme then extends
this primer from its 3> OH- end forming a new complementary
strand. Usually, 10 to 12 pMol of each primer is sufficient fora PCR
reaction.

» PCR primers are of 2 types; forward and reverse primers. The
forward primers are complementary to the antisense strand
(template strand from 3’ to 5’ direction), and are responsible for the
amplification of the antisense strand. They are also called 5’
primers.

» The reverse primers are complementary to the sense strand
(template strand from 5’ to 3’ direction) and are responsible for the
amplification of the sense strand. They are also called 3’ primers.

4. Nucleotides (Deoxynucleotide triphosphates):

» Deoxynucleotide triphosphates (ANTPs) are artificially synthesized
nucleotides that act as building blocks of new DNA strands.

» There are 4 different dNTPs used in the PCR; deoxyadenosine
triphosphate (dATP), deoxyguanosine triphosphate (dGTP),
deoxythymidine triphosphate (dTTP), and Deoxycytidine
triphosphate (dCTP).
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» These four ANTPs are sequentially added to the annealed primer by
the DNA polymerase enzyme generating a new strand of DNA
complementary to the template strand.

5. PCR Buffers and Other Chemicals:
» The whole process needs to be carried out in a Tris — HCI based

buffer system of pH 8.0 to 9.5. The common buffer system used is
a 10X buffer with additional MgCl.

» Common components of PCR buffers are dimethyl sulfoxide
(DMSO), ammonium sulfate ((NH4),SO4), nonionic detergents,
polyethylene glycon(PEG), N,N,N-trimethyl glycine, potassium
chloride (KCl), magnesium chloride (MgCly), tetra methyl
ammonium chloride, Tris — HCI, Ethylenediaminetetraacetic acid
(EDTA), 7-deaza-2'-deoxyguanosine 5’-triphosphate, glycerol,
formamide, serum albumin, etc.

» The buffer system increases the reaction’s efficiency and specificity
and prevents inhibition and secondary structure formation during
the process.

6. Thermocycler:
» Also known as the PCR machine, the thermocycler is simply an

electric heating device that regulates the temperature as per need
during each stage of the PCR process.

» This machine increases the temperature during the denaturation step
and lowers it during the annealing and again increases it during the
elongation step.

» This process of increasing and decreasing the temperature occurs in
a cyclic manner according to the pre-programmed setup or
instruction by the user prior to operating.

Steps of PCR:
» There are three core steps in any type of PCR: denaturation,
annealing, and elongation.
» Apart from these three primary steps, the preparation phase at
the beginning and the PCR product analysis phase at the end
are also important steps.
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» The whole steps can be summarized into three steps; pre-
preparation, amplification, and product analysis.
1. Pre-preparation:
» Itis the initial step before the actual polymerase chain reaction
takes place inside the thermocycler. In this step, one must

prepare a reaction mixture and load it on a pre-programmed
thermocycler in order to amplify the target DNA or RNA
segment.

» Sample DNAs or RNAs are extracted from the sample and
stored (pre-extracted nucleic acids can be used).

» All materials are arranged, safety measures are taken, the PCR
reaction preparation area is cleaned, all the reagents are
brought to working temperature, the sample is extracted or
brought from storage, the PCR reaction mixture is prepared,
the thermocycler is programmed, and the reaction mixture is
loaded on the thermocycler.

Polymerase Chain Reaction (PCR)
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2. Amplification:

It is the main reaction process occurring in PCR. The
amplification step includes denaturation, annealing, and
elongation occurring orderly in a cyclic manner one after another
for a certain number of cycles pre-programmed by the user.
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Step 1I: Denaturation:

>

>

It is the 15 step of the amplification reaction where the double-
stranded DNA is thermally denatured into two single-stranded
DNA templates.

Temperature is raised to about 94°C (90 to 95°C) for about 30 to
90 seconds.

At this temperature, the thermal energy overcomes the weak
hydrogen bonds holding the two DNA strands together, allowing
them to separate.

dsDNA — 2 ssDNA templates

Step II: Annealing:

>

>

>

>

Denaturation is followed by the annealing step, where the primer
anneals the ssDNA templates at their complementary sites.

The forward primer anneals at the complementary site of the
antisense strand, and the reverse primer anneals at the
complementary site of the sense strand of the template DNA.

For annealing to occur, the temperature is reduced to 55°C-70°C
(the annealing temperature differs based on the GC content of the
primer).

About 30 to 60 seconds are enough for annealing in most of the
PCR processes.

ssDNA + Forward and reverse primers — ssDNA with annealed
primers

Step 111: Elongation:

>

It is the final step in the amplification reaction where the
temperature is raised to 72°C so that the Taqg DNA polymerase
enzyme begins synthesizing new DNA strands in the 5’ to 3’
direction.

The DNA polymerase enzyme adds nucleotides from the reaction
mixture to the 3° OH- end of the annealed primer forming a new
complementary strand.

The time required for elongation depends on the sample nucleic
acid sequence length and the DNA polymerase activity.
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» Generally, elongation takes place at the rate of 1 kbp per 0.5 to 1

minute. At the end of elongation, two new dsDNA will be formed
from a single dsDNA template at the beginning of the reaction.

» 2 ssDNA with annealed primers + dNTPs — 2 new dsDNAs
3. Product Analysis Phase:

It is the phase after completion of the PCR where the reaction
mixture subjected to PCR is analyzed to confirm that desired
amplification is achieved. For this, mostly agarose gel
electrophoresis is employed in order to check for amplified DNAs
or RNAs. However, no additional step is required in some types
of PCR, like real-time PCR.

Polymerase Chain Reaction (PCR) Applications:

Since its establishment, PCR has found numerous applications in
different aspects of molecular biology. Some of them are;

1. Identification and Classification of Organism:

>

PCR is used widely in identifying microorganisms up to the level
of subspecies and strains. This has reduced the time required for
microbial identification from days to a few hours.

Additionally, larger animals can also be identified and
systematically classified using PCR. DNA isolated from fossilized
animals are also amplified and studied to relate them with animals
that are still living on the Earth.

2. Infectious Disease Diagnosis:

>

>

The use of PCR in the identification of pathogens has led to the
quick and accurate diagnosis of infections.

Not only diagnosis but parallel identification of antimicrobial
resistant genes in the pathogen is also possible, allowing choosing
of appropriate antimicrobial treatment option.

HIV, SARS CoV -2, human T — cell leukemia virus (HTLV type I
and II), Tuberculosis, Hepatitis Virus, Enterovirus, Sexually
Transmitted Diseases (STDs), etc., are diagnosed using PCR.
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3. Detection of Gene Mutation and Genetic Disorders:
» Mutation in any segment of a gene can be detected using PCR.
Knowing this mutation, we can confirm a genetic disorder.
» DNA polymorphism can also be analyzed, which can also relate
to a genetic disorder of some kind.
» In medical science, PCR is used as one of the most important
tools to diagnose congenital diseases, genetic disorders, and any

mutation leading to a negative health problem and behavioral
change in the prenatal stage.

» Detection of cancerous cells is another very important
application of PCR in medicine.

4. DNA Fingerprinting:

» In forensics, PCR is used for DNA fingerprinting. DNA
fingerprinting is used for the identification of criminals or
individuals and for confirming parents.

5. Gene Sequencing:

» For gene sequencing, a gene must be amplified into a large
number using techniques like PCR. All the sequencing
methods use PCR as their important step.

6. DNA and RNA Quantification:

» PCR can also be used for the quantification of sample DNA and
RNA. Quantitative Real-Time PCR (RT — qPCR) is one common
type of PCR used for the quantification of sample DNA.

7. As a Tool in Genetic Engineering:

» PCR is used in genetic engineering for analyzing modified DNAs
and amplifying target or vector DNA. Desired genes are amplified
using PCR and applied in the required process.

. Gene Expression Analysis and Genetic Imprinting:

» PCR of RNA (Reverse Transcription PCR) is used in gene

expression analysis, study genetic imprinting, etc.

oo

» It is also used in drug and vaccine discovery, human genome
projects, paleontology, and evolutionary biology.
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Advantages of Polymerase Chain Reaction (PCR):

>

It is a very fast method for producing multiple copies of a nucleic
acid segment. Within a few hours to a few days, billions of copies
of a specific nucleic acid sequence can be produced and analyzed.
It can analyze a very minute quantity, 0.1 to 5 pg, of DNA or
RNA.

Its principle and procedure are simple to understand and apply.
Being a semiautomatic technique, the process is operated and
regulated automatically by a thermocycler.

It has shortened the time for the diagnosis of diseases and genetic
disorders.

It is the base for several molecular techniques like DNA
fingerprinting, genetic imprinting, microarray, gene sequencing,
molecular vector production, etc.

Limitations of PCR:

>

Prior information regarding the sequence of the DNA or RNA
target segment is required. Only then we can design and generate
primers and selectively amplify the target.

Even very small contamination in a sample can be amplified,
giving a false positive or false negative result.

There is a chance of mutation during the process if the DNA
polymerase enzyme makes any error during replication.

PCR fails to detect novel mutations, multigenic disorders, and
structural and numerical chromosomal abnormalities.

Several organic or inorganic contaminants can disrupt the process,
inhibiting the process and producing inaccurate results.

It is a highly temperature-dependent process; hence there must be
strict regulation of temperature. Even a slight change in
temperature can inhibit the amplification process.

It is complex, requiring sophisticated technology, a wide range of
chemicals, and highly trained professionals to operate.
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>

It is not suitable for very long DNA molecules. Very long DNA
needs to be cut into smaller fragments. Usually, from 0.1 kbp up
to 10 kbp or 40 kbp can be used.

RNA needs to be first converted to DNA using reverse-
transcriptase enzyme before its amplification.

Most types of PCR processes require additional steps for product
analysis.

Gene Delivery Methods:

>

>

One of the biggest problems in somatic gene therapy is finding
an efficient gene delivery system.

Appropriate methods to deliver DNA used in gene therapy are
vital, as the targeted tissues must properly receive the appropriate
genes.

Gene therapy can be carried out using naked DNA delivered
directly into the target cells. However, this can be introduced by
isolated DNA molecules has a very low-efficiency rate. To
increase the efficiency of DNA uptake by the target cells, special
vectors have been engineered for gene transfer.

Gene B
Delivery

Methods

0

Biological (Viruses)  Chemical (Polymer and Liposome)

Microinjection
Electroporator [
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Gene Gun
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Types of Gene Delivery Methods:

Gene delivery

1l

Viral Nonviral

Biclogic Chemical Pnysical

Adeno-
Retrovirus Adenovirus ene Polymers Lposomes Gene gun Microinjection Electroporetion
associated virus

There are two basic gene delivery methods are:
1. Nonviral transfection method
2. Viral mediated transduction method

1. Nonviral transfection methods:
There are currently 2 nonviral transfections (liposome and biolistic) that
have been tested for in vivo or ex vivo gene therapy approaches
a. Liposomes mediated Gene Transfer:
» The DNA to be transferred is packaged in vitro with liposomes

and used directly for gene transfer to a target tissue in vivo.

» Liposomes can be cationic and anionic. Although, anionic
liposomes are surrounded by a negative surface charge upon
binding DNA on the inside.

» The lipid coating allows the DNA to survive in vivo, bind to cells,
and be endocytosed into the cells.

Advantages: No viral components, no — pathogenic, no immunity

problems, no limit to size of a foreign gene.

b. Biolistics:

» The process involves the acceleration of high-velocity DNA-
coated microprojectiles into the cells. Potential advantages and
disadvantages are as same as a liposome-mediated transfer.
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2. Virus-mediated transduction methods:

>

>

Viruses attack their hosts to introduce their genetic material. This
genetic material contains instructions to produce these viruses.
The host cell will carry information to produce the viruses. In
addition to the instructions producing the components of the virus
itself, viruses can carry additional genes for creating other kinds
of proteins.

Three types of viruses are mostly used in gene therapy:
retroviruses, adenoviruses, and adeno- associated viruses.
However, they differ in their mechanisms of action and results.

a. Retro-virus based vector:

>

The genetic material in retrovirus is present in the form of RNA
molecules, while the genetic material in the hosts will be present
in the form of DNA.

When a retrovirus infects the host cell, it introduces its
RNA along with its enzymes into the cell. These RNA molecules
from retrovirus must produce DNA molecules.

The process of producing a DNA copy from an RNA molecule is
termed reverse transcriptase. This is carried out by reverse
transcriptase. After this copy of DNA is produced, it gets
integrated with the host cell of the genome which is out by the
enzyme called integrase.

Now, the genetic material of the virus has become part of the
genetic material of the host cell. When the host cell divides later,
its descents possess new genes.

One of the problems of gene therapy using retrovirus is that the
integrase enzyme can insert the genetic material of the virus in
any arbitrary position in the genome of the host.

If genetic material happens to be inserted in the middle of the
functional genes of the host cell, the gene will be disrupted. Like
this, one of the genes confers to regulated cell division, and the
other goes with uncontrolled cell division (cancer).
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Strategy for retrovirus-based vector-mediated gene delivery:

» The most commonly used retrovirus-based vector is also based on
the Moloney murine leukemic virus(MMLV). MMLV can infect
mouse and human cells, but they only infect rapidly dividing cells.

» Vector development involves the deletion of essential genes gag,
pol, and env from retrovirus, which make it replication-deficient.
However, it creates a space for the insertion of an expression
cassette with a therapeutics gene of interest.

» The modified retrovirus acts as a vector for the expression
cassette, with a therapeutic gene of interest. The modified

retrovirus acts as a vector for the expression cassette and still
becomes infectious.
Advantages of retrovirus-based vector:
1. Integrate into host cells genome and provides stable gene

expression
2. It contains no viral genes
3. Also few immunity problems

Disadvantages of retrovirus-based vector:
1. This infects only dividing cells
2. The random integration may cause insertional mutations.

b. Adenovirus-based vector:

» These are DNA viruses with a linear, double-stranded, genome of
36kbp.

» When these viruses were infected by a host cell, they introduce

their DNA molecules into the genome of the host.

» Now, the genetic material of the adenovirus is not incorporated into
the host cell. The linear dSDNA genome remains non-integrated as
an episome within the cell nucleus and the instructions in these
extra DNA molecules are transcribed when compared to another
gene.

» These extra genes will not participate in cell division, so, the
descents of that cell will not contain an extra gene. This concludes
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that therapeutics with the adenovirus demand regular diseases to
add the missing gene every time.

Advantages of Adenovirus-based vector:

1. This can contain >30 kbp of nonviral DNA

2. This infects both non-dividing and diving cells
Disadvantages of Adenovirus-based vector:

1. This does not provide long-term gene expression due to a lack of
integration

2. These are very immunogenic

c. Adeno-associated viruses-based vector (AAV):

» These fall in the Parvovirus family, which are non-pathogenic
single-stranded DNA viruses.

» They rely on coinfection by adeno or herpes helper virus to
replicate. A few disadvantages take the account of adeno-

associated viruses, mainly a small amount of DNA (like 4.5kb).

» It can carry and the difficulty in producing it. However, this is
non-pathogenic (most people carry a third as a harmless virus).

» In contrast to adenovirus, most people treated with adeno-
associated viruses build immune responses by removing the virus
and the cells that have been successfully treated with it.

Advantages of Gene Delivery Methods:
» This integrates into the host cells genome (chromosome 19) and

provides stable expression

This contains no viral genes.
These are non-pathogenic.

These have no immunity problems.

YV VYV

These infect both dividing and non-dividing cells.
Disadvantages of Gene Delivery Methods:
» These have a very low carrying capacity for foreign genes due to
their smaller genome sizes (4.7kb).
» These are difficult to obtain in a large number of viral stocks.
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Restriction Fragment Length Polymorphism:

>

Restriction Fragment Length Polymorphism (RFLP) is a
technique in which organisms may be differentiated by analysis
of patterns derived from cleavage of their DNA.

It is a technique that exploits variations in homologous DNA
sequences.

A restriction fragment length polymorphism is defined by the
existence of alternative alleles associated with restriction
fragments that differ in size from each other. Simply, the
variations in the restriction DNA fragments length between
individuals of a species is called RFLP.

The basic technique of identifying such restriction fragment
length polymorphisms involve fragmenting a sample of DNA by
a restriction enzyme, which can recognize and cut DNA wherever
a specific short sequence occurs, in a process known as
a restriction digest.

The resulting DNA fragments are then separated by length
through a process known as agarose gel electrophoresis, and
transferred to a membrane via the Southern blot procedure.
Hybridization of the membrane to a labeled DNA probe then
determines the length of the fragments  which
are complementary to the probe.

An RFLP occurs when the length of a detected fragment varies
between individuals.

Although now largely obsolete due to the rise of inexpensive DNA
sequencing technologies, RFLP analysis was the first DNA
profiling technique inexpensive enough to seek widespread
application.
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Principle of Restriction Fragment Length Polymorphism (RFLP):

If two organisms differ in the distance between sites of cleavage of a
particular restriction endonuclease, the length of the fragments produced
will differ when the DNA is digested with a restriction enzyme. The

similarity and differences of the patterns thus generated can be used to
differentiate species (and even strains) from one another.
Steps Involved in Restriction Fragment Length Polymorphism

(RFLP):
_) _) oO—e
DNA PCR with O .
@ Extraction labeled primers O: @
(@ —

Digestion
with restriction
enzymes
- ==
oO—_—e
Electrophoresis O— =] .
separation O— e .

M Laser Detection

» The first step in this process is to isolate the DNA from the target.

B0 TR
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Once the the DNA is isolated from the sample it is subjected to
restriction digestion using restriction enzymes.

The digested DNA sample is then subjected to gel
electrophoresis, in which the DNA is separated based on its size.
Many DNA fragments with slight differences in length are
produced.

The gel is then exposed to a chemical to denature double-stranded
DNA to become single- stranded.

This is followed by southern blotting where DNA is transferred
from gel to nylon membrane.

The nylon membrane is then exposed to solution with radioactive
complementary nucleotide probes that hybridize to specifically
chosen DNA sequences on nylon membrane.

The membrane is then placed against X- ray film, where
hybridized radioactive probes cause exposure of X-ray film,
producing an autoradiogram.

RFLP analysis is carried out to detect differences in pattern to
confirm polymorphisms.

Applications of Restriction Fragment Length Polymorphism (RFLP):

RFLP analysis was formerly an important tool in genome mapping,
localization of genes for genetic disorders, determination of risk for

disease, and paternity testing.

RFLP can be used in many different settings to accomplish different

objectives:

>

>

In paternity cases or criminal cases to determine the source of a
DNA sample. (i.e. it has forensic applications).

Determining the disease status of an individual. (e.g. it can be used
in the detection of mutations)

To measure recombination rates which can lead to a genetic map
with the distance between RFLP loci.

In the characterization of genetic diversity or breeding patterns in
animal populations.
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» RFLP has been developed for chromosomes mapping of humans,

mice, maize, tomato, rice, etc

Advantages of Restriction Fragment Length Polymorphism (RFLP):

>

Y
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The main advantage of RFLP analysis over PCR-based protocols
is that no prior sequence information, nor oligonucleotide
synthesis, is required.

Results are based on reliable genotypic characteristics’ rather than
on phenotypes.

RFLP based Genetic Marker

RFLP is the co dominant marker thus can estimate heterozygosity.
RFLP & is very useful study in Genomic DNA Sequence.

Highly robust methodology with good transferability between
laboratories.

Limitations of Restriction Fragment Length Polymorphism (RFLP):

>
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Slow

Cumbersome

Requires a large amount of sample DNA.

Automation not possible

Low levels of polymorphism in some species

Few loci detected per assay

Need a suitable probe library

Needing the combined process of probe labeling, DNA
fragmentation, electrophoresis, blotting, hybridization, washing,
and autoradiography.

Introduction to Gene Expression:

Gene expression is the fundamental biological process by which the
genetic information encoded in DNA is used to synthesize functional gene

products, most commonly proteins.
This process is vital for the development, functioning, and regulation of

cells and organisms. Gene expression involves two major steps:

1. Transcription
2. Translation
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Transcription:

>

>

During transcription, which occurs in the nucleus of eukaryotic
cells, the enzyme RNA polymerase reads the DNA template and
synthesizes a complementary strand of messenger RNA (mRNA).
This mRNA then carries the genetic code from the DNA to the
ribosome.

Translation:

>

In the next step, translation, which occurs in the cytoplasm, the
ribosome reads the mRNA sequence in sets of three bases called
codons.

Each codon corresponds to a specific amino acid, and transfer
RNA (tRNA) molecules bring these amino acids to the ribosome,
where they are linked together to form a polypeptide chain—a
protein.

What are Expression Systems?

>

>

To produce specific proteins in laboratories or industrial settings,
scientists use expression systems.

An expression system is a combination of a host organism and
genetic tools such as plasmids or vectors that enable the insertion
and expression of a target gene.

These systems are essential for recombinant protein production.
There are several types of expression systems, each with its own
benefits and limitations. Prokaryotic expression systems, such as
those using Escherichia coli (E. coli), are widely used due to their
simplicity, rapid growth, and low cost.

However, they lack the ability to perform complex post-
translational modifications that are often required for functional
human proteins.

Types of Expression Svstems:

>

To overcome these limitations, eukaryotic expression systems are
used.

69| Page



>

Yeast systems like Pichia pastoris offer moderate post-
translational modification capabilities and are suitable for large-
scale protein production.

Insect cell systems, such as those using baculoviruses, provide
efficient protein folding and modification.

Mammalian expression systems, particularly those using Chinese
Hamster Ovary (CHO) cells, are preferred for producing
therapeutic proteins as they closely mimic human cellular
processes and ensure proper protein folding, glycosylation, and
functionality, although they are more expensive and slower to

grow.
Yeast Expression System (e.g.. Pichia pastoris, Saccharomyces
cerevisiae):

» The yeast expression system is a eukaryotic system commonly

>

used for producing recombinant proteins.

It combines the ease of handling found in prokaryotic systems
with some of the complex post-translational modification abilities
of higher eukaryotes.

Key Features:

>
>

>
>

Grows quickly and is cost-effective like bacteria

Can perform post-translational modifications such as
glycosylation

Suitable for large-scale protein production

Commonly used yeasts: Pichia pastoris (for high-yield secreted
proteins), Saccharomyces cerevisiae (well-studied and easy to
genetically manipulate)

Applications:

>
>

Production of enzymes, hormones, and vaccines
Used in biotechnology and pharmaceutical industries
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Insect Expression Systems:
Definition:

» Insect expression systems use insect cells and baculovirus
vectors to produce recombinant proteins.
» They are eukaryotic systems, suitable for expressing complex
proteins with proper folding and post-translational modifications.
Key Components:
> Host Cells: Commonly used insect cells include:
» Sf9 and Sf21 (from Spodoptera frugiperda)
» High Five cells (from Trichoplusia ni)

> Vector:
> Baculovirus (usually Autographa californica multiple
nucleopolyhedrovirus — ACMNPV)
» Used to deliver foreign genes into insect cells.
Steps in Insect Expression:

1. Clone the gene of interest into a baculovirus vector.

2. Infect insect cells with the recombinant baculovirus.

3. Insect cells express the target protein.

4. Harvest and purify the protein from the cells or culture media.
Advantages:

» High-level protein expression
Capable of complex post-translational modifications
Suitable for large and complex eukaryotic proteins
Scalable for industrial use

YV V V

Applications:
Production of vaccines (e.g., HPV vaccine)

Expression of virus-like particles (VLPs)
Research in structural biology and immunology

>
>
>
> Industrial enzyme production
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Applications of Expression Systems:

>

>

>

Expression systems have numerous applications across various
fields.

In medicine and pharmaceuticals, they are used for the production
of insulin, human growth hormone, vaccines, and monoclonal
antibodies used in cancer therapy.

In research, these systems help in studying protein function,
understanding disease mechanisms, and developing gene editing
tools such as CRISPR.

In agriculture, they are used to create genetically modified (GM)
crops that are resistant to pests, diseases, and harsh environmental
conditions.

Additionally, expression systems are being explored for
producing edible vaccines and industrial enzymes in plants.

Protein Engineering :

>

Protein engineering is a rapidly advancing field in biotechnology
that focuses on designing and modifying proteins to improve their
structure, stability, and function.

By altering the amino acid sequence of proteins through genetic
manipulation, scientists can create proteins with enhanced or
entirely new properties.

This field bridges molecular biology, biochemistry, and
computational biology, and plays a crucial role in medicine,
industry, and research.

Introduction to Protein Engineering:

>

Proteins are macromolecules composed of amino acids arranged
in specific sequences, which determine their three-dimensional
structure and function.

Naturally occurring proteins may not always possess optimal
properties for industrial or therapeutic use. Protein engineering
allows scientists to modify these proteins to suit specific needs,
such as increasing enzyme activity, improving stability under
extreme conditions, or designing novel biomolecules.

72 |Page



>

Protein engineering relies heavily on understanding the
relationship between protein structure and function. With
advances in recombinant DNA technology and computational
tools, it has become possible to precisely alter proteins at the
molecular level.

Objectives of Protein Engineering:

>

>

The primary goal of protein engineering is to tailor proteins for
specific applications.

Scientists aim to enhance catalytic activity, improve substrate
specificity, increase resistance to temperature and pH changes,
and reduce immunogenicity in therapeutic proteins. Another
important objective is to design entirely new proteins with novel
functions that do not exist in nature.

In pharmaceutical applications, protein engineering is used to
develop more effective drugs, such as engineered antibodies and
hormones.

In industrial processes, it helps create enzymes that function
efficiently under harsh conditions, improving productivity and
reducing costs.

Approaches in Protein Engineering:

Rational Design:

>

>

Rational design is a method based on detailed knowledge of the
protein’s structure and function.

Scientists analyze the three-dimensional structure of a protein
using techniques such as X-ray crystallography or computational
modeling. Based on this information, specific amino acids are
identified for modification.

These targeted changes are introduced using molecular techniques
like site-directed mutagenesis. The modified protein is then
expressed and tested for improved properties.

Protein Structure — Identify Active Site — Modify Amino Acid —
Improved Protein

73| Page



Rational design is highly precise but requires extensive knowledge of
protein structure, which is not always available.
Directed Evolution:

>

>

Directed evolution mimics the process of natural selection in a
laboratory setting. Instead of making targeted changes, random
mutations are introduced into the gene encoding the protein.
These mutations generate a library of protein variants.

The variants are then screened to identify those with desirable
traits. The best-performing variants are selected and subjected to
further rounds of mutation and selection.

Gene — Random Mutation — Library of Variants — Screening
— Selection — Improved Protein

This method does not require structural knowledge but can be
time-consuming due to extensive screening.

Semi-Rational Design:

>

>

Semi-rational design combines the advantages of rational design
and directed evolution.

Instead of mutating the entire protein randomly, specific regions
known to influence function are targeted for mutation. This
reduces the number of variants that need to be screened while
increasing the likelihood of success.

Techniques Used in Protein Engineering:

Protein engineering employs several molecular and computational

techniques to introduce modifications.

Site-Directed Mutagenesis allows precise alteration of specific
amino acids.

Error-Prone PCR introduces random mutations during DNA
amplification.

DNA Shuffling recombines fragments of related genes to create
new variants.

Computational Modeling predicts the effects of mutations on
protein structure.

CRISPR-based editing enables precise genome modifications.
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These techniques provide flexibility in designing proteins with desired
characteristics.

Structure—Function Relationship of Proteins:

Understanding protein structure is essential for engineering. Proteins have

four levels of structure:

1. Primary structure — amino acid sequence

2. Secondary structure — alpha helices and beta sheets

3. Tertiary structure — three-dimensional folding

4. Quaternary structure — interaction of multiple subunits
Even a small change in the amino acid sequence can significantly affect
protein folding and function. Protein engineering exploits this relationship
to create improved variants.

PROTEIN
ENGINEERING

Agriculture Industrial
Biotechnology
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PROTEIN ENGINEERING APPROACH
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Applications of Protein Engineering:

Medical Applications:

Protein engineering has revolutionized medicine by enabling the
development of therapeutic proteins such as insulin, growth hormones,
and monoclonal antibodies. Engineered antibodies are widely used in
cancer treatment and autoimmune diseases. Proteins can also be modified
to increase their half-life in the bloodstream and reduce immune reactions.
Industrial Applications:
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Industries use engineered enzymes for various processes, including
detergent formulation, food processing, and biofuel production. These
enzymes are designed to withstand extreme temperatures, pH levels, and
chemical conditions, making industrial processes more efficient and
sustainable.

Agricultural Applications:

In agriculture, protein engineering helps develop pest-resistant crops and

stress-tolerant plants. Enzymes used in fertilizers and soil improvement
are also engineered for better performance.

Research Applications:

Protein engineering is widely used to study enzyme mechanisms, protein

folding, and molecular interactions. It helps scientists understand how
proteins function and how mutations affect biological processes.
Advantages of Protein Engineering:

Protein engineering offers numerous benefits. It allows precise control
over protein properties and enables the development of highly efficient
biomolecules. It is cost-effective in the long run, especially for industrial
applications. The ability to design novel proteins also opens new
possibilities in science and medicine.
Limitations of Protein Engineering:

Despite its advantages, protein engineering has some limitations. Rational
design requires detailed structural knowledge, which may not always be
available. Directed evolution involves extensive screening, making it
time-consuming. Additionally, unintended changes in protein structure
may lead to loss of function or instability.

Overall Workflow of Protein Engineering:

Gene Identification

1
Gene Modification (Mutagenesis)

!

Expression of Protein

!

Screening & Selection
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Characterization
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Optimized Protein

Applications of Recombinant DNA Technology in Agriculture:
Recombinant DNA (rDNA) technology refers to a set of molecular
techniques used to combine genetic material from different organisms to
produce new genetic combinations with desirable traits.

In agriculture, rDNA technology has revolutionized crop improvement by
enabling scientists to introduce specific genes into plants, resulting in
improved yield, enhanced nutritional quality, resistance to pests and

diseases, and better tolerance to environmental stresses.

Unlike traditional breeding, which is time-consuming and less precise,
genetic engineering allows targeted gene transfer across species barriers.
1. Development of Pest-Resistant Crops:

One of the most important agricultural applications of rDNA technology

is the production of pest-resistant crops.

Insect pests cause major yield losses worldwide. Through genetic
engineering, plants are modified to produce proteins that are toxic to
specific pests but safe for humans and animals.

A well-known example is Bt cotton, which contains a gene from the
bacterium Bacillus thuringiensis. This gene codes for Cry proteins that
kill bollworms and other insect pests. Similarly, Bt brinjal has been
developed to resist fruit and shoot borers.
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Advantages:
» Reduces crop damage

» Decreases dependence on chemical pesticides
» Lowers production cost
» Environmentally safer pest control

2. Herbicide-Resistant Crops:

Weeds compete with crops for nutrients, sunlight, and water, leading to
reduced productivity. rDNA technology enables the development of crops
that can tolerate herbicides, allowing farmers to eliminate weeds without

harming the crop.

For instance, herbicide-resistant crops like Roundup Ready Soybean are
genetically engineered to resist glyphosate-based herbicides.

Farmers can spray herbicides to kill weeds while the crop remains
unaffected.
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» Efficient weed management

» Reduced labor cost

» Improved crop yield

» Simplified farming practices
3. Disease-Resistant Crops:

Elerbicide
TosTSanGs mpanis

Plant diseases caused by viruses, bacteria, and fungi result in significant
agricultural losses. Genetic engineering helps develop disease-resistant

crops by introducing resistance genes.

Examples include:

» Virus-resistant tobacco and tomato plants

» Fungal-resistant wheat varieties

» Bacterial-resistant rice plants
A notable example is the Rainbow Papaya, which was engineered to
resist the Papaya Ringspot Virus (PRSV). This innovation saved the
papaya industry in places like Hawaii.
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Rainbow

Advantages:
» Reduced crop losses

» Less use of chemical fungicides and bactericides
» Improved food security

4. Improvement of Nutritional Quality (Biofortification)
rDNA technology is used to enhance the nutritional value of crops by
increasing essential vitamins, minerals, and proteins.
A major achievement is Golden Rice, which is genetically modified to
produce beta-carotene, a precursor of Vitamin A. Vitamin A deficiency
causes blindness and immune disorders in children, especially in
developing countries.
Other examples include:

» Protein-enriched potatoes

» Iron-fortified rice

» Amino acid-enriched maize
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Advantages:
» Combats malnutrition

» Improves public health
» Cost-effective nutrient supplementation

5. Development of Abiotic Stress-Tolerant Crops:
Environmental stresses such as drought, salinity, extreme temperatures,

and flooding severely affect crop productivity. rDNA technology enables
the transfer of stress-tolerance genes into plants.
Examples include:

» Drought-tolerant maize

» Salt-tolerant rice

» Heat-resistant wheat
Genes responsible for osmoprotection, water retention, and stress-
response proteins are introduced to improve plant survival under adverse
conditions.
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Advantages:
» Stable crop yield under climate change

» Cultivation in marginal lands
» Reduced irrigation requirements

6. Increased Crop Yield and Productivity
rDNA technology helps increase crop productivity by modifying genes
involved in photosynthesis, nutrient uptake, and growth regulation.
Genetic modifications can:

» Enhance efficiency of photosynthesis

» Improve nitrogen utilization

> Prosmote faster growth rates

> Increase seed size and number
These modifications contribute to meeting the food demands of the
growing global population.
Advantages:

> Higher production per unit area

> Better resource utilization

» Enhanced farmer income
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7. Production of Hybrid Seeds:

Recombinant DNA techniques assist in producing hybrid seeds with
superior qualities such as high yield, uniform growth, and disease
resistance. Male sterility genes can be introduced into plants to facilitate

hybrid seed production without manual pollination.
Advantages:
» High vigor and productivity
»  Uniform crop quality
» Time-saving hybrid seed production
8. Improvement of Shelf Life of Fruits and Vegetables
Post-harvest losses are a major agricultural problem. Genetic engineering
can delay ripening and prevent spoilage by modifying genes responsible
for softening and decay.
An early example is the Flavr Savr Tomato, developed to delay fruit

softening by suppressing the polygalacturonase enzyme.
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Advantages:
» Longer storage life

» Reduced transportation losses
> Better market value
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9. Development of Transgenic Animals for Agriculture:
rDNA technology is not limited to plants; it also improves livestock
production.
Applications include:
» Faster-growing fish
> Disease-resistant cattle
» Animals producing high-quality milk and meat
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For example, transgenic cows are engineered to produce milk enriched
with beneficial proteins.
Advantages:

» Increased animal productivity

» Improved nutritional quality of animal products

» Enhanced disease resistance
10. Edible Vaccines:
Genetically modified plants can be engineered to produce vaccines that
can be consumed as food. These edible vaccines trigger immune responses
when ingested.
Examples include genetically engineered:

> Banana producing hepatitis B vaccine

» Tomato producing rabies vaccine
» Potato producing cholera vaccine
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Advantages:
» Low-cost vaccination

» Easy storage and transportation
» Needle-free immunization

1\

g Human infecting - *J ‘
A. tumefaciens virus
lant infecting bacteri
spam ec/ng e / ‘ ) Transfer of modified plasmid into the plant cell
/;odmed plasmid
O

Plasmid as a Gene of interest
transfer vector

Callus culture
Plant transformation with desire gene

@3

11. Phytoremediation and Environmental Protection:

rDNA technology enhances the ability of plants to remove pollutants from
soil and water. Genes enabling plants to tolerate and accumulate toxic
substances are introduced.

Applications include:
» Removal of heavy metals like mercury and cadmium
> Detoxification of pesticides
» Soil restoration in polluted areas
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Advantages:
» Eco-friendly pollution control

» Restoration of soil fertility

> Reduced environmental hazards
12. Production of Industrial Products:
Genetically modified crops are used to produce industrially important
substances such as:

e Bioplastics
e Biofuels
e Industrial enzymes
e Starch for textile and paper industries
This reduces dependency on petroleum-based resources and supports
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sustainable agriculture.
Merits and Demerits of Recombinant DNA Technology:

» Recombinant DNA (rDNA) technology is a modern
biotechnological technique in which DNA molecules from
different organisms are combined to produce new genetic
combinations.

» This technology involves the insertion of a desired gene into a
host organism to produce beneficial products.

» It has revolutionized the fields of medicine, agriculture, industry,
and environmental science. However, along with its advantages,
it also has certain limitations and ethical concerns.
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Merits of Recombinant DNA Technology:

1. Production of Therapeutic Proteins:

>

One of the greatest achievements of recombinant DNA
technology is the production of medically important proteins such
as insulin, growth hormones, interferons, and vaccines.

Earlier, insulin was extracted from animals, which sometimes
caused allergic reactions. Recombinant human insulin is safer,
purer, and more effective.

2. Improvement in Agriculture:

>

Recombinant DNA technology helps in the development of
genetically modified (GM) crops with desirable traits such as pest
resistance, herbicide tolerance, drought resistance, and improved
nutritional value.

For example, Bt cotton contains a gene from Bacillus
thuringiensis that protects the plant from insect pests, reducing the
use of chemical pesticides.

3. Enhanced Food Production:

>

>

Genetic engineering improves crop yield and food quality. Crops
with longer shelf life and better nutrient content can be developed.
Golden Rice, enriched with Vitamin A, is an example developed
to prevent vitamin deficiency.

4. Advancement in Medical Research:

>

>

This technology enables scientists to study genes and understand
genetic disorders more effectively.

Gene therapy, which aims to replace defective genes with healthy
ones, has become possible due to recombinant DNA technology.

5. Industrial Applications:

>

Microorganisms modified through recombinant DNA technology
are used in industries for the production of enzymes, antibiotics,
biofuels, and other valuable chemicals.

This increases efficiency and reduces production costs.
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6. Environmental Benefits:

» Genetically engineered microorganisms can be used in
bioremediation to clean environmental pollutants such as oil spills
and toxic wastes.

» Reduced pesticide usage in GM crops also helps protect soil and
water quality.

Demerits of Recombinant DNA Technology:

1. Health Risks:

There is concern that genetically modified foods may cause allergic
reactions or unknown health effects in humans. Long-term consumption
effects are still under study.

2. Environmental Hazards:

Genetically modified organisms (GMOs) may disturb ecological balance.
Modified genes can spread to wild species through cross-pollination,
potentially creating “super weeds” resistant to herbicides.

3. Ethical and Moral Issues:

Manipulation of genes raises ethical questions regarding the alteration of

natural organisms. Some people believe that transferring genes between
species is against natural laws and religious beliefs.

4. Development of Resistance:

Pests and pathogens may gradually develop resistance to genetically

modified crops, reducing the long-term effectiveness of such technologies.
5. Economic Concerns:
The development and patenting of genetically modified seeds are mostly

controlled by large biotechnology companies. Farmers may become
dependent on these companies for seeds every season, increasing
economic burden.
6. Risk of Misuse:
Recombinant DNA technology can potentially be misused for creating

harmful biological agents or bioweapons, posing threats to human society.
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Conclusion:

Recombinant DNA technology is a powerful tool that has transformed
modern biotechnology and contributed significantly to medicine,
agriculture, and industry. Its benefits include improved healthcare,
enhanced crop production, and environmental protection. However, it also
presents challenges such as health concerns, environmental risks, ethical
issues, and economic dependency. Therefore, careful regulation, proper
safety measures, and ethical considerations are essential to ensure the
responsible use of recombinant DNA technology for the welfare of
society.
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