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UNIT -I

Genetic engineering:

Introduction

Genetic engineering, also known as genetic modification or biotechnology, is the direct
manipulation of an organism's genes using biotechnology. It involves the use of technology to

alter the genetic makeup of an organism, such as a plant, animal, or microbe.
History of genetic engineering

Genetic engineering is the science of manipulating genetic material of an organism. The concept
of genetic engineering was first proposed by Nikolay Timofeev-Ressovsky in 1934.

The first artificial genetic modification accomplished using biotechnology was transgenesis, the
process of transferring genes from one organism to another, first accomplished by Herbert Boyer
and Stanley Cohen in 1973.

It was the result of a series of advancements in techniques that allowed the direct modification of
the genome. Important advances included the discovery of restriction enzymes and DNA ligases,
the ability to design plasmids and technologies like.polymerase chain reaction and sequencing.
Transformation of the DNA into a host organism was accomplished with the invention of biolistics,
Agrobacterium-mediated recombination and microinjection. The first genetically modified animal
was a mouse created in 1974 by Rudolf Jaenisch.

In 1976, the technology was commercialised, with the advent of genetically modified bacteria
that produced somatostatin, followed by insulin in 1978.

In 1983, an antibiotic resistant gene was inserted into tobacco, leading to the first genetically
engineered plant.

Advances followed that allowed scientists to manipulate and add genes to a variety of different
organisms and induce a range of different effects. Plants were first commercialized with virus
resistant tobacco released in China in 1992.

The first'genetically modified food was the Flavr Savr tomato marketed in 1994.
By 2010, 29 countries had planted commercialized biotech crops.

In 2000 a paper published in Science introduced golden rice, the first food developed with
increased nutrient value.
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Scope of genetic engineering

Genetic engineering is the process of altering an organism's DNA to create desired traits. It has a
wide range of applications in medicine, agriculture, research, and industry, and can be used on
plants, animals, and microorganisms:

Medicine

Genetic engineering has led to the mass production of drugs and vaccines, including -insulin,
human growth hormone, and monoclonal antibodies. It has also enabled gene therapy for genetic
diseases and personalized medicine.

Agriculture

Genetic engineering has created genetically modified crops that are resistant to pests, herbicides,
and drought. It has also been used to improve the nutritional value of plants.

Research

Genetic engineering is used to discover the functions of genes. For example, genetically
engineered mice are used in research to better understand gene functions.

Industry

Genetic engineering has been used tortransform microorganisms like bacteria and yeast to
produce useful proteins. It has also been used in the development of biofuels and bioremediation.

Definition of rDNA technology

Recombinant DNA technology.is a genetic engineering technique that involves combining DNA
from different species or creating. new genes. The resulting DNA is called recombinant DNA.

Concepts of recombinant DNA technology:
Enzymes

e Restriction.endonucleases cut DNA at specific sequences, while ligase joins the resulting
DNA fragments together.
e Vectors

o... A DNA fragment of interest is inserted into a vector DNA molecule, which can replicate in a
host cell.

e Recombinant DNA
e The resulting DNA molecule is called recombinant DNA.
e Propagation
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e The recombinant DNA is often propagated in a bacterial or yeast cell, where the cell's
machinery copies the engineered DNA.

Transgenic organisms

e Organisms that have been altered through recombinant DNA technology are called
transgenic or genetically modified. For example, GloFish are transgenic zebrafish that have
been modified to express a green fluorescent protein gene.

Foreign DNA Plasmid
(Vector DNA)
Restriction
Enzyme
=0 O O @
\lﬁym»\mm\ forcign DNA
to plasmid

k)
Host bacterium with

recombinant DNA

Principles of rDNA technology:

The principal steps of gene cloning
Isolation of DNA of known function from an organism (A).

(i) Enzymatic cleavage(B).and joining (C) of insert DNA to another DNA molecule (cloning vector)
to form a recombinant DNA (Le. vector + insert DNA) molecule (D).

(iii) Transformation of a host cell te. Transfer and maintenance of this rDNA molecule into a host
cell (E).

(iv) Identification of transformed cells (fe. cells carrying rDNA) and their selection from non-
transformants.

(v) Amplification of rDNA (F) to get its multiple copies in a cell.

(vi) Cell multiplication (G) to get a clone ie. a population of genetically identical cells. This
facilitates each of clones to possess multiple copies of foreign DNA.
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Recombinant DNA (rDNA) technology applications:
Medicine

e rDNA technology is used to develop vaccines, diagnose genetic diseases, and treat diseases
with gene therapy. For example, rDNA technology can help diagnose genetic diseases like
sickle-cell disease and Huntington's disease.

Agriculture

e rDNA technology is used to create genetically modified (GM) crops that are resistant to
herbicides or insects. The first GM-food.to be approved for human consumption in the US
was the Flavr Savr tomato.

e Research

e rDNA technology is used.to identify gene function and generate disease models. For
example, researchers can use knock-out mice to identify gene function.

e Food industry

e rDNA technology is used to produce enzymes, hormones, and other chemicals used in the
food industry.

e Biotechnology

e rDNAtechnology is used to produce therapeutic agents and molecules.

e Industrial applications

e . rDNA technology is used to produce recombinant enzymes to produce sugar, cheese,
biofuels, and other chemicals.

Isolation and purifying DNA from cells

It’s involves several steps, including:

Cell lysis: Disrupting the cell membrane and nucleus to release the DNA
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Separating DNA: Separating the DNA from other cellular material, such as proteins and
membranes

Binding: Binding the DNA to a purification matrix
Washing: Washing away contaminants from the matrix
Elution: Eluting the DNA

Creation of Lysate

The first step in any nucleic acid purification reaction is releasing the DNA/RNA into‘solution. The
goal of lysis is to rapidly and completely disrupt cells in a sample to release nucleic acid into the
lysate. There are four general techniques for lysing materials: physical.methods, enzymatic
methods, chemical methods and combinations of the three.

Physical Methods

Physical methods typically involve some type of sample grinding or crushing to disrupt the cell
walls or tough tissue. A common method of physical disruption is freezing and grinding samples
with a mortar and pestle under liquid nitrogen to provide a powdered material that is then
exposed to chemical or enzymatic lysis conditions. Grinders can be simple manual devices or
automated, capable of disruption of multiple 96-well.plates. Physical methods are often used with
more structured input materials, such as-tissues-or plants. Other devices use bead beating or
shaking in the presence of metallic or ceramic beads to disrupt cells or tissues, or sonication to
disrupt tissues and lyse cells.

Chemical Methods

Chemical methods can be.used alone with easy-to-lyse materials, such as tissue culture cells or in
combination with other methods. Cellular disruption is accomplished with a variety of agents that
disrupt cell membranes-and denatures proteins. Chemicals commonly used include detergents
(e.g., SDS) and chaotropes (e.g., guanidine salts and alkaline solutions).

Enzymatic Methods

Enzymatic methods are often used with more structured starting materials in combination with
other methods with tissues, plant materials, bacteria and yeast. The enzymes utilized help to
disrupt tissues and tough cell walls. Depending on the starting material, typical enzymatic
treatments can include: lysozyme, zymolase and liticase, proteinase K, collagenase and lipase,
among others. Enzymatic treatments can be amenable to high throughput processing, but may
have a higher per sample cost compared to other disruption methods.
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DNA Isolation

After the cell lysate is purified, DNA is isolated using a variety of techniques. It includes sample
lysis by detergents followed by the purification of the isolated DNA using cellulose, silica, or ion
exchange matrices for DNA binding.

Each technique influences the binding capacity of DNA and the efficiency and purity of the
isolation. By manipulating binding conditions you can enrich DNA fragments in your sample.

Four commonly used techniques for DNA isolation include:

e Silica-Binding Chemistry

e Solution-Based Chemistry

e |on Exchange Chemistry

e Cellulose-Binding Chemistry

Silica-Binding Chemistry

The technology for these genomic DNA purification systems is based on binding of the DNA to
silica under high-salt conditions (2—-4). The key to.isolating ‘any nucleic acid with silica is the
presence of a chaotropic salt like guanidine hydrochloride. Chaotropic salts present in high
guantities are able to disrupt cells, deactivate nucleases.and allow nucleic acid to bind to silica.

Chemical-based DNA extraction method

The Chemical or solution-based method uses many organic and inorganic solutions. Chemicals like
phenol, chloroform, CTAB Triton X100, SDS, isoamyl alcohol, Tris and EDTA are used in the
chemical -based DNA extraction method.

The solution-based or chemical-based DNA extraction method is subdivided into:
Organic solvent-based DNA extraction

This method depends on the use of organic substances such as phenol and chloroform.
Example: Phenol-chloroform and isoamyl alcohol

Inorganic solvent-based DNA extraction

It depends on the inorganic solvents.

Example:

Proteinase K DNA extraction

Salting out method

SDS DNA extraction
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CTAB DNA extraction
lon Exchange Chemistry

lon exchange chemistry is based on the interaction that occurs between positively-charged
particles and the negatively-charged phosphates that are present in DNA. The DNA binds under
low salt conditions, and contaminating proteins and RNA can then be washed away with higher
salt solutions. The DNA is eluted under high salt conditions, and then recovered by ethanol
precipitation

Cellulose-Binding Chemistry

More recently, Promega has commercialized DNA isolation methods that use a cellulose-based
matrix. Nucleic acid binds to cellulose in the presence of high salt and alcohols. Generally
speaking, the binding capacity of cellulose-based methods is very high. Conditions can be adjusted
to preferentially bind different species and sizes of nucleic acid. As a result of the combination of
binding capacity and relatively small elution volume, we can get high"concentration eluates for
nucleic acids.

Purification of DNA using spin column based nucleic acid:

Spin column-based nucleic acid purification is a solid phase extraction method to quickly purify
nucleic acids. This method relies on the fact that nucleic acid will bind to the solid phase of silica
under certain conditions.

For lysis, the cells (blood, tissue, etc.) of the.sample must undergo a treatment to break the cell
membrane and free the nucleic‘acid. Depending on the target material, this can include the use of
detergent or other buffers, proteinases or other enzymes, heating to various times/temperatures,
or mechanical disruption'such as cutting with a knife or homogenizer, using a mortar and pestle,
or bead-beating with-a bead mill.

For binding, a buffer solution is then added to the lysed sample along with ethanol or isopropanol.
The sample in binding'solution is then transferred to a spin column, and the column is put either
in a centrifuge or attached to a vacuum. The centrifuge/vacuum forces the solution through a
silica.membrane that is inside the spin column, where under the right ionic conditions, nucleic
acids will'bind to the silica membrane, as the rest of the solution passes through. With the target
material bound, the flow-through can be removed.

To wash, a new buffer is added onto the column, then centrifuged/vacuumed through the
membrane. This buffer is intended to maintain binding conditions, while removing the binding
salts and other remaining contaminants. Generally it takes several washes, often with increasing
percentages of ethanol/isopropanol, until the nucleic acid on the silica membrane is free of
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contaminants. The last 'wash' is often a dry step to allow the alcohol to evaporate, leaving only
purified nucleic acids bound to the column.

Finally, elution is the process of adding an aqueous solution to the column, allowing the
hydrophilic nucleic acid to leave the column and return to solution. This step may be improved
with salt, pH, time, or heat. Finally, to capture the eluate/eluent, the column is transferred into a
clean microtube prior to a last centrifugation step.

Spin-Column DNA extraction

Add 20 hanol
to the sample and spin
The sample

-

Colleet the pure clution of
DNA

DNA Ligases

DNA ligase is an enzyme that joins the ends of two duplex DNAs to make a long DNA. This process
is called ligation. It cannot add any nu-"cleotide to a gap in the DNA. It seals the nick by
establishing a covalent bond between 5'-phosphate group and 3'-OH group at the nick. The bond
is called phosphodiester bond. This enzyme never seals the nick, if there is no 5' -phosphate group
or if one or more nucleotides are'missing.

DNA ligase isolated from E.coli-requires ATP and NAD+ for enzyme activity. However, DNA ligase
of lambda T, phage requires ATP-alone to catalyse the ligation. This enzyme is called T, DNA ligase.
It is 68,000 daltons in molecular weight. It has the ability to join cohesive and blunt ended DNA
fragments. So itissbeing used in genetic engineering to join blunt ended DNAs.

Uses:
1. DNA ligaseis used to join a vector DNA and a target DNA to construct re- combinant DNA.

2. It is.used to join DNA fragments of dif- ferent organisms for making vectors with de- sired
characters.

3. It is used to add linker and adaptor se- quences to blunt ended vector DNA and target DNA.

4. It is used to join oligonucleotides together in the chemical synthesis of DNA by ligase chain
reaction (LCR).
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DNA modifying enzymes:

DNA modifying enzymes are proteins that change the structure or_.sequence of DNA through
chemical reactions. These enzymes are vital for the maintenance and expression of genetic
information. Some examples of DNA modifying enzymes include:

Restriction enzymes

Also known as restriction endonucleases, these enzymes. cut DNA at specific locations by
recognizing and cleaving specific sequences of nucleotides. They are often used in genetic
engineering to cut DNA into fragments with sticky ends, which can then be joined by DNA ligase.

DNA polymerase
This enzyme copies the DNA content of a.cell during cell division.
Exonucleases

These enzymes digest DNA and RNA by cutting out a single nucleotide at a time from the end of
the molecules. They are important for DNA repair and genetic recombination.

Ligases

These enzymes act like glue to join strands of DNA together. They play an important role in DNA
damage repair mechanisms and in DNA replication.

Polynucleotide kinase
This enzyme plays an important role in the repair of both single strand and double strand breaks.
Eukaryotic hosts for cloning:

Now-a-days gene cloning in microbial eukaryotes such as yeasts, filamentous fungi and algae has
become very popular in molecular biology to understand molecular events of life. In many cases,
the expression of heterologous genes is expected in these organisms as they are required for mass
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production of products of interest. The important gene cloning vectors of yeasts, filamentous
fungi and algae are given hereunder.

l. Yeast Plasmid Vectors

Yeast Saccharomyces cerevisiae is a unicellular fungus that can be grown in simple media
containing sugars. After some harmless bacteria such as E.coli. Yeast is the favourite organism to
clone and express foreign DNAs. Since it is an eukaryote, it can splice out introns that oceur as
non-coding sequences in eukaryotic genes. As in mammalian cells, yeast cells carry out
glycosylation but the way of glycosylation is not similar to that in the mammalian cells..Further,
these cells do not produce any endotoxin. Because of the above stated reasons, yeast'has been
used for gene cloning works.

Yeast cells contain a natural plasmid called 2-micron plasmid. The copy number of this plasmid is
50-100 per cell depending upon the strain of yeast. This plasmid shows high frequency of
transformation. When DNA is mixed with yeast cells along with PEG (polyethylene glycol), 2x104
transformants have been produced per 2ug of DNA. This_plasmid has only a few unique sites for
gene cloning. In the transformants, it remains as an episomal plasmid and never integrates with
the yeast chromosomes. Therefore, it will most frequently lose its stability in the transformants.
The 2-micron plasmid has been used as a basis for.developing the following yeast vectors-

e Yeast episomal plasmid

e Yeast integrating plasmid

e Yeast replicating plasmid

e Yeast centromere plasmid
e Yeast linear plasmid

e Yeast retrovirus-like vector
e Yeast artificial chromosome

Il. Gene Cloning Vectors for Filamentous Fungi

In recent years, several plasmid vector have been constructed for gene transfer to certain
filamentous fungi which have some commercial potential. Gene cloning in such fungi is extremely
important to understand the biochemical mechanisms in fungal cells, mechanism of conidia
formation, pathogenicity and the production of heterologous proteins from them.

Gene cloning that produces DNA mediated transformation is superior to conventional methods,
since it can be performed in a predetermined direction without much unexpected variations.
Some of such genetically modified fungi overproduce the heterologous gene product than any
other types bred through conventional methods.
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Gene cloning is generally performed in filamentous fungi such as Aspergillus niger, A.terreus,
A.nidulans, Fusarium fujikuroi, F.oryzae, Neurospora crassa, Trichoderma reesei,
Xanthophyllomyces dendrorhous, Mortierella alpina and Yarrowia lipolytica.

The plasmids such as pMB4591, pMB4683, pMB4597, pMB4603, pMB4616, pMB4629, pMB4698,
pMB4599, pMB4619, etc. are used for gene cloning in filamentous fungi.

lll. Gene Cloning Vectors for BGA

The BGA (Blue-green algae or Cyanobacteria) are prokaryotic organisms that are capable of doing
photosynthesis and nitrogen fixation (in some cases). Since they are relatively simple in genetic
organization, gene cloning in BGA could provide detailed information about the structure and
function of photosynthetic apparatus and of the machinery of biological nitrogen fixation.

Some gene transfer systems have been developed by researchers torclone various genes from one
Cyanobacterium to another Cyanobacterium and from bacterium to a Cyanobacterium. So far
gene cloning vectors have been constructed for Anacystis nidulans, Agmenellum quadruplicatum,
Nostoc, Gloecapsa alpicola, Aphanocapsa, etc. Plectonema,

Several species of cyanobacteria have the tendency to uptake exogenous DNAs from medium and
allow them to be transformed with the DNAs: Taking advantage of this ability, many shuttle
cloning vectors have been created for replicationin E.coli and Cyanobacteria. On the other hand,
Nostoc and Anabaena act as female .cells ‘during conjugation with E.coli and receive the
recombinant DNA from that E.coli

Prokaryotic hosts for cloning :

The most commonly used prokaryotic host for cloning is Escherichia coli (E.coli). E.coli is a popular
choice for cloning because of its many advantages, including:

Efficient DNA introduction: E.coli is highly efficient at introducing DNA molecules into cells.
Rapid growth: E.coligrows quickly and can express proteins at high levels.

Well-known genetics: E.coli has well-known genetics.

Many compatible molecular tools: There are many molecular tools available for use with E.coli.
Inexpensive cultivation: E.coli is inexpensive and can be cultivated in high density.

Escherichia coli (E.coli) is a common host organism for gene cloning:

Efficiency: E.coli is efficient at introducing DNA molecules into cells.

Versatile: E.coli is a versatile host that's technically sophisticated, widely available, and offers
rapid growth.
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Model organism: E.coli is a model lab organism for gene cloning.

Cloning strains: Cloning strains, or host cells, are organisms that replicate and produce copies of
specific DNA sequences. Good cloning strains lack endonucleases, which are enzymes that break
down vector molecules.

K12 strain: The K12 strain of E.coli is one of the most commonly used hosts for gene cloning:

Another prokaryotic host that is sometimes used for cloning is Bacillus subtilis, which is often used
when the goal is to secrete a protein encoded by a cloned gene.

Bacillus subtilis is a good host for cloning:

Genome vector-based cloning .The B. subtilis genome (BGM) vector is a_cloning system that uses
the entire 4.2 Mb genome of B. subtilis as a vector. It can clone large DNA fragments, and has a
cloning capacity of over 3 Mb.

Heterologous expression

B. subtilis is a good host for heterologous expression_of natural products and biosynthetic gene
clusters. It has many characteristics that make it a good host, including its easy cultivation, broad
availability of gene editing tools, and clean genetic background.

Recombinant protein production

B. subtilis is a successful host for producing recombinant proteins. It is a generally recognized as
safe (GRAS) microorganism, and has a diverse codon reading that contributes to the expression of
heterologous genes.

Laboratory safety

B. subtilis is a laboratory safe host that offers excellent yields.

Restriction enzymes

Restriction Endonucleases

The nuclease enzyme that cuts the DNA at a unique sequence, is called restriction endonuclease.

They cut the DNA in a non-terminal region. Restriction endonucleases are used to generate
rejoinable DNA fragments.

They are also known as molecular knives, molecular scissors, restriction enzymes or molecular
scalpels.

The sequence recognised by the restriction enzyme to cut the DNA is called restriction site,
restriction endonuclease site or recognition site. The recognition site consists of 4-8 base pairs.
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The enzyme breaks two phosphodiester bonds, one in either strand of the duplex DNA to cut the
DNA. The 3 cut end has a free OH group and the 5 cut end has a phosphate group.

Some restriction enzymes recognise palindromic sequences to cut DNAs, but some others
recognise non-palindromic sequences.

The genome of an organism has several restriction sites for one restriction enzyme. The distance
between two adjacent restriction sites varies greatly. So a restriction enzyme produces several
DNA fragments of different lengths while cutting the DNA.

Types of Restriction Enzymes

The restriction endonucleases are grouped into three types. They are
i. Type | restriction endonucleases

ii. Type Il restriction endonucleases

iii. Type lll restriction endonucleases

The type | and type lll restriction enzymes recognise specific sequences in the duplex DNA but cut
the DNA far away from the recognition sites. So they are not useful for genetic engineering. The
type Il restriction endonucleases recognise specific.sites and cut the DNA at the recognized sites.
So they are of much use in genetic engineering::Eg. Eco RI, Hind Ill, etc.

Type Il Restriction Endonucleases

A type Il restriction endonuclease recog- nises a specific sequence in the duplex DNA and cuts the
DNA at the recognised sequence.

So the cutting is sequence specific. The enzyme consists of two identical sub-units and its
molecular weight ranges from:20,000 to 100,000 daltons. It requires Mg2+ as co-factor for the
enzyme activity. EcoRl, Hind I, Mbol, etc. these are examples for type Il restriction enzymes.

At present, about 350:type Il restriction endonucleases are isolated from various bacterial strains.
They are named. using the first letter of the genus name, the first two letters of the species name
and the first'letter of the strain from which the enzyme was isolated. If there are more than one
restriction._enzyme in a strain, they are designated in Roman numeral. For example, EcoRl is
isolated from Escherichia coli RY 13. The final number | indicates that it is the first enzyme isolated
from the strain.

The type Il restriction enzymes mostly recognise palindromic sequences to cut the DNA. The
palindromic sequence consists of 4-6 basepairs and is bilaterally symmetrical. The base sequence
in one strand is the same in the other strand while reading in reverse direction. An axis or line cuts
the palindromic sequence into two identical halves and is called axis of symmetry. Some
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restriction enzymes cut at the re- striction site along the axis of symmetry while others cut it at
either side of the axis of symmetry.

Plane of Cutting:

Some restriction enzymes cut DNAs along the axis of symmetry of the restriction sites. They break
two phosphodiester bonds, one in either strand of the restriction site, at the axis of symmetry.
Hence two blunt-ends are formed. Eg. Bal .

Several restriction enzymes cut one strand at left side of the axis of symmetry and the other
strand at the right side of the axis. Then they break hydrogen bonds between basepairs lying
between the two cut-sites. As a result, DNA fragments with single-stranded extensions are
formed. The single stranded extensions are called cohesive ends or sticky ends.

The sticky ends of DNA fragments pro- duced by a restriction enzyme are complementary to each
other. The 5-position of cut end has a phosphate group and the 3!-position has an OH-group. Eg.
EcoRl, Bam HI, etc. Restriction enzymes can generate three types-of cut ends. One type of
restriction enzymes produce bluntended DNAs. Another type of enzymes generates duplex DNAs
with 3 extensions (Eg. Haell). Yet other type of enzymes generates duplex DNAs with 5 ex-
tensions (Eg. EcoRl).

Uses:

1. Restriction enzymes are used to cut/a source.DNA into small fragments for the isolation of a
desired gene to be cloned.

2. They are used to cutout unwanted se- quences from natural vector DNAs to construct active
vectors.

3. They are used to cut the vector DNAs at well defined sites for cloning purpose.
4. They are used to cut‘a-large DNA into small fragments for nucleotide sequencing.
5. They are used to construct restriction map of DNAs.

6. They are.used to determine variants of closely related individuals by restriction fragment length
polymorphism (RFLP)
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;Examples of Restriction Enzymes |

Enzyme Organism source Recognized
Sequence
EcoRl Escherichia coli S'GAATTC 3’
FCTTAAG S
Tagl Thermus aquaticus 5TCGA S
FAGCT S’
HindIll Haemophilus influenzae S'AAGCTT 3
FTTCGAA S
BamHI Bacillus amyloliguefaciens §'GGATCC Y’
I CCTAGG 5
Alul Arthrobacter lutens SAGCT ¥
FYTCGAS
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Plasmid based vectors:

Plasmid Structure

Plasmids are extrachromosomal and not essential. They are useful but not necessarily present in
every organism of the species

Plasmids are not a part of the genome and the same plasmid can exist in different species and
gets transferred from one another

Plasmids have their own origin of replication (ORI) and they replicate along with the cell so that
each daughter cell possesses a copy of the plasmid also

Apart from the origin of replication, often it contains genes for antibiotic resistance, for the
production of toxins and other useful genes, that may be required for the survival of cells.

Plasmid Vector

Plasmids and bacteriophages are frequently used as. cloning vectors in DNA recombinant
technology.

The ease with which plasmids can be modified and replicated makes it a great tool in genetic
engineering and biotechnology

For genetic engineering purposes, plasmids.are artificially prepared in the lab

The lab-grown plasmids, which are used as a vector contain an origin of replication, cloning site
and selection marker.

pSC101 Plasmid Vector

pSC101 is a small, high-copy-number plasmid cloning vector derived from the naturally occurring
plasmid ColE1.

features:
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Origin of Replication: pSC101 contains the ColE1 origin, allowing replication in E.coli.

Selectable Marker: tetracycline resistance gene (Tetr) for selection in tetracycline-containing
media.

Multiple Cloning Site (MCS): 8 unique restriction sites (e.g., EcoRI, BamHI, Hindlll).
High copy number: 100-200 copies per cell.

Small size (~2.1 kb) for easy manipulation

Applications:

1. Gene Cloning: pSC101 is ideal for cloning small to medium-sized genes.
2. Protein Expression: modify pSC101 for protein expression in E.coli.
3. Subcloning: suitable for inserting DNA fragments.

4. RNA Interference (RNAI): pSC101-based vectors for gene silencing.
5. Gene Regulation Studies: analyze gene expression and regulation.
6. Mutagenesis: perform site-directed mutagenesis.

7. DNA Sequencing: use pSC101 as a cloning‘vector for.sequencing.
Advantages:

1. High transformation efficiency

2. Easy DNA manipulation

3. Stable maintenance in E.coli

4. Compact size facilitates cloning

5. Well-characterized.vector

Comparison to other plasmids:

pSC101 differs from:

1. pUC19/pMBI: smaller size, fewer restriction sites.

2. pBR322: lacks the lacZa fragment.

Historical significance:

pSC101 was one of the first plasmid vectors developed (1977) and has contributed significantly to
molecular biology research.
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Common modifications:

Researchers modify pSC101 to add:

1. Promoters (e.g., T7, CMV)

2. Selectable markers (e.g., ampicillin, kanamycin)

3. Reporter genes (e.g., GFP, luciferase)

Limitations:

1. Limited number of restriction sites

2. Tetracycline resistance may not be suitable for all applications
3. Not suitable for large DNA inserts

Researchers have modified pSC101 to create derivatives with:
1. Additional selectable markers (e.g., ampicillin, kanamycin)

2. Promoters (e.g., T7, CMV)

3. Reporter genes (e.g., GFP, luciferase)

4. Improved replication origins (e.g., p15A).

wic
e
/ \ BAD promoter

pSC101-BAD-Flpe-tet.gcc
5661 bp

I
FLpe
repA 4

'

PSC101 origin
of replication

pSF2124 Plasmid Vector

pSF2124 is.a versatile, high-copy-number plasmid cloning vector derived from pUC19.
Features:

1. Multiple Cloning Site (MCS) with 14 unique restriction sites

2. ColE1 origin of replication in E.coli

3. Ampicillin resistance gene (Ampr)

4. LacZa fragment for blue/white screening
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5. Small size (approximately 2.9 kb)

6. High-copy-number plasmid (~100-200 copies/cell)
Applications:

1. Gene cloning and expression

2. Subcloning and site-directed mutagenesis

3. Protein expression and purification

4. RNA interference (RNAI) studies

5. Gene regulation and expression analysis
Advantages:

1. High transformation efficiency

2. Easy DNA manipulation

3. Versatile restriction sites

4. Compatible with various E.coli strains

5. Stable maintenance in E.coli

Common Modifications:

Researchers modify pSF2124 to.add:

1. Promoters (e.g., T7, CMV)

2. Selectable markers (e.g., kanamycin, hygromycin)
3. Reporter genes (e.g:, GFP, luciferase)

Restriction Sites:

1. EcoRl 2. BamHl 3. Hindlll 4. Xbal 5. Sacl 6. Kpnl
7:Sall 8. Pstl 9. Sphl 10. Clal 11. Acc65I 12. EcoRV
13. Bglil 14. Xhol

Comparison to pMBI:

pSF2124 is similar to pMBI but has a smaller size and fewer restriction sites.
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Ampicirtin

pMBI

pMBI (pUC-derived Multiple Cloning Site Binary Intermediate) is.a small, circular DNA plasmid
(approximately 3.8-4.0 kb) designed for cloning and expression of genes in various organisms,
including bacteria, plants, and animals.

Features:

1. Multiple Cloning Site (MCS): pMBI contains a polylinker region with multiple restriction enzyme
sites, allowing easy insertion of DNA fragments.

2. High-copy-number plasmid: pMBI replicates to high copy numbers in E.coli, making it suitable
for large-scale DNA production.

3. ColE1 origin: pMBI contains the.ColE1 origin of replication, ensuring stable maintenance in
E.coli.

4. Ampr gene: The plasmid carries an ampicillin resistance gene (Ampr) for selective growth in
ampicillin-containing:media.

5. LacZa fragment: "pMBI includes a lacZa fragment, enabling blue/white screening for
recombinant ¢lones.

pMBI Vector:

1. Origin of replication

2. Multiple Cloning Site (MCS) design

3. Selectable markers (e.g., ampicillin resistance)

4. Promoter regions (e.g., lac, T7)
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Techniques:

1. Subcloning and site-directed mutagenesis

2. DNA sequencing and assembly

3. Gene silencing and knockdown

4. Protein-protein interaction studies

Cell Systems:

1. E.coli expression systems

2. Mammalian cell expression systems

3. Plant cell expression systems

4. Yeast expression systems

Disease Research:

1. Cancer research

2. Neurological disorders

3. Infectious diseases

4. Genetic disorders

Applications:

1. Gene cloning: pMBI is ideal for cloning small to medium-sized genes or DNA fragments.
2. Expression vectors: pMBI can be modified to express proteins in various hosts.

3. RNA interference (RNAi):. pMBI-based vectors can be used for RNAi-mediated gene silencing.
4. Plant transformation: pMBI is compatible with Agrobacterium-mediated plant transformation.
5. Protein expression and purification

Advantages:

1. Easy:to manipulate and modify

2. High transformation efficiency

3. Versatile restriction sites

4. Suitable for various host.
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Common modifications:

Researchers often modify pMBI to add specific features, such as:
1. Promoters (e.g., CaMV 35S, nos)

2. Selectable markers (e.g., kanamycin, hygromycin)

3. Reporter genes (e.g., GFP, luciferase)

Conclusion:

pMBI is a versatile and widely used plasmid cloning vector, ideal for various molecular biology
applications. Its modular design and high-copy-number replication make it.an excellent choice for
researchers.

PBR322

PBR322 is an artificial plasmid. It is a gene cloning vector for E.coli. It'was constructed from two
plasmids pSC101 and Col El and a transposon Tn3.

In the plasmid pBR322-

i. 'p' indicates that it is a plasmid.

ii. BR indicates the names of workers

F.Bolivar and Rodriguez, who created the plasmid,

iii. 322 is the specific number to'distinguish the plasmid from others.

PBR322 is a circular, double stranded plasmid DNA. It consists of 4363 basepairs. The plasmid has
528 restriction sites for 66 re striction enzymes. Among these, 20 restriction enzymes cut it at
unique restriction sites.

The pBR322 has two selectable gene markers tetracycline resistance gene (Tet') and ampicillin
resistance gene (Amp').

The Tet r gene has unique sites for six restriction enzymes. If a gene is inserted into any of these
restriction.sites, the tetracycline resistance gene becomes inactive.

The:Amp r gene has unique sites for three restriction enzymes. If a gene is inserted into any one of
these unique sites, the ampicillin resistance gene becomes inactive.

The sequences other than Tet r gene and Amp r gene have unique sites for 11 restriction enzymes.
There is no insertional inactivation when a gene is inserted into any one of these sites.
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The ampicillin resistance determinant is the derivative of transposon Tn 3 derived from RSF2124.
The tetracycline resistance determinant is a derivative of pSC101 derived from R-65 plasmid. The
remaining sequence is the derivative of a Col El derivative pMBI.

Advantages of pBR322 :
1. pBR322 is a small plasmid consisting of 4363 basepairs.

2. The copy number of pBR322 is 15. It can be increased upto 3000 by adding chloramphenicol to
the bacterial culture.

3. Bacterial cells can uptake DNAs of 15 kbp size from the culture. But pBR322 is only 4.4 kbp in
size. So it can carry relatively large DNA segments of 5-10kbp size.

4. pBR322 has two selectable gene mark- ers (Tet and Amp') for the selection of recombinants by
insertional inactivation method.

5. The regulation and expression of a gene inserted into the plasmid is'good.

6. pBR322 is used as a base plasmid for the invitro construction of derived plasmid vec- tors such
as pUCS8, pUCY, pUC10, etc. and cosmids.

Use:

pBR322 is being used to introduce desired.genes into E.coli cells. Eg. Somatostatin gene of man is
introduced into E.coli through pBR322.

EcoR 1 Clal_ Hind 111

Pvul_

Pvu ll

Figure : pBR322
pUC vector

The plasmid-vectors released from the University of California are termed pUC vectors; the letters
UC:stand for the name of that University. These vectors were constructed by Messings and his
colleagues in 1983. They include a series of vectors such as pUC8, pUC9, pUC12, pUC13, pUC18,
pUC19, etc. These are general purpose vectors that can clone foreign DNAs of less than 10kb size
in E.coli.

The pUC vectors consist of an origin of replication (ori), an ampicillin resistance se- quence (amp')
and Lac Z' gene. The ori sequence is taken from pBR322, which is a derivative of COLE1 gene. Amp'

Page 26 of 178



ACADEMIC YEAR 2024-2025, SEMESTER - VI N\
STUDY MATERIAL FOR B.Sc., MICROBIOLOGY Q¢
BIOTECHNOLOGY AND GENETIC ENGINEERING &/

sequence is taken from pBR322 plasmid. LacZ' gene is the derivative of B-lactamase gene in the
Lac operon of E.coli. The Lac Z' gene is engineered in such a way that it should not be inactivated
while inserting a multiple cloning site (MCS). The MCS is inserted at the coding region of B-
lactamase gene. It provides multiple recognition sites for inserting foreign DNA. If anyone gene is
inserted at the MCS, the B-lactamase gene becomes inactivated. Such recombinants will therefore
form only white colonies.

The general structure of all pUC vectors is the same, but they differ from each other in their
multiple cloning site. The choice of restriction enzyme to be used to cut the plasmidis therefore
determined by the MCS present in the vector.

puCs

pUCS8 is an artificial plasmid vector. It is a cloning vector constructed from pBR322. The letter 'p'
stands for plasmid. 'UC' stands for University of California. It is 2676 bp in.size. It has an ampicillin
resistance sequence (Amp'), origin of replication from pBR322 and Lac Z' gene of E.coli. The Lac Z'
gene has a multiple cloning sequence (MCS) which has recognition sites for EcoRI, Smal, Xma I,
Bam HI, Sal I,Pst I, Acc | and Hind III.

Foreign gene is inserted into the MCS and it inactivates the Lac Z' gene. The recombinants are
screened by growing the cells in a medium containing X-gal. When a rDNA is introduced into a Lac
Z mutant E.coli, the cellfails to form B-galactosidase because of the absence of a-polypeptide. So
the bacterial colony remains white.

PUCS is smaller than pBR322. So it«can carry-large DNA segments (upto 12.4 kbp size).
As it has MCS, DNA segments with different types of cut-ends can be inserted into the plasmid.

The screening of recombinants is easier than that of recombinant pBR322. E.coli having
recombinant pUC8 is-selected by blue-white screening method.

puC8:15
5086 bp

puUC19

pUC 19 is an artificial plasmid vector. pUC is yet other general purpose vector for cloning foreign
DNA in E.coli. It is about 2.69 kb in size. The letter 'p' stands for plasmid. 'UC' stands for University
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of California. This plas- mid is composed of Ori sequence and Amp' se- quence of pBR322 and Lac
Z gene of B- lactamase gene of E.coli. The MCS is inserted into the LacZ gene in such a way that it
does not interfere with expression of that gene. This MCS contains unique sites for Hind Ill, Sphl,
Pstl, Sall, Accl, Hinc II, Xbal, Bam HI, Sma I, Xma |, Kpn |, Sst | and EcoRIl. The cloning and
recombinant selection methods are similar to those for pUC8. The plasmid pNER 193 is a

derivative of pUC19.

Ndel 183

Moditied alpha-peptide
N
2500

Xmnl 2294,

Scal 2177

puUC19

2686 bps Sap! 683

:::::

Lambda (A) phage vectors

Lambda (A) phage vectors are a type of cloning vector. derived from the
lambda, a virus that infects E.coli. They are widely used-in molecular biology for.

Features:
1. Large DNA capacity (up to 25 kb)
2. Efficient cloning and expression in.E.coli
3. Stable maintenance of cloned DNA
4. Easy DNA purification and isolation
Types of Lambda Phage Vectors:
1. Replacement Vectors: ADNA is replaced with foreign DNA.
Example: Agtll, A\ZAP
2. Insertion Vectors: Foreign DNA is inserted into ADNA.
Example: Agt10, A\ORF8
3. Expression Vectors: Allow protein expression in E.coli.
4. Shuttle Vectors: Combine lambda and plasmid features

Example: ApL, AORF8

bacteriophage
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Applications:
1. Genomic Library Construction: Cloning large DNA fragments.
2. cDNA Library Construction: Cloning expressed genes.
3. Gene Expression: Studying protein function and interactions.

4, Mutagenesis: Introducing specific mutations into genes.

5. Protein Purification: Expressing and purifying recombinant proteins.

Advantages:
1. High capacity for DNA insertion
2. Efficient cloning and expression
3. Stable DNA maintenance
4, Easy DNA purification
Disadvantages:
1. Limited control over gene expression
2. Potential for gene rearrangements
3. Requires specialized E.coli strains
Examples of Lambda Phage Vectors:
1. Agtll (replacement vector)
2. MZAP (replacement vector)
3. Agt10 (insertionvector)
4. AORFS8 (expression vector)
5. ApL (expression vector)
Lambda Phage Vector Structure:
1. Lambda DNA: 48.5 kb double-stranded DNA
2. Left and Right Arms: Non-essential regions for cloning
3. stuffer Region: Replaceable region for cloning

4. cos Sites: Cohesive ends for packaging
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5. ori Region: Origin of replication

Cloning Process:
1. Preparation of Vector DNA: Isolate and purify lambda DNA
2. Insertion of Foreign DNA: Clone DNA into lambda vector
3. Packaging: Assemble phage particles with cloned DNA
4. Infection: Infect E.coli with packaged phage

5. Selection: Identify recombinant clones.

Larmda Pajge Page

Phagemids

A phagemid is a hybrid of a plasmid.and DNA of a filamentous phage fd or fl. It con. tains an origin
of replication (Ori) for single stranded phage DNA and another Ori from the plasmid DNA.
Phagemids can be propagated either in single stranded form or double stranded form. Gene
cloning is done in double stranded form. Foreign DNA of 12kb size especially cDNAs can be cloned
in phagemids. Eg. pBluescript Il SK+/-.

The phagemid Bluescript is 2961bp in size. It consists of ColEl ori, ampicillin resistance sequence
(amp'), phage. fl origin, T7 promoter, MCS and T3 promoter. The ColEl ori is derived from pUC19
and it serves as origin of replication for this phagemid. The amp taken from pUC19 is used as
selectable marker for selection of recombinant phagemid. The fl ori- gin is a derivative of fl phage.
Here, the fl.ori- gin is useful to pack the DNA in virus head so that it is called F1(+) origin. The
actual repli- cation of F1(+) origin requires an antisense fl origin called f1(-) origin; it is provided by
infec- tion with a helper phage. In the helper phage, ColEl ori acts as a replication origin.

T7 promoter follows the fl (+) origin and it is a powerful promoter for RNA polymerase activity.
The T3 promoter is found in the other strand but at the site of MCS. The MCS has restriction sites
for Sacl and Kpnl for cloning cDNAs. Lacl promoter is found at upstream of T3 promoter.
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Under normal conditions, T3 promoter does not disturb the function of LacZ and Laci genes. So, B-
galactosidase enzyme is produced to con- vert X-gal into blue-coloured compound. But, if a
foreign gene is inserted at MCS, the LacZ and Lacl become inactivated; as a consequence white
colonies are formed due to lack of Beta galactosidase.

After the foreign DNA is inserted into the phagemid, the rDNA is packed in a virus capsid of fl
phage. A packaging mixture containing pacase enzyme is used for this purpose. The recombinant
phages thus formed are allowed to infect E.coli cells to deliver their DNA into the cells:

The E.coli cells are grown in a medium containing X-gal, IGPT and ampicillin to select the
recombinant cells. The recombinant bacterial colonies appear white but the.non- recombinants

are bluish in colour.

Phagemids are very useful to clone single strands of DNA for DNA sequencing. They are also used

for making cDNA libraries of organisms.

Replication origin of plasmid Jp— Promoter

\ Signal peptide
~ Restriction enzymes recognition sites

<) Molecular tag

', _Coat-protein

Phagemid

Selective marker ___\ |

IG region

Phasmids

A phasmid is a hybrid.vector that has origin of replication from a plasmid and a A phage DNA. It is
constructed by inserting a linearized plasmid DNA into a cleaved A-DNA. Here, the A-DNA has no
cos-site for packaging in virus capsid. This process is generally known as lifting the plasmid.

The A-DNA serves as a site for homologous recombination with chromosomal DNA of E.coli.
Besides _this, it helps for in vivo multiplication of phage particles that have recombinant

phagemids.

The plasmid portion is responsible for the independent existence of the phasmid as plasmid in
E.coli. It may be released free in E.coli. Eg. A ZAP.

A ZAP consists of a structural genes, Amp' gene, Lac Z' gene, T3 RNA polymerase promoter, MCS,
T7 RNA polymerase promoter and A attachment site. Recombinant A ZAP is packaged into A phage
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head and the recombinants phages are allowed to infect E.coli along with a helper virus M13. As a
result, the recombinant & ZAP enter the E.coli and be- haves like a plasmid.

Advantages of Phasmids

1. Phasmids can be maintained as plasmids or phage particles in E.coli.

2. The desired gene can be integrated into chromosomal DNA of E.coli using phasmids.

3. Plasmid portion can be released free as a plasmid from a recombinant phasmid after
introducing it into an E.coli strain.

4. The phages having recombinant phagemids can be stored easilyfor a long time.

att-sequence for attachment of I pha

Cosmid

Cosmid is an artificial plasmid contain-"ing.cos-sites of DNA. It is formed by joining ends of a
linearized plasmid DNA with cos-sites of a DNA. It is a derived vector. The cosmid can be packaged
in capsid of a phage in vitro to form recombinant phage particles. It is linear inside the phage
capsid. The cosmid gets cir- cularized and behaves like a plasmid. Foreign DNA upto 45 kb size can
be cloned in cosmid vectors.

Cosmid has an origin_of replication, selecta- ble markers and gene cloning sites of the plasmid
DNA. They lack structural and regulatory genes of a DNA. Hence there is no lysis and integration of
cosmid DNA in thehost cell. Eg. Col El cosmid, pHC 79, pJB8, pWE cosmid, etc.

The fact that small segment of a phage containing cos sites on a plasmid is enough for packaging
of the DNA in.virus capsid, was first discovered by a team of Japanese research workers in 1976.
Cosmid was first constructed by Collins and Hohn in 1978.

Salient Features of Cosmids
1. Cosmid is a circular, double-stranded DNA.

2. It has two complementary single- stranded regions at both ends of a plasmid DNA. The two cos-
ends form a duplex by base pairing.

Page 32 of 178



ACADEMIC YEAR 2024-2025, SEMESTER — VI N\
STUDY MATERIAL FOR B.Sc., MICROBIOLOGY Q¢
BIOTECHNOLOGY AND GENETIC ENGINEERING &/

3. At the cos-site, 3' end and 5' end of the same chain do not establish covalent bond dur- ing
circularization. So a definite nick is present in each DNA strand.

4. The nicks are retained in the plasmid for a number of generations.

5. The cosmid DNA does not code for phage proteins and host cell lysis.

6. It does not involve in multiplication of phage particles.

7. It has an origin of replication from plasmid DNA for independent replication.
8. It has selectable marker genes and gene cloning sites of plasmid DNA.

9. The cosmid DNA is packaged within protein coat of bacteriophage to form. infective phage
particles. Cos-site is a prerequisite for invitro packaging of cosmid in phage:protein coat.

10. After infection, the cosmid DNA does not integrate into chromosemal DNA of host cell. It
exists as a definite extra chromosomal DNA and replicates independently.

Cosmid pJBS :

PJB8 is constructed from the plasmid pBR322 and cos ends of DNA. It is 5.4 kbp in size. It has an
origin of replication (Ori) and ampicillin resistance gene derived from PBR322 and two cos-ends
from a DNA.

A foreign DNA of about 45 kbp is inserted into Bam HI restriction site of the cosmid. The
recombinant cosmid is packaged into'a phage head to form an infective phage particle. The phage
delivers its DNA (rDNA) into E.coli while infecting the cell.

EcoRI
BamH| | Clal
EcoRl Hindl
Ampicillin
resistance
gene

cos gene

Origin of —|
replication \/

Bacterial Artificial Chromosomes (BACs)

BAC are a type of cloning vector used to store and manipulate large DNA fragments (typically 100-
300 kb).

Features:

1. Large DNA capacity: 100-300 kb (average 150 kb)
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2. Stable maintenance in E.coli

3. Low copy number (~1-2 copies/cell)

4. Easy DNA purification

5. Suitable for genome assembly and mapping

6. Episomal replication (does not integrate into host genome)
7. Self-replicating

Structure:

1. Origin of replication (oriS): Essential for replication initiation
2. Replication protein (RepE): Regulates replication

3. Chloramphenicol resistance gene (CmR): Selectable marker
4. Multiple cloning site (MCS): For inserting DNA fragments

5. pBR322-derived plasmid backbone: Provides stability and compatibility
Advantages:

1. Cloning large DNA fragments

2. Stable maintenance of cloned DNA

3. Easy DNA purification

4. Suitable for genome assembly and mapping

5. Long-term storage of DNA libraries

6. Low risk of DNA rearrangements

7. High fidelity.replication

Applications:

1:Genome:sequencing and assembly

2. Gene mapping and positional cloning

3. Genome-wide association studies

4. Epigenomics and chromatin studies

5. Gene therapy and gene editing
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6. Agricultural biotechnology

7. Synthetic biology

Types of BAC Vectors:

1. pBAC (original BAC vector)

2. pBeloBAC (improved BAC vector)

3. pIndigoBAC (high-copy BAC vector)

4. BAC-YAC (Yeast Artificial Chromosome-BAC hybrid)
History and Development

BACs were first developed in the 1990s by Dr. Mel Simon and colleagues at Caltech. They modified
the natural E.coli F-factor plasmid to create a vector capable of carrying large DNA inserts.

Challenges and Limitations

1. Size limitations (~300 kb)

2. Low transformation efficiency

3. Potential for DNA rearrangements
4. Requires specialized E.coli strains

5. Not suitable for high throughput applications.

BACTERIAL ARTIFICIAL
CHROMOSOME VECTOR (BAC)

Yeast Artificial Chromosomes (YAC)

Yeast artificial chromosomes (YAC) are derived cloning vectors used to clone large DNA fragments
in yeast cells. They are linear in shape. Each YAC is made up of three important regions, namely
two telomeres, a centromere and an autonomously replicating sequence (ARS). The YAC having all
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these sequences is called a minichromosome. It behaves like an additional chromosome in yeast
cell. Eg. YAC2.

The two telomeres, are located one on either end of the YAC. They are highly conserved and
homologous to each other. Each telomere consists of multiple copies of palindromic sequence
CCCAAA. Many one-nucleotide gaps occur in DNA strands at the telomere and are mostly confined
to the terminal 100 bp region.

The telomeres are essential for the stability of YAC in yeast cells. They are derivatives: of
chromosomes of Tetrahymena, a protozoan.

The centromere (Cent) is derived from an yeast chromosome. It has three distinct regions- I, Il and
lll. The regions | and Il consist of 11 to 14 base pairs. They are separated from each other by the
region Il consisting of 82 to 89 base pairs rich in TA. Thus DNA of about 120 bp forms the
kinetocore of YAC.

The centromere is important for the movement of YAC to daughter cells during cell division.

The ARS is a derivative of yeast chromosome. It has the.ability to switch on continuous replication
of YAC in which it occurs. It is highly unstable unlessit is linked to a centromere.

For cloning purpose a selectable genetic marker.such-as ampicillin resistance gene (Amp') is
inserted between the telomere and ARS. Theforeign DNA is inserted into YAC in between the
Cent and telomere.

Advantages of YAC

1. YAC behaves as an additional chromosome in yeast cells. So yeast genome is not disturbed.
2. The re -isolation of YAC.from trans formed yeasts and manipulation are easy.

3. Large DNA fragments can be inserted into YAC and introduced into yeast cells.

4. YAC can use all enzymes of yeast for its replication, transcription and translation. So it does not
need special cares.

5. The selection of transformant yeasts is easy.

Uses

1. YAC'is used to form genomic libraries of prokaryotes and eukaryotes.

2. ltis used in human genomic project (HGP) to construct gene map of chromosomes in man.

3. It is used to clone large DNA fragments for gene walking, a method for screening gene library.
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UNIT-III
Genome:
Definition:

The genome is the complete set of genetic information encoded in an organism's DNA, including
all genes, non-coding regions, and regulatory elements.

Components:

1. DNA (Deoxyribonucleic acid): Double-stranded helix structure

2. Genes: Coding regions that encode proteins or functional RNAs

3. Non-coding regions: Regulatory elements, introns, and intergenic-regions
4. Chromosomes: Organized structures containing DNA and proteins

Types of Genomes:

1. Prokaryotic genome (e.g., bacteria): Single circular’chromosome

2. Eukaryotic genome (e.g., humans, plants): Multiple linear chromosomes
3. Mitochondrial genome: Separate genome within mitochondria

4. Chloroplast genome: Separate genome within chloroplasts (in plants)
Genome Structure:

1. Chromosome organization: Linear or circular, with telomeres and centromeres
2. Gene density: Varies amongrorganisms and chromosome regions

3. Repetitive elements: Transposons, retrotransposons, and tandem repeats
4. Gene regulation:Promoters, enhancers, and silencers

Genome Function:

1/ Encoding.proteins and functional RNAs

2. Regulating gene expression

3. Maintaining genome stability

4. Responding to environmental changes

Genome Size:
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1. smallest: 160 kb (Mycoplasma genitalium)

2. largest: 150 Gb (Polyploid plants)

Genome Complexity:

1. Gene number: 500-40,000+

2. Gene diversity: Varied gene families and functions
3. Regulatory complexity: Multiple layers of regulation
Sequencing and Assembly:

1. Next-Generation Sequencing (NGS)

2. Whole-Genome Shotgun Sequencing

3. Genome assembly algorithms (e.g., de Bruijn graphs)
Applications:

1. Personalized medicine

2. Genetic engineering

3. Synthetic biology

4. Forensic analysis

5. Agricultural improvement

Challenges:

1. Genome complexity

2. Data analysis and interpretation

3. Ethical considerations

4. Genome editing and manipulation

Sequence.of genome acquisition and analysis:
Genome Acquisition:

1. DNA isolation: Extract DNA from cells or tissues.

2. Library preparation: Fragment DNA, add adapters, and create sequencing libraries.

3. Sequencing: Use Next-Generation Sequencing (NGS) technologies (e.g., lllumina, PacBio).
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4. Data generation: Produce raw sequencing data (fastq files).

Genome Analysis:

Primary Analysis:

5. Quality control: Assess sequencing quality using tools like FastQC.

6. Read trimming: Remove adapters, contaminants, and low-quality regions.

7. Genome assembly: Reconstruct genome from reads using assemblers (e.g., SPAdes).
8. Genome annotation: Predict genes, proteins, and functional elements.
Secondary Analysis:

9. Genome alighment: Compare assembled genome to reference genomes.

10. Variant detection: Identify genetic variations (SNPs, indels, structural variants).
11. Gene expression analysis: Study RNA-seq data for gene.expression levels.

12. Functional analysis: Predict gene function, pathways, andregulatory networks.
Tertiary Analysis:

13. Comparative genomics: Compare genomes:across species or strains.

14. Phylogenetic analysis: Reconstruct evolutionary relationships.

15. Genome-wide association studies (GWAS): Link genetic variations to traits.

16. Epigenomic analysis: Study.gene regulation and chromatin modifications.
Interpretation and Visualization:

17. Data visualization:Use:tools like Genome Browser, Circos, or IGV.

18. Biologicalinterpretation: Integrate results with existing knowledge.

19. Hypothesis generation: Formulate new research questions.

Tools and Resources:

Some popular tools and resources for genome analysis include:

- Genome assemblers: SPAdes, Velvet, Canu

- Aligners: BWA, Bowtie, STAR

- Variant callers: SAMtools, GATK, FreeBayes
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- Annotation tools: Prokka, Genemark, Augustus
- Visualization tools: Genome Browser, |GV, Circos
Homologies

Homologies refer to similarities between biological structures, sequences, or genes that indicate a
shared evolutionary origin. This concept is crucial in:

1. Comparative anatomy
2. Molecular biology

3. Evolutionary studies
4. Phylogenetics

Types of Homologies

1. Structural Homology: Similarity in shape and structure -between organs or body parts,
indicating a shared evolutionary origin.

Example: Forelimbs in vertebrates (humans, birds, whales). have similar bone structures despite
different functions.

2. Sequence Homology: Similarity in DNA-or protein sequences between organisms.
Example: Human and chimpanzee DNA are 98.8% identical.
3. Functional Homology: Similarity in function or biological role between structures or genes.

Example: Eyes in humans and octopuses have similar anatomy and function despite different
evolutionary paths.

Methods for Detecting Homologies

1. BLAST (Basic Local.Alignment Search Tool): Compares DNA/protein sequences to identify
similarities.

2. CLUSTAL: Multiple sequence alignment tool to identify conserved regions.

3.. Phylogenetic Analysis: Reconstructs evolutionary relationships to identify homologous
genes/structures.

4. Homology Modeling: Predicts 3D structure of proteins based on sequence similarity.
Importance of Homologies

1. Understanding Evolution: Reveals shared ancestry and evolutionary relationships.
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2. Predicting Function: Infers biological roles of genes/proteins based on homology.

3. Drug Development: Identifies conserved targets across species for drug design.

4. Comparative Genomics: Helps identify genetic basis of diseases.

Homology Concepts

1. Orthology: Genes in different species that evolved from a common ancestral gene.

2. Paralogy: Genes within the same species that evolved from gene duplication.

3. Analogy: Structures or genes with similar functions but different evolutionary origins.

4. Homologous Recombination: Exchange of genetic material between® homologous
chromosomes.

Applications

1. Biotechnology: Gene therapy, genetic engineering.

2. Medicine: Disease diagnosis, treatment.

3. Agriculture: Crop improvement, animal breeding.

4, Evolutionary Studies: Phylogenetics, comparative anatomy.
Tools and Resources

1. NCBI BLAST: Sequence comparison.tool.

2. UniProt: Protein database:

3. PDB: Protein Data Bank.

4. Ensembl: Genome browser.
Single Nucleotide Polymorphisms (SNPs)

Variation in the lengths of some DNAs between individuals due to single base changes, is called
single'nucleotide polymorphism (SNP).

The human genome project (HGP) has stated that genome sequences of any two unrelated men
are.99.9% identical and the remaining 0.1% shows differences from one another. About 3 million
basepairs make each of us unique among the billions of world population. This dif- ference occurs
due to gene mutations and their inheritance over many generations. The single nucleotide
positions occupied by one base in some individuals but by alternative base in some other
individuals, causes sequence variations. This sequence variation leads to variations in lengths of
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DNA fragments while cutting the DNA with a restriction enzyme .such variations are called single
nucleotide polymorphisms .

The single base variations are responsible for many variations in characters amoung different
individuals of a population .For variation in hair colour is due to single change within the gene for
pigment In most cases, single base changes within the genes do not express as phenotypic trait
be Cause of masking effect due to degenery codons. But in some cases, these single base‘changes
express as definite disordersin people Egs. Cystic fibrosis, Huntington Disease

Cystic fibrosis autosomal recessive inheritance in man.It occurs if 3 rd of 508 th codon. of that gene
is deleted. Hunting ton disease appears when the corresponding gene in. chromosome 4 is
mutated.

In some circumstances, the single base changes give resistance towards infections and protect the
persons.

Single base changes very often cancel restriction site or introduce newrestriction sites Therefore,
variation appears in the polymorphic DNA fragments while cutting the DNA with a restriction
enzyme. Hence, single base changes can be detected with DNA fingerprinting and RFLP. DNA chips
are also used in SNPs analysis. These methods produce SNPs maps of the genomes.

SNP maps are used for the following purposes:

* To correlate phenotypic traits to DNA segment.

* To analyze genetic variation among individuals of a population.

* To detect the evolutionary affinities between different species or races.
* To construct physical maps of man and other organisms

Genetic Analysis

Genetic analysis involves examining an individual's DNA to understand their genetic makeup,
identify genetic variations, and determine potential risks or associations with diseases.

Types of Genetic Analysis:

1. DNA Sequencing: Determining the order of nucleotides (A, C, G, T) in a DNA molecule.
2. Genotyping: ldentifying specific genetic variations (e.g., SNPs, mutations).

3. Gene Expression Analysis: Studying gene activity and expression levels.

4. Chromosomal Analysis: Examining chromosome structure and number.

5. Epigenetic Analysis: Investigating gene regulation and expression.
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Genetic Analysis Techniques

1. PCR (Polymerase Chain Reaction): Amplifies specific DNA regions.

2. DNA Microarrays: Analyzes gene expression levels.

3. Next-Generation Sequencing (NGS): High-throughput DNA sequencing.
4. Whole-Exome Sequencing (WES): Sequences protein-coding regions.

5. Whole-Genome Sequencing (WGS): Sequences entire genome.

6. Sanger Sequencing: Traditional DNA sequencing method.

7. ChIP-Seq (Chromatin Immunoprecipitation Sequencing): Analyzes protein-DNA interactions.
Applications

1. Diagnostic Testing: Identifies genetic disorders (e.g., sickle cell anemia).
2. Predictive Testing: Assesses disease risk (e.g., BRCA1/2 for breast cancer).
3. Pharmacogenomics: Personalized medicine based©on genetic profiles.
4. Forensic Analysis: DNA profiling for crime investigations:

5. Genealogy and Ancestry Testing: Explores ancestral origins.

6. Cancer Research and Treatment: Targets genetic mutations.

7. Personalized Nutrition and Wellness: Tailors dietary recommendations.
Genetic Analysis Software

1. BLAST (Basic Local Alignment Search Tool): Compares DNA sequences.
2. FASTA (FAST-ALL alignment): Aligns DNA sequences.

3. GenBank (DNA database): Stores genetic data.

4. ENSEMBL(genome browser): Visualizes genomic data.

5:UCSC Genome Browser: Explores genomic data.

Ethical Considerations

1. Informed Consent: Ensures individuals understand testing implications.
2. Data Privacy and Security: Protects genetic information.

3. Genetic Discrimination: Prevents unfair treatment.
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4. Paternity and Identity Testing: Raises ethical concerns.
5. Gene Editing (e.g., CRISPR): Sparks debate on genetic modification.
Genetic Analysis Steps

1. Sample Collection: Obtains DNA sample.

2. DNA Extraction: Isolates DNA from sample.

3. Library Preparation: Prepares DNA for sequencing.

4. Sequencing: Generates genetic data.

5. Data Analysis: Interprets genetic information.

6. Result Interpretation: Communicates findings.
Challenges and Limitations:

1. Data Interpretation: Requires expertise.

2. Genetic Heterogeneity: Multiple genes influence traits.
3. Epigenetic Factors: Environmental influences.

4. Sample Quality: Affects analysis accuracy.

5. Cost and Accessibility: Limits widespread adoption
Linkage Mapping

Linkage mapping is a genetic technigue used to identify the position of genes on chromosomes
based on their inheritance patterns.

Concepts:

1. Linkage: Physical proximity of genes on a chromosome.

2. Recombination: Crossing over of chromosomes during meiosis.

3. Genetic. markers: Known DNA sequences used as reference points.
4. Map units: Measure of genetic distance (centimorgans, cM).
Linkage Mapping Steps:

1. Choose genetic markers.

2. Collect family or population data.

3. Analyze marker inheritance patterns.
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4. Construct linkage map.

Types of Linkage Maps:

1. Genetic linkage map: Shows relative positions of genes.
2. Physical linkage map: Shows actual DNA distances.
3. Integrated map: Combines genetic and physical maps.
Linkage Mapping Software:

1. MAPMAKER

2. CRI-MAP

3. LINKAGE

4. GENEHUNTER

5. Easy Linkage

Applications:

1. Gene identification and localization.

2. Trait mapping (QTL, quantitative trait locus).

3. Disease gene discovery.

4. Forensic analysis.

5. Plant and animal breeding.

Advantages:

1. Identifies gene relationships.

2. Localizes genes to specific chromosomal regions.
3. Facilitates.gene cloning.

Limitations:

1. Requires large family or population data.

2. Assumes linkage equilibrium.

3. Limited resolution.
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Linkage Mapping Techniques:

1. LOD score analysis (logarithm of odds).

2. Multipoint linkage analysis.

3. Haplotype analysis.

4. Genome-wide linkage scan.

Real-World Examples:

1. Identifying genetic variants for Alzheimer's disease.
2. Mapping genes for inherited breast cancer.

3. Localizing genes for cystic fibrosis.

High-Resolution Chromosome Mapping and Analysis

Definition: High-resolution chromosome mapping and analysis involve techniques to visualize and

analyze chromosome structure, organization, and genetic variations at a detailed level.

Techniques:

1. Hi-C (Chromosome Conformation Capture)
2. Optical Mapping

3. ChIP-Seq (Chromatin Immunoprecipitation Sequencing)
4. Nanopore Sequencing

Features:

1. High-resolution (up to.1 kb)

2. Genome-wide coverage

3. Identifies structural variations

4. Reveals.chromatin organization

5. Elucidates gene regulation

Analysis:

1. Chromatin interaction analysis

2. Genome assembly and annotation

3. Gene expression analysis
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4. Epigenetic marker identification

5. Structural variation detection

Applications:

1. Genome research
2. Cancer research
3. Gene therapy

4. Synthetic biology

5. Personalized medicine

Benefits:

1. Improved understanding of chromosome structure

2. Identification of disease-causing genetic variations

3. Development of targeted therapies

4. Enhanced gene regulation understanding

Challenges:

1. Data interpretation

2. Resolution limitations

3. Cost and accessibility

4. Sample preparation and quality

Future Directions:

1. Integrating multiple mapping techniques

2. Improving.resolution and accuracy

3. Developing new analytical tools

High-resolution chromosome mapping and analysis enable researchers to study chromosome

structure, organization, and genetic variations in unprecedented detail, in genetics, genomics, and

medicine.

Page 48 of 178



ACADEMIC YEAR 2024-2025, SEMESTER - VI / = \\‘
STUDY MATERIAL FOR B.Sc., MICROBIOLOGY \ i ‘
BIOTECHNOLOGY AND GENETIC ENGINEERING \\ /

Physical Mapping

Physical mapping is a process used to determine the physical location of genes and other features
on chromosomes.

Types of Physical Maps

1. Cytogenetic map: Displays chromosome banding patterns.
2. Radiation hybrid map: Uses radiation-induced breaks.

3. FISH (Fluorescence In Situ Hybridization) map: Localizes DNA probes.
4. Optical map: Visualizes DNA molecules.

5. Sequence-based map: Aligns DNA sequences.

Physical Mapping Techniques

1. Chromosome walking: Identifies overlapping clones.

2. Chromosome jumping: Uses cloned fragments.

3. Clone contig mapping: Assembles contiguous clones.

4. FISH (Fluorescence In Situ Hybridization): Localizes DNA probes.
5. Fiber-FISH: Visualizes extended DNA fibers.

6. DNA sequencing: Determines nucleotide order.

Physical Mapping Software

1. Genome Assembly (GA)

2. Genome Map (GM)

3. Physical Map Assembly (PMA)

4. MapView

5. Cytoview

Applications

1. Genome assembly

2. Gene localization

3. Disease gene identification

4. Cancer research
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5. Forensic analysis

6. Gene therapy

Advantages

1. High-resolution mapping

2. Accurate gene localization

3. Identifies structural variations
4. Enhances genome assembly
Challenges

1. Data integration

2. Resolution limitations

3. Cost and accessibility

4. Sample preparation

Physical Mapping Steps

1. DNA isolation

2. Clone construction

3. Clone mapping

4. Contig assembly

5. Map integration

Physical Mapping Data Analysis
1. Map visualization

2. Gene annotation

3¢ Structural variation detection
4. Comparative genomics
Future Directions

1. Integrating multiple mapping techniques

2. Improving resolution and accuracy
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3. Developing new analytical tools

4. Applying physical mapping to disease diagnosis

Hybrid Mapping

Hybrid mapping combines different mapping techniques to create a comprehensive and accurate

representation of the genome.

Types of Hybrid Mapping:

1. Integration of physical and genetic maps
2. Combination of linkage and radiation hybrid maps
3. Fusion of optical and sequence-based maps

4. Integration of cytogenetic and FISH maps

Techniques:
1. Clone contig mapping

2. Radiation hybrid mapping

3. FISH (Fluorescence In Situ Hybridization)

4, Optical mapping

5. Sequence-based mapping

6. Linkage analysis

7. Genome assembly

Advantages:

1. Improved resolution.and accuracy
2. Enhanced genome coverage

3. Identification of structural variations
4. Better gene localization

5. Increased mapping efficiency
Applications:

1. Genome assembly and annotation

2. Gene discovery and localization
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3. Disease gene identification

4. Cancer research

5. Forensic analysis

6. Gene therapy

7. Synthetic biology

Software and Tools:

1. Genome Assembly (GA)

2. Genome Map (GM)

3. Physical Map Assembly (PMA)
4. MapView

5. Cytoview

6. BioNano Genomics

7. Oxford Nanopore

Challenges:

1. Data integration and analysis

2. Resolution limitations

3. Cost and accessibility

4. Sample preparation and quality
Hybrid Mapping Steps:

1. Data collection from multiple sources
2. Data integration and alignment
3:Map construction and refinement
4. Validation and verification

5. Data analysis and interpretation
Hybrid Mapping Process:

1. Data collection from multiple sources
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2. Data integration and alignment

3. Map construction and refinement

4. Validation and verification

5. Data analysis and interpretation

Key Terms:
1.

2.

6.

7.

. Radiation hybrid
. Optical mapping
Linkage analysis

Genome assembly

Strategies for Hybrid Mapping:

Experimental Strategies:

1. Integration of multiple mapping technigues

2. Use of high-throughput sequencing technologies

3. Application of bioinformatics tools for data analysis

4. Utilization of reference genomes for comparison

5. Incorporation of cytogenetic and FISH data

Data Analysis Strategies:

1. Data integration and alignment

2. Map construction and refinement

3. Validation and verification

4. |dentification of structural variations

5. Gene annotation and functional analysis
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Computational Strategies:

1. Algorithm development for data integration

2. Use of machine learning for pattern recognition

3. Implementation of statistical models for data analysis

4. Development of visualization tools for data representation
5. Utilization of cloud computing for large-scale data analysis
Best Practices:

1. Standardization of protocols and procedures

2. Quality control and quality assurance

3. Data sharing and collaboration

4, Replication and validation of results

5. Adherence to ethical guidelines

Challenges and Limitations:

1. Data integration and analysis

2. Resolution limitations

3. Cost and accessibility

4. Sample preparation and quality

5. Interpretation of results

Sequence-Specific Tags (SSTs)

Definition: SSTs are short DNA sequences that specifically identify and target unique genomic
regions.

Types:

1. Sequence-Tagged Sites (STS)

2. Expressed Sequence Tags (EST)

3. Sequence-Tagged Microsatellites (STM)

4. Genomic Sequence Tags (GST)
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Procedure
DNA Extraction
1. Isolate DNA from cells or tissues.
2. Use DNA extraction methods (e.g., phenol-chloroform, silica-based).
STS Primer Design
1. Design STS primers specific to the target DNA sequence.
2. Use primer design software (e.g., Primer3, NCBI Primer-BLAST).
PCR Amplification
1. Prepare PCR reaction mixture:
- DNA template (10-50 ng)
- STS primers (10-20 pmol)
- dNTPs (200 uM)
- Taq polymerase (1-2 units)
- Buffer (10x)
2. PCR conditions:
- Denaturation: 94°C, 1-2 min
- Annealing: 55-65°C, 1-2 min
- Extension: 72°C, 2-3 min
- Cycles: 30-40
Gel Electrophoresis
1. Prepare agarose or polyacrylamide gel.
2: Load amplified DNA samples.
3. Runelectrophoresis (e.g., 100-200 V, 1-2 hours).
Visualization
1. Stain gel with ethidium bromide or other DNA intercalators.

2. Visualize under UV light or using a gel documentation system.
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Sequencing (Optional)

1. Perform Sanger sequencing or Next-Generation Sequencing (NGS).
2. Analyze sequence data using software (e.g., BLAST, CLC Genomics).
Data Analysis

1. Compare PCR product sizes.

2. ldentify specific DNA sequences.

3. Analyze sequence variations.

Interpretation

1. Determine genetic variation.

2. Identify genetic markers.

3. Use SST data for genetic mapping, diversity studies, or forensic analysis.
Safety Precautions

1. Handle DNA and enzymes with care.

2. Wear protective clothing and gloves.

3. Follow proper waste disposal protocols.

Applications:

1. Genome mapping and assembly

2. Gene identification and annotation

3. Expression analysis

4. Genetic marker development

5. DNA fingerprinting

6! Geneticdiversity studies.

7. Forensic analysis.

8. Disease diagnosis
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Characteristics:

1. Unique and specific

2. Short (100-500 bp)

3. Target-specific genomic regions
4. Can be PCR-based or sequencing-based
Techniques:

1. PCR (Polymerase Chain Reaction)
2. Sequencing (Sanger, NGS)

3. Microarray analysis

4. In-situ hybridization

5. ChIP-Seq (Chromatin Immunoprecipitation Sequencing)
Advantages:

1. High specificity

2. High sensitivity

3. Rapid detection

4. Low cost

Challenges:

1. Designing specific tags

2. Tag length and complexity

3. Tag specificity and sensitivity

4. Data analysis and interpretation
5{Tag validation and verification
Software Tools:

1. Primer3 (primer design)

2. BLAST (sequence alignment)

3. Bowtie (sequence alignment)
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4. SAMtools (sequence analysis)

5. Genome Assembly (GA)

Uses:

1. Identifying genetic variations

2. Mapping genes and genomic regions

3. Studying gene expression

4. Developing genetic markers

5. Forensic DNA analysis

Sequence-Tagged Sites (STS)

Definition:

A unique, short DNA sequence (200-500 bp) that identifiesa specific genomic region.
Characteristics:

1. Unique and specific

2. Short length

3. Target-specific genomic region

4. PCR-based or sequencing-based

5. Mapped to a specific chromesomal location

Procedure

DNA Extraction

1. Isolate DNA from cells or tissues.

2. Use DNA extraction methods (e.g., phenol-chloroform, silica-based).
STS Primer Design

1. Design STS primers specific to the target DNA sequence.

2. Use primer design software (e.g., Primer3, NCBI Primer-BLAST).
PCR Amplification

1. Prepare PCR reaction mixture:
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- DNA template (10-50 ng)
- STS primers (10-20 pmol)
- dNTPs (200 pM)
- Taq polymerase (1-2 units)
- Buffer (10x)
2. PCR conditions:
- Denaturation: 94°C, 1-2 min
- Annealing: 55-65°C, 1-2 min
- Extension: 72°C, 2-3 min
- Cycles: 30-40
Gel Electrophoresis
1. Prepare agarose or polyacrylamide gel.
2. Load amplified DNA samples.
3. Run electrophoresis (e.g., 100-200 V, 1-2 hours).
Visualization
1. Stain gel with ethidium bromide or other DNA intercalators.
2. Visualize under UV light or using a gel documentation system.

Sequencing (Optional)

1. Perform Sanger sequencing or Next-Generation Sequencing (NGS).

2. Analyze sequence data using software (e.g., BLAST, CLC Genomics).

Data Analysis

1/ Compare.PCR product sizes.

2. Identify specific DNA sequences.
3. Analyze sequence variations.
Interpretation

1. Determine genetic variation.

Page 59 of 178



ACADEMIC YEAR 2024-2025, SEMESTER - VI
STUDY MATERIAL FOR B.Sc., MICROBIOLOGY
BIOTECHNOLOGY AND GENETIC ENGINEERING

2. Identify genetic markers.

3. Use STS data for genetic mapping, diversity studies, or forensic analysis.
Troubleshooting

1. Check DNA quality and quantity.

2. Optimize PCR conditions.

3. Verify primer specificity.

Safety Precautions

1. Handle DNA and enzymes with care.

2. Wear protective clothing and gloves.

3. Follow proper waste disposal protocols.
Types of STS

1. Genomic STS (gSTS)

2. Expressed STS (EST)

3. Sequence-Tagged Microsatellites (STM)
Software Tools

1. Primer3

2. NCBI Primer-BLAST

3. BLAST

4. CLC Genomics

Applications:

1. Genome mapping and assembly
2{Gene identification and annotation

3. Genetic marker development

4. DNA fingerprinting

5. Forensic analysis

6. Genetic disease diagnosis
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7. Gene therapy

Advantages:

1. High specificity

2. High sensitivity

3. Rapid detection

4. Low cost

STS Mapping:

1. Physical mapping

2. Genetic mapping

3. Radiation hybrid mapping

4. FISH (Fluorescence In Situ Hybridization)
Database Resources:

1. NCBI's dbSTS

2. UCSC Genome Browser

3. Ensembl Genome Browser

Uses:

1. Identifying genetic variations

2. Mapping genes and genomic.regions
3. Developing genetic:markers

4. Forensic DNA analysis

5. Diagnosing genetic disorders
Example:

STS markers are used to identify genetic mutations associated with cystic fibrosis.
In-Situ Hybridization (ISH)
Definition:

A laboratory technique used to visualize and localize specific DNA or RNA sequences within fixed

cells or tissues.
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Types:

1. Fluorescence In-Situ Hybridization (FISH)

2. Chromogenic In-Situ Hybridization (CISH)

3. Radioactive In-Situ Hybridization (RISH)

Principle:

1. Probe design and synthesis

2. Sample preparation (fixation, sectioning)

3. Hybridization (probe binding to target sequence)

4, Detection (fluorescence, chromogenic, or radioactive)

Procedure

Preparation

1. Fixation: Fix cells or tissues with formaldehyde or.other fixatives.

2. Permeabilization: Treat samples with permeabilizing.agents (e.g., Triton X-100).
3. Dehydration: Dehydrate samples with ethanol or other dehydrating agents.
Probe Preparation

1. Design and synthesize ISH probes (e.g., DNA, RNA, or oligonucleotide probes).
2. Label probes with fluorescent or radioactive tags.

Hybridization

1. Prepare hybridization buffer (e.g., SSC, formamide).

2. Add probe to hybridization buffer.

3. Incubate samples with probe mixture (e.g., 37°C, 2-4 hours).
Post-Hybridization

1. Wash samples with washing buffer (e.g., SSC, Tween-20).

2. Block non-specific binding sites.

3. Detect hybridized probe (e.g., fluorescence microscopy, autoradiography).
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Visualization

1. Fluorescence Microscopy: Visualize fluorescent signals.
2. Autoradiography: Expose X-ray film or emulsion.

3. Chromogenic Detection: Use chromogenic substrates (e.g., DAB, NBT/BCIP).

Data Analysis

1. Image analysis software (e.g., Imagel, Adobe Photoshop).

2. Quantify signal intensity.

3. Analyze expression patterns.
Troubleshooting

1. Probe specificity

2. Hybridization conditions

3. Background signal

4, Signal intensity

Safety Precautions

1. Handle radioactive materials with care.

2. Wear protective clothing and.gloves.

3. Follow proper waste disposal protocols.

Applications:

1. Gene expression analysis
2. Genome mapping

3. Cancerresearch
4:Genetic'disorder diagnosis
5. Forensic analysis

6. Neurobiology research

7. Plant biology research
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Advantages:

1. High spatial resolution

2. Specificity and sensitivity
3. Ability to study gene expression in situ
4. Non-invasive

5. Suitable for archival tissues
Limitations:

1. Probe design and specificity
2. Sample quality and fixation
3. Hybridization conditions

4. Background signal

5. Interpretation of results
ISH Techniques:

1. Whole-mount ISH

2. Section ISH

3. Double ISH (dual-color)

4. Quantitative ISH

5. RNA ISH

Software Tools:

1. Imagel

2. Adobe Photoshop

3¢ Imaris

4. BiolmageXD

5. ACME

Database Resources:

1. NCBI's Gene Expression Omnibus (GEO)
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2. Allen Brain Atlas

3. Human Protein Atlas

4. PlantGDB

Uses:

1. Identifying gene expression patterns
2. Localizing genes and genomic regions
3. Diagnosing genetic disorders

4, Studying cancer biology

5. Analyzing neural development
Fluorescence In-Situ Hybridization (FISH)
Definition:

A laboratory technique using fluorescent probes to‘visualize and localize specific DNA sequences
within fixed cells or tissues.

Principle:

1. Probe design and synthesis (labeled with fluorescent dyes)

2. Sample preparation (fixation, sectioning)

3. Hybridization (probe binding to target sequence)

4. Detection (fluorescence microscopy)

Procedure

Preparation

1. Fixation: Fix cells or tissues with formaldehyde or other fixatives.

2. Permeabilization: Treat samples with permeabilizing agents (e.g., Triton X-100).
3. Dehydration: Dehydrate samples with ethanol or other dehydrating agents.
Probe Preparation

1. Design and synthesize FISH probes (e.g., DNA, RNA, or oligonucleotide probes).

2. Label probes with fluorescent tags (e.g., FITC, Cy3, Cy5).
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Hybridization

1. Prepare hybridization buffer (e.g., SSC, formamide).

2. Add probe to hybridization buffer.

3. Incubate samples with probe mixture (e.g., 37°C, 2-4 hours).
Post-Hybridization

1. Wash samples with washing buffer (e.g., SSC, Tween-20).
2. Block non-specific binding sites.

3. Counterstain with DAPI or other nuclear stains.
Microscopy

1. Fluorescence Microscopy: Visualize fluorescent signals.
2. Confocal Microscopy: Optimize signal resolution.

3. Image analysis software (e.g., Imagel, Adobe Photoshop).
Data Analysis

1. Quantify signal intensity.

2. Analyze expression patterns.

3. Identify genetic abnormalities.

Troubleshooting

1. Probe specificity

2. Hybridization conditions

3. Background signal

4. Signal intensity

Safety Precautions

1. Handle fluorescent dyes with care.

2. Wear protective clothing and gloves.

3. Follow proper waste disposal protocols.
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Types:

1. Interphase FISH (analyzes intact cells)

2. Metaphase FISH (analyzes condensed chromosomes)
3. Double FISH (dual-color)

4. Quantitative FISH

5. RNA FISH

Applications:

1. Genetic disorder diagnosis (e.g., Down syndrome)
2. Cancer research (e.g., HER2 amplification)
3. Gene expression analysis

4. Genome mapping

5. Forensic analysis

6. Neurobiology research

7. Plant biology research

Advantages:

1. High spatial resolution

2. Specificity and sensitivity

3. Ability to study gene expression in situ

4. Non-invasive

5. Suitable forarchival tissues

Limitations:

1/ Probe.design and specificity

2. Sample quality and fixation

3. Hybridization conditions

4. Background signal

5. Interpretation of results
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FISH Probes:

1. Centromeric probes

2. Telomeric probes

3. Locus-specific probes

4. Whole-chromosome paints

5. Gene-specific probes

Software Tools:

1. Imagel

2. Adobe Photoshop

3. Imaris

4, BiolmageXD

5. ACME

Database Resources:

1. NCBI's Gene Expression Omnibus (GEO)
2. Allen Brain Atlas

3. Human Protein Atlas

4. PlantGDB

Uses:

1. Identifying genetic abnormalities
2. Localizing'genes.and genomic regions
3. Diagnosing genetic disorders
4:Studying:cancer biology

5. Analyzing neural development

Example:

FISH is used to detect HER2 gene amplification in breast cancer tissues.

Page 68 of 178



ACADEMIC YEAR 2024-2025, SEMESTER - VI
STUDY MATERIAL FOR B.Sc., MICROBIOLOGY
BIOTECHNOLOGY AND GENETIC ENGINEERING

Restriction Fragment Length Polymorphism (RFLP)

Definition:

A genetic technique used to identify variations in DNA sequences by analyzing the length

of DNA fragments produced by restriction enzyme digestion.

Principle:

1. DNA extraction

2. Restriction enzyme digestion (cuts DNA at specific sites)

3. Electrophoresis (separates DNA fragments by size)

4, Visualization (staining or probing)

Types:

1. Southern Blotting (DNA-DNA hybridization)

2. PCR-RFLP (combines PCR and RFLP)
Applications:

1. Genetic mapping

2. Paternity testing

3. Forensic analysis

4. Disease diagnosis (e.g., sickle cell anemia)
5. Genetic diversity studies

6. Gene cloning

Advantages:

1. High specificity

2. Relatively low cost

3. Easy to perform

4. Useful for small DNA samples
Limitations:

1. Requires large DNA samples

2. Limited resolution
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3. Time-consuming

4. Requires specific restriction enzymes
RFLP Analysis:

1. Genotyping

2. Allele detection

3. Haplotype analysis

4. Linkage analysis

Software Tools:

1. RFLP Analyzer

2. GelQuest

3. DNAStar

4. GeneMapper

Database Resources:

1. NCBI's dbSNP

2. Ensembl Genome Browser
3. UCSC Genome Browser
Example:

RFLP analysis is used to-diagnose sickle cell anemia by identifying a specific mutation in
the HBB gene.

procedure for Restriction Fragment Length Polymorphism (RFLP) analysis:
DNA Extraction

1. Isolate DNA from cells or tissues (e.g., blood, tissue biopsy)

2. Use DNA extraction methods (e.g., phenol-chloroform, silica-based)
DNA Quantification

1. Measure DNA concentration (e.g., spectrophotometry, fluorometry)

2. Adjust DNA concentration to optimal level (e.g., 100-500 ng/uL)
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Restriction Enzyme Digestion

1. Choose restriction enzyme(s) specific to the target DNA region

2. Prepare reaction mixture (enzyme, buffer, DNA)

3. Incubate at optimal temperature (e.g., 37°C) for 1-2 hours
Electrophoresis

1. Prepare agarose or polyacrylamide gel

2. Load digested DNA samples

3. Run electrophoresis (e.g., 100-200 V, 1-2 hours)

Staining and Visualization

1. Stain gel with ethidium bromide or other DNA intercalators

2. Visualize under UV light or using a gel documentation system

Southern Blotting (optional)

1. Transfer separated DNA fragments to membrane (e.g., nylon, nitrocellulose)
2. Hybridize with labeled probe (e.g., radioactive, fluorescent)

3. Detect hybridization signals (e.g., autoradiography, fluorescence imaging)
Data Analysis

1. Measure fragment sizes using gel documentation software

2. Compare fragment sizes between samples

3. Identify polymorphisms:(RFLPs)

Interpretation

1. Determine.genotype based on RFLP pattern

2: Correlate genotype with phenotype (e.g., disease susceptibility)

3. Use'RFLP data for genetic mapping, linkage analysis, or forensic analysis
PCR-RFLP (optional)

1. Amplify target DNA region using PCR

2. Digest PCR product with restriction enzyme
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3. Analyze RFLP pattern as above

Troubleshooting

1. Check DNA quality and quantity

2. Optimize restriction enzyme digestion conditions
3. Verify electrophoresis and staining conditions
Safety Precautions

1. Handle DNA and enzymes with care

2. Wear protective clothing and gloves

3. Follow proper waste disposal protocols

Random Amplification of Polymorphic DNA (RAPD)

Definition:

RAPD is a PCR-based technique used to study genetic diversity and identify polymorphisms

in DNA.
Principle:
1. Arbitrary primers bind to genomic DNA at multiple sites.
2. PCR amplification produces fragments of varying lengths.
3. Polymorphisms are detected as differences in fragment sizes.
Procedure:
DNA Extraction
1. Isolate DNA from cells or tissues.
2. Use DNA extraction methods (e.g., phenol-chloroform, silica-based).
RAPD-PCR
1. Prepare PCR reaction mixture:
- DNA template (10-50 ng)
- Arbitrary primer (10-20 mer)
- dNTPs (200 puM)

- Tag polymerase (1-2 units)
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- Buffer (10x)
2. PCR conditions:
- Denaturation: 94°C, 1-2 min
- Annealing: 36-40°C, 1-2 min
- Extension: 72°C, 2-3 min
- Cycles: 30-40
3. Amplify DNA using thermocycler.
Gel Electrophoresis
1. Prepare agarose or polyacrylamide gel.
2. Load amplified DNA samples.
3. Run electrophoresis (e.g., 100-200 V, 1-2 hours).
Staining and Visualization
1. Stain gel with ethidium bromide or other DNA intercalators.
2. Visualize under UV light or using a gel documentation system.
Data Analysis
1. Measure fragment sizes using.gel documentation software.
2. Compare fragment sizes between samples.
3. Identify polymorphisms (RAPD 'markers).
Interpretation
1. Determine genetic similarity or diversity.
2. Identify genetic markers associated with traits.
3/ Use RAPD data for genetic mapping, diversity studies, or forensic analysis.
Advantages
1. Quick and easy to perform.
2. No prior knowledge of DNA sequence required.

3. High sensitivity.
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Limitations

1. Reproducibility issues.

2. Primer specificity.

3. Limited resolution.

Applications

1. Genetic diversity studies.

2. Genetic mapping.

3. Forensic analysis.

4. Plant and animal breeding.

5. Disease diagnosis.

Troubleshooting

1. Check DNA quality and quantity.

2. Optimize PCR conditions.

3. Verify primer specificity.

Safety Precautions

1. Handle DNA and enzymes with care.
2. Wear protective clothing and gloves.
3. Follow proper waste disposal protocols.
DNA sequencing

DNA sequencing is'the process of determining the order of the four chemical building blocks, or
nucleotides, that make up an organism's DNA. The nucleotides are:

1. Adenine (A)
2. Guanine (G)
3. Cytosine (C)

4. Thymine (T)
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Types of DNA Sequencing:

1. Sanger Sequencing: Also known as dideoxy sequencing, this method uses dideoxynucleotides to
terminate DNA synthesis at specific points.

2. Next-Generation Sequencing (NGS): This method uses massively parallel sequencing to
generate millions of DNA sequences in a single run.

3. Whole-Genome Sequencing: This method involves sequencing an entire genome in a singlerun:
4, Targeted Sequencing: This method involves sequencing specific regions of the genome.

Steps Involved in DNA Sequencing:

1. DNA Preparation: Isolate and purify the DNA from the sample.

2. Library Preparation: Prepare the DNA for sequencing by fragmenting:it into smaller pieces and
adding adapters.

3. Sequencing: Use a sequencing technology to determine'the order of the nucleotides.
4. Data Analysis: Analyze the sequencing data to determine the DNA sequence.
Applications of DNA Sequencing:

1. Genetic Research: Study the genetic basis of.diseases and traits.

2. Personalized Medicine: Tailor medical treatment to an individual's genetic profile.

3. Forensic Analysis: Identify individuals.and solve crimes.

4. Synthetic Biology: Design and construct new biological systems.

5. Cancer Research: Study the genetic changes that occur in cancer.

Benefits of DNA Sequencing:

1. Improved Diagnosis: Accurate diagnosis of genetic diseases.

2. Personalized Treatment: Tailored treatment based on an individual's genetic profile.
3! Increased Understanding: Improved understanding of the genetic basis of diseases and traits.
4. New'Therapies: Development of new therapies based on genetic information.
Challenges and Limitations:

1. Cost: High cost of DNA sequencing.

2. Data Analysis: Complexity of data analysis.
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3. Interpretation: Difficulty in interpreting results.

4. Ethical Concerns: Concerns about the use of genetic information.
Methods of DNA sequencing:

First-Generation Sequencing Methods

1. Sanger Sequencing: Also known as dideoxy sequencing, this method uses dideoxynucleotides to
terminate DNA synthesis at specific points.

2. Maxam-Gilbert Sequencing: This method uses chemical modification of DNA and subsequent
cleavage to determine the sequence.

Next-Generation Sequencing (NGS) Methods

1. lllumina Sequencing: This method uses reversible terminators to sequence DNA in a massively
parallel manner.

2. Roche 454 Sequencing: This method uses pyrosequencing to sequence DNA in a massively
parallel manner.

3. lon Torrent Sequencing: This method uses semiconductor technology to sequence DNA in a
massively parallel manner.

Third-Generation Sequencing Methods
1. Oxford Nanopore Sequencing: This method uses nanopores to sequence DNA in real-time.
Other Sequencing Methods

1. Shotgun Sequencing:..This ‘method involves breaking the genome into smaller pieces,
sequencing each piece, and then reassembling the sequences.

2. cDNA Sequencing: This 'method involves sequencing complementary DNA (cDNA) copies of
messenger RNA (mRNA) molecules.

3. ChIP-Seq: This method involves sequencing DNA that has been bound by a protein of interest.
Maxam-Gilbert Sequencing Method

The Maxam-Gilbert sequencing method, also known as the chemical sequencing method, is a DNA
sequencing technique developed by Allan Maxam and Walter Gilbert in 1977.

Principle

The method involves chemical modification of DNA followed by cleavage at specific bases,
resulting in a series of fragments that can be analyzed to determine the DNA sequence.
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Steps
1. DNA preparation: Isolate and purify DNA.
2. End-labeling: Label one end of the DNA with a radioactive or fluorescent tag.
3. Chemical modification: Treat DNA with chemicals that modify specific bases:
- Dimethyl sulfate (DMS) for G reactions
- Hydrazine for C reactions
- Formic acid for A reactions
- Piperidine for T reactions
4, Cleavage: Treat modified DNA with piperidine to break phosphodiester bonds.
5. Electrophoresis: Separate fragments by size using polyacrylamide gel electrophoresis.
6. Autoradiography: Visualize fragments using X-ray film or.phosphorimaging.
Reading the Sequence
1. Analyze fragment sizes and intensities.
2. Determine base sequence by reading ladder patterns.
Advantages
1. High accuracy
2. Relatively simple equipment
3. No need for cloning or subcloning
Limitations
1. Limited read length (~400 bp)
2. Time-consuming and labor-intensive
3/ Requires:radioactive or fluorescent labeling
4. Chemical modifications can be incomplete or non-specific
Impact

The Maxam-Gilbert sequencing method was a significant breakthrough in DNA sequencing
technology, enabling researchers to determine DNA sequences with high accuracy. Although
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largely replaced by newer methods, it remains an important milestone in the development of DNA
sequencing.

Comparison with Sanger Sequencing
1. Both methods use labeled nucleotides.

2. Sanger sequencing uses enzymatic synthesis, whereas Maxam-Gilbert uses chemical
modification.

3. Sanger sequencing is more efficient and flexible.

Here's a detailed explanation of the Maxam-Gilbert DNA sequencing method:

Step 1: DNA Preparation

1. Isolate and purify DNA from cells or tissues.

2. Cut DNA into smaller fragments (~100-500 bp) using restriction enzymes.

3. Isolate a specific fragment for sequencing.

Step 2: End-Labeling

1. Label one end of the DNA fragment with a_radioactive(e.g., 32P) or fluorescent tag.
2. Use polynucleotide kinase to add a phosphate.group to the 5' end.

3. Use T4 polynucleotide kinase to exchange the phosphate group with a labeled phosphate.
Step 3: Chemical Modification

G-Reaction (Dimethyl Sulfate, DMS)

1. Treat DNA with DMS to methylate G residues.

2. Methylated G residues react with piperidine to break phosphodiester bonds.
C-Reaction (Hydrazine)

1. Treat DNA with hydrazine to modify C residues.

2. Modified C residues react with piperidine to break phosphodiester bonds.
A-Reaction (Formic Acid)

1. Treat DNA with formic acid to modify A residues.

2. Modified A residues react with piperidine to break phosphodiester bonds.
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T-Reaction (Piperidine)
1. Treat DNA with piperidine to break phosphodiester bonds at T residues.
Step 4: Cleavage
1. Treat modified DNA with piperidine to break phosphodiester bonds.
2. Resulting fragments have a radioactive or fluorescent label at one end.
Step 5: Electrophoresis
1. Separate fragments by size using polyacrylamide gel electrophoresis (PAGE).
2. Run four reactions (G, C, A, T) in parallel lanes.
Step 6: Autoradiography
1. Expose X-ray film or phosphorimager to visualize fragments.
2. Develop film or scan phosphorimager.
Step 7: Reading the Sequence
1. Analyze fragment sizes and intensities.
2. Determine base sequence by reading ladder patterns:
- G-reaction: G residues appear as dark bands.
- C-reaction: C residues appear as dark bands.
- A-reaction: A residues appear as weak bands.
- T-reaction: T residues appear‘as weak bands.
Sequence Interpretation
1. Read sequence from bottom to top.
2. ldentify base sequence by combining information from all four reactions.
Advantages
1. Highaccuracy.
2. Relatively simple equipment.

3. No need for cloning or subcloning.
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Limitations

1. Limited read length (~400 bp).

2. Time-consuming and labor-intensive.

3. Requires radioactive or fluorescent labeling.

4, Chemical modifications can be incomplete or non-specific.
Ladder diagram for Maxam-Gilbert DNA sequencing:
G-Ladder (DMS Reaction)

Lane 1: G-Reaction

G1 (100 bp)

G2 (90 bp)

G3 (80 bp)

Gn (20 bp)

C-Ladder (Hydrazine Reaction)
Lane 2: C-Reaction

C1 (100 bp)

C2 (95 bp)

C3 (85 bp)

Cn (25 bp)

A-Ladder (Formic Acid Reaction)
Lane 3: A-Reaction

A1 (100 bp)

A2 (92 bp)

A3 (82 bp)

An (22 bp)
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T-Ladder (Piperidine Reaction)
Lane 4: T-Reaction

T1 (100 bp)

T2 (98 bp)

T3 (88 bp)

Tn (28 bp)

Sequence Interpretation

Combine information from all four ladders:
G1-C2-A3-T4-G5-C6-A7-T8...

Sequence Reading

Read sequence from bottom to top:
5'---G-C-A-T-G-C-A-T---3'

How to Read the Ladder

1. Identify the smallest fragment in each ladder (G, C, A, T).
2. Match the fragment sizes across ladders to determine the base sequence.
3. Read the sequence from bottom to top (5' to 3').
Example

Suppose the ladder pattern.shows:

G1 (100 bp)

C2 (95 bp)

A3 (90 bp)

T4 (85'bp)

The sequence would be:

5'--G-C-A-T---3'
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Advantages

1. High accuracy

2. Relatively simple equipment

3. No need for cloning or subcloning

Limitations

1. Limited read length (~400 bp)

2. Time-consuming and labor-intensive

3. Requires radioactive or fluorescent labeling

Fluorescent Labeling in Maxam-Gilbert Sequencing
Principle

Fluorescent labeling involves attaching fluorescent tags.to the DNA fragments, allowing for
detection and visualization.

Types of Fluorescent Labels

1. Fluorescein (FITC)

2. Rhodamine (TRITC)

3. Texas Red

4. Cy3

5. Cy5

Advantages

1. Increased sensitivity

2. Improved resolution

3. Enhanced signal-to-noise ratio
4. Multiplexing capabilities
Fluorescent Labeling Methods
1. 5' end-labeling

2. 3" end-labeling

3. Internal labeling
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Fluorescent Detection
1. Fluorescence microscopy
2. Confocal microscopy
3. Fluorimetry
4, Scanning laser detection
Fluorescent Dyes Used in Maxam-Gilbert Sequencing
1. Fluorescein-12-dUTP (FITC-12-dUTP)
2. Rhodamine-4-dUTP (TRITC-4-dUTP)
3. Texas Red-5-dUTP
Benefits of Fluorescent Labeling in Maxam-Gilbert Sequencing
1. Improved sequencing accuracy
2. Increased throughput
3. Enhanced visualization
4. Reduced radioactive waste
Fluorescent Labeling Procedure for Maxam-Gilbert Sequencing
Step 1: Preparation of DNA
1. Isolate DNA from cells or tissues.
2. Purify DNA using phenol-chloroform extraction.
3. Restrict DNA with specific enzymes.
Step 2: 5' End-Labeling
1. Prepare labeling reaction mixture:
-1 pg DNA
=1k 10x T4 polynucleotide kinase buffer
-1 uL T4 polynucleotide kinase (10 U/uL)
-1 pL fluorescent dye (e.g., FITC-12-dUTP)

-1 uL ATP (10 mM)
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2. Incubate at 37°C for 30 minutes.
3. Stop reaction with 1 uL 0.5 M EDTA.
Step 3: Chemical Modification
1. Prepare modification reaction mixture:
-1 ug labeled DNA
-1 pL 10x modification buffer
- 1 uL modification enzyme (e.g., DMS)
2. Incubate at 20°C for 10-30 minutes.
3. Stop reaction with 1 uL 0.5 M EDTA.
Step 4: Cleavage
1. Prepare cleavage reaction mixture:
- 1 ug modified DNA
-1 uL 10x cleavage buffer
-1 uL piperidine
2. Incubate at 90°C for 30 minutes.
3. Stop reaction with 1 pL 0.5 MLEDTA.
Step 5: Electrophoresis
1. Prepare polyacrylamide gel.
2. Load labeled DNA fragments.
3. Run electrophoresis at 100-200 V.
Step 6: Fluorescent Detection

1:Scan gelusing fluorescence scanner.

2. Visualize fragments using fluorescence microscopy.

Step 7: Data Analysis
1. Analyze fragment sizes and intensities.

2. Determine base sequence using fluorescent data.
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Reagents and Materials

- DNA

- T4 polynucleotide kinase

- Fluorescent dye (e.g., FITC-12-dUTP)
- ATP

-EDTA

- Modification enzyme (e.g., DMS)

- Piperidine

- Polyacrylamide gel

- Fluorescence scanner

- Fluorescence microscope
Troubleshooting

1. Low signal intensity

2. High background fluorescence

3. Incomplete labeling

4. Incorrect fragment sizes

Safety Precautions

1. Handle fluorescent dyes with care.
2. Wear protective clothing.and gloves.
3. Follow proper waste disposal protocols.
Shotgun Sequencing

Shotgun sequencing is a DNA sequencing method that involves breaking the genome into
smaller fragments, sequencing each fragment, and then reassembling the sequences to create the
complete genome.

Steps
1. DNA fragmentation: Break the genome into smaller fragments (500-2000 bp).

2. Cloning: Clone each fragment into a plasmid vector.
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3. Sequencing: Sequence each cloned fragment using Sanger sequencing or NGS.

4. Assembly: Reassemble the sequences using computational algorithms.

5. Finishing: Fill gaps and resolve ambiguities.
Types

1. Whole-Genome Shotgun (WGS)

2. Shotgun Cloning

3. Shotgun Sequencing by Synthesis (SSBS)
Advantages

1. Fast and cost-effective

2. High-throughput sequencing

3. Suitable for large genomes

4. ldentifies novel genes and regulatory elements
Challenges

1. Assembly complexity

2. Gap filling and resolution

3. Error correction

4. Computational requirements

Software

1. Celera Assembler

2. Phrap

3. Consed

4; Velvet

5. SPAdes

Applications

1. Genome assembly

2. Gene discovery

Page 86 of 178



ACADEMIC YEAR 2024-2025, SEMESTER - VI
STUDY MATERIAL FOR B.Sc., MICROBIOLOGY
BIOTECHNOLOGY AND GENETIC ENGINEERING

3. SNP detection

4, Structural variation analysis

5. Metagenomics

Comparison with Other Methods

1. Sanger sequencing: More accurate, but slower and more expensive.

2. Next-Generation Sequencing (NGS): Faster and cheaper, but less accurate.
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UNIT -IV

Plant Tissue Culture (PTC)

Definition: Plant tissue culture is a technique used to grow plant cells, tissues, or organs in a
controlled, sterile environment, typically in a laboratory.

Types:

1. Meristem culture

2. Callus culture

3. Organ culture

4. Protoplast culture

5. Embryo culture

Commonly used media:

1. Murashige and Skoog (MS) medium
2. Gamborg's B5 medium

3. Schenk and Hildebrandt (SH) medium
Hormones used:

1. Auxins (e.g., IAA, NAA)

2. Cytokinins (e.g., BA, kinetin)

3. Gibberellins (e.g., GA3)

Equipment needed:

1. Laminar airflow hood

2. Autoclave

3¢ Incubators

4. Microscopes

5. Culture vessels (flasks, petri dishes)
Steps involved:

1. Sterilization of explant (plant material)
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2. Media preparation (nutrients, hormones, etc.)

3. Inoculation (transferring explant to media)

4. Incubation (controlled environment)

5. Subculturing (transferring grown tissue to fresh media)
6. Rooting and hardening (preparing plants for outdoor growth)
Applications:

1. Micropropagation (mass production of plants)

2. Plant breeding (hybrid production)

3. Genetic engineering (gene transfer)

4, Production of secondary metabolites (medicinal compounds)
5. Conservation of endangered species

6. Production of virus-free plants

Advantages:

1. Rapid multiplication of plants

2. Disease-free plants

3. Uniform growth and quality

4. Year-round production

5. Reduced space and labor requirements

Limitations:

1. High initial investment

2. Requires specialized equipment and expertise

3¢ Risk of contamination

4. Limited success with certain plant species

5. Potential for genetic instability
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PLANT TISSUE CULTURE [Bwus

in Samples develop into tiny (7Y | Plantlets planted into
3 0
® plantlets D1 compost

Concept of Totipotency

Totipotency is the ability of a cell to generate a new organism or part.

A zygote, a seed, a spore, a callus, a plant dedifferentiated cells, etc. are totipotent cells. They can
develop and differentiate into a cutting, new organism or a part.

In animals, zygote alone is a totipotent cell. It is formed by the fusion of a sperm and an egg. It can
develop into an entire organismd an sisting of different tissues, organs and organ systems. Thus
an entire youngone is produced, but no one cell of that youngone gives rise to another youngone.

During development, the zygote divides and gives rise to embryonic cells. After a few divisions in
embryonic cells, a mass of pluripotent cells.is formed. Pluripotent cells can give rise to all tissue
types, but they cannot give rise to an entire organism.

Pluripotent cells undergo further specialization into unipotent cells. These cells are committed to
give rise to cells that have a particular function.

The pluripotent cells have'very limited po tency and they can become one of several types of cells
within a given organ."For example, haemopoietic blood cells are multipotent. They can develop
into RBC, WBC,_ platelets of circulatory system. They cannot develop into nerve cells or kidney
cells.

In plants;.all nucleated body cells have the potentiality to give rise to whole plants. The ability of a
cell or mass of cells to give rise to whole plants is called totipotency or cellular totipotency. The
term totipotency was coined by Morgan in 1901 to denote the regeneration of entire organisms
from_ single cells. Tissue culture works on the principle of totipotency that, when suitable
conditions are given, even a single cell can produce a whole organism.

A callus is totipotent and it grows into a plant. While suitable conditions are provided to body
tissue (explant) the cells grow into callus by means of dedifferentiation (formation of
undifferentiated cells from differentiated cells). During proliferation, the callus remains
undifferentiated. When the undifferentiated cells differentiated into different cell types, the callus
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undergoes morphogenesis to form shoots and roots, it leads to formation of entire plant. This is

Totipotent

called redifferentiation.

zv!on A fotipotent cell can
(TOTIPOTENT) give rise
=3 any type of cell.

TOTIPOTENT EMBRYONIC STEM CELLS

PLURIPOTENT EMBRYONIC STEM CELLS °

Plant Tissue Culture Sterilization Techniques

Sterilization is crucial in plant tissue culture to prevent contamination and ensure the growth of
healthy plantlets.

Objectives:
1. Eliminate microorganisms (bacteria, fungi, viruses)
2. Prevent contamination during culture
Sterilization Methods:
Chemical Sterilization
1. Sodium Hypochlorite (NaOCl):

- Concentration: 5-10%

- Exposure time: 5-30 minutes

- Effective against bacteria, fungi, and viruses
2. Calcium Hypochlorite (Ca(OCl)2):

- Concentration: 5-10%

- Exposure time: 5-30 minutes

- Effective against bacteria, fungi, and viruses
3. Ethanol (C2H50H):

- Concentration: 70-95%

- Exposure time: 1-5 minutes
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- Effective against bacteria and fungi
4. Hydrogen Peroxide (H202):

- Concentration: 3-6%

- Exposure time: 5-30 minutes

- Effective against bacteria and fungi
5. Mercuric Chloride (HgCl2):

- Concentration: 0.1-0.5%

- Exposure time: 5-30 minutes

- Effective against bacteria and fungi
Physical Sterilization
1. Autoclaving:

- Temperature: 120°C

- Pressure: 15-20 psi

- Exposure time: 15-30 minutes

- Effective against bacteria, fungi, and viruses

2. Dry Heat Sterilization:

- Temperature: 160-180°C

- Exposure time: 2-4 hours

- Effective against bacteria and fungi
3. UV Radiation:

- Wavelength: 254 nm

- Exposure time: 30 minutes to 1 hour

- Effective against bacteria and fungi
Sterilization by Filtration
1. Membrane Filtration:

- Pore size: 0.2 um
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- Effective against bacteria and fungi
Sterilization Procedures:
1. Explant Sterilization:
1. Wash explant with sterile water
2. Soak in sterilant solution (5-30 min)
3. Rinse with sterile water (3-5 times)
2. Media Sterilization:
1. Autoclave or filter-sterilize media
2. Use sterile water for media preparation
3. Equipment Sterilization:
1. Autoclave or dry heat sterilize instruments
2. Use sterile gloves and laminar airflow hood
4. Sterile Technique:
1. Handle explants and equipment in laminar airflow hood
2. Use sterile instruments and gloves
3. Minimize exposure to a contaminants
4. Work near a Bunsen burner.or flame to maintain sterility
Common Contaminants:
1. Bacteria (e.g., Agrobacterium, Pseudomonas)
2. Fungi (e.g., Aspergillus, Penicillium)
3. Yeast
4:\Viruses
Troubleshooting Contamination:
1. Identify contaminant source
2. Improve sterilization technique

3. Use antibiotics or antifungals
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4. Discard contaminated cultures
Contamination Control

1. Monitor sterilization efficacy

2. Use quality control measures

3. Maintain a clean work environment

4. Discard contaminated cultures

Plant Tissue Culture Media Preparation
Importance:

1. Supports plant growth and development
2. Provides essential nutrients and hormones
3. Maintains sterile conditions

Components:

1. Basal salts (macro- and micro-nutrients)

2. Carbon source (sucrose, glucose)

3. Hormones (auxins, cytokinins, gibberellins)
4. Vitamins (thiamine, pyridoxine, nicotinic acid)
5. Amino acids (optional)

6. Gelling agent (agar, gelrite)

7. pH adjusters (NaOH, HCI)

8. Water (sterile)

Media Types:

1. Murashige and Skoog (MS) medium

2. Gamborg's B5 medium

3. Schenk and Hildebrandt (SH) medium

4. White's medium

5. Customized media
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Preparation Steps:

1. Weigh and dissolve basal salts, carbon source, and hormones
2. Add vitamins, amino acids (if required)

3. Adjust pH (5.5-6.5)

4. Add gelling agent (if solid medium)

5. Sterilize (autoclave or filter-sterilize)

6. Cool and solidify (if solid medium)

7. Pour into culture vessels

Sterilization Methods:

1. Autoclaving (120°C, 15-20 psi, 15-30 min)
2. Filter-sterilization (0.2 um pore size)
Quality Control:

1. Check pH and osmolarity

2. Verify sterilization efficacy

3. Monitor media stability

Tips and Considerations:

1. Use sterile water and equipment

2. Avoid over- or under-sterilization

3. Store media properly (4°C, dark)

4. Use fresh'media for each subculture

5. Optimize'media composition for specific plant species
Common Problems:

1. Contamination

2. Precipitation of salts

3. Inconsistent pH

4. Insufficient or excessive nutrients
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Troubleshooting:

1. Check sterilization technique

2. Adjust pH and osmolarity

3. Modify media composition

4. Monitor culture conditions

Plant Tissue Culture Media Types:
Solid Media:

1. Agar medium (0.8-1.2% agar)

2. Gelrite medium (0.2-0.4% gelrite)

3. Agarose medium (0.5-1.5% agarose)
Liquid Media:

1. Liquid agar medium (without gelling agent)
2. Suspension culture medium

3. Shake flask medium

Semisolid Media:

1. Soft agar medium (0.4-0.6% agar)

2. Agar-gelrite medium (combination of agar and gelrite)
Specialized Media:

1. Callus induction medium

2. Shoot induction medium

3. Root induction medium

4. Embryogenesis medium

5. Protoplast culture medium
Undefined Media:

1. Coconut water medium

2. Potato extract medium
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3. Yeast extract medium

Organic Media:

1. Plant extract medium (e.g., alfalfa, soybean)
2. Animal-derived medium (e.g., serum, casein)
Synthetic Media:

1. Chemically defined medium

2. Synthetic seed medium

Nutrient Media

Nutrient medium is a liquid or semi-solid formulation that contains all nutrients and growth
factors required for the growth of cells. It provides all nutrients in required proportions to the
growing tissues. Separate culture media are required for theculture of different plant specimens.
The media must contain the following components:

i. A carbon source Sucrose.

ii. Macronutrients - Nitrogen, phosphorus, potassium, magnhesium, calcium and sulphur.
iii. Micronutrients - Iron, manganese, zinc, boron, copper, molybdenum and chlorine.
iv. Organic supplements - Coconut milk, tomato juice, potato extract or yeast extract.

v. Vitamins

vi. Hormones - IAA, NAA,2,4-D.and kinetin.

vii. The pH between 5.5 and 5.8.is suitable for cell growth.

Liquid media are useful to.grow isolated cells in suspension cultures and protoplast cultures. On
the other hand, solid:media have been used for callus cultures, explant cultures, embryo culture,
endosperm culture, somatic embryo production, meristem culture and plant regeneration from
calli. Generally, 5% agar is used to prepare solid media for plant tissue cultures.

There are several tissue culture media to culture different parts of various plants. They are often
named after the name of discoverers who formulated these media. The important culture media
are given below:

1. MS Medium: This medium was for- mulated by Murashige and Skoog in 1962 and hence the
name. It has been widely used to grow explants from so many dicot plants, callus culture,
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organogenesis, embryogenesis and plant re- generation from calli. It is also employed in the
micropropagation of orchids and others.

2. B5 Medium: This medium was for- mulated by Gamborg and Eveleigh in 1968. It is used for the
culture of barley roots, wheat, citrus, coffee, tea, etc. It is also used in callus induction from
coconut embryo in vitro.

3. SH medium: This medium was formulated by Schenk and Hilderbrandt in 1972. It has been‘used
in the culture of tissues of barley, timothy, brome grass, wheat, oat, rice, grain sorghum, rye, corn,
orchard grass, etc. It is best suited to grow monocot tissues.

4. White Medium: This medium was for mulated by White in 1971. It has been used for the
culture of endosperms of Maize, wheat, rye and roots of rice. It . is also used for embryo culture
in citrus

5. LS Medium: This medium was for- mulated by Lansmaier and Skoog in 1965. It is a modification
of MS medium (1962), which has 1.0mg thiamine-HCl, 40mg cysteine, 0.1 mg kinetin and 0.1mg 2,
4-D per litre along with the usual components. It is used in.endosperm culture, perisperm culture
and embryo culture of coffee, tea, citrus, etc.

6. Nitsch's Medium: This medium was formulated by Nitsch'in 1969. It is useful for pollen culture
and anther cultures in Datura, tobacco, rice, wheat, Petunia, tomato, etc.

7. Y3 Medium: It is used for the regeneration of.complete plant from zygotic embryos invitro. Eg.
Coconut, beetle nut, etc. It is used in the regeneration of plants from explants or calli of palms.

8. Nagata and Takebe Medium: This medium was formulated by Nagata and Takebe in 1971. It
has been used for maintenance and culture of plant protoplasts.

9. Heller Medium: This' medium was formulated by Heller et.al. in 1973. It is used for seed
germination in vitro. Eg. Coffee, tea, oat, rice, etc. It is also used in embryo culture of Secale
cereale and root-culture of rice.

10. PRL-4 Medium: This medium was formulated by Gamborg and Eveleigh in 1968. It is used for
callus induction from roots of barley and wheat and for suspension culture of coffee.

MS media:

Different media are used for plant tissue culture. They are often named after the dis
coverers who formulated the media. M.S. medium was formulated by Murashige and Skoog m
1962, B5 medium was formulated by Gamborg et.al in 1968. The S.H. medium was Schenk and
Hilderbrandt in 1972. The LS. medium was formulated by Lansmaier and Skoog in 1965.
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Composition of MS Medium

MS medium is widely used to culture plant tissues. Its composition is given below:

a. Macronutrients
NH4NOs-1650mg
KNO3-1900mg
CaCl,.2H,0-440mg
MgS04.7H20-370mg
KH2PO-170mg

b. Micronutrients
H3BO-6.2mg

KI-0.83 mg
MnS04.4H20-22.3mg
ZnS04.7H20-8.6 mg
CuS04.5H20-0.025 mg
CoCl2.6H,0-0.025 mg
FeSO4.7H20-27.25mg
Na Mo04.H20-0.025 mg
Na2 EDTA-37.25 mg
c. Carbon Source
Sucrose-30 grams.

d. Vitamins
Nicotinic.acid-0.5mg
Pyridoxin-HCI-0.5mg
Thiamine HCI-0.1mg

Myoinositol-100mg
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e. Amino acid

Glycine-2mg

f. Growth hormones

1AA-1to 30 mg

Kinetin -0.04 to 10 mg

g. pH: 5.7.

ii. Preparation of MS Medium

The macronutrients are weighed correctly and dissolved in 200 ml distilled water in a flask.
Similarly, micronutrients are weighed and dissolved in 200 ml distilled water in\another flask. The
macronutrient solution and micronutrient solution are mixed together and stirred well.

Sucrose is then added to the solution and stirred well. The.volume of the solution is made upto
950 ml by adding distilled water.

pH of the medium is adjusted to 5.7 using 1.0 molar NaOH or 0.1 normal HCI. The final volume is
made upto 1 litre by adding distilled water.

The mouth of the vessel is plugged with non-absorbent cotton and the vessel is covered with
cheese cloth. The vessel containing the medium is sterilized in an autoclave at 121°C for 40
minutes.

The medium is allowed to cool.. Then vitamins, amino acids and hormones are added to it. The
resulting medium is used foritissue culture.

If solid medium is required;.the prepared medium is distributed into flasks and 1% agar is added
to it. Then the mediumiis sterilized in an autoclave. The sterilized medium is distributed to culture
flasks and allowed to cool at room temperature. As a result, a semi-solid nutrient medium is
formed in the culture flasks.
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Plant Growth Regulators (PGRs) in Plant Tissue Culture:
Definition: PGRs are chemicals that regulate plant growth and development.
Types:

1. Auxins (e.g., IAA, NAA, 2,4-D)

2. Cytokinins (e.g., BA, kinetin, zeatin)

3. Gibberellins (e.g., GA3, GA4+7)

4. Abscisic acid (ABA)

5. Ethylene

Functions:

1. Cell division and expansion

2. Cell differentiation and organization

3. Root and shoot formation

4. Senescence and dormancy

5. Stress responses

Role in Plant Tissue Culture:

1. Induction of callus formation

2. Shoot and root regeneration

3. Embryogenesis

4. Cell suspension culture

5. Protoplast culture

Common PGR Combinations:

1. Auxin-cytokinin ratio for shoot regeneration

2. Auxin-gibberellin combination for root growth
3. Cytokinin-ABA interaction for embryo formation
Concentration Range:

1. Auxins: 0.1-10 mg/L
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2. Cytokinins: 0.1-5 mg/L

3. Gibberellins: 0.1-10 mg/L

4. ABA: 0.1-10 uM

5. Ethylene: 0.1-10 pL/L

PGR Applications:

1. Micropropagation

2. Plant transformation

3. Somatic embryogenesis

4. Synthetic seed production

5. Cryopreservation

Examples of PGRs:

1. Indole-3-butyric acid (IBA)

2. 1-Naphthaleneacetic acid (NAA)
3. 6-Benzylaminopurine (BA)

4. Kinetin

5. Gibberellic acid (GA3)

Factors Influencing PGR Effectiveness:
1. Plant species and genotype

2. Explant type and age

3. Culture medium.composition

4. Temperature and light conditions
5:/pHand oesmolarity
Organogenesis in Plant Tissue Culture:

Definition: Organogenesis is the process of forming organs or tissues from undifferentiated cells
in plant tissue culture.

Types:

1. Shoot Organogenesis (Shoot Formation)
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2. Root Organogenesis (Root Formation)

3. Embryogenesis (Embryo Formation)

Types of Organogenesis in Plant Tissue Culture:

Shoot Organogenesis

1. Direct Shoot Formation: Formation of shoots directly from explants.

2. Indirect Shoot Formation: Formation of shoots through callus or suspension culture.
3. Adventitious Shoot Formation: Formation of shoots from non-meristematicitissues.
Root Organogenesis

1. Direct Root Formation: Formation of roots directly from explants.

2. Indirect Root Formation: Formation of roots through callus or suspension culture.
3. Adventitious Root Formation: Formation of roots from non-meristematic tissues.
Embryogenesis

1. Somatic Embryogenesis: Formation of embryos from.somatic cells.

2. Zygotic Embryogenesis: Formation of embryos from zygotic cells.

3. Embryoid Formation: Formation of'embryo-like structures.

Other Types

1. Leaf Organogenesis: Formation of leaves from explants or callus.

2. Flower Organogenesis: Formation of flowers from explants or callus.

3. Inflorescence Organogenesis: Formation of inflorescences from explants or callus.
Stages:

1. Induction:Formation of undifferentiated cells (callus)

2: Determination: Commitment to specific organ formation

3. Differentiation: Development of specific organ structures

4. Maturation: Fully formed organs

Factors Influencing Organogenesis:

1. Plant Growth Regulators (PGRs)
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2. Auxin-Cytokinin Ratio

3. Light Quality and Intensity
4. Temperature

5. pH and Osmolarity

6. Nutrient Availability

7. Genotype and Explant Type

Methods:

1. Direct Organogenesis: Formation of organs directly from explants

2. Indirect Organogenesis: Formation of organs through callus or suspension culture

PGR Combinations:

1. Shoot Formation: BA (6-Benzylaminopurine) + NAA (1-Naphthaleneacetic acid)

2. Root Formation: IBA (Indole-3-butyric acid) + NAA

3. Embryogenesis: 2,4-D (2,4-Dichlorophenoxyacetic acid)+ BA

Applications

1. Micropropagation

2. Plant Breeding

3. Genetic Engineering

4. Somatic Embryogenesis

5. Synthetic Seed Production

Initial
r a | Explant

aaaaaaaaaaaaa

Rooted Plantlet in soi

Shoot Formation
Exama2z
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Micropropagation

Definition: Micropropagation is a plant tissue culture technique used to produce large numbers of

genetically identical plants from small tissue samples.

Micropropagation Media:

1. Murashige and Skoog (MS) medium

2. Gamborg's B5 medium

3. Schenk and Hildebrandt (SH) medium

4. Customized media

Plant Growth Regulators (PGRs):
1. Auxins (e.g., IAA, NAA)

2. Cytokinins (e.g., BA, kinetin)

3. Gibberellins (e.g., GA3)
Micropropagation Techniques:
1. Solid culture

2. Liquid culture

3. Temporary immersion systems
4. Bioreactors

Steps:

1. Selection of explant material
2. Surface sterilization

3. Inoculation into.culture medium
4, Callus formation

5. Shoot regeneration

6. Rooting

7. Acclimatization

8. Hardening off
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Types:

1. Axillary shoot proliferation

2. Adventitious shoot formation
3. Somatic embryogenesis

4. Meristem culture

Micropropagation refers to the production of a large number of plants invitro within a limited
duration and space for transplantation. Here, a single propagule is cultured to produce; so many
identical individuals for planting purpose; so the original genetic makeup is maintained in these
plants. It is proved that in many ways tissue culture plants are superior to plants‘obtained from
seeds or other vegetative propagules. They are all identical in genetics point of view, free from
pathogens, early maturing and high yielding. Therefore, plants from micropropagation are very
likely to plant in the farmer's fields.

Micropropagation would give plants with desired features for planting:

* All individuals of population are uniform in height.and growth.

* Desired plants can be obtained throughout the year.

* Only a small space is enough for storage of propagule and its propagation invitro.
* Individuals are free from pathogens.

* Plants in which seed production “is difficult or impossible can be propagated by micro
propagation.

* Micropropagation is used.to maintain the originality of planting stocks in cases where cross-
pollination frequently changes the genotypes.

* 1t is used to restore rare and endangered species of plants.

As early as 1960s, Morel took first attempt to use tissue culture for the micropropagation of
orchids. During the micropropagation, callus induction is avoided because of the reason that
callus derived plants are sometimes different from the parent. Instead of it, auxillary or apical
shoot meristems are induced to develop into plantlets and subsequent subcultures are made from
the plantlets.

Micropropagation has been done for high priced horticultural crops such as orchids, ferns and
aroids to promote their cultivation murashige made valuable contributions to micropropagation
of plants.

Fossard explained: a detailed procedure of micropropagation in 1987.
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This procedure involves four stages-
1. Stage |

In the first stage, suitable explants (budsor nodal segments) are chosen, surface sterilized and
inoculated into a suitable nutrient medium and table incubation conditions that favour for growth
of the explants are found out and provided to the culture for establishing shoots with or without
roots. This stage is extended upto 6 months. Generally no light is provided to the culture.butsome
antioxidants are added to it to oxidize the phenolic compounds in plant materials.

2. Stage Il

The second stage is the multiplication stage that involves subcultures of‘propagules taken from
stage I. This stage is extended for 4 months. It includes two substages-

a. Stage II-AD: The cultured shoot is cut into small pieces, each of which.is then inoculated into a
fresh medium and cultured for two months to produce apically dominant shoots. IAA, IBA and 2,4-
D are avoided in the medium.

b. Stagell-MS: This stage lasts for the next 2 months. Here, the apically dominant shoots are
subcultured to form multishooted cultures without roots. Thus a callus with many shoots is
obtained

3. Stage lll

In the third stage, plantlets are obtained by changing the cultural conditions and media
components. 3000-10,000 lux light intensity is provided to the culture for efficient growth of
shoos It includes three substages as.follows:

a. Stagelll-MC: This is a microculturing (MC) stage. Here, the multishooted callus is transferred to
a multishoot inducing medium get long shoots. (These shoots are harvested and cultured to
induce rooting and the remaining callus is further cultured for more shooting )

B.Stage IlII-MS culture: The individual shoots are cultured in suitable media to form strong shoot
with dominant apical growth and roots

C.Stagelll-MS:

In this stage, small clumps of multirooted root callus are transferred to root and shoot inducing
media to form strong plants

4, Stage IV

This is the final stage of micropropagation in which tube also the plants are transferred from the
test tube environment to outdoor environment. It is process. called planting out process Plants in
test tubes, if immediately exposed or environment, wilt and die off because of lack of enough
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multi nutrients and water. In order to make the plants to, the plants are planted in pots containing
potting-mix and VAM fungal produce lengthy or loam-peat or or peat-river sand is spores. Peat or
vermiculite perlite vermiculite sand used as a potting mix. The plants start to grow independently
in two months by producing well developed roots,They gradually become resistant to low
humidity in the environment and soil microbes. Further, they prepare all of their food via
photosynthesis. Furthermore, they are adapting to grow in the changing climatic conditions of the

outdoor environment.
Finally, the plants are issued to farmers for planting in their fields.
Examples of Micropropagation

* Yadav et al (1990) micropropagated plants from shoot tips and nodal segments of Moras nigra
and Syzygium cuminii.

* Morel (1975) micropropagated plants from shoot tips and nodal segments of Chry- santhemum
and Dhalia

* Some other plants propagated in this way are listed below:
* Eucalyptus

* Pinus sp.

Advantages:

1. Rapid multiplication

2. Genetic uniformity

3. Disease-free plants

4. Year-round production

5. Conservation of.endangered species

Applications:

1. Commercial plant production (e.g., orchids, potatoes)
2. Plant breeding and genetics

3. Conservation biology

4. Forestry and reforestation

5. Agricultural research
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Challenges:

1. Contamination risk

2. Tissue culture media optimization
3. Plant acclimatization

4. Cost and labor-intensive

5. Genetic stability

Stage 0
Donor Plant Selection

Explant source

Stage |
Etablishment

$—> — | ———

Shoots are established
in culture (2- to 3-months)

Stage Il
Shoot Multiplication

Subculture to multiply
microshoots
(4- to 8-week cycles)

Stage Il
Root Formation

(~ 4-weeks)

=

ex vitro rooting
(~ 4- to 8-weeks)

Stage IV
Acclimatization

meeoee ]
In vitro rooting ‘

Plants are gradually
acclimatized to ambient
environmental conditions
and moved to unit cells

Nursery
production

Horticulture:

Definition: Horticulture is the art,.science;.and practice of cultivating fruits, vegetables, flowers,

and ornamental plants.

Branches:

1. Pomology (fruit science)

2. Olericulture (vegetable science)
3. Floriculture (flower science)

4. Landscapethorticulture

5. Nursery management

6. Arboriculture (tree care)

7. Turf management
Horticultural Practices:

1. Plant breeding and genetics
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2. Propagation (seeds, cuttings, grafting)
3. Irrigation and water management

4. Fertilization and nutrient management
5. Pruning and training

6. Pest and disease management

7. Soil science and conservation
Horticultural Techniques:

1. Hydroponics

2. Greenhouse production

3. Container gardening

4. Vertical farming

5. Organic farming

6. Biodynamic farming

7. Integrated Pest Management (IPM)
Horticultural Crops:

1. Fruits (apples, bananas, berries)

2. Vegetables (tomatoes, lettuce, carrots)
3. Flowers (roses, carnations, chrysanthemums)
4. Herbs (basil, rosemary, thyme)

5. Nuts (almonds, walnuts, pecans)

6. Seeds (sunflower, pumpkin, squash)
Horticulture Applications:

1. Food-security

2. Ornamental landscaping

3. Environmental conservation

4. Urban agriculture
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5. Therapeutic horticulture

6. Horticultural therapy

7. Ecotourism.

Horticulture Isolation:

Types of Isolation

1. Physical Isolation: Separating plants to prevent cross-pollination or disease transmission.
2. Temporal Isolation: Staggering planting dates to prevent overlapping flowering periods.
3. Spatial Isolation: Planting in separate locations to prevent cross-pollination.

4. Genetic Isolation: Using genetic barriers to prevent cross-pollination.

5. Biological Isolation: Using biological agents to prevent pest.and disease transmission.
Methods of Isolation

1. Greenhouses: Climate-controlled structures for isolated plant growth.

2. Screenhouses: Ventilated structures for insect and disease exclusion.

3. Tunnels: Covered structures for extended growing seasons.

4. Isolation chambers: Controlled environments for sensitive plants.

5. Bagging: Covering flowers or branches to prevent cross-pollination.

6. Caging: Enclosing plants to prevent insect access.

7. Distance isolation: Planting at'sufficient distances to prevent cross-pollination.

Importance of Isolation

=

. Disease prevention

N

. Pest control

w

. Pollination management

D

. Seed production

Ul

. Genetic preservation

(0]

. Quality control

~

. Regulatory compliance
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Technologies
1. Climate-controlled greenhouses

2. LED lighting systems

3. Automated irrigation and fertilization

4. Precision agriculture

5. Genetic testing

6. Pollination management systems
7. Isolation chamber technologies
Challenges

1. Climate change

2. Pest and disease resistance

3. Genetic drift

4. Human error

5. Equipment failure

6. Cost and labor intensity

7. Regulatory compliance
Isolation Techniques in Horticulture
1. Micropropagation

2. Tissue culture

3. Meristem culture

4. Embryo rescue

5{Pollen isolation

Applications

1. Seed production

2. Breeding programs

3. Plant quarantine
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4. Pest and disease research
5. Genetic engineering
6. Horticultural therapy

7. Conservation biology

Horticulture Culture and Fusion of Plant Protoplasts:

Horticulture Culture:

Definition: Horticulture culture refers to the combination of traditional' practices, modern

technologies, and social factors that influence the cultivation and management.of horticultural

crops.

Protoplast Fusion:

Definition: Protoplast fusion is a biotechnological technique‘used to combine the genetic material

of two or more plant cells to create new hybrid plants.

Types of Protoplast Fusion:

1. Chemical fusion

2. Electrical fusion

3. Polyethylene glycol (PEG) fusion
4. Laser-induced fusion

Steps Involved in Protoplast Fusion:
1. Protoplast isolation

2. Protoplast culture

3. Fusion

4. Selection

5. Regeneration

Protoplast Fusion Techniques:

1. Chemical fusion using PEG

2. Electrical fusion using dielectrophoresis

3. Laser-induced fusion
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4. Microinjection of protoplasts

Protoplast Culture Media:

1. MS (Murashige and Skoog) medium

2. B5 (Gamborg's) medium

3. SH (Schenk and Hildebrandt) medium

4. Customized media

Plant Growth Regulators (PGRs):

1. Auxins (IAA, NAA)

2. Cytokinins (BA, kinetin)

3. Gibberellins (GA3)

4. Abscisic acid (ABA)

Steps Involved in Plant Protoplast Fusion:

Pre-Fusion Steps

1. Selection of Parent Plants: Choose plants with desirable traits.

2. Protoplast Isolation: Isolate protoplasts from leaf, stem, or root tissues.
3. Protoplast Purification: Purify.protoplasts using density gradient centrifugation.
4. Protoplast Culture: Culture protoplasts in a nutrient-rich medium.
Fusion Steps

1. Preparation of Fusion.Medium: Prepare medium with fusion-inducing agents (e.g., PEG,
electrical pulse).

2. Mixing.of Protoplasts: Mix protoplasts from both parents in a 1:1 ratio.

3. Fusion.Induction: Induce fusion using chemical (PEG), electrical, or laser methods.
4. Fusion Verification: Verify fusion using fluorescence microscopy or flow cytometry.
Post-Fusion Steps

1. Selection of Fused Protoplasts: Select fused protoplasts using fluorescence-activated cell sorting
(FACS) or manual selection.

2. Culture of Fused Protoplasts: Culture fused protoplasts in a nutrient-rich medium.
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3. Regeneration of Plants:

embryogenesis or organogenesis.

4. Screening for Hybrid Plants: Screen regenerated plants for hybrid traits.

Fusion Methods

1. Chemical Fusion (PEG)

2. Electrical Fusion (Dielectrophoresis)

3. Laser-Induced Fusion

4. Microinjection of Protoplasts
Factors Affecting Fusion

1. Protoplast viability

2. Fusion medium composition
3. Fusion method and duration
4. Temperature and pH

5. Plant species and genotype
Challenges and Limitations

1. Low fusion efficiency

2. Limited protoplast viability
3. Regeneration difficulties

4. Genetic instability

5. Selection of hybrid-plants

Horticulture Applications of Protoplast Fusion:

1. Fruit'and vegetable improvement

2. Ornamental plant breeding
3. Plant disease resistance

4. Abiotic stress tolerance

Regenerate plants from fused protoplasts through somatic
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Soma clonal variation

While most tissues of the clone retain uniformity and identity to parent, genetic changes occur in
some tissues and these changes are transmitted to regenerated plants. Such plants that differ
from their parents in one or few traits are called somatic variants. The formation of somatic
variants among the tissues in cultures is called somaclonal variation.

It may occur spontaneously during repeated le subcultures or due to induced mutations. Now a
days, production of somaclonal variants is one of the objectives of tissue culture.

The name somaclonal variation was coined by Larkin and Scoweroft in 1981 to denote the genetic
variability appeared in tissue culture. It appears due to heterogeneity_of cells in explants or
spontaneous mutations or transposition of genetic materials during repeated cultures.

In no case, somaclonal variation appears to be a species or organic'specific, but genetic variability
is generated for many traits of agronomic value. Wide range of genetic variations have been so far
created in plants through cultures of protoplasts, cells and tissues in vitro. Since somaclonal
variation provides plants for new breeding programs, it is.considered to be adjunct of modern
plant breeding. It provides the maximum utilizable germplasm for crop improvement.

Somaclonal variants are obtained from the cultures of embryos, meristem, anther, leaf callus, tip
of inflorescence, microspores, ovaries and protoplasts. Before regenerating plantlets, the calli are
tested for the desired trait (variation) expected.in them. Somaclonal variants have been selected
for the following traits:

1. Rice -Number of tillers per.plant;.fertile lers per plant, panicle length, plant height, early
maturity seed fertility, disease resistance, drought tolerance and cold tolerance.

2. Wheat-Plant height, awns, tiller number grain colour, spike shape, gliadin rity, leaf wax, a-
amylase, and disease resistance. protein, maturity tolerance temperature

3. Maize-Plant ‘height, node number, ear arrangement, stalk number, toxin resistance,
mitochondrial pattern, etc.

4. Brassica-'Flowering time, plant height . leaf wax and disease resistance

5. Tobacco-Plant height, leaf size,alkaloid content

6. Tomato-Disease resistant and early maturity

7. Sugarcane-Sugar content, auricle length, disease resistance and early maturity.

8. Potato-High protein content, early maturity, resistance to viruses and Phytophthora

9.Legumes-Resistance to pod borer, Fusarium wilt.
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10. Groundnut-Shallow depth of pod development, induction of dormancy, resistance to
Cercospora, Fusarium and Aspergillus flavus.

11.Sunflower-Self compatibility, resistance to Alternaria blight, Rhizoctonia and Fusarium
12. Cotton- Insect resistance.
Examples of Somaclonal Variants

* Somaclonal variants of sugarcane with resistance to Fiji disease virus, downy mildew and eye-
spot disease were isolated from tissue cultures (Krishnamurthy, 1974).

* In India, the Sugarcane Breeding Institute (Coimbatore) has released sugarcane varieties
obtained through somaclonal variation. Such varieties are resistant to red rot, higher in sugar yield
and cane yield.

Shepard et.al(1980) developed soma clonal variants of potato from leaf protoplast cultures of
Russet Burbank variety. These somaclonal variants have high growth-rate, early maturity, tuber
uniformity and tuber skin colour, early onset of tuberization. Potatoes with altered chromosome
number and blight resistance have also been released for cultivation.

* Heinz Co and DNA Plant Technology Laboratories (USA) developed 'Supertomatoes" with high
solid content in 1986. It is a soma clonal variant suitable for shipping to far away countries with
reduced processing cost.

* Somaclonal variant of Amaranthus gangeticus with reduced level of oxalate has been released in
the US.

* Somaclone of Medicago sativa resistant to Fusarium and Rhizoctonia solani was made from
cultures of mesophyll cells of M.sativa (Johnson et.al. 1984).

Somaclonal variation is used to improve specific traits where they are lacking in the existing
population. It issemployed'in the breeding for disease resistance and improvement of quality and
yield of cereals, legumes, oil seeds and tuber crops. Increasing the solid content of fruit crops such
as tomato, grapes, watermelons, citrus varieties, etc. is another scope of somaclonal variation in
plant breeding.

Uses: Somaclonal variation is used to develop new strains of plants with some novel characters.
Some.somatic variants are mentioned below:

i. Fiji and powdery mildew resistant sugarcane varieties.
ii. Potato resistant to early and late blights
iii. Potato with altered chromosome number

iv. Polyploid tobacco, sugar beet, rapeseed and Petunia.
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v. Cereals with different grain colour, tiller number, grain weight, etc.
vi. Tobacco with a different type of chloroplast.
vii. Maize resistant to Helminthosporium.

Somatic Embryogenesis (SE):

Definition: Somatic embryogenesis is a process where somatic cells (non-reproductive cells)

develop into embryos, bypassing the normal reproductive pathway.
Steps involved in SE:

1. Selection of explant material

2. Surface sterilization

3. Initiation of callus culture

4. Embryogenic callus formation

5. Somatic embryo formation

6. Maturation of somatic embryos

7. Germination of somatic embryos

8. Plant regeneration

Factors influencing SE:

1. Plant species and genotype

2. Explant type and quality

3. Culture medium composition

4. Plant growth regulators (PGRs)

5. Temperature and light

6. pH and osmolarity

Types of SE:

1. Direct SE (DSE): Embryos form directly from explant tissue.
2. Indirect SE (ISE): Embryos form through callus culture.
steps involved in Somatic Embryogenesis (SE):

Step 1: Cell Isolation (Explant Selection)
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- Select healthy, disease-free plant material
- Choose explant type (leaf, stem, root, petal, etc.)
- Sterilize explant surface using chemicals (e.g., bleach, ethanol)
Step 2: Callus Formation (2-4 weeks)
- Place explant on nutrient-rich medium (e.g., MS, B5)
- Incubate in controlled environment (temperature, light, humidity)
- Callus forms from explant tissue
Step 3: Embryogenic Callus Formation (4-8 weeks)
- Transfer callus to embryogenic medium (e.g., 2,4-D, BAP)
- Maintain controlled environment
- Embryogenic callus forms, characterized by:
- Compact, nodular structure
- High cell density
- Embryogenic potential
Step 4: Somatic Embryo Formation (812 weeks)
- Transfer embryogenic callus to.somatic embryo formation medium
- Maintain controlled environment
- Somatic embryos form, characterized by:
- Globular shape
- Embryonic features (e.g., shoot apex, root meristem)
Step 5: Maturation (4-8 weeks)
- Transfer somatic embryos to maturation medium
- Maintain controlled environment
- Somatic embryos mature, characterized by:
- Increased size

- Differentiation of organs (e.g., leaves, roots)
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Step 6: Germination (1-4 weeks)

- Transfer mature somatic embryos to germination medium
- Maintain controlled environment

- Somatic embryos germinate, forming plantlets
Step 7: Plant Regeneration (4-8 weeks)

- Transfer plantlets to soil or potting mix

- Acclimate to outdoor conditions

- Regenerated plants grow and develop normally
Factors Influencing SE:

1. Plant species and genotype

2. Explant quality and type

3. Culture medium composition

4. Plant growth regulators (PGRs)

5. Temperature, light, and humidity

6. pH and osmolarity

Techniques Used:

1. Direct SE (DSE)

2. Indirect SE (ISE)

3. CRISPR-Cas9 mediated SE

4. Agrobacterium-mediated transformation
Applications.of SE:

1:Micropropagation

2. Plant-breeding

3. Genetic engineering

4. Production of secondary metabolites

5. Conservation of endangered species
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Advantages of SE:

1. Rapid plant regeneration

2. High multiplication rates

3. Genetic uniformity

4, Disease-free plants

5. Reduced labor costs

Challenges and limitations:

1. Low efficiency in some species

2. Somatic embryo maturation and germination issues
3. Genetic instability

4. Limited understanding of regulatory mechanisms.
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Fig.35.19: Different steps of somatic embryogenesis in alfalfa plant.

Gene Silencing in Crop Plants:

Definition:.Gene silencing is a molecular technique used to suppress or silence the expression of
specific genes in crop plants.

Types of Gene Silencing:
1. RNA interference (RNAI)
2. Post-transcriptional gene silencing (PTGS)

3. Transcriptional gene silencing (TGS)
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4. Gene editing (CRISPR-Cas9)

Mechanisms:

1. Double-stranded RNA (dsRNA) triggers RNAi
2. Small interfering RNA (siRNA) degrades target mRNA
3. MicroRNA (miRNA) regulates gene expression
Methods of Gene Silencing:

1. Agrobacterium-mediated transformation

2. Particle bombardment

3. Electroporation

4. Microinjection

Agrobacterium-Mediated Transformation:

Definition: Agrobacterium-mediated transformation‘is a method of genetic transformation where
the bacterium Agrobacterium tumefaciens is used to transfer DNA into plant cells, allowing for the
introduction of desirable traits.

Process:

1. Preparation of Agrobacterium culture

2. Isolation of plant explants (e.g., leaves, stems, roots)

3. Co-cultivation of Agrobacterium with plant explants

4. Transfer of T-DNA'(transfer DNA) from Agrobacterium to plant cell
5. Integration of T-DNA into plant genome

6. Expression of transgene (introduced gene)

7. Selection.and regeneration of transformed plants

Particle Bombardment:

Definition: Particle bombardment, also known as biolistics or gene gun, is a method of genetic
transformation where high-velocity particles (e.g., gold or tungsten) coated with DNA are shot
into plant cells, allowing for the introduction of desirable traits.

Process:

1. Preparation of DNA-coated particles
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2. Plant tissue preparation (e.g., leaves, stems, roots)
3. Particle bombardment using a gene gun

4. Penetration of particles into plant cells

5. Release of DNA from particles

6. Integration of DNA into plant genome

7. Expression of transgene (introduced gene)

8. Selection and regeneration of transformed plants

Electroporation:

Definition: Electroporation is a laboratory technique that uses electrical pulses to temporarily

increase the permeability of cell membranes, allowing for the introduction of molecules (DNA,

RNA, proteins) into cells.

Steps:

1. Cell preparation (suspension, density)

2. Electroporation buffer preparation

3. Electroporation (applying electrical pulses)

4. Post-electroporation incubation

5. Analysis of transfected cells

Microinjection Procedure:

Step 1: Cell/Embryo Preparation

1. Place cells or'embryos in a microinjection chamber
2. Secure cells/embryos using a holding pipette
Step2: Needle Preparation

1. Fill microinjection needle with gene silencing molecules
2. Calibrate needle pressure and injection volume
Step 3: Microinjection

1. Insert needle into cell/embryo

2. Inject gene silencing molecules (siRNA, shRNA, miRNA)
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3. Monitor injection process using microscopy

Step 4: Post-Microinjection

1. Remove needle from cell/embryo

2. Incubate cells/embryos for gene silencing to occur

3. Analyze gene silencing efficiency using quantitative PCR, Western blot, or fluorescence

microscopy

Crops Targeted:

1. Corn 2.Soybean 3. Wheat 4. Rice 5. Cotton 6. Potato
7. Tomato

Benefits:

1. Increased crop yields

2. Improved disease resistance
3. Reduced pesticide use

4. Enhanced nutritional value
5. Increased water efficiency
Applications in Crop Plants:

1. Pest and disease resistance
2. Herbicide tolerance

3. Drought tolerance

4. Improved nutritional content
5. Increased yield

6. Reduced allergenicity

7. Delayed ripening

Genetic Engineering of Crop Plants for Insect Resistance: BT Cotton
Introduction:

BT cotton is a genetically modified crop that produces a toxin, Bacillus thuringiensis (Bt), which
provides resistance against certain insect pests.
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Bacillus thuringiensis (Bt):

1. Bacterium that produces insecticidal proteins

2. Toxin affects insect midgut, causing cell lysis and death
3. Specific to certain insect species (e.g., Lepidoptera, Coleoptera)
Genetic Engineering Process:

1. Isolation of Bt gene (crylAc or cry2Ab)

2. Cloning into a plasmid vector

3. Transformation into cotton cells using Agrobacterium
4. Regeneration of transgenic cotton plants

5. Selection and breeding of transgenic lines
Characteristics of BT Cotton:

1. Produces Bt toxin in leaves, stems, and flowers

2. Resistant to certain insect pests (e.g., bollworms, budworms)
3. Reduced pesticide application

4. Increased crop yield and quality

5. Improved farmer safety

Types of BT Cotton:

1. Single-gene BT cotton (e.g., Bollgard 1)

2. Double-gene BT cotton'(e.g., Bollgard 1)

3. Triple-gene BT cotton (e.g., Bollgard Il1)

Benefits:

1. Reduced insecticide use (up to 40%)

2. Increased crop yield (up to 30%)

3. Improved farmer income

4. Enhanced food security

5. Reduced environmental pollution
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Challenges and Concerns:
1. Development of Bt-resistant insect populations
2. Gene flow to non-target species
3. Potential impact on beneficial insects
4. Regulatory frameworks and public acceptance
5. Patent and intellectual property issues
Mechanism of BT Cotton:
Mechanism of Insect Resistance:
1. Insect ingests Bt-containing plant material.
2. Bt toxin binds to insect midgut receptors.
3. Toxin forms pores in midgut cells, causing:
- Cell lysis
- Disruption of nutrient uptake
- Insect death
Components:
1. Cry proteins (Bt toxin): Produced by plant cells.
2. Receptors: Specific proteins.on insect midgut cells.
3. Pores: Formed by Bt toxin, causing cell lysis.
Steps Involved:
1. Ingestion: Insect-eats Bt-containing plant material.
2. Binding: Bt.toxin binds to midgut receptors.
3¢ Activation: Toxin activated by alkaline pH.
4. Poreformation: Toxin forms pores in midgut cells.
5. Cell lysis: Midgut cells rupture, causing insect death.
Resistance Management:

1. Refuge crops: Non-Bt crops planted nearby.
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2. Pyramiding: Stacking multiple Bt genes.

3. Rotation: Rotating Bt and non-Bt crops.
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Fungus Resistance:
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Insect dealth

Fungal diseases cause significant losses in crop yields worldwide. Genetic engineering offers a
promising approach to develop fungus-resistant crops.

Transgenic plants have been produced by inserting antifungal genes to confer resistance against
fungal pathogens. Genes of fungal cell wall-degrading enzymes, such as chitinase and glucanase,
are frequently used to produce fungal-resistant transgenic crop plants.

Types of Fungus Resistance:

1. Host-Pathogen Interaction: Altering plant genes to prevent fungal infection.

2. Pathogen-Derived Resistance: Using fungal genes to induce resistance.

3. RNA Interference (RNAI): Silencing fungal genes to inhibit growth.

Genetic Engineering Strategies:

1. Overexpression of Resistance Genes:
-Plant defensins
- Chitinases

- Beta-glucanases

2. Introduction of Fungal Resistance Genes:

- From other plant species
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- From microorganisms
3. RNAi-Mediated Gene Silencing:
- Targeting fungal genes essential for growth
- Using hairpin RNA or small interfering RNA (siRNA)
Examples of Fungus-Resistant Crops:
1. Potato: Engineered with phytoalexin gene for resistance to Phytophthora infestans.

2. Wheat: Engineered with wheat leaf rust resistance gene (Lr34) for resistance to Puccinia
triticina.

3. Soybean: Engineered with RNAi construct targeting Asian soybean rust fungus (Phakopsora
pachyrhizi).

Mechanism of Genetic Engineering for Fungus Resistance in'Crop Plants:

I. Host-Pathogen Interaction

1. Recognition: Plant receptors recognize fungal pathogens, triggering defense responses.
2. Signaling: Signaling pathways activate defense genes, producing antifungal compounds.
3. Resistance: Plant cells reinforce cell walls, preventing fungal penetration.

Il. Pathogen-Derived Resistance

1. Fungal Gene Silencing: RNA interference (RNAI) or antisense RNA silence essential fungal genes.
2. Fungal Protein Inhibition: Engineered proteins inhibit fungal enzymes or toxins.

lll. RNA Interference (RNAi)

1. Hairpin RNA (hpRNA): Plant expresses hpRNA, targeting fungal genes.

2. Small Interfering RNA (siRNA): siRNA molecules silence fungal genes.

Genes and Proteins

1. Defensins: Antifungal peptides that disrupt fungal membranes.

2. Chitinases: Enzymes that degrade fungal cell walls.

3. Beta-glucanases: Enzymes that degrade fungal cell walls.

4. Phytoalexins: Antifungal compounds produced by plants.
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Mechanisms of Fungus Resistance

1. Cell Wall Reinforcement: Thickening plant cell walls to prevent fungal penetration.
2. Antifungal Compound Production: Producing compounds toxic to fungi.
3. Signaling Pathways: Activating plant defense signaling pathways.

4. Fungal Gene Silencing: Silencing essential fungal genes.

Benefits:

1. Increased Crop Yields: Reduced fungal disease losses.

2. Reduced Fungicide Use: Minimizing environmental impact.

3. Improved Food Security: Enhanced availability of healthy crops.
Challenges:

1. Durability of Resistance: Fungal adaptation to resistance.mechanisms.
2. Off-Target Effects: Potential impact on non-target:organisms.

3. Regulatory Frameworks: Ensuring biosafety and public acceptance.

Virus Resistance:

Types of Virus Resistance:

1. Coat Protein-Mediated Resistance (CPMR)

2. Replicase-Mediated Resistance (RMR)

3. RNA Interference (RNAi)-Mediated Resistance
4. Gene Silencing-Mediated Resistance

5. Engineered Resistance (ER)

Genetic Engineering Strategies:

1. Agrobacterium-Mediated Transformation

2. Particle Bombardment

3. Protoplast Transformation

4. CRISPR-Cas9 Genome Editing
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Genes and Proteins:
1. Coat Protein (CP) Gene

2. Replicase Gene

3. RNA-Dependent RNA Polymerase (RdRP)

4. Dicer-Like (DCL) Proteins

5. Argonaute (AGO) Proteins
Mechanisms of Virus Resistance:
1. Viral Replication Inhibition

2. Viral Transcription Inhibition

3. Cell-to-Cell Movement Inhibition
4. RNA Degradation

5. Gene Silencing

Examples of Virus-Resistant Crops:
1. Papaya (PRSV-resistant)

2. Potato (PVX-resistant)

3. Squash (ZYMV-resistant)

4. Tobacco (TMV-resistant)

5. Rice (Rice Tungro Virus-resistant)

Here are the mechanisms of virus resistance simplified:

Physical Barrier

1. Cell wall thickening

2¢{ Cuticle thickening

3. Stomatal closure
Genetic Resistance

1. RNA interference (RNAI)

2. Gene silencing
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3. Coat protein-mediated resistance

4. Replicase-mediated resistance

Molecular Resistance

1. Antiviral proteins

2. RNA-dependent RNA polymerase inhibitors
3. Protease inhibitors

How it Works

1. Virus enters plant cell

2. Plant recognizes virus (R genes)

3. Signaling pathways activated

4, Resistance mechanisms triggered (RNAI, gene silencing,‘etc.)
5. Virus replication inhibited

Benefits:

1. Increased Crop Yields

2. Reduced Pesticide Use

3. Improved Food Security

4. Enhanced Farmer Income

5. Environmental Sustainability

Drought Resistance:

Introduction:

Drought is a.major constraint to crop productivity worldwide. Genetic engineering offers a
promising.approach to develop drought-resistant crops.

Types of Drought Resistance:
1. Drought tolerance: Ability to survive drought
2. Drought avoidance: Ability to avoid drought stress

3. Drought recovery: Ability to recover from drought stress
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Genetic Engineering Strategies:

1. Transgenic Approach: Introduce drought-related genes from other organisms
2. Gene Editing: Modify existing genes using CRISPR-Cas9

3. RNA Interference (RNAI): Silence drought-sensitive genes
Drought-Related Genes:

1. DREB (Dehydration-Responsive Element Binding) genes
2. LEA (Late Embryogenesis Abundant) genes

3. Aquaporin genes

4. Antioxidant genes

Examples of Drought-Resistant Crops:

1. Drought-tolerant corn (MON 87460)

2. Drought-tolerant soybean (Glycine max)

3. Drought-tolerant wheat (Triticum aestivum)

4. Drought-tolerant rice (Oryza sativa)

Benefits:

1. Increased crop yields

2. Improved water use efficiency

3. Enhanced food security

I. Transgenic Approach

1. Introduce drought-related genes into plant genome

2. Use promoters to regulate gene expression (e.g., rd29A, ABRC1)
3:Enhance:gene expression during drought stress

Il. Gene Editing (CRISPR-Cas9)

1. Modify existing genes to enhance drought tolerance

2. Knockout drought-sensitive genes

3. Introduce drought-related genes

Page 132 of 178



ACADEMIC YEAR 2024-2025, SEMESTER - VI
STUDY MATERIAL FOR B.Sc., MICROBIOLOGY
BIOTECHNOLOGY AND GENETIC ENGINEERING

lll. RNA Interference (RNAI)
1. Silence drought-sensitive genes
2. Reduce gene expression during drought stress
Mechanisms of Drought Resistance:
1. Water Conservation:

- Reduce transpiration

- Enhance cuticle thickness

- Regulate stomatal closure
2. Water Uptake:

- Enhance root growth

- Increase aquaporin expression

- Improve water transport

3. Osmoprotection:

- Accumulate compatible solutes (e.g., proline, glycine betaine)

- Maintain cellular osmotic balance
4. Antioxidant Defense:
- Scavenge reactive oxygen species (ROS)
- Protect against oxidative stress
Players:
1. ABA (Abscisic Acid) hormone
2. MAPK (Mitogen-Activated Protein Kinase) signaling
3. DREB transcription factors
4. LEAproteins
Drought-Resistant Crops:
1. Drought-tolerant corn (MON 87460)

2. Drought-tolerant soybean (Glycine max)
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3. Drought-tolerant wheat (Triticum aestivum)
4. Drought-tolerant rice (Oryza sativa)
Benefits:

1. Increased crop yields

2. Improved water use efficiency

3. Enhanced food security

4. Reduced irrigation costs.

Cold Resistance:

Introduction:

Cold stress is a significant constraint to crop productivity worldwide. Genetic engineering offers a
promising approach to develop cold-resistant crops.

Types of Cold Resistance:

1. Chilling tolerance: Resistance to temperaturesabove 0°C

2. Freezing tolerance: Resistance to temperatures below 0°C

Genetic Engineering Strategies:

1. Transgenic approach: Introduce cold-related genes from other organisms
2. Gene editing (CRISPR-Cas9): Modify existing genes to enhance cold tolerance
3. RNA interference (RNAI): Silence cold-sensitive genes

Cold-Related Genes:

1. CBF (C-Repeat Binding Factor) genes

2. COR (Cold-Regulated) genes

3. LEA (Late Embryogenesis Abundant) genes

4. Antioxidant genes (e.g., SOD, CAT)

Mechanism of Genetic Engineering for Cold Resistance in Crop Plants:

I. Transgenic Approach

1. Introduce cold-related genes into plant genome

2. Use promoters to regulate gene expression (e.g., rd29A, COR78)
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3. Enhance gene expression during cold stress
Il. Gene Editing (CRISPR-Cas9)
1. Modify existing genes to enhance cold tolerance
2. Knockout cold-sensitive genes
3. Introduce cold-related genes
lll. RNA Interference (RNAI)
1. Silence cold-sensitive genes
2. Reduce gene expression during cold stress
Mechanisms of Cold Resistance
1. Membrane Stabilization
- Maintain membrane fluidity
- Reduce membrane damage
2. Antioxidant Defense
- Scavenge reactive oxygen species (ROS)
- Protect against oxidative stress
3. Osmoprotection
- Accumulate compatible solutes (e.g., proline, glycine betaine)
- Maintain cellular osmatic balance
4. Hormone Regulation
- Abscisic acid (ABA) signaling
- Ethylene:signaling
Cold-Resistant Crops
1. Cold=tolerant wheat (Triticum aestivum)
2. Cold-tolerant rice (Oryza sativa)
3. Cold-tolerant maize (Zea mays)

4. Cold-tolerant soybean (Glycine max)
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Benefits:

1.

2.

3.

4,

Increased crop yields
Improved food security
Enhanced tolerance to abiotic stress

Reduced economic losses

Saline Resistance:

Introduction

Soil salinization affects approximately 20% of irrigated land worldwide, reducing crop yields.

Genetic engineering offers a promising solution to develop salt-resistant crops.

Types of Salt Resistance

1.

2.

Salt tolerance: Ability to grow in saline conditions

Salt exclusion: Ability to exclude salt from plant tissues

Genetic Engineering Strategies

1. Transgenic approach: Introduce salt-related genes from other organisms

2.

3.

Gene editing (CRISPR-Cas9): Modify existing genes to enhance salt tolerance

RNA interference (RNAI): Silence salt-sensitive genes

Mechanism of Genetic Engineering for Saline Resistance in Crop Plants:

I. Salt-Related Genes

1.

HKT (High-Affinity K+ Transporter) genes

. SOS (Salt-Overly-Sensitive) genes

. NHX (Na+/H+ Exchanger) genes

. LEA (Late Embryogenesis Abundant) genes

. Antioxidant genes (e.g., SOD, CAT)

. Transgenic Approach

. Introduce salt-related genes into plant genome

. Use promoters to regulate gene expression (e.g., rd29A, COR78)

. Enhance gene expression during salt stress
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lll. Gene Editing (CRISPR-Cas9)
1. Modify existing genes to enhance salt tolerance
2. Knockout salt-sensitive genes
3. Introduce salt-related genes
IV. RNA Interference (RNAIi)
1. Silence salt-sensitive genes
2. Reduce gene expression during salt stress
Mechanisms of Saline Resistance
1. lon Homeostasis
- Maintain K+/Na+ balance
- Exclude Na+ from plant tissues
2. Osmoprotection
- Accumulate compatible solutes (e.g., proline, glycine betaine)
- Maintain cellular osmotic balance
3. Antioxidant Defense
- Scavenge reactive oxygen species (ROS)
- Protect against oxidative stress
4. Cell Membrane Stabilization
- Maintain membrane integrity
- Reduce membrane damage
5. Hormone'Regulation
- Abscisic.acid (ABA) signaling
- Ethylene signaling
Saline-Resistant Crops
1. Salt-tolerant rice (Oryza sativa)

2. Salt-tolerant wheat (Triticum aestivum)
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3. Salt-tolerant maize (Zea mays)

4. Salt-tolerant soybean (Glycine max)
Benefits

1. Increased crop yields

2. Improved food security

3. Enhanced tolerance to abiotic stress

4, Reduced economic losses
Transgenic Plants:

Definition: Transgenic plants are plants that have been genetically'modified using biotechnology
to introduce desirable traits from other organisms.

Methods:

1. Agrobacterium-mediated transformation

2. Particle bombardment (biolistics)

3. Protoplast transformation

4. Electroporation

Types of Transgenic Plants:

1. Herbicide-tolerant plants (e.g., Roundup Ready soybeans)
2. Insect-resistant plants (e.g., Bt corn)

3. Virus-resistant plants (e.g., papaya)

4. Drought-tolerant plants (e.g., drought-tolerant corn)
5. Salt-tolerant plants (e.g., salt-tolerant rice)

6. Nutritionally enhanced plants (e.g., Golden Rice)
Benefits:

1. Increased crop yields

2. Improved pest management

3. Enhanced drought tolerance

4. Reduced pesticide use
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5. Improved nutritional content

6. Increased food security

Challenges:

1. Regulatory frameworks

2. Public acceptance

3. Environmental concerns

4. Gene flow to non-target species

5. Development of pesticide-resistant pests
Applications:

1. Agriculture

2. Horticulture

3. Forestry

4. Biotechnology

5. Pharmaceutical production

Examples:

1. Bt corn (insect-resistant)

2. Golden Rice (nutritionally enhanced)

3. Roundup Ready soybeans (herbicide-tolerant)
4. Drought-tolerant wheat(drought-tolerant)
5. Salt-tolerant rice/(salt-tolerant)

Ti plasmids

Ti plasmidsrare tumour-inducing plasmids present in A. tumefaciens. They are large, circular,
double stranded DNA molecules acting as extrachromosomal DNAs. The size of the Ti-plasmids
ranges from 150 to 230 kbp. The molecular weight of the plasmids is 120- 160 mega daltons. They
are transferred from Agrobacterium to the plant cell during infection.

A Ti plasmid has a T-DNA segment, two border sequences, tra gene, a sequence for opine
catabolism, an incompatibility region, origin of replication and vir genes. The T- DNA has a region
for tumourogenesis and a gene for opine synthesis.
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Based on the type of opine they synthesise, the Ti plasmids are divided into two types. They are
octopine Ti plasmids and nopaline Ti plasmid. All these Ti plasmids are identical in structure,
except in their sequences for opine synthesis and opine catabolism.

Structure of Octopine Ti Plasmids

Octopine Ti plasmids encode for the synthesis of the opine, octopine. Octopine is an unusual
amino acid synthesised from arginine and pyruvate by condensation. The molecular formula of
octopine is COH18N404.

The plant cell infected by Agrobacterium that has octopine Ti plasmid has high concentration of
octopine. Ti plasmid of Agrobacterium tumefaciens Ach5 (pTi Ach5) and Agrobacterium
tumefaciens B6 (pTi B6) are examples of octopine Ti plasmid.

The pTi Ach5 is 2,13,000 base pairs in size. It has six important regions as mentioned below:

a. A T-DNA of 21,000 base pairs size for tumourogenesis. It has a sequence for tumour induction
(Tum) and another sequence (Ocs) for the production of the unusual amino acid, octopine. The
tum region codes for the enzymes involving in the biosynthesis of auxins and cyto- kinin. On either
side of the T-DNA, there is a border sequence of 24 base pairs.

b. A tra gene for the transfer of the plasmid from one-bacterium to another bacterium during
conjugation.

c. A Occ gene responsible for the catabolism of octopine.
d. An Inc locus for the incompatibility-among plasmids in a bacterium.
e. An origin of replication (Ori) for the.autonomous replication of the plasmid.

f. A vir locus essential for the transfer and integration of T-DNA into the chromosomal DNA of
plant cells. It consists of a set of seven operons. They are VirH, VirA, VirB, VirG, VIrC, VirD and VirE.

Structure of Nopaline Ti Plasmids

This type of Ti plasmids encodes for the synthesis of nopaline, anopine from a-ketoglu- tarate and
arginine. Ti plasmid of Agrobacterium tumefaciens C58 (pTi C58) is the example for nopaline Ti-
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plasmid. The molecular formula of nopaline is COH20N406.The pTi C58 is 1,94,000 basepairs in
size.

It consists of the following sequences:

a. A T-DNA of 23,000 base pairs size for tumourogenesis. It has a sequence for tumour induction
(tum) and another nopaline synthesis (Nos). At both the ends for the T-DNA, there is a-border
sequence, which is 24 base pairs long. sequence

b. A tra gene for the conjugative transfer of the plasmid.

C. A Noc gene for the nopaline. catabolism

d. An Inc region for the incompatibility of plasmids within a bacterium.

e. An origin of replication (Ori) for the autonomous replication of the plasmid.

f. A vir locus for the transfer and integration of T-DNA into the chromosomal DNA of plant cell.

Structure of T-DNA

A portion of Ti plasmid that is transferred to chromosomal DNA of plant cell, is known as
transferred DNA or T-DNA. The T-DNA of octopine Ti plasmid is 21 kbp long and that of nopaline Ti
plasmids is 23 kbp long.

On either side of the T-DNA, there is a short sequence of 24 basepairs called border sequence.
Both the left and right border sequences are essential for tumour induction. However, if the left
border sequence is deleted the T-DNA does not lose its tumour inducing property.

The T-DNA is. capable of inducing tumorous growth in infected plant tissues, because it has
sequences (Tum) encoding for enzymes involving in the synthesis of auxin and cytokinin. The
infected tissue, therefore, can grow successfully in a medium without the hormones.

The T-DNA has yet another sequence for opine synthesis (Ocs). The opine synthesis gene in the T-
DNA of octopine Ti plasmids, is Oes and it codes for the synthesis of octopine. At the same time,
the nopaline Ti plasmid has Nos that codes for the synthesis of nopaline. How- ever, the exact
position of Ocs and Nos in the T- DNAs is more or less the same.The functional analysis of T-DNA
by transposon mutagenesis has confirmed the following functions of various genes in the T-DNA:
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* tum Auxin biosynthesis (Formation of unorganized tumours + shoots)

* ipt Cytokinin biosynthesis (Formation of unorganized tumours + roots)

* tml Regulation of auxin and cytokinin synthesis (Regulation of tumour development)
* ops-Opine secretion

% ocs -Octopine biosynthesis (Unorganized tumours)

Vir Sequence:

Virulence (vir) sequence is a part of Ti plasmid which takes part in the transfer.and integra- tion of
T-DNA into chromosome of plant cell. It is located between the left®border of T-DNA and
replication sequence. The vir sequence con- sists of eight operons which take part in different
functions associated with virulence of Ti- plasmid. They are virH;virA, virB, virG, virC, virD and
VirE.

Herbicide Resistant Plants

Plants that can tolerate herbicides are called herbicide.resistant plants. Herbicide resistance of
main crops helps us for the effective use of herbicides to control weeds. So trans- genic plants
with herbicide resistance have been developed by adopting genetic engineering. Eg. Glyphosate
resistant Petunia, tomato, corn, etc.

1. Glyphosate Tolerant Plants

Glyphosate is a herbicide. It enters.the plant cells and inhibits the enzyme 5-enol pyruvyl
shikimate 3-phosphate synthetase (EPSP synthetase).

This enzyme involves in the biosynthesis of aromatic amino acids from phosphoenol Pyruvate.
Glyphosate inhibits EPSP synthetase. Hence aromatic amino acids have not been syn- thesized in
the plants. Therefore, the plants die soon after the application of glyphosate. This enzyme occurs
only in chloroplasts.

Glyphosate does not affect man and animals as they have no chloroplast.
Construction of Glyphosate Tolerant Plant

1. A Petunia plant resistant to glyphosate is selected. It can produce EPSP synthetase.
2. The cells producing EPSP synthetase, are isolated.

3. The mRNA, produced by the EPSP synthetase gene is isolated.

4. cDNA is prepared from mRNA.

5. A S35 CaMV promoter (caulimo mossaic virus) is linked to the 5' end of cDNA.
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6. Adaptors are linked to the two ends of the cDNA.

7. A disarmed Ti-plasmid is constructed by inserting a T-DNA into a pBR 322 plasmid with
kanamycin resistant gene.

8. The cDNA is inserted into the disarmed Ti-plasmid to produce rDNA.
9. The rDNA is introduced into E.coli by transformation.

10. A helper plasmid is introduced into this E.coli through conjugation.
11. This E.coli is conjugated with Agrobacterium tumefaciens

12. The plasmid of Agrobacterium and rDNA of E.coli are recombined to from a- co-integrate
plasmid.

13. This Agrobacterium is cultured in a medium containing kanamycin.

14.The surviving microbes are recombinant Agrobacteria.

15. This recombinant Agrobacteria are cultured with tomato:leaf discs for two days.
16. The leaf discs are infected with recombinant Agrobacteria

17. Calli are produced from these leaf discs.

18. The calli are grown into transgenic plants.

19. These transgenic plants are glyphosateresistant.

The EPSP synthetase gene of Petunia can also be transferred to tomato, tobacco, corn, cotton,
etc.

The soil bacteria Salmonella typhimurium and E.coli are resistant to glyphosate. They pro- duce
EPSP synthetase. This enzyme is coded by a gene called aro -A gene. The aro-A gene is transferred
to many plants through disarmed Ti plasmids for providing glyphosate resistance to them.
Glyphosate tolerant Petunia, potato, tomato, tobacco, cotton, etc. are developed in this method.

The maize line MONS802 is a glyphosate tolerant insect resistant variety developed by Monsanto
company. EPSPS gene of A.tumefaciens was joined with 35S CaMV promoter and goxv gene is
joined with CTPI promoter. Similarly Cry1lAb gene coding for delta- endotoxin of Orchrobacterium
anthropi was put under the control of CaMV 35S promoter. These two DNA segments are inserted
into Maize calli through particle bombardment method. The transgenic maize is resistant to
European corn borer.
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Sulphonylurea inhibits acetolactate synthetase (ALS), the enzyme involving in the bio- synthesis of
branched chain amino acids. An Arabidopsis, strain produces'a mutant ALS which does the usual
function but poor in affinity to the herbicide. The ALS.gene~of Arabidopsis is transferred to
tobacco through disarmed Ti plasmid. The transgenic. tobacco is 100 times resistant to

sulphonylurea.

Cotton 19-51a is tolerant to sulphonylurea. It ‘was developed by Du Point (Canada) in 1996.
Through site directed mutagenesis the ALS gene in tobacco was made to resist sulphonylurea and
then the gene was transferred.to cotton by Agrobacterium mediated plant tissue trans-

formation. The transgene was named S4-HrA
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UNIT -V
Transformation of Animal Cells:

Introduction

Transformation of animal cells involves the introduction of foreign DNA into animal cells, allowing
for the expression of new traits or the modification of existing ones.

Methods of Transformation

1. Electroporation: Uses electrical pulses to create temporary holes in the cell membrane,
allowing DNA to enter.

2. Microinjection: Injects DNA directly into the cell nucleus using a fine needle.

3. Lipofection: Uses liposomes to deliver DNA into cells.

4. Viral Vectors: Uses viruses to deliver DNA into cells.

5. Nucleofection: Uses electrical pulses to deliver DNA into:cells.

Types of Animal Cells

1. Embryonic Stem Cells: Pluripotent cells derived from embryos.

2. Somatic Cells: Non-reproductive cells, such as skin or blood cells.

3. Induced Pluripotent Stem Cells: Somatic cells reprogrammed to be pluripotent.
Applications of Animal Cell Transformation

1. Gene Therapy: Treatment. of genetic diseases by introducing healthy copies of a gene.
2. Regenerative Medicine: Use of transformed cells to repair or replace damaged tissues.

3. Biotechnology: Production of proteins, antibodies, or other molecules using transformed animal
cells.

4. Cancer Research: Study of cancer cells and development of new treatments.
Challenges and Limitations

1. Efficiency of Transformation: Low efficiency of DNA uptake and expression.
2. Cell Viability: Damage to cells during transformation process.

3. Immune Response: Rejection of transformed cells by the immune system.
4. Tumor Formation: Risk of tumor formation due to uncontrolled cell growth.
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Cloning vectors:

A vector is a DNA molecule that is used to carry a foreign DNA into the host cell. It has the ability
to self replicate and integrate into the host cell. These vectors have helped in analysing the
molecular structure of DNA.

Vectors can be a plasmid from the bacterium, a cell from the higher organism or DNA from-a virus.
The target DNA is inserted into the specific sites of the vector and ligated by DNA.ligase. The
vector is then transformed into the host cell for replication.

Features of Cloning Vectors:
The cloning vectors possess the following features

A cloning vector should possess an origin of replication so that it can self-replicate inside the host
cell.

It should have a restriction site for the insertion of the target DNA.

It should have a selectable marker with an antibiotic resistance gene that facilitates screening of
the recombinant organism.

It should be small in size so that it can easily integrate into the host cell.

It should be capable of inserting a large segment of DNA.

It should possess multiple cloning sites.

It should be capable of working‘under the prokaryotic and eukaryotic systems.
Types of Cloning Vectors

1. Plasmids: Small, circular DNA molecules commonly used in bacteria. Examples include pUC19
and pBluescript.

2. Bacteriophages: Viruses that infect bacteria, used for cloning larger DNA fragments. Examples
include A phage and M13 phage.

3. Cosmids: ' Hybrid vectors combining features of plasmids and bacteriophages. Examples include
pWE15and pHC79.

4. Yeast Artificial Chromosomes (YACs): Used for cloning large DNA fragments in yeast. Examples
include pYAC4 and pYACS.

5. Bacterial Artificial Chromosomes (BACs): Used for cloning large DNA fragments in bacteria.
Examples include pBAC and pIndigoBAC.
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6. Phagemids: Hybrid vectors combining features of plasmids and bacteriophages. Examples
include pBluescript Il and pGEM.

7. Fosmids: Similar to cosmids, but with a higher cloning capacity. Examples include pFOS1 and
pFOS2.

Components of Cloning Vectors
1. Origin of Replication (ori): Allows vector to replicate in host organism.

2. Selectable Marker: Enables selection of transformed host cells. Examples include antibiotic
resistance genes (e.g., ampicillin, kanamycin) and auxotrophic markers.

3. Multiple Cloning Site (MCS): Region containing restriction enzyme sites. for inserting foreign
DNA.

4, Vector Backbone: Remaining sequence of the vector, providing structural support.
Characteristics of Ideal Cloning Vectors

1. High Copy Number: Allows for abundant vector production.

2. Stability: Maintains structural integrity during replication and transformation.

3. Ease of Manipulation: Facilitates insertion‘and.deletion of DNA fragments.

4. Selectable Marker: Enables efficient selection of transformed host cells.

5. Low Background: Minimizes non-specific background signals.

Applications of Cloning Vectors

1. Gene Cloning: Isolation and amplification of specific genes.

2. Gene Expression: Study of gene function and regulation.

3. Gene Therapy: Treatment of genetic diseases by introducing healthy copies of a gene.
4. Synthetic Biology: Design and construction of new biological systems.

5. Protein Production: Large-scale production of recombinant proteins.

Examples of Cloning Vectors

1. pUC19: A plasmid vector commonly used for cloning in E.coli.

2. pBluescript: A plasmid vector commonly used for cloning in E.coli.

3. A phage: A bacteriophage vector commonly used for cloning large DNA fragments.
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4. pYAC4: A yeast artificial chromosome vector commonly used for cloning large DNA fragments in
yeast.

Advantages:
1. Efficient cloning: Cloning vectors enable efficient cloning of DNA fragments.

2. High copy number: Cloning vectors can produce high copy numbers, facilitating downstream
applications.

3. Selectable markers: Cloning vectors often contain selectable markers, enabling. efficient
selection of transformed host cells.

Disadvantages:

1. Size limitations: Cloning vectors have size limitations, restricting the size of DNA fragments that
can be cloned.

2. Instability: Cloning vectors can be unstable, leading to structural changes or loss of inserted
DNA.

3. Background signals: Cloning vectors can produce background signals, complicating downstream
applications.

Ti plasmid is a good example for cloning vector
Expression vectors:

It is a plasmid.or virus that is specially designed for expressing genes in a cell. It is a vector widely
used for protein production. They have basic features of a vector like ori (origin of replication),
insertion site, a selectable marker, etc. Additionally, they also have regulatory elements that aid in
protein _synthesis. Thus, the vector DNA fragment also carries a proper sequence for protein
synthesis.

Types of Expression Vectors

1. Prokaryotic Expression Vectors: Designed for expression in bacteria, such as E.coli. Examples
include pET-21a and pGEX-6P-1.
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2. Eukaryotic Expression Vectors: Designed for expression in eukaryotic cells, such as yeast, insect,
or mammalian cells. Examples include pCMV-Tag and pYES2.

3. Viral Expression Vectors: Use viral particles to deliver and express recombinant proteins or RNA
in host cells. Examples include adenovirus and lentivirus vectors.

4. Hybrid Expression Vectors: Combine elements of different types of expression vectors, such as
prokaryotic and eukaryotic vectors.

Components of Expression Vectors
1. Origin of Replication (ori): Allows vector to replicate in host organism.

2. Promoter: Regulates transcription of the recombinant gene. Examples_ include lac'promoter and
CMV promoter.

3. Recombinant Gene: The gene of interest to be expressed.

4. Terminator: Regulates transcription termination. Examples_include T7 terminator and SV40
terminator.

5. Selectable Marker: Enables selection of transformed host cells. Examples include antibiotic
resistance genes and fluorescent proteins.

6. Multiple Cloning Site (MCS): Region containing restriction enzyme sites for inserting foreign
DNA.

Characteristics of Ideal Expression Vectors

1. High Expression Levels: Produces high levels of recombinant protein or RNA.

2. Specificity: Expresses the'recombinant gene specifically in the desired host organism or tissue.
3. Stability: Maintains structural integrity during replication and expression.

4. Low Background: Minimizes non-specific background signals.

5. Easy torHandle: Simple to manipulate and transform into host cells.

Applications of Expression Vectors

1. Recombinant Protein Production: Large-scale production of recombinant proteins for research,
therapeutic, or industrial applications.

2. Gene Therapy: Treatment of genetic diseases by introducing healthy copies of a gene.

3. Vaccine Development: Development of vaccines using recombinant proteins or RNA.
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4. Cancer Research: Study of cancer biology and development of new treatments using
recombinant proteins or RNA.

Examples of Expression Vectors

1. pET-21a: A prokaryotic expression vector for E.coli.

2. pCMV-Tag: A eukaryotic expression vector for mammalian cells.
3. pYES2: A eukaryotic expression vector for yeast.

4. pAdEasy: A viral expression vector for adenovirus.

Advantages:

1. High expression levels: Expression vectors can produce high levels of recombinant protein or
RNA.

2. Specificity: Expression vectors can express the recombinant gene specifically in the desired host
organism or tissue.

3. Flexibility: Expression vectors can be designed forwvarious host organisms and applications.
Disadvantages:
1. Complexity: Expression vectors can be complex'to design and construct.

2. Instability: Expression vectors can be unstable, leading to structural changes or loss of inserted
DNA.

3. Background signals: Expression. vectors can produce background signals, complicating
downstream applications.

Transcription

Cloning sites
l’ned gene terminators
lacUV A %
promoter ' 0

EXPRESSION

VECTOR

("o,

Animal Viral Vectors:

Definition: Animal viral vectors are tools used to deliver genetic material into animal cells, often
for gene therapy, vaccine development, or research purposes.
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Types of Animal Viral Vectors:

1. Retroviral Vectors: Derived from retroviruses, these vectors integrate into the host genome.
Examples include HIV-1 and murine leukemia virus (MLV).

2. Adenoviral Vectors: Derived from adenoviruses, these vectors do not integrate into the host
genome. Examples include adenovirus type 5 (Ad5).

3. Adeno-Associated Viral (AAV) Vectors: Derived from AAV, these vectors integrate into the host
genome. Examples include AAV2 and AAV9.

4. Lentiviral Vectors: Derived from lentiviruses, these vectors integrate into the hostgenome.
Examples include HIV-1 and equine infectious anemia virus (EIAV).

5. Herpes Simplex Virus (HSV) Vectors: Derived from HSV, these vectors do notiintegrate into the
host genome.

Components of Animal Viral Vectors:

1. Vector Backbone: The viral genome with the majority of viral genes deleted.

2. Promoter: Regulates transcription of the transgene.

3. Transgene: The gene of interest to be expressed.

4, Polyadenylation Signal: Regulates transcription termination.

5. Envelope Protein: Determines the vector's tropism and ability to enter host cells.
Characteristics of Ideal Animal Viral Vectors:

1. High Transduction Efficiency: Efficiently infects and expresses the transgene in host cells.
2. Specificity: Targets specific cell types or tissues.

3. Safety: Minimizes the risk of adverse reactions or toxicity.

4. Stability: Maintains structural integrity during production and storage.

Applications of Animal Viral Vectors:

1. Gene Therapy: Treatment of genetic diseases by introducing healthy copies of a gene.
2. Vaccine Development: Development of vaccines using viral vectors to deliver antigens.

3. Cancer Research: Study of cancer biology and development of new treatments using viral
vectors.

4. Regenerative Medicine: Use of viral vectors to deliver genes that promote tissue repair and

regeneration.
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Examples of Animal Viral Vectors:

1. AAV2: An AAV vector commonly used for gene therapy applications.

2. Ad5: An adenoviral vector commonly used for vaccine development and cancer research.
3. HIV-1: A lentiviral vector commonly used for gene therapy applications.

4. EIAV: A lentiviral vector commonly used for gene therapy applications.

Advantages:

1. High transduction efficiency: Viral vectors can efficiently infect and express the.transgene in
host cells.

2. Specificity: Viral vectors can target specific cell types or tissues.

3. Flexibility: Viral vectors can be designed for various applications, including gene therapy,
vaccine development, and cancer research.

Disadvantages:
1. Safety concerns: Viral vectors can pose safety risks, suchas toxicity or off-target effects.

2. Immunogenicity: Viral vectors can stimulate. an immune response, which can limit their
effectiveness.

3. Production challenges: Viral vectors can be difficult to produce and scale up for clinical
applications.

Transgenic Animals Improving Important Genes:

Transgenic Animals:

Transgenic animals are-genetically modified organisms (GMOs) that have been engineered to
carry a specific gene.or genetic trait from another species.

Important Genes:

1. Growth Hormone Gene: Improves growth rate and feed efficiency in livestock.

2. Insulin Gene: Helps regulate blood sugar levels in diabetic animals.

3. Lactoferrin Gene: Enhances milk production and antimicrobial properties in dairy animals.
4. Prion Protein Gene: Reduces the risk of prion diseases, such as BSE (Mad Cow Disease).

5. Vitamin A Gene: Enhances vitamin A production in animals, improving vision and immune
function.
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Methods:

1. Microinjection: Injects DNA into fertilized eggs.

2. Embryonic Stem Cell Transfer: Transfers genetically modified stem cells into embryos.
3. Somatic Cell Nuclear Transfer (SCNT): Transfers genetically modified nuclei into eggs.
Examples:

1. Genetically Modified Salmon: Fast-growing, disease-resistant salmon with improved nutritional

content.
2. Enviropig: Pigs with reduced phosphorus excretion, minimizing environmental impact.

3. Spidersilk-Producing Goats: Goats that produce silk proteins in their milk, used for biomedical
applications.

4. Glowing Pigs: Pigs that produce a fluorescent protein, usedfor biomedical research.
Types of Transgenic Animals

1. Mammals: Mice, rats, rabbits, pigs, sheep, and cattle are commonly used in transgenic
research.

2. Birds: Chickens and quail are used in. transgenic research, particularly for studying
developmental biology and disease modeling.

3. Fish: Zebrafish, medaka, and salmon are used in transgenic research, particularly for studying
developmental biology and disease.modeling.

4. Insects: Fruit flies, mosquitoes, and silkworms are used in transgenic research, particularly for
studying developmental biology and disease modeling.

Important Genes for Improvement

1. Growth Hormone Gene: Improves growth rate and feed efficiency in livestock.

2. Insulin'Gene: Helps regulate blood sugar levels in diabetic animals.

3{ Lactoferrin Gene: Enhances milk production and antimicrobial properties in dairy animals.
4. Prion Protein Gene: Reduces the risk of prion diseases, such as BSE (Mad Cow Disease).

5. Vitamin A Gene: Enhances vitamin A production in animals, improving vision and immune
function.

Applications of Transgenic Animals

1. Agriculture: Improves crop yields, disease resistance, and nutritional content.
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2. Pharmaceuticals: Produces therapeutic proteins, such as insulin and growth hormone.
3. Biotechnology: Develops new products, such as biofuels and bioplastics.

4. Conservation: Helps preserve endangered species by introducing beneficial genes.
Applications:

1. Agriculture: Improves crop yields, disease resistance, and nutritional content.

2. Pharmaceuticals: Produces therapeutic proteins, such as insulin and growth hormone.
3. Biotechnology: Develops new products, such as biofuels and bioplastics.

4. Conservation: Helps preserve endangered species by introducing beneficial genes
Production of Recombinant Proteins:

Recombinant Proteins:

Recombinant proteins are proteins produced through genetic engineering, where a gene encoding
a protein of interest is inserted into a host organism, such as.bacteria, yeast, or mammalian cells.

Production Systems:

1. Bacterial Expression Systems: E.coli, Bacillus:subtilis, and Pseudomonas putida are commonly
used for recombinant protein production.

2. Yeast Expression Systems: Saccharomyces.cerevisiae and Pichia pastoris are commonly used for
recombinant protein production:

3. Mammalian Expression Systems: CHO cells, HEK293 cells, and hybridoma cells are commonly
used for recombinant protein production.

4. Insect Expression  Systems: Baculovirus-infected insect cells are commonly used for
recombinant protein production.

Production Process:

1. Gene Cloning: The gene encoding the protein of interest is cloned into a plasmid.
2. Transformation: The plasmid is transformed into the host organism.

3. Expression: The host organism expresses the recombinant protein.

4. Purification: The recombinant protein is purified from the host organism.
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Types of Recombinant Proteins:

1. Therapeutic Proteins: Insulin, growth hormone, and antibodies are examples of therapeutic
proteins produced through recombinant DNA technology.

2. Industrial Proteins: Enzymes, such as amylase and lipase, are examples of industrial proteins
produced through recombinant DNA technology.

3. Research Proteins: Recombinant proteins are used as research tools to study protein function,
structure, and interactions.

Examples of Recombinant Proteins
1. Insulin: Produced through recombinant DNA technology in E.coli and Saccharomyces cerevisiae.

2. Growth Hormone: Produced through recombinant DNA technology in E.coli and Saccharomyces

cerevisiae.

3. Antibodies: Produced through recombinant DNA technology.in mammalian cells, such as CHO
cells.

4. Enzymes: Produced through recombinant DNA technology in microorganisms, such as E.coli and
Saccharomyces cerevisiae

Applications:

1. Pharmaceuticals: Recombinant proteins are used to produce therapeutic proteins, such as
insulin and growth hormone.

2. Biotechnology: Recombinant proteins are used in industrial applications, such as the production
of enzymes and biofuels:

3. Research: Recombinant proteins are used as research tools to study protein function, structure,
and interactions.

Immunotoxins:
Definition:

Immunotoxins are proteins that consist of a toxin linked to an antibody or growth factor
that'binds specifically to cancer cells.

Mechanism of Action:
1. Binding: The antibody or growth factor binds specifically to cancer cells.

2. Internalization: The immunotoxin is internalized by the cancer cell.
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3. Toxin Release: The toxin is released from the immunotoxin and inhibits protein synthesis,
leading to cell death.

Types of Immunotoxins:

1. Antibody-Toxin Conjugates: Consist of an antibody linked to a toxin.

2. Growth Factor-Toxin Fusion Proteins: Consist of a growth factor linked to a toxin.

3. Immunotoxin Fusion Proteins: Consist of an antibody or growth factor linked to a toxin.

4, Recombinant Immunotoxins: Produced through recombinant DNA technology, these
immunotoxins consist of a toxin linked to an antibody or growth factor.

Toxins Used in Immunotoxins:

1. Diphtheria Toxin: A potent inhibitor of protein synthesis.

2. Pseudomonas Exotoxin: A potent inhibitor of protein synthesis.
3. Ricin: A potent inhibitor of protein synthesis.

4, Saporin: A potent inhibitor of protein synthesis

Clinical Applications:

1. Cancer Therapy: Immunotoxins are used'to treat various types of cancer, including leukemia,
lymphoma, and solid tumors.

2. Autoimmune Diseases: Immunotoxins are being investigated for the treatment of autoimmune
diseases, such as rheumatoid arthritis.and multiple sclerosis.

Advantages:
1. Specificity: Immunotoxins bind specifically to cancer cells, reducing harm to healthy cells.

2. Potency:.Immunotoxins can be highly potent, requiring only small amounts to achieve
therapeutic effects.

3. Flexibility: Immunotoxins can be designed to target various types of cancer cells.
Disadvantages:

1. Immunogenicity: Immunotoxins can stimulate an immune response, leading to the production
of neutralizing antibodies.

2. Toxicity: Immunotoxins can be toxic to healthy cells, particularly at high doses.

3. Production Complexity: Immunotoxins can be complex to produce, requiring specialized
equipment and expertise.
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Examples of Immunotoxins:
1. Denileukin Diftitox: An immunotoxin consisting of IL-2 linked to diphtheria toxin.

2. Gemtuzumab Ozogamicin: An immunotoxin consisting of an anti-CD33 antibody linked to
calicheamicin.

3. Ricin-Based Immunotoxins: Immunotoxins consisting of an antibody or growth factor linked to
ricin.

3. Ricin-Based Immunotoxins: Immunotoxins consisting of an antibody or growth factor.linked to
ricin.

Vaccines:

Definition: Vaccines are preparations that provide active acquired .immunity to a particular
infectious disease.

Types of Vaccines:

1. Inactivated Vaccines: Contain killed or inactivated pathogens, such as flu vaccines.

2. Live, Attenuated Vaccines: Contain weakened or attenuated pathogens, such as MMR vaccines.
3. Subunit Vaccines: Contain only specific components of a pathogen, such as Hib vaccines.

4. Conjugate Vaccines: Combine a weakened pathogen with a carrier protein, such as
pneumococcal conjugate vaccines:

5. mRNA Vaccines: Use messenger.RNA to instruct cells to produce a specific protein, such as
COVID-19 vaccines.

6. Viral Vector Vaccines: Usea virus to deliver genetic material to cells, such as Ebola vaccines.
Vaccine Development Process:

1. Research and Development: Identify a need for a vaccine and develop a concept.

2. Preclinical Testing: Test the vaccine in laboratory and animal studies.

3. Clinical Trials: Test the vaccine in human subjects to assess safety and efficacy.

4. Licensure and Approval: Obtain approval from regulatory agencies, such as the FDA.

5. Manufacturing and Distribution: Produce and distribute the vaccine.

Vaccine Administration Routes:

1. Intramuscular (IM) Injection: Injected into a muscle, such as the deltoid muscle.
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2. Subcutaneous (SC) Injection: Injected under the skin, such as in the fatty tissue of the arm.
3. Intradermal (ID) Injection: Injected into the skin, such as in the forearm.

4. Oral Administration: Taken by mouth, such as oral poliovirus vaccine.

5. Nasal Spray Administration: Administered through the nose, such as flu vaccine.

Vaccine Safety and Efficacy:

1. Vaccine Efficacy: Measures the ability of a vaccine to prevent disease.

2. Vaccine Safety: Measures the risk of adverse reactions associated with a vaccine.

3. Vaccine Adverse Event Reporting System (VAERS): A system for reporting adverse reactions to

vaccines.

Vaccine-Preventable Diseases:

1. Influenza (Flu): A contagious respiratory illness caused by the influenza virus.

2. Human Papillomavirus (HPV): A virus that can cause cervical.cancer and other diseases.
3. Hepatitis B: A virus that can cause liver diseaserand.cancer.

4. Measles, Mumps, and Rubella (MMR): Contagious viral illnesses that can cause serious
complications.

5. Pertussis (Whooping Cough): A. contagious bacterial illness that can cause serious
complications.

Immunization Schedules:

1. Recommended Vaccination:Schedule: A schedule recommended by health organizations, such
as the CDC.

2. Catch-up Vaccination Schedule: A schedule for individuals who have missed vaccinations or
need to catch up on vaccinations.

Vaccine Hesitancy and Misinformation:
1. Vaccine Misinformation: False or misleading information about vaccines.
2. Vaccine Hesitancy: Delay or refusal to vaccinate despite availability of vaccine services.

3. Addressing Vaccine Hesitancy: Strategies to address vaccine hesitancy, such as education and
communication
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Hybridoma Technology:

Hybridoma technology is a method used to produce large quantities of antibodies, which are
proteins that recognize and bind to specific molecules.

History of Hybridoma Technology

Hybridoma technology was first developed in the 1970s by César Milstein and Georges Kohler.
They were awarded the Nobel Prize in Physiology or Medicine in 1984 for their discovery.

Principle of Hybridoma Technology

Hybridoma technology involves the fusion of an antibody-producing B cell.with @ myeloma
(cancer) cell that can grow indefinitely in the laboratory. The resulting hybrid cell, called a
hybridoma, can produce large quantities of the desired antibody.

Steps Involved in Hybridoma Production

1. Immunization: An animal, typically a mouse, is immunized-with the antigen of interest. This
stimulates the animal's immune system to produce antibodies against the antigen.

2. Harvesting of Spleen Cells: The animal's spleen isiremoved, and spleen cells are isolated. These
cells include B cells, which are the cells responsible for producing antibodies.

3. Fusion of B Cells with Myeloma Cells: The.B cells are fused with myeloma cells (cancer cells that
can grow indefinitely in the laboratory) using a process called electrofusion. This creates hybrid
cells, known as hybridomas.

4. Selection of Hybridomas: The hybridomas are grown in a selective medium that allows only the
hybridomas to survive. This.is because the myeloma cells are deficient in the enzyme
hypoxanthine-guanine phosphoribosyltransferase (HGPRT), and the selective medium contains
hypoxanthine, aminopterin, and thymidine (HAT).

5. Screening for Antibody Production: The hybridomas are screened for the production of
antibodies against the antigen of interest. This is typically done using enzyme-linked
immunosorbent assay (ELISA) or other immunoassays.

6. Cloning:and Expansion of Hybridomas: The hybridomas that produce the desired antibodies are
cloned and expanded to produce large quantities of the antibodies

Examples of Hybridoma Technology
1. Rituximab (Rituxan): A monoclonal antibody used to treat non-Hodgkin's lymphoma.

2. Trastuzumab (Herceptin): A monoclonal antibody used to treat breast cancer.
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3. Infliximab (Remicade): A monoclonal antibody used to treat autoimmune diseases, such as
rheumatoid arthritis.

Factors Affecting Hybridoma Production

1. Immunization Protocol: The immunization protocol used can affect the quality and quantity of
antibodies produced.

2. Fusion Efficiency: The efficiency of the fusion process can affect the number of shybridomas
produced.

Types of Hybridomas
1. Monoclonal Hybridomas: These hybridomas produce a single type of antibody.
2. Polyclonal Hybridomas: These hybridomas produce multiple types-of antibodies.

3. Human-Mouse Hybridomas: These hybridomas are produced by fusing human B cells with
mouse myeloma cells

Applications of Hybridoma Technology

1. Monoclonal Antibodies: Hybridoma technology is used to produce monoclonal antibodies,
which are used in various medical applications, including cancer treatment and diagnostic tests.

2. Immunotherapy: Hybridoma technologyis used to produce antibodies for immunotherapy,
which involves using the immune system to fight diseases.

3. Diagnostic Tests: Hybridoma technology is used to produce antibodies for diagnostic tests, such
as ELISA and Western blotting.

Advantages of Hybridoma Technology
1. High Yield: Hybridoma.technology allows for the production of large quantities of antibodies.

2. Specificity: Hybridoma technology allows for the production of antibodies with high specificity
for the desired antigen.

3. Consistency: Hybridoma technology allows for the production of consistent batches of
antibodies.

Limitations of Hybridoma Technology

1. Time-Consuming: Hybridoma technology is a time-consuming process that requires several
months to produce antibodies.

2. Expensive: Hybridoma technology is an expensive process that requires specialized equipment
and expertise.
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3. Limited Antibody Diversity: Hybridoma technology is limited in the diversity of antibodies that
can be produced.

3. Selection Medium: The selection medium used can affect the survival and growth of
hybridomas.

4. Screening Method: The screening method used can affect the detection of antibodies produced
by hybridomas.
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Molecular and Cellular Biology of Fertilization:

Fertilization is the process by which a sperm fuses with-an egg to form a zygote. This process
involves a series of complex molecular and cellular events.

Steps Involved in Fertilization

1. Sperm Capacitation: Sperm undergo a series of changes in the female reproductive tract,
including the removal of seminal plasma proteins and the alteration of sperm membrane proteins.

2. Sperm-Egg Interaction: Sperm interact with the egg's outer layer, the zona pellucida, through
specific receptors.

3. Acrosome Reaction: Sperm undergo an acrosome reaction, which involves the release of
enzymes that help the sperm penetrate the zona pellucida.

4. Zona<Pellucida. Penetration: Sperm penetrate the zona pellucida and reach the egg's plasma
membrane.

5. Fusion of Sperm and Egg: Sperm fuse with the egg's plasma membrane, resulting in the
formation of a zygote.

Molecular Biology of Fertilization
Cellular Biology of Fertilization

1. Sperm Structure: Sperm have a unique structure that allows them to interact with the egg. This
structure includes:
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- Acrosome: a cap-like structure that contains enzymes that help sperm penetrate the egg's
zona pellucida.

- Flagellum: a long, whip-like structure that helps sperm move.
- Plasma membrane: a membrane that surrounds the sperm and helps it interact with the egg.

2. Egg Structure: Eggs have a unique structure that allows them to interact with sperm. This
structure includes:

- Zona pellucida: a glycoprotein layer that surrounds the egg and helps sperm bind to it.
- Plasma membrane: a membrane that surrounds the egg and helps it interact.with sperm.
- Cortical granules: organelles that contain enzymes that help the eggblock polyspermy.

3. Fusion of Sperm and Egg: The fusion of sperm and egg results in the formation of a zygote. This
process involves:

- Sperm-egg interaction: sperm bind to the egg's zona pellucida and plasma membrane.
- Sperm penetration: sperm penetrate the egg's zona pellucida and plasma membrane.

- Fusion of sperm and egg plasma membranes: the sperm and egg plasma membranes fuse,
resulting in the formation of a zygote.

4, Activation of Egg: Fertilization activates the egg, leading to the resumption of meiosis and the
formation of a zygote.

Regulation of Fertilization

1. Hormonal Regulation: Fertilization is regulated by hormones, such as estrogen and
progesterone.

2. Cell-Cell Interactions: Fertilization involves cell-cell interactions between sperm and egg.

3. Signaling' Pathways: Fertilization involves a series of signaling pathways that regulate the
interaction between sperm and egg.

Clinical Applications

1. Assisted Reproductive Technology (ART): Fertilization is used in ART, such as in vitro fertilization
(IVF).

2. Fertility Testing: Fertilization is used in fertility testing, such as sperm-egg interaction tests.

3. Contraception: Fertilization is used in contraception, such as in the development of spermicides
and egg-blocking agents.
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Monoclonal Antibodies:

Monoclonal antibodies (mAbs) are identical antibodies produced by a single clone of cells. They
are used in various medical applications, including cancer treatment, autoimmune diseases, and
infectious diseases.

History of Monoclonal Antibodies

Monoclonal antibodies were first developed in the 1970s by César Milstein and Georges-Kohler.
They were awarded the Nobel Prize in Physiology or Medicine in 1984 for their discovery.

Types of Monoclonal Antibodies

1. 1gG: 1gG is the most common type of monoclonal antibody.

2. 1gM: 1gM is a type of monoclonal antibody that is often used in diagnostic tests.

3. IgA: IgAis a type of monoclonal antibody that is often used.in mucosal immunotherapy.

4, Chimeric Antibodies: Chimeric antibodies are composed of human and mouse antibody
sequences.

5. Humanized Antibodies: Humanized antibodies. are composed of human antibody sequences
with minimal mouse sequence content.

6. Fully Human Antibodies: Fully human antibodies are composed entirely of human antibody
sequences.

Advantages of Monoclonal Antibodies

1. High Specificity: Monoclonal.antibodies have high specificity for their target antigens.
2. High Affinity: Monoeclonal.antibodies have high affinity for their target antigens.

3. Consistency: Monoclonal'antibodies are consistent in their composition and function.
Disadvantages of Monoclonal Antibodies

1. Immunogenicity: Monoclonal antibodies can stimulate an immune response, leading to the
production of neutralizing antibodies.

2. Toxicity: Monoclonal antibodies can be toxic to healthy cells, particularly at high doses.
3. Cost: Monoclonal antibodies can be expensive to produce and administer.
Medical Applications

1. Cancer Treatment: Monoclonal antibodies are used to treat various types of cancer, including
breast cancer, lung cancer, and lymphoma.
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2. Autoimmune Diseases: Monoclonal antibodies are used to treat autoimmune diseases, such as
rheumatoid arthritis, multiple sclerosis, and Crohn's disease.

3. Infectious Diseases: Monoclonal antibodies are used to treat infectious diseases, such as HIV,
Ebola, and influenza.

4. Transplantation: Monoclonal antibodies are used to prevent rejection in organ transplantation.

5. Neurological Disorders: Monoclonal antibodies are used to treat neurological disorders, such as
Alzheimer's disease and Parkinson's disease.

Diagnostic Applications

1. Immunohistochemistry: Monoclonal antibodies are used in immunohistochemistry to detect
specific antigens in tissue samples.

2. Flow Cytometry: Monoclonal antibodies are used in flow cytometry to detect specific antigens
on cells.

3. ELISA: Monoclonal antibodies are used in ELISA (enzyme-linked immunosorbent assay) to
detect specific antigens in samples.

4. Western Blotting: Monoclonal antibodies are.used.in Western blotting to detect specific
antigens in samples.

Therapeutic Applications

1. Immunotherapy: Monoclonal antibodies are used in immunotherapy to stimulate the immune
system to attack cancer cells.

2. Targeted Therapy: Monoclonal antibodies are used in targeted therapy to deliver drugs or
toxins directly to cancer cells.

3. Gene Therapy: Monoclonal antibodies are used in gene therapy to deliver genes to specific cells
or tissues.

Industrial-Applications

1. Biotechnology: Monoclonal antibodies are used in biotechnology to produce biotherapeutics,
such as insulin and growth hormone.

2. Food Safety: Monoclonal antibodies are used in food safety to detect specific pathogens, such
as Salmonella and E.coli.

3. Environmental Monitoring: Monoclonal antibodies are used in environmental monitoring to
detect specific pollutants, such as pesticides and heavy metals.
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Veterinary Applications

1. Animal Health: Monoclonal antibodies are used in animal health to treat various diseases, such
as cancer and autoimmune diseases.

2. Veterinary Diagnostics: Monoclonal antibodies are used in veterinary diagnostics to detect
specific pathogens, such as viruses and bacteria.

Other Applications

1. Cosmetics: Monoclonal antibodies are used in cosmetics to detect specific skinjproteins, such as
collagen and elastin.

2. Forensic Science: Monoclonal antibodies are used in forensic science to detect specific proteins,
such as blood and saliva.

3. Research: Monoclonal antibodies are used in research to study various biological processes,
such as cell signaling and gene expression.

Human Genome Mapping:

The human genome is composed of more than 3 billion base pairs of DNA, which are organized
into 23 pairs of chromosomes. The Human Genome Project (HGP) was an international research
effort that aimed to map the entire human genome.

History of Human Genome Mapping

1. Early Beginnings: The concept of mapping the human genome dates back to the 1960s.
2. Human Genome Project (HGP): The HGP was launched in 1990 and completed in 2003.
3. Draft Sequence: A draft sequence of the human genome was released in 2001.

4. Final Sequence: The final sequence of the human genome was released in 2003.
Methods Used in Human Genome Mapping

1. DNA Sequencing: DNA sequencing involves determining the order of the four chemical building
blocks(adenine, guanine, cytosine, and thymine) that make up an organism's DNA.

2. Genetic Mapping: Genetic mapping involves identifying the location of genes on chromosomes.

3. Physical Mapping: Physical mapping involves creating a physical map of the genome by
identifying the location of specific DNA sequences.
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Technologies Used in Human Genome Mapping

1. Sanger Sequencing: Sanger sequencing is a method of DNA sequencing that involves the use of
dideoxynucleotides to terminate DNA synthesis.

2. Next-Generation Sequencing (NGS): NGS technologies, such as lllumina and lon Torrent, allow
for the rapid and cost-effective sequencing of large amounts of DNA.

3. Microarray Technology: Microarray technology involves the use of glass slides /or chips to
analyze the expression of thousands of genes simultaneously.

Applications of Human Genome Mapping

1. Personalized Medicine: Human genome mapping has enabled the development of personalized
medicine, which involves tailoring medical treatment to an individual's unigue genetic profile.

2. Genetic Testing: Human genome mapping has enabled the development of genetic testing,
which involves analyzing an individual's DNA to identify genetic disorders or mutations.

3. Cancer Research: Human genome mapping has.enabled researchers to identify genetic
mutations that contribute to cancer.

4. Forensic Analysis: Human genome mapping has enabled forensic analysts to identify individuals
and solve crimes.

Challenges and Limitations of Human Genome Mapping

1. Data Analysis: The large amount. of data generated by human genome mapping requires
sophisticated computational tools'and expertise for analysis.

2. Genetic Complexity: The human genome is complex, and many genes have multiple functions,
making it challenging to interpret the results of genome mapping.

3. Ethical Considerations:*"Human genome mapping raises ethical considerations, such as the
potential for.genetic discrimination and the need for informed consent.

DNA Sequencing Methods

1. Sanger Sequencing: This method involves the use of dideoxynucleotides to terminate DNA
synthesis. It was the primary method used in the Human Genome Project.

2. Next-Generation Sequencing (NGS): NGS technologies, such as lllumina and lon Torrent, allow
for the rapid and cost-effective sequencing of large amounts of DNA.

3. Whole-Genome Shotgun Sequencing: This method involves breaking the genome into small
fragments, sequencing each fragment, and then reassembling the sequences to form the
complete genome.
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Mapping Methods

1. Genetic Mapping: This method involves identifying the location of genes on chromosomes by
analyzing the inheritance of genetic markers.

2. Physical Mapping: This method involves creating a physical map of the genome by identifying
the location of specific DNA sequences.

3. Radiation Hybrid Mapping: This method involves using radiation to break chromosomes.and
then analyzing the fragments to create a physical map of the genome.

Computational Methods

1. Sequence Assembly: This method involves using computational algorithms to assemble the
sequences of DNA fragments into a complete genome.

2. Genome Annotation: This method involves using computational algorithms to identify the
location and function of genes and other features in the genome.

3. Comparative Genomics: This method involves comparing the genomes of different species to
identify similarities and differences.

Other Methods

1. Chromosomal Microdissection: This method. involves using a microscope to dissect individual
chromosomes and then analyzing the. DNA sequences of the dissected chromosomes.

2. Fluorescence In Situ Hybridization (FISH): This method involves using fluorescent probes to
visualize specific DNA sequences on.chromosomes.

3. Chromatin Immunoprecipitation (ChlIP): This method involves using antibodies to precipitate
chromatin fragments that are bound to specific proteins.

Targeted Genome Editing using Zinc Finger Nucleases (ZFNs):

Zinc Finger Nucleases (ZFNs) are a type of targeted genome editing tool that allows for precise
modifications to the genome. ZFNs are composed of two main components: a zinc finger protein
(ZFP) and a nuclease.

Principle of ZFNs

1. Zinc Finger Protein (ZFP): The ZFP is a protein that recognizes and binds to a specific DNA
sequence.

2. Nuclease: The nuclease is an enzyme that cleaves the DNA at the specific site recognized by the
ZFP.
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3. Double-Stranded Break (DSB): The nuclease creates a DSB in the DNA, which triggers the cell's
natural repair mechanisms.

4. Gene Editing: The cell's repair mechanisms can be exploited to introduce specific changes to the
genome, such as insertions, deletions, or substitutions.

Challenges and Limitations of ZFNs

1. Off-Target Effects: ZFNs can have off-target effects, where they cleave non-specific DNA
sequences.

2. Mosaicism: ZFNs can create mosaicism, where some cells in the organism have the desired edit,
while others do not.

3. Delivery: ZFNs need to be delivered to the cells of interest, which can be challenging.

Here is a detailed method and procedure for targeted genome editing using Zinc Finger Nucleases
(ZFNs):

Method:

1. Design of ZFNs: Design ZFNs that recognize and'bind tothe specific DNA sequence of interest.
This involves selecting a target site, designing the ZFP, and constructing the ZFN.

2. Construction of ZFN Expression Vectors: Construct expression vectors that encode the ZFNs.
This involves cloning the ZFN coding sequence into a suitable expression vector.

3. Delivery of ZFNs to Cells: Deliver the ZFN expression vectors to the cells of interest. This can be
done using various methods, such as electroporation, microinjection, or viral vectors.

4. Expression of ZFNs: Allow the cells to express the ZFNs. This can take several hours to several
days, depending on the cell typeand the expression system used.

5. Induction of Double-Stranded Breaks: Induce double-stranded breaks (DSBs) in the target DNA
sequence using the ZENs. This can be done by adding a small molecule that activates the ZFNs.

6. Repair of DSBs: Allow the cells to repair the DSBs using one of several repair pathways, such as
non<hemologous end joining (NHEJ) or homologous recombination (HR).

7. Verification of Gene Editing: Verify that the gene editing has been successful by analyzing the
DNA sequence of the edited cells.

Procedure:
Day 1-2: Design and Construction of ZFNs

1. Design the ZFNs using a suitable software tool, such as Zinc Finger Tools or ZFN-Site.
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2. Construct the ZFN expression vectors using a suitable cloning method, such as PCR or Gibson
Assembly.

Day 3-4: Delivery of ZFNs to Cells

1. Prepare the cells of interest for transfection, such as by trypsinizing and resuspending them in a
suitable medium.

2. Deliver the ZFN expression vectors to the cells using a suitable transfection method, such as
electroporation or lipofection.

Day 5-6: Expression of ZFNs
1. Allow the cells to express the ZFNs for 24-48 hours.

2. Verify the expression of the ZFNs using a suitable method, such as Western blotting or
immunofluorescence.

Day 7: Induction of Double-Stranded Breaks

1. Add a small molecule that activates the ZFNs, such as tamoxifen or doxycycline.

2. Allow the cells to induce DSBs for 24-48 hours:

Day 8-10: Repair of DSBs

1. Allow the cells to repair the DSBs using one of several repair pathways, such as NHEJ or HR.
2. Verify the repair of the DSBs using:a suitable method, such as PCR or sequencing.

Day 11-12: Verification of Gene Editing

1. Verify that the gene editing has been successful by analyzing the DNA sequence of the edited
cells.

2. Use a suitable method, such as sequencing or PCR, to verify the presence of the desired edit.
Advantages of ZFNs

1. High Specificity: ZFNs can recognize and bind to specific DNA sequences with high specificity.
2. Efficient Gene Editing: ZFNs can efficiently introduce specific changes to the genome.

3. Flexibility: ZFNs can be designed to target a wide range of DNA sequences.

Applications of ZFNs

1. Basic Research: ZFNs are used in basic research to study gene function and regulation.
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2. Gene Therapy: ZFNs are being explored as a tool for gene therapy, where they can be used to
correct genetic mutations that cause disease.

3. Crop Improvement: ZFNs are being used in crop improvement to introduce desirable traits such
as drought resistance and pest resistance.

4. Synthetic Biology: ZFNs are being used in synthetic biology to design and construct new
biological systems.

Targeted Genome Editing using TALENSs:

TALENs (Transcription Activator-Like Effector Nucleases) are a type of targeted genome editing
tool that allows for precise modifications to the genome. TALENs are composed of two main
components: a DNA-binding domain and a nuclease domain.

Principle of TALENs

1. DNA-Binding Domain: The DNA-binding domain of TALENs is composed of a series of repeats
that recognize specific DNA sequences.

2. Nuclease Domain: The nuclease domain of TALENSs is responsible for cleaving the DNA at the
specific site recognized by the DNA-binding domain.

3. Double-Stranded Break (DSB): The nuclease ‘domain creates a DSB in the DNA, which triggers
the cell's natural repair mechanisms.

4. Gene Editing: The cell's repair mechanisms'can be exploited to introduce specific changes to the
genome, such as insertions, deletions, or substitutions.

procedure for targeted genome editing using TALENSs:
Day 1-2: Design and.Construction of TALENs

1. Design the TALEN architecture using a suitable software tool, such as TALEN Designer or Mojo
Hand.

2. Select the target site and design the TALEN repeat variable di-residues (RVDs) to recognize the
target site.

3. Construct the TALEN expression vectors using a suitable cloning method, such as PCR or Gibson
Assembly.

Day 3-4: Preparation of Cells

1. Prepare the cells of interest for transfection, such as by trypsinizing and resuspending them in a
suitable medium.
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2. Count the cells and determine their viability using a suitable method, such as trypan blue
staining.

Day 5: Transfection of TALENs

1. Transfect the TALEN expression vectors into the cells using a suitable transfection method, such
as electroporation or lipofection.

2. Incubate the cells for 24-48 hours to allow for expression of the TALENSs.

Day 6-7: Induction of Double-Stranded Breaks

1. Add a small molecule that activates the TALENSs, such as tamoxifen or doxycycline.
2. Incubate the cells for 24-48 hours to allow for induction of double-stranded breaks.
Day 8-10: Repair of Double-Stranded Breaks

1. Allow the cells to repair the double-stranded breaks using'one of several repair pathways, such
as non-homologous end joining (NHEJ) or homologous recombination (HR).

2. Incubate the cells for 24-48 hours to allow for repair of the double-stranded breaks.
Day 11-12: Verification of Gene Editing

1. Verify that the gene editing has been successful by analyzing the DNA sequence of the edited
cells.

2. Use a suitable method, such as PCR or.sequencing, to verify the presence of the desired edit.
Advantages of TALENs

1. High Specificity: TALENSs can recognize and bind to specific DNA sequences with high specificity.
2. Efficient Gene Editing: TALENSs can efficiently introduce specific changes to the genome.

3. Flexibility: TALENS can be designed to target a wide range of DNA sequences.

Applications of TALENs

1. Basic' Research: TALENSs are used in basic research to study gene function and regulation.

2..Gene Therapy: TALENSs are being explored as a tool for gene therapy, where they can be used to
correct genetic mutations that cause disease.

3. Crop Improvement: TALENs are being used in crop improvement to introduce desirable traits
such as drought resistance and pest resistance.

4. Synthetic Biology: TALENs are being used in synthetic biology to design and construct new
biological systems.
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Challenges and Limitations of TALENs

1. Off-Target Effects: TALENs can have off-target effects, where they cleave non-specific DNA
sequences.

2. Mosaicism: TALENs can create mosaicism, where some cells in the organism have the desired
edit, while others do not.

3. Delivery: TALENs need to be delivered to the cells of interest, which can be challenging.

Targeted Genome Editing using CRISPR/Cas9:

CRISPR/Cas9 (Clustered Regularly Interspaced Short Palindromic Repeats/Cas9).is a powerful tool
for targeted genome editing. It allows for precise modifications to the genome by making double-
stranded breaks (DSBs) in the DNA.

Principle of CRISPR/Cas9

1. Guide RNA (gRNA): The gRNA is a small RNA molecule that is programmed to recognize a
specific DNA sequence.

2. Cas9 Nuclease: The Cas9 nuclease is an enzyme_ that .cleaves the DNA at the specific site
recognized by the gRNA.

3. Double-Stranded Break (DSB): The Cas9 nuclease creates a DSB in the DNA, which triggers the
cell's natural repair mechanisms.

4. Gene Editing: The cell's repair mechanisms can be exploited to introduce specific changes to the
genome, such as insertions, deletions, or substitutions.

Comparison with Other Genome Editing Tools

1. TALENs: TALENs«{(Transcription Activator-Like Effector Nucleases) are another type of genome
editing tool that uses a.different mechanism to recognize and cleave specific DNA sequences.

2. ZFNs: ZFNs (Zinc Finger Nucleases) are another type of genome editing tool that uses a zinc
finger protein to recognize and cleave specific DNA sequences.

3. Base Editors: Base editors are a new type of genome editing tool that allows for the direct,
irreversible conversion of one DNA base to another without making a double-stranded break in
the.genome.

Procedure for CRISPR/Cas9 Genome Editing
1. Design the guide RNA (gRNA) to recognize the specific DNA sequence of interest.

2. Construct the CRISPR/Cas9 expression vector using a suitable cloning method.
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3. Deliver the CRISPR/Cas9 expression vector to the cells of interest using a suitable transfection
method.

4. Induce the expression of the CRISPR/Cas9 system using a suitable method, such as addition of a
small molecule.

5. Verify the gene editing outcome using a suitable method, such as PCR or sequencing.
how it works:

Step 1: Target Identification

1. Identify the specific gene or DNA sequence to be edited.

2. Design a small RNA molecule, known as a guide RNA (gRNA), that isscomplementary to the
target sequence.

Step 2: CRISPR-Cas9 Complex Formation

1. The gRNA is introduced into the cell along with the CRISPR-Cas9 enzyme.
2. The gRNA binds to the CRISPR-Cas9 enzyme, forming a complex.

Step 3: Target Recognition

1. The CRISPR-Cas9 complex searches for the target DNA sequence.

2. When the complex finds the target'sequence, the gRNA binds to it, allowing the Cas9 enzyme to
cleave the DNA.

Step 4: DNA Cleavage

1. The Cas9 enzyme cleaves:the DNA at the target site, creating a double-stranded break (DSB).
2. The DSB triggers the cell's natural repair mechanisms.

Step 5: Repair Mechanisms

1. The cell's repair mechanisms, such as non-homologous end joining (NHEJ) or homologous
recombination (HR), are activated.

2. Researchers can supply a template for repair, allowing for precise editing of the genome.
Step.6: Genome Editing

1. The cell's repair mechanisms incorporate the supplied template, making precise changes to the
genome.

2. The edited genome is now ready for further analysis or application.
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Advantages of CRISPR/Cas9

1. High Specificity: CRISPR/Cas9 can recognize and cleave specific DNA sequences with high
specificity.

2. Efficient Gene Editing: CRISPR/Cas9 can efficiently introduce specific changes to the genome.
3. Flexibility: CRISPR/Cas9 can be used to target a wide range of DNA sequences.

Applications of CRISPR/Cas9

1. Basic Research: CRISPR/Cas9 is used in basic research to study gene function and.regulation.

2. Gene Therapy: CRISPR/Cas9 is being explored as a tool for gene therapy, where it can be used
to correct genetic mutations that cause disease.

3. Crop Improvement: CRISPR/Cas9 is being used in crop improvement to introduce desirable
traits such as drought resistance and pest resistance.

4. Synthetic Biology: CRISPR/Cas9 is being used in synthetic biology to design and construct new
biological systems.

DNA Fingerprinting:

DNA fingerprinting, also known as DNA profiling,.is.a technique used to identify individuals based
on their unigue DNA characteristics. It involves analyzing specific regions of an individual's DNA to
create a unique genetic profile.

Principle of DNA Fingerprinting

1. DNA Extraction: A DNA sample is extracted from an individual's cells, such as blood, saliva, or
tissue.

2. PCR Amplification: The extracted DNA is amplified using the polymerase chain reaction (PCR)
technique to generate millions of copies of the DNA.

3. Restriction Enzyme Digestion: The amplified DNA is then digested with restriction enzymes that
cut the DNA at specific recognition sites.

4. Gel Electrophoresis: The resulting DNA fragments are separated based on their size using gel
electrophoresis.

5. Hybridization: The separated DNA fragments are then hybridized with labeled probes that bind
to specific DNA sequences.

6. Detection: The hybridized DNA fragments are detected using autoradiography or fluorescence,
resulting in a unique DNA fingerprint.

Page 174 of 178



ACADEMIC YEAR 2024-2025, SEMESTER - VI / = \\‘
STUDY MATERIAL FOR B.Sc., MICROBIOLOGY \ i ‘
BIOTECHNOLOGY AND GENETIC ENGINEERING \\ /

Types of DNA Fingerprinting

1. Restriction Fragment Length Polymorphism (RFLP): This method involves analyzing the length of
DNA fragments generated by restriction enzyme digestion.

2. Short Tandem Repeat (STR): This method involves analyzing the length of short tandem repeats
(STRs) in an individual's DNA.

3. Mitochondrial DNA (mtDNA): This method involves analyzing the DNA sequénce of an
individual's mitochondria.

Here are the steps involved in DNA fingerprinting:

Step 1: DNA Extraction

Extract DNA from the sample, such as blood, saliva, or tissue.
Step 2: PCR Amplification

Amplify specific regions of the extracted DNA using “the polymerase chain reaction (PCR)
technique.

Step 3: Restriction Enzyme Digestion

Digest the amplified DNA with restriction enzymes that cut the DNA at specific recognition sites.
Step 4: Gel Electrophoresis

Separate the resulting DNA fragments based on their size using gel electrophoresis.
Step 5: Southern Blotting

Transfer the separated DNA fragments to a membrane, such as nitrocellulose or nylon.
Step 6: Hybridization

Hybridize the membrane with labeled probes that are specific to the regions of interest.
Step 7: Detection

Detect the hybridized probes using autoradiography or fluorescence.

Step 8: Analysis

Analyze the DNA fingerprint to identify the individual or determine the relationship between
individuals.

Step 9: Verification
Verify the results by repeating the analysis and using multiple DNA markers.
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Step 10: Interpretation
Interpret the results in the context of the investigation or research question.
Applications of DNA Fingerprinting

1. Forensic Science: DNA fingerprinting is widely used in forensic science to identify individuals
and solve crimes.

2. Parentage Testing: DNA fingerprinting is used to determine paternity or maternity in disputed
cases.

3. Genetic Disease Diagnosis: DNA fingerprinting is used to diagnose genetic diseases and identify
individuals who are carriers of genetic mutations.

4. Genealogy: DNA fingerprinting is used to study human migration. patterns and reconstruct
family trees.

Advantages of DNA Fingerprinting
1. High Accuracy: DNA fingerprinting is highly accurate and-can provide conclusive results.
2. Unique Identification: DNA fingerprinting can provide a unique identification of an individual.

3. Non-Invasive: DNA fingerprinting can be performed using non-invasive methods, such as buccal
swabs or saliva samples.

Limitations of DNA Fingerprinting

1. DNA Degradation: DNA can degrade over time, making it difficult to obtain a clear DNA
fingerprint.

2. Contamination: DNA samples can be contaminated with foreign DNA, which can affect the
accuracy of the results.
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Gene therapy

Gene therapy is a medical treatment that uses genes to prevent or treat diseases. It involves the
transfer of genetic material, such as DNA or RNA, into cells to repair or replace damaged or
diseased genes.

Types of Gene Therapy:

1. Germline Gene Therapy: This type of gene therapy involves making changes to the genes in
reproductive cells (sperm or eggs) to prevent the transmission of genetic diseases.to future
generations.

2. Somatic Gene Therapy: This type of gene therapy involves making changes to the'genes in non-
reproductive cells (such as blood cells or muscle cells) to treat or prevent diseases.

3. Gene Editing: This type of gene therapy involves making precise changes to the DNA sequence
of a gene to repair or replace damaged or diseased genes.

Methods of Gene Therapy:

1. Viral Vectors: Viruses, such as retroviruses or adenoviruses, are used to deliver genetic material
into cells.

2. Non-Viral Vectors: Non-viral vectors, such as‘liposomes or nanoparticles, are used to deliver
genetic material into cells.

3. Electroporation: This method wses electrical pulses to create temporary holes in cell
membranes, allowing genetic material to enter the cells.

4. Microinjection: This .method involves injecting genetic material directly into cells using a
microscope and a needle.

Applications of Gene Therapy:

1. Genetic Disorders: Gene therapy can be used to treat genetic disorders, such as sickle cell
anemia; cystic fibrosis, and muscular dystrophy.

2. Cancer: Gene therapy can be used to treat cancer by delivering genes that inhibit the growth of
cancer cells or stimulate the immune system to attack cancer cells.

3. Infectious Diseases: Gene therapy can be used to treat infectious diseases, such as HIV, by
delivering genes that inhibit the replication of the virus.

4. Regenerative Medicine: Gene therapy can be used to promote tissue repair and regeneration
by delivering genes that stimulate the growth of new cells and tissues.
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Challenges and Limitations of Gene Therapy:

1. Safety Concerns: Gene therapy can have unintended consequences, such as off-target effects or
the development of cancer.

2. Efficiency: Gene therapy can be inefficient, with only a small percentage of cells taking up the
genetic material.

3. Immune Response: Gene therapy can stimulate an immune response, which can‘lead to the
rejection of the genetic material.

4. Cost: Gene therapy can be expensive, making it inaccessible to many people.
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