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Gene Cloning
• Definition:  using bacteria to make multiple 

identical  copies of a single stretch of DNA.
• Useful in understanding eukaryotic 

genome.
• Cloning Vector:

– Any vehicle that inserts a fragment of foreign 
DNA into the genome of a host cell. 

– Example: virus or genetically engineered 
plasmid.

– Used in gene therapy.
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CLASSICAL DEFINITION OF GENECLASSICAL DEFINITION OF GENE

Gene is the unit of-
 Function (one gene specifies 

one character),
 Recombination, and
Mutation.
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MORDERN DEFINITION OF MORDERN DEFINITION OF 
GENEGENE

 Unit of Genetic Information ( 
Unit of DNA that specifies one 
polypeptide)

 Includes coding as well as non-
coding regulatory sequences.
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 Exons are segments of a gene that 
encode mature mRNA for a specific 
polypeptide chain. 

 Introns are segments of a gene that do 
not encode mature mRNA. Introns are 
found in most genes in eukaryotes and 
in some gene of bacteriophage and 
archae . 

Exons and IntronsExons and Introns
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 Can duplicate themselves very 
accurately (Replication).

 Synthesizes a particular Protein.
 Determines the sequence of 

amino acid in the polypeptide 
chain

ESSENTIAL FEATURES OF ESSENTIAL FEATURES OF 
GENEGENE
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SOME TERMS RELATED TO SOME TERMS RELATED TO 
GENEGENE

 RECON - It is the smallest unit    of 
DNA capable of undergoing 
Crossing Over & Recombination.

 MUTON - It is the smallest unit of 
DNA which can undergo 
Mutation.
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SOME TERMS RELATED TO SOME TERMS RELATED TO 
GENEGENE

 COMPLON - It is the unit of 
complementation.

 CISTRON - The portion of DNA 
specifying a single 
polypeptide chain is termed 
as cistron. Dr. Girima Nagda



ESSENTIAL FEATURES OF ESSENTIAL FEATURES OF 
GENEGENE

Determines the physical as well 
as physiological characters.
Situated in the chromosome.
Occupies a specific position 

known as Locus.
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Arranged in single linear order.
Occur in functional states called 

Alleles.
Some have more than 2 alleles 

known as Multiple Alleles.

ESSENTIAL FEATURES OF ESSENTIAL FEATURES OF 
GENEGENE
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 Some may undergo sudden and 
permanent change in expression 
called as Mutant Gene (Mutation).

 May be transferred to its 
homologous (Cross-over) or non-
homologous counterpart 
(Translocation).

ESSENTIAL FEATURES OF ESSENTIAL FEATURES OF 
GENEGENE
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 Prokaryotes : Genes and 
Cistrons are equivalent
 Eukaryotes : Cistron is 
equivalent to the exons

Gene Cistron Relationship 
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Cis and Trans position

Cis position: Genes in the cis position are
on the same chromosome of a pair of
homologous chromosomes.
Trans position: Genes in the trans
position are on the different
chromosomes of a pair of homologous
chromosomes.
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Genetic Engineering

• Definition:  Ability to 
precisely manipulate DNA 
sequences from widely 
different organisms.

• Process requires
– Ability to cut DNA
– To insert foreign DNA 

segment
– “Glue” DNA sequences 

together
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GENETIC ENGINEERING may be
described as the introduction of
manipulated genetic material in to a cell
in such a way as to replicate and be
passed on to the progeny cell.
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Genetic Engineering Technique
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Gene Manipulation: Gene manipulation is
defined as the formation of a new combination
of a heritable material by the insertion of
nucleic acid molecules (DNA molecules) into
bacterial plasmid or any other vector so as to
allow their incorporation in to the host
organism, in which they are capable of
containing propagation.
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Microinjection Technique
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Gene Cloning: The insertion of a fragment
of DNA carrying a gene into a cloning
vector and subsequent propagation of
recombinant DNA molecules into many
copies is known as gene cloning.
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Gene Cloning Technique
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BASIC STEPS OF GENE CLONING

 Construction of recombinant DNA 
molecule

 Transport of the recombinant DNA to the 
host cell

 Multiplication of recombinant DNA 
molecule

 Division of the host cell
 Numerous cell division resulting in a clone
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Gene cloning requires specialized tools and 
techniques:

Vehicles: The central component of a gene
cloning experiment is the vehicle, which
transport the gene into the host cell and is
responsible for its replication. To act as a cloning
vehicle a DNA molecule must be capable of
entering a host cell and, once inside, replicating
to produce multiple copies of itself.

Vector: A DNA molecule, capable of replication
in a host organism, into which a gene is inserted
to construct a recombinant DNA molecule.
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Molecular Scissors 

• Restriction enzymes:
– Cut DNA at specific places called recognition sites.
– Form “sticky ends.”
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Restriction Sites
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Molecular Paste
• DNA Ligase:

– Form bonds between the sugar and phosphate 
backbone of the DNA molecule.

• Restriction enzymes and DNA ligase make  
possible the combination of DNA from 
different organisms into one DNA molecule
– Called recombinant DNA
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Making Recombinant DNA
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How do we know what size DNA 
fragments we have?

• Agarose gel 
electrophoresis:
– Allows separation of 

DNA on the basis of 
size.

– Can visualize DNA to 
determine exactly how  
large it is.
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Making a DNA library

• Need the following:
– A gene of interest
– Restriction enzymes
– Plasmids
– DNA ligase

• Can create a cloning vector using these 
tools which can be inserted in a bacteria

• Allow bacteria to reproduce
• DNA library:  entire collection of bacterial 

cells which contain cloned gene
Dr. Girima Nagda
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Screening a DNA Library

• Need to find the gene of interest in the 
bacteria or bacterial cells that possess the 
gene of interest.

• Use nucleic acid hybridization to find the gene 
of interest.
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Nucleic Acid Hybridization

• Requires a molecular probe:
– Probe is made of a synthetic single-stranded 

DNA whose sequence is complementary to the 
gene of interest.

– Also has a built-in marker so scientists can find 
it.

• When probe binds to denatured gene of 
interest, a hybrid is formed.
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Polymerase Chain Reaction
• Allows scientists to make copies of a small 

sample of DNA.
• Requires:

– Primers:  two synthetic short strands of DNA 
that are complementary to each of the two 
DNA sequences that flank the gene or DNA to 
be copied.

– Heat-resistant DNA polymerase
– Nucleotides

Dr. Girima Nagda



Dr. Girima Nagda



Dr. Girima Nagda



DNA Sequencing

• Determining the base-
by-base order of the 
nucleotides in a 
stretch of DNA.

• Can help us identify 
regions of DNA that 
contain genes.
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DNA Sequencing

• Makes possible comparisons of DNA 
sequences
– between individuals to teach us about our 

susceptibility to disease.
– between species to teach us about how we 

evolved.

• Also, DNA sequences teach us about the 
regulation of gene expression.
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Structural gene- gene that codes for a 
polypeptide
Promoter  site- region where RNA 

polymerase bind to initiate transcription of  
the structural genes (STG).
Operator Site - region where the repressor 

attaches to control the access to STG
Regulatory gene- codes for repressor 

proteins

Operon(Gene cluster under control       Operon(Gene cluster under control       
of single promoter) of single promoter) 
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laclac OperonOperon
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Bacterial Promoter 

-10 or Pribnow or TATA box-35 box
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An eukaryotic Gene 
exon1 intron1 exon2 exon3intron2

AAAA

AAAA

cap

cap

Gene: 
duplex DNA

Primary transcript: 
single stranded RNA

Precursor to  
mRNA

mRNA

Protein

transcription

5' and 3' end processing

splicing

translation

Dr. Girima Nagda



Types of exons

5’
3’

Start Stop

Transcription start

Translation

StoppolyA

5’ untranslated
region

3’ untranslated
region

5’ 3’

Protein
coding 
region

promoter

GT AG GT AG GT AG GT AG

Open reading frame

Gene

mRNA

Translation

Initial exon
Internal exon
Terminal exon
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Performing the Restriction Digests

• You will need to set up a restriction digest of 
your plasmid vector and your DNA of interest

• Restriction enzymes all have specific 
conditions under which they work best. Some 
of the conditions that must be considered 
when performing restriction digest are: 
temperature, salt concentration, and the 
purity of the DNA
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Purify your DNA Fragments

• The insert of interest that you want to clone 
into your plasmid needs to be separated from 
the other DNA

• You can separate your fragment using Gel 
Electrophoresis

• You can purify the DNA from the gel by cutting 
the band out of the gel and then using a 
variety of techniques to separate the DNA 
from the gel matrix

Dr. Girima Nagda



Ligation

• Ligation is the process of joining two pieces of 
DNA from different sources together through 
the formation of a covalent bond.

• DNA ligase is the enzyme used to catalyze this 
reaction.

• DNA ligation requires ATP.
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Transforming Bacteria

• After you create your new plasmid construct 
that contains your insert of interest , you will 
need to insert it into a bacterial host cell so 
that it can be replicated.

• The process of introducing the foreign DNA 
into the bacterial cell is called transformation.
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Competent Host Cells

• Not every bacterial cell is able to take up 
plasmid DNA.

• Bacterial cells that can take up DNA from the 
environment are said to be competent.

• Can treat cells (electrical current/divalent 
cations) to increase the likelihood that DNA 
will be taken up

• Two methods for transforming: heat shock 
and electroporation
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Selecting for Transformants

• The transformed bacteria cells are grown on 
selective media (containing antibiotic) to 
select for cells that took up plasmid.

• For blue/white selection to determine if the 
plasmid contains an insert, the transformants
are grown on plates containing X-Gal and 
IPTG. 
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What did the cells take up?

• Plasmid only
• Plasmid with insert cloned
• Foreign DNA from the environment
• Nothing
The markers on the plasmid will help you select 

bacterial colonies that contain the plasmid 
into which you have successfully cloned your 
DNA of interest.
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Expressing your cloned gene

• Even if your plasmid contains insert, it may 
not be able to generate functional protein 
from your cloned DNA.
– The gene may not be intact, or mutations could 

have been introduced that disrupt it.
– The protein encoded by the gene may require 

post-translational modifications (i.e., glycosylation 
or cleavage) to function.

– Also, some enzymes are a complex of peptides 
expressed from separate genes.
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Expressing your cloned gene

• Expression of a cloned gene can be 
accomplished by:
– The E. coli host
– Mammalian cells (if the plasmid used is designed 

for expression in mammalian cells)
– Using an in vitro using a cell-free system
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What about the other “omics”? 

Genomics DNA (Gene)

Functional
Genomics

Transcriptomics RNA

Proteomics PROTEIN

Metabolomics METABOLITE

Transcription

Translation

Enzymatic
reaction
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STUDYING GENE EXPRESSION

• All genes have to be expressed in order to 
function. 

• The first step in expression is transcription of 
the gene into a complementary RNA strand 

• For some genes—for example, those coding for 
transfer RNA (tRNA) and ribosomal RNA (rRNA) 
molecules—the transcript itself is the 
functionally important molecule. For other 
genes, the transcript is translated into a protein 
molecule.
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STUDYING GENE TRANSCRIPT
• To understand how a gene is expressed, the RNA transcript 

must be studied. 
• We want to know whether the transcript is a faithful copy of 

the gene, or whether segments of the gene are missing from 
the transcript

• These missing pieces are called introns and considerable 
interest centers on their structure and possible function. 

• In addition to introns, the exact locations of the start and end 
points of transcription are important. Most transcripts are 
copies not only of the gene itself, but also of the nucleotide 
regions either side of it . 

• The signals that determine the start and finish of the 
transcription process are only partly understood, and their 
positions must be located if the expression of a gene is to be 
studied.
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METHODS USED FOR TRANSCRIPT 
ANALYSIS.

• These methods can be used to map the
positions of the start and end points for
transcription and also to determine if a gene
contains introns.
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