
Gene Cloning

• The production of exact copies of a particular gene or DNA 

sequence using genetic engineering techniques is called gene 

cloning.

• The term “gene cloning,” “DNA cloning,” “molecular cloning,” 

and “recombinant DNA technology” all refer to same 

technique.

• In gene (DNA) cloning a particular gene is copied forming 

“clones”.



DNA cloning can be achieved by two 

different methods:

1. Cell based DNA cloning

2. Cell-free DNA cloning (PCR)



Requirements for Cell Based Gene Cloning

1. DNA fragment containing the desired genes to be cloned.

2. Restriction enzymes and ligase enzymes.

3. Vectors – to carry, maintain and replicate cloned gene in 

host cell.

4. Host cell– in which recombinant DNA can replicate.



Steps in Gene Cloning

The basic 7 steps involved in gene cloning are;

1. Isolation of DNA (gene of interest - GI) fragments to be cloned.

2. Insertion of isolated DNA into a suitable vector to form 

recombinant DNA.

3. Introduction of recombinant DNA into a suitable organism known 

as host.

4. Selection of transformed host cells and identification of the clone 

containing the gene of interest.

5. Multiplication/Expression of the introduced Gene in the host.

6. Isolation of multiple gene copies/Protein expressed by the gene.

7. Purification of the isolated gene copy/protein



Isolation of the DNA fragment or gene
• The target DNA or gene to be cloned must be 

first isolated. A gene of interest is a fragment of 

gene whose product (a protein, enzyme or a 

hormone) interests us. For example, gene 

encoding for the hormone insulin.

• The desired gene may be isolated by using 

restriction endonuclease (RE) enzyme, which 

cut DNA at specific recognition nucleotide se-

quences known as restriction sites producing 

blunt or sticky ends.



2. Selection of suitable cloning vector

• The vector is a carrier molecule which can carry the 

gene of interest (GI) into a host, replicate there along 

with the GI making its multiple copies.

• The cloning vectors are limited to the size of insert 

that they can carry. 

• Depending on the size and the application of the 

insert the suitable vector is selected.

• The different types of vectors available for cloning 

are plasmids, bacteriophages, bacterial artificial 

chromosomes (BACs), yeast artificial chromosomes 

(YACs) and mammalian artificial chromosomes 

(MACs).

• However, the most commonly used cloning vectors 

include plasmids and bacteriophages (phage λ) beside 

all the other available vectors.

Essentially, plasmids are 

small, circular molecules of 

DNA that are capable of 

replicating independently. 

As such, they do not rely on 

chromosomal DNA of the 

organism for replication. 

Because of this 

characteristic, they are also 

referred to as extra-

chromosomal DNA.



Essential Characteristics of Cloning Vectors

1. It must be self-replicating inside host cell.

2. It must possess a unique restriction site for RE enzymes.

3. Introduction of donor DNA fragment must not interfere with 

replication property of the vector.

4. It must possess some marker gene such that it can be used for 

later identification of recombinant cell (usually an antibiotic 

resistance gene that is absent in the host cell).

5. They should be easily isolated from host cell.



Formation of Recombinant DNA

• The plasmid vector is cut open by the RE enzyme 

used for isolation of donor DNA fragment.

• The mixture of donor DNA fragment and plasmid 

vector are mixed together.

• In the presence of DNA ligase, base pairing of 

donor DNA fragment and plasmid vector occurs.

• The resulting DNA molecule is a hybrid of two 

DNA molecules – the GI and the vector. 

• In the terminology of genetics this intermixing of 

different DNA strands is called recombination.

• Hence, this new hybrid DNA molecule is also 

called a recombinant DNA molecule and the 

technology is referred to as the recombinant DNA 

technology.





Transformation of recombinant vector into suitable host

• The recombinant vector is transformed into suitable 

host cell mostly, a bacterial cell.

• This is done either for one or both of the following 

reasons:

 To replicate the recombinant DNA molecule in order to 

get the multiple copies of the GI.

 To allow the expression of the GI such that it produces 

its needed protein product.

• Some bacteria are naturally transformable; they take up 

the recombinant vector automatically.

 For example: Bacillus, Haemophillus, Helicobacter 

pylori, which are naturally competent.

• Some other bacteria, on the other hand require the 

incorporation by artificial methods such as Ca++ ion 

treatment, electroporation, etc.



Isolation of Recombinant Cells

• The transformation process generates a mixed population of 

transformed and non-transformed host cells.

• The selection process involves filtering the transformed host 

cells only.

• For isolation of recombinant cell from non-recombinant 

cell, marker gene of plasmid vector is employed.

 For examples, PBR322 plasmid vector contains different 

marker gene (Ampicillin resistant gene and Tetracycline 

resistant gene. When pst1 RE is used it knock out 

Ampicillin resistant gene from the plasmid, so that the 

recombinant cell become sensitive to Ampicillin)



Multiplication of Selected Host Cells

• Once transformed host cells are separated by the screening 

process; It is necessary to provide them optimum parameters to 

grow and multiply.

• In this step the transformed host cells are introduced into fresh 

culture media .

• At this stage the host cells divide and re-divide along with the 

replication of the recombinant DNA carried by them.

• If the aim is obtaining numerous copies of GI, then simply 

replication of the host cell is allowed. 

• But for obtaining the product of interest, favorable conditions 

must be provided such that the GI in the vector expresses the 

product of interest.


















