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Molecular (gene) cloning – production of  many 

identical DNA copies. 
 

 

 

 

 

 

 



According to the article in Diabetes Forecast, more 
than two tons of pig parts were needed to extract just 

eight ounces of purified insulin 

 

 

 

 

 

 

 

 

 
•On the left, pancreas glands are examined as they arrive 
from the meatpacking house.  

•On the right, the glands are run through grinders before 
the next step in the process, insulin extraction. 



• The first ever recombinant DNA molecule  - Dr. 
Paul Berg and colleagues, published in 1972.  

 

Nobel Prize (1980) in chemistry for “his fundamental 
studies of the biochemistry of nucleic acids, with 
particular regard to recombinant-DNA”. 



 

Recombinant DNA – a short fragment of a genome containing the 

gene in an autonomously replicating piece of DNA known as a vector 

 

 

 



Cloning vector – a small DNA molecule easily 

isolated from host cells, replicates inside a bacterial 

(or yeast) cell and produces many copies of itself and 

the foreign DNA 

 



Characteristics of vectors: 

-origins of replication: self–replicating 

-restriction sites 

-identification markers  - resistance to antibiotics 

The most common vectors originated from E. 

coli. 

 



Types of Cloning Vectors 
•Plasmid - an extra chromosomal circular DNA molecule that 

autonomously replicates inside the bacterial cell 

•Phage - linear DNA molecules, origin of bacteriophage lambda 

•Cosmids - an extrachromosomal circular DNA molecule that combines 

features of plasmids and phage 

 

 



Recombinant DNA – more mRNAs, more protein 



 

 

OTHER VECTORS? 

 

BAC, YAC, HAC 

 



Bacterial Artificial Chromosomes (BAC)  

-based on bacterial plasmids 

-capacity – 350 kb 

-several genes at once or entire viral genome 

-helpful in development of vaccines 

 

 

 

 

 

 

 

 

 



Yeast Artificial Chromosomes (YAC)  

-an artificial chromosome that contains telomeres, origin of 

replication, a yeast centromere, and a selectable marker for 

identification in yeast cells 

-generating whole DNA libraries of the genomes 

-in the study of regulation of gene expression 

 

 



Human artificial chromosome (HAC) 
- synthetically produced vector DNA 

- possessing the characteristics of human chromosome  

- developed by Harrington et al., in 1997  

- capacity -  6 to 10 Mb; Mitotically stable for up to six months 

Advantages:  

1. can carry human genes that are too long  

2. used for gene therapy  



General Steps of Cloning with Any Vector 

 

1.prepare the vector and DNA to be cloned by 

digestion with restriction enzymes to generate 

complementary ends  

2.ligate the foreign DNA into the vector with the 

enzyme DNA ligase  - recombinant DNA 

3.introduce the recombinant DNA into bacterial cells 

(or yeast cells for YACs) 

4.select cells containing recombinant DNA by 

screening for selectable markers (usually drug 

resistance)  

 

 

 



Enzymes used in DNA cloning 

• Restriction endonucleases - ‘sticky’ ends 

• Reverse transcriptase  

• DNA polymerase  

• Ligase  

• Terminal transferase   

• RNase A   

• Alkaline phosphatase 

 
 

 Restriction sites 



Gene libraries and screening 

Gene libraries – a collection of different DNA 

sequences from an organism each of which has been 

cloned into a vector for ease of purification, storage 

and analysis.  

Two types: 

 

1. Genomic libraries - if the DNA is genomic DNA 

2. cDNA libraries - if the DNA is a copy of an 

mRNA population, that is cDNA. cDNAs represent the 

transcribed parts of the genome. 

 

 

 

 



Steps to make a representative genomic library: 

1.Purification of genomic DNA 

2.Genomic DNA is broken randomly into fragments that 
are the correct size for cloning into the chosen vector. 

3.Insertion of sequence of interested into the vector 

4.Ligation of recombinant DNA 

5.Packaging and propagation to create the library 



Genomic vs cDNA libraries 



DNA cloning by PCR 

Genomic DNA clones and cDNA clones derived from 
the same region of the genome are different  



Gene engineering - application  

1.Production of recombinant proteins 

2.Genetically modified organisms 

3.DNA fingerprinting  

4.Diagnostic kits 

5.Gene therapy 

 

 

 



Gene therapy: 

 

 

 

an experimental technique that uses genes 

to treat or prevent disease 

 

 



 

Approaches to gene therapy 
Repairing mutations 
• A few techniques are aimed at replace a defective copy of a gene with a 

working copy. 

•  targets and repairs the mRNA transcripts copied from the mutated gene. 

Gene silencing  
• An approach used to turn a gene "off" so that no protein is made from it. 

• Can target a gene's DNA directly, or they can target mRNA transcripts 
made from the gene. 

Genetically modifying immune cells to target specific molecules 
• Isolate an individual's immune cells and genetically engineer them 

through gene therapy to recognize a specific antigen, such as a protein on 
the surface of a cancer cell.  

• When returned to the patient, these modified cells will find and destroy 
any cells that carry the antigen. 

 

 

 



Somatic cell gene therapy 

Germ line cell therapy 

Vectors for gene therapy: 

Viruses, plasmids, delivery or injection of DNA 



Gene therapy successes 
 

Immune deficiencies; Hereditary blindness; Hemophilia 
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