


VECTORS AND THEIR 
TRANSFORMATION





Vector types

■ Small DNA molecule capable of self replication that are used as 

cloning vehicle or carrier of DNA fragment.

■ Selection of the vector type depends on host used in the 

cloning and size of insert

– Plasmids

– Phages

– Hybrid vectors

– Artificial chromosomes





Vector Characteristics

■ Self replication, multiple copies.

■ Replication origin site.

■ Cloning site.

■ Selectable marker gene.

■ Small size.

■ Easily isolated & purified.

■ Easily transformed into host cell.

■ Control elements – promoter, operator, ribosome binding site.



Types 

■ There are two types of vectors:

– Cloning vectors: DNA molecules that are used to "transport" 

cloned sequences between biological hosts and the test tube. 

Examples: Plasmids, Phage or Virus to get millions of copies.

– Expression vectors: a plasmid or virus used to introduce a 

specific gene into a target cell, and can commandeer the cell's 

mechanism for protein synthesis to produce the protein 

encoded by the gene



Cloning vectors

■ Cloning vectors are used in genomic library, preparing probes and 
Genetic engineering experiments.

■ Selection of cloning vector depends on :-

– Objective of cloning experiment

– Ease of working.

– Knowledge existing about the vector.

– Suitability.

– Reliability





Cloning vectors

■ Cloning vectors share four common properties

■ 1. Ability to promote autonomous replication.

2. Contain a genetic marker (usually dominant) for selection.

3. Unique restriction sites to facilitate cloning of insert DNA.

4. Minimum amount of nonessential DNA to optimize cloning.



Plasmids

■ Bacterial cells may contain extra-chromosomal DNA 
called plasmids.

■ Plasmids are usually represented by small, circular 
double stranded DNA.

■ Some plasmids are present in multiple copies in the 
cell 

■ In addition to bacteria, it may exist in the nuclei of 

some eukaryotic cells. 

■ They can replicate independently of the host cell.  The 

size of plasmids ranges from a few kb to near 100 kb

■ Can hold up to 10 kb fragments



Plasmid vectors
Origin of replication

■ Plasmid vectors contain: 

■ Origin of replication (Ori) is a DNA segment recognized by the cellular DNA-

replication enzymes. 

■ Without replication origin, DNA cannot be replicated in the cell

■ a gene that permits selection, 

■ Here the selective gene is ampr; it encodes the enzyme b-lactamase, 
which inactivates ampicillin.

■ Exogenous DNA can be inserted into the bracketed region .



Selective marker

■ Selective marker is required for maintenance of plasmid in the cell. 

■ Because of the presence of the selective marker the plasmid becomes useful 
for the cell. 

■ Under the selective conditions, only cells that contain plasmids with 
selectable marker can survive

■ Genes that confer resistance to various antibiotics are used. 

■ Genes that make cells resistant to ampicillin, neomycin, tetracycline or 
chloramphenicol are used



Multiple cloning site

■ Many cloning vectors contain a multiple cloning site or polylinker: a DNA 
segment with several unique sites for restriction endonucleases located 
next to each other

■ Restriction sites of the polylinker are not present anywhere else in the 
plasmid.

■ Cutting plasmids with one of the restriction enzymes that recognize a site 
in the polylinker does not disrupt any of the essential features of the 
vector



Multiple cloning site

■ Gene to be cloned can be introduced into the 

cloning vector at one of the restriction sites 

present in the polylinker, transformed into 

bacteria

■ After culture growth, the clone fragment can 

be recovered easily.  The cells are lysed and 

the DNA is isolated and purified.

■ A DNA fragment can be kept indefinitely in 

bacterial culture if mixed with glycerol in a –

70 degrees C freezer.





Plasmid Polylinkers and Marker Genes for Blue-White 
screening

■ Colonies with recombinant plasmids are white, 
and colonies with nonrecombinant plasmids are 
blue.

■ Example:  pUC19

■ Resistant to ampicillin, has (ampr gene)

■ Contains portion of the lac operon which codes 
for beta-galactosidase.

■ X-gal is a substrate of beta-galactosidase and 
turns blue in the presence of functional beta-
galactosidase is added to the medium.



X-Gal reaction







TYPES OF CLONING VECTORS
1. PLASMID VECTORS

■ Plasmid vectors are used to clone DNA ranging in size from several 
base pairs to several thousands of base pairs (100bp -10kb).

■ ColE1 based, pUC vehicles 
commercially available ones, eg pGEM3, pBlueScript, pET16



Plasmids advantages and 
disadvantages

■ Advantages:

– Small size (easy to manipulate and isolate)

– Circular (more stable) 

– Replication independent of host cell 

– Several copies may be present (facilitates replication) 

– Frequently have antibiotic resistance (detection easy)

■ Disadvantages:

– Cannot accept large fragments

– Sizes range from 0- 10 kb

– Standard methods of transformation are inefficient



2. Phage Cloning Vectors

■ Fragments up  to 23 kb can accommodated by a phage vector

■ Lambda and M13 are most common phages

■ 60% of the genome is needed for lytic pathway.

■ Segments of the Lambda DNA is removed and a stuffer fragment is put in.

■ The stuffer fragment keeps the vector at a correct size and carries marker 
genes that are removed when foreign DNA is inserted into the vector.

■ Example:  Charon 4A Lambda

■ When Charon 4A Lambda is intact, beta-galactosidase reacts with X-gal and 
the colonies turn blue.

■ When the DNA segment replaces the stuffer region, the lac5 gene is missing, 
no beta-galactosidase is formed, and the colonies are white.



Bacteriophage lambda

■ Phage lambda is a bacteriophage or phage, i.e. bacterial virus, that uses E. 
coli as host.

■ Its structure is that of a typical phage: head, tail, tail fibres.

■ Lambda viral genome: 48.5 kb linear DNA with a 12 base ssDNA "sticky end" 
at both ends; these ends are complementary in sequence and can hybridize 
to each other (this is the cos site: cohesive ends).

■ Infection: lambda tail fibres adsorb to a cell surface receptor, the tail 
contracts, and the DNA is injected.

■ The DNA circularizes at the cos site, and lambda begins its life cycle in the E. 
coli host.



Bacteriophage lambda


