
Cloning Vectors: pUC 19 
and λ Phage



What is gene cloning?

❑Gene cloning is the technique of producing of exact
copies (clones) of a particular gene or DNA
sequence.

❑The DNA containing the target gene(s) is split into
fragments using restriction enzymes.

❑These fragments are then inserted into cloning
vectors making the recombinant DNA molecules,
which is then transferred into suitable host cells.

❑Inside the host cell the inserted DNA fragment or
gene undergoes replication making multiple copies
of the target gene.



Cloning vector

Cloning vector is the central component of a gene
cloning process.

A small piece of DNA into which a foreign DNA
fragment can be inserted.

The insertion of the fragment is carried out by
treating the vector and the foreign DNA with a
restriction enzyme that creates the same overhang,
then ligating the fragments together.



Characteristics of a cloning vector

➢Ori (Origin of replication) is a specific sequence of
nucleotide from where replication starts.

➢It should have selectable marker gene.

➢It should have restriction sites: a synthetic multiple
cloning site (MCS) can be inserted into the vector.

➢Replicate inside the host cell to form multiple copies of
the recombinant DNAmolecule.

➢Less than 10kb in size.





pUC19 as a cloning vector

✓The pUC have been constructed by modifying the
pBR322 vector structure.

✓pUC vector has a size of ~2.7 kb and smaller than
pBR322.

✓They have higher copy numbers than pBR322.

✓In pUC19, ‘p’ indicates plasmid (type of vector),
‘UC’ stands for University of California (lab where
it was developed), ’19’ represents the number to
distinguish it from its predecessors like pUC9 and
pUC18.



Construction of pUC19

➢Origin of Replication (Ori):

It is derived from the Ori of pBR322 with a chance mutation
to increase the copy number of the plasmid.

➢Selectable Marker:

It has an Ampicillin resistant (AmpR) gene as a selectable
marker for the screening of trnasfromants.

➢Scorable Marker:

The LacZ gene having multiple cloning sites (MCS) within its
sequence act as the scorable marker to screen out positive or
negative transformants on the basis of blue-white screening.



Map of pUC19



Blue-White Screening

✓Transformed bacterial colonies (host) with
recombinant plasmids appears white on the selective
media with ampicillin, while colonies with non-
recombinant plasmids are blue.

✓Use the concept of lac operon as the vector contains
a portion of it coding the β-galactosidase.

✓X-gal is supplemented with the medium, which is a
substrate of β-galactosidase and turns blue in the
presence of functional β-galactosidase.

✓Insertion of foreign DNA into the MCS disrupts the
lac operon, β-galactosidase becomes non-functional
and the colonies fail to turn blue, but appear white.



Blue and while colonies
on the ampicillin and X-
gal LB media



Molecular mechanism of blue/white screening in pUC19.



α-Complementation



Advantages of pUC19 vector

✓High copy number of 500-600 copies per cell.

✓Easy and single step selection.

✓The unique restriction sites used for cloning are
clustered within the MCS. This allows cloning of a
DNA fragment having two different sticky ends.

Disadvantages of pUC19 vector

✓It cannot accommodate a gene of interest larger than
15kb.



λ-Phage













Types of λ vector

✓Mostly of two types as per their usages:


