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Why cloning ?

ÅGetting copies of long genes (because PCR limit 
max 5kb) 

ÅCopies of  genes that has never been studied 
(sequence not known)
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Gene Cloning steps
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Gene Cloning steps
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Different  strategies  of  cloning
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PCR cloning
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Ligation independent cloning (LIC)

ÅLigation independent cloning (LIC) is usually carried out by  
adding short sequences of DNA to the fragment to be cloned 
that are homologous to the destination vector(this is easily 
accomplished by using modified primers during the PCR 
amplification). 

ÅComplementary cohesive ends between the vector and insert 
are then formed ōȅ ǳǎƛƴƎ ŜƴȊȅƳŜǎ ǿƛǘƘ оΩ ǘƻ рΩ ŜȄƻƴǳŎƭŜŀǎŜ 
activity (ǿƘƛŎƘ ŎƘŜǿ ōŀŎƪ оΩ ŜƴŘǎ ǘƻ ŎǊŜŀǘŜ рΩ ƻǾŜǊƘŀƴƎǎ), and 
the resulting two molecules are then mixed together and 
annealed. 
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Gibson Assembly Cloning System

ÅThis is a single-step technique based on three enzymes that 
allows assembly of multiple DNA fragments in an isothermal 
single-tube reaction First, an exonuclease is used to create 
single-ǎǘǊŀƴŘŜŘ о  ƻǾŜǊƘŀƴƎǎ ǘƘŀǘ ŀƭƭƻǿ ŀƴƴŜŀƭƛƴƎ ƻŦ ǘƘŜ 5b! 
fragments at the overlap region. A DNA polymerase is then used 
to fill in the gaps within each annealed fragment.

ÅFinally, a  DNA ligase seals the nicks in the assembled DNA
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Recombinatorial cloning /Gateway Cloning System

ÅRecombinatorial cloning uses site-specific DNA recombinases, 
ŜƴȊȅƳŜǎ ŎŀǇŀōƭŜ ƻŦ άǎǿŀǇǇƛƴƎέ ǇƛŜŎŜǎ ƻŦ 5b! ōŜǘǿŜŜƴ ǘǿƻ 
molecules containing the appropriate sequences (known as 
recombination sites).

ÅLǘ ǊŜƭƛŜǎ ƻƴ ǘǿƻ ǇǊƻǇǊƛŜǘŀǊȅ ŜƴȊȅƳŜ ƳƛȄŜǎ όά.t /ƭƻƴŀǎŜέ ŀƴŘ ά[w 
/ƭƻƴŀǎŜέύ ǘƻ ǎǿŀǇ ŀ 5b! ŦǊŀƎƳŜƴǘ ŀŎǊƻǎǎ ǾŀǊƛƻǳǎ ǊŜŎƻƳōƛƴŀǘƛƻƴ 
sites.

ÅFirst the appropriate recombination sites are inserted by PCR on 
either side of the insert to be cloned, and then this is recombined 
with a Donor vector to create an Entry clone. 

ÅThis Entry clone is recombined again with a Destination vector 
(the required final vector) to make the final construct. 
Importantly, a large collection of Entry clones is already  available 
on the market to facilitate Gateway cloning.

by SS Nishank, Dept. of Zoology, Utkal 
University

14



by SS Nishank, Dept. of Zoology, Utkal 
University

15

Recombinational cloning is a rapid and versatile system for 
cloning sequences without restriction endonuclease and ligation 
reactions. This system exploits the mechanism used by 
ōŀŎǘŜǊƛƻǇƘŀƎŜ ˂ ǘƻ ƛƴǘŜƎǊŀǘŜ ǾƛǊŀƭ 5b!
into the host bacterial genome during infection.

Recombinational cloning 
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In the first stage a PCR product (PCR) is transferred into an entry vector by site-specific
recombination across att sites.

ΨD!¢9²!¸ΩŎƭƻƴƛƴƎ ǎȅǎǘŜƳΦ 
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ΨD!¢9²!¸ ΩŎƭƻƴƛƴƎ ǎȅǎǘŜƳΦ ΧΦΦ

In the second stage, the product
is transferred into a specialized vector by
recombination.
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Recombinational Cloning/ gateway cloning

(A) Recombination (thin vertical lines) between a target gene with flanking attachment 
sites (attB1 and attB2) and a donor vector with attP1 and attP2 sites on either side of a 
toxin gene results in an entry clone where the target gene is flanked by attL1 and attL2 
sites. The selectable marker (SM1) enables selection of cells transformed with an entry 
clone.The protein encoded by the toxin gene kills cells transformed with nonrecombined 
donor vectors. The origin of replication of the donor vector is not shown. 
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Recombinational Cloning/ gateway cloning

(B) Recombination between the entry clone with flanking attL1 and attL2 sites and a 
destination vector with attR1 and attR2 sites results in an expression clone with attB1 and 
attB2 sites flanking the target gene. The selectable marker (SM2) enables selection of 
transformed cells with an expression clone. The second plasmid, designated as a by-product, 
has the toxin gene flanked by attP1 and attP2 sites. Cells with an intact destination vector 
that did not undergo recombination or that retain the by-product plasmid are killed by the 
toxin. Transformed cells with an entry clone, which lacks the SM2 selectable marker, are 
selected against. The origins of replication and the sequences for expression of the target 
gene are not shown



Cloning vector
ÅVectors are DNA molecules which can replicate

autonomously& can be used to carry the insert
DNAfor transfer into organisms& amplificationof
this DNAin vivo.
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Commonly used vectors  
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Plasmid Vector (should have basic 
features needed for cloning)

ÅAntibiotic resistance

ÅMultiple copy number

ÅCompatibility (many different plasmids together in 
a same cell )
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Plasmid vectors

by SS Nishank, Dept. of Zoology, Utkal 
University

25



Copy number of some plasmids
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PlasmidpBR322
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gene rop plays an important role in 
maintaining the copy number. Absence of rop 
gene leads to uncontrolled number of plasmid 
copies and vice versa. 



Use of pBR322 plasmid
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pUC 18 plasmid
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pUC 18
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Ligation
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Use of DNA ligase 

ÅDNA ligases catalyze the covalent ōƻƴŘ ŦƻǊƳŀǘƛƻƴ ōŜǘǿŜŜƴ ŀ р-phosphate 
ƎǊƻǳǇ ŀƴŘ ŀ о-hydroxyl group,

ÅLǘ ŀŎǘ ŀǎ 5b! ǊŜǇŀƛǊ ŜƴȊȅƳŜǎ ŀƴŘ άǎŜŀƭέ ǘƘŜ άƴƛŎƪǎέ ƻŦ ŘƻǳōƭŜ-strand breaks in 
nucleic acids

ÅIf E. coli DNA ligase is used it requires NADH, and if T4 DNA ligase is used it uses 
ATP as the source of energy required for the ligation reaction.

ÅThe recommended ratio for a ligation reaction is 1 molecule of vector to 3 or 5 
molecules of insert. Even then, this is an enzymatic reaction and thus it will not 
be 100% efficient, regardless of the vector-to-insert ratio used. 

ÅTherefore, the ligation reaction will include a mixture of nonligated fragments, 
correctly ligated fragments, incorrectly ligated fragments, self-annealing of the 
plasmid vector, and sometimes even tandem ligations 
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Problem of ligation
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Possible products of a ligation reaction, where the vector and insert are both digested 
with the same restriction enzyme. 
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Solution to problems of ligation

ÅUsing two different restriction enzymes for cloning (RE1on one end of the  
fragment, and RE2 on the other end of the fragment) usually circumvents one 
of the ligation mistakes, that is, ligation of the insert to the vector DNA in the 
wrong orientation (Figure A). This is particularly important if the insert DNA will 
be used for the expression of proteins (where the orientation will affect 
promoter-driven expression).

ÅIn order to avoid self-ligation or self-annealing of the vector,it is customary to 
ǘǊŜŀǘ ǘƘŜ ŘƛƎŜǎǘŜŘ ǾŜŎǘƻǊ ǿƛǘƘ ǇƘƻǎǇƘŀǘŀǎŜǎ όŜΦƎΦάAlkaline Phosphatasesέύ ǇǊƛƻǊ 
to ligationτǘƘƛǎ ƳŜŀƴǎ ǘƘŀǘ ǘƘŜ ǾŜŎǘƻǊ Ŏŀƴƴƻǘ ōŜ ƭƛƎŀǘŜŘ ǎƛƴŎŜ ƛǘ ƭŀŎƪǎ р-
phosphates on both strands (Figure B)
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(A) Ligation of the insert into the vector DNA in the wrong orientation can be avoided 
using two different restriction enzymes. (B) Phosphatase treatment of the vector is 
routinely used to minimize the possibility of vector self-ligation.

(A)

(B)



Ligationof foreignDNAwith plasmidbymethods...
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/ƭŜŀǾŀƎŜ ōȅ ǘƘŜ ǘƻǇƻƛǎƻƳŜǊŀǎŜ ǊŜǎǳƭǘǎ ƛƴ р-hI ŀƴŘ о-P termini 
. If the blunt-ended molecules to be cloned have been produced 
from a larger molecule by cutting with a restriction enzyme, 
ǘƘŜƴ ǘƘŜȅ ǿƛƭƭ ƘŀǾŜ р-t ŀƴŘ о-OH ends. 

Before mixing these molecules with the vector, their terminal 
ǇƘƻǎǇƘŀǘŜǎ Ƴǳǎǘ ōŜ ǊŜƳƻǾŜŘ ǘƻ ƎƛǾŜ р-OH ends that can ligate 
ǘƻ ǘƘŜ о-P termini of the vector. The molecules are therefore 
treated with alkaline phosphatase 

Blunt end ligation with a DNA topoisomerase.



Blunt end ligation with a DNA topoisomerase.
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To carry out blunt end ligation with a 
topoisomerase, a special type of cloning vector
is needed.
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A common situation is where the vector molecule has sticky 
ends but the DNA fragments to be cloned are blunt-ended. 
Under these circumstances, one of the three methods can be 
used to put the correct sticky ends onto the DNA fragments.

Åuse of Linker

Åuse of Adaptor

Åhomopolymer tailing



Sticky ends are produced by ....

Åuse of Linker

Åuse of Adaptor

Åhomopolymer tailing
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Ligationof foreignDNAwith plasmidbyLinker
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Ligationof foreignDNAwith plasmidbyAdaptor
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Ligationof stickyendsof foreignDNA& plasmid
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Mechanismof DNAligaseaction
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DNAligationbyhomopolymertailing
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Transformation- uptakeof DNAbybacterialcells

ÅCompetent bacteria needed

ÅCompetence by 50mM CaCl2 & incubation at 420C.
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Transformation- uptakeof DNAbybacterialcells
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Transformation methods for nonbacterial cells
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Transformation methods (for nonbacterial cells)
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Transformation methods (for nonbacterial cells)

Biolistic particle gun method
by SS Nishank, Dept. of Zoology, Utkal 

University
53



Selection of transformed cell

Å1. Insertional inactivation of antibiotic resistance
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Selection of transformed cell

ÅнΦ LƴǎŜǊǘƛƻƴŀƭ ƛƴŀŎǘƛǾŀǘƛƻƴ ƻŦ ƭŀŎ ½Ω ƎŜƴŜ ό ƻǊ ŀƭǎƻ 
known as lac selection)
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a lactose analogue termed X-gal (5-bromo-4-
chloro-3-indolyl- -̡D-galactopyranoside) which is 
ōǊƻƪŜƴ Řƻǿƴ ōȅ ʲ-galactosidase to a product 
that is coloured deep blue. 
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Identification of transformed bacterial cells through blue white 
selection
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Bacteriophage based cloning vectors
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Life cycle of lambda phage
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Life cycle of lambda phage
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preparation for visualizing phage infection

by SS Nishank, Dept. of Zoology, Utkal 
University

68



Lambda phage as vector
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Selection for recombinant phages

insert DNA size acceptable is 37 to 52 kb
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use of Charon 4 ( a replacement vector)
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Introduction of phage DNA into bacterial cells

Åby Transfection (phage DNA mixed with competent 
bacteria followed by heat treatment so that DNA is 
taken up by bacteria)

Å&

Åby in vitro packaging
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in vitropackagingof lambdacloningvector
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Identification for recombinant 
phages
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Identification  for recombinant 
phages
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Identification  for recombinant 
phages
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Spiselections can only be used in the case of 
replacement vectors. It cannot be used if the 
ǾŜŎǘƻǊ ǳǎŜŘ ƛǎ ˂-insertion vectors
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Identification by plaque hybridization
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use of M13 phage as 
cloning vector
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