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• Classic definition

– creating a new individual genetically identical to the original

• Biotechnology definition

– fusion of vector with gene → creation of genetically identical cells/organisms 

carrying vector with insert

Cloning

https://www.news-medical.net/life-sciences/The-Biochemistry-of-Cloning.aspx



1) Cleavage of DNA at 

desired sites

2) Recombination -

connection of DNA 

fragments

3) Transformation –

insertion of 

recombined DNA into 

a cell

4) Selection of cells 

containing a foreign 

gene

5) Analysis of cloned 

DNA

Basic steps in gene cloning

https://doi.org/10.1016/j.procbio.2017.12.007



Non-oriented cloning - we connect the DNA fragments 
with the vector after they have been cleaved by the 
same restrictase = the same overhanging ends on 
both sides

Cleavage of DNA by restrictases
Oriented cloning - different restrictases are used to cut 

the vector and the cloned DNA = different overhangs 

on each side
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Ligation = covalent joining of a vector to a fragment

5´... GA

3´... CTTA

ATTC ... 3´

AG ... 5´

spontaneous connection

joining by ligase

+ 2 x ATP

5´... GAATTC ... 3´

3´... CTTAAG ... 5´

5´... GA ATTC ... 3´

3´... CTTA AG ... 5´

OH

OHP

P



5´... CCGAATTCGG ... 3´

3´... GGCTTAAGCC ... 5´

EcoR I

target DNA

target DNA 
+

CCGAATTCGG

GGCTTAAGCC

target DNA

target DNA

CCGAATTCGG

GGCTTAAGCC

CCGAATTCGG

GGCTTAAGCC

5´...  AATTCGG

3´...      GCC

target DNA

target DNA

CCG     ... 3´

GGCTTAA ... 5´

ligation

Creation of overhanging ends - linkers



ATGCAGGTAG

GCTAGTGTCA

GCNNNGAATTCTACGTCCATC 

CGATCACAGTCTTAAGNNNCG 

amplification

restriction cleavage

Cloning of PCR products – I →

attachment of restriction sites and restriction cleavage

https://thebumblingbiochemist.com/365-days-of-science/molecular-

cloning-using-restriction-enzymes/



A 
A 

T-vector

ligation

D. Pérez Torres et al.  /  Revista Clínica (2011)

Cloning of PCR products – II →

TA cloning
Taq polymerase creates single-nucleotide 

3'-overhangs, most often A



vector

with insert

Introduction the construct into the host

• Transformation = 

introduction of non-viral DNA 

into prokaryotes and non-

animal eukaryotes

• Transfection = introduction of 

DNA into a euraryotic cell

• Transduction = transfer of 

DNA using viral vectors



Methods of transformation/transfection

• Heat shock + CaCl2

• Electroporation

• Lipofection

• Microinjection and 

„gene gun“



„Heat shock“

Chemocompetent
cells with CaCl2

Add DNA, 4° C, 30 
min

Heat shock, 42° C, 
30 s

Entry of foreign 
DNA into cells

Cell incubation
Selection of

transformants

https://thebumblingbiochemist.com/365-days-of-

science/bacterial-transformation-heat-shock-

chemically-competent-cells/

https://doi.org/10.3389/fmicb.2017.02169



Electroporation

• Electrical impulses cause the formation of pores in the cell membrane 

and the entry of exogenous DNA into the cell

https://www.socmucimm.org/news-media/bacterial-transformation-electroporation/



Lipofection

• Formation of liposomes with encapsulated DNA

• Possibility of transfection of oligo DNA, RNA, siRNA, YAC

• Widely used in eukaryotes

• Possibility of transfection in vivo

Moghaddam, B. (2013). Design 

and development of cationic 

liposomes as DNA vaccine 

adjuvants.



„Gene gun“ and microinjection

• Mechanical introduction of 

DNA into the cell - mainly 

suitable for eukaryotes due 

to the size of the "vectors".

• Microinjection – introduction 

of DNA directly into the 

nucleus of a cell (eggs, 

embryonic stem cells...)

• "Gene gun" (bioballistic

technique) - injecting nano-

/microparticles coated with 

DNA into cells

https://doi.org/10.1016/C2011-0-05817-9



1) Restriction analysis of plasmid DNA after mini-preparation

2) Inactivation by the insert

3) α-complementation

4) Hybridization of colonies

5) PCR test

6) Sequencing

Selection of cells with a recombinant gene



The transformed cell is 

resistant to the antibiotic

The host cell is sensitive to the 

antibiotic

The vector carries resistance 

genes

Selection is primarily based on antibiotic 

resistance

https://library.uams.edu/assets/COM/BioChem/Molecul

arTools/MolecularToolsSDL10.html

Cloning site



TET

colonies of transformed

cells

picking colonies by a 

sterile toothpick

overnight incubation at 37°C

TET AMP

AMP

AMPR, TETS colonies

Inactivation by the insert – TETS selection



ATG               gene TAAvector vector

A

B

AAT               gene GTAvector vector

C

D

EcoR I

transcription direction

Plasmid restriction digestion

Right

orientation -

Insert with

ORF

Wrong

orientation -

Insert 

without ORF



plasmid

chromosome

β-galactosidase

N-end

C-end

β-galactosidase function in α-complementation



β-galactosidase function

J Multidis Res Rev 2018



lac operon of Escherichia coli

I: code represor

Z: code enzyme beta-galactosidase (lac  glu + gal)

Y: code enzyme permease

A: code enzyme thiogalactoidtransacetylase

inductor - laktose

enzymes for lactose metabolism



Regulation of lac operon
a) glc is NOT present, lac is NOT present

→ binding of the repressor to the operator

b) glc is NOT present, lac IS present

→ enzyme induction

c) glc IS present, lac IS present

→ catabolic represion

promoter operator
CAP

represor

promoter operator
CAP

represor

promoter operator

represor

represorrepresor



Regulation of lac operon



polylinker (MCS)

IPTG

represor

β-galactosidase

IPTG

X-gal

operator lacZ another genespromoter

The medium must not contain glucose!

Regulation of β-galactosidase expression

IPTG

Isopropyl β-D-1-thiogalactopyranoside



http://seramporecollege.org/a-s-c/wp-content/uploads/2020/03/Blue_White_Screening_ss.pdf

Formation of blue coloration



Selection based on α-complementation

• Part of the gene for β-

galactosidase is present on 

the chromosome, the other 

on the vector

• A cell must express both 

subunits simultaneously to 

make a functional enzyme

http://seramporecollege.org/a-s-c/wp-

content/uploads/2020/03/Blue_White_

Screening_ss.pdf



Cell w/o plasmid

LB medium

Cell w/o plasmid

LB medium, ampicilin, X-gal, IPTG

LB medium, ampicilin, X-gal, IPTG

cells with plasmid

w/o insert

cells with plasmid

with long insert

cells with plasmid

with short insert

Selection based on α-complementation



https://thebumblingbiochemist.com/365-days-of-science/blue-white-screening-2/



➢ grows on bacteria in the form of plaques

➢ it only needs about 2/3 of the genome to infect

➢ up to 20 kbp of DNA can be cloned

➢ 78-105% length DNA can be packaged efficiently

Cloning into bacteriophage λ



nylon membrane

bacterial colony

(genome bank)

colony imprint on 

the membrane
lysis, denaturation, 

fixation

chromosomal DNA 

fingerprint

Addition of

denatured

labeled cDNA

X-ray film

overnight incubation, 

hybridization

exposition
colony

identification

Hybridization of colonies



cloning site

vector

primers for sequencing

vector vector

Testing of recombinant plasmids by the 

PCR method



primer 1

vector vector

Insert with length Xvector vector

primer 2

length N

length N + X

primer 1

primer 2

Confirmation of the presence of the insert 

using primers for sequencing



primer forward

Insert with length Xvector vector

primer reverse

sequencing primer 1

sequencing primer 2

Amplicons are created by combining primers

➢ sequencing primer 1 + sequencing primer 2 (amplicon length = N + X)

➢ forward primer + reverse primer (amplicon length = X)

➢ sequencing primer 1 + reverse primer

➢ sequencing primer 2 + forward primer

Determining the orientation of the insert in the vector
primerforward

Insert withlengthX

vector vector

primerreverse

sequencing primer 1

sequencing primer 2



➢ decisive method

➢ each insert needs to be sequenced

Sequencing
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