
Molecular Cloning Pipeline

Objective: To insert a gene of interest into a cloning vector to produce 
a recombinant plasmid expressing the protein of interest

Applications

Protein Tagging

Protein Production
(e.g. insulin)

Functional Studies

Gene Deletion / 
Gene Insertion



Overview of the Molecular Cloning Pipeline
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Prerequisites: Cloning Vectors



DNA Isolation

Purpose: Obtain template for PCR to amplify insert.



DNA Purification



Polymerase Chain Reaction (PCR)

Purpose: Amplify large amounts of insert for ligation into cloning vector.

Image adapted from https://www.enzo.com/note/what-are-the-differences-between-pcr-rt-pcr-qpcr-and-rt-qpcr/
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PCR Reagents

Reagent Purpose

Forward and Reverse 
Primers

Bind to sequences flanking 
insert and provide 3’OH for 
DNA Pol to begin extension

Thermostable DNA 
Polymerase (e.g. Taq 
polymerase)

Catalyses phosphodiester 
bond formation between 
3’OH and incoming dNTP

Buffer Optimal pH for DNA 
polymerase and contains Mg2+ 
ions for DNA Pol function

dNTPs Building blocks for DNA 
synthesis

5’ 3’

3’ 5’



PCR Considerations

Consideration Notes

Annealing temperature Depends on Tm (hence on GC content and length) 
of primer pair.

Set 2–5°C below Tm of the primers.

Extension time Depends on length of fragment to be amplified.

Taq polymerase: ~1kb/min

Maximum insert size For longer fragments (≥5kb), mismatch errors likely 
to accumulate and Taq polymerase begins to ‘fall 
off’ DNA while extending.



Question Walkthrough

Images adapted from IBO 2020 Theory 2 Question 14



Primer Design for Molecular Cloning

Consideration Notes

Primer Length 18bp–30bp

Melting Temperature (Tm) Tm = 4(G+C) + 2(A+T)

Ideal Tm is between 52–58°C, and the primer pair should be 
within 2-3°C of each other’s Tm.

GC Content Ideally 50-55%

Primer Dimers Primer dimers form through binding between complementary 
regions of two primers.

Ensure primers are designed to minimise complementarity.



How to Design a Primer

Primer Component Purpose

Complementary Sequences Forward primer: Sequence flanking upstream of target gene

Reverse primer: Sequence flanking downstream of target gene 

Restriction Sites Overhang sequences with restriction sites and three additional 
nucleotides.

3’ GC clamp Presence of G/C bases at 3’ end of primer to promote binding 
stability at DNA polymerase extension site.

Note: This component may not always be present.



How to Design a Primer: Forward Primer

5’ATGAAGTTATTGAGCAATAGTCTAATGTTCCTTCCTTCATATGCTTCGTCTTGA3’

3’TACTTCAATAACTCGTTATCAGATTACAAGGAAGGAAGTATACGAAGCAGAACT5’

EcoRI: 5’GAATTC3’

Forward Primer: 5’CCCGAATTCATGAAGTTATTGAGC3’



How to Design a Primer: Reverse Primer

5’ATGAAGTTATTGAGCAATAGTCTAATGTTCCTTCCTTCATATGCTTCGTCTTGA3’

3’TACTTCAATAACTCGTTATCAGATTACAAGGAAGGAAGTATACGAAGCAGAACT5’

SalI:  5’GTCGAC3’

Reverse Primer: 5’CCCGTCGACTCAAGACGAAGCATA3’



Question Walkthrough

Images adapted from IBO 2020 Theory 1 Question 16



Agarose Gel Electrophoresis

Purpose: Separate DNA fragments based on molecular weight to check 
whether insert has been correctly amplified.

Prepare and stain gel with 
Ethidium Bromide

Prepare and load samples, 
then run gel

Image gel under UV



Agarose Gel Electrophoresis 
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Agarose Gel Electrophoresis Considerations

Consideration Notes

Agarose percentage Higher percentage for resolving smaller fragments. 
Lower percentage for resolving larger fragments.

Voltage Higher voltage results in faster migration and vice 
versa.

Excessive voltage may result in gel melting and 
affect DNA migration.

Running duration Longer time to resolve larger fragments.



What are Restriction Enzymes (REs)?

Enzymes that cut DNA at specific recognition sequences. Type II 
restriction endonucleases recognise palindromic sequences and create 
sticky ends.



RE Digestion Workflow

Purpose: Generate sticky ends for ligation of insert into vector.

Choose appropriate restriction 
enzymes and buffer

Mix reactants and incubate 
at 37°C



How to Design RE Digests

1-enzyme digests 2-enzyme digests
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DNA Ligation

Purpose: Ligate and seal the insert into the cloning vector.

Image adapted from https://www.addgene.org/protocols/dna-ligation/



Outcomes of DNA Ligation

1-enzyme digests 2-enzyme digests

GAATTC
CTTAAG

GAATTC
CTTAAG

EcoRI EcoRI

Secondary products are formed

GAATTC
CTTAAG

GTCGAC
CAGCTG

EcoRI SalI

GAATTC
CTTAAG

GTCGAG
CAGCTC

EcoRI NIL

Restriction site destroyed



Question Walkthrough

Image adapted from IBO 2014 
Theory 1 Question 3



E. coli Transformation

Purpose: Introduce recombinant plasmid into bacterial cells to replicate 
large amounts of plasmid.

Heat Shock Electroporation

Transformation Methods

Cell Preparation

Suspend bacterial cells in 
CaCl2 to make them 
competent → increase 
transformation efficiency



Screening and Selection of Recombinant Plasmids

Grow on agar plates containing antibiotics (antibiotic selection) or lacking select nutrients 
(auxotrophy) to select for transformed cells.

- Selection Systems

Image adapted from https://www.sigmaaldrich.com/SG/en/technical-documents/technical-article/genomics/cloning-and-expression/blue-white-screening
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E. coli Cell Culture
Inoculate single colonies into LB media, grow at 37°C until mid-log phase.

Image adapted from Michal Komorniczak/Wikimedia Commons/CC BY-SA 3.0



Confirmation of Recombinant Plasmid
RE Digest → Use same REs that you did for cloning (assuming the restriction site wasn’t 
destroyed).

Gel Electrophoresis → Run alongside cut empty vector control.
DNA 
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A Note on Electrophoresis of Plasmids

Plasmids

Nicked

Linear

Supercoiled

Single-stranded circular



Question Walkthrough

Images adapted from IBO 2014 Theory 1 Question 5



Question Walkthrough

Images adapted from IBO 2015 Theory 2 Question 16



Next up… Sequencing!
Covered in next submodule.



Golden Gate Cloning

Image adapted from Rob Hurt - Own work, CC BY-SA 4.0, https://commons.wikimedia.org/w/index.php?curid=88975448

Innovation: Allows for simultaneous 
and directional insertion of multiple 
DNA fragments into a plasmid 
vector.

Uses Type IIS REs – cut outside 
restriction site and generate 
non-palindromic overhangs.



Gibson Assembly

Image adapted from Tobias Vornholt - Own work, CC BY-SA 4.0, https://commons.wikimedia.org/w/index.php?curid=39652308

Innovation: Does not rely on 
restriction sites for DNA fragment 
insertion. Instead, it allows for 
insertion anywhere in the vector.

Requires 5’ to 3’ exonuclease.



Thank you!


