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Choosing the polymerase

1. Thermal stability
2. Extension rate
3. Fidelity
4. Processivity



Choosing the polymerase

• Standard thermostable DNA polymerases
• Hot-start (HS) polymerases
• High-fidelity polymerases (Hi-Fi)
• Polymerases for amplification of long amplicons



Commercial polymerases



Primer design

• Primers should always be designed towards 5’ ® 3’.

• 40 - 60% GC content is ideal.
• 3’ end should contain G or C to promote binding.

• Length and annealing temperature contributes to specificity.

• Melting temperature (Tm) is expected to be between 65°C and 
75°C, and within 5°C of each other.

• Try to avoid regions of secondary structures.

• Try to avoid long complementary regions between each primer.



Primer3 & Primer3Plus
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RT-PCR



RT-qPCR



MIQE guidelines for RT-qPCR



Applications: famous COVID19 tests



Design of Primers

• Internal control primers: 
• GAPDH, RNAseP, ACTB, eEF-1 etc.

• Viral DNA primers: N region
• N gene (CDC Panel, Hong Kong Panel, Japan National Institute of 

Infectious Diseases Panel)
• E gene (Berlin-Charité Panel, Institut Pasteur Panel)
• ORFab primers (Berlin-Charité Panel, China CDC panel)
• RdRp (Berlin-Charité Panel, Institut Pasteur Panel)
• S gene



Nasopharyngeal & Oropharyngeal swabs



RNA isolation
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GENE CLONING

Part I: Vectors for Gene Cloning 



Plasmids

All cells
grow

Only cells containing 
RP4 can grow 



Bacteriophages
Head-and-tail Filamentous

e.g. λ
e.g. M13 



Viruses are cloning vectors for other 
organisms 
• adenoviruses are used in gene therapy.
• baculoviruses are used to synthesize important pharmaceutical proteins 

in insect cells.
• caulimoviruses and geminiviruses have been used for cloning in plants. 



Purification of DNA from Living Cells 

1 2 2



Plasmid isolation



GENE CLONING

Part II: Manipulating the DNA



Manipulation of the DNA

1. The range of DNA manipulative enzymes.
2. Enzymes for cutting DNA—restriction endonucleases.
3. Ligation—joining DNA molecules together.



DNA manipulative enzymes

• Nucleases,
• Ligases,
• Polymerases,
• Modifying enzymes,   

are enzymes that cut, shorten, or degrade NA molecules. 
join NA molecules together. 

makes copies of NA molecules. 
remove/add chemical groups. 



Nucleases

• Exonucleases,

• Endonucleases,

remove nucleotides one at a time from the end 
of a DNA molecule.

are able to break internal phosphodiester 
bonds within a DNA molecule. 



Ligases



DNA polymerase

DNA polymerase

dNTPs

Primers



catalyzed by DNA polymerase



• Alkaline phosphatase, removes 
the phosphate group present at 
the 5′ terminus of a DNA 
molecule.

• Polynucleotide kinase adds 
phosphate groups onto free 5′ 
termini 

• Terminal deoxynucleotidyl 
transferase adds one or more 
deoxyribonucleotides onto the 3′ 
terminus of a DNA molecule.

DNA modifying enzymes



Restriction endonucleases

46=4096

44=256



blunt vs sticky ends



Restriction digestion @lab

DNA

Buffer Enzyme 37°C 

RE Cleaved DNA



Restriction digestion @lab

DNA

Buffer Enzyme 37°C 

DNA

Buffer Enzyme 37°C 

RE Cleaved DNACleaved DNA



seeing the DNA



ligating the DNA



calculating the DNA to insert ratio



INTRODUCTION OF DNA 
INTO LIVING CELLS



pcDNA3.1


