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How to target and amplify a specific DNA sequence???
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Enzymic synthesis of deoxyribonucleic acid (1956)
_ Nobel Prize in Physiology or Medicine 1959

Arthur Kornberg compared DNA to a tape 
recording of instructions that can be copied 
over and over

How do cells make these near-perfect copies?
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• Can synthesise only in the 5’ to 3’ 
direction

• Needs: 
1. ssDNA (single strand) as a 

template
2. 3’-OH group to add new 

nucleotides to

DNA polymerase
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“Sometimes a good idea comes to you when you are not 
looking for it … such a revolution came to me one Friday 
night in April, 1983, as I gripped the steering wheel of my 
car and snaked along a moonlit mountain road into 
northern California’s redwood country. That was how I 
strumbled across a process that could make unlimited 
copies of genes”

How to target and amplify a specific DNA sequence???
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Nobel Prize in Chemistry (1993)
for creating polymerase chain reaction (PCR)

Kary Mullis

Questionable opinions about:
• Link between AIDS and HIV
• Human-made global warming
• Astrology

Surf lover
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“Like a “FIND” sequence in a computer 
search, a short string of nucleotides in a 
synthetic molecule might be able to define 
a position along a very much longer natural 
DNA molecule”

K. Mullis was working as DNA chemist for the 
synthesis of  oligonucleotide probes 

 Primers: synthetic DNA oligonucleotides (15–
30 bp) designed to bind to sequences that flank 
the region of interest in the template DNA
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“If I could locate a thousand sequences out 
of billions with one short piece of DNA, I 
could use another short piece to narrow the 
search”

 ‘Forward’ primer : binds to the 3' end of 
the antisense DNA strand

 ‘Reverse’ primer: binds to the sense DNA 
strand 
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“ Not only could I make a 
zillion copies, but they would 
always be the same size … 
This simple technique would 
make as many copies as I 
wanted of any DNA 
sequence I chose”
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PCR: a series of temperature cycles enable the replication of DNA segments, making it 
possible to generate millions of copies of a target DNA region

PCR setup:

- Template DNA
- DNA polymerase
- Primers
- Deoxynucleoside triphosphates 

(dNTPs)
- Magnesium ion
- Buffer
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Main steps in PCR

1. DENATURATION

- 94–98°C for 1–3 minutes

- Separate the double-stranded 
template DNA into single strands

- Long and/or GC-rich DNA targets may 
benefit from a prolonged incubation 
and/or a higher temperature
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2. PRIMERS ANNEALING

 Provide the 3’-OH  starting point for 
DNA synthesis
Annealing temperature: 50 - 65°C
determined by the melting 
temperature (Tm) of the selected 
primers for PCR amplification. 
Tm depends on: primers length, GC / AT 
content and salt concentration (Na+)

Main steps in PCR
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3. EXTENSION
Temperature: 75-80°C

Main steps in PCR

Thomas D. Brock, 1969  discovery of 
Thermus aquaticus from the hot springs of 
Yellowston national park
 thermostable Taq DNA polymerase
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3. EXTENSION
Temperature: 75-80°C

Main steps in PCR

5′→ 3′ polymerase activity of the 
DNA polymerase incorporates 
dNTPs and synthesizes the 
daughter strands
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• Steps 1 - 3 are repeated 25–35 times
• Nonspecific bands start to appear with 

numbers of cycles higher than 45
• Accumulation of by-products and depletion 

of reaction components lower PCR 
efficiency

• Low cycle numbers for unbiased 
amplification (next-generation sequencing) 
and accurate replication of target DNA 
(cloning)

CYCLING
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PCR applications

PCR
Gene 

expression: 
RT-PCR

Cloning DNA 
fragments of 

interest

Mutagenesis

Sequencing

Genotyping
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Genotyping

Detect sequence variations in alleles 
in specific cells or organisms:
• Primers designed to flank regions 

of interest 
• Presence / absence of an 

amplicon  genetic variations
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Detect sequence variations in alleles 
in specific cells or organisms:
• Primers designed to flank regions 

of interest 
• Presence / absence of an 

amplicon  genetic variations

Genotyping
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THANK YOU!


