
Lecture 13: 

Finding the allele 3: 
Polymerase Chain Reaction 

Course 410 

Molecular Evolution



• Polymerase Chain Reaction 
(PCR) allows the amplification 
(copying) of small amounts of 
DNA millions of copies. 

• The method was developed 
by Kary Mullis (1983) and he 
was awarded the Nobel Prize 
for his invention.



• It is considered in many cases the first step 
before any genetic analysis. 
• Many methods and applications involve PCR.



• DNA replication in the cells involves making an 
identical copy of the genome (DNA). 

• PCR uses the same procedure but to generate 
millions of copies of a small section of the 
genome in a tube! 



PCR is used: 

1. To amplify small quantities of DNA. 

2. For DNA quantification. 

3. For genetic profile analyses: 
• RFLP 
• Microsatellite 
• Mitochondrial DNA genotyping 

and sequencing. 

4. For sequencing small section of the 
genome or the genome.



 What do we need to replicate (copy) DNA? 

1.  DNA template. 

2.  Building block of DNA (dNTPs). 

3.  DNA copier (an enzyme). 

4. 3’OH (primer). 



• The DNA sample you collect from a crime scene 
or the one under investigation is the DNA template.
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Each strand serves as a template for copying. 

Remember complementary base-pairing!





 Deoxyribonucleoside triphosphate (dNTP)

H     

Four dNTPs serve as the building blocks of DNA 
(dATP, dTTP, dGTP, dCTP)



 Deoxyribonucleoside triphosphate (dNTP)

Why triphosphate? 
For the energy required to for the phosphodiester 

bond

+

H H



• DNA polymerase is the DNA copier in the cell. 

• Uses the dNTPs (DNA building blocks) to make 
a complementary strand to the template. 

• Uses the available 3’-OH of a previous 
nucleotide and 5’phsphate from dNTP to form a 
phosphodiester bond.



• Each time DNA Pol finds the correct 
complementary dNTP and catalyzes the reaction 
linking the new nucleotide.



Primers are short piece of polynucleotide
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In order for the DNA copying machine to work and 
add nucleotides, 

a 3’-OH needs to be available to form a 
phosphodiester bond!



• Three steps are involved in PCR: 

1. DNA template denaturation: 
separation of the two strands of DNA. 

2. Primers annealing: small 
oligonucleotide attaches to each 
separated strand providing the 3’OH 
for DNA polymerase. 

3. DNA polymerization (extension): 
DNA polymerase extends the primers 
on both strands and adds nucleotides.



1. DNA denaturation 2. Primers annealing 3. DNA extension



PCR cycles

1. DNA denaturation 2. Primers annealing 3. DNA extension
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What happens if we repeat this cycle many 
times?
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2 copies
4 copies

8 copies
16 copies

32 copies

Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 5



21 22 23 24 25

Exponential growth in the number of copies 
generated. 

The number of copies you get at the end of your 
PCR will be 2#cycles (236 cycles = 68 billion copies)

2 copies
4 copies

8 copies
16 copies

32 copies

Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 5
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Problems!

There were some difficulties with this 
system: 

1.Three water-baths with three different 
temperature. 

2.DNA polymerase denatures at 94 C.



DNA denature 
(94 C)

Primer annealing 
(55-65 C)

Extension 
(72 C)

• The sample has to be transferred into multiple 
water baths to accommodate the needed 
temperature.



DNA denature 
(94 C)

Primer annealing 
(55-65 C)

Extension 
(72 C)

Adding 
DNA Pol

DNA Pol 
denatures

• DNA polymerase needs to be added in every 
cycle because DNA polymerase denatures at 
high temperature.



Improvement 1

• Using Thermus aquaticus (Taq) polymerase. 

• Taq polymerase is heat stable and the cycles 
can take place without the polymerase being 
destroyed during the denaturation phase



Improvement 2
Replacing old machine (water baths) with a 

thermocycler



To consider

• Length and GC content of your primer. 

• Compatibility of your forward and reverse primers. 

• Primer’s sequences do not complement each 
other (primer dimer). 

• Annealing temperature of both primers should be 
the same. 

• Length of the target DNA piece ( the longer the 
target the longer the extension time). 

• DNA polymerase, primers and other chemicals’ 
concentration should be precisely calculated.



Disclaimer

 Figures, photos, and graphs in my lectures are 
collected using google searches.  I do not claim to have 

personally produced the material (except for some). I 
do cite only articles or books used. I thank all owners of 

the visual aid that I use and apologize for not citing 
each individual item.  If anybody finds the inclusion of 
their material in my lectures a violation of their copy 

rights, please contact me via email. 

hhalhaddad@gmail.com
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