






Principle of PCR
• The PCR technique is based on the enzymatic replication of DNA

• In PCR, a short segment of DNA is amplified using primer mediated 
enzymes

• DNA Polymerase synthesises new strands of DNA complementary to 
the template DNA

• The DNA polymerase can add a nucleotide to the pre-existing 3’-OH 
group only. Therefore, a primer is required

• The DNA fragment to be amplified should not be greater than about 3 
kb in length and ideally less than 1 kb





Components of PCR

• Components Of PCR constitutes the following:

1. DNA Template– The DNA of interest from the sample

2. DNA Polymerase– Taq Polymerase is used. It is thermostable and
does not denature at very high temperatures

3. Oligonucleotide Primers- These are the short stretches of single-
stranded DNA complementary to the 3’ ends of sense and anti-sense
strands

4. Deoxyribonucleotide triphosphate–building blocks for the
synthesis of DNA

5. Buffer System– Magnesium and Potassium provide optimum
conditions for DNA denaturation and renaturation. It is also important
for fidelity, polymerase activity, and stability.



PCR Steps: Denaturation

• Denaturation occurs when the reaction
mixture is heated to 94℃ for about 0.5 to 2
minutes

• This breaks the hydrogen bonds between
the two strands of DNA and converts it
into a single-stranded DNA

• The single strands now act as a template
for the production of new strands of DNA



PCR Steps: Annealing

• The reaction temperature is lowered to 54-
60℃ for around 20-40 seconds

• Here, the primers bind to their 
complementary sequences on the template 
DNA

• Primers serve as the starting point for the 
synthesis of DNA

• The two separated strands run in the 
opposite direction and consequently there 
are two primers- a forward primer and a 
reverse primer.



PCR Steps: Extension

• At this step, the temperature is raised to
72-80℃

• The bases are added to the 3’ end of the
primer by the Taq polymerase enzyme

• This elongates the DNA in the 5’ to 3’
direction

• The DNA polymerase adds about 1000
bp/minute under optimum conditions

• Taq Polymerase can tolerate very high
temperatures. It attaches to the primer
and adds DNA bases to the single
strand



1st cycle- 2 
copies of DNA 

(2n, where n= no. 
of cycles)

2nd cycle- 4 DNAs (22)

3rd cycle- 8 DNAs (23)





Factors affecting PCR
Annealing Temperature:

• Melting temperature (Tm): is the temp at which 2 strands of 
the duplex dissociate

• Melting temperature (Tm) between 55 and 65°C (usually 
corresponds to 45-55% G+C)

• The melting temperature of nucleic acid duplex increases 
both with its length, and with increasing (G+C) content

• A simple formula for calculation of the Tm is:

Tm = 4(G + C) + 2(A + T)°C

• Annealing temperature (Ta) is about 5°C below the Tm of 
the pair of primers (Tm - 5°C)

• Annealing temperature chosen for a PCR depends directly 
on length and composition of the primer(s)

• Two primers Tm’s should be within 5°C of each other; the 
closer the better



Factors affecting PCR
Primer length:

• If the primers are too short they might hybridize to 
non-target sites and give undesired amplification 
products

• 48 = 65 536 bp, giving approximately 49 000 possible 
sites in the 3 200 000 kb of nucleotide sequence that 
makes up the human genome

• Sixteen base sequence will statistically be present 
only once in every 416 bases (= 4 294 967 296 or 4 
billion). This is about the size of the human genome

• Thus, the association of a greater-than- 17-base 
oligonucleotide with its target sequence is an 
extremely sequence-specific process

• Ideally, the length of the primer should range 
between 17-25 nts



Factors affecting PCR

Primer-Primer interactions:

• If a primer has a region of self-homology, partially 
double-stranded structures can occur which will 
interfere with annealing to the template

• Usually intraprimer homologies of 3 bp or more 
should be avoided

• Absence of significant hairpin formation (usually >3 
bp)

• Primers should also not contain sequences of 
nucleotides that would allow one primer molecule 
to anneal to another primer molecule



Factors affecting PCR

Primer-Primer interactions:

• Ideally, the smallest ∆G, the better but try to avoid primers annealing 
with ∆G values of –7 kcal/mol or higher



Degenerate Primers

• In case where there is partial information of DNA is present, 
degenerate primers are used

• They are usually used when the protein sequence is known, which is 
translated backwards to derive the triplets (codon), and therefore the 
probable sequence

• Due to degenerate genetic code, there might be different possibilities 
for the third nucleotide in each triplet, that can be circumvented by 
the degenerate primers

• The degenerate primers are mix of primers, which are similar in their 
sequence, but differ in one or more positions



Degenerate Primers

Y = C + T

N = A + G + C + T

R = A + G

2*4*4*4*2 = 256



PCR Enzyme





Thermostable DNA polymerases used in PCR

Polymerase 

enzyme

5’→ 3’ 

exonuclease

3’→ 5’ 

exonuclease

Organism

Tli (Vent) No Yes Thermococcus litoralis

Tfl ? No Thermus flavus

Pfu ? Yes Pyrococcus furiosus

Pwo No Yes Pyrococcus woesei

Tth ? No Thermus thermophilus



PCR Product calculation

1→2→4→8→16 (exponential)

➢ N = N0 X 2n

where N → Final number of templates, N0 → Initial number of 
templates, n = no. of cycles

➢If the values are given in concentrations of DNA:

PCR product = initial amount X [1 + % efficiency]n



Amplified fragment length 
polymorphism (AFLP)



Allele-Specific PCR
• GC- wild type (G allele)

• TA- mutant (T allele)

• Outer primers- gene 

specific (forward and 

reverse)

• Inner primers- wild 

type and mutant type



Inverse PCR



Nested PCR



Multiplex PCR



Methylation-specific PCR (MSP) 



Reverse 
Transcriptase 
PCR



Plateau effect in PCR amplification

• Plateau effect: The point at which 
product accumulation is no longer 
exponential (saturation)

• Taq poly half life at 95℃ is 1.6 hrs

• Degradation of reagents

• Competition for reactants by non-
specific products

• Competition for primer binding by re-
annealing of concentrated products



Real time PCR



Real time PCR



Question 1

A single molecule of DNA is amplified by PCR for 25 cycles. 
Theoretically, how many molecules of amplicon will be produced? 

(210 = 1024)

A. 64 x 105

B. 32 x 106

C. 8 x 106

D. 126 x 105

[210 = 1024 ≈ 1000/103]

225 = 210 x 210 x 25 = 32 x 106



Question 2

A polymerase chain reaction was performed beginning with 400 
template DNA molecules in 100 μL reaction. After 20 cycles of 
PCR, how many molecules of the amplified product will be 
present in 0.1 μL of reaction?

A. 2.19 x 104

B. 4.19 x 104

C. 2.19 x 105

D. 4.19 x 105



Solution 2

N = N0 X 2n

N = 400 x 220 [210 = 1024 ≈ 1000/103]

N = 400 x 103 x 103 = 400 x 106              [400 x 106
→ 100 μL]

400 x 106
→ 100 μL

x → 0.1 μL

x = (400 x 106 x 0.1)/100 = 4 x 105



Question 3



Question 4



Question 5



Solution 5

• Tm = 4(G + C) + 2(A + T)°C

• Ta = Tm - 5°C

• Tm = 4(6 + 4) + 2(4 + 6)°C

Tm = 4(10) + 2(10)

Tm = 40 + 20 = 60°C

• Ta = Tm - 5°C = 60 – 5 = 55°C


