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PCR & RT-PCR

What is the Polymerase Chain Reaction (PCR)?
History of PCR
How PCR works?
Optimising PCR
PCR primer design
What is the Reverse Transcriptase-PCR (RT-
PCR)?



What is the Polymerase
Chain Reaction?

It’s a means of selectively amplifying a 
particular segment of DNA.
The segment may represent a small part of 
a large and complex mixture of DNAs:
e.g. a specific exon of a human gene.
It can be thought of as a molecular 
photocopier.
A photocopier capable of duplicating a 
part of a sentence



How Powerful is PCR?
PCR can amplify a usable amount of DNA 
(visible by gel electrophoresis) in ~2 hours.

The template DNA need not be highly purified.

The PCR product can be digested with 
restriction enzymes, sequenced or cloned.

PCR can amplify a single DNA molecule.





The Invention of PCR
Invented by Kary Mullis in 1983.

First published account appeared in 1985.

Awarded Nobel Prize for Chemistry in 1993.











What’s in the PCR Reaction mix?

Template DNA
Reaction buffer (Tris, ammonium ions (and/or 
potassium ions) & optional (bovine serum 
albumin, DMSO…) 
Magnesium ions (MgCl)
Nucleotides (dNTPs: A, T , C, G)
Primers
DNA polymerase (usually Taq polymerase)













Guidelines for 
the design 
and use of

primers

















The Basics of PCR Cycling



PCR In Detail
Denature, anneal, extend and repeat the 
cycle 30 to 35 times.

PCR animation movie



PCR Cycle - Step 1
- Denaturation Template DNA by Heat 

(94oC)

Target Sequence

Target Sequence



PCR Cycle - Step 2
-Temperature is lowered (54oC) and 
primers anneal to target sequences
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Target Sequence

Primer 1
Primer 2

5’

3’

5’

5’

3’

5’

3’

3’



PCR Cycle - Step 3
- At 72 oC Taq DNA polymerase catalyses 

primer extension as complementary 
nucleotides are incorporated

Target Sequence

Target Sequence
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Taq DNA
Polymerase



End of the 1st PCR Cycle
- Results in two copies of target 

sequence
Target Sequence

Target Sequence





How many copies?

No TARGET COPIES are made until the 
third cycle (see PCR amplification graph).

At 30 cycles there are 1,073,741,824 DNA 
COPIES (~1×109).



Target Amplification
Cycles           No. Amplicon 

# Copies of DNA

1 2

2 4

3 8

4 16

5 32

6 64

20 1,048,576

30 1,073,741,824

1 cycle = 2 Amplicon

2 cycle = 4 Amplicon

3 cycle = 8 Amplicon

4 cycle = 16 Amplicon

5 cycle = 32 Amplicon

6 cycle = 64 Amplicon

7 cycle = 128 Amplicon



So Then, it’s Easy?
Cycling performed with three water baths 
for denaturation, annealing and extension 
temperatures.

Thermal cyclers introduced in 1986.

Early polymerases were not thermostable, 
so had to be replenished each cycle.

Taq (Thermus aquaticus) DNA polymerase 
first described in 1988.



Thermal Cyclers

PCR Thermal cyclers available from many 
suppliers.

Many block formats and multi-block systems.

Reactions in tubes or 96-well micro-titre 
plates.



Thermal Cyclers



Has It Worked?
Detection of amplified product

Agarose Gel Detection

Solid Phase Hybridization and Colour Detection

Real-time Detection (Real Time PCR)



Agarose gel Detection of 
amplified product

Check a sample by gel electrophoresis.

Is the product the size that you expected?

Is there more than one band?

Is any band the correct size?

May need to optimize the reaction conditions.









The presence of DNA amplified PCR product 
in the sample is confirmed by two criteria:

The presence of DNA amplified PCR product The presence of DNA amplified PCR product 
in the sample is confirmed by two criteria:in the sample is confirmed by two criteria:

2.  This DNA must be of a size which is known to 
be specific for  the target under investigation 

(300 bases in this example)
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Samples
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1.  A band of DNA must be present

INTERPRETATION
OF RESULTS

Sample 1  - TEST (POSITIVE)

Sample 2  - POSITIVE CONTROL

Sample 3  - NEGATIVE CONTROL

300 bases







Optimising the PCR Reaction

Annealing temperature of the primers.

The concentration of Mg2+ in the reaction.

The denaturing, annealing and extension 
times.

The extension temperature.

The amount of template and polymerase.



Optimising the Annealing 
Temperature

Primers have a 
calculated annealing 
temperature
(e.g. 54°C).

Temperature must be 
confirmed practically.

Temperature steps of 
2°C above and below.



Optimising the Mg2+

Concentration

The fidelity of the 
PCR depends on 
[Mg2+].

Vary [Mg2+] in steps 
of 0.5 mM.



Fidelity of the Reaction
Taq DNA polymerase lacks the 3´→5´
proof-reading activity commonly present 
in other polymerases. 

Taq mis-incorporates 1 base in 104.

A 400 bp target will contain an error in 
33% of molecules after 20 cycles.

Error distribution will be random.



Do Errors Matter?

Yes, if you want to clone the amplified 
DNA — an individual molecule may 
harbour several mutations.

No, if you want to sequence the amplified 
DNA or cut it with restriction enzymes.



How Big A Target?

Amplification products are typically in 
the size range 100-1500 bp.

Longer targets are amplifiable 25 kb.

Requires modified reaction buffer, 
cocktails of polymerases, and longer 
extension times.



Confirmation and Identification 
of PCR Products

Confirmation and Identification 
of PCR Products

Gel electrophoresis

Confirmatory methods
Sequencing of the amplification product
Southern blotting
Restriction fragment length polymorphism 
(RFLP) analysis



Hot-start PCR - to reduce non-specific amplification. 
Can also be done by separating the DNA mixtures from 
enzyme by a layer of wax which melts when heated in 
cycling reaction. A number of companies also produce 
hot start PCR products.

"Touch-down" PCR - start at high annealing 
temperature, then decrease annealing temperature in 
steps to reduce non-specific PCR product. Can also be 
used to determine DNA sequence of known protein 
sequence.



Applications of PCR
Mutation testing, e.g. cystic fibrosis.

Diagnosis or screening of acquired 
diseases, e.g. AIDS.

Genetic profiling in forensic and legal 
applications.

Quantitation of mRNA in cells or tissues.



Variations of PCR in the 
Diagnostic Lab

The most common variations of standard PCR 
used in the diagnostic laboratory are:

Reverse Transcriptase PCR (RT-PCR)

Nested PCR

Semi-nested PCR

Multiplex PCR (m-PCR)

Quantitative Real-time PCR



Can PCR Amplify RNA?
Reverse Transcriptase PCR 

(RT-PCR)

Not directly — the DNA polymerase requires 
a DNA template and will not copy RNA.

mRNA can first be copied into cDNA using 
reverse transcriptase.

cDNA is a template for PCR — it need not be 
double-stranded.



Reverse Transcriptase

An enzyme involved in the replication of 
several kinds of virus.
RT unique in that it uses as a template 
not DNA but RNA.
This enzyme synthesize a DNA strand 
complementary to an RNA template. 



-RNA cannot serve as a template for PCR, so it 
must first be reverse transcribed into cDNA [e.g. 
with reverse transcriptase from Moloney murine 
leukaemia virus (M-MuLV) or avian 
myeloblastosis virus (AMV)].

-Powell et al. first described a combined 
technique (now commonly known as RT-PCR) in 
which reverse transcription (RT) is coupled with 
PCR amplification of the resulting cDNA. 



Reverse Transcription - Step 1
-Primer Anneals to Target RNA Sequence

Target Sequence

Primer

5’

3’
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3’



Reverse Transcription - Step 2

-rTth DNA Polymerase also has RT 
activity Catalyses Primer Extension by 

Incorporating Complementary 
Nucleotides

Target RNA Sequence

Primer

5’

3’

5’

3’

rTth DNA Polymerase

3’



End of Reverse Transcription - Step 3

Results in Synthesis of Complementary 
DNA (cDNA) to the RNA Target Sequence

Target RNA Sequence

cDNA



Target RNA Sequence

cDNA

PCR Step 1 - Denaturation by Heat
PCR Step 2 - Annealing of Primer to cDNA
PCR Step 3 - rTth DNA Polymerase Catalyses Primer Extension
End of 1st PCR Cycle - Yields a Double-Stranded DNA Copy (Amplicon) of       

the Target Sequence

cDNA

Primer

cDNA

Primer
rTth DNA Polymerase

cDNA

Amplicon

1

3

2

4





























































Target Amplification

No. of No. Amplicon 

Cycles Copies of Target

1 2

2 4

3 8

4 16

5 32

6 64

20 1,048,536

30 1,073,741,764

1 cycle = 2 Amplicon

2 cycle = 4 Amplicon

3 cycle = 8 Amplicon

4 cycle = 16 Amplicon

5 cycle = 32 Amplicon

6 cycle = 64 Amplicon

7 cycle = 128 Amplicon
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