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The technique was invented The technique was invented 
by by Dr. Dr. KaryKary Mullis, 1983Mullis, 1983, , 
for which he received the for which he received the 
Nobel Prize in Chemistry in Nobel Prize in Chemistry in 
1993.1993.
in vitroin vitro method (test tube method (test tube 
system) for DNA replication.system) for DNA replication.

IntroductionIntroduction



Published papers with Published papers with ‘‘PCRPCR’’

1989 1989 -- 219219
1990 1990 –– 496496 1998,10 1998,10 -- >73,000>73,000
1991 1991 –– 711711 1999,4 1999,4 -- >81,000>81,000
1992 1992 –– 906906 2000,10 2000,10 –– 121,305121,305
1993 1993 ––10301030 2001,2 2001,2 –– 125,563125,563
1994 1994 –– 857 (>4000)857 (>4000) 2002,3 2002,3 –– 149,572149,572
1995 1995 –– 823823 2003,2 2003,2 –– 170,841170,841
1996 1996 –– 796796 2004,2,232004,2,23--195,193195,193
1997 1997 –– 732732 2004,2,262004,2,26--195,265195,265
2006,3,22 2006,3,22 -- 255,788255,788

2006/4/18 2006/4/18 –– 257,737257,737
2007/3/9 2007/3/9 –– 283,607 283,607 
2007/4/11 2007/4/11 -- 286,486286,486



PCR will allow a short stretch PCR will allow a short stretch 
(specific sequence) of DNA (usually (specific sequence) of DNA (usually 
fewer than 3000 base pairs) to be fewer than 3000 base pairs) to be 
amplified to more than million fold. amplified to more than million fold. 

Millions of copies of a segment of Millions of copies of a segment of 
DNA can be made within a few DNA can be made within a few 
hours.hours.
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•• DNA amplification by PCR (DNA amplification by PCR (overviewoverview))
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Target DNA (Template).Target DNA (Template).
Two primers: Two primers: ((forwardforward and and reversereverse))

Nucleotides:  (Nucleotides:  (the 4 the 4 dNTPdNTP’’SS: A, T, C, G): A, T, C, G)

HeatHeat--stable DNA polymerase:                stable DNA polymerase:                
(like (like TaqTaq DNA Polymerase)DNA Polymerase)

Buffer and Cofactor MgClBuffer and Cofactor MgCl2  2  (Mg(Mg++++, K, K++))..

Thermal Thermal cyclercycler. . 

What do we need for PCR?What do we need for PCR?



Essential Components of PCR ReactionEssential Components of PCR Reaction
All the required components are inserted All the required components are inserted 
into an into an EppendorfEppendorf tubetube

saltssalts (ions)(ions)

dNTPsdNTPs
PrimersPrimers

DNA DNA 
PolymeraPolymera

sese

Template DNATemplate DNA

PCR ProcedurePCR Procedure



The ReactionThe Reaction

THERMOCYCLERPCR tube

PCR PCR EppendorfEppendorf tube containing reaction mix. tube containing reaction mix. 
placed in a placed in a thermocyclerthermocycler..



PCR CyclePCR Cycle

EachEach cycle (Round)cycle (Round) of PCR containsof PCR contains 3 steps:3 steps:
11-- DenaturationDenaturation
22-- Primer annealingPrimer annealing
33-- Primer extensionPrimer extension
The cycleThe cycle usually repeated for 25 usually repeated for 25 –– 40 times.40 times.



~ 1 min.~ 1 min.

Target DNA Sequence

PCR cycle (round)PCR cycle (round)

DenaturationDenaturation (95°C)(95°C)



Primer AnnealingPrimer Annealing (55(55°°C)C) ~1 min

Taq polymerase binds

1 Kb/min.1 Kb/min.

Forward primer

Reverse primer
5`5`

5`5`

3`3`

3`3`

3`3`
3`3`

Primer ExtensionPrimer Extension (72°C)(72°C)



PCRPCR
CycleCycle
(round)(round)



The mixture is heated again at 90-95°C to 
denature the molecules and separate the 
strands and the cycle is repeated. 

Each new strand then acts as a template 
for the next cycle of synthesis.





A thermal A thermal cyclercycler automatically changes automatically changes 
the temperature at the correct time for the temperature at the correct time for 
each of the stages.each of the stages.

How much amplification do you get?How much amplification do you get?
AmpliconsAmplicons = A X 2= A X 2nn––22

n = number of cyclesn = number of cycles
A = starting target copy numberA = starting target copy number

Ex.Ex.
66 cycles   = 26cycles   = 2666--22 (or 16) DNA copies.(or 16) DNA copies.
26 cycles = 226 cycles = 22424 (or 16.77 million) DNA copies.(or 16.77 million) DNA copies.

PCRPCR animationanimation andand VideoVideo



The amplified product can be 
detected using gel electrophoresis to 
view the  band containing DNA 
fragments.

AnimationAnimation..



Primer features:Primer features:

single stranded DNA molecules.

Types of primersTypes of primers
Random (short 10 Random (short 10 –– 15 b) [e.g. RAPD15 b) [e.g. RAPD--PCR]PCR]
Specific (long 17 Specific (long 17 –– 24 b)24 b)

*as the primer increases in size, the chances of 
matching the target size increase.

**Longer the primer, the higher the annealing Longer the primer, the higher the annealing 
temperature.temperature.

They are manufactured commerciallyThey are manufactured commercially



TaqTaq DNA Polymerase featuresDNA Polymerase features ::

A A heatheat--stable DNA polymerase stable DNA polymerase 
must be used in the reaction.must be used in the reaction.

Heat stable Heat stable TaqTaq DNA polymeraseDNA polymerase
was purified from the hot was purified from the hot 
springs (springs (hydrothermal ventshydrothermal vents) ) 
bacterium bacterium Thermus aquaticus in in 
1976.1976.

TaqTaq polymerase has optimal polymerase has optimal 
enzymatic activity at 72enzymatic activity at 72°°C .C .



TaqTaq DNA Polymerase featuresDNA Polymerase features ::

Its enzymatic Its enzymatic halflifehalflife (at 95°C) is 40 (at 95°C) is 40 
minmin

TaqTaq Polymerase extends the DNA Polymerase extends the DNA 
chain by adding ~1.0 Kb per min.chain by adding ~1.0 Kb per min.



TaqTaq DNA Polymerase features :DNA Polymerase features :



Thermal Thermal CyclerCycler::

It heats and cools the reaction tubes within 
it to the precise temperature required for 
each step of the reaction.

It is available in different specificity and 
models.





Programming the Programming the ThermocyclerThermocycler



Advantages of PCRAdvantages of PCR

PCR is fast (2PCR is fast (2––5 hours).5 hours).

DNA or RNA can be DNA or RNA can be 
amplified.amplified.

HighHigh--yield amplification yield amplification 
can be achieved (10can be achieved (1066 to to 
10109 9 amplification).amplification).

DNA from one cell DNA from one cell 
equivalent can be equivalent can be 
amplified.amplified.

Works on damaged Works on damaged 
DNA.DNA.

PCR products can be PCR products can be 
directly sequenced.directly sequenced.

Flexible.Flexible.



Disadvantages of PCRDisadvantages of PCR

Need information about Target DNA Need information about Target DNA 
sequence.sequence.

Highly susceptible to contamination or Highly susceptible to contamination or 
false amplification.false amplification.

Amplification may not be 100% specific.Amplification may not be 100% specific.

Specificity of amplification is dependent Specificity of amplification is dependent 
on temperature and Mg++ concentration.on temperature and Mg++ concentration.



Analysis and product detection usually Analysis and product detection usually 
takes longer than the PCR reaction itself.takes longer than the PCR reaction itself.

There is an upper limit to the size of DNA There is an upper limit to the size of DNA 
synthesized by PCR.synthesized by PCR.

Disadvantages of PCRDisadvantages of PCR



Analysis of PCR ProductsAnalysis of PCR Products

Analysis of AmpliconsAnalysis of Amplicons

DNADNA
SequenceSequence
AnalysisAnalysis

RestrictionRestriction
DigestionDigestion

ElectrophoresisElectrophoresis

AmpliconAmplicon
SizeSize

ElectrophoresisElectrophoresis

FragmentFragment
SizeSize

ElectrophoresisElectrophoresis

SouthernSouthern
TransferTransfer

HybridizeHybridize
withwith

ProbeProbe

DetectionDetection

CloningCloning
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Prof. Dr. Hamdy El-ArefProf. Dr. Hamdy El-Aref


