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Introduction

» The technique was invented
by Dr. Kary Mullis, 1983,

»for which he received the
Nobel Prize in Chemistry in
1993.

>Iin wvitro method (test tube
system) for DNA replication.




Published papers with ‘PCR’
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Introduction

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

Millions of copies of a segment of
DNA can be made within a few
hours.
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Introduction

DNA amplification by PCR (overview)
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What do we need for PCR?

® Target DNA (Template).
® Two primers: (forward and reverse)
® Nucleotides: (the 4dNTP'S: A, T, C, G)
® Heat-stable DNA polymerase:

(like Tag DNA Polymerase)
® Buffer and Cofactor MgCl, (mg**, K*)
® Thermal cycler.
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=0l PCR Procedure
Essential Components of PCR Reaction

All the required components are inserted
Into an Eppendorf tube
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The Reaction

PCR Eppendorf tube containing reaction mix.
placed in a thermocycler.
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PCR tube THERMOCYCLER
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PCR Cycle

] Each cycle (Round) of PCR contains 3 steps:
1- Denaturation

2- Primer annealing

3- Primer extension

] The cycle usually repeated for 25 — 40 times.
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PCR cycle (round)

Target DNA Sequence

~ 1 min.

Denaturation (95°C)
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Forward primer

Taq polymerase binds

1 Kb/m

in.

Primer Extension (72°C)

Reverse Primer
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,ﬁm — Target DNA Sequence
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PCR
Cycle

(round)

Denaturation (95°C) Im 1 min.
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Primer Annealing (55°C) | ~1 min

Reverse primer _ |

Forwanrd primer

Primer Extension (72°C) Taq polymerase binds
1 Kb/min.

Reverse Primer
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» 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.

Round 1 Round 2
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—— Wanted gene

lat cycle
template DNA

4 copics

dth eycle

¢ Jthcycle
Ind eyele
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deopies 6 copies 32 copies

......... P 35th cyele

Exponential amplification

M
2 =68 hillion copies
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4 Lab A

- >A thermal cycler automatically changes
the temperature at the correct time for
each of the stages.

How much amplification do you get?
> Amplicons = A X 22
on = number of cycles
JA = starting target copy number

EX.

6 cycles = 26%2 (or 16) DNA copies.
> 26 cycles = 224 (or 16.77 million) DNA copies.

> PCR :ziirnizitiori and Viclaeo
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» The amplified product can be
detected using gel electrophoresis to
view the band containing DNA
fragments.

> Ariirnet Orl.
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% Primer features:
>sing|e stranded DNA molecules.

_Types of primers
> Random (short 10 — 15 b) [e.g. RAPD-PCR]
> Specific (long 17 — 24 b)

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

*Longer the primer, the higher the annealing
temperature.

>They are manufactured commercially
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> A heat-stable DNA polymerase
must be used in the reaction.

» Heat stable Tagq DNA polymerase 4w =
was purified from the hot %
springs (hydrothermal  vents)
bacterium 7hermus aquaticus in
1976.

> Taq polymerase has optimal
enzymatic activity at 72°C .
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rzic; DNA Polymerase features -

> Tts enzymatic halflife (at 95°C) is 40
min

>Taq Polymerase extends the DNA
chain by adding —1.0 Kb per min.
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.~ Taqg DNA Polymerase features :

Elslslslsls|slsls|sjlslslslslsls[slss|lslslslslsjlss|s|s|s|s|sls|slslsls|s|sslslslsls|s|ss|ssjs|slslsls|ss|sla|slsla]s)s]s)s]=])

T % Extension
Polymerase 2 | Source
95:C Rate (nt/sec)
Taqg pol 40 min i T. aquaticis
Amplitaq 80 min >50 T. aquaticus
Vent 400 min =80 Thermococcius
litoralis
Deep Vent 1380 min ? Pyrococcus
GB-D
Ptu =120 min 60 Pyrococcus
ﬁfrfc:r:m:;
Tth 20 min >33
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Thermal Cycler:

» 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.

Heaction buffer (3
DNA template .
PCR primars
- Tagq DNA pol
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94°C | 94°C
1 min 1 min
1X

54°C

1 min

72°C | 72°C
1 min | 15 min
4°C
25X X Hold
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Advantages of PCR

PCR is fast (2—5 hours).

DNA or RNA can be
amplified.

> Works on damaged
DNA.

> PCR products can be
directly sequenced.

High-yield amplification | flexible.

can be achieved (10° to
10° amplification).

DNA from one cell
equivalent can be
amplified.
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Disadvantages of PCR

o Need information about Target DNA
seqguence.

o Highly susceptible to contamination or
false amplification.

o Amplification may not be 100%b specific.

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

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

o There i1s an upper limit to the size of DNA
synthesized by PCR.
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Analysis of PCR Products

Analysis of Amphcons\
Cloning Restriction Electrophoresis
Digestion l
Electrophoresis l Southern
DNA
Sequence Electrophoresis Transfer
Analysis
Amplicon
SI:ze Fragment Hy‘mglze
Size
Probe
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