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Polymerase Chain reaction
(PCR) in Life Sciences
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Background

The polymerase chain reaction (PCR) is o revolutionary method developed by Kary
Mullis in the 1980s an American biochemist who won the Nobel Prize for Chemistry
in 1993 for his invention. Before the development of PCR, the methods used to amplify,
or generate copies of, recombinant dNA fragments were time-coasuming and labour-
intensive. I contrast, o machine designed to carry out PCR reactions con complete
mony rounds of replication, producing billions of copies of a dNA fragment, in oaly o
few hours. PCR is based on using the ability of INA polymerose to synthesize new
strand of dNA complementary to the offered templote strand. Because dNA
polymerase can add o nucleotide only onto a pre-existing 3'-OH group, it needs
a primer to which it can add the first nucleotide. At the end of the PCR reaction, the
specific sequence will be accumulated in billions of copies (amplicons). PCR is now a
common and often indispensable technique used in medical laboratory and clinical
loboratory research for o brood variety of applications including biomedical
research and criminal forensics.

Before PCR is performed, dNA must be isolated from peripheral blood, hair
follicles, cheek cells, or tissue sumples. Isolated dNA is double stronded, meaning that
there are two sequences of letters or nucleotide bases (A or adenine, G or guanine, C
or cytosine, and T or thymine). The double stranded dNA is held together by
complementary boase pairings in that A binds to T, C binds to G makes the
complementary strand of the molecule understood. So,
TTAACGGGGCCCTTTAAA........ TTTAAACCCGGGTTT
Would pair with; AATTGCCCCGGGAAATTT........ AAATTTGGGCCCAAA.

Principle

The target sequence of nucleic acid is denatured to single strands, primers
specific for each target strand sequence are added, and dNA polymerase catalyzes the
addition of deoxynucleotides to extend and produce new strands complementary to each
of the target sequence strands (cycle 1). in cycle 2, both double-stranded products of
cycle 1 are denatured and subsequently serve as targets for more primer annealing and
extension by dNA polymerase. After 25 to 30 cycles, at least 107 copies of target INA
may be produced by means of this thermal cycling.
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Thermal Cycler

Mechanism Of PCR

e Step I: denaturatios

« Step II: Annealing

P

« Step I Extension/elongation:

Components Of PCR
The PCR Reaction Components are as

follows:

Mg2+

Water

Primer

dNTPs

PCR Buffer
dNA polymerase
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Plateau effect

The term plateau effect is used to describe
the attenuation of the normally exponential rate of
product accumulation in PCR. The attenuation
occurs during the late PCR cycles when the
accumulation of product reaches 0.3 to 1 picomole.
depending on reaction conditions and thermal
cycling, one or more of the following may influence
when the plateau is
reached:
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PCR Cycle

l 95°C — Strands separate 1. Denaturing

l 55°C — Pnmers bind template 2. Annealing

r———— ;

l 72°C - Synthesise new strand 3. Extension

o depletion of substrates (ANTPs or primers)

o End-product inhibition (pyrophosphate,
duplex dNA)

o Competition for reactants by nonspecific
products or primer-dimer

o Reannealing of specific product at
concentration above 0.8 M (may decrease
the extension rate or processivity of Taq
dNA polymerase or change braach-
migration of product strands and
displacement of primers)

o Incomplete denaturation/strand separation
of product at high product concentration.

Applications

PCR has a broad range of applications, not only
in basic research but also in the areas of medical
diagnostics, forensics,  and agriculture. ~ some
examples of PCR applications include:

e Genotyping

PCR can be used to detect sequence variations
in alleles in specific cells or organisms. Genotyping
by PCR is also a fundamental aspect of genetic

Fig 1: Overview of PCR
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analyses of mutations in cancer and heredity. The
primer sets are designed to flank regions of interest
and assess genetic variations based on the presence
or absence of an amplicon and/or its length.

e PCR cloning

PCR is widely used in cloning dNA fragments
of interest, in a technique khown as PCR cloning. In
direct PCR cloning, the desired region of a dNA
source (e.g., gdNA, cdNA, plasmid dNA) is
amplified and inserted into specially designed
compatible vectors. Alternatively, primers may be
designed with additional nucleotides at their 5" end
for further manipulation before insertion.

. Methylation

PCR can be employed to investigate locus-
specific methylation. in a method
called methylation-specific PCR (MSP), two primer
pairs are designed to differentiate the methylation
state of the locus of interest Positive PCR
amplification resulting from primer binding is used
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to determine the methylation state of the locus.
e Mutagenesis

in the benefits of PCR cloning is the ability
to introduce desired mutations into the gene of
interest via cloning, for mutagenesis studies.
Sequencing

PCR is a relatively simple approach for
enriching template dNA for sequencing. High-
fidelity PCR is highly recommended for preparation
of sequencing templates, in order to maintain dNA
sequence accuracy.

MERITS OF PCR
e Specific, highly sensitive technique
e Relatively very simple
e Purity of dNA preparation is not critical
 Even degraded dNA can be used
e Highly versatile technique
» Quantity of dNA required for PCR is low.
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