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Polymerase chain reaction (PCR):
The polymerase chain reaction (PCR) was originally developed in 1983 by the
American biochemist Kary Mullis. He was awarded the Nobel Prize in Chemistry in
1993 for his pioneering work.

Polymerase chain reaction (PCR) is a common laboratory technique used to make many
copies (millions or billions!) of a particular region of DNA in vitro(in a test tube rather
than an organism). This DNA region can be anything the experimenter is interested in.
For example, it might be a gene whose function a researcher wants to understand, or a
genetic marker used by forensic scientists to match crime scene DNA with suspects.

PCR relies on a thermostable DNA polymerase, Taq polymerase, and requires
DNA primers designed specifically for the DNA region of interest.

In PCR, the reaction is repeatedly cycled through a series of temperature changes,
which allow many copies of the target region to be produced.

PCR is a common tool used in medical and biological research labs. It is used in the
early stages of processing DNA for sequencing, for detecting the presence or absence of
a gene to help identify pathogens during infection, and when generating forensic DNA
profiles from tiny samples of DNA.

Typically, the goal of PCR is to make enough of the target DNA region that it can be
analyzed or used in some other way. For instance, DNA amplified by PCR may be sent
for sequencing, visualized by gel electrophoresis, or cloned into a plasmid for further
experiments.

PCR is used in many areas of biology and medicine, including molecular biology
research, medical diagnostics, and even some branches of ecology.



2

Principle of PCR:
PCR uses the enzyme DNA polymerase that directs the synthesis of DNA from
deoxynucleotide substrates on a single-stranded DNA template. DNA polymerase adds
nucleotides to the 3` end of a custom-designed oligonucleotide when it is annealed to a
longer template DNA. Thus, if a synthetic oligonucleotide is annealed to a single-
stranded template that contains a region complementary to the oligonucleotide, DNA
polymerase can use the oligonucleotide as a primer and elongate its 3` end to generate
an extended region of double stranded DNA.

Requirements for PCR:

Six Core ‘ingredients’ are required to set up a PCR. These are:

1) The DNA template to be copied

2) Primers, short stretches of DNA that initiate the PCR reaction, designed to bind
to either side of the section of DNA you want to copy.

3) DNA nucleotide bases (also known as dNTPs). DNA bases (A, C, G and T) are
the building blocks of DNA and are needed to construct the new strand of DNA

4) Taq polymerase -An enzyme to add in the new DNA bases to synthesize DNA
copies

5) Buffer- A suitable chemical environment to ensure the right conditions for the
reaction.

6) Divalent Cation Mg2+ ions , Monovalent ions-Potassium ions & PCR Machine-
A Thermal Cycler.
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1. Taq polymerase:

Like DNA replication in an organism, PCR requires a DNA polymerase enzyme that
makes new strands of DNA, using existing strands as templates. The DNA
polymerase typically used in PCR is called Taq polymerase, after the heat-tolerant
bacterium from which it was isolated (Thermus aquaticus).

T. aquaticus lives in hot springs and hydrothermal vents. Its DNA polymerase is very
heat-stable and is most active around 70°C(a temperature at which a human or E.
coli DNA polymerase would be nonfunctional). This heat-stability makes Taq
polymerase ideal for PCR. As we'll see, high temperature is used repeatedly in PCR
to denature the template DNA, or separate its strands.

2. PCR primers:

Like other DNA polymerases, Taq polymerase can only make DNA if it's given
a primer, a short sequence of nucleotides that provides a starting point for DNA
synthesis. In a PCR reaction, the experimenter determines the region of DNA that
will be copied, or amplified, by the primers she or he chooses.

PCR primers are short pieces of single-stranded DNA, usually around 20 nucleotides
in length. Two primers are used in each PCR reaction, and they are designed so that
they flank the target region (region that should be copied). That is, they are given
sequences that will make them bind to opposite strands of the template DNA, just at
the edges of the region to be copied. The primers bind to the template by
complementary base pairing.

3. DNA Tempelate:

5' TATCAGATCCATGGAGT...GAGTACTAGTCCTATGAGT 3'

3' ATAGTCTAGGTACCTCA...CTCATGATCAGGATACTCA 5'
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4. Primer (a short segment of DNA):

Primer 1: 5' CAGATCCATGG 3' (Forward Primer)

Primer 2: 5' TCATAGGACTAG 3' (Backward Primer)

When the primers are bound to the template, they can be extended by the
polymerase, and the region that lies between them will get copied.

More detailed diagram showing DNA and primer directionality

The steps of PCR:
The key ingredients of a PCR reaction are Taq polymerase, primers, template DNA, and
nucleotides (DNA building blocks). The ingredients are assembled in a tube, along with
cofactors needed by the enzyme, and are put through repeated cycles of heating and
cooling that allow DNA to be synthesized.

1. Denaturation (96°C):

Heat the reaction strongly to separate, or denature, the DNA strands. This provides
single-stranded template for the next step.

2. Annealing (55-65°C):

Cool the reaction so the primers can bind to their complementary sequences on
the single-stranded template DNA.
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3. Extension (72°C):

The reaction is then heated to 72° C, the optimal temperature for DNA polymerase to
act. DNA polymerase extends the primers, adding nucleotides onto the primer in a
sequential manner, using the target DNA as a template.

With one cycle, a single segment of double-stranded DNA template is amplified into
two separate pieces of double-stranded DNA. These two pieces are then available for
amplification in the next cycle. As the cycles are repeated, more and more copies are
generated and the number of copies of the template is increased exponentially.

This cycle repeats 25-35 times in a typical PCR reaction, which generally takes 2-
4 hours, depending on the length of the DNA region being copied. If the reaction is
efficient (works well), the target region can go from just one or a few copies to billions.

That’s because it’s not just the original DNA that’s used as a template each time.
Instead, the new DNA that’s made in one round can serve as a template in the next
round of DNA synthesis. There are many copies of the primers and many molecules
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of Taq polymerase floating around in the reaction, so the number of DNA molecules
can roughly double in each round of cycling. This pattern of exponential growth is
shown in the image below.

Types of PCR:
a) Real-time PCR

b) Quantitative real time PCR (Q-RT PCR)

c) Reverse Transcriptase PCR (RT-PCR)

d) Multiplex PCR

e) Nested PCR

f) Long-range PCR

g) Single-cell PCR

h) Fast-cycling PCR

i) Methylation-specific PCR (MSP)

j) Hot start PCR

k) High-fidelity PCR

l) In situ PCR

m) Variable Number of Tandem Repeats (VNTR) PCR

n) Asymmetric PCR
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o) Repetitive sequence-based PCR

p) Overlap extension PCR

q) Assemble PCR

r) Intersequence-specific PCR(ISSR)

s) Ligation-mediated PCR

t) Methylation –specifin PCR

u) Miniprimer PCR

v) Solid phase PCR

w) Touch down PCR

Top 6 Applications of Polymerase Chain Reaction:
1. PCR in Clinical Diagnosis:

The specificity and sensitivity of PCR is highly useful for the diagnosis of various
diseases in humans. These include diagnosis of inherited disorders (genetic
diseases), viral diseases, bacterial diseases etc. The occurrence of genetic diseases
frequently identified by restriction fragment length polymorphism (RFLP) can be
employed only when there is a mutation resulting in a detectable change in the length
of restriction fragment. Many genetic diseases occur without the involvement of
RFLP. For all such disorders, PCR technique is a real boon, as it provides direct
information of DNA. This is done by amplification of DNA of the relevant region,
followed by the direct analysis of PCR products.

i. Prenatal diagnosis of inherited diseases: PCR is employed in the prenatal
diagnosis of inherited diseases by using chorionic villus samples or cells from
amniocentesis. Thus, diseases like sickle-cell anemia, p-thalassemia and
phenylketonuria can be detected by PCR in these samples.

ii. Diagnosis of retroviral infections: PCR from cDNA is a valuable tool for
diagnosis and monitoring of retroviral infections, e.g., HIV infection.

iii. Diagnosis of bacterial infections: PCR is used for the detection of bacterial
infection e.g., tuberculosis by Mycobacterium tuberculosis.

iv. Diagnosis of cancers: Several virally-induced cancers (e.g., cervical cancer
caused by human papilloma virus) can be detected by PCR. Further, some
cancers which occur due to chromosomal translocation (chromosome 14 and 18
in follicular lymphoma) involving known genes are identified by PCR.



8

v. PCR in sex determination of embryos: Sex of human and livestock embryos
fertilized in vitro, can be determined by PCR, by using primers and DNA probes
specific for sex chromosomes. Further, this technique is also useful to detect
sex-linked disorders in fertilized embryos.

2. PCR in DNA Sequencing:

As the PCR technique is much simpler and quicker to amplify the DNA, it is
conveniently used for sequencing. For this purpose, single-strands of DNA are
required. In asymmetric PCR, preferential amplification of a single-strand is carried
out. In another method, strand removal can be achieved by digesting one strand
(usually done by exonuclease by its action on 5′-phosphorylated strand).

3. PCR in Gene Manipulation and Expression Studies:

The advantage with PCR is that the primers need not have complementary sequences
for the target DNA. Therefore, the sequence of nucleotides in a piece of the gene
(target DNA) can be manipulated and amplified by PCR.

By using this method, coding sequence can be altered (thereby changing amino acids)
to synthesize protein of interest. Further, gene manipulations are important in
understanding the effects of promoters, initiators etc., in gene expression.

PCR is important in the study of mRNAs, the products of gene expression. This is
carried out by reverse transcription — PCR.

4. PCR in Comparative Studies of Genomes:

The differences in the genomes of two organisms can be measured by PCR with
random primers. The products are separated by electrophoresis for comparative
identification. Two genomes from closely related organisms are expected to yield
more similar bands. For more details, refer the technique random amplified
polymorphic DNA.

PCR is very important in the study evolutionary biology, more specifically referred to
as phylogenetic. As a technique which can amplify even minute quantities of DNA
from any source (hair, mummified tissues, bone, or any fossilized material), PCR has
revolutionized the studies in palaentology and archaelogy. The movie ‘Jurassic Park’
has created public awareness of the potential applications of PCR!

5. PCR in Forensic Medicine:

A single molecule of DNA from any source (blood strains, hair, semen etc.) of an
individual is adequate for amplification by PCR. Thus, PCR is very important for
identification of criminals.
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6. PCR in Comparison with Gene Cloning:

PCR has several advantages over the traditional gene cloning techniques .These
include better efficiency, minute quantities of starting material (DNA), cost-
effectiveness, minimal technical skill, time factor etc. In due course of time, PCR
may take over most of the applications of gene cloning.


