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Abbreviations: PCR, polymerase chain reaction; DNA, 
deoxyribonucleic acid, Q-PCR, quantitative PCR 

Introduction
In molecular biology, a scientific technique PCR (polymerase 

chain reaction) is used to generate thousands to millions of copies of 
a single particular DNA sequences to amplify a single or few copy 
of a piece of DNA across several orders of magnitude. Polymerase 
Chain Reaction was firstly developed by American biochemist, Kary 
Mullis in 1984. Mullis received the Japan Prize and Nobel Prize in 
1993 for developing Polymerase Chain Reaction. Gobind Khorana 
in 1971 describes the basic theory of DNA replication. For multiple 
applications, PCR is an ordinary and often vital practice used in 
medicinal and biological research labs and is used for diagnosis 
and investigation of multiple diseases. PCR has now become an 
indispensable technique used in biological and medical research labs 
for variety of applications because it is simple, quick, and inexpensive. 
PCR technique amplifies rapidly the specific DNA fragments from 
small quantities of source DNA material, even when that source DNA 
is comparatively poor quality. PCR is quick, easy, and fast method of 
amplification, it amplifies Millions of copies of any DNA fragment in 
a very short period

Basic concept of PCR

The basic principle about PCR is simple, quick, and easy. As the 
name indicates it is chain reaction. One molecule of DNA is used to 
produce 2 copies, then 2 molecules to produce 4 copies then 4 and 
8 copies of DNA molecules and so on. The specific proteins called 
the Polymerases are responsible for continuous doubling of the DNA 
molecules. Polymerases are those enzymes that are responsible for 
long molecular strands by stringing the individual DNA building 
strand. For proper working of chain reaction polymerase requires 
DNA building blocks, a single nucleotide consists of four nitrogenous 
bases Adenine, Guanine, Thymine, Cytosine, and also need a small 

fragment of DNA known as a primer to which these building blocks 
are attached as a template to provide a new strand. PCR is a very 
efficient technique used to attain many copies of exact DNA, it means 
selectively amplifying a particular fragment of DNA. The fragment 
may characterize by small pieces of a large and complex piece of the 
genome for example a specific Exon of human genome. It is just like a 
molecular photocopier. PCR can amplify the usable amount of DNA in 
about 2 hours, the template DNA cannot be highly purified. PCR can 
amplify a single DNA molecule even from a single sperm. Polymerase 
Chain Reaction depends upon the ability of DNA – copping enzymes 
to stay stable at high temperatures. Mullis’s innovative PCR process is 
unproductive because it requires a lot of time, a huge amount of DNA 
polymerase, and constant attention throughout the PCR processes.1–5

 
 

Steps in PCR

Polymerase chain reaction mainly consists of three steps 
namely Denaturation, Annealing, and Extension. In the first step, 
Denaturation two strands of DNA denatured at a high temperature 
about (90-97 °C). In second step, primers anneal the template strand 
of DNA to further extension. At the last step it gets a multiple copies 
of the genome. Polymerase chain reaction is firstly heated at about 
90- 97 °C temperature to denature the double-stranded DNA, next an 
enzyme called Taq polymerase synthesis is used to build two new 
DNA strands using the original strands as a template. This process 
results in Duplication processes in which one strand is a new one is 
old strand and so on… these new strands can further use to create 
new DNA copies and so on this process is repeated again and again to 
make millions of DNA copies. The annealing steps the second step in 
the PCR technique this step is very useful in forensic chemistry, this 
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Abstract

In molecular biology, a scientific technique PCR (polymerase chain reaction) is used to 
generate thousands to millions of copies of a single particular DNA sequences to amplify 
a single or few copies of a piece of DNA across several orders of magnitude. For multiple 
applications, PCR is an ordinary and often vital practice used in medicinal and biological 
research labs and is used for diagnosis and investigation of multiple diseases. In PCR 
mainly three major steps are involved. Denaturation, annealing, and extension. PCR can 
be used to detect not only the human genome but also the genome of viruses and bacteria. 
PCR is especially useful in forensic laborites because a very small amount of original DNA 
is required. In the development of cancer, genes have been implicated through PCR. 
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step happens at a lower temperature about 50- 60°C and this allows the 
primers to hybridize to their particular paired DNA strands.6–15 The 
newly synthesized DNA strands are then further used to make identical 
copies of the original DNA template strand. Taq polymerase used to 
add up the presented nucleotides to the end of the annealed primers. 
The extension of annealed primers occurs at approximately72°C for 
2-3 minutes. The beauty of Polymerase chain reaction is that it is a 
very speedy method as compared to other techniques because each 
strand doubles the number of the copies of desired DNA strand. After 
25-30 minutes there Millions of copies of the desired DNA.16–20

Basic components of PCR

ℵ Complementary DNA (cDNA) or DNA template which contains 
the DNA fragment to be amplified.

ℵ Two primers that are used to amplify the DNA fragments.

ℵ Taq polymerase which copies the regions to be amplified.

ℵ Nucleotides are used for new DNA polymerization.

ℵ Buffer provides a suitable environment for DNA polymerase.

ℵ Thermal cycler (A machine that is used for maintaining the 
temperature during the reaction)

Primers

Primers are short, artificial DNA fragments not more than 
fifty usually(18-25bp) nucleotides that are corresponding to the 
start and end of the DNA fragment to be amplified. They anneal 
to the DNA fragment at the initial and endpoints where the DNA 
polymerase enzyme attaches and begins the synthesis of new DNA 
strands. DNA fragments that are to be amplified are determined by 
selecting the Primers. The PCR cycle consists of twenty to thirty-
five cycles each consists of three main steps namely Denaturation, 
Annealing, and Extension. By using this technique, it is easy to find 
out the evolutionary relationship between the parents and off-springs. 
Agarose gel Electrophoresis is a procedure that consists of agarose 
gel in which DNA is injected into the gel and then apply the electric 
current to the gel. The result is that small DNA fragments move faster 
than the larger ones throughout the gel towards the positive current. 
The size of the PCR product can be measured by comparing it with 
DNA stepladder that contains DNA fragments with known size in the 
gel. By using the PCR technique hereditary diseases can easily check, 
handle, and cure significantly. Each gene can easily be amplified with 
known sequences to detect the mutations. Viral diseases can also be 
easily detectable by using this technique.21–24

Stages of PCR

There are mainly three main stages of PCR that are

ℵ Exponential amplification.

ℵ Leveling off stage.

ℵ Plateau

Exponential amplification

At this stage, only small quantities of DNA is required and 
assuming 100% reaction efficiency and at every cycle, the amount of 
DNA becomes doubled. This technique is very sensitive. Leveling off 
stage. At this stage DNA polymerase enzyme lose its activity and as 
consumption of reagent, such as primers or dNTPs are limiting them.

Plateau

At this last stage, no more component is produced due to 
disintegrating of regents and enzymes.

Steps of practical modifications of PCR. Main steps of practical 
modifications are given below:

ℵ Nested PCR

ℵ Inverse PCR

ℵ Reverse Transcription PCR

ℵ Asymmetric PCR

ℵ Quantitative PCR

ℵ Qualitative PCR

ℵ Touchdown PCR

ℵ Colony PCR

allele-specific PCR

ℵ Polymerase cycling PCR

ℵ Asymmetrical PC

Methods
A quantitative polymerase chain reaction is a PCR based laboratory 

technique which is also called real-time polymerase chain reaction 
which is used to amplify and quantify targeted DNA molecules. 
Usually, PCR takes place in a tube and when a reaction is complete 
the end product of the reaction can easily be visualized and analyzed 
by gel electrophoresis. However real-time PCR permits the analysis 
of products while the reaction is still in progress. This is achieved 
by different fluorescent dyes which react with enlarged product and 
it can be calculated by different instruments. This also facilitates 
the quantization of the DNA. As in real-time PCR procedure, exact 
quantity of PCR can easily be determined by this method or this 
technique is followed in Quantitative PCR (Q-PCR). In this method, 
quantitative amount of PCR, cDNA, and RNA can easily be measured. 
PCR is therefore used to measure whether a DNA sequence, several 
copies, or DNA is present in the sample. There is a key difference 
between the PCR and the traditional PCR is measuring the precise 
amount of Nucleic acid.

Application of PCR

The polymerase chain reaction has been a standard method that 
is used in all laboratories that carry out research on or with nucleic 
acid. It helps in exploring a number of growing diseases. The major 
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advances in PCR applications are the use of reverse transcriptase to 
quantify the amplification of DNA in real-time and the extension of 
PCR technology for further scientific research. These techniques have 
provided greater information about diseases and scientific research 
by allowing the determination and quantificational changes in gene 
expression. PCR is used in research laborites in DNA cloning, southern 
blotting, recombinant DNA, and DNA sequencing technologies. In 
Microbiology, molecular biology labs PCR technique is used very 
frequently but in clinical microbiology PCR is very helpful because 
it is useful for analysis of microbial infections, and epidemiological 
studies. PCR is used in forensic laborites because a very small amount 
of original DNA is required that is even taken from single hair or 
droplet of blood. The PCR technique is very useful for the detection 
of a broad range of bacteria in CSF specimens have been reported. C. 
pneumonia is that organism who’s culturing and detection in clinical 
laborites is too much difficult but by using PCR techniques scientists 
can easily handle it this is the great achievement of PCR technology 
that it detected not only the genes of humans but also viruses, 
bacteria, and the detection of pathogens even it detects the number of 
pathogens in and outside the specimen, it also detects the amount of 
DNA of organisms in any foodstuff such as drinking water, foodstuff 
or the body fluids etc., it detects the exact quantity of microorganisms 
DNA. Many viruses contain RNA rather than the DNA so in such 
cases firstly viral genome converted to DNA for further processing 
by using RTPCR. PCR test is a very sensitive test about some viral 
infectious diseases such as human papilloma virus, herpes simplex 
virus, vericella-zoster virus infections. Other diagnostic uses of PCR 
including the genetic inherited and more infectious diseases such as 
AIDS, hepatitis, and cancer, these diseases are more dangerous and 
difficult to handle and to examine. ELISA test is useful for diagnosis 
of AIDS. So PCR can also be used to cure the diseases.

Conclusion
The advancement in science has changed our lives in positive 

ways that would have been unpredictable even half a century 
ago. Molecular methods have secured the phase in such a way by 
introducing the polymerase chain reaction technique that plays a 
positive role in human life as well as all living organisms. PCR is 
become very quickly an important tool in all scientific and medical 
laborites to improve human health and human life as well. PCR is a 
rapid technique with high sensitivity and specificity. It can also detect 
many rapid and mixed infections. It can also be used in many disease 
diagnosis and evaluation techniques that how much DNA of the 
organism is infected and how much quantity of harmful organism’s 
DNA in the specimen. So PCR has become very important and useful 
technique for medical, clinical, and research laborites.

Acknowledgements
None.

Conflicts of interest
Author declares there is no conflict of interest.

Funding
None.

References
1.	 Maurya R, RK Singh, B Kumar, et al. Evaluation of PCR for Diagnosis 

of Indian Kala-Azar and Assessment of Cure. J Clin Microbiol. 
2005;43(7):3038–3041.

2.	 Applied Biosystems.

3.	 A C Lo, S R Feldman. Polymerase chain reaction: basic concepts and 
clinical applications in dermatology. Journal of the American Academy 
of Dermatology. 1994;30(2 Pt 1):250–260.

4.	 Apfalter P, F Blasi, J Boman, et al. Multicenter comparison trial of 
DNA extraction methods and PCR assays for detection of Chlamydia 
pneumoniae in endarterectomy specimens. J Clin Microbiol. 
2001;39:519–524.

5.	 Arnheim N, Erlich H. Polymerase Chain Reaction Strategy. Annual 
review of biochemistry, 1992;61:131–156.

6.	 Bartlett JMS, Stirling D. A short history of the polymerase chain 
reaction. Methods in Molecular Biology. 2003;226:3–6.

7.	 Layh-Schmitt G, C Bendl, U Hildt, et al. Evidence for infection with 
Chlamydia pneumoniae in a subgroup of patients with multiple sclerosis. 
Ann Neurol. 2000;47:652–655.

8.	 Erlich HA. PCR technology: principles and applications for DNA 
amplifications. Stockton Press, NY; 1989.

9.	 Faoud T Ishmael, Cristiana Stellato. Principles and applications of 
polymerase chain reaction: basic science for the practicing physician. 
Annals of Allergy, Asthma and Immunology. 2008;7(4):437–443.

10.	 Gibbs RA. DNA Amplification by the Polymerase Chain Reaction. 
Analytical Chemistry. 1990;62(13):1202–1214.

11.	 http://en.wikipedia.org/wiki/talk:Digit al_ polymerase_ chain_ reaction

12.	 http://en.wikipedia.org/wiki/talk:Inver se_ polymerase_ chain_ reaction

13.	 http://en.wikipedia.org/wiki/talk:Neste d _ polymerase_ chain_ reaction

14.	 http://www.pcrstation.com/discovery

15.	 Don R, Cox P, Wainwright B, et al. Touchdown PCR to circumvent 
spurious priming during gene amplification. Nucleic Acids 
Res.1991;19(14):4008.

16.	 HA Erlich, D Gelfand, JJ Sninsky. Recent Advances in the Polymerase 
Chain Reaction. Science. 1991;252(5013):1643–1651.

17.	 Klein A, R Barsuk, S Dagan, et al. Comparison of methods for extraction 
of nucleic acid from hemolytic serum for PCR amplification of hepatitis 
Bivirus DNA sequences. J Clin Microbiol.1997;35:1897–1899.

18.	 Kleinschmidt-DeMasters BK, RL DeBiasi, KL Tyler. Polymerase chain 
reaction as a diagnostic adjunct in herpes virus infections of the	
nervous system. Brain Pathol. 2001;11:452–464.

19.	 Ochman H, AS Gerber, DL Hartl. Genetic applications of an inverse 
polymerase chain reaction. Genetics. 1988;120:621–623.

20.	 R K Saiki, DH Gelfand, S Stoffel, et al. Primer- directed enzymatic 
amplification of DNA with a thermostable DNA polymerase. Science. 
1988;239(4839):487–491.

21.	 Saiki RK, Scharf S, Faloona F, et al. Enzymatic amplification of beta- 
globin genomic sequences and restriction site analysis for diagnosis of 
sickle cell anemi. Science. 1985;230(4732):1350-1354.

22.	 Scharf SJ, Horn GT, Erlich HA. Direct cloning and sequence 
analysis of enzymatically amplified genomic sequences. 
Science.1986;233(4768):1076–1080.

23.	 Sykes PJ, Neoh SH, Brisco MJ, et al. Quantitation of targets for PCR by 
use of limiting dilution. Biotechniques. 1992;13(3);444–449.

24.	 VanGuilder HD, Vrana KE, Freeman WM. Twenty-five years of 
quantitative PCR for gene expression analysis. Biotechniques. 
2008;44(5):619–626.

https://doi.org/10.15406/jabb.2020.07.00228
https://pubmed.ncbi.nlm.nih.gov/16000412/
https://pubmed.ncbi.nlm.nih.gov/16000412/
https://pubmed.ncbi.nlm.nih.gov/16000412/
https://www.thermofisher.com/in/en/home/brands/applied-biosystems.html
https://www.jaad.org/article/S0190-9622(94)70025-7/abstract
https://www.jaad.org/article/S0190-9622(94)70025-7/abstract
https://www.jaad.org/article/S0190-9622(94)70025-7/abstract
https://pubmed.ncbi.nlm.nih.gov/11158100/
https://pubmed.ncbi.nlm.nih.gov/11158100/
https://pubmed.ncbi.nlm.nih.gov/11158100/
https://pubmed.ncbi.nlm.nih.gov/11158100/
https://www.annualreviews.org/doi/10.1146/annurev.bi.61.070192.001023
https://www.annualreviews.org/doi/10.1146/annurev.bi.61.070192.001023
https://pubmed.ncbi.nlm.nih.gov/12958470/
https://pubmed.ncbi.nlm.nih.gov/12958470/
https://pubmed.ncbi.nlm.nih.gov/10805338/
https://pubmed.ncbi.nlm.nih.gov/10805338/
https://pubmed.ncbi.nlm.nih.gov/10805338/
https://archive.org/details/pcrtechnologypri0000unse
https://archive.org/details/pcrtechnologypri0000unse
https://jhu.pure.elsevier.com/en/publications/principles-and-applications-of-polymerase-chain-reaction-basic-sc-4
https://jhu.pure.elsevier.com/en/publications/principles-and-applications-of-polymerase-chain-reaction-basic-sc-4
https://jhu.pure.elsevier.com/en/publications/principles-and-applications-of-polymerase-chain-reaction-basic-sc-4
https://pubs.acs.org/doi/10.1021/ac00212a004
https://pubs.acs.org/doi/10.1021/ac00212a004
https://academic.oup.com/nar/article-abstract/19/14/4008/1014051
https://academic.oup.com/nar/article-abstract/19/14/4008/1014051
https://academic.oup.com/nar/article-abstract/19/14/4008/1014051
https://science.sciencemag.org/content/252/5013/1643
https://science.sciencemag.org/content/252/5013/1643
https://pubmed.ncbi.nlm.nih.gov/9196220/
https://pubmed.ncbi.nlm.nih.gov/9196220/
https://pubmed.ncbi.nlm.nih.gov/9196220/
https://pubmed.ncbi.nlm.nih.gov/11556691/
https://pubmed.ncbi.nlm.nih.gov/11556691/
https://pubmed.ncbi.nlm.nih.gov/11556691/
https://www.genetics.org/content/120/3/621
https://www.genetics.org/content/120/3/621
https://pubmed.ncbi.nlm.nih.gov/2448875/
https://pubmed.ncbi.nlm.nih.gov/2448875/
https://pubmed.ncbi.nlm.nih.gov/2448875/
https://pubmed.ncbi.nlm.nih.gov/2999980/
https://pubmed.ncbi.nlm.nih.gov/2999980/
https://pubmed.ncbi.nlm.nih.gov/2999980/
https://pubmed.ncbi.nlm.nih.gov/3461561/
https://pubmed.ncbi.nlm.nih.gov/3461561/
https://pubmed.ncbi.nlm.nih.gov/3461561/
https://pubmed.ncbi.nlm.nih.gov/1389177/
https://pubmed.ncbi.nlm.nih.gov/1389177/
https://pubmed.ncbi.nlm.nih.gov/18474036/
https://pubmed.ncbi.nlm.nih.gov/18474036/
https://pubmed.ncbi.nlm.nih.gov/18474036/

	Title
	Abstract
	Keywords
	Abbreviations
	Introduction
	Methods
	Conclusion
	Acknowledgements
	Conflicts of interest 
	Funding
	References

