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	2. Polymerase Chain Reaction
•  Polymerase Chain Reaction is a laboratory technique used to amplify the specific segments of
DNA for a wide range of laboratory and clinical applications.
• Kary Mullis and his co-workers of Cetus Corporation developed the technique in the early
1980s.
• Allowing for a billion fold amplification of specific target regions, it has become instrumental in
many applications including cloning of genes and the screening of prenatal infants for
deleterious genetic abnormalities.
 


	3. • The main  components of PCR are a template, primers, free nucleotide bases and the DNA
polymerase enzyme.
• The DNA template contains the specific region that you wish to amplify. Primers or
oligonucleotides are short strands of DNA whose 5’ ends bind to the 3’ end of each target region.
• DNA polymerase enzyme is the enzyme that carries out DNA replication.
• Thermostable analogues of DNA polymerase 1, such as taq polymerase which was originally found
in a bacterium that grows in hot springs is a common choice due to it’s resistance to heating and
cooling cycles necessary for PCR.
Taq polymerase
 


	4. Denaturation
• PCR takes  advantage of the complementary base pairing, double stranded nature and
melting temperature of DNA molecules. This process involves cycling through 3 sequential
rounds of temperature dependent reactions: DNA melting (denaturation), annealing and
enzyme driven DNA replication.
• Denaturation begins by heating the reaction to about 95°C, disrupting the hydrogen bonds
that hold the two strands of template DNA together.
 


	5. Annealing
• The reaction  is then reduced to around 50 to 65° C depending on the primers enabling
annealing of complementary base pairs.
• The primers, which are added to the solution in excess, bind to beginning of the 3’ end of
each template strand and prevent rehybridization of the template strand with itself.
 


	6. Extension/Elongation
• The enzyme-driven  DNA replication begins by settling the reaction temperature to the
amount which optimizes the activity of DNA polymerase at around 75° to 80°C
temperature.
• At this point, DNA polymerase which needs double stranded DNA to begin replication,
synthesizes a new DNA strand by assembling free nucleotides in the 5’ to 3’ direction to
produce 2 full sets of complementary strands.
• The newly synthesized DNA is now identical to the template strand and will be used in the
next PCR cycles.
 


	7. • This PCR  technique is known as the conventional PCR technique.
• More modifications in this method have led to the development of new
forms of PCR like RT-PCR and qPCR which have been vital in diagnosis of
viral diseases like Ebola, HIV and Coronavirus disease and other bacterial,
fungal and microbial pathogenic diseases.
 


	8. • At it’s  advent, PCR technology was limited to semi-qualitative analysis due to limitations on ability
to monitor the amplification of DNA in real time. At that time, to verify if the target gene was
amplified successfully, the DNA product was separated by size via agarose gel electrophoresis.
Ethidium bromide, a molecule that fluoresces when bound to dsDNA, could give a rough estimate
of DNA amount by comparing brightness of separated bands.
• Improvements in fluorophore development led to thermocyclers that no longer required
measurement of only end product DNA. This process, known as real time PCR or quantitative PCR
(qPCR) has allowed for detection of double stranded DNA during amplification. qPCR
thermocyclers are equipped with the ability to excite fluorophores at specific wavelengths,
detect their emission with a photodetector and record the values.
 


	9. • The sensitive  collection of numerical values during amplification has strongly enhanced
quantitative analytical power.
• The sensitivity of fluorophores has been an important aspect of qPCR development.
• One of the most effective and widely used PCR dye, SYBR green after binding to the minor
groove of dsDNA, exhibits a 1000-fold increase in fluorescence compared to being free in
solution.
 


	10. RT-PCR
• Since its  development, PCR technology has been creatively expanded upon, and reverse-
transcription PCR is one of the most important advances. Real time PCR is frequently confused
with reverse transcription PCR, but they are separate techniques.
• In RT-PCR, the DNA amplified is derived from m-RNA by using reverse-transcriptase enzymes to
generate a complementary DNA (cDNA library).
• Currently reverse-transcription PCR is commonly used with real-time PCR, which allows one to
measure the relative change in gene expression across different samples.
 


	11. Clinical significance
• Pathogens  routinely detected using PCR include Mycobacterium tuberculosis,
human immunodeficiency virus, herpes simplex virus, syphilis and countless
other pathogens. Moreover , qPCR is not only used for testing the qualitative
presence of microbes but also to quantify the bacterial, fungal and viral
genomes in samples.
• Currently in the COVID-19 pandemic, accurate diagnosis of the disease is done
using q-RT-PCR
 


	12. Diagnosis of COVID  19
• Viruses such as SAR-CoV-2 coronavirus only contain RNA which infiltrates healthy cells and uses
its own genetic code to incorporate into the host genome and then replicate using the host
machinery.
• To detect the virus using PCR, the genome needs to converted into a DNA from an RNA through
the process of reverse transcription since DNA from an RNA through the process of reverse
transcription since DNA has been shown to amplify which is a major part of real time RT-PCR
process for detecting viruses.
• A sample is collected from the parts of the body where the virus is present in considerable
proportions such as nasal passage. The sample is then treated with solution like proteases to remove
impurities like proteins and fats such that only pure RNA extract is obtained.
 


	13. • The RNA  is then converted to a DNA using specific enzymes. Primers are added which are
complementaryto the specific parts of the transcribed viral DNA. If the virus is present in a sample,
these primers will bind to target viral DNA in a thermocyclerat specific temperatures.Fluorescentor
radioactive probes that also bind to the viral DNA are added to monitor the amplification
constantly
• The mixture along with a suitable replicative polymeraseenzyme and spare nucleotidesis placed in
an RT-PCR machine. The machine undergoes specific temperature changes to trigger chemical
reactions to create new identical sections of viral DNA.
• As the new copies of certain section of viral DNA are built, the marker labels that are fluorescent
probes release the dye which is measured by the machine’s computer. The amount of fluorescence is
tracked after each PCR cycle. When a certain level of fluorescence is surpassed, the confirmation
that the virus is present is done.
 


	14. The level is  surpassed in a few cycles then the infection is severe while if it takes a large amount of cycle to pass
the fluorescence level, it indicates a mild infection.
The real time RT-PCR technique is a very sensitive technique and can deliver a reliable diagnosis in as little as
three hours. Compared to other available virus isolation methods, real time RT-PCR is significantly faster and has
a lower potential for contamination or errors as the entire process can be carried out within a closed tube. It
continues to be the most accurate available method for detection of COVID-19 virus.
 


	15. Organism
name
Trade name Company  Clinical
specificity
Clinical
sensitivity
Group
streptococc
us (B)
IDI Strep-B Infecto
diagnostic
s
100 97
HIV Amplicor
HIV 1
Roche N.A. ≥99
M
tuberculosis
TB Amplicor Roche 79.4 ≥99
Neisseria
gonorrhoea
e
Amplicor Roche N.A. N.A.
HCV Amplicor
HCV
Roche 98 N.A.
FDA ApprovedPCR kits for detection of Microbial
Infections
 


	16. Conclusion
• PCR tests  are gaining widespread importance especially in the COVID pandemic
due to their quick and specific results. They are currently being used in huge
amount for the detection of viruses and pathogens. Future research and
development of these tests are expected to take place owing to their importance
in diagnostics in this pandemic.
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