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() Abstract

Check for
Updates

Technology of PCR A vital molecular system for DNA modification, the

Published on: 31.12.25 Polymerase Chain response (PCR) has transitioned from exploration to general
operation in clinical microbiology. To make effective remedy judgments,
Published!by: clinicians must be apprehensive of its advantages and disadvantages. The

introductory procedure takes place in a thermocycler and is cyclical The DNA
beaches are separated by denaturation. reciprocal manuals can attach to the
single beaches by annealing. Taq polymerase adds nucleotides (AINTPs) during
extension to produce new double beaches. Millions of clones of the target DNA
are produced by exponentially repeating this cycle 30 — 35 times. Important

v Variants and operations RT- PCR (for RNA templates using rear transcriptase),

gPCR or Real- time PCR (for DNA quantification using luminescence), and

Futuristic Publications

2025| All rights reserved.

Creative Commons Multiplex PCR (for detecting several targets at formerly) are some variations.
Attribution 4.0 International | The main uses of PCR are contagious conditions Monitoring viral loads (similar
License. as HIV and Hepatitis C) and snappily relating delicate- to- culture infections

(similar as Chlamydia trachomatis and M. tuberculosis). Chancing resistance
genes (genotype) more snappily than conventional culture is known as
antimicrobial resistance (AMR). Genotyping natural substantiation from crime
scenes is known as forensics. pivotal Restrictions PCR has limits despite its
great perceptivity and particularity, similar as the possibility of false-positive
(impurity) and false-negative(impediments) results. It's also expensive and
technically delicate. It's not always possible to separate between idle and active
infections with positive results.

Keywords: Polymerase chain response (PCR), Pestilent complaint, Anti-
Microbial Resistance, Reverse Transcriptase PCR, Allelic Specific PCR.

886



Venkatesh. S et al/Int. ]. Res. Pharmacology &Pharmacotherapeutics, 14(4) 2025 [886-897]

INTRODUCTION

The perpetration of PCR and other sequence- grounded microbial discovery ways, which were preliminarily
allowed to be solely exploration tools, is growing in the clinical microbiology lab. Clinicians will need to
understand the benefits and downsides of this technology as it becomes more current in the remedial setting to
create wise opinions. Canny medical professionals are apprehensive that blood culture results, whether positive
or negative, need to be interpreted using knowledge of the test used and an evaluation of the medical conditions.
Also, to make proper use of these potent tests, interpreters of contagious conditions will need to expand their
understanding of PCR- grounded diagnostics (1- 3).

PCR Principle and Procedure
Principle

The idea behind PCR is that the target DNA patch's two beaches resolve piecemeal at high denaturing
temperatures close to 95 °C because the A-T and G- C links are broken. The reciprocal forward and rear manuals
attach to the 3' end of the flanking regions of the separated single- stranded target DNA patch at annealing
temperatures between 50 and 65 centigrade. The paired strands patch also reorganizes itself at the extension
temperature of 72 °C after the Taq polymerase adds dNTPs to the new DNA beachfront.
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Non-Homeolous End Jening Homolory-Directed Repair
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Fig. 1 principle of per
The target DNA patch is produced in multitudinous clones by repeating multiple times.
Procedure

Methodologies The two beaches of the double- stranded target DNA patch separate during the first
denaturation, which takes place for three to five twinkles at 90 to 95 degrees Celsius. Thirty to thirty- five cycles
of denaturation, annealing, and extension come after the original denaturation. The number of cycles required
depends on the amount of template DNA in the response blend and the expected yield of the PCR product.
Denaturation entails hotting the double- stranded target DNA patch for 30 to 55 seconds at 90 to 95 centigrade.
The fusion phase enables the reciprocal forward and rear manuals to bind to the 3' flanking regions for 30 to 55
seconds at 50 to 65 degrees Celsius. Annealing step allows list of the complimentary forward and rear manuals to
the 3’ bordering regions at 50- 650C for 30- 55 seconds. During the extension stage, which occurs for 30 to 55
seconds at 72 °C, reciprocal dNTPs are added to the new beaches. To fill in the pooching ends of lately produced
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PCR products, the samples are generally incubated at 72 °C for five to fifteen twinkles following the final cycle.
PCR products are held or stored at 4 °C indefinitely (7).

PCR types Variants

Standard PCR RT- PCR,

Rear recap- PCR

Quantitative PCR (qPCR) or

real- time PCR Combining RT- PCR

Standard PCR Variants

PCR that are explained below were created as a result of changes made to the abecedarian PCR fashion Tetra-
manual ARMS PCR, or allele-specific PCR Point mutations in DNA can be directly detected using allele-
specific PCR. This system uses a manual with 3' mismatch ends that cover single nucleotide (8- 9).

RT- PCR, or recap- PCR

ONE STEPqPQ TWO STEP (RT-PCR)
mRNA AAA mRNA AAA

Reverse transcription l Reverse transcription

r— — e r——

Reverse transiption + PCR .
First strand cDNA

Amplification
| ¥ r
_' —— + Specific primers & probe

QPC Cycles

1 PCR cycle 1 l Q = @

PCR cycle 1
@ —=fmm ) | Fluesseence I I I ' Fluesrseence
Detected I = | Detected
Quantification & Melt Curve Analysis Quantification & Melt Curve Analysis

Fig. 2 One step and two step styles of RT- PCR (10).

By employing rear transcriptase to produce reciprocal DNA (cDNA) from RNA and PCR variants and
necessitates previous information of the target DNA sequence, similar as allele differences .(11- 12)

888



Venkatesh. S et al/Int. ]. Res. Pharmacology &Pharmacotherapeutics, 14(4) 2025 [886-897]

. 2 A
Outer Primer  Inner Primer__g»
DNATemplate ot ot & 4
(G allele) C
¢ Allele-Specitic Primer:  Inner Primer ~ Outer Primer
Result with G-Specific Primer: s e
Outer Primer  Inner Primer A
DNATemplate ™= —GA Jﬁ‘
(Aallele) C T

i .
c Alleer Primer A Inner Primer Quter Primer
PCR Amplification
Result with G-Specific Primer: l e———

Summary of Results

A
G Allele Sample: 18
G
A Allele Sample: T ¢

Fig.3 Allele specific PCR

It's necessary to have two allele-specific manuals, one for each SNP allele, with one of two polymorphic
nucleotides at the 3' end (Fig. 3). It's possible to use a standard forward or rear manual. To identify both alleles of
an SNP, two PCR responses are generally needed (13).

Also amplifying the cDNA using normal PCR, this system allows for the quantitative determination of RNA
expression situations. Rear transcriptase were discovered in RSV (Rous Sarcoma Virus) by Howard Temin of the
University of Wisconsin — Madison. David Baltimore also singly insulated these transcriptase from two RNA
excrescence contagions, RMLV (Rauscher- Murin Leukemia Virus) and RSV.

RT- Polymerase chain reaction is feasible in two main ways one- step and two- step styles (Fig. 2). analogous
to the PCR response, all the constituents including particular manuals, are combined into a single tube in a single
step. In a two- step procedure, cDNA is first generated using a different rear recap response, and it's also added to
the PCR process.

The luminescence rises to a measurable location during the log direct phase of modification, were is referred to
as the threshold cycle (CT) or crossing point. Therefore, by constructing a calibration curve of log concentration
against., the amount of DNA or cDNA in an unknown sample can be determined as a CT value.

Cr using repeated diluted samples of a known quantity of standard DNA. Reactivity, real-time reaction progress
detection, analysis speed, and accurate measurement of the item under examination in the sample are further
benefits of gPCR (14) This is because fluorescent dyes or fluorescently tagged oligonucleotide probes are present,
and the amount of DNA product produced is correlated with the intensity of these probes (15).

Combining RT-PCR and qPCR Reverse transcription (RT-PCR) polymerase chain reaction (RT-PCR) is used
to detect RNA expression qualitatively by converting RNA template to cDNA. Both RT-PCR and qPCR techniques
are combined for quantitative RNA expression detection; this combined method was be identified as q RT
PCR/quantitative RT-PCR or RT-qPCR (16-18).

Materials and tools needed for the polymerase chain reaction (PCR)

PCR "template" or target: The nucleic acid segment (DNA or RNA) that needs to be amplified.
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The nucleotides components that make up nucleic acids: primer for adenine, guanine, cytosine, thymine, and
uracil.

A brief nucleotide: sequence that is complementary to the target nucleic acid known sequences and binds
(anneals) to them crucial for "priming" the amplification response.

DNA polymerase Taq: An enzyme that is heat-stable and adds nucleotides to the annealed primer to create a fresh
complementary copy of the target nucleic acid.

Transcriptase in reverse: An enzyme used in reverse transcription PCR that transforms RNA into a corresponding
DNA sequence.

Thermocyler :The equipment in which PCR reactions occur; it is able to change rapidly to the different
temperatures required for repeated PCR cycles.

Modifications to the fundamental PCR

Quantitative PCR in real-time: Amplifications by PCR have been carried out consistently enough to get a
quantitative estimate of DNA templates. By comparing it to a standard produced by a second primer pair used in
the same reaction, the relative quantity of the fragment of interest is determined.

PCR in multiplex: The simultaneous detection of several target sequences is known as multiplex PCR (M-PCR).
M-PCR facilitates the amplification of multiple targets at the same time sequences utilizing multiple primer pairs
in one reaction tube.

In-cell PCR: All in-cell PCR methods aim to produce single-stranded or double-stranded DNA/cDNA amplicons
inside the cell, which can be found directly or after an ISH step. In-situ PCR: Haase et al. were the first to describe
the in-situ detection of polymerase chain reaction (PCR)-amplified DNA in intact cells (19-20).

RNA PCR: RNA may serve as a template for PCR subsequent to reverse transcription.
Contagious illness deliverance
Specimens of contagious agents set up using nucleic acid modification assays. Tests for the discovery of
Chlamydia trachomatis (21- 24)
C. pneumoniae (25)
Mycobacterium tuberculosis (26- 27)
Mycoplasma pneumoniae (28),
Neisseria gonorrhoeae (29),
Herpes simplex contagion (30),
Cytomegalovirus (31)

are presently commercially available for use in individual labs. also, PCR assays are available for tracking the
viral cargo of

HIV (32- 34),
Hepatitis C (35)
Hepeatitis B (36).

Unfortunately, only a small number of these commercially accessible assays have experienced thorough testing
to ascertain their clinical applicability, perceptivity, or particularity. Two examinations that have Nucleic acid
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modification tests for the discovery of C. trachomatis and M. tuberculosis from clinical samples have completed
similar testing and are today among the most popular PCR assays in individual microbiology labs.

Region of target amplification
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fig .4 schematic representation of polymerase chain response (PCR)
Antimicrobial resistance discovery

Nucleic acid modification ways have proven helpful for both the direct discovery involving drug-resistant
microbes in clinical samples and the evidence in involving drug-resistant microbes in laboratory isolates as
numerous of the inheritable mechanisms of involving drug-resistant microbes have been better understood (37).
For the maturity of dangerous bacteria, standard culture and vulnerability test procedures generally take 48 — 72
hours. Because variables like inoculum size or variations in culture conditions may impact the phenotypic
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expression of resistance, the results of these tests may be changeable. thus, rather than depending on the diversity
of the resistance's phenotypic expression, modification of inheritable determinants may be employed to confirm
antimicrobial resistance grounded on the organism's genotype. Methicillin- resistant Staphylococcus aureus,
vancomycin- resistant enterococci and multidrug- resistant M. tuberculosis are among the microorganisms that
have been subordinated to PCR- grounded ways for the purpose of identifying of antimicrobial resistance. It has
also been evidence indicates that acyclovir-resistant herpesviruses and HIV resistant to Molecular methods can
be used to identify protease and reverse transcriptase constraints. Although a number of reference and exploration
laboratories have used these assays, none of them are currently available for purchase.

In North American hospitals, vancomycin- resistant enterococci have also come significant nosocomial
pathogens. Compared to methicillin- resistant S. aureus, identification using culture and vulnerability tests is
indeed more exhausting. This is substantially due to the challenges in relation to low resistance occurrences and
the fact that accurate identification using standard laboratory procedures may take up to four to six days.
Vancomycin resistance in enterococci is mediated by one of the following genes: van A, van B, vanB2, vanCl,
vanC2, van025, or van D. PCR methods have been designed to detect the van A, van B, and van genotypes and
have been used in the laboratory to relate enterococci in cases where traditional laboratory test results have been
ambiguous. Additionally, Research indicates that rectal tar samples can be utilized to quickly and accurately
identify enterococci resistant to vancomycin (38-48).

Advantages of PCR in opinion of Infections

complaint Elevated perceptivity Excellent particularity High repetition Capacity to identify pathogenic origins
that traditional approaches could miss swiftness and the capability to deliver findings the same day.

Restrictions of PCR in opinion of contagious

complaint possibility of false-positive test findings (due to" polluting" DNA modification, for illustration)
Possibility of false-negative test findings (for illustration, due to PCR impediments snooping with nucleic acid
modification) Positive PCR test results have not yet been vindicated for all contagious diseases (e.g., idle vs.
current infection). Technically challenging processes precious tools and chemicals.

Applications of PCR
Diagnostic Applications of PCR
a) Pathogen detection in clinical samples utilizing primer pairs specific to the genome.

b) Identification of viral pathogens including other microorganisms that are hard to detect using standard
techniques yet survive in low amounts in infected cells.

¢) Viral genomes like HIV and HPV can be found using quantitative real-time.

d) The diagnosis of hereditary conditions such thalassemia, sickle cell anaemia, haemophilia and phenyl
ketonuria.

e) Recognizing genetic mutations such as point, insertion, and deletion mutations.
f) Checking particular genes for unidentified mutations: One of the most popular

d) Consecutive PCR cycles can also be used to create distinct gene fusions. This method is frequently referred to
as splicing by overlap extension, or PCR-mediated gene Sorting.

E) Producing certain cloned double-stranded DNA probe sequences for in-situ hybridization.
F) Building cDNA libraries by creating libraries from tiny amounts of mRNA.

G) Producing a lot of template DNA for sequencing.

892



Venkatesh. S et al/Int. ]. Res. Pharmacology &Pharmacotherapeutics, 14(4) 2025 [886-897]

H) To use inverse PCR to amplify novel DNA sequences that are outside the range of known sequences techniques
for identifying single base pair alterations in genomic DNA is the PCR method of single strand conformational

polymorphism (SSCP).
¢) Finding and examining mutations in eukaryotic DNA
i. A shift in the PCR product's size can be used to identify DNA insertions and deletions.
ii. The primer is detected binding to an area of deletion if no PCR fragment is produced.

iii. By hybridizing PCR-generated DNA fragments to radioactively labelled RNA probes and using RNA to
degrade the DNA-RNA complexes, mutations can be found. If there are any incompatibilities in the complex,

digestion will take place.

iv. Gradient denaturation gel electrophoresis (DGGE) analysis of PCR products has also been used to locate
mutations. This separates around half of DNA strands with single base alterations that are 1000 bp long.

h) Using differential PCR to identify amplified oncogenes.

1) Variations in genes.
j) Expression of genes

i. Growth factors during the healing process.

ii. The expression of genes throughout embryogenesis.

iii. Quantification of gene expression in different tissues, such as dystrophin.
PCR applications in laboratories

a) PCR-based subcloning DNA targets: A certain DNA segment must be cloned into a plasmid vector in a number
of circumstances.

b) Mutagenesis is the process of altering DNA's base sequence to see how it affects a gene or DNA function. It is
possible to do mutagenesis both in vivo and in vitro. Single-stranded recombinant DNA can be obtained by cloning
a gene in vitro. Next, a mutagenic oligonucleotide primer is created with a mutation site (a single base change)
that codes for the desired mutation at that particular location (49).

¢) DNA sequencing, which often entails base-specific di-deoxynucleotide (ddNTPs) chain terminators and
enzymatic DNA synthesis. A sequencing primer and one or more labelled nucleotides are used in the reactions.
The combination also includes base-specific ANTPs, which are different from regular ANTPs in that they do not
include a hydroxyl group at the 30 and 20 carbon positions. When added to an expanding DNA chain, the ddNTP
is unable to continue phosphor diester bonding at its 30 carbon which results in the chain's synthesis being stopped

beyond that point

. d) Consecutive PCR cycles can also be used to create distinct gene fusions. This method is frequently referred
to as splicing by overlap extension, or PCR-mediated gene Sorting.

¢) Producing certain cloned double-stranded DNA probe sequences for in-situ hybridization.

f) Building cDNA libraries by creating libraries from tiny amounts of mRNA.

g) Producing a lot of template DNA for sequencing.

h) To use inverse PCR to amplify novel DNA sequences that are outside the range of known sequences.

i) The Human Genome Project: PCR has played a significant role in the sequencing and physical and genetic
mapping aspects of the project (50).
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j) Evolutionary Studies: DNA's nucleoside sequence offers information about the phylogeny of viruses in addition
to the reconstruction of species' evolutionary patterns (51).

Applications in forensic sciences

This s a crucial technology in forensic biology because of its capacity to identify DNA variations. A PCR can be
used to assess any type of biological evidence that has been gathered from the crime scene or from any individual.
DNA unique to certain persons can be obtained by restriction RFLP (Restriction Fragment Length Polymorphism)
profiling. Even so, this method needs more than 50 ng of undamaged DNA. PCR has being used to get around
this. By amplifying polymorphic sequences PCR facilitates the genotyping of biological evidence discovered at
crime scenes. Compared to southern blotting, PCR-based VNTR analysis is quicker (52).

CONCLUSION

In clinical microbiology and the diagnosis of infectious diseases, the PCR amplification is currently a
fundamental and indispensable technique that is no longer restricted to research. Its basic principle—repeated heat
cycling of denaturation, annealing, and extension—allows little amounts of target DNA 32n to be amplified
rapidly and exponentially.
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