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Learning Objectives

At the end of this session student should be

able to:

1. Define polymerase chain reaction technique, describe it’s steps
& explain the clinical applications

2. Integrate Physiological, Biochemical and Clinical aspects
3. Correlate and build core knowledge on the basis of latest

Research, Family Medicine, Artificial Intelligence & Bioethics.

CBL-MCQ Assessment

The main purpose of PCR is to:
A. Amplify DNA

B. Visualize RNA

C. Remove introns

D. Sequence proteins

E. Cut DNA

The enzyme used in PCR is:
A. RNA polymerase

B. Telomerase

C. DNA helicase

D. Ligase

E. Taq polymerase

3.

In PCR, the step that
separates DNA strands is
called:

A. Extension

B. Denaturation

C. Replication

D. Polymerization

E. Annealing

The building blocks added
during PCR to form new DNA
are:

A. ATP molecules

B. dNTPs

C. tRNAs

D. Ribosomes

E. RNA primers

CBL-MCQ Assessment

5. PCRis most useful when you
want to:
A. Visualize lipids
B. Inhibit gene expression
C. Increase DNA quantity
D. Break down DNA
E. Stop translation

6. The step in PCR where primers
bind to DNA is called:
A. Transcription
B. Annealing
C. Translation
D. Folding
E. Denaturation

PCR requires all of the
following except:

A. DNA ligase

B. Primers

C. Taq polymerase

D. DNA template

E. dNTPs

Taqg polymerase is used in
PCR because it is:

A. Found in human cells
B. Heat-stable

C. Inactive above 40°C

D. RNA-dependent

E. Active in acidic pH

CBL-MCQ Assessment

A. Lipid metabolism
B. Enzyme inhibition
C. Protein synthesis
D. Blood grouping

E. DNA amplification

PCR is commonly used in labs for:

10. Which of the following temperatures is typically used for the

denaturation step in PCR?
A.72°C
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CBL-MCQ Assessment Interactive Session

A male of age 47 years, presented in Holy Family Hospital
Rawalpindi with distended abdomen and yellow discoloration
of skin and sclerae. He was diagnosed as a case of HCV infection
Syears ago. There was no history of interferon therapy.

On examination

« His sclerae were yellow with multiple bruises on his body.

« Liver was enlarged 3cm below right costal margin.
Investigations

« Bilirubin, ALT & AST levels were found to be raised.

Advice

* He was advised Quantitative PCR to determine his viral load.
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Core Knowledge Core Knowledge
Basic Structure of DNA & RNA
PCR
* Both DNA and RNA are formed by
* PCR - Stands for » joining together of a large number of
Polymerase Chain 3 Nucleotide units or mononucleotides

Nitrogenous base

m Adenine
= Thymine
m Guanine
mm— Cytosine

Reaction.

. ' l * Nucleotides are nucleosides with an
* |t is a test to detect ‘ ' '

Base pair

" terial addition of one or more phosphate
genetic materia

groups. Sugar-phosphate

from a specific cell Y Backbong
or organism. :
* DNA has Double Helix Strands which
are antiparallel, i.e inter bonds 3'-5 . .
phosphodiester have opposite . /‘\E” s
I directions. b
11 12
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Core Knowledge Core Knowledge

PCR DNA Polymerase

* Each time a cell divides, it must first copy its DNA—a process called DNA

Replication. PCR d d this natural . o
eplication epends on this natural process  Like in PCR, DNA

polymerase in a
cell needs to start
from a primer.

* In a cell, many proteins function together to replicate DNA. One key enzyme
is called DNA Polymerase—the same enzyme that is used in PCR.

* DNA Polymerase cannot start building from scratch. It can only attach new
nucleotides to an existing string of nucleotides. e |na cell, the RNA

primer is later

e Acell anq PCR ha\{e differgnt ways of getting started. In a cell, an enzyme replaced with
calledAPrlmase Ipunlds a Primer out of RNA. DNA quymerase then extends complementary
the primer, adding complementary nucleotides as it goes.

DNA.
* In PCR, human-engineered primers steer DNA polymerase to the desired
target sequence.
13 14
13 14
Core Knowledge Core Knowledge
PCR - Amplification PCR Reagents
The Reagents required for PCR are given
below:
* PCRis a repetitive procedure that
Lis:lstseizich;ﬁrseetriS::1/2;11pIification 1. The Target DNA $egment (i.ea
p q . gene) to be amplified. PCR Components £~
* It can amplify upto a million or more P —————— 2. Synthetic Oligonucleotides, to act
times a segment of DNA. " - J as Replication Primers = _—
~i (complementary to a few bases DRA Tomplats e
(== flanking the ends of the two DNA
) strands)
— ¥ — l ~.
— ol 3. DNA Polymerase. This enzyme is - et
obtained from a bacterium named
Therum Aquaticus that grows in hot
springs and is heat stable. Reaction Bufier
S, -
4. Four Deoxyribonucleoside
Triphosphates, i.e dATP, dCTP and
15 dTTP 16

15 16
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Core Knowledge

PCR Process

fé e o \ TIE
§
Soy . . 1 95°C - Strands Separate 1. Denaturing
DNA Sample Primers
@ E l ] l S5°C - Primers Bind Template 2. Annealing
v —_—————
| TaqPolymerase Mix Buffer PCR Tube / alalo
b ..
a2 1 72°C - Synthesise New Strand 3. Extension
A5
PCR Cycle

|

Thermal Cycler

Core Knowledge

PCR- Procedure

Entire Procedure is done by \s H:\ ——
Automated Mechanism Genomic DNA
* The target double-stranded DNA
. . ) Denaturation:
segment is selected; it will act as Heat briefly
the template for synthesis of its 12 aepiarie DHA

own copies in large numbers.
* DNA is heated gradually to

separate its two strands. A
L . mors o f
* Synthetic oligonucleotides are =?,7,“'°;}‘°"°,°::
added to it. These probes Target segusincs

become positioned in opposite
direction, i.einsuchawaythat & ¢ nion

their 3’ ends face each other.

17

18

Core Knowledge

PCR- Procedure

Core Knowledge

PCR - Procedure

§ A 0 original Template Strand

b 2. ANNEALING
Q) vmmme O QO swmre O T e
. . i
(C i * DNA is again heated e stran
S i — and all the above steps After First Cycle:
are repeated 25 to 30 2Copies
©, ® ® @ times. The result is
that starting from one
e 3. EXTENDING o e 9 et
e @ @ DNA segment a million After Second Cycle:
RO or more DNA copies of g loples
Patyerase CYCLE the segment are
produced.
After Third Cycle:
Jole NCICENGICH 016 Al
* DNA is cooled for Annealing; the four deoxyribonucleotides are
added.
* DNA Polymerase is added; synthesis of daughter strands starts After Fourth Cycle:
occurring in 5’ = 3’ direction in both strands. 16Coples
19 5
19 20
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Core Knowledge

n\  QOLLUCLULOCUEL UL L L UL U L U UL OO
Denature DNA into ’%&mﬁlﬁnmmmm Y PO OO 0 s

soparate strands, ¥
L

LloEsusuvatssauTaeensNsnesRsernavenaNsnsnsssnenesbusssEvEResesnenesvals
Anneal primers to Diracton of hain grovan #emm LYY TIIYFOYTD) 5

flanking regions of =~
single-stranded DNA,

Extend primers
with DNA polymerase.

—
+ CEEDUUTLOTC0 5 s Diroction of chain promth
[essennatasiinininnanniunananaseansesinnaasacasastansasassasassannaasty

a

The two new double-stranded
DNA molecules can be
denatured and coplied using
stops 1103,

nces complementary
to the original primer

21

Core Knowledge

Advantages of PCR

* The major advantages of PCR over biologic cloning as a
mechanism for amplifying a specific DNA sequence are
“Sensitivity” and “Speed”.

* DNA sequences present in only trace amounts can be amplified
to become the predominant sequence.

* PCR is so sensitive that DNA isolating sequences present in an
individual cell can be amplified and studied.

* |solating and amplifying a specific DNA sequence by PCR is faster
and less technically difficult than traditional cloning methods
using recombinant DNA techniques.

21
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Vertical Integration

WHAT IS PCR USED FOR?

agriculture Phylogenetics

The pelymerase chain reaction (PCR) is used to make millions of copies of a target piece of DNA. It is an
indispensable tool in modern molecular biology and has transformed scientific research and diagnostic

23

Vertical Integration

PCR- Applications

PCR has become a very common tool in Research, Forensics and
Clinical Diagnostics:

1. Comparison of a normal gene to its mutant form

2. Forensic analysis of DNA samples

3. Detection of low-abundance nucleic acid sequences

4. Prenatal Diagnosis and carrier detection of cystic fibrosis

23

24
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Vertical Integration

PCR- Applications

1. Comparison of a normal
gene to its mutant form:

PCR allows the synthesis of
mutant DNA in sufficient
quantities for a sequencing
protocol without laborious
biologic cloning of the DNA.

25

Vertical Integration

PCR- Applications

2.Forensic Analysis of
DNA samples:

E.g
* DNA fingerprinting
* DNA isolation from T =

samples of blood,
semen, human hair.

| I} |"IIMMM‘Q
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Vertical Integration

PCR- Applications

3. Detection of low-abundance
nucleic acid sequences:

E.g HIV

* Viruses having long latency period
like HIV are difficult to detect at ear
stage of infection using conventionza
DNA techniques

* PCR offers a rapid and sensitive
method for detecting viral DNA
sequences even when only a small
proportion of a cell harbours the
virus

27

Vertical Integration

PCR- Applications

Healthy Cystic

fibrosis

4. Prenatal Diagnosis 5 (
and Carrier Detection S b

of Cystic Fibrosis: )
ystic Fibrosi \‘ //

[
|

|
\ Lungs

Alflow ——
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Spiral Integration Family Medicine

Management Of Viral llinesses

* Diagnosis
* Education
* Dietary Guidelines

* Anti-HCV antibody test is recommended to screen for HCV
infection

* Quantitative HCV RNA testing is recommended before
initiating therapy to determine the baseline viral load, and
testing for HCV genotype is recommended to help guide
treatment decisions.

* Monitoring of treatment effectiveness is assessed by
repeated measurement of HCV RNA on PCR

* Referral
29

Spiral Integration Artificial Intelligence

Role of Al in Management

Artificial Intelligence plays role in HCV patients in following aspects:

« Different machine learning algorithms are being applied for
predicting advanced liver fibrosis in Chronic Hepatitis C patients.
The individual model is capable of providing the accuracy up to
94.67%.

* In designing healthcare systems, innovative techniques that
carefully balance public health initiatives with limited resources.

* Increase in access to healthcare, community outreach, and the
growth of telemedicine, including safe laboratory testing,

« Diagnostic Tools- Improvement in Genetic based Diagnosis.
* Drug Development- New Drug Trials

29
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Spiral Integration Bioethics

Ethical Consideration

* Patient Involvement in treatment decisions of HCV &
Safeguarding patients privacy (Autonomy)

* Keeping knowledge & skills regarding diagnosis & treatment of
HCV current (Non-Maleficence)

* Competent & timely delivery of healthcare to patients infected
with HCV (Beneficence)

* Delivering healthcare without prejudice- not to provide
treatment to an individual infected with HCV solely on that fact
is unethical (Justice)

* Spiral Integration
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Spiral Integration Research Article

Assessing the feasibility of free DNA for Disaster

Victim Identification and Forensic Applications
Wikanda Worrapitirungsi, Tikumphorn Sathirapatya, Poonyapat Sukawutthiya, Kornkiat
Vongpaisarnsin & Pagparpat Varrathyarom
Scientific Reports Article number: 5411 (2024)  https://rdcu.be/dAEH5
In tropical disaster victim identification (DVI) scenarios, challenging environmental conditions
lead to accelerated DNA degradation in remains. To further enhance the utilization of leached
DNA from tissue in the preservative solution (termed “free DNA”) as an alternative source, we
incorporated new results by assessing its integrity in postmortem and decomposing cadavers
preserved in DNA/RNA Shield™ and modified TENT, with silica-based purification (QIAquick®)
for faster processing. The psoas muscle tissues of one decomposed and ten cadavers were
preserved in each solution at 25 °C and 35 °C for 3 months. Free DNA efficiency was compared
with individual reference samples for reliable results in quantity, quality, and STR profiles. The
findings revealed that DNA/RNA Shield™ effectively preserves free DNA integrity for extended
storage, while modified TENT is more suitable for short-term storage due to higher
degradation levels. Moreover, the use of free DNA samples with massive parallel sequencing
displays potential for forensic DNA analysis. Successful amplification of the mtDNA control
region enables variant calling and heteroplasmy analysis while also serving as quality control
using ACTB and enabling differentiation within the 16S rRNA region for microbiome analysis.
The simplicity of handling free DNA for PCR-based forensic analysis adds to its potential for
various applications, including DVI and field-based analysis of biological evidence. 32
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Spiral Integration

How to use HEC Digital Library

Steps to Access HEC Digital Library

1. Go to the website of HEC National Digital Library
http://www.digitallibrary.edu.pk

2. 0n Home Page, click on the INSTITUTES.

3. A page will appear showing the universities from Public and Private
Sector and other Institutes which have access to HEC National Digital
Library (HNDL).

4. Select your desired Institute.
5. A page will appear showing the resources of the institution
6. Journals and Researches will appear

7. You can find a Journal by clicking on JOURNALS AND DATABASE and
enter a keyword to search for your desired journal.

Learning Resources

« Essentials of Biochemistry Vol 1 — Mushtag Ahmad. 9t" edition. Page
no 462

« Lippincott illustrated reviews. Biochemistry. 8th edition. Pages 534,
547,550, 551.

* Google Images

33

35

35

34



