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E WhOf iS PCR? b (C?\e((k-\\."h

o

PCRis a lab
orat -
R ows rmce O-ry fechnique used to amplify specific DNA sequences.
archers to 'eplicate DNA exponentially in-vitro.

= PCRis i
Q lgboratory version of DNA Replication in cells!

= The labo :
ratory version |
iQnifi . IS Commonly called “in vitro" since | | ile “in vivo"
signifies oceuring in a living cel 0" since it occurs in a test tube while "in vivo

"= PCRca illi i
N make billions of copies of a target sequence of DNA in a few hours!
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It typically takes a cell just a few hours to

e copying of DNA.
. Chromosome
copy all of its DNA. Y\ s
een ol merase
2 DNA

DNA replication is semi-conservative (l.e. one
sirand of the DNA is used as the template for SUC SN

the growth of a new DNA strand).
This process occurs with very few errors (on

= DNA replicationis th

Leading strand

®
average there is one error per 1 billion
nucleotides copied).
\ . Onginal Helicase
= More than a dozen enzymes and proteins (template) ; »‘fe oing
participate in DNA replication. s T o
‘ ‘ . . Rephcation s .dm..\.m.. ?r i
= Key enzymes involved in DNA Replication fork 1 Il” |
d11 I THELE
= DNA Polymerase s Helicase ;?ﬂ::::; ( L
x DNA L Topoi S Cyiosne / 1
Igase . OpOl SOMErase ammx Guanine DNA polymerase Original (template) DNA strand
«  Primase « Single strand binding
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* Why is it important?
* Revolutionized molecular biology and biotechnology.
* |Is applications are vast and PCR is now an integral part of Molecular Biology

« Essential for dnagnoshcs drug development and genetic research
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“ Inventor: Invented by Kary Mullis in 1985, earning him the Nobel Prize.

\
D) oc R o %utﬂ \)Mﬂ\ D ) .S ) «— Kary Mullis (1944-2019)
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= The basis of PCR isﬁemperoture changesand the effect that these tem i
have on the DNA. gesy perature changes

= Ina PCRreaction, the following series of steps is repeated 20-40 times

f(r;g)fe: 25 cycles usually takes about 2 hours and amplifies the DNA fragment of interest 100,000
o

= The Three Mam Sieps of PCR
= Denaturation (94 98°CJ Double siranded DNA separates.
= Annealing (50-65°C): Primers bind to target DNA sequence.

= Extension (72°C): Taq polymerase synthesizes new DNA strands.
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Original DNA
to be replicated

Nucleotide

o Denaturation
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= PCR detection and readout allow us to
identify, measure, and analyze amplified
DNA.

« Common Detection and Readout Methods

in PCR:

= (1/ Fluorescence-Based Detection:
« Used in gPCR and Multiplex PCR.

« (Dyed (e.g., SYBR Green) off probe (e.g.,
TcaMan) bind to double-stranded DNA. As
DNA amplifies, fluorescence increases, and
d):) (3% the amount of fluorescence is proportional
" < _tothe amount of DNA present.

TR LA o
K‘f = Readout: Amplmcohon curves and cycle
’Cu\ threshold (CI] values.
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A typical graph where fluorescence intensity is plotted
against reaction cycle number. qPCR reaction graph
showing fluorescence plotted against the number of
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Number of copies of DNA of
PCR Cycle number interest in initial sample

qPCR plot showing the effect on Ct of increasing starting template DNA copy numbers in the starting reaction

mix. The sample with 10 millions copies of target DNA (red lin e) has a lower Ct value than the sample with 10
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amplified fragment sizgl

* Usedin Lonventional and R PCR. B (\V“N L
b ‘l
Visualizes amplified DNA as bands based on size.

Alter the PCR process, the amplified DNA is separated
Using qel electroy

il 3hqrcsm. The DNA fragments are stained
19 dye (C'g' ethidium bromide) and visualized under

UV light. Bands Cormesponding to the target DNA indicate
sUCcessful detection

The figure shows: End point PCR gel electrophoresis
showm.g the results of four samples tested. From these
'esulis it can be seen that Samples 1, 3 and 4 tested

Paositive for the DNA of interest. Sample 2 was negative
tor the DNA of interest.
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®) Template DNA: The DNA of interest to be amplified; that contains the target sequence we want 10 Copy.

(@ Primers: Short oligonucleotides for targeting specific DNA regions (short, single-stranded DNA molecules).

" @qu Polymerase: A Heat-stable enzyme for DNA synthesis.

\ - “y Nucleotides (dNTPs): All four deoxynucleotide triphosphates building blocks of DNA.

3 7 Buffer: Maintains the optimal conditions for the reaction/ the DNA polymerase o function efiectively.
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( ‘Quanhtahve PCR (qPCR): Measures DNA concentration in real- time during amplification using

fluorescent dyes or probes. Also known as real-time PCR.

= The name "real-time" highlights the ability to observe and measure DNA synthes:s dynamigolly, wifhogt
J__m \ deloy as the reaction progresses. This characteristic is vital for applications requiring precise and rapid
) nucleic acid quantification, such as diagnostics and gene expression studies.

m— L oA—— ——

(onC Therapeutic Monitoring: Measuring viral load in patients undergoing antivi
| hepatitis).

treatments (e.q., HIV or

oveyY
g Pharmacogenomlcs Quantifying gene copy numbers to ‘&dtcipahent response\fo drugs like wartarin

\r\*m e \(gene farget - CYP2C9) or trastuzumab (gene target - HER2 ).

o . * \Quality Control: Ensuring consistency in biologics and biosimilars production by quantifying genetic
a9, _s] kontent. Y s
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(1)
the PCR reaction as it occurs in reql
fime

(2.) Ability to precisely measure the
amount ot amplicon at each
cycle, which allows highly
accurate quantification of the
amount of starfing material in

samples
(3) Anincreased dynamic range of
aetection

@] Amplification and detection occurs

IN a single tube, eliminafing post-
PCR manipulations.

Abllity fo monitor the progress of
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Cycle number

Figure 1. Relative fluorescence vs. cycle number. Amplification plots
are created when the fluorescent signal from each sample is plotted
against cycle number; therefore, amplification plots represent the
accumulation of product over the duration of the real-time PCR

expenment. The samples used to create the plots are a dilution series
of the target DNA sequence.
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@ Reverse Transeyi

DeTeC“Dg_ Plase PCR (RT-PCR): For RNA to DNA conversion.

=G KNA viruses Jike INnfluen A MRNA
= V1 za or SARS-CoV-2 (e.g., mRNA COVID-
19 vaccines were validated using RT-PCR). =

.

/"{ §§$
« |
//

= N - RT. .
ote: RT-PCR (Reverse Transcriptase PCR) and qPCR (Quantitative PCR)

Can be combined, and this 1 ique is commo
. 4 e h -
time RT-PCR or qRT-PCR chnique is C nly reterred to as real
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g/\ @ Multiplex PCR: Amplifies mulfiple targets simullaneously by mulliplying several fragments in a single DNA sample by using a
~7 number of primers. o . - 7

= Reduces time and resources by providing multi-larget resulls in one assay, useful for high-throughput drug screening and diagnostics

" rub 0 e; Detection: Identifying multiple pathogens in a single diagnostic test (e.q., simultaneous deteclion of drug-resistant genes in
erculosis).

)

7‘/)\ =  Genetic Screening: Testing for mutations in multiple gene,i/re{Aoled lo diseases or drug melabolism (e.g., BRCA1/2 mutations for cancer
I' > . N . 1
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<d§ Long-range PCR uses a variety of polymerases, to generate larger DNA ranges. WA/ A \ Casy M y\'& S )
”

= Amplifies large DNA fragmenis (>5-10 kb). - D> \ -
i | > —slod) (A ) B S\
= Uses high-fidelity polymerases for accuracy and completeness. L 9
. \\ = Enables study of large genomic regions, structural variations, and sequencing templates. “ LQ:-; 5) Y
L \\j)\ ("(lﬂr\'l 1MW . , . u.

. 2 \
/ c) Touchdown PCR: Optimizes specificity through gradual temperature decrease. (e 3, \,{F (S x.’} —
> m Improves ompliﬁcotior]_ accuracy and specificity, essential for crfical pharmaoceutical and clinical studies.

x lf’regj_stion _Df_is_g;De_\(eloEment: Amplifyihg génes with high GC conlen! of.chollenging regions, aiding in the identification of druggabl
argefts. o —

=  Rare Mulation Detection: Enhancing specificity for low-abundance or rare genetic vanations crtfical in cancer drug discovery  / E Yy
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" Fluorescence-

based methods LacsType of PCR 21 Purpose ~ Detection Method : Readout/Output
provide req -fime DNA amplification for _. . .

insights, while Conventional PCR downstream Gel electrophoresis DNA bands indicating
fraditionql applications. " presence/size.
methods like gel ::(e:verse Transcriptase  Converts RNA to DNA for , DNA bands derived from
e‘eCTrophoresis R amplification. Gel electrophoresis. RNA.
confirm the final R Measures DNA
roduct Quantitative PCR (GQPCR) concentration in real- Fluorescent dyes (e.g.,  Amplification curves (Ct
time! SYBR Green) or probes. values).
Multiplex PCR Amplifie:c, multiple Fluorescent probes or  Multiple DNA bands or
targets simultaneously. gel electrophoresis. fluorescence curves.
Enhances specificity
Touchdown PCR through temperature Gel electrophoresis or Target-specific bands or
steps. fluorescence detection. curves.
Digital PCR Absolute quantification Partition-based Digital quantification
of DNA molecules. fluorescence. (copies/uL).
Or Ala Abuhammad. PhD
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Think about why you're doing PCR. [§it to clone a gene, diagnose a
disease, or sequence DNA?2 The pyrpose shapes the experiment.

DNA Quality Matters: /

Use clean, high-quality DNA. Jf'the DNA is damaged or contains
confaminants, PCR might fail. oo 2 )y 54014 ma\er{a\s g | Q
Ay "

| = y Niwe " gt l
= Good Primer Design: v/ <%=~ @, /A7) VeVt SR W e
Primers are like guides for the polymerase. They should be the right

length, match the DNA sequence you're fargeting, and not stick to
themselves (to avoid primer-dimers).

55, o\ peyobes b
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Huree— minules at 95°C, while Deep Vent polymerase can stay

Vb b
C_h\_/(. (l?__lntl(-:_h ah temperatures used in PCR.

; ™ oS\ Cowmmon
Menls need syper- |

delity €Nzymes |,
@ Speed and Length (Proc

P essivity). se they proofread 92d fix errors
Y 1€ amplifyin %
3al
" Refers tq how fostg oM DNA ragment, yse Q polymerase designed fo long-range PCR
* Some PO ok sfficiently the Polymerase adds DNA bases
Olymerases, |ike KAP |
| Taaq. B oty \AQG, work faster ond‘h.ondle fncky DNA regions (like GCrich areas) better than standard
@' Specificity: — /) \‘? s Ay L,
Ce( (e o V2N ¢ r o~ oy \
" Ensures the correc(t DNA‘S \J =2 7 . C\’ \
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= Setthe Right Annealing Temperature: A€

= This is when primers attach to the DNA.
= Too lowe You'll get random results.

= Too high? Primers won't bind. Try a gradient o find the sweet spot.

= Adjust Mg?* Levels:
Magnesium helps the polymerase work. Too much or foo little can mess up the reaction.

Dr Ala Abuhammad, PhD Dec-24 29
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jons are wrong.

= Nothing Shows Up: | | .'
Check if the DNA is good, primers are correct, or if cycling condi

= Extra Bands on the Gel: _
places. Try adjusting the temperature or using a

The primers might stick o the wrong

specialized polymerase. : ( _
- ).L«/'}

» _Weak Bands:

Use more DNA or run the reaction for more cycles. A a'ﬁcre .«:‘ ‘rm g me J
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= Avoid Contamination:
Use clean tools, separate workspaces, and include a control reaction with no DNA to check for

contamination.

= Set Up Reactions Carefully:

Use a master mix to avoid pipetting errors and ensure all reactions are consistent
°r Mix fo avoid pipetting eror .

= Check Results:
Run your PCR product on @ g_c_e_l fo confikm it's the right size and pure.
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1. Requires precise temperature cycling equipment.
5 Sensitive to contamination, leading fo false positives.

3. Amplifies DNA errors if present in the template.
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