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Introduction to Polymerase Chain
Reaction Technique (PCR)
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The polymerase chain reaction @s an efficient and rapid@'nethod for
==
epzymatic amplification of specific DNA or RNA sequences from various sources.

PCR was developed by Kary Mullis and his colleagues in 1983 and they received

the Nobel Prize in Chemistry in 1993 for their work.
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e It has revolutionized the field of molecular biology/genetics/forensics

science/microbiology in diagnostics.
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How does the PCR work ?

SPCR Jass S

« A simple PCR reaction consists of target DNA, a set of synthetic
oligonucleotide primers that flank the target DNA sequence, a thermostable
DNA polymerase (usually Taq polymerase), and nucleotides. The ingredients

are assembled in a tube along with the co factors needed by the enzyme.
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1. Denaturation ( 92-96 © C): Heat the reaction to 92-96 °C to separate the SQP“r“t"‘ dsDNA —> 55 bra P OL‘\'()

double stranded DNA into single stranded templates for the next step.

2. Annealing ( 55-65 © C): Cool the reaction so the primers can bind to their Pl'nwuv bind s to b.mqurv. s DVA
complimentary sequences on the single stranded template DNA.

3. Extension ( 72° C): Raise the reaction temperature so that Taq polymerase hq Po\ .l QN‘“D e ‘;ﬁw\w
extends the primers and synthesizes new strand of DNA.
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PCR (Polymerase Chain Reaction)
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aatcgaatgtgcccgtacgattcgatgcgaaactaggagccctatcgat
ttagcttacacgggcatgctaagctacgctttgatcctcgggatagcta




PCR

aatcgaatgtgcccgtacgattcgatgcgaaactaggagccctatcgat

ttagcttacacgggcatgctaagctacgctttgatcctcgggatagcta
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Annealing

58°C




PCR
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Extension/Elongation
72°C
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This cycle repeats 25-35 times in a typical PCR rection which generally take 2-4

hours depending on the length of the DNA region to be copied.
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1) Target DNA - contains the sequence to be amplified.
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2) Pair of Primers - These are typically short, single stranded

oligonucleotides which are complementary to the outer regions of known
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3) dNTPs - deoxynucleotidetriphosphates, (A,T,G,C)

4) Thermostable DNA Polymerase - enzyme that catalyzes the reaction.
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5) Mg** ions (MgCI2) - cofactor of the enzyme

Mg ++ olissl (MCI2) - auyidll seleall Jalall
6) Buffer solution — maintains pH and ionic strength of the reaction solution
suitable for the activity of the enzyme ssy! blu bt delia Jylal Lasd1 35l Laganll i ple il - Bile Jolas

Heat-stable DNA Polymerase
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Taq DNA polymerase is an enzyme which is stable at the high temperatures
(~95°C) hence used in PCR.
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Taq DNA polymerase was first isolated from the bacterium Thermus aquaticus

at a thermal spring in Yellowstone National Park, USA
L,V 3aaill il « Lilagll (sl Bsss (08 551 &5 o Thermus aquAticus Lyis e 35+ Js¥ DNA Taq Susedss Jie o3

’

el L.

.J’A?

e

Y

e ————




A

PCR Optimization Conditions rcrv.:

Optimization of PCR is required to obtain the maximum efficiency and specificity

and it depends on the folloWIng; : ,u L e i saiasy Legilly 5.li€H o 15 sl sle Jpuaall POR cpuan slhan

=== Use high quality purified DNA templates( 100-200ng/pl)
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a==s Primers length should be 20-30 nucleotides in length.
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Taq 3lmadsd Sia¥ 52 s 2.0-1.5 ppansial| 555

~F Anncaling temperature should range between 55-65 °C .

=== The diff of li e between both primers should not exceed +3 °C.
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Primer cc ion should be 0.05-1 pM, typically 0.1-0.5 uM of each primer.

* Magnesium concentration 1.5-2.0 mM is optimal for Taq polymerase.
« Taq DNA polymerase concentration should be 0.5-20 unit per 50 ul reaction .

« Typical concentration of each dNTP should be 200uM. i
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CYCLE NUMBER
0
1
2
3
4
. 5
After one cycle of PCR, the amount of DNA is o
twice what it was before, so after two cycles one I
has 2x2 times as much, after 3 cycles - 2x2x2 9
times as much or 23 times as much, after 4 cycles r
2x2x2x2 times as much or 2* times as much. Thus 12
. . 13
after n cycles there will be 2 times as much DNA. P
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AMOUNT OF DNA
1
2
4
8

512
1,024

2,048

4,096

8,192

16,384
32,768
65,536
131,072
262,144
524,288
1,048,576
2,007,152
4,194,304
8,388,608
16,777,216
33,554,432
67,108,864
134,217,728
268,435,456
536,870,912
1,073,741,824
1,400,000,000
1.500,000,000

Cs Mta_ Conc. [Faaqg mM fov 'I‘qti pol -
,( G. Taq Pol. conc. o5 96 unit [so P
@ 4nTP shoutd e o0 M M




General Considerations for PCR
Optimization
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In general, follow these practices to ensure the hlghest probablhty of success.
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[ Use scréw cap tubes M g b
[ Use aerosol-resistant filter tips PCR T ol
[ Use calibrated pipets dedicated to PCR " ) Luplp M ol g oot ek

'/‘EI Use PCR-grade water and use only for PCR R v
@ Useano- temElate control to verify absence of contamination

. @ Prepare reactions in replicate - ideally as triplicates
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Different Template Source can be used for PCR ror- s i st

1. Genomic DNA e sa

» The chromosomal DNA of an organism, representing the bulk of its genetic
material..a,-__.,.n Gole o Y1 3all S ¢ gl GEISH (gl gl iaall

w e .
2. Plasmid DNA ow HoW can we awid quiomic DVA  contamina.
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o If there are problems with amplification, linearize the plasmid with a restriction
enzyme that does not cut within the target.u-,.mms i 35 planTely Sl i A i e e S 3]
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3.cDNA — RNA + ( RNAse fyee DNVAase ) —> RNA will be Free «f DNA Contaminaio v

* RNA must be free from genomic DNA contamination — treat with RNase-free

DNase prior to fr‘@se ALANSCTIPTION. o il 4 RNaSE 0 13 DNaSS i sl st pbanl s o Ll gl st it 5 s 6
It is also help design primers at splice junctions to avoid genomic DNA Awpll &t qhoh A



Different Types of PCR Technique

PCR i ;ya Gliae ¢ 1530

1. Allele-specific PCR: This is used to identify Single nucleotide polymorphisms (SNPs).
(Single base differences in DINA). pom st ol Jsi s sonit 152 pssiun 2l alall SNPS). (gl ianll i inlysoels Slisia).

Colonies
2. Colony PCR: This technique is used for the identification of clongs for example Bacterial
colonies of E. Coli can be rapidly screened by PCR for correct DNA vector constructs.

(PCR) Juukeil | 5l paanlyall Je Li Unsulys e yaus E. Coli 4,801 &yanioad ! and 5 ¢ JUL aas (ple ¢ Grasiiuad | Sbilgand ! sasasl Ll ..'u‘..c.:...". :(Colony PCR) Juuduaill 3l yaadgall Je Lii § yasious
Aesaall @apill paasll JiL olis sle dpeanll

3. Asymmetric PCR& is used pmfmaﬁa%lig amplify one strand of the original DNA for
example in sequencing and hybridization technique where only one of the two complementary
stands is req L 5t 154 o il Sl 245 5 JE o e ea¥ ]l o sl e i) i S il i LN s oo Sl el

el Jaladl (pn ke saly
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" 4. Hot Star PCR: This is a technique that reduces non-specific amplification during the initial
set up stages of the PCR. The technique may be gerformed manually by heating the reaction
components to the melting temperature (e.g., 95°C) before adding the polymerase.
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5. Touchdown PCR: a variant of PCR that aims to reduce nonspecific background by
gradually lowering the annealing temperature as PCR cycling progresses.
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Heen gradually Different Types of PCR Technique

decrease to reack Tim . PRt

6. I!glﬂglgﬂ)g;j?%llows amplification of more than one target sequence using
‘multiple pair of primers in a single reaction.

na Annealing temperatures for each of the
primer sets must be optimized to anneal correctly within a single reaction, and
amplicon sizes, i.e., their base pair length, should be different enough to form distinct

bands when visualized by gel electrophoresis.
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7. Nested PCR: It increases the s%eciﬁcigz of DNA amplification, by reducing
background due to non-specific amplification o . Two sets of primers are being
used in two successive PCR reactions. In the first reaction, one pair of primers is
used to generate DNA products. The resulting amplified product(s) are then used in a
second PCR reaction with a set of primers whose bincg.ng sites are completely or

artially different from and located 3' of each of the primers used in the first reaction.
Rlested PCR is often more successful in specifically amplifying long DNA fragments
than conventional PCR.
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8. Quantitative real-time PCR.: It is used to measure the quantity of a PCR product
(preferably real-time). It is the method of choice to quantitatively measure starting
Q-PCR is commonly used to determine whether a
DNA sequence 1s present in a sample and the number of its copies in nple. Ehe
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real time PCR ,..SI!
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9. RT-PCR: is a method used to amplify, isolate or identify a known sequence from .

a cellular or tissue or RNA. The PCR is preceded by a reaction using reverse abl |, exXpressiow "“94\"

transcriptase to convert RNA to cDNA. RT- 1S widely used In expression P ? . a'
rofiling, to determine the expression of a gene or to identify the sequence of an

B\NA transcript, including transcription start and termination sites and, if the

genomic DNA sequence of a gene is known, to map the location of exons and

ntrons 1n the gene. e AT-POR puiians (U:5) o] i) il ima ad gl il ity Jebii POR By ANA b s g ki o cgyin ol s o e 31 ol puk s T b
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10. Intersequence specific PCR (ISSR): a PCR method for DNA fingerprinting that b
amplifies_regions between some simple sequence repeats to produce a unique eR. Star ' . .
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11. Methylation-specific PCR (MSP): The MSP method was developed by

Stephen Baylin and Jim Herman at’the Johns Hopkins School of Medicine, and

is used to detect methylation of CpG islands in genomic DNA. DNA is first

treated with sodium bisulfite, which converts unmethylated cytosine bases to Nt . : . \0
uracil, which is recognized by PCR primers as thymine. analysis «f DNA Md'k\j lationn M C& islands.
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Two PCR reactions are then carried out on the modified DNA, using primer
sets identical except at any CpG islands within the primer sequences. At these

points, one primer set recognizes DNA with cytosines to methylated G s . . . .

DNA, and one set recognizes DNA with uracil or thymine to amplify | privaev 2 u""a“‘ 2e5 DNA with “3"“ SiWwe e ampl ?—3
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General Applications of PCR

PCR J dalall Slaill

Molecular Identification Sequencing Genetic Engineering
i Ustel s il
- DNA fingerprinting ~“Cene cloning - Site-directed mutagenesis
* Genotyping + Human Genome Project %giene expression studies
ﬁe-natal diagnosis o o RS “olf o AL
utation screening e e o el el ol
* Detection of pathogens
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Clinical Application of PCR

PCR J § syl asdaill

1. Prenatal diagnosis: PCR is used to amplify DNA from fetal cells obtained
from amniotic ﬂuid.‘_,...,,;.m\pulg.;q,mu_.;_.;gl LS (n il daal paiadl Jualeaill S sadgll Je b psi sy Bodgll S pasin ]

Tay-Sachs disease, phenylketonurea, cystic fibrosis, hemophilia,

Huntingdon's disease, Duchenne muscular dystrophy (DMD).
(DMD) sisosl pluaall Fiall o (3aiiin saze o Lbaisasd! o g€ il (3338 Jsdl] iy ¢ puSlos 65 0

2. PCR is very important in carrier testing for different genetic diseases.
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3.PCR can be used to detect Single base changes using following technique

a) Dot blot (spot hybridization) with ohgonucleotlcie?*em e e
mlm%u,,.n,meW‘b_Wme

b)\ PCR-RFLP\(Restriction enzyme analysis of PCR product). ronaeip st s psi s pon.

c) Direct sequencing of DNA or Gene. . i e s st sia Io




Clinical Application of PCR

PCR J el 3l

4. PCR allows th&irect detection of HIV or other viral genomes in patient blood
fore the appearance of antibodies.
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PCR can detect 10-20 copies of viral DNA from 150,000 human cells.
by s 150.000 o paugill G5l piaall a Tonnss 20-10 GLESI PCR 1 oS

5. Diagnosis of the middle ear infection known as otitis media.
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6. Lyme disease, the painful joint inflammation caused by bacteria transmitted by tick
bites, can be diagnosed by detecting the disease organism's DNA contained in joint
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7. PCR is the most sensitive and specific test for Helicobacter pylori, the disease

. o
organism now known to cause almost all stomach ulcers.
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Clinical Application of PCR

8. PCR can detect three different sexually transmitted disease organisms on a

single swab (herpes, papillomaviruses, and chlamydia).
(LSSl ¢ rasalt gl Slaagdy ¢ o stl) Sty T ol onsion gl 1580 Tl S EHS B (POR) oubail] 5 psmlll Jelih kS, o S

9. PCR is more sensitive than culture test for the detection of M. tuberculosis
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Sensitivity Of PCR for the
Detection Of Pathogens
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Sensitivity of detection of PCR-amplified M. tuberculosis DNA.
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