Polymerase chain reaction

The polymerase chain reaction (PCR) is a technique allows
us to amplify any DNA sequence of interest to high (thousands to millions)
copy numbers.

It was invented in 1983 by Dr. Kary Mullis, for which he received the Nobel
Prize in Chemistry in 1993.

(1) Why “Polymerase”?

It is called “polymerase” because the only enzyme used in this reaction is
Taq polymerase, a type of DNA polymerase.

(2) Why “Chain”?

It is called “chain” because the products of the first reaction become
substrates of the following one, and so on.

(3) The “Reaction” Components



A basic PCR set up requires several components and reagents

DNA template that contains the DNA region (target) to be amplified.
Primers (short DNA fragments containing sequences complementary to
the target region), it may be single primed (i.e. RAPD, ISSR) or double
primed (i.e. SSR marker for which forward and reverse primer required)
Taq polymerase a thermo-stable DNA polymerase enzyme that catalyzes
the reaction, isolated from bacterium Thermus aquaticus
Deoxyribonucleotide triphosphates (four dNTPs i.e. dATP, dCTP, dGTP,
dTTP), the building-blocks from which the DNA polymerase synthesizes a
new DNA strand.

Buffer solution, maintains pH and ionic strength of the reaction solution
and providing a suitable chemical environment for optimum activity and
stability of the DNA polymerase.

Divalent cations, magnesium or manganese ions; generally Mg2* is used,

sometimes Mn2* can be utilized, cofactor of the enzyme



Procedure (PCR programs)

Usually, PCR consists of a series of 20-40 repeated temperature
changes, called cycles, with each cycle consisting of 3 distinct
temperature steps.

The temperatures used and the length of time they are applied in each
cycle depend on a variety of parameters. These include the enzyme
used for DNA synthesis, the concentration of divalent ions and dNTPs

in the reaction, and the melting temperature (Tm) of the primers.



Initialization step: This step consists of heating the reaction to a temperature of
94-96 °C, which is held for 2—5 minutes. It is only required for DNA polymerases
that require heat activation by hot-start PCR.

Denaturation step: This step is the first regular cycling event and consists of
heating the reaction to 94-96 °C for 20—45 seconds. It causes DNA melting of the
DNA template by disrupting the hydrogen bonds between complementary bases,
yielding single-stranded DNA molecules.

Annealing step: The reaction temperature is lowered to 35-65 °C for 20-60
seconds allowing annealing of the primers to the single-stranded DNA template.
Typically the annealing temperature is about 2-3 degrees Celsius below the Tm of
the primers used.

Extension/elongation step: The temperature at this step depends on the DNA
polymerase used; Taq polymerase has its optimum activity temperature at 68—
75 °C, and commonly a temperature of 72 °C is used with this enzyme. At this
step the DNA polymerase synthesizes a new DNA strand complementary to the
DNA template strand by adding dNTPs that are complementary to the template.
extension time — 1-2 minutes

Final extension: This single step is occasionally performed at a temperature of
68—75 °C for 5—15 minutes after the last PCR cycle to ensure that any remaining
single-stranded DNA is fully extended.

Final hold: This step at 4 °C for an indefinite time may be employed for short-
term storage of the reaction.



The PCR program consisted of an
Initial Denaturation at 94°C - 4 min,
Denaturation at 94 °C - 1 min,

Annealing at annealing temperature (T,) (30-55 °C) — 30 sec to 1 min 35-40 cycles
Extension at 72 C — 1-2 min

Final extension at 72 C for 8-10 min.

Final hold at 4 °C for an indefinite time
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Application of PCR

Applied research or medical research
Clinical Diagnosis

The specificity and sensitivity of PCR is highly useful for the diagnosis of various
diseases in humans. These include diagnosis of inherited disorders (genetic diseases),
viral diseases, bacterial diseases, HIV infection, cancer etc. The occurrence of genetic
or other diseases frequently identified by amplification of DNA of the relevant
region, followed by the direct analysis of PCR products

Forensic sciences, paternity testing and Pre-natal diagnosis

A single molecule of DNA from any source (blood strains, hair, semen etc.) of an
individual is adequate for amplification by PCR. Thus, PCR is very important in
identification of criminals, paternity testing and Pre-natal diagnosis.

PCR in sex determination of embryos

Sex of human and livestock embryos fertilized in vitro, can be determined by PCR, by
using primers and DNA probes specific for sex chromosomes. Further, this technique
is also useful to detect sex — linked disorders in fertilized embryos.

Gene therapy



Basic research

Mutation screening

DNA-based phylogeny and genetic diversity (Comparative
genomics

Identification somaclonal variant in tissue culture raised plants
Cultivars identification

Molecular Ecology

Bioinformatics

Gene cloning

Functional analysis of genes and gene expression studies

Analysis of genetic modified plants

DNA Sequencing



EXPERIMENTS
(1) DNA isolation (CTAB methods or DNA isolation Kkit)
(2) Checking the Quality of DNA

(a) spectrophotometric (A,q,/A,q, ratio = 1.6-1.8)

(b) Agarose gel electrophoresis (0.8%)
(3) PCR according to application (example — genetic diversity by molecular
markers)
(4) PCR products were run in 1.4% (for RAPD or ISSR marker) or 3% (for
SSR marker) agarose gel electrophoresis, sizes of bands was calculated by
comparing with DNA ladder
(5) PCR products were visualized and photographed using the Gel
Documentation System

(6) Data analysis using suitable software



DNA Extraction: 4 Key Steps

Step 1) Physical Disruption of cell, tissue structure
« Fix in Liquid N,,
*Grinding : Breakdown of tissue structure

Step 2) Chemical Disruption of cell wall and membranes
*Detergents: Dissolution of lipid membranes
*Proteases/Phenol/ Chloroform: Removal of proteins, lipids,
carbohydrates

Step 3) Precipitation of DNA
*Ethanol/lsopropanol: DNA precipitates in alcohols
*Wash with 70% ethanol to remove salt

Step 4) Wash and resuspension



Basic CTAB (Doyel and Doyel method, 1990)
Components of Extraction Buffer (CTAB)

100mM Tris Buffer (at pH -8): Maintains pH (DNA stable)

2-3% CTAB (Cetyl trimethylammonium bromide): Strong detergents, destroy
membranes and denature proteins and dissociate proteins from DNA

20mM EDTA (Ethylene Diamine Tetra Acetic acid): Chelator, Inactivates
nucleases

0.2% [R-Mercaptoethanol: Prevents oxidization (creates reducing
environment)

4M NaCl: dissociate nuclear protein (specially histones)

4% PVP, removal of phenolics

50 mM Ascorbic acid (not in original CTAB method)



fresh leaf material (approx 500-1000 mg)

l Fixin liquid Nitrogen

Grind (Pestle and Mortar)

|

Add 5 ml pre-warmed Extraction Buffer (CTAB)

|

Gently mix

|

Incubate, 60 °C, 45-60 min, occasional stirring

l

Bring on room temperature



Add equal volume of CHCI;, Iso-amylalcohol (24:1);
some time phenol also used

l Mix
Centrifuge: 10,000 rpm, 15 min, 4 °C

|

Aspirate the aqueousphase, transfer to a new

« aqueousphase
tube (nucleic acids)

1 henolor chlorof
Add chilled ethanol (100%), some times < ghggg orcinorotom

isoproponol also used (proteins)

y

DNA precipitation start, keep overnightat—20 °C
In case not precipitate properly

r

Centrifuge: 10,000 rpm, 15 min, 4 °C

Pellet washed with 70% ethanol and dissolved in sterile
MQwater (1 ml)

|

Keep overnight



Add Spl RNAse A, 2 h, 37 2C

|

Add chilled ethanol (100%), some times
isoproponol also used

A J

Centrifuge: 10,000 rpm, 15 min, 4 2C

v

Wash the pellet with 70% Ethanol

l

Dry the pellet

|

Dissolvein 100-500 ul MQW
(accordingto concentration of pellet)

l

Load and check on the agarose gel (0.8%)



Agarose Gel Electrophoresis of extracted DNA

Electrophoresis is a technique used to separate and purify macromolecules -
especially proteins and nucleic acids - that differ in size, charge or
conformation.

Principle of gel electrophoresis

Gel electrophoresis involves an electrical field.

The molecules to be separated are pushed by an electrical field through a gel
that contains small pores.

The molecules travel through the pores in the gel at a speed that is inversely
related to their lengths. This means that a small DNA molecule will travel a
greater distance through the gel than will a larger DNA molecule

DNA and RNA are negatively charged molecules, they will be pulled toward the
positively charged end of the gel. IN case of proteins, first mix it with a
detergent called sodium dodecyl sulfate. This treatment makes the proteins
unfold into a linear shape and coats them with a negative charge, which allows

them to migrate toward the positive end of the gel and be separated.
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Agarose Gel Electrophoresis of extracted DNA

Mix 10 yL of DNA with 4-5 L of gel loading buffer (GLB)

Load this mixture into a 0.8 % agarose gel

At 150 V for 120 min in 1xTBE (Tris base, boric acid, 0.5M EDTA) gel buffer
The gel was stained with 0.25 ug/ml ethidium bromide (4 pl in 25 ml gel)

Analyze results




PCR (RAPD or ISSR analysis)
Reaction

DNA amplification reactions assembled in 15-25 ul volumes containing

« 50-75 ng of template DNA

 1x PCR buffer

« 0.2mM dNTP Mix

« 1.5 mM MgCl,

1.5 U Taqg DNA polymerase (Bangalore Genei, India)
0.2 uM primers

PCR program
eInitiation at 94 "C for 5 min
30-40 cycles of
*Denaturation for 30-45 sec at 94 C
*Annealing for 20-60 sec at Ta °C; where Ta=Tm -2 °C
*Elongation for 1-2 min at 72 °C
and
*Final extension for 8-10 min at 72 °C






Agarose gel electrophoresis of PCR products
PCR products were run in 1.4% (for RAPD or ISSR marker) or 3% (for SSR

marker) agarose gel electrophoresis, sizes of bands was calculated by

comparing with DNA ladder

PCR products were visualized and photographed using the Gel

Documentation System

Data analysis using suitable software
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