You are what
you believe

yourself to be.

- Paulo Coelho




Polymerase chain reaction (PCR)
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The two original DNA DNA polymerases add Two DNA molecules form
strands separate. complementary nucleotides that are identical to the
to each strand. original DNA molecule.

DNA -« o\ >

helicase & of®---- @

Replication
fork




PCR J 4& 8 Caelaill yualic

A3_auy) Jo Ll Ll rliad Al il g<all
DNA (your DNA of interest that contains the target sequence you wish to
copy)
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A heat-stable DNA Polymerase (like Taq Polymerase)
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All four nucleotide triphosphates
Gl gil) A8 o galeill IS 3
Buffers
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Two short, single-stranded DNA molecules that serve as primers
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Thin walled tubes
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Thermal cycler (a device that can change temperatures dramatically in a
very short period of time)
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(A) DNA synthesis requires a primer

Primer
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(B) The primer determines which part of a DNA

molecule is copied
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TGACCT GAAAAGAC
GATGGACTGATTACCGATGACTGGACTTTTCTG
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TGACCT GAAAAGAC

GATGGACTGATTACCGAT GACTGGACTTTTCTG
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Step 1: Denaturation of DNA
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This occurs at 95 °C mimicking the function of helicase in
the cell
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Step 2 Annealing or Primers Binding
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Primers bind to the complimentary sequence on the target
DNA. Primers are chosen such that one is complimentary to
the one strand at one end of the target sequence and that the

otheris complimentary to the otherstrand at the other end
of the target sequence
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Step 3 Extension or Primer
Extension
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DNA polymerase catalyzes the extension of
the strand in the 5-3 direction, starting at the
primers, attaching the appropriate
nucleotide (A-T, C-G)
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« The next cycle will begin by denaturing the new DNA
strands formed in the previous cycle
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The Size of the DNA Fragment Produced in PCR is
Dependent on the Primers
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The PCR reaction will amplify the DNA section between the two
primers
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If the DNA sequence is known, primers can be developed to
amplify any piece of an organism’s DNA
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The DNA of interest is amplified by a
power of 2 for each PCR cycle
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For example, if you subject your DNA of interest to 5
cycles of PCR, you will end up with 2°(or 64) copies of
DNA
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Similarly, if you subject your DNA of interest to 40
cycles of PCR, you will end up with 24 copies of DNA
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94°C" for 1 min

Step: 1 Denaturation

-
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Lower temperature to 56°C' for 1.5 min
Step: 2 Primer annealing Anneal with primers
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Increase temperature to 72°C' for 1 min

SI0p: 3 slongetion Dy DNA pol Taq DNA polymerase + dNTPs



CYCLE NUMBER DNA copy number
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128
256
512
10 1.024
1" 2,048
12 4.006
13 8,192
14 16,384

CONSOE LGN -

15 32,768
16 65,536
17 131,072
18 262,144
524,288

19
20

21 2,007,152
22 4,194,304
23 8,388,608
24 16,777,216
25 33,554,432
26 67,108,864
27 134,217,728
28 268,435,456
29 536,870,912
30 1,073,741,824
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Example:
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95 C for 5 min

Cycle for 35:

95 C for 15 sec.

60 C for 15 sec.,

72 C for 30 sec.

72 C for 7 min

4 C hold
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Gel electrophoresis

|. Preparation of the gel

2. Loading the DNA

3. Separation

4. Staining



samples
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Verification of PCR product on
agarose or separide gel

ladder PCR fragments




Traditional PCR

Reverse Transcripatse PCR
Touchdown PCR

Nested, Hemi-nested PCR
Multiplex PCR

Colony PCR

Hot Start PCR

In-Situ PCR

Long PCR

Quantitative PCR
Competitive PCR

Fluorometric Real Time PCR

PCR
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PCR and Diseases
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* Primers can be created that will only bind and amplify certain
alleles of genes or mutations of genes
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* This Is the basis of genetic counseling and PCR is used
as part of the diagnostic tests for genetic diseases
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« Some diseases that can be diagnosed with the help of PCR:
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* Huntington's disease
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 cystic fibrosis
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* Human immunodeficiency virus
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HD is a genetic disorder characterized by abnormal body movements
and reduced mental abilities
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Huntington’s Disease (HD)

HD is caused by a mutation in the Huntingtin (AD) gene
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In individuals with HD, the AD gene is “expanded”
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— In non-HD individuals, the AD gene has a pattern called

trinucleotide repeats with “CAG” occurring in repetition /ess than
30 times
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36 times in the AD gene
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PCR can be performed on an individual’s DNA to
determine whether the individual has HD
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The DNA is amplified via PCR and sequenced (a
technique by which the exact nucleotide sequence is
determined) and the number of trinucleotide repeats is
then counted
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CAG REPEAT SIZING IN HUNTINGTON'S DISEASE
GATC

HD NORMAL ALLELES 10 -29 RPTS

(rare intermediate alleles of 30 - 35 rpts)




PCR Applications to Forensic
Science
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« Paternity suits -Argentina’s Mothers of the plaza and
their search for abducted grandchildren
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- |dentifying badly decomposed bodies or when only body
fragments are found, Bosnian and Rwandan mass
graves
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PCR can be used to amplify highly variable regions of the
human genome. These regions contain runs of short,
repeated sequences (known as variable number of tandem
repeat (VNTR) sequences) . The number of repeats can
vary from 4-40 in different individuals
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Primers are chosen that will amplify these repeated areas
and the genomic fragments generated give us a unique
“genetic fingerprint” that can be used to identify an

individual
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Base repeat units
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DNA fingerprinting 4d/s!l Laad
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