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Definitions of PCR

Definition-1

« A technique for amplifying DNA sequences in
vitro by separating the DNA into two strands
and incubating it with oligonucleotide
primers and DNA polymerase.

 Definition -2

A biochemical technique used in Molecular
Biology to amplify a specific fragment of
target DNA.




Origin of Polymerase chain reaction

(PCR)

In vitro DNA synthesis

« PCR was discovered by Kary B. Mulis in
1983 of Cetus C()rp()mtum a Biotech
company in California, USA.

« He won the Nobel Prize for Chemistry in
1993 for ‘contributions to the developments

of methods within DNA-based chemistry’.

» “Taq polymerase’ an enzyme used i in PCR was
described as ‘molecule of the year’ 1989.




Principle of PCR

* The PCR technique is based on the enzymatic replication of DNA

* In PCR, a short segment of DNA is amplified using primer mediated
enzymes

* DNA Polymerase synthesises new strands of DNA complementary to
the template DNA

* The DNA polymerase can add a nucleotide to the pre-existing 3'-OH
group only. Therefore, a primer is required

* The DNA fragment to be amplified should not be greater than about 3
kb in length and ideally less than 1 kb



Requirements for PCR

JDNA template — DNA segment to be amplified.

JTwo primers- a short segment of DNA ( forward and
reverse primers) about 20-25 bases long .

JTaq polymerase — an enzyme to synthesize DNA copies.

JDeoxynucleotide triphosphates — the building blocks for
new DNA strand.

JBuffer solution — a suitable chemical environment.
dDivalent cations — Mg 2* ions

JMonovalent ions — Potassium ions

JPCR machine — a thermal cycler



Components of PCR

« Components Of PCR constitutes the following:
1. DNA Template— The DNA of interest from the sample

2. DNA Polymerase— Taq Polymerase Is used. It is thermostable and
does not denature at very high temperatures

3. Oligonucleotide Primers- These are the short stretches of single-
stranded DNA complementary to the 3’ ends of sense and anti-sense
strands

4. Deoxyribonucleotide triphosphate—building blocks for the
synthesis of DNA

5. Buffer System— Magnesium and Potassium provide optimum
conditions for DNA denaturation and renaturation. It is also important
for fidelity, polymerase activity, and stability.



PCR Steps: Denaturation

« Denaturation occurs when the reaction

mixture Is heated to 94°C for about 0.5to 2 —
minutes
]
]
- This breaks the hydrogen bonds between  “*“*Eaa e E——
the two strands of DNA and converts it
Into a single-stranded DNA Denaturing
stage

94-95°C
* The single strands now act as a template
for the production of new strands of DNA



PCR Steps: Annealing

i p,ime,an,,ea,m8L°We,;i':r2gf\;j'“v';t:fpﬁ?;ir‘:’ L  The reaction temperature is lowered to 54-
B EE—————— 60°C for around 20-40 seconds
’ ‘ ’ h 3,-5, . . .
B . * Here, the primers bind to their
complementary sequences on the template
S Plus Strand 3 DNA
* Primers serve as the starting point for the
AlG TAA synthesis of DNA
</ » The two separated strands run in the
3’ Reverse Primer 52 opposite direction and consequently there
5’ Forward Primer 3’ are two primers- a forward primer and a
—> reverse primer.
TAC ATT

3’ Minus Strand 5’



PCR Steps: Extension

* At this step, the temperature is raised to
72-80°C

e The bases are added to the 3’ end of the TTTTITTITITITIT

primer by the Tag polymerase enzyme

* This elongates the DNA in the 5 to 3
direction o >

« The DNA polymerase adds about 1000 AL S LI LI LIl

bp/minute under optimum conditions Wy

 Tag Polymerase can tolerate very high Polymerase
temperatures. It attaches to the primer
and adds DNA bases to the single
strand



15t cycle- 2
copies of DNA
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Factors affecting PCR

Annealing Temperature:

Melting temperature (T,,): is the temp at which 2 strands of
the duplex dissociate

Melting temperature (T,,) between 55 and 65°C (usually
corresponds to 45-55% G+C)

The melting temperature of nucleic acid duplex increases
both with its length, and with increasing (G+C) content

A simple formula for calculation of the T, is:
T,=4G+C)+2(A+T)°C

Annealing temperature (T,) is about 5°C below the T, of
the pair of primers (T, - 5°C)

Annealing temperature chosen for a PCR depends directly
on length and composition of the primer(s)

Two primers Tm’s should be within 5°C of each other; the
closer the better

(@) Annealing temperature is too high

,L—;,-:-ﬁf‘fﬁ’ﬁfﬂ
= AR
’ fﬁ‘z/ &y O
Primers and templates " e
remain dissociated ) M
;J\Jdv?-:f—*
(b) Annealing temperature is too low
R

_—

Mismatched hybrid - —————— "7 !QEM

not all the correct base
pairs have formed

(c) Correct annealing temperature

i

Priming occurs only at
the desired target sites



Factors affecting PCR

Primer length:
* If the primers are too short they might hybridize to ) PER oF hiian DNA Wit 8:41i6F SHimers

non-target sites and give undesired amplification vistidbsition sios
products e

« 48 = 65 536 bp, giving approximately 49 000 possible TR T T T
sites in the 3 200 000 kb of nucleotide sequence that * S LGl

makes up the human genome Several primer pairs can

J give amplification products
« Sixteen base sequence will statistically be present 1 Kb
only once in every 41° bases (= 4 294 967 296 or 4
billion). This is about the size of the human genome () pcr of human DNA with 17-mer primers

* Thus, the association of a greater-than- 17-base
oligonucleotide with its target sequence is an
extremely sequence-specific process

Only the desired

- Ideally, the length of the primer should range TegenE e e mpaliec
between 17-25 nts



Factors affecting PCR

Primer-Primer interactions:

. _ _ 5' TGTACGAGGCC—
* If a primer has a region of self-homology, partially HEIEEHE
double-stranded structures can occur which will
Interfere with annealing to the template

- Usually intraprimer homologies of 3 bp or more = Temesmesccnscyyy © |
should be avoided 3' GGITCACOCTGCABGTCT S

« Absence of significant hairpin formation (usually >3
bp)

* Primers should also not contain sequences of
nucleotides that would allow one primer molecule
to anneal to another primer molecule



Factors affecting PCR

Primer-Primer interactions:

* Ideally, the smallest AG, the better but try to avoid primers annealing
with AG values of —7 kcal/mol or higher

Here are other examples of interacting primers. The following are OK, but not great:

AG=-5 kcal/mole, OK but not great. AG=-9.3 kcal/mole, pretty bad!!
5' TGTHEGHG?E:I:GH?CEET 3' 5' WTH%GHIIEEGH?EEW 3
2' GGTTCACGCTGCA CT S5 2' ACCCGAG AGCATGT 5

The next is real nice! AG=-1.6 kcal/mole, good!!

5 TEGHHHHEEHEEEEEH%'II' ch
AGGCCCACCARARRGGA S5



Degenerate Primers

* In case where there is partial information of DNA is present,
degenerate primers are used

* They are usually used when the protein sequence is known, which is
translated backwards to derive the triplets (codon), and therefore the
probable sequence

* Due to degenerate genetic code, there might be different possibilities
for the third nucleotide in each triplet, that can be circumvented by
the degenerate primers

* The degenerate primers are mix of primers, which are similar in their
sequence, but differ in one or more positions



Degenerate Primers

aligning the translated amino acid sequence

F Trp Asp Thr Ala Gly GIn Glu a
5'TGG GAY ACN GCN GGN CAR GA 3

kThis gives a mix of 256 different oligonucleotides.

Asparticacid D GAC, GAT

Y=C+T
Threonine T ACA, ACC, ACG, ACT N=A+G+C+T
Alanine A GCA, GCC, GCG, GCT R=A+G

Glycine G GGA, GG, GGG, GGET 2*4*4*4*? = 256
Glutamine Q CAA, CAG



PCR Enzyme

Choosing enzyme » Template (RNA or DNA?) |

. (RN ) *Tth DNA Polymerase from Thermus thermophilus
T‘?mp, late Aor DNA?) reverse transcribes RNAin the presence of Mn  2*
« Fidelity -Then dilute rxn & add Mg 2+ to do PCR
 Temperature stability *Tfl DNA Polymerase from  Thermus fiavus has no
. Pr . . RT activity: can mix with RNA & RT w/o activity
ocessivity then go directly to PCR after RT is done
» Fideli
v * Temperature stability

* Taq from Thermus aquaticus has no proof-reading : B
- goes faster, but error freq of 1 in 3000 * E.coli DNA polymerase I denatures at 75° C

« Vent from Thermococcus litoralis has error frequency  * 112 of Taq @ 95° C is 0.9 hours, <0.1 hour @ 100" C
of 1 in 30,000 * T,,, of Phusion @ 96° C is >6 hours, 2 hours @ 98° C

+ Pfu from Pyrococcus furiosus has error frequency of 1~ * T, of Vent @ 95° Cis 6.7 hours, 1.8 hours @ 100" C
in 400,000

* Processivity (how far does it go before falling off)



Thermo tolerant polymerases used for PCR (polymerase chain
reactions) reactions

The total error rate of Taq polymerase has been variously reported
between 1 x 104 to 2 x 10-° errors per base pair.

Pfu polymerase appears to have the lowest error rate at roughly 1.5 x 106
error per base pair

Vent is intermediate between Taq and Pfu.

3'->5'

Exonuclease Source and Properties

Polymerase

From Thermus aquaticus. Halflife at
95C 1s 1.6 hours.

Taq No
From Pyrococcus furiosus. Appears to
Pfu Yes have the lowest error rate of known
thermophilic DNA polymerases.

From Thermococcus litoralis; also
Vent Yes known as Tl polymerase. Halflife
at 95 C is approximately 7 hours.



Thermostable DNA polymerases used in PCR

Polymerase i 3> 5 Organism
enzyme exonuclease exonuclease

Tli (Vent) Thermococcus litoralis
Tfl : Thermus flavus

Pfu : Pyrococcus furiosus

Pwo Pyrococcus woesel

Tth : Thermus thermophilus




PCR Product calculation

1-2>2->4->8->16 (exponential)

> N =Ny X 2

where N - Final number of templates, Ny = Initial number of
templates, n = no. of cycles

»>If the values are given in concentrations of DNA:
PCR product = initial amount X [1 + % efficiency]"



(a) AFLP template preparation Msel adaptor
=4 851 00

Whaole genomic DMNA

Amplified fragment length

Py g L L polymorphism (AFLP)

and AATTG
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Allele-Specific PCR

Outer primer G inner primer ]
— — G « GC-wild type (G allele)
callele O g 2 « TA- mutant (T allele)
Le—n
@ A T inner primer Outer primer e Outer primers— gene
G specific (forward and
Outer primer G inner primer
poh 570p | reverse) |
T allele g I g * Inner primers- wild
A Gole— <— type and mutant type
T inner primer Outer primer
NORMAL SICKLE CELL

11 MUTATION
ARMS-PCR DMNA GAG —_— G TG
CTC CAC
LIl L0

4 4
G/G (WT) GIT (abl+) TIT (ablab) RMNA GI .ﬁ.l GI GI LJ[ Gl
Common amplicon | messs— - mm - mm _, v . v .
SROTEIN GLU| | VAL
T allele specific L ——1 - © NORMAL MUTANT
; PROTEIN PROTEIN
G allele specific L — ] e =




Inverse PCR

DNA digested with restriction enzyme not A method to 3 icular DNA regi
cutting in known region (eg. : alwﬁfay Dal;l:l“h only m ’
.(Q\“ Known sequence ¢ sequence information
m— / : N.B. relies on being able to cut DNA with
) ’ ; ' enzymes that only cut at specific
DNA sequences - see leciure 8
'
Generated compatible ends are ligated into a circle
DNA re-linearised by "(
digestion with a i
restriction enzyme T o Unknown DNA
recognising a site can know be
within the know PCR amplified
sequence using pm
specific
known sequence
o

Ii

——

Unknown DNA can know be PCR amplified using
primers specific to the known sequence at each end

{11t




Nested PCR

first outer primer set targeted
: sequence
p— I
X |
- —— == 1*Amplcon =———4
1 enter 2" PCR

second inner primer set

#
. I
= = « 2™ Amplicon = <

1



Multiplex PCR

Primer set A Primer set B Primer set C Primer set D

PCR with all four primer
sets in a single tube

¢ T ¢

Gene A Gene B Gene C Gene D
T T Pdld
AT = 1N
Tl eIl I



Methylation-specific PCR (MSP)

Methylated DNA

Unmethylated DNA

H, (N,
§le ( G —C §nl G =—C G —
| Bisulfite [
CH, N,
N e §—UG —UG —
My \W MS P ¥ 4 \V
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STTITITCS TS TTTiTT Sl G —C6— $———UG —UG =  S=myG G T
LLLLYED | ey 11111 % — — TITIpps T 1IN
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/ 7
Amplification No Amplification No Amplification Amplification

Mo
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Me
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Me

Unmethylated Methylated
1 |
ICi—=>|C}

Bisulfite
Conversion

NI
i |
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1. Isolate RNA
RNA O AAAA

|

2. Anneal Oligo{dT) primers
REMA oo AAAA
|
3. First-strand synthesis

RMNA AAAA
cONA e 1177

|

4. First cycle PCR synthesis
cONA e
cONA s

|

5. PCR amplification

Reverse
Transcriptase
PCR



Plateau effect in PCR amplification

- Plateau effect: The point at which ~ "Plateau Effect” in PCR Amplification
product accumulation is no longer
exponential (saturation) o
_ _ theoretical yield ]
» Tag poly half life at 95°C is 1.6 hrs

« Degradation of reagents
al yield

log 2 [product]

« Competition for reactants by non-
specific products

« Competition for primer binding by re-

annealing of concentrated products 0 20 30 40
cycle number




Signal detection (Polymerization completed)

We  We e W Wk

We W W W W

\_

Denature
® - &
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Polymerization
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* ds DNA intercalating dye

SYBR green-based Q-PCR assay

* fluoresces green under blue light

« only emits fluorescence when bound to
double stranded DNA

Real time PCR

M H M L
FALHHH A H A H T TR

annealing

extension

\

\

/

SYBR green fluorescence can be measured at
the end of either the annealing* or extension
steps after every PCR cycle and used to
calculate the amount of DNA in the sample



Polymerization R = Reporter
Y Q = Quencher Real-time PCR (Quantitative PCR or Q-PCR)
Eorwerd ; ; Fluorescent hybridisation probe based methods (  e.g. TagMan probes)
Primer ~ Probe :
e — 7 3 5 DNA sequence complementary to DNA
3 sequence of target molecule ¢
5 3 A ©
< —— 3 JO— . .
Reverse ’ othe 5 ‘ \
Primer R 5 3 : >
Strand Displacement Fluorescent '| S
reporter group y Fluorescence quencher
5: > 3 . During EXTENSION step the annealed probe is
3 5 At each ANNEALING step, probe and primers digested by Taq DNApol (5’ - 3’ exonuclease activity)
5' 3 hybridises with target/ product DNA
< —_—r r ) -
Cleavage
b 3
’ — complementary strand
5' c— ) 3
3 5 3 template DNA
5' 3 template DNA 5
( — ' Molecular proximity of quencher prevents

Reporter fluorescence no longer quenched and
used to quantify the DNA present

T * ..., — Real time PCR

< C——

reporter fluorescence




Question 1

A single molecule of DNA is amplified by PCR for 25 cycles.
Theoretically, how many molecules of amplicon will be produced?

(210 = 1024)

A. 64 x 10° [210 = 1024 = 1000/103]
B. 32 x 10¢ 225 = 210y 210 y 25 = 32 x 106
C. 8 x10°

D. 126 x 10°



Question 2

A polymerase chain reaction was performed beginning with 400
template DNA molecules in 100 uL reaction. After 20 cycles of
PCR, how many molecules of the amplified product will be
present in 0.1 yL of reaction?

A. 2.19 x 104
B. 4.19 x 104
C. 2.19x10°
D. 4.19 x 10°



Solution 2

N = Ny X 20
N =400 x 220 [210 = 1024 = 1000/103]
N = 400 x 103 x 103= 400 x 106 [400 x 108 = 100 pL]

400 x 10% = 100 pL
X =2 0.1 yL
X = (400 x 10°x 0.1)/100 =4 x 10°



Question 3

5. All the following are thermostable polymerases except
a) Taq polymerase

b) Vent polymerase

c) DNA polymerase ||

d) pfu polymerase



Question 4

(8) Which of the following denotes the
Accuracy of the DNA Polymerase?

1. Processivity

2. Rate of synthesis

3. Fidelity

4. Half-life



Question 5

(18) You will be given a Forward primer
SSGCGACGGTATTCGAACTTGT-3
-calculate its Tm and Ta

1. 60 and 75

2. 70 and 30

3. 60 and 60

4. 60 and 355

S. 55 and 60



Solution 5

T, =4G+C)+2(A+T)°C
*T,=T,-5°C : :
S’GCGACGGTATTCGAACTTGT-3
*T,=4(6+4)+2(4+6)C
T, =4(10) + 2(10)
T,,=40+ 20 =60°C

+T,=T. -5°C =60 —5=55°C



