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sugar-phosphate backbone on the outside of the helix. e
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The DNA, DNA
polymerase, buffer,
deoxynucleoside
triphosphates, and
primers are placed in a
thin-walled tube and then |
these tubes are placed in %
the PCR thermal cycler
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DNA ) Dendured. 22 Dencburat.

The three main steps of PCR )

) ONA™ s SSi3 3 kopoiso merase Y Helicase NS s 58 q‘*:l’l’ 3 he

R T ey o e
m The basis of PCR is temperature changes and the effect that these
temperature changes have on the DNA.

In a PCR reaction, the following series of steps is repeated 20-40 times

(note: 25 cycles usually takes about 2 hours
fragment of interest 100,000 fold)
Step 1: Denature DNA - s*eaze 18 ;To ;
Tand)
At 95°C, the DNA is denatured (i.e. the two strands are Separated) :
- Dpi B0, Sxle 3,00 3, 0, , 980 ¢ >y L Primess J"Q'
Step 2: Primers Anneal nucleshide 1078 as ( an) (i Primer v o L S

At 40°C- 65°C, the primers anneal (or bind to) their complementary temp. s ;e
Sequences on the single strands of DNA

wPIMess 3yl US-€8°
Step 3: DNA polymerase Extends the DNA chain

) 64 lymerase J0 &
Alor2°C, DNA Polymerase extends the DNA chain by adding®*= P -
deoxynucleotides to the 3’ ends of the Primers.  5p oty (s 0 55115 ¢

and amplifies the DNA
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Heat-stable DNA Polymerase __ s | ¥
2ol ua 360 Wlenswd VEOLE SN Ll Polymerase Ly | wo}erqumé’"f
Polymerase Qrc._jmenl' enzyme ! VLS (
m Given that PCR involves very high temperatures, it is A
imperative that a heat-stable DNA Polymerase be used in o~ S8 (o
the reaction.
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® Most DNA polymerases would denature (and thus |-
not function properly)

Jv da

at the high temperatures of Opkimum -
PCR. Wo 37" £ ool ) Wiy Vemp

® Initially PCR used the Klenow fragment of E. coli

L,;S";J-“‘;\‘ =
DNA polymerase - inactivated by high 95 s kPlenouo Nt
temperatures s dencburadinn” o, q, <) rasmenk

® Taq DNA polymerase was purified from the hot springs '$¥= “"j;i
bacterium\BThermus aquaticus in 1976 w S cosk o F s
Say , ,Jfog,\!*@wu DR LGS N G b, (@ B2 e S
) ]
(\[’ac;‘ ) A,:;L';)‘)/s__sm b?ngj‘b,u Cmr enzyme SV )

,,,,,

Scanned by CamScanner




'\?uf'.v-',CcJ-ov\) C'\J:u& ’ .JL':{..;,\ ‘_'{:»;J =) ~T o el s
— - — ol il

ymerast eniyme

L)
‘ A
2 S y - o~
. l_'\ ,_" ,-}‘\-‘ | 3:__[_ AW 3 Lr‘;’ L ‘:“‘“ J‘

3

\ ,"!“-\" QIB'J,”_' ”-F 1y --u} —-?

—

I\Va

75-80 pedy Ophimem 3 )
DNA polymerase ey

el ackviby sia benp. wgeart WSal , sle T2 i

Cpkr‘-ua <

c-c‘ﬁ';\’/ —“..}—-’_ 3 ol > ;‘)ih - O;;b_, od-'.v'.lr)/ J {Jlf bemp oy )y
ac) Wi N
m Taq has maximal enzymatic activity at 75 °C to 80 °C,
and substantially reduced activities at lower

temperatures.
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— N ey .
.. 1500 L)‘.’-"él‘-&éﬂ‘m A 3
— B - L E=ams 130

Taqy, = 925°C mmp 130min-
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Pfu DNA polymerase is an enzyme found fln ‘-che e T s
ili us furiosus
hyperthermophilic archaeon Pyrococc ’prooneaa;g

Characterized by having superior thermostability and aicdivity

proofreading properties compared to Tag DNA polymerase. . . 122
Unlike Tag DNA polymerase, Pfu DNA polymerase possesses ‘j;u

3'to 5' exonuclease proofreading activity, meaning thatas - ., o
the DNA is assembled from the 5' end to 3' end, the PR
exonuclease activity im mediately removes nucleotides RS

o 3' end of the growing DNA strand.
misincorporated at the g g S J‘@

Consequently, Pfu DNA polymeratshe-geTner_al‘.eerfleI:CtRd . RO,
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Magnesium Chloride

(MgCl, - usually 0.5-5.0mM)

Magnesium ions have a variety of effects
Mg?* acts as cofactor for Taq polymerase Cone. o mis?
Required for Taq to function BRCAE TL
Cebay DA Shand N ['mlrerad'ion belween ’Primerg j Jids 3L &
. 2 L%

the lemplake
- Mg2* binds DNA - affects primer/template iﬁteractions
COMPICmenJ-ar)/

s G lﬂ__njjt E\-.uq ’Sp“.'p;c'.l'/ é le é@: ) ‘:»‘6‘:‘_‘: b-)’—-):ﬁ“
- Mg2?* influences the ability of Taq pol to interact with
primer/template sequences

More magnesium leads to less stringency in binding

Manganese (Mn2*) can be used for PCR-mediated DNA
mutagenesis, as a higher Mn2* concentration increases
the error rate during DNA synthesis Al 0swy Manganese S ¥
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m PCR primers are short, single stranded DNA
molecules (15-40 bp)

m They are manufactur
ordered to match any DNA sequence

B Primers are sequence specific, they will bind to a
particular sequence in a genome

® As you design primers with a longer length (15
— 40 bp), '[%

e primers become more selective.
m DNA poly

\ POlymerase requires primers to initiate
replication
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Magnesium Chloride
(MgCl, - usually 0.5-5.0mM)

Magnesium ions have a variety of effects
Mg2* acts as cofactor for Tag polymerase Cone. & 1142 2t

Required for Taq to function

i ion 3 ")r'.mer% —“c‘ SJE'J <=
Qe b_y‘_ D(\}ﬂ a %-"chJ —‘“,J'L.U é\,‘_ [ m“g‘rud'l be ween 1 ]

Y . bhe }’Mp'“}c )

- Mg** binds DNA - affects primer/template interactions T
C'°"‘P'C"1¢n"af)/ .. bﬂ' &}.Abl SPCC;D;C'-“/ é Ls é\ﬁ: =

- Mg>* influences the ability of Taq pol to interact with
primer/template sequences P

More magnesium leads to less stringency in binding

Manganese (Mn2*) can be used for PCR-mediated DNA
mutagenesis, as a higher Mn2* concentration increases
the error rate during DNA synthesis % 0 m i Manganese I ¥
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m PCR primers are short, single stranded DNA Sequence - b3
molecules (15-40 bp) g Gieds (5 »%g LIRS

m They are manufactured commercially ang canbe =%
ordered to match any DNA sequencey ebu Segisn

m Primers are Séquence specific, they will bind to g ¥ =
Particular sequence in 3 genome

m As you dgsi%n brimers with a longer |en th (15
— 40 bp), the primers become rrglore se ect(iVe.

m DNA polymerase requires primers to initiate
replication
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At low temperatures mis-priming is likely

~
Q
)
PCR Problems
Taq is active at low temperatures
\™

SO The design of the primer is important

Temp Extension Rate

550C 24 nt/sec
37°C 1.5 nt/sec
22°C  0.25nt/sec =) 150 nucleotides in 10 min
3 @)

[FORSEPRN T .mJAJLP'é—‘-‘ &= .
e 4 . C’-&S"%Y\

LI L, | Nudekide ,pi acp GCT
T assuoewy AST g e

. gfAs m:.::_,u,g (S&L.wums

)5 g,_,.pc&\,sum})’ GC’L&ddlAAf_é (GC) g o Anneading . (LA

55 SPU (e 1l & FOT sl s 50/<K GO s BT

Primer ESIgN  wer (2B e v s ()

Ag‘r Sl - G Pous GC o

(m""'“‘JD' 5 ) CJ"‘(5‘) \"’r\&‘Q" r-\’,yud.. (—)nmdg J“PblnCNIL;'\SLQ)**;
1 Typically 20 to 30 bases in length (sense and o

,J:Y- PL wa» sz bwe o <= anki-semse % Sense

antisense) e : S e
Annealing temperature dependent upon primer =iy,

sequence (~ 50% GC content) ;- s S ww;lu:_; o

Avoid secondary structure, particularly 3' .

PR -l)rocJch'J‘,,g.J ‘?\;_/aﬂgl\\" S e——| et P Primec 3 ¢
Avoid primer complementarity (primer dimer) vew LRwa
The last 3 nucleotides at the 3" end is the =2 - 5§

substrate for DNA polymerase - Gor C = civ way prime

Many good freeware programs available 25 (=sw peis

‘5"% W= Tk % sense GL‘;/JJU Loy @ .. (Sm,‘d‘“y ) “primec
REERS dimeri 2ok
r ; Skruckure SRS .
s . * | -~ - Comp|cvnqu/ S ds i
(—P imer Jimer ) 02w, skayl 3p 4 Fiacl, ol .
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Selectivity of Primers

on the target DNA

- A primer composed of only 3 letter, ACC, for

example, would be very likely to encounter jts o
complement in a genome. g

- As the size of the primer is increased, the
likelihood of, for example, a primer sequence
of 35 base letters repeatedly encountering a

perfect complementary section on the target —
DNA become remote.

\

A Review of Probability
Trbabilily 1 ve U

A COIN THROW

The probability of a heads (H) or a tails (T) is always 0.5 for every throw. What is
the probability of getting this combination of tails'in a row?

Event Probability _

Tails 0.5 =05

T 0.5x0.5 =0.25
TT,T 0.5 x0.5 x 0.5=0.125

TTITT (0.5)5 =0.03125
TTTITTTTTTT (0.5)tt = 0.0004883
TTTITTITTIILIITIT  (0.5)1 =0.00001526

So it become increasing unlikely that one will get 16 tails in a row (1 chancein
rows). In this same way, as the rimer increases in s;
gsn?a?tgt%ther)than the one intended forPs highly unlikely. Size the chances of

|
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Probability In Genetics

GT
bases in the code is 0.25

There are 4 bases in the DNA molecule A,C,
» The probability of encountering any of these

(1/4) _
»  So let us look at the probability of encountering a particular sequence of

bases
Event Probability
A 0.25 =0.25
AT 0.25x0.25 =0.0625
ATA 1 0.25 x0.25 x 0.25 = 0.015625
ATAG,G (0.25)° = 0.0009765
ATAGGTTTAAC (0.25)" = 0.000002384
ATAGGTTTAACCTGGT (0.25)% =0.0000000002384

So it become increasing unlikely that one will get 16 bases in this
particular sequence (1 chance in 4.3 billion). In this same way, one can
see that as the primer increases in size, the chances of a match other
than the one intended for is highly unlikely.

7-
S PL @ benp AL B0C & GOy
Conbenk

PO pL < boe S P

—

Primer Design Software

ST VPho b SN\ e i

Lo

Many free programs available online
t Dxbension I 25 ¥

Toin gl o S0 §
PRIMER bose. o
. — 5% < Yo
PrimerQuest 2 win 4 o
3 min 4= 1500
cveshrickion so,b ot Lyodad + Gesuge Gkt A (2 POR ) gska) qped W
eN2yme Preduets

R !
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P = S i

Primer Dimers
—_— T ——— §>
,ﬁ" o U2 oy
« Pair of Primers 5 So s
5'-ACGGATACGTTACGCTGAT-3' i .

Drim lr o 1 w7 3
5. TCCAGATGTACCTTATCAG.3 | 2t m @ bd

OM\W W Com

Se P'Cmm}wx
: el
« Complementarity of primer 3' ends
5-ACGGATACGTTA -3
TCCATGTAGACCT-5'
* Results in PCR product
Primer 1
5-ACGGATACGTTAGEETGATAAGGTACATCTGGA-3’
3-TGCCTATGCAATGEGAETATTCCATGTAGACCT-5" | 1s00—» =
; ' Primer 2 =
L3e3 BIIM Qa0 S PR 0 & (S, =
_ Sequence : i oo
nnn GGA (CC His SW 400 > B
reskrick. ot 341 -
entm -
, B Cgrowth | nsulin) Mooy zu'stod U5 x| 10— B
hormene

B 'pra‘-w-,c J $€£}umu C_‘_""f-’
- U o gt Lo Sme Pl 1) enzymes -

i) T -
3 sptre 4o rke « F o GE il ﬁ"/ ob Ba™M Prinmee I 0Pyl ¥
— * b

Use

2 cse 10 T Gedq - 36
Rules of thumb for PCR conditioﬂnsf* 2. 20
e 'w\j L=
kemp

. Add an extra 3-5 minute (longer for Hot-start Tag) to your GC +<viw®
cycle profile to ensure everything is denatured prior to starting*” Ot &

the PCR reaction 56-5 MORTSE
) 2 Obherr 9

o Approximate melting temperature (Tm) = [(2 x (A+T)) +(4 x Drimec

(G+C)I°C 19 sisod

base

e If GC content is < 50% start 5°C beneath Tm for

annealing temperature (8«4 ) 8 «GC {
« If GC content > 50% start at Tm for annealing 1 < AT -

lenals I e 10 < Bxbension (M1%2 )
rature L Voultog? ¥
tempe b my PCR Wher 39 .
22

. Extension at 72°C: rule of thumb is ~500 nucleotide per ( 5L{Z
minute. Use 3 minutes as an upper limit without special L -5
g

s , He
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Ommon PCR additives ot \ \
r’b SRRty sweatrt b jin JNNWIE?: Retrick. Jb L:v-un__s;'. BSQ

€nryme

BSA (usually at 0.1 10 0.8 pg/mnal concentration)
[_ Stabilize Taq polymerase & overcome PCR inhibitors o @i’ w4
> BD"‘“V\ gf’-'_um At umin T ('Sbbsmb'dﬂ i
DMSO (usually at 2-5% v/v, inhibitory at < 10% V/V) Shab:lizedion N
Denaturant - good at keeping GC rich template/pr imer strands from \
L, Sl i Plimes A t‘.*

i

forming secondary structures. g
’Pr‘.mu‘ S bl o L

> (Viscous )
Glycerol (usually at 5-10% v/V)
increases apparent concentration of primer/template mix, and often
increases PCR efficiency at high temperatures. Q. o < viscosiby !
357 Gesi o 1530 Femplede * 9lycersl
D

2
Stringency enhancers (Formamide, Betaine, TMAC)  >ap.00t Solubion & <L Eols: |
Concentrations used vary by typé N aa oly Viscosthy O PoR “’“-& |

Enhances yield and reduces non-specific priminghmpl S o o PrimeC I Sl

%, 'P(;m(.f' A

Nnon- Spc,cu"gic.' BL du'? =P
Drim?b . o
Non-ionic deterg‘ents%riton X, Tween 20 or Nonidet P-40) (0.1-1%) Hiciency 1 :<
of normal) - o=PY PR N

NOT SDS (0.01% SDS cuts Taq activity to ~10%
Stabilize Taq polymerase & suppress formation of 2° structure

- FFdapu e Fe G B E
ijo‘n}

gl.alg-.a;ly Jonp Qecondary It 'olla) <o Non - a @

a‘B ‘—rf-“), %l—ruc}um ionic
Polymerase cmn-e.oJ"t‘) BISACAITE
Typical PCR Temps/Times __ .~
(gm‘rn).)‘“ﬁJ 9;&1"“4:}:{@
© Initial 90°-95°C 1 -3min tondls 3 TOR
denaturation mis. e B 1S S o,

‘pr'm;r:j

> Denature 90°-95°C 0.5-1mi

25 -40

Primer annealing  45°-65°C 0.5 - 1 min
cycles

k= S

Primer extension 700 -
mes J'@?Q #’5[;4 FJ“—‘,, 75OC 0.5—2m|n

g
Final extension 70°-75°C 5. 10 mi
Stop reaction - o m
4°C Q10 mm hold
EDTA
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63\ ST As¥ D A Dlymersse N A b ¢
?u\yh\l,ﬂ\“ Nyem by & Dhysch

? . . .
S Solution for mis-priming . =& - separe.

\
[ ] Cheap ﬁxes P)U‘Yﬂ\-m‘sl‘)‘ Jt:lb & '\CL 2 YW J' Q:A."" D
. . ” . " \ -
- Physical separation - DNA-in-the-cap RV RR-1 D
- Set up reactions on ice

« Hot-start PCR -holding one or more of the PCR components until the first
heat denaturation
~v- Manually - delay adding polymerase
- Wax beads Awot A0
- Polymerase antibodies
' Solymerase” (e (SN, Sy B P e 'p)yme.my_ A s by Z{’/)—".” By . Wox Deads
« Touch-down PCR - set stringency of initial annealing temperature high, P AR
incrementally lower with continued cycling CCisoladion ) ik 2§ 200

07 dendweds N EMB A G-t Mok ghork %
3 Meoking 4o P mecast XA

. ’pa\\{ww_roye, Y g:'&)

+ /PCR additives LRI A Pt T epas ol R
- 0.5% Tween 20

- 5% polyethylene glycol 400 _ ny 30 Lk, bomp. RO pi Touch Down
- betaine bemp - PCR

- - : % e £S5 ALk
DMSO 9 HLo <343 gl A ere |, AW L § Cyde o

e e S

4 ,.,,'.5_/\-){,,.“;“3) S0
Y. 31 ) .
-2 PR b ‘—?—?‘?_Sj"j\i“‘"(‘ (Puiswn S02,b 330 Bl 0 iy oy <= ’-‘)jj?l- ¥
Troubleshooting PCR R plymerase o

-, <
] nd ', Mis- =N\ -
2 @ Non-specific bands on your gel Renday S ¢ Diming - ’“

s"fu(,l'ure‘
reujm} =3y Ngl\_f‘ﬂ’ o e (2l ~ o4 3 la} o 2
(Prol'awl ) &5 = <§Q B FREAs s temp Tl g »
“ &te: c,a./\J—o\m'.nJcJ . - >
Reagents, set-up Run negative control
=5 Guachlines J‘Qg’,‘;“,% it R TR s ie =

. . . . . . L& o
Template concentration inappropriate Review guidelines ~ o blocks

Annealing temp(too Tow | = Optimize by gradient PCR =, '
Extension time too short I time for longer products 1, %cg
Cycle number too high Review guidelines "¢ g
Primer design not appropriate A iy, I specificity bemp.
Primer concentration too high e v Optimize by titration
Non-specific priming ~ —> T specificity, Hot Start 2% w3 g,
_ «ll Mgcl, concentration too high Optimize by titration s
* W GC-rich template, 712° structure — PCR additives ~ °°"™ =
Spec:t: ll contaminating DNA Decontaminate work area:
loends use ARTs, wear gloves,
e pipettor, reagents,
Qireak UV treat plastics

3

=4 4q ('%l).
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f ’m Troubleshooting PCR e S
| i ring on your gel (St mis-Priming
@ lefusg; sm(ﬁ i % e \

= o

Templa%concentration inappropriate | Rewewtiu:?.elmes

Taq concentration too high Optimize by titration |

Extension time inappropriate ReYl ew gy ldghnes

Cycle number too high Reduce, review gy{dgllnes

Primer design not appropriate N Sp'elel.Clty

Primer concentration too high Optimize by titration

Non-specific priming use Hot Start

MgCl, concentration too high Optimize by titration

PCR additives

GC-rich template, /12° structure
Contaminating DNA Decontaminate work area:

(Serle ) WS _4 ¢ M use ARTs, wear gloves,
\ S _AF .
DNA Free b RNA [ pipettor, reagents,

B UV treat plastics
«)"‘J.J" P REIL -
—j Loy, "su;’Gui:J:.\inu -ﬂt?y.<=¢)%)_‘:53l:_’):;\—§"1*

g_"y "o ’.e._pl
- Chhadion) g Q4

————

Troubleshooting PCR _
S W poor or no amplification of bands
i -
Conc., ﬂnnecdi-g ’Pr’-mus U prl‘“}““\s‘k&é P
LQ'VVP g = Tf'\'_)f_a i o ;}
Problem with thermocycler, set-up, Run positive control
reagents
Enzyme concentration low fl Concentration
Annealing temp too low Optimize by gradient PCR
Extension time too short M Time for longer
products
Cycle number too low Review guidelines
Primer design not appropriate 1 Specificity
Primer concentration too high Optimize by titration
Non-specific priming N Specificity, Hot Start
MgCl, concentration too low Optimize by titration

GC-rich template, /72° structure PCR additives
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; Vo T f5 - - g “W”; ;
zdopmt (ﬁ;Mg¥;on J ARA L. oS \,f\s el 'S"U?J 2w
S __,,‘:nTymn . > o on.
ank -
Klenow fragment = | icquee o
RAR - Reshrick.  bb [ep B 0
= i Nty (odone ‘%\bp Cochones
m Itis a large protein fragment produced when DNA -
polymerase | from E. coli is enzymatically cleaved by the e
protease subitilisin.
URA

m It retains the 5' — 3' polymerase activity and the 3" — 5’
exonuclease activity for removal of precoding 5 e
nucleotides and proofreading, but loses its 5' — 3' Rieno o
exonuclease activity. e

m The other smaller fragment formed when DNA : L
polymerase | from E. coli is cleaved by subtilisin retains S ey vt 3 4

o~ . —
PR Loy o5 W

the 5' — 3' exonuclease activity but does not have the Qe 5 ht
other two activities exhibited by the Klenow fragment
(i.e. 5' — 3' polymerase activity, and 3' — 5' exonup3lease £

3

activity CaF b e f&@a&t@‘y‘_{w . - —
S s 255 428 6 (PR ) SepEpt el =
L cligestion

‘pfocjud‘ v
S enymes S L
s SE  F
y 3 sy X M; ) psle ’paiyme.rqse O Ails bleno@l J'dﬁ‘{.*

— enzyme

Odsfanj'ug!’

Klenow fragment &% |

(proﬁereaeﬁr\é_ ) cﬁJLP e & N -

. s ke ey UL

he Klenow fragment, which lacks activity, can be very e o

" 586fU| in research. The Klenow fragment is extremely ) : L.,,,.QK
useful for research-based tasks such as: . U;}-v-\-y

v Synthesis of double-stranded DNA from single-stranded templates €xo-nuclease

J Filling in receded 3'ends of DNA fragments to make 5' overhang uckivity
blunt - Phemerase 0 [en ol Q0 UL 0038 (Je e b, .

< Digesting away protruding 3' overhangs ; ®

~ Preparation of radioactive DNA probes i 5 Bilenoi®™ i « ®

ow fragment was also the original enzyme yseq

" amplifying segments of DNA !n the polymera
for grr]er&le a):;tion (PCR) process, before being replaceq byS
chai ble enzymes such as Taq and Pfy Polymerases

abnuclgqsc

Ba The Klen ’po\Ymc.rasg_

€5t 3
R
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Klenow fragment . - prmee™ 2ef0=8

G—,?‘ e vor t"j“';fﬂ

WS Dl e & N

: D”A“J‘g (?Msphn}c )
Yrouwp
® Justas the 5' — 3' exonuclease activity of DNA
polymerase | from E.coli can be undesirable, the 3' = 5
exonuclease activity of Klenow fragment can also be
undesirable for certain applications. This problem can be
g,\;tzgcgmeK by introducing mutations in the gene that
peins :i rlenow. This results in forms of the enzyme
§ g nessed that retain 5' — 3' polymerase activity,
ot ot o Y €X0nuclease activity (5'— 3' or 3' — 5'). This
of the enzyme is called the exo- Klenow fragment.

2 theeﬁ:"‘t('enqw fragment is used in some fluorescent
tailing %ne_actlons for Microarray, and also in dA and dT
SRl Important step in the process of ligating DNA

Pters to DNA fragments, frequently used in preparing

A

I | I 8

1 & . - .
€xo nucleases J ? . %))/mzraw D (yu ao0 :JQA (s lald %J.L\_H
®
2 i . o ! . ! 3‘1;:!\ gf : )

o - €Ny me
i a |
l.? U\_‘N @;73;.! i J_ﬁl.nmd_emy,_.l‘—f»&__:_‘
-, L] A

W G N 4% 5 DNVA N33 a9y |
A - . L—\

>

( Po)ymermwﬁ

exonuclease é_ l./. polymem:ye b \Dac bis & exo- Rlemow @
ackiviby ackiviby only Pm%men}‘
- el
exo - Rlenow 1 s

1

——

o : — = =
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adapters 10 UNA Tragments, frequently used In preparing
DNA libraries for Next-Gen sequencing

= 0;‘3/\\ /"\‘ LP‘L; Df\/ﬂ i ’-tf\‘ 6‘\ - (:T " L:g/‘y y{t:/\ _‘}»&[S, ¥

( detection ) q&;‘i; &6»5 < PMA \___'::‘-S é ﬁi&'/" \D
4 Vituses
£ . * o hemploe bk S [+ RVA s
\ \ \ g > e —
-\;}\- \(%(6 \C- & n G ‘QNQ \, Pb\\/MQ(C\&a D B
,f P W
_‘_—-—\——1——\:\__\‘—"\'—_——

““Reverse transcriptase- PCR = * =%

C Que_cg Franscr) PLGXL

\ . . ) i )
muﬁwﬁ - ty é \_\ = ’QNA (S Y{_Lomb!nar\.} \:)’\.a.ﬁ) L= N2y ML
ppp & A AT TS P DA

m RT-PCRis a PCR test that is designed to detect and measure
RNA. Although initial PCR tests amplified DNA, many viruses

and other biological components (for example, mitochondria)
utilize RNA as their genetic material.

m RT-PCR differs from conventional PCR by first taking RNA and
converting the RNA strand into a DNA strand.

m This is done by using an enzyme termed reverse
transcriptase instead of the DNA polymerase which allows a

single strand of RNA to be translated into a complementary
strand of DNA.

B RT-PCR is used to detect and study many RNA viruses
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Hm}lob in
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| —_
exXxon

LE‘M
_ WONA G gt SRR VRN A )
as /?10050»“,, = )
\‘u‘\fép_fé‘ng_c\) ot Cy"aSO‘ At M,
[S N R
= __\“gﬂpﬂmu SNV, SNEPTOS ST SR {
cONA S, o . T
%f—_‘—ﬂdép_f_(jj_nm_g)jfﬁﬁ.‘ miRNA 4 220 e D,

=bl] Zwbs W i ONA ) e
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ov Py Qels RNA )y 'opuyp

Scanned by CamScanner



\ f.‘ :

RT_PCR “ RT - PCR
=,
S~
! ¥
'
MANA ¢ ‘. n .
@ TTTTY
@Wmt 'J| \3“))’ Ge mRNA 2 Nk ; ~ T AAAAA
l'Yo\nsc,r |’ E> CONA 2 ; =
P u}{' Firgt cpcle PCR
MGQV\-,A JJC/JY\(, ) 0..__,..9'J '.( * - i Vﬁj =
Ve ) _ L s 3 =
) L‘@' o Aw TN Aoty by bR —
‘ . _’\_ § ¥ -3 (_pck S
SE Grlydy Tty | Ee— e—
oo L4\ L‘PJ:._"L ‘ ’ ‘-5.);3{ and)  _it
LS o e R R ST s e 5 B - 5 ‘N_ ‘\M@xj —q_q‘p l} k
16+ %3 ¥ B )
s & 'J'n}ﬁ'L.Jc_J:e/y,m 2 Reod bime 3
”Q\\Jﬂ ('?«J ) ir 3 S I PR R TTI PR POR
o\ bome S0 _‘;J S TEL ’Pmdud )
Aj._.\/_._;_!<.—_(’l?ac.l"olab€,l) T}d:"&“ <=
\é Real tlme PCR ( cjc'::l'll:r‘ul 5ol 5’ é. (__.§|‘_TA C\jl‘\__sd""
O ?dym&rase o nuor’esur\)‘ )
m Real-Time PCR is a variation of PCR that allows analysis of ‘23
o e . ~
the amplified DNA during the usual 40 cycles of the B

procedure. Although the procedure is similar to conventional
PCR with cycling, Real-Time PCR uses fluorescent dyes
attached to some of the building blocks or small nucleotide

strands.

Fluorescence occurs when the amplified DNA strands are
formed. The amount of fluorescence can be measured
throughout the 40 cycles, and allows the investigators to
measure specific products and their amounts during the
amplification cycles (no need for gel electrophoresis,

producing more rapid results)
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£ DR ol &
-based Q
@ Fluorescent dye-based DNA ;?rtq:fe %%R .,S
real-time PCR real-u
QO’H‘\((IJ- .\ —Db‘lnd- J Sl |)| (—SL& huy
Fxbension B gsonA template dsDNA l‘l'f“D"““;L"‘1 Mg
e o i ¢ T
0% DNA probe
. — —E=5
"227 2 fenaturation denaturation ONA S g s A
NV Loy oy
CRSA TR ¥y Jouble 5
(EXa . o) &‘% " Whg <hrand
Le\ ¥ 5 % — DNA probe }’4_:)” L'ug'-ﬁ \
o Y =
kot l ¢ 'P'Jl-ﬂ!'z*: FPf'th ol
=) < Fome - rimer 3 ( Fluoroscent ) v
S ( el ) S'A 5‘7“ gnnealing 5.‘ Lo
~—
rimer ] "M 4% A 0 o -
gn'nea“ng 5 5‘;//?%ts b, T 5 J (nuJ"u(t-J'. Ls.):g_\_ Lot
- 3 - 3 N
o b ¢ l bay, 'Probc I s,
S4s Lol 2, . =
Lo By f{ 3 %_Sv:jfe_ Shand) P
Shrand primer CHrir primer 5 I L1 0 e
Z_ap, extension extension qan, gy _¥ 5 VA
’ 1 I hyy, | 1 D
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Other PCR variations
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m [n addition to Real-Time PCR and RT-PCR, there are many

more variations (at least 25) that exist and are used to

solve specific problems.

They all have different names '

such as Assembly PCR, Hot-start PCR, Multiplex PCR,

Solid-phase PCR and many others “——
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