PCR Edpappoyec-2

RACE

Site directed mutagenesis



2 KoTtOC TNG aviidbpaonc PCR
(Polymerase Chain Reaction)
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) Denaturation:
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Cool to allow
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hydrogen bond
with ends of
target sequence

€) Extension:
DNA polymeraseo
adds nucleotides to
the 3' end of each
primer
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PCR : Polymerase Chain Reaction
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Erteldn kata tnv avtidpaon PCR avtiypadovtal kat ot SUo
aAUOLOEC, UTTIAPXEL Mol EKBETIKA alénon otov apLlOuo
avtlypadwv tou yovidiou.
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EvioxuOnke karmoto yovidlo otnv PCR
KOLL OV VoL, ELVOlL 0TO OWOTO EyeBoC?

Venhication of PCR product on
agarose or sepande gel

ladder PCR fragments



Reverse Transcriptase Polymerase Chain Reaction
(RT-PCR)

LON V. KENDALL, DVM ano LELA K. RILEY, PHD

Purpose: Revense (e saplase poky s <hain ceacion (RT
PCR) is simikur 1o the PCR except its allows amplification of soall
amonnts of ribomecdesr aoul (RNA) RT-PCR s used o detect
viruses with an KNA geoome and 10 detect RNA trunsonpas.
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Alternative Techndques: Nocthern blot anahsls, BNAse Pro
rection Asary

Advastages: |) RTPCR has high sensitnity due 10 exponens
tialamplification of e tempiase RNACZ UEPCR sovery spexitic
whien using gene specilie prinvers in the synthesis of ¢DNAL )
Ihe RTPCR techmigue i be completed in one 1o wo wirking
s provitling ragicd resulis

Discactvambagess 1) Sinvlar o those seen with PCR.2) RT-PCR
derects transerpts, not funcional peotein.



Rapid Amplification of cDNA Ends (RACE)
(one-sided PCR or anchored PCR)

H teyvikn autn:

v’ XpnolomoLeital yLo tTnVv evioxuon tne mAnpouc pikouc aAAnAouyioac evoc RNA
pnetaypodou otav dev pac eival ywwotn

v'Mag mapéxet tnv nmAfpouc pnkouc aAAnAouxia evoc RNA petdypodou otav
yvwpiloupe pa meploxn Hovo tng aAAnAouxiog Tou 0To ECWTEPLKO TOU.

Mrmopetl va npaypatomnolnBel evioxuon ayvwotng mePLOXNG ou Bpiloketal
elte oto 5’ akpo: 5’-RACE-PCR

elte oto 3’ akpo: 3’-RACE-PCR
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3" RACE PCR

To 3’ RACE emutpeneL tnv evioyuon ayvwotng
nieploxnc oto 3’ akpo evoc mMRNA



Overview / 3 RACE

mRNA B AAAAAAA cDNA synthesis
e \TTTT using the oligio (dT)-
_\ anchor primer

cDNA degradation of the
mRNA by the RNase H

TTTT
_\ activity of Transcriptor
Reverse Transcriptase

SPE by PCR using a gene-specific

. amplifying of the cONA
primer SP 5 and the PCR
— anchor primer
PCR anchor
primer

PCR product ready for;

agarose gel electrophoresis or
cloning procedures

V=ACorG



Overview / 3’-RACE

20vOeon cDNA
Xpnotpornotwvtag RNA kal Tov eKKVNTH
oligo-dT-anchor

4

avtiépaon PCR
Xpnoluomolwvtag evayv 0O ekkwvntn (SP) kat
tov ekkwvntn PCR-anchor



3' RACE-PCR 5 ----Ay 8

% M
RT with anchor primer * =3
5 AAAAAAA- - - - A 3’
3 NER IQ
.::I-'
Denature: anneal internal sensea primer J
5 # AAAAA 3

3 [RERRE -+« ++ [

Denature: anneal anchor primer *

ﬁ Mn:i‘..... ,;

FPCR with internal and anchor primers *

s AAAAA[seeee]T
3 TTTTT m =)

L




Napadeypo avalvonc twv npoioviwyv PCR
ueta arno 3’-RACE

TC 72809 (1)  TC 72809 (2)
RU RI

H edappoyr) RACE-PCR siva Atyotepo €181kn amo alAec epappoyec RT-PCR yuatl
XPNOLUOTIOLE(TOL EVOC LOVO EKKLVNTAC ELOLKOC yla To yovidlo

AMNOTEAEZMA
Ta poiovta tou RACE-PCR pmopet va eivat a) Eva povadiko rpoiov, B) moAAamAd

npolovTa A Kaly) pa poutlovupa 0mou Sev Slaxwpllel kAToLo TIPOIoV




5" RACE PCR

To 5’ RACE emutpeneL tnv evioyuon ayvwotng
nepLoxnc oto 5’ akpo evoc mRNA



Terminal
transferase

Overview / 5' RACE

mRNA AT PSR TSN TOR R TAL, CTRRCLIL U T e (A),-3' synthesis of first strand
<o " cDNA with primer SP1
— g s — (A),-3 deaiadationof e MANA
. e i template by the RNase H
g‘&%%ﬁg&’;gg‘&'gh Pure activity of the Transcriptor
Reverse Transcriptase
3-(A),AAAA A3 tailing of the purified cONA

with dATP and TdT

Oligo Td-Anchor primer

— (), TTTTV amplification of the tailed

—— (A)3' cDNA by PCR using the Oligo

e

(A)AAAA dT-anchor primer and a nested
SP2 SP2 primer

PCR Anchor
primer

—

<53 second PCR with the
PCR anchor primer and
l a SP3 primer

PCR product ready for:

e agarose-gel electrophoresis
« analysis by hybridization or cloning
V=ACorG



Terminal transferase

npooBetel voukAeotibla oto 3’ akpo povokAwvou DNA

*E-A-T-C-A-C-T-G-C-A
A-C-G-T-C-T-A-G-T-G ..

Terminal transferase
=+

G-A-T-C-A-C-T-G-C-A-T-T-T-T-T-T-1T
T-T-T-T-T-T-T-A-C-G-T-C-T-A-G-T-G



>to 5’-RACE n SladoxLkn evioxuon tTwv poioviwy
He «nested» eKKLVNTEC auEAveL TNV €eLbikeuon
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Nested-PCR

MelwveL Tov aplBpo Twv PN-e0WKWV TTPOIOVTWVY Ta omola tPoKUTtouV o€ pla avtidpaon PCR
galtiag TNC LN-avapeVoUeVNC MPOcOECNC TWV EKKLVNTWY 0€ BECELG EKTOC TOU yovidiou-otoxou

First PCR run.
Cycle 1 DNA melting and primer binding.

Unwanted primer annealing

v

Fitst run majority PCR products

nwanted product '
and M

Second PCR run.

No second run primer Cycle 1 DNA melting and primer binding.
: annealing '

and

Second run majority products

Uncontaminated final product



Overview / 5’-RACE

20vOeon cDNA
Xpnotwpomnotwvtag RNA kot tov mpwto e0ko ekkwvnth (SP1)

4

MNpooOnkn moAU-A oupag
Xpnotuornotwvtac dATP kat TeAlkn petadopaon

1" avtidépaon PCR
Xpnotpomnotwvtag to deutepo elO6KO ekkvntr (SP2) ko tov
gkkwvntn oligo-dT-anchor

2" avtidpaon (nested) PCR
Xpnotlomowwvtag tov Tpito eldko ekkvnth (SP3) kot Tov ekKlvnTA
PCR-anchor



Noapadeypa availvong twv npoiovtwy PCR peta amo 5-RACE.
Noapouoialetol n teAevtaia avtidpaon pe tov ekkwvntr SP3.

Aciypa 1 Aciyua 2

M Mukvo Apaiwon  Apaiwon  Mukvo Apaiwon  Apaiwon
1/10 1/20 1/10 1/20

M LjSERK3

Metd to otadio tng PCR pmopel va yivel
amopovwon {wvng tou DNA armno ninktn
ayopolng Kol 0Tn CUVEXELD
kKAwvoroinon og mMAaopLdLoko dopea. To
MAQOULOL0 OTEAVETAL Yo aAAnAou)Lon




4k

5’-RACE-PCR 7 (I
Incompleta cDMA

(@) Reversa transcriptase
extends incomplate cDMNA

- [
3’_5‘

() Terminal transferase (ACTF)
AMasa H

FeCCCeCC I 5

) |DONApolymerase
{oligo [dG] primer)

scccccce NG -
feleteleletele  Fk%

(d) \Fcﬁ with primers

as shown:
§GGGEGEE P

gecccccee I

feteleleleletey  Kj

L -
(&) \FCH

FCCCCCCC I 5 (Many
FGEGEGEG I 3 copies)



Site-directed mutagenesis

site-specific mutagenesis or oligonucleotide-directed mutagenesis

H TexviKn autn

v’ Xpnaoiyotrolgitai yia tn dnuioupyia JETAAAALEWY O€ CUYKEKPINEVA TNUEIQ TWV
Hopiwv DNA

v XpNOIUOTIOIEITAI KUPIWG OTNV TTPWTEIVIKI UNXAVIKF, GAAG €TTiIONG, OTN MEAETN
TWV OTOIXEIWV TWV UTTOKIVATWY KAl OTNV TPOTTOTTOINGN TTAACUIDIOKWY QPOPEWV

*AUTOG O TPOTTOC JETAAAACIYEVEONC ATTAITEI va YVWPICOUNE TNV
aAAnAouyxia aypiou TUTTOU

2.€ Mo aAAnAouyxia DNA UTTopOUUE VA ETTIQEPOULE:
*Elcaywyn VOUKAgOTIOIWY

“EAAeIYn (agaipeon) VOUKAEOTIDiwWV

*2 NMUEIOKN PETAAAOEN




AvTikataotaon VOUKAgoTISlwv

Existing sequence

S'gppacgcasgctgtaatgoctoctagacgtita------o------fgtggtcatigtgtcaccgoaggacattga 37

3'cctgcgticgacattacgagatctgeaat-------------acaccagtaacacagtggcgtoctgtaact 57

Desired sequence

S'ggaTlcaagcigtaatgctctagacgtta-------------tgtggtcattgtgticaccgcaggacatiga 3°

3'cctAGgttcgacattacgagatctgeaat-------------acaccagtaacacagtggcgtoctgtaact 57
Primer A

S'ggpaTCcaagctgtaatgotota-

(RN ARRRRR R RRR R N
I'cctgcgticgacattacgagatctgcaat-------------acaccagtaacacagtggcgtoctgtaact 57

S5'ggacgcaagctgtaatgetctagacgtta-------------tgtpggtcattgigtcaccgcaggacattga 37

(NRRRRRNRRRRRRRAY
<-cagtggcgtcctgtaact 57

Primer B

final product



Adaipeon VoukAeoTLOLWV

region to be deleted

final product

Figure 1B. PCR for Deletions. Primer A contains complementary sequence to the regicns flanking the area to
be deleted. During PCR, primer binding will cause a region of the template to loop out, and amplify only the
complementary region. The final product is shorter because it is missing the deleted sequence.



[MpooBnkn VOuKAEOTLOLWVY oTO AKpaL

B His Tag

final product

Figure 1C. PCR for Terminal Additions. An Ultramer™ primer containing an addition to the sequence on the
5'end (the &X His tag, primer B is used along with the complementary primer A to amplify a new product
containing the terminal addition.



Eloaywyn onuelakng LetaAAaénc
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Eloaywyn onuelakng LetaAAaénc

v 2UvBETOUE Evav eKKIVNTA e aAAayuévn aAAnAouyia
v'Kéavoupe avtidpaons PCR xpnoipoTroiwvTtag TToAupepdon TTou
dev Kavel AaBn (proofreading polymerase)

- E‘\% Oligonuc eatide

“<— Plastmid DA strand

I

>

Extending oligonuclectide

Ml

G T
C A

Mutant Wild type



Elcaywyn onuelokne HeETAAAAENC

e dvo dladoyikec avtdpaoelg PCR kat 3 eKKLVNTEC

A v'Zxedialovtal 3

PCR1 =P : EKKIVNTEC

. 3. Template
. o 0 v' O e0wTEPIKOC (M)
v M PEPEI TN HETAAAGEN
: : v'1" avridpaon PCR
) 5 (A,M)
v'To Trpoidv Tng 1S
PCR 2 5 D i s p ¥  Megaprimer avTidPaoNG ATTOTEAEI
¥ s Template «MEYOA-EKKIVATI» PIOG
v ong
- v'2" avtidpaon PCR pe
. 2 Mutant fragment  £EWTEPIKOUG EKKIVNTEG
5 (A B)
+ v'Euvoeital o oA oudg
> " TOU PETAAAQYHEVOU
¥ < & Vidiypelragment 1poiGVTOG TTAPA TOU
3] aypiou-TUTTOU

o
P
“

b




Elcaywyn onupelokne LeETAAAAENC

e dvo Stadoyikec avtidpaoelc PCR kat 4 eKKIVNTEC

+
a—e Cc—

b ~—d
PCR #1 . . .
e v ZX£6IGC’OVTGI 2 Ceuyn EKKIVNTWV
8 5 v O1 evdidueaol (c, d) pépouv Tn
CD METAAAOEN Kai gival oXedlaouEvol
7 oTnv idla Treploxn
% gERa, V11 avridpaon PCR (ab, cd)
AB v Ta TTpoidvTa atrodiatdooovTal Kal
= - -> uBp1difouv OTNV KOIVI) TTEPIOXT
*, b Td v'2" avTidpaon PCR (ad)
+
* AD

Insert into
expression vector

quence to verify mutation




Elcaywyn €vBeonc

e duo SLadoykec avidpaoelc PCR kot 4 eKKIVNTEC

© ©)

Figure 2A. Prmer Extension for an Insertion. o ~c
Primers B and C contain the complementary

sequence that will be inserted (indicated by First FCR

the blue line). The first round of PCR uses two 4’,

reactions with primer pairs A/B (1) and /D (2). The L N

two resulting PCR products are mixed together =10 o= - -

with primer pair A/D for a second round of PCR. = —————

The overlapping regions of the two, first-round

PCR products allow the strands to hybridize and AT
the second round of PCR creates the final, full- Second POR

length product with the desired insertion. '-||-"

fireol mreduct



Adaipeon VoukAeoTLOLwV
e dvuo dladoyxikeg avtdpaoelg PCR kat 4 eKKLVNTEG

N -~
Y
First PCRE
0N as v
second PCR

v

final product

o]

Figure 2B. Pnmer Extension for Deletions. Prim-
ers B and C are located on either side of the se-
guence to be deleted and contain sequence from
both sides of the deletion (indicated by black or
gray additions that match the black or gray origi-
nal sequence). This sequence will allow them to
overlap with the other fragment after the first
round of PCR. The first round of PCR uses primer
pairs A/B and C/D. The two resulting PCR products
are mixed together with the primer pair A/D for
a second round of PCR. The overlapping regions
of these two, first-round PCR products allow the
strands to hybridize and the second round of PCR
creates the final, full-length product with the de-
sired area deleted.



Elocaywyn onuelokne HetaAAoénc
LLE TN XPRON MLOC «KTIPOCWPLVAC» BEONC avoyvwpLonc armo
€v{LU O TLEPLOPLOMOU

{a} Reaction 1 Eﬁ‘ﬂ‘""‘ﬂc |||||E||||||||:}

A IENEENEEE BN EENEEEEEE NN EENENEEENER ITTTTTTTTTTTTIT TN TR0
A NN EEEEEEEENEEEEEEEEE NEEEENrEEEnE T. Il N B Bl

Reaction 2
[=

AN EEEEENEEEEENENEEEEEEr~EEEE HMINEEEENEENEEEENE BN NN EEEEEEEY
'|||||||||||||||||||||:|:|||T- [

ST R
(b)
Bl ettt rpr el ":!,J:L':':'l"
AT rrrrrrrrrrtd -Ccfat "
Subcloning and ligation at Sacl site
(¢) SHH :E’IHEQF. AR
Digest with Sacl
Blunt with T4 DMNA polymerase
Ligate
(d) T e e




Adaipeon pac nteploxnc DNA amo nAaouidlo

Inverse PCR

Digest with £coRl

L.-_:|:!T-2 with DA !-;u:lse

L &= T J-J
Transtorm gelect Tet

Ol g OFl g



Ertitdoyn povo tn¢ petaAlaypevne aAAnlouyiog

v Ene€epyalopaote to DNA petd tnv PCR pe éva meploplotiko éviupo (Dpnl) yia va k6P oupe To
HeOUALwpEvo DNA aypiou tUTou (to mpoiov PCR nou dtidéape in vitro, Sev eival peBuAlwpévo kat dev

KOBeTa)
v’ Metaoynuatiloupe kottapa E. coli kot ETBLwVOUV Hovo autd rtou Gpépouv to petallaypévo DNA.

/’ATG\_\
~TAC - _TAC ( "l Anneal mutagenic
ATG] .\ Denature ,/" % X / primers
—_— A A
(x ) @ )) \@; R bk
‘?}' // \ (/' \ o ,'//ATG\ -.\ \
\ o ATAC ( #
) wd -3 ¢ .\_
( ) &
\ &y
. tation.con S " (&) |PCR (few
copyrigh w.molecularstation Y
s L B) rounds with Pfu
polymerase
P 5 (5
TAC P {
" AA G\ / /ATG :\ hig /A’:G‘?
‘/ / }\ \ X / / \
L)) t@ ) ) ((
\\ Sy + i Dpnl \ \"\\,_/'/,//
et (Gn) s
AN +
Y JTAG <
SN N7/ 7 ATGN\
({\],) b -~ nj/ '/
} @ &),
Transforms Does not \:\’V/ /
transform @ N) 1 {@



Elcaywyn onueltakng petaAlaén oe mhaouidlo

inverse PCR

— Mutant Strand Synthesis
Perform thermal cycling to:
1) Denature DNA template
2) Anneal mutagenic primers

containing desired mutation
3) Extend primers with
. PluUltra DNA polymerase

4

LT

¢ Dpn | Digestion of Template
4

: i Digest parental methylated and

N ’ hemimethylated DNA with Dpn |

Transformation
Transform mutated molecule
info competent cells for nick repair

O-0-0-©



