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ABSTRACT

Background and Aim: There are several methods for genotyping single nucleotide
polymorphisms (SNPs). Polymerase chain reaction with confronting two-pair primers
(PCR-CTPP) is an inexpensive, quick, reliable, time saving and cost effective method
that is applicable for SNPs genotyping compared to other related methods. In the PCR-
CTPP technique, allele-specific products of the genes are selectively amplified by
adding two pairs of four primers and ordinarily prepared PCR mixture in a single PCR
tube. Four allele-specific primers are F1 (sense) and R1 (antisense) primers for one
allele that R1 has an anti-sense nucleotide at the 3’ end and F2 (sense) and R2
(antisense) for the other allele that F2 has a sense nucleotide at the 3’ end. PCR-CTPP
produces three products with different sizes which can make possible genotyping of
SNP by gel electrophoresis. To increase the reproducibility and accuracy of the PCR-
CTPP results, it is better to optimize protocol before sample genotyping. The aim of this
study was to review the currently used strategies for optimum application and
determination of advantages and disadvantages of the PCR-CTPP method in SNPs
genotyping.

Materials and Methods: The articles related to the PCR-CTPP method were searched
from databases such as ISI Web of science, Science direct, Pubmed, Google Scholar,
SID, and Scopus.

Results: For more efficiency and reproducibility of the PCR-CTPP method, we should
consider the specificity and similarity of melting temperatures of the designed primers
by using algorithms and specific primer design softwares.

Conclusion: Strategies for optimizing the concentration ratio of internal and external
primers, adding amplification additives to the PCR reaction mix, and use of the
touchdown program are also recommended.

Keywords: PCR, PCR with confronting two-pair primers, Genomics, Single nucleotide
polymorphism, Genotyping
Received: 0Aug 24, 2021 Accepted: Sep 4, 2022

How to cite the article: Zeinab Jamshidi, Kheirollah Yari. A Review of Optimization Strategies and
the Advantages and Disadvantages of using Polymerase Chain Reaction with Confronting Two-Pair
primers (PCR-CTPP) in Genomics Studies.SJIKU 2022:27(4):121-132.

Copyright © 2018 the Author (s). Published by Kurdistan University of Medical Sciences. This is an open
access article distributed under the terms of the Creative Commons Attribution-Non Commercial License
4.0 (CCBYNC), where it is permissible to download, share, remix, transform, and buildup the work
provided it is properly cited. The work cannot be used commercially without permission from the journal


mailto:mostafa1372@yahoo.com
mailto:kyari@kums.ac.ir
http://dx.doi.org/10.52547/sjku.27.4.121
http://sjku.muk.ac.ir/article-1-6921-en.html

[ Downloaded from siku.muk.ac.ir on 2025-07-28 ]

[ DOI: 10.52547/5ku.27.4.121 ]

IARFAR R VAR TS QL_Jj)@.A/LL\AAJ@ﬁb)}d/dﬁué‘)séﬁ)de)haguﬁhgdcw

oAy 3 el b PCRUAS sl e 5 a9 (s by s 5l il o 5904
S gl clallas 3 (PCR-CTPP) dda 52 sla
'Sk W1y e iy
e Y POVES YR 1S 1S Ol e 3l o5 carl ke oSl (55 5SS g oaliB ST (55 )
Gy o gan o 33) Ol ! coliile S coliile S7 Sy pe oBails (e (slacs sls oaSings (Kb S5l Slides S e bskal Y

Crr e Y ADRY-VERY 1S 1 ST CAV-YRYVEFVY il KYari@KUums.ac.ir s S

LPCR gy 005 355 65 58 5 55 (gls by 30 (53 5 e (610 il (glo g5 1B 9 dino
B b on Sk 55 e Gl e A gr oS calie b5y PCR-CTPP) aix 55 la sl 5 5l eolisl
PCR-CTPP 5, 5 AS o ssmtd auim 5 0l 53 B i, sle 4 Caws &S Sl (SNPS) (o5 2S5
PCR Jsane oSn ol jon 40 ol S 55 03,87 8LO1 L i) oy gty i 250 05 T ol Y s
S PT S$ 6l (G SDRL 5 (i) FL sl ol BT @ atasls ol slemr o Kisd oo 2S5 ds) &S5 s
s T 6l (i D R2 5 (Lai) F2 (sl sl 53005 355 37 (slgl 53 1y i 5T 5 808 5 RL Ll
S Lgh o S5 Calbes G ple U Jguams 4w PCR-CTPP 5 5505 555 3" (glgnl jo 1 i A5 2S5 F2 &8
PCR-CTPP s 053 5 6 ndysl SO 2l 31 5 shate 4y . 48 s rﬂ,;;)};j,:ﬁl J5 53 15SNP 5 55 s Ol
oslizal (las 51 mul (650 andllas cpl Do 0355 aig iy opl JSOsn ses g omn S Sl g
S osla ety so b 55 e Sllas ;3 PCR-CTPP 5, bz 5 e S5 5 g 3,508 (61 o
el (S5 S 5

Science (ISI web of Science st glosls gla oL JIPCR-CTPP 5, b Las o Ylis i 5595 § Slg0
s gzes SCOPUS 5 SID (Google scholar Pubmed «direct

Gaslp b polams gla 5l r;,ﬁ)ﬁ}\p;,:6,,J%CTPP&})L;J&JJJJQ}%@I,K@,. by asl
2S5 dr g odd b (sls el 93 slales LSS 5 Coolantl 4

oS g8 (S350 slse 55 S BLSl (sl (S sl el Sl Sl (il g sla 51l 1S S AR
58 oo lgie 5 toOUChdOWN 4l i eslizel sPCR 28Ty oS 4 555

G5 e SIS ST b0 b e (i 33 Sl el Sl eslizel LPCR PCR :suls”™ sl 0519
\AEAVZAN S-SR VR L SRVIVAVSHI PRI WER ) SRVI2A SRV FRu POy


mailto:kyari@kums.ac.ir
http://dx.doi.org/10.52547/sjku.27.4.121
http://sjku.muk.ac.ir/article-1-6921-en.html

[ Downloaded from siku.muk.ac.ir on 2025-07-28 ]

[ DOI: 10.52547/5ku.27.4.121 ]

yYY d)\,g‘ﬂb;\';

L Real-time.(conformation polymorphism
sAS-PCR. Taq Man oy, jleslic .l
dnvader assay sSNP  Array sl acSSS
next-generation sequencing s ¢ S s
sla iy sl cbdle js uomen ()l (NGS)
aS Wlodd 3,2 WSNP 5 55 o)y 5 sl gl
45l NGS ¢, 5L s Multiplex PCR 1 s 5
(12)AmpSeq. «\) ,volon Torrent o i,
LGC ,5Seq-SNP, (13)GBTS ‘
Lo sy oml aSail s (0 dSILGCo s, 8)
.,\_:Sg;._;j;j@_g:o\_grﬁ\,SNP Oyl Ll g
PCR-(sla )00, pls sla i) Ol 5o (s
Jsens +b 4 Microarrays , Taqg Man RFLP
el 3PS a i a1, E e S el l 355
23 Oetimee e Hgba Wisls culae s Llse sils i,
PCR- s, 3l ls Joles bao& ol 3T 51 (55l
S 53 ody g0 b o 55 e 12 RFLP
Sy am S1OF)S eslial oS oS s sl
O3 Gy el 5 W35 o 5T PCR- RFLP
S L 530 55 (o 5T s Shes (61 0L 5
a0, 45 Tag Man
©osls eSS(Microarray)a )T, ss, ((V0)LsL
Jelos g 5 aalllas OGS ol (58 JSU s
sl byl alass 5550 sSNP e laus Oleon
PRI g = PR il T oS 5 LapT
146 o O e glaas T 5 s gladlw
Cbylg sl Ay Sl i g9l a8 Wlods > b
s & 5l s L oLl DLl 48T iz s
oslinal o tman (V9IS o 0l 51, S
Jlw 53 05 0L 3 G35 5 2 s Ll 5 0 LT 525
oslaul (W)das DL 1y andllas 5590 st 4505 L
oy 558 33 LSNP s 55 pmms gl |55 )
Hb 2 6l s 0T Sl 5 ol 4 5 5 arw 5 Jl 53

4 i Ol g a4 5L Ll 6l g Ol oslazal

YPRT-FY
il S ae) il o Sl la (golew ST
e S 3 5 055 allan sl 01 Sy I sl
Sl 2iss OT gladely 5 b lay 1 05 36
2 SB35 55 5 (805 058 Mg e
5 SB35 M Hsb 4 (Y )l es S Js e 5
534l g oo DNA la JIss Calies sla il 1
5 Shl sle olen 5550 (Slawo o 5 55 5 55
(F sl asls ii Lag,ls s, Shes -
Sl 35 B S ps5ms STL g p 5500 ek 65
Aol op O gl o b g LBL s 1) (o Jud 4
Al aoee Jolge S oL 5 il (S5 L5 e oS
el b g S1Lss skl s s b s end
Ay dmaler 53 0T (S5l 5 25 A5 4S5 OS5 s
G 15 S g0 ok 0T ABL T )
Single Nucleotide Polymorphism: SNP)
DNA  Jiy5 55 i Sids 55 SNP.0)ay £ e
088G i e e A5 S 5 e 0T s o
35850 53 psiams S Sz 65 b s Corex U
G o 155 1 LaSNP IS b 4 (8) il Soslize
Jolod 4S5 L oo gy akb IS s 95 4555 50
5l oS Syl p aS eSS 55 sls SNP
5T p 335 0d S US>l 55 &S oSNP
oo L SNPLLsl e 5505 (6 2ty Slsl 3 Ysana
il oSin 55 Sldllas 53 63l glas )8 Wil
Slallls 55 Iy She sla Sl Ol e 4 o 3 AL
W (S35 Vsl 5 (i g sl 655
e ol S5 ol asi s DNA 5 5,0 2SSl

V)L 5o
pedosn (B 02 G e Sl ile Sla s
Lo sy adea 3135 3 52 5 (5 ST 55 S5 (sl
RFLP  sla s, 54 SPCR — s
Restriction fragment length )
Single-strand )SSCP «w)(polymorphism

VEOY Ol 5 e/ i g G50 [ Gliwd )S S asle o1 ale Al


http://dx.doi.org/10.52547/sjku.27.4.121
http://sjku.muk.ac.ir/article-1-6921-en.html

[ Downloaded from siku.muk.ac.ir on 2025-07-28 ]

[ DOI: 10.52547/5ku.27.4.121 ]

s G F A s e VYVE

Real Time PCR « du> I PCR wL ,» (sls ¢SS
Touchdown PCR. Allele-specific PCR.
High Resolution Melt (HRM) (Nested-PCR
b o 85 e 5 e 2 1 Multiplex PCR
(YY)3 5 o o3lisal (55 5S35 S5 (6Ls d s 50
s34 TagMan (Real Time PCR) L 53 cpns
SSPCR oY s jaiei5 (6l s s o
s> TagMan is, L oo s o 4 Sl
OO ns o Sl 511 HUST (glaacy 5o bl 6l
SLa by go (b DLl sl is, 5 s (S
Allele-specific PCR s, (gus ¢S 5 &S5
lacSal> 53 L La 45 gai 45 <ul(AS-PCR)
2l 1 i 5558 S0 58T U5 s 6810
ol a5 il wdls STy 0 4 5l et
g5 <So Multiplex PCR .(1)aS" s 1l 5 531,
3 i b 3307 5348 Cwl PCR gy 5l asl s
S S5 $8G s Olajen sb 4 05 5 4t 5o
PCR- eSSl slaa5 93 55 L5
Confronting-two pair-polymerase )CTPP
) — s 3, 4—S (Chain  reaction
gl G5 55 (0 2 81 = <l Multiplex PCR
S S 5 S Gl oy g0 (o 3l (sl S
33| PCR-CTPP oSS .(YF Y1) 5 oo 05lizul
Y+ v Jlw s Nobuyuki Hamajima L. s )L
Faromlee s Lo aslie an ) g 5o Ad (B yme
b 52 8 2 yams sLs s L PCR-CTPP

@‘GM&"‘JJ{'LAMJ}A

IS 55 0T (glmesls Jdond 5 as o cpmmens 3505
Shestial 55 Jgeme 3l ol &S5 ol oM .l
SNP Sledbl 5 5 a8 Sl Jlazl o5l baasl 5T 5
LT el b @l m a8 ) 5055 O5G ile Le
La SNP i aslazal 55 10 6alsly cas s 555 oo o5lizl
5 85 e ST Gl Lo b gl -
Gla oy 3 SOA)LEL 4l sy 5 5,8 5L
s o a5 i Sanger b Jis WSNP .,
s)lkwhil e an 0T YU Cobs 5 ol bl
o sy oml (e sl ol s Sl (b
Sl ool Dl adl 5 ale 5 e (B OLS S
LaoT 3l (s bl ol s 2> SW e lesT plos
i ages o8ila3T 53 La SNP Lo 5 (ol
K S ey VD
SNP 555 oon (s - (Pyrosequencing)
ol GLaSNP 555 i | o (0l ol
Gl i 8-1) g 1S5 i a5 el 4 0ok
ok 2 Sl ol ey e (Y )s s LS
0 s sl a5 B A ) 5
a5 Gl oy D 4 o Ko S
Lz 2 0)3,05 5L S S 6 5y 5 rmen 5 S
Ao Jd Glagnls 5o ol slaaas glals iy
Iy i sLaSNP )  0LSWHUNGS) b JI s
Al (NGS (slsp il Sl eolil d S o ol 5
Roche/454 FLX Jdllumina Genome Analyzer
Shles 0l 5 sl 531 Eel s « ABI SOLID
23 s e 5 i m Sk i e Lsesls
Elal Sl e (V)das o eS¢ St

YEO) U 5 e/ i 5 Cunnysn [ Gliwd )S S asle o1 ale Al


http://dx.doi.org/10.52547/sjku.27.4.121
http://sjku.muk.ac.ir/article-1-6921-en.html

[ Downloaded from siku.muk.ac.ir on 2025-07-28 ]

[ DOI: 10.52547/5ku.27.4.121 ]

VYo s

lhm.ﬁé)g.o&%’355&,’:5):b&oé%'Jmé&MeﬁMlﬁn.\Jju\?

“p bij0 b S
> & w3, Taqg man
s 50 oS Lol; PCR-RFLP
s ot O3 i 5 03 Caltius (Slo o], o33 Slos (65l g s} PCR-CTPP
sy Ol OIS pll s S Ol 5 05 Ol sUa S 4 o s D3 lpB i jap Micro

4 0F b sl P

Oljpa &) g0

arrays

PCR- «alsns Slallae 1 os 5,18 mls ulal
PCR- %5, &l ol op Kl &ilg o CTPP
Kisodns by 5T wdn do ol 5 sl RFLP
Bsh g e a5 Ol 5y e oY
3 351 ol Sl & 63 PCR-CTPP 25,
slge 5l oS Sie L g5 5 STy S s
el 3108355 o il PCR 51l b s
S S 53 DNA LG 5 4 01y o sy o)
o33 slales 0T s Yl &85 S 6 LI PCR =T
ST ol 53 ek eslital sl Sler 3 Calies
5 e @S Gl das e Ol s (00)Asy
05 3 ¢3S 3ol L b CTPP 555 (6,1 S
5 Cwolatl 4 Gl b solasl syl

oS g ek (b e el 53 slales GLSG

amplification refractory mutation system-—
el oslie polymerase chain (ARMS)

S Gl oo 28Ty 53 el ARMS  zulejT
35 or ol LSS (5 SIIDNA Sl aslizal | olas”
M a4l s ARMS o), o (g5l 2815 ol
DNA Ulg i 5 Sl ok DNA Jig (ol 5
osb 4 S S ateia OSG S a 1wl e
S P el S5 sl s STy bt
PSSy b DNA Wig o s Sl il

why S S fel  Gose caddlas ol Coua
PCR- 55, bl s culre S5 5 ang 3,558 &l
Gl e (b 55 un Slalles ;s CTPP

Wl (55 S 5 S5

B w9y 9390
el 3 PCR-CTPP s, L a5, &Yl
Science JSI web of Science sl (glesls
5 SID Google scholar (Pubmed direct
STl e YHYY 2L el OLL b SCOpUS
PCR using two-pair " "PCR-CTPP" las}ls

Single  Nucleotide C'primers,

5" SNP" " Genotyping" " Polymorphism
Aide mle 5 et gl b 0T )b Jolee
sy dose SVl 4o Tl 53 s 8 eslinal
om0 81, PCR-CTPP iy, 3l 48" Yl 5 05 8
oslial U5 IS5 G Gls e se b IS
(Yl 4o alal L3 S Szl Wi g 03 S
adllas I LW Gla Oda b dlds ¢ 55 e amil
4 LOT JulS” e a8 SYlEe poman Ll o ol
T an B Es b b el 0L

.V\J.\i.sf

B 4wl

VEOY Ol 5 e/ i g G50 [ Gliwd )S S asle o1 ale Al


http://dx.doi.org/10.52547/sjku.27.4.121
http://sjku.muk.ac.ir/article-1-6921-en.html

[ Downloaded from siku.muk.ac.ir on 2025-07-28 ]

[ DOI: 10.52547/5ku.27.4.121 ]

s G F A s e VYT

PCR- s, ,pd 1SS 5 oy addl Slallas
S el g iy b s ) CTPP
IL-1B, ALDH2, FUT2, XRCC1, >
NQO1 C609T (Prol87Ser), DRD2, L-myc
st S s RFLP gl oSS b s anlia b
LSNP 51 )l (Y8 YA ol s 156 DNA
Sl b s 0T LUl 5 3 cmnd By o0
o Bl b 5 5556 L 5 (7)) end sl
CIB S dml bl pwyy Ll ol odd
)Y S Sl (()owss 8w gle,ls, L BLT
S s e BT L 330G
Y o505 sk ST Sl
Gs,e Lds gl L GIN27CIWES S 55T
s U (ALDH2) Y5055, 4msaadT «(¥7) 55 S
Golew U MTHFR-CB77T «(¥f) v Ob .
O 5 NIrUF (K)ol ok o3zl (F0) ool T
S g L1 42 PCR-CTPP 55, ¥\ JLo s
rs1057910 CYP2C9 o} sla Zibyls o sl
b ol o S adllae ol s L3S 218
calbs DNA L Jis L PCR-CTPP i,
(Y1) o, s Tamura asilas L IE\RDASIE
s sy 5l S Llg o PCR-CTPP &8 515 oli

G- VKORC1 (45 cun ulr 2l
S s gl CYP2C9 AL075C 1639A
adlas 55 (FPILEL 15 a8 Camer 53 bl
sl P Slsls o (Y F) oL sTamura
L CYP2C9 A1075C ; VKORC1 G-1639A
s 0dd iyl 350 LPCR-CTPP i, jl eslizal
95 p . Wb S L 5l HApMap slaesls
LS5 DigiTag2 s, L 4ses F¥$ I, SNP
PCR-CTPP &5" ol 03 87 b ol o 1) 5
CYP2C9 ,; VKORC1 G-1639A 55 sl
Darvishi asflas 55 .(F7) el oslizal 58 A1075C

uj‘ﬁJ u’.g_b\f )L. u,:b‘ lejf (Y'\?) Qb&.«.& 9

oroed s PCR Jpene il &5 sl (255 50
b & dmaa J5ls Ja8 THLET car S
o SIS o 2SS a Ly eSSl sl
50715 iy 4t PCR-CTPP iy, S ,sba
53 (Y9350 o oslizul jal y Sl 93 31 &7 Sl
Sl 5T S DNA PCR-CTPP 4,
6 53 il Cdx g3 5 pb s lS S S
oBaws 35 2S5 5 5 bk iy S
ST U5 s oks 2S5 latiges JSluse s
SN ol s s e 5o Sy L
(YF)s S et 15 SNP 8 (555 015 oo olakss
LT ol sl 3l eodisl omtd Sy nl 0
ST 53 48 oo eslizul PCR 2Ty s
ST 55 5 pdype (b ol & Sl
Wl e s e g s JT el & 2ol
Xgslayl p et SV Je 55b 4 ks oS 2o
52 OT gy p o5k & 5L SNP o 1 55 Y
Jos 25 Dosen ok (b el ler dse 6
5 X ey RL 5 FL lajal, S
SeIRL ol 55X W6l s R2 5F2 ol
Y MULF2 0l 3 Gl s X Pl el 3
F25 R el a5 85 55 ¢ oz 53 .35 8 o JuSa
35 R2 5 Flla ol il SNP Comign s b
Olgea & dulel oo 25 1,C J e PCR ST
(0 JS2) 235 on 3S5 aen 5 Sl 1S5 J S
5 B 35, e sl ) K2 55 S Glpas
b YY 55 515 C 5 A Sladas sl XX
k55 B men 358 0 2S5 C 5B Sl
3B A Sl il OS5 e e ey ge

(V)35 8 o 2SS C
oS @l 5 osle g 3,8, PCR-CTPP 25,
S Gl by b oSS oed Gl e
Calzzes 605 SNPardlas (gl 5 5 Sl (55 £S5

BE (YF)w! ols onlawl a LsJL"‘.'.'.' )‘ LS)L:“". L

YEO) U 5 e/ i 5 Cunnysn [ Gliwd )S S asle o1 ale Al


http://dx.doi.org/10.52547/sjku.27.4.121
http://sjku.muk.ac.ir/article-1-6921-en.html

[ Downloaded from siku.muk.ac.ir on 2025-07-28 ]

[ DOI: 10.52547/5ku.27.4.121 ]

VYV sl

b (S5 Gl oz b ooon Sln okd el
56 s sl i, b 4 «w PCR-CTPP 3,

ok A3 (Kmd 8C) M s sy e
PCR yons 55 be s ol 1 il 10
b Jpene Gaiassts 85 5 st
ST car b sl ST Job sl el
3oy s glos (GC i PCR U Job
byl Cooliamtl 5w Bluiw Slsle s ey
S lY010) oL, K 5 Chuang adlles s .ol
O gl (Siaa ‘..:J«UQ\) MA . ze s,
ods slgity CTPP sla sl sla 45 s0me 1 b
sie CTPP 5T o~ b sy o (V)
Sl sl s Gl osd bl MA ,,
N N O SR PGREPRE
CTTP ST slads gazs 4 oliws 45 Oliises 4
JAVA s MACTPP o, &l as oSS
O says S s e (g5l
Oy gods (http://bio.kuas.edu.tw/ma-ctpp)
23 S S SOl ey 55 0K
el el osd gl oS el ok
Sl w3 sl g WS sl s CTPP g,
S 033 oS osb 4 S e Jums |y SLT
0315 o5 15, OT (TM) 55 (sles al 4 U5 S5
PCR (slasil oods iVl s IDestl sl Esls
ezl b 3 sles Gal @i (gl 5 5 o0
el ods e TN 818l 0L Smal
aioar GC bl oS 5 Ao 5 i IS 55 ol
s SIDNA & jasl s 385 Jlasl oS s
S5 50 4§ LLCTPP iy, 53 65 6 K05 5540
DNA W i 51 .ol PCR (slasil 0l 5
G0k osb a I 55 o Hlae s 51 () JS0) C il
o PCR (slos ot b Jals pute 5 bl &gline
03 AT SIS 5 Ooda b 03553 L Ol e 0255
J ol b (0N 8 Sl 1) K s el

-1031  dspn b 0z )2 1 PCR-CTPP
TNF-0 05 jisnsp ook ab s (rS1799964)
ol 03 Lsse sy exle Sng Ol o
o35 PCR-CTPP 5, & wa i)l F andlls
rs1799964 (i) (b cwsp slp 385 5 cmlin
Comoz 53 ey 30 (N ) S5l &7 b 4 ol

) 55 0L b 5458 le Cames L Ol sl 428
s S A Olajen ST LB CTTP 35,
48 k> CTPP i w308 Sladllas > i 5 5,15 1,
PCR-cY+ 0 Jlu 53 01,Ken 5 Kawai . iles S oslizul
ez Ol o535 e sl 15 66 ,ler CTPP
ki ol Sl BT 63 e pudyse (b
GSTML null CYP1AL lle462Val b .
> 5 5,8 NQO1 C609T, GSTTL null
BB LUl s ey by pl 4701 0L 0T ol
LS Lo S slgdy 5 Ay Oy bt b e s
Siao ) SNCTPP ig, 055 0150 5 S5 & a5
b S S G Gl g b n Gl
5 b T bl 53 o5 4 Ol 51 (6, K0y shate
b S 08 S e Sy S 4l
adlls 3 (FV)s 8 oslinal (Ol o w53 e
PCR-CTPP ¥+ ¥ JL. 45 ol,Kes 5 Kawase
(b sn (bt Olojon (55 e 6l 1 66 4
GSTM1 (NQO1 CB09T sls 5T (55 Shes
Ol T s 3,87 5 2e GSTTL null 5 null
A b ol gme LU b b e b nl e 3l
J s ol,Kea 5 Tamakoshi . (FA)L s ol
S PN PR dysn b0 (F) Yooy
LadT 5 (ADH2) Argd7His U3 .ss
raen 5 (ALDH2) GIu487Lys Y3035, uas
G dyze (Yoo Lo ) o, 5 Atsuta

IL-1B C-,CYP2E1l Rsal/lL-2 T-330G
CTPP Ole o o515 L 31T/TNF-A T-1031C

YEO) U 5 e/ i 5 Cuno s [ Glid )S S asle oI ale Al


http://dx.doi.org/10.52547/sjku.27.4.121
http://sjku.muk.ac.ir/article-1-6921-en.html

[ Downloaded from siku.muk.ac.ir on 2025-07-28 ]

[ DOI: 10.52547/5ku.27.4.121 ]

L G s e VYA

Csllae s (YY) O 5 NIFUNT andllas s
o sske & PCR CTPP g, 3 1 el
Comex 3 (151057910)CYP2CY s jse
S 315 O OUT s (K )is 57 (g Sleatgs (5 55200
slett 539 B (05 Cand Sl (sl ST L
Slwang (13 5 G ST ke o s S
Sl ag LU 0L 5 Nirur adlas s .34
F1) ol sl S5ET cos ,sCYP2CO*1%1
33 STl (F)ss Yy (F2-RD) =15 & (R2
L stls sla ST 37 slgs s g pn 15508 5
by o AL Gl S 1 iz LB 5L S
Wle G398l slge 055 Ll ol ol sl Cams
4 betaine ¢ dimethyl sulfoxide(DMSO)
Sl eslizul cpmeen 5 (AMS) ammonium sulfate
55, Skes 2133l ke 4 touchdown PCR b,
o @ly el gl =, PCR coslass
5 Dehghan Colagari (Y Jyd>) ol oM
PCR-CTPP s, ool 5 YA dle 5 0L
Jas &y THFR-CBTTT Lli )| oy 1 (511 ook gy
sl Ol LOT s s S eslitel el T (6)ley
Lolg ol S G5 SNP sl (5 cm
JB sy &S eds g5l ang PCR-CTPP 4,
(F0) 313 plil ol slaze!

PT ol ! glasil 0515t 2 PCR s a8
ki g ooyl Ol5 oo ysbie ol 4Bl e GBS
one primer amplification of PCR-pl, o7

& 35 eslizsl CTPP products (OPA-CTPP)
4 (S ) goges Mg oSS Uil b gy onl 0o
el 055 6lol 5 s el s 93 8 0 (glesl
635 oslizwl PCR 3 asee JIg Olen b 505
a8 Sen S8 s Calsea ST o ¢ gema 3 11
Sboadles gl psy opl s sl wlsl PCR
paraoxonasel (PON1) (rs662) 63 A/G s 5o
Sy abte 4 . (V0)Cwl os oslizul GIN192Arg
Sl ool ang ooy CTPP g, 55 bl )l s
ADH1B o5 ,> Arg48His (s g0 Sk e
S Y8 Jl s OSKes 5 Jiang  Lw g
» 3 WSy W 53 S Olees (VDA
o) o s sl Ssline P polazstl gla el
e ST 3 e 5SS )
6sls s (I amoly 15 le ST o5dle)
S olast e S DNA G e i 5110
b s il 2SS s 015 Sl 535 (6,8
=% L PCR-CTPP oli vy ¢35 ol 5l Jool>
0% b Sanger s

PCR-CTPP 25, il avgy AT )3 oimen

PCR-CTPP 5, (53l dug (Sl p 4 518 SSH 1wl .Y S

Syl S shos £o )

YEO) U 5 e/ i 5 Cunnysn [ Gliwd )S S asle o1 ale Al


http://dx.doi.org/10.52547/sjku.27.4.121
http://sjku.muk.ac.ir/article-1-6921-en.html

[ Downloaded from siku.muk.ac.ir on 2025-07-28 ]

[ DOI: 10.52547/5ku.27.4.121 ]

yYa d)\,gﬂﬂ\),g';

0f) MA- ﬁ,}ijlﬁﬁ&u,w R S ol b |
U0l s (el Csd lales 035 OLS) Cosd glales (g le 4 CTPP
il b il Sy s s
(Vo) OPA-CTPP i, jleslinal  olass! cladil 0jlge 25 Y
) b sl Bl o pllae o JT
b sl ST i s 5 Sy ST Chle G (53l age
Y (F2-R1) 15 4 F1-R2)

dimethyl sulfoxide(DMSO) st Ssspl slse 038 Lol P olamsl sls b &y 55 v
(o) (AMS) ammonium sulfate ; betaine
touchdown PCR b, 31 eslizul

XAllele 5. NNNNNNNMMNMNNNNNNNNNNXNNNNENNNNNNNNNNNNNNNNYMNNN...3'

—- if—
F1 R1
e Bbp .
Y Allele 5. HNNNNNNNNNNNNNNNNNNNY NNNNNNNNNNNNNNNNNNNNNNNN... 3
ﬂl _
F2 R2
- Cbp *-

Sk LYY (555 515C 5 A Sladas wslb XX (555 81 (Y F) el s 99 PCR-CTPP <SSt Siladi |V IS
358 0 2SS C 3B A Dlalad sl K50 5 3 b0 by o 55 S 55 0 2 C LB

PSS oS s a8l Bl g S5 S LSl ( oyl
MUJ.: S eslawl PCR UJASU .]a}l;;.a @

358 o dlgiiy s touchdown

LSRRI o)
o3litl ot ol (S 65 s i 5 e |
o ol 358 o0 S5 5 pais 655 S e |
)MJ&)}:)) d%‘v\fu\.ﬁ)[gﬁ@‘ Lg)}j"
Lol b 5 313l canlllae pl Oty 55 31 plS
et LN Wlie ol sl gl bl Lol

sl odts e S5 8 gl 5l e ol

& 5 doms
PCR-RFLP L3 I (ol sl sy 45

s8] e slp s Tag Man Microarray.
535 PCR-CTPP 34, Js 5,05 5555 s SNP
Os e 55 aum 5 Olej ki 5l a8 Cnl osle 5 Cnlie
5 e @S Gl g Sl e b
3 r%)}ij‘ Losss oo oletin i) ool sp bl SO
S Sl il b ol GlalEl e
oss bl GLS 5 Ceolasl o (CTPP
LAl rmpan 35 4z g okd (b Sl el
5 P bl Chl cl il 4 e

&.al.'u

.

1.Yang CH, Cheng YH, Chuang LY, Chang HW. Confronting two-pair primer design
for enzyme-free SNP genotyping based on a genetic algorithm. BMC bioinformatics.

2010;11(1):1-11.

YEO) U 5 e/ i 5 Cuno s [ Glid )S S asle oI ale Al


http://dx.doi.org/10.52547/sjku.27.4.121
http://sjku.muk.ac.ir/article-1-6921-en.html

[ Downloaded from siku.muk.ac.ir on 2025-07-28 ]

[ DOI: 10.52547/5ku.27.4.121 ]

L G e VT

2.Ghaheri M, Kahrizi D, Yari K, Babaie A, Suthar R, Kazemi E. A comparative
evaluation of four DNA extraction protocols from whole blood sample. Cellular and
Molecular Biology. 2016;62(3):120-4.

3.Goldfeder RL, Wall DP, Khoury MJ, loannidis JP, Ashley EA. Human genome
sequencing at the population scale: a primer on high-throughput DNA sequencing and
analysis. American journal of epidemiology. 2017;186(8):1000-9.

4.Moradi MT, Yari K, Khodarahmi R. A novel, efficient, fast and inexpensive DNA
extraction protocol from whole blood applicable for studying drug-DNA interaction.
The Journal of Reports in Pharmaceutical Sciences. 2014;3(1):80-4.

5.Koopaee HK, Koshkoiyeh AE. SNPs Genotyping technologies and their applications
in farm animals breeding programs. Brazilian Archives of Biology and Technology.
2014;57:87-95.

6.Udoh LI, Willie P, Uzoebo C. Single Nucleotide Polymorphisms: A Modern Tool to
Screen Plants for Desirable Traits. Plant Breeding-Current and Future Views:
IntechOpen; 2021.

7.I1smail S, Essawi M. Genetic polymorphism studies in humans. Middle East Journal of
Medical Genetics. 2012;1(2):57-63.

8.Jalilvand A, Yari K, Aznab M, Rahimi Z, Salahshouri Far I, Mohammadi P. A
case-control study on the SNP309T— G and 40-bp Del1518 of the MDM2 gene and a
systematic review for MDM2 polymorphisms in the patients with breast cancer. Journal
of Clinical Laboratory Analysis. 2020;34(12):e23529.

9.Zhang J, Yang J, Zhang L, Luo J, Zhao H, Zhang J, et al. A new SNP genotyping
technology Target SNP-seq and its application in genetic analysis of cucumber
varieties. Scientific reports. 2020;10(1):1-11.

10.0nda Y, Takahagi K, Shimizu M, Inoue K, Mochida K. Multiplex PCR targeted
amplicon sequencing (MTA-Seq): simple, flexible, and versatile SNP genotyping by
highly multiplexed PCR amplicon sequencing. Frontiers in plant science. 2018;9:201.
11.Chen K, Zhou Y-x, Li K, Qi L-x, Zhang Q-f, Wang M-c, et al. A novel three-round
multiplex PCR for SNP genotyping with next generation sequencing. Analytical and
bioanalytical chemistry. 2016;408(16):4371-7.

12.Yang S, Fresnedo-Ramirez J, Wang M, Cote L, Schweitzer P, Barba P, et al. A next-
generation marker genotyping platform (AmpSeq) in heterozygous crops: a case study
for marker-assisted selection in grapevine. Horticulture research. 2016;3(1):1-12.
13.Guo Z, Wang H, Tao J, Ren Y, Xu C, Wu K, et al. Development of multiple SNP
marker panels affordable to breeders through genotyping by target sequencing (GBTS)
in maize. Molecular Breeding. 2019;39(3):1-12.

14.Chuang LY, Cheng YH, Yang CH. PCR-CTPP design for enzyme-free SNP
genotyping using memetic algorithm. [EEE transactions on nanobioscience.
2015;14(1):13-23.

15.Yin G, Mitsuda Y, Ezaki T, Hamajima N. A new PCR method: one primer
amplification of PCR-CTPP products. Molecular biotechnology. 2012;52(2):180-3.
16.Suratannon N, van Wijck RT, Broer L, Xue L, van Meurs JB, Barendregt BH, et al.
Rapid low-cost microarray-based genotyping for genetic screening in primary
immunodeficiency. Frontiers in immunology. 2020;11:614.

17.Russo G, Zegar C, Giordano A. Advantages and limitations of microarray
technology in human cancer. Oncogene. 2003;22(42):6497-507.

18.Pavan S, Delvento C, Ricciardi L, Lotti C, Ciani E, D’Agostino N.
Recommendations for choosing the genotyping method and best practices for quality
control in crop genome-wide association studies. Frontiers in Genetics. 2020;11:447.

YEO) U 5 e/ i 5 Cunnysn [ Gliwd )S S asle o1 ale Al


http://dx.doi.org/10.52547/sjku.27.4.121
http://sjku.muk.ac.ir/article-1-6921-en.html

[ Downloaded from siku.muk.ac.ir on 2025-07-28 ]

[ DOI: 10.52547/5ku.27.4.121 ]

YYY O oball s

19.Jiang S, Tong Y, Zhao R, Xiong G, Qiao B, Li Y. An improved PCR-CTPP assay for
the detection of ADH 1B Arg48His polymorphism. Journal of clinical laboratory
analysis. 2018;32(2):e22268.

20.Vignal A, Milan D, SanCristobal M, Eggen A. A review on SNP and other types of
molecular markers and their use in animal genetics. Genetics selection evolution.
2002;34(3):275-305.

21.Xu F, Wang W, Wang P, Li MJ, Sham PC, Wang J. A fast and accurate SNP
detection algorithm for next-generation sequencing data. Nature communications.
2012;3(1):1-9.

22.Siyadat P, Ayatollahi H, Barati M, Sheikhi M, Shahidi M. High Resolution Melting
Analysis for Evaluation of mir-612 (Rs12803915) Genetic Variant with Susceptibility
to Pediatric Acute Lymphoblastic Leukemia. Reports of Biochemistry & Molecular
Biology. 2021;9(4):385.

23.Hamajima N. PCR-CTPP: a new genotyping technique in the era of genetic
epidemiology. Expert review of molecular diagnostics. 2001;1(1):119-23.

24.Darvishi E, Aziziaram Z, Yari K, Dehbaghi MB, Kahrizi D, Karim H, et al. Lack of
association between the TNF-a-1031genotypes and generalized aggressive periodontitis
disease. Cellular and Molecular Biology. 2016;62(11):63-6.

25.Little S. Amplification-refractory mutation system (ARMS) analysis of point
mutations. Current protocols in human genetics. 1995;7(1):9.8. 1-9.8. 12.

26.Lajin B, Alachkar A, Sakur AA. A quadruplex tetra-primer ARMS-PCR method for
the simultaneous detection of TP53 Arg72Pro, 1IVS3 16 bp Del/Ins and 1VS6+ 62A> G,
and NQO1 C609T polymorphisms. Gene. 2012;504(2):268-73.

27.Hamajima N, Saito T, Matsuo K, Kozaki Ki, Takahashi T, Tajima K. Polymerase
chain reaction with confronting two-pair primers for polymorphism genotyping.
Japanese Journal of Cancer Research. 2000;91(9):865-8.

28.Hamajima N, Saito T, Matsuo K, Tajima K. Competitive amplification and
unspecific amplification in polymerase chain reaction with confronting two-pair
primers. The Journal of molecular diagnostics. 2002;4(2):103-7.

29.Hamajima N, Matsuo K, Saito T, Tajima K, Okuma K, Yamao K, et al. Interleukin 1
polymorphisms, lifestyle factors, and Helicobacter pylori infection. Japanese journal of
cancer research. 2001;92(4):383-9.

30.Niruri R, Ardyanto T, Pangastuti A, Kusherwati D, editors. Two-Pair Primers PCR-
CTPP Optimization to Identify rs1057910 CYP2C9 Gene Variants in Surakarta. Journal
of Physics: Conference Series; 2021: IOP Publishing.

31.Katsuda N, Hamajima N, Tamakoshi A, Wakai K, Matsuo K, Saito T, et al.
Helicobacter pylori seropositivity and the myeloperoxidase G-463A polymorphism in
combination with interleukin-1B C-31T in Japanese health checkup examinees.
Japanese journal of clinical oncology. 2003;33(4):192-7.

32.Togawa S, Joh T, Itoh M, Katsuda N, Ito H, Matsuo K, et al. Interleukin-2 gene
polymorphisms associated with increased risk of gastric atrophy from Helicobacter
pylori infection. Helicobacter. 2005;10(3):172-8.

33.Abu-Amero KK, Al-Boudari OM, Mohamed GH, Dzimiri N. The Glu27 genotypes
of the beta2-adrenergic receptor are predictors for severe coronary artery disease. BMC
Medical Genetics. 2006;7(1):1-5.

34.Yang SJ, Wang HY, Li XQ, Du HZ, Zheng CJ, Chen HG, et al. Genetic
polymorphisms of ADH2 and ALDH2 association with esophageal cancer risk in
southwest China. World journal of gastroenterology: WJG. 2007;13(43):5760.

VEOY Ol 5 e/ i g G50 [ Gliwd )S S asle o1 ale Al


http://dx.doi.org/10.52547/sjku.27.4.121
http://sjku.muk.ac.ir/article-1-6921-en.html

[ Downloaded from siku.muk.ac.ir on 2025-07-28 ]

[ DOI: 10.52547/5ku.27.4.121 ]

L G s e WYY

35.Colagari FD, Colagar AH, Zamani MR. Human MTHFR-C677T gene transition
increased risk of Alzheimer disease: a case-control study which performed by optimized
PCR-CTPP method. Comparative Clinical Pathology. 2018;27(4):879-85.

36.Tamura T, Katsuda N, Hamajima N. A PCR method for VKORC1 G-1639A and
CYP2C9 A1075C genotyping useful to warfarin therapy among Japanese. SpringerPlus.
2014;3(1):1-6.

37.Kawai S, Nishio K, Nakamura S, Sekido Y, Niwa T, Hamajima N. Multiplex PCR
with confronting two-pair primers for CYP1A1 lle462Val, GSTM1, GSTT1, and NQO1
C609T. Asian Pacific Journal of Cancer Prevention. 2005;6(3):346.

38.Kawase H, Hamajima N, Tamakoshi A, Wakai K, Saito T, Tajima K. Triplex
polymerase chain reactions with confronting two-pair primers (PCR-CTPP) for NQO1
C609T, GSTM1 and GSTT1 polymorphisms: a convenient genotyping method. Asian
Pacific Journal of Cancer Prevention. 2003;4(1):67-70.

39.Tamakoshi A, Hamajima N, Kawase H, Wakai K, Katsuda N, Saito T, et al. Duplex
Polymerase Chain Reaction with Confronting Two-Pair Primers (PCR—CTPP) for
Genotyping Alcohol Dehydrogenase B Subunit (Adh2) and Aldehyde Dehydrogenase 2
(Aldh2). Alcohol and Alcoholism. 2003;38(5):407-10.

40.Atsuta Y, Kawase H, Hamajima N, Nishio K, Niwa Y, Tanaka D, et al. Use of
Duplex PCR-CTPP Methods for CYP2EL Rsa I/IL-2 T-330G and IL-1B C-31T/TNF-A
T-1031C Polymorphisms. Molecular Diagnosis. 2005;9(2):89-94.

YEO) U 5 e/ i 5 Cunnysn [ Gliwd )S S asle o1 ale Al


http://dx.doi.org/10.52547/sjku.27.4.121
http://sjku.muk.ac.ir/article-1-6921-en.html
http://www.tcpdf.org

