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(HE) By RAHNHTNG Y-F S BRI AR (PCR-CTPP), B L R RE 2% . K
PR IR TR R B (SNPs) M T k. ik 4T%¢ [ MRS CYP1A1(A4889G) 1 TTAHAR
%5 EPHX1(A416G) .NQO1 (C609T) SNPsi%it PCR-CTPP 5|47, t:4k PCR S % i , ¥ HEE R R S
DNA W 45 AT vt , B ¥Rt B PCR-CTPP 410 7t X BEHL L B 183 4 DU B R A#H4T B
SNPs M , 3 5 Ho A i R A BESAT LA, @R Ead SR 4L, PCR-CTPP Kl J5 Hk AT bR 32 17 W 3t (X 43
CYP1A1(A4889G) EPHX1(A416G)FINQO1(C609T) HIZH AL, 3 5 DNA TP L RMF & . 183 BIUKRE
A H, CYP1A] (A4889G) : A 48T 103 51(56.3% ) ,G 4 & T 8 61(4.4%) , AIG 2 & F 7281(393% )
EPHX1(A416G) : A 284 T 14251(77.6% ),G A& T 441(2.2%) , AIGZ & F 3741(20.2% ) ; NQO1(C609T) :
CaitF 60 (328%)THi4&TR2H(175%), CTHEAETFTNH (497%), EERHMSHHFE
Hardy-Weinberg Y45 (P>0.05) , HF7E MK £ 7 (P<0.05), & PCR-CTPP i 7 ik v {7 8L (HERA (R
T BYF AL M RIS RS EE R SNPs, 7T FE T R AR AT S AR A 3t
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Establishment and preliminary application of polymerase chain reaction with confronting two-pair
primers for the singe nucleotide polymorphisms of metabolic enzymes FU Jing’, YANG Yi-rong, NI Xiao-
jie, PAN Xiao-dong, ZHENG Jian-jian, ZHENG Shao-ling, LIN Ren-yu, CAI Ming,CHEN Bi-cheng. " Transplant
Center, The First Affiliated Hospital of Wenzhou Medical College , Wenzhou 325000, China
Corresponding author: CHEN Bi-cheng, Email: CBC@HOSP1.AC.CN

[Abstract] Objective To develop a simple, accurate, rapid, economic, large-scale detection method for the
detection of singe nucleotide polymorphisms (SNPs) metabolic enzymes, using polymerase chain reaction with
confronting two-pair primers (PCR-CTPP). Methods The primers of CYP1A1 (A4889G) , EPHX1 (A416G)
and NQO1 (C609T) were designed for PCR-CTPP, and the PCR conditions were optimized. The results of
genotyping were verified by DNA sequencing. The above SNPs were detected by the PCR-CTPP detection
method in a randomly selected 183 healthy individuals of Han ethnicity. The genotype frequencies were analyzed
and compared with people from other ethnicities. Results The allele-specific bands of CYP1A1 (A4889G) ,
EPHX1 (A416G) and NQO1(C609T) were successfully amplified by PCR-CTPP under the optimal conditions
and the results of genotyping were consistent with DNA sequencing. Among 183 healthy Han individuals, the
genotypic distributions of CYP1A1 (A4889G) , EPHXI1 (A416G) and NQO1 (C609T) showed that the
wild-type, homozygous variants, and heterozygotes were 103 (56.3% ), 8 (4.4% ), 72 (39.3% ) and 142
(77.6%), 4 (22%) , 37(20.2%), 60(32.8%), 32 (17.5%), 91 (49.7%) respectively. The distributions of
genotypes were all in accordance with the Hardy-Weinberg equilibrium (P>0.05) , with statistical differences
and with other ethnic populations (P<<0.05). Conclusion The SNPs of metabolic enzymes can be detected by
PCR-CTPP method which is simple, accurate, rapid, economic and with large scale. PCR-CTPP can be used for
large scale clinical and epidemiological screening.

[Key words] Polymorphism, singe nucleotide; Polymerase chain reaction with confronting two-pair
primers; Cytochrome P450; Epoxide hydrolase; Quinone oxidoreductase
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A NGRS 4 KR B BB YE S 14
ARG A A i E AL ORI |, T A I AR B BT
&, HREA, A E2NHBREA AR RS S
(single nucleotide polymorphisms, SNPs) , H: ik /=
VRO BEEAR, EICBUBYR AL MRREEEE S
FhER, Tk, HXRMAHEEERE SNPs 5iE
W% 5 Bk 2 T RATIR 2207 T BT S B U #4
AU, HERTED AT RS P AU K
HR A EEE R R SNPs M T ¥k . AR B7EE T
FRMX WX Y- R0 NEAR
(polymerase chain reaction with confronting two-pair
primers, PCR-CTPP) ®, Ll | AU MBS 4 M 2 &
P450 1A1(cytochrome P450 1A1, CYP1A1) 1 I 48
i B 3F & 1k ¥ K f## B8 (epoxide hydrolase,
EPHX1) . B 4% 1k i& J B§ [NAD (P) H: quinone
oxidoreductase 1,NQO1] Z[H SNPs i3 , &
W ERFT R

MRS %

1. FERH U2 : Puregene DNA EBURH| &
% F 3 B Gentra 2> &) ; ANTP F TagDNA R & B¢l T
57 M9 %E MBI B ; BRAEHEIE T € E Promega 23 7] o
Anke TDL80-2B 2! K8/ B0 (R ZR#AX
#8]7), GeneAmp PCR System 9600 PCR 1% ( 3% H
PerkinElmer 22 7] ) , DYY- 112 A 3k AL (Fb A —1X
#817), UV-2102C 4T 40668 3 (32 E Unico
A 7] ) F1 Gel Doc 2000 B L IK R R A (X EH
Bio-Rad Ao

2. BRSERT 4 Kok BB MR %X R UK
fEREAME, SERERA 1835 (B 111 L 124).
BRI 2 ml, 2 %00 2.8 — 8 (EDTA-KY)
PUgE, 4CIRTE. WA REBEAMIFR RN, &7
HEREH

3. DNA B3R ; 3% Fl Puregene DNA 25U &
R DNA, kS E R 4, DNARBUGH
AT WA RTINS B AR , 20 CIR AR

4.5 ¥ ¥ it . # 3% GenBank ¥ 3% FE B R #
CYP1A1.EPHX1.NQO1 £ H f# %1, i F Oligo 6.0
RRITE14, 2 BLASTRIEDE , A HIE 12
#5191(%1). 259t LI Invitrogen £ Y H A
AMRAFR B

S. PCR-CTPP ¥ #¥ K Afifk. - 7E 96 FLE AR o
AR R 10 w1, H 4142 & DNA ik 1.0 p1(30 ~
100 ng/w1), dNTP 0.1 mmol/L, TagDNA X 4

0.4 U, 10 mmol/L Tris-HCI (pH & 8.3, 25°C ) . 50
mmol/L KCI, 2 mmol/L MgCl,.50 /L H it . & —3|
$70.1 p1(10 pmol/pl) , F#) PCR B £ 44: 94°C,
10 min; 94°C 30 s, 57°C 30's, 72°C 30s, 301G
¥5;72°C 10 min, 7EMEERE E XN EE | AT
8] 5 1 PpvR B R i M B A T IAL , SR B s
KB RGE TR — EW R ER,

%1 CYPIAI (A4889G) » EPHX1(A416G)

FINQO1(C609T)5 | ¥1FF5)
|
A s BHFFI(5—3") Tm® K&
(bp)
CYPIAl FAl GACCTCCCAGCGGGCCAT 60.8 239
(A4889G) RG1 CGGAAGTGTATCGGTGAGATCG 569 362
Rl  GCCTGICCTCTATCCTTTGGG 56.1 562
F1  AGGCAAGTCCAGGGTAGGG 570 —
EPHX1 FA2 CAGCTGOCOGCAGGOGAT 626 226
(A416G) RG2 GCAAGGGCGTCGGGGTG 60.5 458

R2 GGGGCAGTTATGGAACCTCIAGCA  59.5 650
F2  GGCTTTCTCCCTACCCTCCAGAT 590 —
NQO!  FT3 ATTTCTGTGGCTTCCAAGICTTAGIAT 56.1 223
(C609T) RC3 CCCAATGCTATATGTCAGTTGOGG — 58.1 477
R3  AATTTCTTGTITTTCTCCTCATCCTG  54.1 650
F3  GACGACOGAGCGAGACTCT 517 —

o FRALWSI1Y, RFERTUSIY; HeERE ()

6. PCR-CTPP =447 : B 10 pl PCR L™
P 2% BE W B AR B e AL, AR AL 2 88
(0.5 pg/ ml) P, £ 100 V HL T L% 20 ~
25 min, fx /5B BRI BUR R GRS

7. DNA i 7 383F : #8 3% PCR-CTPP =) 73 M 4
FOHEHLEE CYP1AL ZEFH R 4514 AA AG f1GG
f DNA £ 10,7 #1 3 5] , EPHX1 R £ 43 5l AA.
AG 1 GG HJDNA % 10.5 13 41, NQO1 2K £ 4} 51
i CC.CT I TT i) DNA % 6.9 1 3 B, #4710 - 3
IE, B E# Invitrogen 4 ¥ H ARG R4 B #47 DNA
W,

8. Giit 24 . B R B 43 7 5 Hardy-Weinberg
- B FF A RISk A 1 1 A8 38 K % Bio-X HO Y
SHEsis 27 F & #EAT AL FE™, 53 )57 FH SPSS 13.0 34
52 F A R B 4311 5 K 5 B At 7 A B L AR M A
B, P<0.05EAGIHERX, Sitas A o

g R

1. PCR-CTPP {1k : CYP1A1(A4889G) \NQOI
(C609T) [P &AL A : 94°C,3 min; 94°C 10's,
63°C 1 min, 72°C 30's, 10ME; 94°C 10s,61C
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20s,72°C30 5,20 ¥ ;72°C, 10 min, KCI¥KE
40.0 mmol/L; 3| ¥ ¥k B FAL: 4.3 pmol/wl, RG1:
6.4 pmol/p. 1, R1: 10.6 pmol/p1, F1:21.3 pmol/w 1.
FT3:10 pmol/pl \RC3: 8 pmol/ul.R3:5 pmol/pl F3:
4 pmol/ul, EPHX1(A416G) 4L A :94C,3 min;
94°C 10's, 63°C 1 min, 72°C 30s, 10MEF; 94°C
10's,61°C 35s,72°C 45 5,20 ME¥F;72°C, 10 min,
5| Yk FA2: 6 pmol/wl, RG2: 20 pmol/pl, R2:

4 pmol/u1, F2:4 pmol/ul; KC1¥ BE7F 40.0 mmol/L, YE: M: DNASTREF; 1:CCRER; 2. TCERE; 3.TT
7 ERER T ARG E Y — BRI AT, SR ERR
AFEIS7E 1.5 h A B3 NQOI (C609T)H PCR-CTPP #1174

2. PCR-CTPP 2 &l . £ L R 4k %14 F , PCR- SRR AR L Fi vk PR
CTPP K | 7 1 o] th & | 7§ % #b X 73 CYP1AI -~ B -
(A4889G)\EPHX1 (A416G)*HNQOI (C609T)H@% G '-.(_C“ TTGCC j'-.G‘-.('('(?['IG('(' VG \.('(.'2 I'TGgec

A 1~3),

E4 CYPIAI(A4889G)I ALETF AIGHET.

G4li&4FDNA T4 R
YI M-: DNA%%FEE*/]‘?YE‘ 1-AG§[§]§!- 2. GGE[E@- GGGTA _]rGG('(‘ I GGGT A ([.‘_GG CCT GGG ‘E_'GG('{' I
3 AAKFEEL
E1 CYPIA1 (A4889G)f PCR-CTPP ¥ 14y

T M R sk v 1k | ﬂ i‘ y\ _ .,|
| I'\' | I1 I‘

bp A |I | ﬂ

600 o | |‘ I

E5 EPHXI1 (A416G)MY A4S T AIGHET.
G444 FDNANFLER

IIG\G?TII("]'-. v TTGAGGITCTAA
10} ﬁ A
& [FE i I e .
E2 EPHXI (A416G)H) PCR-CTPP 1 =4 Y || ||| |\ | !||| gll f|-
SR K (A ” i
| |
3. DNA S RE BN H |38 SNPs B2 1 IJ' n ﬂ L

PRI 224, AL 390 0 AR e A 3 R 7 0 e 6 T O SR ik
100%(E 4 ~6). M6 NQOI(C60IT)HI CLATF .CITHAT,
4 BRI RHEETA N R 2, HETS THEATDNARIFSR
i #3754 Hardy-Weinberg -4 (P>0.05) . 5. 5H M@ R AR LLE : CYPIAT FEE A4+ 7
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£2 183 LW EAEFEAF CYPIAL » EPHX1 HINQO!
37 5 OR J  R R A0 I O
fir FER £ iﬁ%ﬂéﬂ Hardy-Weinberg F45°

%
£F $iE
) B () o P@

CYPIAI A 278(760) AA 103(563) 1.090 0.296
(A4889G) G 88(24.0) AG 72(39.3)

GG 8(44)
EPHX1 A 321(87.7) AA 142(71.6) 0715 0.398
(A416G) G 45(123) AG  37(20.2)

GG  422)
NQOo1 C  211(57.7) CC  60(32.8)  0.062 0.804
(C609T) T 15542.3) CT  91(49.7)

TT  32(17.5)

¥ :* Hardy-Weinberg -4 & E R % , SHEsis /47 F & 40,
P< 0.0SERAEGIHEEN

H5REEMEANY EEEMA BRMATHERES
¥ EA 4t % 8 L (4*=65.590, P=0.000; x*=
57.405,P=0.000;* = 201.893, P =0.000; P<0.05),
mSEHEAYLEERELITFE L (F=5916,
P=0.052, P>0.05) ; EPHX1 Z£E B/ 5 X4
WAD, BRI AP Z R RAGITEE X (=
21.950, P=0.000; x*=10.915, P=0.004, P<0.05) ,
MEXERAFAT BEANRBRERTRITEE
X (x*=4.457, P=0.095; x>=4.983, P=0.083; P>
0.05);NQO1 ERAEI A 5 XEETHTHFR MR
AP UEREANCHBEEZRAFTRITER L (=
113.137, P=0.000;y>=50.205, P=0.000; P<<0.05) ,
M5 A AMHEZERELITFEE X (¥=0902,
P=0.637;P>0.05),

15 I -

RESFRITRFARELRY, ABF+HE
1815 5 IRAERR 1% ~ 2% B AR KB AE BRI 45 S LR
b, X SRERMRERNNRERSS
AR 3, o rh 558 =AU e 4R 5 SNPs BYK R IU N
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mu, B ERTB A EA 20, NEATRER
AR EGEEH SNPs FIRGI 7785 o

PCR-CTPP £ % SNPs Kl 15T BiA , IR R
HRE SNPs A S A R ML E A (X, V) B
FXE Y2 (B 7), 519 IFM IRY IS X, KEN
abpMAF B, XMWENBEFRXY AFIRK3I K
MBI 2F MR EEY, KENbbp AR, Y
fLF2FI3 Rif; M54 IFM2RY B EBEA
KRB, KB HRcbp, c=a+b—(d—1),d B3 Y
2FFANIRKERIM, XF XX YYEi&F, (LY 1
Ha bpHlcbpT b bp Hlc bp BI B ; T XY G TFHE
PiEHabpbbpMcbp =F B, HTRREBRENS
o b cEWREZDMZE100bp, cHAEKRK,
EIMAF R B3,

PCR-CTPP B R BREFFI R R S MHER
KL # AR (polymerase chain reaction with sequence
specific primers, PCR-SSP) f1£ & PCR £ R Z At I
B, PCR-CTPPHEARFREA PCR-SSPHEAKH
R R REE TSR, RARAE R B R R
SERA S AWM S5, BE A 5 I ER R —
MREERS,BETE T RAERECER A, AT
— WY WE LRI, AR TR IREE ,
W/ T A, PCR-CTPP 5 £ & PCR H RAFAT—Ik
Y ENEAER, RAREME, HEPCR-CTPPEAR
STEIHR R RN AGHERER", H4£514
MMEFFFERIR A SR, B R BA TR #
SEVRIE , LABY 1k R 3R S My 3 T kA BURY MR
LSS RN PR AE R KR, Lok fe R AR
Ry s R A BB A R . XA Y
ERBEH L E PCREAR A ER IR

H RIS SNPs i A & Z 2 PCR-RFLP $7
Ao PCRCTPPH RS ZHE, HLEADOER
E HREMBF . PCR-CTPPHEAR RE— R Rk
%, \DNA #BU.PCR T HBIE RTINS ER

| a bp |
XS f#%E 5 NNNNNNNNN ——— NNNNNNNNNXNNNNNNNNN ——— NNNNNNNNNNNNN 3/
IF "
-—  (d—1) bp —
- b bp _—
Y% EE 5 NNNNNNNNN ——— NNNNNNNNNY NNNNNNNNN ——— NNNNNNNNNNNNN 3/
—-

2F

[ |

2R

¢ bp -

7 PCR-CTPPHAREHREHE
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2] 2.5 h, B2 T BRHIE VI EE BT 7 B9 T AL B ) R e
R, QREE) MMKWIERE. PCR-CTPP
BT B F SNPs, 2571 B F Rk AR
Brak BB A4, o nT BB T J0AE X4 R 4
ERE AN, B T R SO0 EE R A 48 N B )
NMERRB. @FERE MW, PCR-CTPP AT
W3 SIENTIREMIRES, RARERREHE,
—HRAREEE, ER S PCREMT , T E
REEEBGHAT, B BB ALF R B AN IR, B
OHERR TR, B T WUIEE A BT ALY 3
FEYIRRTRE, NIRRT g5 R, @OFE T M
B 5 FH#™, PCR-CTPP HiARKE A fE
B BT R R 96 FLIRAI N A E T A
R, HoAE B8 M PCR &4 BT I0 E AR AT LU
TR, B THI™, R, PCR-CTPPEAHLE HFHIR
H, W51t 32 2 SNPs 47 5 B H BR B9 BR ) ;4
| YA ML R R N T 51 i B X
B A PCRE A —#, ERE TSI MBEE SN
FAEDN A5 | R

AR R R PCR-CTPP AR T 1 *Eﬁtﬁt%
CYP1A1(A4889G)#1 I #HRi4#§ EPHX1(A416G) .
NQO1(C609T)SNPs,, F 55455 G/ Fli% 7 Bk
B EER 5 DNAMRF SR 3, EEA A
#f & Hardy-Weinberg % % % % & # . CYP1Al
(A4889G) .EPHX1(A416G) # NQO1(C609T) 3
HES A SEMRARE EWARERYAE 4T
2B, STMABRERNS TS ¥B L, 51
FREE R B

£k L BriR , PCR-CTPP K I Jr i fy o & 88 | ¥
B R T AR A WA R IR SNPs 8%
o, HE L Al A B PG R B TR E K
FEZA B B IR IR B 3 , 3ot Bl ) R A LRI SR,
BUBY R BT & MR KR KP4, 3 B IE A
e BB R AR BIBRIER

$ 2 X W
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