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CYP2C9*3 (1s1057910), CYP2C9 IVS3-65G>C (rs9332127), VKORCI c.-1639G>A (15992323 1)1 CYP4F2*3 (rs2108622)
M R 225 PE (SNP) JE 2 [ ARk MU PE () E LR AL N R . i F T 2 @R e A i 22 ( MMCA )
AR, g ERRI 4 SRR AMREURE LR Z SRR A PCR VAR R, WIFE 2.5 h NSRRI, AERGIUARZE 50
P/ NG DNA, XF 218 #3 [ THL X BEHLAFBESS SNP HEAT T 2r 45 3 B e A FE 45 220, MMCA K&
B ERTE, I THIX 4 SNP 3 & A 00 5 AT I8 09 5 B DU AFEFRIE, HP rs1057910 BYSE3EH A il C
BSR4 51 R 96.3%H1 3.7%; 159332127 MM FEH G Fl C BSIES 510 96.3%H1 3.7%; 159923231 &M FH G Fl
A FIBERAT50R 92.2%F1 7.8%; 152108622 ALK G Al A USR5 75.7%F1 24.3%., T MMCA H AR SNP
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Rapid detection of gene polymorphisms affecting warfarin personalized
medication based on multicolor melting curve analysis

HUANG Qiuying', XIA Zhongmin' , HONG Guolin? *,LI Qingge!

(1. Engineering Research Centre of Molecular Diagnostics, Ministry of Education, School of Life Sciences, Xiamen University, Xiamen 361102,
China; 2. The First Affiliated Hospital of Xiamen University, Xiamen 361003, China)

Abstract Warfarin is a widely used anticoagulant with a narrow therapeutic index and large interpatient variability in the
dose required to achieve target anticoagulation. Single nucleotide polymorphisms (SNPs) of CYP2C9*3 (rs1057910), CYP2C9
1IVS3-65G>C (rs9332127), VKORC1 c.-1639G>A (rs9923231) and CYP4F2*3 (rs2108622) are major genetic factors affecting
therapeutic warfarin dose in Chinese population. In this study, we established a single PCR reaction which could
simultaneously genotype four SNPs affecting therapeutic warfarin dose by using multicolor melting curve analysis (MMCA).
The turnaround time of this closed-tube MMCA assay was within 2.5 h, the limit of detection was 50 pg of human genomic
DNA per reaction. 218 Saliva samples from Xiamen area were collected to evaluate the MMCA assay, and 40 samples were
sequenced to further confirm the genotyping results. All the four SNPs were accurately genotyped, yielding a 100%
concordance with the sequencing results. The frequencies of A and C of 1s1057910 were 96.3% and 3.7%. The frequencies of
G and C of rs9332127 were 96.3% and 3.7%. The frequencies of G and A of rs9923231 were 92.2% and 7.8%. The
frequencies of G and A of rs2108622 were 75.7% and 24.3%. The frequency of each SNP in Xiamen area was similar with the
frequency in Han Chinese population by previous studies. Considering its rapidity, ease of use, accuracy, and cost-
effectiveness, we concluded that the MMCA assay may be recommended as clinical diagnostic tool for genotyping of SNPs
affecting therapeutic warfarin dose.
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e — R E G RB O RPUEZy, @k geAE R K &K 2, 3-REY (44 R K BREf
YD A AT R IEBUEAE R o BT A ) S RS AR R, SRR SR H AT IE R R )2
IR PTEEZy, BT G AG T S kAR . O LA ZE . Bl PR v il R ZE A5 22 B IR M 0 RO
MEN THREEHA . NTIMEBEARSE. BHTHRERGTERE FIEALA MR, JERHT
HELE D o AMERIFIEZE R K GEREEE DS RCRAMERRFIEZ R TIE 10~20 %) « %
4B AR . HEVEAR IR B T RS2 8 A% R R AR AR R s . T AR SR B A A 2 T A
N, BAERI R G R SRR RN EZ R FEREREZ —, XEBEARKBHRE CYP2CI.
VKORC1. CYP4F2 Z%) 30 A& A b ffFE [ 2 A5 pEAr 50,

2017 4F CPIC 8t f% 2 B 2245 T ARV M AE AR i 4w PIHERE T IEHE ek 1) 3 AN 2L H T8 SR IE A
7 &, Bl CYP2C9. VKORC1 Al CYP4F2. H.rf, CYP2CO & [F 4 ith 4 vk MR 7E 44 Py AR 151 ) 5% B il
CYP2CY M, LM EEMAE NS ER . N CYP2CO JER i/ 2 50 Chndp B NEER LI
Z AMAFE CYP2C9*3 (c.1075A>C; rs1057910)241, CYP2C9 1VS3-65G>C (rs9332127)5145) 2= 54
i CYP2CY & A TG B AL R RAK, S BUER & X BRI AR I ST BRRE ST BRAK, I PR 2R B 5 vk
MU, T B DA 255 B IR A A B MR . VKORCL JE[H 4 VKORC E A, HIERZ &M
2 5 8 VKORC B M o A8, Mm sz m ey Ak i fu e 2 . Hof, VKORCL ¢.-1639G>A
(rs9923231) W SHERE)FIEEZER, #HEHA —DHA-1639A 8 # T EZH-1639GG 4iG 15
D EIEEMFI RS, CYPAF2 & CYP HRGR R —, FEEMLETHEMEN, AN4EER K A
filg, TR KIL, CYPAF2*3 (c.1297G>A; 1s2108622)% A1 REWS LM £ 1%~ 2% 1 ik kAN 1k 2
FARH, AA B TR EIREEARAERLY, J7a8IA 2 R I P SCR .

H AR I AR AR R R A X 2 SR T EE 20, FEARER &N U B2 &b
(RFLP) L1210 Rty 030, 2547 BE e 4 S ik PCRUAL, A8 1 w3 RO A 2189 (DHPLC) %1, LNA-
taqgman FREF LIS 580G PCRUSH B HEIE M 28 0 b (CHRMD U710 =g ER I 7 (1), Sanger M P55, 1H
XY TVE L AP BB, BN . HEB SIS . FHE PCR JG4LHE . B4 PCR S8 TG v A &
M2 2N RS, KREBITEFAEEH TIRK.

Z OIREN A 28 43 BT (Multicolor Melting Curve Analysis, MMCA) AR F F A b XUbr i 1 H
PR SCIREE 5 L7 51 34 A8 TE RSB 22 A2 A Fa e M I 22 57 DA 38 00 ot 140 22 7 S IX 4 S () 28 2 [
BURAR, fEHL/N PCR SN H AT LS 22 R &) ik i A s (R 7 B DT Halr, RSN T2
T A% P 9 R e L PR e AR 120220 R iR ] MMCA R, 78B4 PCR SN Fr sz Bt 3 M HEVEMR A4
25 e B (CYP2C9. VKORC1 F1 CYPAF2) [ 4 NZAMEAL A (rs1057910. rs9332127.
19923231 Al rs2108622) 1] [&] i K6 0 A1 3 [K] 43 B .

1 #¥EFE

1.1 FEAREEFR DNA HEH

KM RS (ENESGEEMREHEAIRATD K4E 2016 4 12 H 3 HE T R¥EA Gk 2Bl
P S 3 B R s IR I H i s B T TR AL (R N EERFEAR 218 1. FTAFEA
PRI IRAF KRR G R H M N at F & e A R T 8CE AR AR A A Lab-Aid 820
4 H SIAZ IR HE B S BB I AZ TR GRS AT AZ IR 3R L . R EUS 2K 41 DNA /] ND-1000 4%
AhAT WEFHE 2y 6 BT (NanoDrop, ) X HPEHUT S AR B BEATRLI, JEH DNA 298K 51
TN 10 ng/ul, BEEATHSE T-20 CUKFFIRA &
1.2 FRBLAR A i E

DA AP A UL R 4H DNA CBAR,, R BBy 87 2 B A P 4, 1 R 3 B S v b 2
RASRI A, FRF TA 56506 & F 4 %R %2 PMD 18-T #i4& (TaKaRa, X&) , #HATH:4kL, $hEL
PHPETORE, 2007 %852 IEH G, F iR DNA 3L 4lifb 83k ND-1000 49 K540/ Al W6 4 5
FFEE AT B, Bl S 20 0 ) A& R ()R R A B R A 2 DR AN [R] 2R R Y CRIEF AR, JR o AR Y
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Mg R) ki DNA, B T-20 CUKFERT&H -
1.3 5| #¥FnERstigit

ik NCBI #0#5 % (https://www.ncbi.nlm.nih.gov/) 33 CYP2C9. VKORC1 Al CYP4F2 43 [ 7
51, %] rs1057910. rs9332127. rs9923231 Ml rs2108622 L AMEFTAERINL B, R 2 AL A,
K H Primer Premier 5.0, Oligo 6.0+ T, Utility v1.3 2550 E5E Wit 4 46 B KEER, T HIS8E HE 9 5
ok oMM Moy ¥ o o . K W i o5 W MR & ¥ 8 i BLAST
(http://blast.ncbi.nlm.nih.gov/Blast.cgi) #EAT [AIVE M FEXT,  ORUE 4 58 AR I 1 e = 0% . B 1 51 A fn
E B BN TREARA R A K, MHRNTHILE 1,
1.4 MMCA kR 3L

SR R, BATEL T MMCA %, HEEHSRH: 1 XPCR &M, 3 mmol/L
MgCly, 0.2 mmol/L dNTPs, 1 U Taq HS (TaKaRa, Ki%), 0.06 pmol/L F1. F2 fil F4, 0.6 umol/L
R1. R2 A1 R4, 1 pmol/L F3. 0.1 pmol/L R3, 0.2 pmol/L P1 1 P4, 0.22 pmol/L P2. 0.12 umol/L P3,
AN 20 uL T E K855, 5 uL DNA AR, SRR 25 pl.

RIGIMARE 51

Tab.1 Primer and probe sequences

LML A b4 FH(5'>3") Fr B /bp
Fl ATCCCCAAAGGTGCTCACAG
CYPAF2 (rs2108622) RI CCTTGGAATGGACAAAAACAG 208
Pl HEX-CAGGGCTGTGTGGCCGGACCCTG-BHQ1
F2  AGAGGGAAATATCACAGACGCCAG
KORCI (159923231
VKORCI (rs9923231) R2 AAGTGATCCACCCACCTC 176

P2 FAM-ACCTGAAAAACAACCATTGGCCAGGT-BHQI1
F3 GCTGTTAAGGGAATTTGTAGG
CYP2C9 (1s9332127) R3 AGGATGAAAGTGGGATCACAGG 142
P3 CY5-CCACTGTATTTGTTAAGAGATAATAGTAGTGG-BHQ2
F4 GATTGGCAGAAACCGGAG

R4 CTTACCTTGGGAATGAGATAGT 160
P4 ROX-CAGGGTCCAGAGATACCTTGACCTTCTCCCTGA-BHQ2
VE: FRIZRRRC A E AR 2 S T AL

PCR FUEf# 28 5 BT 7E Bio-Rad CFX96 SZHf PCR {X (Bio-Rad, ) L#f4T. PCR &M
FoN: 95 CHiAEM: 5 min; 95 CAME 15 s, 65~56 C (FNMEHXR TR 1 C) iBK 15 s, 76 CiEf#
20s, 10 MEH; 95 CAME 15, 55 CiBK 15s, 76 CIEf 20s, 50 MEH, 7£ 55 CiB kI EFR
LEAH BRI B TE )R (55 . PCR RN R G, #ATIBM &2, #HFRN: 95 CAEM 1 min,
35 CHRIE 5 min, BEJE1Z 0.5 'C/5 s WIFAHERIEZRM 40 CElE % 85 °C, HIEMPBEORERE BT it B
JHIE FAM. HEX. ROX. CYS5 W%t E5. SLIE N5, KA Bio-Rad CFX96 SZif PCR X L& 4K
{4 Bio-Rad CFX Manager 3.0 #4745 543 #7 .

1.5 MMCA & & B934

I 22 25 VAL s AS [R5 2 ) R AR o s EH N3 R 23 I E P S AS R A S0 =5 0 4 5 IRsk
5, FIRELIEXTEMERMEAEE, X MMCA 1K R 1 E 2 A B AT VR . SRS 4t
TN Z ST AR R Tn B AR GRBHE Tn ZR (ATn)

NT # 5 MMCA 7R R RS, B EESLIF MMCA 7R RZAEI 10 6546 FE 3 B 10 8 Jn 3 ] A
BN FE R ZH DNA BB (rs9923231: AA; 1s2108622: GG; 1s1057910: AA; rs9332127: GG) , &FANELFEMN
AN FFE R 4 DNA B0 EM# KN 50 ng, 5 ng, 500 ng, 50 pg, 5 pg. HEHE 10 pg NIEE 4 DNA 24T
3 #500, ATLUBAR R TP AETE IR B B i R 2 DNA {38 DL, O 7 it — 25 30 UE R s i A
TR, FRATIERRER R SR IR A Al b, X0 i N L R4 DNA K BRI B FE AR HE 4T 20 55
SPAT ARSI S5
1.6 BEHLA B 1F A4 K 36 E

H BT ASLIY MMCA 1R R 3 #EIKH 218 R HIANZEK 4 DNA (AT 4 AR 2 38 AL A p e I
FIFER 43 Y, RRIRSEEG I CA— 0 ki dndE i (BRI BN 1rs9923231: AA; 1s2108622: GG; 151057910:

CYP2C9
(rs1057910)
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AA; 159332127: GG, &% AVEAL SR R FOR 25 LR S5 5D NPEX IR, PLEHE KBS DNA
FRAR N B B . K60 58 1% 5 B34 Bio-Rad CFX Manager 3.0 H 23R @B 45 55, HIEREAR S AL
MR, FENT S BTG . R AR R S IR o A SRR B KA SRR SE R S 40 RREARS
PCR ¥ J5, 7o¥pik LAY TREGRA TN, LIS IE MMCA A4 28600 25 JE 00 8 A 1 RS S 1
1.7 it 45

FH SPSS 18.0 Sril B AF AT £l kb2,  FH } A6 56 P B AL (1) rs1057910. 1s9332127. 159923231
T 1s2108622 22 25 AT A I 5 07 J5k ERT A3 2 1k DR B A3 28 73 AT & 13 77 A Hardy-Weinberg P47 . p<0.05 K
ERBGIHE .

2HERGHH

2.1 MMCA FRZRIZIT REESBLER

RS AR L R 2 SRS I MMCA 7R REIFWE 1 Fios, A MMCA RR &M REPEN
th PCR KR, EFXF 4 DRI IE R 2 AL S 2 s 1 x5 Al 1 KB RN Z S EE
PR DECTRE, HpAEAS 2 AT A4 A I ¢ Yo AR Y bR e BRAS [ 9 e JE 1, 0 % B s if PCRAX
SRR IEE, B FAM. HEX. ROX. CY5. MMCA 1k & IGRAEAIFE =% (B 1)« B4
B EAL A S AEREN I PCR R M 5, HHATAXTER PCR #7345 PCR ¥ 3 J5 7= 4 K& n] 5 AH M
TCERET TLAMP) BLE P2, B G 3R AT G B U A A T 2R o AT, SRR A 3 T AN A it £ o) AT I
JEEREE; ffE, FIFSEET PCR ACHCE MR AT S5 Wb, SRS 15 A il 2R P A 0, R 9T I i 0
(Tm) BIANEC T 4B B R F 7 9% 22 25 1A A 9 2R R Y

FIRAAFZE R R R DNA FrdEdh, @517 4 DR A S AR A . wE 1 pr
N, BN ETAE R, (AR, B RER 2 ASMEA A RUE B A RIS R s MR N A
RAFTIN, IR 2 VAT A3 E B AR L B A R W A R AR R e s MBI N Sl A R, KB H
HRBMIEMRE . Rk, RABHRERNEL T HRZESR, 52 S 53 S2 IR 123 H 5

ﬂ:f_lj‘c
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I MMCA R vt JE R 2 35 ke 0 TR 2 % o o gt Y B[R] 4 BY 25 R
Fig.1 Design of the MMCA assay, the flowchart for the single polymorphisms detection, and the typical genotyping results with plasmid of each
polymorphism

2.2 MMCA EZHIFEN &R

MMCA £ Z X} % 2 ST X 0 &l i f g To (AT, PUAS 2 38 ML 5555 31 43 A0 78 DY A A
[ AT I E TE , AN @ TE A e A A F S R . B e S AR T fEE 30V LR K T804 SRR
H, WAV Z G To EEZEMEIEEATER., BREREKY (R 2) , FEME T ERE
B, H 3 SD (nififwz) /AT 0.9 C, MHATRIGMIE MBAELX, X4ERIF; F28MHA
[ B 2 (A T A ZE R WRFEE, AT KT 35 C, 3 SD /T 053 C. ML ESERE
B, ANEEEE RAEA RS2 =64 A FEAURECE T MMCA 7 R8I 2 43 R bR 1 22 RE SR 1S R 2 1)
Frdl g 5, UiE MMCA & R B A R 4F i = 2 PR A Ik .

22295 I (R 22 AR A1 1 A TR A AR U ) T o 90 2 Y18 ]

Tab.2 The T, values of wild-type and mutant melting peak of each gene polymorphism

Z AR HRIED T,+3SDs/C AT,% 3 SDs/C
210862 A o1 172058 6014053
923231 a 3731075 5055038

9332127 ¢ 55 0620 4 08027

A 0540, -
1057910 c 1052037 981027

e RPPTERRN T, 8 FME: AT, B T, B4) - T, (RA)B .
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HIT ANRIERIA DNA SR (i, e, kA% IANFEFT REig st R4 DNA SR B & L
REERIATE, T MMCA R & R &AM AR R N SRHEN AL DNA BEbR,  HOfy 146 50 T i 37 ) R ARG
AR R BEMe R Il 2R K2 DNA IR FEZRVE BT H 5. D, ATE BB AR NRIERA DNA #E
BCHEAT 10 SRR EEMRE, M TR R RBUEMES. B 2 S REY, MMCA KR 50 pg~50 ng
M NBEKIZH DNA BT RI, AR DNA BSGEAE R FE (0 =K, 8 A il 2623 B 35 R 7= AR [
N R SO S0 R AR B DR R P I T A R, (HIE DR 2 DNA RERRGER 4R R 2 5 R AR RV ) v
B TR EN 5 pg I, A4 HEE RS RIEEAR, ERX 50 pg AN RABR (24T
15 # N ANSRER4 DNA) , HEEHRERERM, SBATIE MMCA R AR 1) Sl il iR 412 € N
50 pg M ANFERI 4 DNA. BT 50 pg AEFI41 DNA [ 20 AT RS20 45 R, 20 & 76 &l
PG REE MR, A H 20N 100%, Kt MMCA 1 R s ARy 50 pg fIANFEEIZ DNA, i
A2 A4 2 B A T e I R A

A FAM channe] HEX chammel ROX chamel CY5 chanmel
0.4 0.4
0.4
0.4
a
g 02 02
402 0.2
: / /
[y
0.0 (X 0. 0.0
0 10 20 30 40 = 0 10 20 30 40 00 10 20 30 40 50 0 10 20 30 40 50
B Cycle Number Cycle Numbar Cycle Numbear Cycle Number
2
1 4 1
1
$o0 ; ° :
1 A 1 1
W E0 e 70 @0 W s e 70 & 3 s 61 70 & % S0 60 70 80
Temperatum(T) Temperature(T) Temparatune(T) Temparature(T)

(A BUONEA@EEM Y i, MWAESGIMARERKH DNA BKIX 50 ng, 5ng, 500 pg, 50 pg M 5 pg, KL AR
BIvEXT R (B) EBUAREANEIE S I Hrai R, A BRI R AR ZEF 4 DNA #/KIK 50 ng, 5ng, 500 pg, 50 pg #1 5 pg, K4
HH 2 A IS AR FRY 99 e o B

Kl 2 MMCA 4 Ffe il 2 i e sl
Fig.2 Detection sensitivity of the MMCA assay

2.3 FEHL ABERE AR ML R

MMCA & &% 218 3 AFEFIZH DNA ) CYP4F2. VKORC1 #1 CYP2C9 HyPUAS £ Ak A7 s 14T
FER R, HAL MR SER 2 AT, RSB RR 3, AR IE 3. 75 218 FIFEA
R IR CYPAF2 rs2108622 £ AHIFEK AL GG, GA 1 AA 4374 124, 82 F1 12 fl, &% 5 56.9%,
37.6%F1 55%; Fl3] VKORCL 159923231 £ mi (R ZE R 2 GA A1 AA 735108 34 F1 184 5, %% /7 15.6%
1 84.4%, KA EEFAERAA T GG AR A, I CYP2C9 rs9332127 {7 M HIZERE A GG, GC Al
CC 75N 204, 12 A1 2 fl, &5 93.6%, 5.5%F1 0.9%; # i3] CYP2C9 7 iKY rs1057910 ik [H Y
203, 14 F1 14, %7 93.1%, 6.4%F 0.5%. A 40 A R R AR AN 7 45 5 5 MMCA 14 &
FER G5 B og 4 —5, P MMCA 14 2 HL A 1R 55 (055 5 T R0 v A 1k
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3 21BMIRE AR (R 73 T 5 R % % SNPL s BB A e i3
Tab.3 Genotyping results of 218 samples and the frequency of each SNP detected in this study

ZAMENL AT FER AL SN EER AR
GG GA AA G A
152108622 124 (56.9) 82 (37.6) 12 (5.5) 75.7 243
GG GA AA G A
159923231 0 34 (15.6) 184 (84.4) 7.8 92.2
GG GC cC G C
189332127 204 (93.6) 12 (5.5) 2(0.9) 96.3 3.7
131057910 AA AC cC A C
203 (93.1) 14 (6.4) 1(0.5) 96.3 37

Ve e B (2 0 D R A 7R it BT 28 0 A S 7 T R 0 T A R, R (S DR TR AR I P xR A st 2 BT R, BB SRR A (B s
2N AR FIVRE S (R I35 gt B 2 0 BT 2 2R

Kl 3 MMCA A Z K TR AT g B 25 2R
Fig.3 Typical melting curve results of unknown genomic DNA samples by the MMCA assay

24 FitFESW
PRI BT, BT ABE rs2108622. rs9923231. rs9332127 F1 rs1057910 Fty 25407 ik P 45 2 A ik [A]
BT Z 5y 9 77 & Hardy-Weinberg V7, x*{E 43574 0.008, 1.139, 1.077 #11.077, p>0.05.

33t i

AHIF FC 35 FH I = AN J8 DR op o () N L BATR S ) SNP A7 AR ARG I %, I 2 € 3 0 e il
R HA, ERAPYE] A PCR SN BRI SZELNT 4 4~ SNP 7 4 A [ B A I AT L ] 40 . o4k &R
HITERETEAN 45 SRR B, %R R A RIF I E SR EIE, A EHRAE A 5L R[5 1 S5 5 5% F A [E) 47k
BLE ) MMCA &R CanbriE e ke e g R, S22 8MAS T MR #ERZ (SD) 3
AINTF 03 Cs FIBARRPI T REUE R4S 1R, ZERTRNKZE 50 pg AR 4 DNA, A
AR BRI R R, AT DL R I R A BRAS [F SRR (R . M. SR SE) DNA FE A (1) fa i) 2
K MXTASFIFEF B AL DNA bRt i Al 218 FIREAL AR 20 DNA [958 [ 7 B4 45 1 535 A AR 1
TP 45 B o4 —8, R T MMCA 1A R B AT KT 1R 5 2 R A i

TR 218 4y E TN FEZE K 2 DNA 19 4 A SNP AL AR R 0 2, FRATTHE 5 7 kAN 1k
W ZiA R IR HT 4 A SNP AL S 7EJE T THEX [P R ZEAIR . W3k 3 Fion, CYP4F2*3 (c.1297G>A;
1s2108622)25 A K] G F1 A BISRZE > HIA 75.7%H 24.3%, Horb A 67 R & 7 EIm ik
2 &E; VKORCL c.-1639G>A (rs9923231) ZEA7FE[K G Fl A AR 2 5N 92.2%F1 7.8%, H A %%
7 3 DR 48 7 o 7 B MR 25778 CYP2C9*3 (c.1075A>C; rs1057910) Z5A7JER A A C ISR
N 96.3%F1 3.7%, A C SEAr R T B RE MR A 257 & CYP2CY IVS3-65G>C
(rs9332127) ZEA7FER G Al C MR 1N 96.3%F1 3.7%, FHorp C 547 3 R #5175 Zod /> vk R
ZifE. iR 4 > SNP AL & 75 JE 171 Hh X[ A A 40 2 2 75 6 B A3 v [ 50 i N T () F 9 2 JR 123241
I, CYP2C9*3. CYP2C9 1VS3-65G>C. VKORC1 c.-1639G>A Fl CYP4F2*3 J& [K £ &7 b | A\ Bt A
H—ERRAER, Rk E ANFEZERNMEFEEZ RN EERE, FHGHTIX SR L S
W, 658G E. RESRKEE, AT RNEEERSGHEMEEMNFE, 2508 RENE, PFRE™
HAN R IR AR

H B E AN g BRI AR AR AR AL 254055 SNP (7Rl 20 N 2 PCR J Ab BRI J73% (dn
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PCR-RFLP. JEQAEfr. SEALEDR R e PCR. A MR S oA (il vk . FEBEIR MY . Sanger W7 55)
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