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Detection of Drug-metabolizing Enzyme Gene Locus Polymorphism in Human by Multiple PCR-LDR

LEI Yajing, ZHOU Lifang, ZHU Yinhuan, WANG Anxing(Hangzhou Qianyuan Enshi Gene Technology Co., Ltd.,
Hangzhou 310052, China)

ABSTRACT: OBJECTIVE To develop a novel method based on polymerase chain reaction-ligase detection
reaction(PCR-LDR) system for simultaneous detection of mutations in the gene locus of various major drug metabolizing
enzymes in human. METHODS Single nucleotide polymorphism(SNP) sites related to drug metabolism enzymes were
selected, and PCR primers and LDR probes at each SNP site were designed and synthesized. DNA extracted from human oral
mucosa cells was used as template to obtain PCR-LDR reaction junction products. ABI 3130XL was used for detection and
analysis. RESULTS The PCR-LDR typing method established in this study was used to classify 14 SNP sites from different
individuals, and the typing results were completely consistent with the sequencing results. CONCLUSION The PCR-LDR
typing method established in this study is able to perform one-time typing for 14 SNP sites at the same time with accurate and

reliable results. It is a simple, effective and low-cost SNP typing method.
KEYWORDS: drug metabolism enzyme; single nucleotide polymorphism; PCR-LDR
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i M2 B (inosine triphosphate pyrophosphatase ,
ITPA) ., A% R EK N i % 1L ¥ & 1§ (prostaglandin-
endoperoxide synthase-2, PTGS2). 2 & MR E{EZ
A& (B2-adrenergic receptor, ADRB2). fi¢ i i E B
X i E % K 1(corticotropin releasing hormone
recipient 1, CRHRI), 3V H 3 PO & R 38 I i
(5,10-methylenetetrahydrofolate reductase, MTHFR)
il 12s IRNA S5 245 299G B AHOCHI B, I
#37. PCR-LDR 7k SB[k 14 ASBE R Y
PRI
1 #MR5EE
L1 HEACRIR

2019 4£ 5 A—7 HAERUNAF IR B REE A FoR
A FRA R AT R R R A
1.2 R AR
1.2.1 5] 2xPCR mix(#it5 : 150434) , Tag DNA
BEAERFCHE S . 140413)190 [ 5240 /EH); GeneScan
120 LI1Z 731 Wit : 00860479) . POP7(HL5

x®1 HYRHBERCLGHERGY

Tab.1 Drug-metabolizing enzyme gene locus and related drugs

2003640) . HLk Buffer(t*5: 1912515)55 3 [ 3£
[£] ABI /A #]; PCR 51491 LDR 4 + HERE W&
1.2.2 %% Veriti™ Dx 96-Well PCR 4" #{¥ |
3130XL ELH 7 A4 [ 3[R ABL A H]
1.3 SNP i i it ¢

R A S SC R 8 A B ast 14 24 B~ 5000 4
(PharmGKB) 1 5 % W25 WG i AH G SNP {5
B, AL 14 ARG IR Y
SNP i 55, 53R I3 1, £ 1 hREIEHE G128 145
5 I R RS s AR OC R 245, AN (] e TR B g A4
ST X 2 IR R R A P2 00
1.4 51t

7 dbSNP £ 45 72 v A5 1) % SNP 7 s b 7
H, RH Prime 5 BT 13 X5 1975, W
%2, A 5 9 NCBI M3 HH (1) Primer-BLAST
% Bt (https://www.ncbi.nlm.nih.gov/tools/primer-blast/
index.cg)ifF AT T 1Y FESFPE BT, FTHEACHEER
JEfE PSR A

HA L5 49
CYP344 1528371759 B ERE . AR IR RS . iR
CYP345 15776746 REVEY . EfhiT. flisesin] . ST Imar il . AT
CYP2D6 rs1065852 By SR, NLEBbiE . 52 AFEVIY . SURDHT . FREEPETT . FIREAR . SEFCI%R . 3 2 MR
CYP2C9 rs1057910 MBS . WESTER . FEREA . FULIEIY . Rk, TRICERN . R eih . &b, fkfhiT
CYP2C19 rszggg;gg TRSLFREME | SRS E . BRSERImE | 2R TEDLRIME | PR . PEER S L A kR

IS

ADRB2 rs1042713 WTRHEE . VRS | BNER . SZRER . BT FRE
ITPA rs1127354 FIELHAR . GRS | % SL s
MTHFR rs1801133 MR, RS | RATT . B
CRHRI rs1876828 AR IR R . el
PTGS?2 520417 i 2%
ABCC2 5717620 FARS
128 rRNA 15267606617  PRREHE . KRR, KA. FRKE ., #ER. ZMAER

15267606619

#*2 PCR 477
Tab.2 PCR primer sequences

HH (P EIEEII(5°-3) THEEIYI5°-37)
MTHFR rs1801133 CCCAAAGCAGAGGACTCTCTC CGGTGCATGCCTTCACAA
344 128371759 CCCTTAGGGATTTGAGGGC GGAAGTGGTGAGGAGGCATT
ABCC2 rs717620 TGGTAGATAATTCCTGTTCCACTT ACTACCACTTGTTCTGAGTCTG
345 15776746 TTGTACGACACACAGCAACC TGTACCACCCAGCTTAACGA
CRHRI rs1876828 AGCAGCATACCCCTAGGGAC GATTGTCTAGAGCCTTCTCC
PTGS2 rs20417 GTATTATGAGGAGAATTTACC CTAAGTTGCTTTCAACAGAAG
128 15267606617 GGGTCGAAGGTGGATTTAGCA TAAGGTGGAGTGGGTTTGGG
1s267606619
2C192 154986893 ATCTGCTCCATTATTTTCCA CAGGGCTTGGTCAATATAGA
ITPA rs1127354 AAAGGCGGATGACAGCTCAC GGTACTCCGGCACTTATCAGG
ADRB2 rs1042713 GACAAGCTGAGTGTGCAGGA GATGGCCAGGACGATGAGAG
2C191 154244285 ATTACAACCAGAGCTTGGCA CCGAGGGTTGTTGATGTCCA
2D6 rs1065852 ATTTGGTAGTGAGGCAGGTATG GCAGTATGGTGTGTTCTGGAAG
2C9 rs1057910 TCCAGGAAGAGATTGAACGT CGGTGATGGTAGAGGTTTAA
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1.5 £ PCR WA

DT s IS0 B b F ) DNA SRS, Bk
A 20 pL ARG B 1R R A1 45 2xPCR mix
10 uL, Btk 2 uL, SIREGY 1 ul, K 7ul.
MEEFH: 95 C 2 min; 95 °C 25s, 53 °C 30,
68 ‘C 30's, 40 MMfE¥H; 72 C 10 min; 4 CHEF,
1.6 FEFEIT

X} 14 4~ SNP i g % it — RIA R 1 5]
WA, AR A5 WP 8 ok ) SR A R R 2
24 bp, MRS IO, AR e L K
X ok o AR B A 1 SE PR R B B BR P S
KSR 225, LA A 51 975 16 0 e 30+ HF
AP, 38 2 T A AT A T, W AR R
B, W, TR A S P Z A
AT EE SRS . 14 41 LDR 514914751
WL 3,
1.7 LDR Wik Z

PIZH PCR RN =4 i, fifb)a i) LDR
FSAAZ M. 10xBuffer 2 pL, AR 2 uL, %4t
mix 4 pL, Taq DNA i%E4% 0.5 uL, 7K 11.5 uL,
SVAFH 20 Lo PEfb/E 1 LDR W FEF A :95 C
2min; 95°C 155, 58 ‘C 255, 40 MEH; 4 Cf#
+¥. PCR-LDR =¥{#i H} ABI 3130XL Sequercer i/
AT HL YA I 2R 1 T 45 SR 40T o
1.8 S E

FTHF Genemapper ID k{4, w1 Adi FH AT H 1Y
FETEES A panels. bin set, ZE7AH N 1Y
analysis method, #i A size standard, ¥ 5CE,
A UK, ALY panel | analysis method
F1 size standard WS, FFUR BT R
2 #R
2.1 PCRIBAIREFER

PEELT 50 'C, 53 CAHI58 C 3 AN ki E ik
1128 PCR [Ny, 45 R, UL 53 CHERBR KGR
JERE, G5 mom, HUb, 2k PtniiR kRN
53 C,
2.2 LDR &R EHRE

7£ LDR (W MR R 1, % Taq DNA 3% 2l 1)
e T TER, ®HET 0.2, 05, 1 uL 3 N
B, AR, 0.5 L A1 pl R 045 S 0R
JEB & F 0.2 uL B, 177 0.5 pL A 1 uL [
X I AR S A B 2500, PRI, ZEFE 0.5 uL
ViR e 41 Taq DNA & HE N & o

o E AR 22 2021 4F 2 A4 38 454 4 1)

2.3 PCR-LDR & &9 #2558 K& 5ok

SR HABEFE RS T, WTICAE B I RE AR
AFRGIN SR FH A BT 30 0 P 28 SR 2B A5 o b, e
W2 BIREARR R R ILIE 1, MWERATLLE H
14 AL F5t T8 07 B B2 URNAEAE T, T
W EAEHEAT B SRS [RIETER 10 BlREAET T
PCR ¥ ¥ 526 255 — 1T sanger M7, 3R 1)
SRR 4, AT H #7075 3
5 sanger | P45 R —E3,
3 Wit

RZIAR Y M S sioss, 528004 W
TEERHGE B, (2016 4F L 12440 4 M AF
WE AT iR, FRHZAA Y P EGFELES 3
TAILERE, HELRM, PEILEGYARK
N AR 12.5%, SRR 2 %, Brds )L 2k
FIAR) 4 f5. T 2P0 B RO & s )
BB . MR AW AR AR L B R AT
B AUARRN LR, BEMREZAX,
FOPASMRIE R EZAEH

ARG KR T E Byt fL 2 B 5 PE R
(PharmGKB) A S AHXCSCHR, it 17 12 A58 02y
YIARSC I 25 AR R, Hrp b e 3 B (o7 o
N 144 dEEER PASO(CYP450) e AN A2
Y E2RE, CYP AZMNURG, AWEkeE T
CYP3A4,CYP3A5,CYP2D6, CYP2C9 F1 CYP2C19
F6NHEEME, BMNZ5 T HErRD, filbs
7810 R E PG ST i 2P 5T
SFUOTC g I RUEOF IR AR ST R
MR B U4 B S s (I8 A 22 25 1 B AR A 7
ADRB2 & —FEARN 2 04 G AR FIARIR Y
TR, YEARIE ADRB2 JER 245 510 T Hielol |
WRRFZ IO R AERLT | E 2RISR R NS L
PR R OVSE W 25 G ITPA 5 IF R IR TT
b R R A A B A G0, MTHFR 9 3
BN R AE R A B ok 5,10-30 H R PO
MR Ak S B AR W2 DR 1Y) 5-H 3L DU &R
Ik R 2 25 5 W R ZE AR N 3% 12, CRHRI
N ZAME S8 NER U RS A 2 42
A2 W BT RCE P2, PTGS2 3E R 2250 540
S5 BRI VR SR A A G123 4BCC2 SR
EZY RS EARES R NA LSRN, RS QRIS 12
& 128 tRNA 28748 A il 2 3 2 25 )
Je A5 ke H B B AU 29,

Chin J Mod Appl Pharm, 2021 February, Vol.38 No.4 -441 -



#3 LDRH4F7
Tab.3 LDR probe sequences

75 PRET 2R ¥4 5°-3°
1 MTHFR M P-CTCCCGCAGACACCTTCTCCTTTTTTTTTTTTT-FAM
MTHFR C TTTTTTTGCTGCGTGATGATGAAATCGG
MTHFR T TTTTTTTTTGCTGCGTGATGATGAAATCGA
2 3A4 M P-GGAGCTCGTGGCCCAATCAATTTTTTTTTTT- FAM
3A4 G TTTTTTTTTTTTCCTTTCAGCTCTGTCCGATCC
3A4 A TTTTTTTTTTTTTTCCTTTCAGCTCTGTCCGATCT
3 ABCC2 M P-GTTCCAGACGCAGTCCAGGATTTTTTTTTTTTTTTTTTTTT-FAM
ABCC2 A TTTTTTTCATATTAATAGAAGAGTCTTT
ABCC2 G TTTTTTTTTCATATTAATAGAAGAGTCTTC
4 3A5 M P-TGAAAGACAAAAGAGCTCTTTTTTTTTTTTTTTTTTTTTTT-FAM
3A5 A TTTTTTTTTTTGTCCAAACAGGGAAGAGATAT
3A5 G TTTTTTTTTTTTTGTCCAAACAGGGAAGAGATAC
5 CRHR1 M P-CAGGGAGGGAGAGAGGCAGTTTTTTTTTTTTTTTTTTT-FAM
CRHRI T TTTTTTTTTTTTTTTTTTTACCCCTAGGGACCTAGGAA
CRHRI1 C TTTTTTTTTTTTTTTTTTTTTACCCCTAGGGACCTAGGAG
6 PTGS2 M P-GGGAAAGGTAAATTCTCCTCTTTTTTTTTTTTTTTTTTTTT-FAM
PTGS2 G TTTTTTTTTTTTTTTTTCCTTGTTTCTTGGAAAGAGAGGC
PTGS2 C TTTTTTTTTTTTTTTTTTTCCTTGTTTCTTGGAAAGAGAGGG
7 12S7 M P-CTCCTCTATATAAATGCGTATTTTTTTTTTTTTTTTTTTTT-FAM
12S7 A TTTTTTTTTTTTTTTTTTTTTACACTTACCATGTTACGACTTGT
1287 G TTTTTTTTTTTTTTTTTTTTTTTACACTTACCATGTTACGACTTGC
8 1289 M P-GTGACGGGCGGTGTGTACGCTTTTTTTTTTTTTTTTTTTTTT-FAM
1289 T TTTTTTTTTTTTTTTTTTTTTTTTCCTTTGAAGTATACTTGAGGAGA
1289 C TTTTTTTTTTTTTTTTTTTTTTTTTTCCTTTGAAGTATACTTGAGGAGG
9 2C19-2 M P-CAGGGGGTGCTTACAATCCTTTTTTTTTTTTTTTTTTTTTTTT-FAM
2C19-2 G TTTTTTTTTTTTTTTTTTTTTTTTTTTAAAAACTTGGCCTTACCTGGATC
2C19-2 A TTTTTTTTTTTTTTTTTTTTTTTTTTTTTAAAAACTTGGCCTTACCTGGATT
10 ITPA' M P-AAACTTATCTCCTAGAATCTTTTTTTTTTTTTTTTTTTTTTTTTT-FAM
ITPA_A TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTCTGTGCCACCAAAGTGCATGT
ITPA C TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTCTGTGCCACCAAAGTGCATGG
11 ADRB2 M P-ATTGGGTGCCAGCAAGAAGGTTTTTTTTTTTTTTTTTTTTTTTTTTT-FAM
ADRB2 A TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTCGTGGTCCGGCGCATGGCTTCT
ADRB2 G TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTCGTGGTCCGGCGCATGGCTTCC
12 2C19-1 M P-GGGAAATAATCAATGATAGTGGGAATTTTTTTTTTTTTTTTTTTTTTTTTTT-FAM
2C19-1 A TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTAAGTAATTTGTTATGGGTTCCT
2C19-1 G TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTAAGTAATTTGTTATGGGTTCCC
13 2D6 M P-GTAGCGTGCAGCCCAGCGTTGGCGCTTTTTTTTTTTTTTTTTTTTTTTTTTTTT-FAM
2D6_C TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTCGGGCAGTGGCAGGGGGCCTGGTGG
2D6 T TTTTTTTTTTTTTTTTTTTTITTTTTTTTTTTTCGGGCAGTGGCAGGGGGCCTGGTGA
14 2C9 M P-GTATCTCTGGACCTCGTGCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT-FAM
2C9 A TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTGGCTGGTGGGGAGAAGGTCAAT
2C9 C TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTGGCTGGTGGGGAGAAGGTCAAG
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Fig. 1 Typing spectrogram of PCR-LDR
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Tab. 4 Genotypes of 10 samples

(DAY i
1 2 3 4 5 6 7 8 9 10
CYP344 AA AA AG AA AA AA AA AA AA AA
CYP345 AG GG AG GG GG AG GG AG AG GG
CYP2D6 AA AA GG AA GG AA GG AA AA AA
CYP2C9 AA AA AA AA AA AA AA AA AA AA
CYP2C191 GG AG AA GG GG GG GG AG GG GG
CYP2C192 GG GG GG GG GG GG GG GG AG GG
ADRB2 GG AA AG AA AA AG AG AG AG AG
ITPA AC cC cC AC CcC AC CcC AC cC cC
MTHFR CcC TT CT TT TT TT CT TT CcC TT
CRHRI CcC CcC cC cC cC cC cC CcC CcC CcC
PTGS2 GG GG GG CG GG GG GG GG GG GG
ABCC2 GG GG GG GG AG AG GG GG GG GG
1287 AA AA AA AA AA AA AA AA AA AA
1259 cC CcC CcC CcC CcC CcC CcC CcC CcC CcC

AW XTI E T 14 A FEPA S, X i i SNP 3 AU AR T vk
SRR AT DL 55 H R LR i VDR 2R A L T
CRGHY) . BURPRAY) . W RS .
T$éé§éL%%%u&Wﬁ%§éL%%%o EJHTJ‘@ [11 LIU Y Q, HONG Y J, ZENG S. Recent advances in

o _ Sl G N VAL v bz metabolism-based drug-drug interactions[J]. J Zhejiang Univ:
37 ZH PCR-LDR kil /5 i, %07k RE— Ik 5 Med Sci(TIT K224, BE221), 2000, 38(2): 215-224.
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