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HE. A B zkin = A R 35 £ R Rattus losea 3T % 1 AR FLE b R F A 69 ok X A A BB AL G445
U], AR R R AFRAES Y, RN IR F 320172021 F /2 R AL T4 K69 165 2% £
REEAT £ 2 AW, I A R KR 6 2 F K SRR 18 R B 544 T #4151 (vitamin K
epoxide reductase complex subunit 1, Vkorc1) #1435 B 57, o E R EH L, SREF, L%
BRATE 1 RALE 2 R R A Z R R I F A4 27.03%~50.00% , £ 28 Vkorel B & #m 2] 6 A
RE R BEAL S, L IE 2 A LR T AL 5 ArgS8Gly & Tyr139Cys A= 4 ANt Bk = T 4% 5 AladlAla,
Cys96Cys . Arg98Arg % Alald3Ala, % & F 4 %] % 87.27%.0.61%.1.21%.0.61%.1.21% #= 0.61% , £
T Alald3Ala 2 EHER PHAINGRAE R TS, AWK IZANBEFLRCATE | R%
f R B AT BRI GT 2 IS S8 e R B R T R H AR (Arg58Gly) & £ R ik
R Vkorcl ¥ 2R T 1%,5.,
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Abstract: To elucidate the occurrence trend of the resistance of lesser ricefield rat Rattus losea in the
Pearl River Delta to the first-generation anticoagulant rodenticide and its genetic mechanism, by using
warfarin as the standard drug, the physiological resistance of 165 R. losea captured in Jiangmen City,
Guangdong Province from 2017 to 2021 was detected using the lethal feeding period method. In addi-
tion, the gene sequence of vitamin K epoxide reductase complex subunit 1 (Vkorcl) was determined for
each rat tested, and the mutation status of Vkorcl gene was analyzed. The results showed that the resis-
tance rate of R. /osea in Jiangmen City to the first-generation anticoagulant rodenticide ranged from
27.03% to 50.00%. Six different mutation sites were detected in the Vkorcl gene of R. losea, including
two missense mutations, Arg58Gly and Tyr139Cys, and four silent mutations, Ala41Ala, Cys96Clys,
Arg98Arg, and Alal43Ala, with a mutation rate of 87.27%, 0.61%, 1.21%, 0.61%, 1.21% and 0.61%,

respectively. Among them, Alal43Ala was a newly discovered silent mutation in R. losea. These results
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indicated that R. losea in the Pearl River Delta has developed population resistance to the first-genera-

tion anticoagulant rodenticide with an increasing trend. The arginine at position 58 mutated to glycine

(Arg58Gly) was the main mutation site of the resistance gene Vkorcl in R. losea.
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B VA B — I Y By IR 1A TR
Bl 22 4 A 7 ROk i f B e 7 SR (R
2022). FEIA MR EB R, fh2EB i —
P EL AL, R R 0 28 MR R R ke (X1 Ihe
#E,2018) o 20 1H20 50 4R CHL], P R B
R B A K o — S AR, s il 2k
FF et — ey A5 2 A L I K BRR) s, OF R
THE 525 el Y SRR, sl H ™ i B oh
RAEHE EEANEH (FER SCRIEITA T, 1998) o (HAE R
1 R RS e b, LT ERE Il 2K BRGRIZ = A T hitk -
1958 4%, B IR & B 52 B, Rattus norvegicus ¥ 7% R
A=A T 9 (Boyle, 1960) . Z 5, KM 45 [ |
I INEK L H AR 45 F K AR RS T
PP BLEF (Cowan et al., 2017; Goulois et al., 2017;
Mooney et al.,2018) . 1980 4F D>k , B % HiE 1 K
SURITEFRIE 0y iz W, 3 BROCH LAY B B )™
(FEK X, 2001 ; At A5, 2019) , ZESGE AT — 2Lk
X, /NF B Mus musculus ¥ 5 5FN 85 19 B Rattus
tanezumi %5 FZ G RIS BB LU B Apodemus agrarius
SFEPAG RS OO A T hUE , R ECE 1B
KNI BH AR KR T B (FEE 5245, 2001 ; & &
FEAE, 20085 TR 1ALAE,2013)

JARAS S P PO 1 K RRGRI A L b X 2
— R TEEIN R 5245, 1999) (VT (5K 42 4%
2002) 7N (5 @54, 2004) | HN (AR 7R B 45
2005 ) I3 37 (B o 4, 2005 ) 61T A LA BRI
PUEBE MK A=A T A AR e E A, e
TR B 1) RO PE R R 3k 33.3%, T 42 TH R X A 3R 1Y
INFBRAITPER 1K 50.00%, 85 B Rattus losea &=
IR A FEE R, o5 A IXCH BUEEY 50% L
bR EE R FRRT  EOK ek R IR AIK
R REY A BRI 10%~30%, Bi i 5 AT 1 ik
3%~5% Y P AN R, XAl Az 7 B AR R (B
A, 2007 MBS, 2022) . (AR, BB R L2
BLRPEIR B, WAL RE Z A, R R 7 S AU L
S U AAR IR R ) v R A 1 1 T PRI RS R
SRRSO MR . TARATLT T A BRI =44
DHHLIX , 12 DX B 977 42 1 it 32 02 AT I 2K BR
FR FE 22 KA B THuE i K B a4 0] v A

YA L 1 5 53 A (2007 R B VLT T 25 X
SRS 1AL BE I 2K BRUR A T BedE , Btk ik
36.67% , B ST FH 8 R S i [ 4 S5CR e 2
A RO IX ¥ T2 PRI R A i AR
W53 3 1o BPE & B (lethal feeding period, LFP)2:
XTIz IX 8 B R AR BT ER RS A 4R R K
MY I A ) H07 1 (vitamin K epoxide re-
ductase complex subunit 1, Vkorc1) & fith & [l ) 28 A58
Fril , %of ER ST 245 M L3 S OCIBEHE A R4 7 R A
5%, LI itk — 2045 5 3 BB 25 M W I A RL27 Bl
ALK

1 B 5%

1.1 ##

M AL BB R T 2017—2021 4E A T
FRABVLI T B AR H S0 28 B IR 35, 4 07 1 ]
PLEJa XA R UE AT BRER PR 00 5 o R g, e fa
JE R AT DL AR et R i oK
RS Y0 A bt g, AR R

PR R R, LgEBRL T AR Iy
H BT 4 2 DNA 32 BURH & . 2xPro Tag T
TR, W1 RE SR 2B W T A2 4 PR F) ; DNA Marker
L FEZR i . Gold View B IRYLR, A TAY TR (L
U3 ) AR A BRA 7] 5 AR 4 R [ 7= 3 B4l . Cen-
trifuge 5424 R = 15 28 7R 25001, 72 E Eppendorf
/37 5 T100 8 & PCR AL, Gel Doc XR+¥%E i i 1% 5
4 , 3% [ Bio-Rad /A 7 ; DK-8D % iy #AufH JR /KAl | |
T —FE B A FR 23 7 ; DYCP-31DN U 35 I b /K -
HLUKAS, b s —AE R A R A
1.2 Ak
1.2.1  FE R0 A 22 e

K I LFP 3260 5 6 B0y A= BT VESEA T A, 4%
S RS HU 2 W IME L 48— 7 VR T ek it
AR (X X,2001) . BUXRUERER SR, 4 KA
25 36 AR K IR IR 2 d BEA TCRE KK, 2 KR
EHAER I O I OK 2R 2 REEE KD OR
Ko 4RIk RO THFE R 1Y 209%) (M ARYETR o TR,
W% B FHIE B A N, N- " H L Bk e i, 15
5K ER AR5 5 0RO i L 0.002% 7845301R:
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GHA TR RS . B R EOE SR A
T 0.002% & R FEH 9 d, B KFR i ic SR #E
B 7 /5 O s S [ R T 0 W T 1 ) o N £
R A AT ] (hg 2 R iR 25 B8 T i
MRS ) X0 IR AR AT T BRI TR WS A
TN L. B EE AL RS R AR MR RS 2 T4
BT, A RFRIEIEE 21 d, ] s R A AE T 1
DCITHEAT PR M U 9] AR B T il A4
TEA AT BB B0 25 R A 4l 24 1 A A F) 10 mg/kg
A B, 00 48 o5 s HLAE 2450 i (2 BUE IR
55 S M1 E8 AR 2 BRR 4624 5 ) 1K 51 10 mg/kg 14
RPN, R 2 AR T FE T AR SRR A
TR TR (b BECE  A RECER L )
A i (U A AE IS B R AR R 4l 2y
i) AN 0 (o AR A R A R BRR
afighin) , A PUEREAET 15% MU ChZ R E -k
PR BB 45 ,2007) . 2017 436460 137 1
R (16 4 21 4F) , 2018 AFFLAG T 56 FH KL (30
26 1), 2019 A= FLAG I T 34 HAK B (15 M 19 1)
2021 ARG T 38 H R (20 M 18 E ) , 2020 4 HH
TR TR BRI AR RE R AE BIREA HEA T A I
R
122 H £ Vkorel A B #9735 50 5

B8 120 BUPEAS I A 5 T BRORNAE 36 B3 B
2~ 3L s AR A T IoK S BEh e H . R B
Y120 21 DNA $2 B0 £ 2 R U B 5 P2 Beig A~
FEARRYIENZH DNA, T-20 ChEfisc . T Vkorel
FEREA 3 MMNE T, MR PE GenBank 11 EL & KA B
B Vkorel 3£ H % 91 (GenBank % 5% 5 FI868832.1) ,

ERE 5T 229~423 .1 23 1~1 340 F112 184~2 386 bp
Ab (FI868832.1 FE K J7 41 i (275 1 M AX IR G5 M
() DAMNE T3 3 41519 RI1-F/R11-R \RI2-F/RI2-R
FRI3-F/RIB-R(ER D), 51 M4 TAY TR
) B PR AFI A . BB B Viorel FEHE 1 415
YIRIL-F FIRI-RP M (+)107 2= (+) 711 IZAT R
FE31, 465 2 21514 R12-F ATRI2-R 4738 M (+) 1 048 &
(+) 1 S12 ML RRIT 4, 565 3 4154 RI3-F M RI3-R
PHE(+)2 045 F(+)2 682 L HRIFH] . T f
Vkorcl JER ) PCR Y HGIAR R 3470 25 uL, 45 SE I 41
DNA #4871 uL. Pro Tag Master Mix 12.5 uL .ddH,0
9.5 uL AL FIFS 9145 1 ulo W AcfF: 95 CHilAs
P 5 min; 95 CAEYE 30 s, MR KIRE T (£ DR
k305,72 CHE40 s, JEFR 35 UK 572 CCAAESH 5 min,
PCR 4" 38 7 W1 25 1% BB W58 s r Dk Ao I i A T
AW TR ) B A BRA w1 T
1.2.3  Vkorcl 32 B & T A% & 694 47

J3; FH DNAStar 5.01 R2E5F 1.2.2 0 2 AT i 5 51l ik
TR P4 , T P AR A5 s T T I T
F(R.)Y M. K.S.W)FE/R. PANCBIEHE & # g
BUHY Vkorel JEIH 751 (GenBank % 5% 5 F1868832.1)
JBZFH], K DNAMAN 4.0 2550 545 31 1)
1 B R Vkorel 2ER ¥ 9 55 2% JE R P 17 EEXT
[F] B A 225 5 1] 3 A4 4h i 4 65 77 5] (coding se-
quence,CDS) B 143 B R FEHE , B 8 E F Vkorel
LR A A T X B, 30 Viore I 5 DR 2t [X A BAA%
TR 22 AP A5, B0 2 28 PR 5 AN ] A5 67 L [
JIT 52 TR M A AS T e PR A8 348 S DR R ) 2 A R
(i ARl S8 g A MATERVEE TP B 5 LG o

F1 EER Vkorcl EEHBX KRS MFT

Table 1 Specific primer sequences for the coding regions of Vkorcl of Rattus losea

EIRZEA S (5'-3") B KL PH R BOR/I
Primer name Primer sequence (5'-3") Annealing temperature/ °C Amplified fragment size/bp
RI1-F CTGTCACGCCTAAGAATAACCA 56 600
RII-R GCCATCCCAATCACCCTC
RI2-F CTCGCACCAACTCCTGAAA 56 500
RI2-R GCCTCTGGCTACCTAAACCTA
RI3-F GGTCCCAAGAATTATTGAACAG 52 650
RI3-R GAAGGCAGTAACACGGAAAG
1.3 BRSO AR 25 5 1 25, o M R B ) A T AR T P AL

IS I SPSS 19.0 8K A XA g6 s AT 4t i+
R UBSLAEAS 8 30 A A AU A AR ]
PR 25 S ) e G PR R T 22 e i A
A JBE IR AR U M 2470 B SR T 1]

2 BER55H

2.1 EERMFIRWEMRRFEL EHER
2017 A48 37 How E RUP R Hpopk 1o 1
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PirEF R 27.03% (K 2) , H 16 HlfE R A 6 Hit
PR, 21 HE R A 4 HyoiE R, Pk R0
37.50% F119.05% , 14l 2 [0] 25 1 . 2 ()/'=1.568,
P=0.274), PrHEARRPTIILETE R 12.98 mg/kg,
TRUBA AR B - BB 18 12.46 mg/kg, i 25 57
AN (=0.257, P=0.800) ; SHUBAAR B 250 T 1
64 9.73 d(F2).

2018 4 7F 56 H i B U Al b tE R 17 2,
PirEF R 30.36% (£ 2) , Hi 30 HME R A 8 Hit
PR, 26 HUE R A 9 Jyttk B, Burk R 08
26.67% H134.62% , M| Z [0 22 48 B2 ('=0.416,
P=0.519). PrHARRPTIILETE R4 18.14 mg/kg,
HUSRAMR A ESE ) 4 15.58 mg/kg, P4 2 5+
AN (1.091, P=0.299 ) ; SEUBANA A -2 5E T
6] 10.22 d(F£2).

2019 47 34 HB B Rorp R bt 1S 1,

PR N 44.12% (% 2) , Hop 15 HER A 7 Ht
PERL, 19 HUE b 8 Rtk B, Bk 0 A
46.67% F42.11% , Pl Z [0 25 5 AN 3 (=0.071, P=
0.790) o PUPEAMRIY AT 524 15.86 mg/kg,
HURAMR A EBE ) 0 12.67 mg/kg, P4 2 5%
A3 (=1.725, P=0.097) ; BUBAMAR I -2 50 T
B 11.27 d(F£2).

2021 4F7E 38 U B B bRl Hh otk B 19 H
BUPERH 50.00% (K 2) , Hor 20 HER A 11 Bt
PR, 18 HUE R A 8 Hytk B, butk =45 A
55.00% F144.44% , M 2 0] 25 TN B 2 ('=0.422,
P=0.516) . PriMARPEIIFEE M 13.90 mg/ke,
TRURAN R BOE I o8 9.55 mg/kg, R # 22 5%
e b 3 (1=4.352, P<0.01) 5 SRS A ) SF- 4 SE T B
6] 7.69 d(F£2).
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Table 2 Resistance occurrence of Rattus losea to the first-generation anticoagulants warfarin

HUBRAMA Sensitive individual

HEA%L SRS RN PUPEAS AR BF-B77 15 57
EUIAS N7 Ak x| -=- N7 Ak sk
i‘:e{aﬁr No. of Resistance  Average body Average survival dose of FHIEBER FEBET I ]
samples rate/% weight/g resistant individual/(mg/kg) Average lethal dose/ Aver.age death
(mg/kg) time/d
2017 37 27.03 59.34+2.25 12.98+0.67 12.46+1.12 9.73£1.13
2018 56 30.36 78.16+3.63 18.14+0.87 15.5842.17 10.22+2.63
2019 34 44.12 55.73+2.39 15.86+0.81 12.67+1.66 11.27+2.02
2021 38 50.00 95.14+3.35 13.90+0.61 9.55+0.80 7.69+0.54

P v B b - Y R v B 5 BEAS O E B

male and female counts.

22 HEERIEIRMENRBRFNRELEHER

20172021 45T ARG VLT T A H 3 6 R
PLAGPE L AR B OURTE  BRVT. = A b X 3 B R ES
VARBTEE I K BRI C L T Ut FpRe , Pidk R4 7
27.03%~50.00% Z [a] , itk @A T HE L F#
P(F2), HrpPrdER7E 2021 4 L 2017 4E 34 fin T
84.98%, L kA K 1Y F- ¥ A7 05 R &2 A T 12.98~
18.14 mg/kg Z ], 4 B[] 22 S i 1 3 (F=7.210, df=
3, P<0.01) ; BUBAKR I T 3 BOEF) i A T 9.55~
15.58 mg/kg Z ], 4F B[] 25 3 AN I 25 (F=2.643 , df=
3, P=0.058; &1 1) ; B ANR 1 F- 38 T2 B ] 4 F
7.69~11.27 d Z ], A J 18] 22 5 A Wit 2 (F=1.041, df=
3,P=0.383;K12),
2.3 BEER Vkorcl EENE FRZEBRSSES T
231 HER Vkorcl £RIEF 57

FH 3 X5 51 4%} 3% B B Vkorel JEP A T IX BE

1144, Data in the figure are mean+SE; the number of samples includes both

AT G, 2 ERAR B RE T 1S 2 KN 2R
600,500 F1650 bp B 7 Bt o FRZE Vkorel B H A1 i+
JEANR S AR 3, AWF 58I 745 8 TV T 3 B
S Vkore 1 3£ R 3 40 B T IR (—BOZH R IF A ;
Hp 55 1488 FEATIRIF 518 GTGTCTGGGCTGT-
ACTGTCGACATGGGCACCACCTGGAGGAGCC-
CTGGACGTTTGCGACTTGCACTATGCCTCGCT-
GGCCTAGCCCTCTCACTGTACGCACTGCACGT-
GAAGGCGGCGCGCGCCCGCAATGAGGATTAC-
CGCGCACTCTGCGACGTGGGCACGGCCATCA-
GCTGTTCCCGCGTCTTCTCCTCTCG (195 bp) ; 4
29NETFRAHBRIF Y GTGGGGCCGGGGCTTTGG-
GCTGGTGGAGCATGTGTTAGGAGCTGACAGC-
ATCCTCAACCAATCCAACAGCATATTTGGTTGC-
ATGTTCTACACCTTACAGCTGTTGTTAG(110bp);
55 34N PR IRIF S GTTGCTTGAGAGGACG-
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TTGGGCCTCTATCCTACTGATACTGAGTTCCCT-
GGTGTCTGTCGCTGGTTCTCTGTACCTGGCCT-
GGATCCTGTTCTTTGTCCTGTATGATTTCTGCAT-
TGTTTGCATCACTACCTATGCCATCAATGCGGG-
CCTGATGTTGCTIAGCTTCCAGAAGGTGCCAG-
AACACAAGGTCAAAAAGCCCTGA(203 bp) , 4
fih 161 MK .
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Fig. 1 Annual differences in drug intake dose between resistant
and sensitive Rattus losea

FEVRAINT 5 F 7R B #E 4 . The points outside the box rep-
resent outliers.

232 Vkorcl AR ZF 0 H IR % Sk
1E2017—2021 FF LAY 165 Him B BAEA
FEA A rp A 21 6 X AT IR 58 A8 A i, Horh
SCGRAR A 24, oS 1A H Y C194G(S)
(Arg58Gly) 1% 3 4h i 7 H1 () A438R (Tyr139Cys) ;
A ANTUERGEAEN 83, 435 5 1A FH Y A145R
(Alad1Ala) .55 3 4F . F 1 9 C310Y (Cys96Cys) .

A316G (Arg98Arg) Fll G451R (Alal43Ala) . 7E455E X
FASAL RS 1AM R Y C194G(S) (Arg58Gly)
(IR T Ee T, N 87.27% , Heali & A R N 66.06%
(CRAEMG) , ZB AL R 21.21%(CRAEMS) 5
55 3 M BT ) A438R (Tyrl139Cys ) (2875 R A,
90.61% , (R E] 1 H 8B RALE TIZRAE., 41
TUBR 578 07 i 1 28 78 AR ARAIL, Forp 7E 2 MK
(1.21%) WK 1) 5] A145R (Alad41Ala) , 76 1 H A
(0.61%) HF K& 2] C310Y (Cys96Cys) , 1E 2 H A4
(1.21%) h &G 5] A316G (Arg98Arg) , 76 1 HAMA
(0.61%) k&3] G451R (Alal43Ala) (F3~4) .

40

%é$ﬁ$

-10

FET-B}A] Death time/d

2017 2018 2019 2021
E4 Year
B2 HERHRNMMECHENEEES
Fig. 2 Annual differences in the death time of

sensitive Rattus losea

ZEA T K BRTLT T ¥  B Vkorel FEH 28 7%
D P S HUHEA DG A 24, 43 BN A S8 Y
W R 5788 W H &R (Arg58Gly ) RIS 139 17 TS 42
iR 278 P 2R (Tyr139Cys) , 5 B AE B B R
BASRALACE | REEREE TR 6 R,
G55 58 o7 A A 22 IR 28 722 1l T 24 112 (ArgS8Gly ) &
E BB Viorel 1Y FBE5AR7 4.,

K3 HER Viorcl ERRBRXETRM S

Table 3 The mutation positions in the coding regions of Vkorcl gene in Rattus losea

Hig Ajﬁ?\‘ j,‘f—i oA 2e — TN
sy TRIRESEEAL e SR ) IR
Single nucleotide . . . .
Exon . Allele Genotype (mutation rate)/% Amino acid mutation
polymorphism locus
RPN 145 A/G AA(98.79) AG(1.21) GG(0.00) Alad1Ala
Exon 1 194 C/G CC(12.73) CG(21.21) GG(66.06) Arg58Gly
3R 310 C/T CC(99.39) CT(0.61) TT(0.00) Cys96Cys
Exon 3 316 A/G AA(98.79) AG(0.00) GG(1.21) Arg98Arg
438 A/G AA(99.39) AG(0.61) GG(0.00) Tyr139Cys
451 G/A GG(99.39) GA(0.61) AA(0.00) Alal43Ala
3 i ABCIER UM LEAE T R IR A

TEFESE I PUBE I I 259 K R HLIX. , BE 4 A

PR, AR BTV SRR g et i H A [E A AT
PEWFSERYEE Ao AWFTE I A PRGTYERSIN A Viorel



5 RPHPHRE BRI — AN IX 28 B BB PR R A M H Viore ] JER 2354k 1207

FEPR o FREMAHSS A 7 TR R T BRI = i b IX
B RURET SR 1 AR BTEE il BRI b ik & Je S
WALHLE], 2B AR T8 B R E XS 1180
eI K FRFR ™ A T REAR UM BUiE R AT 27.03%~
50.00% Z [ , AR B - B AETE R A T 12.98~
18.14 mg/kg Z [] , LB 1A (1) - F BOHE | 15 A T
9.55~15.58 mg/kg Z ] , BUBAMARF- B 58T I [H] 4
T 7.69~11.27 d Z [1] , 3& B I 4F SR BR VT = A U Hs X
W RNt 2 B0 Th S Dt DL R

G e B 12 L DX A0 AR 2 ) ) ] 4 A A A Ik
LR A R RIS AR IS A, B HEa ™
O T EHIAVEY R, A BN i 24 2 A
FRUCE, BLBE I K BRI T i, S B0 A
M 245 T3 B AR B g 3 IR Z A ARG — K
BRAT3N, BEA Lol i KB, S DR 30 K
7%, 2RO — 28— P SR 2 e BT, B
PERICR 22 U A K B R R R ROR K,
MR T Bt RhE

T4 EER Vkorcl EEHBRYRTE
Table 4 The mutation frequencies in the coding regions of Vkorcl gene in Rattus losea %
0 FEA KL (T4 1AM T 9 AR L Y 9728 8 BT 4 3 M T 9 AR L Y 9748 A4
Ve :r No. of Mutation rate at mutation site of exon 1 Mutation rate at mutation site of exon 3
samples Cc(1949)G C(194)S A(145)R C(310)Y A(316)G A(438)R G(451)R
2017 37 72.97(27/37) 27.03(10/37)  0.00(0/37)  2.70(1/37)  0.00(0/37)  0.00(0/37)  0.00(0/37)
2018 56 55.36(31/56) 37.50(21/56)  0.00(0/56)  0.00(0/56)  0.00(0/56)  0.00(0/56)  1.79(1/56)
2019 34 82.35(28/34) 11.76(4/34) 5.88(2/34)  0.0000/34)  5.88(2/34) 2.94(1/34)  0.00(0/34)
2021 38 60.53(23/38) 0.00(0/38) 0.00(0/38)  0.00(0/38)  0.00(0/38)  0.00(0/38)  0.00(0/38)
A7 Total 165 66.06(109/165) 21.21(35/165) 1.21(2/165) 0.61(1/165) 1.21(2/165) 0.61(1/165) 0.61(1/165)

RAR R G155 N A EE y BA 287867 5 B REAR R M FE AR ST . Data in the bracket after mutation rate refers to the number of

samples with mutation site/total number of samples.

B S AT DL 2o 22 B4 Tk AR 7 AR B 2k
Vkorel J& R J2&: A7 5 R IS HTEE ML KRG A #E L A 1%
BN L s R AR S R AR P ) B R
(Pelz et al.,2005;2012; Ma et al.,2018) . AWFIETE
BB B Vkore 1 3 R H LA 1) 6 4SS [R) A28 S0 05
F35 2 A4l X g2 A8 15 (Arg58Gly F Tyr139Cys) Al
4 TTER 2275 57 15 (Alad1Ala, Cys96Cys , Arg98Arg
il Alal43Ala) . Wang et al.(2008) ST R AL
P E B R A T Arg58Gly 2878 ,90% LA |-l i
BRI L 2AE , X S5 AHFIE ' ArgS8Gly AR #
ik 87.27% H 45 AT, Ifif Wang et al. (2008) 76 4
BT T A Huang et al. (2022 ) 76 7 HE 4 004 TIECIX Hiff
SRR ¥ B B U ARG D 2] e 58 A%, e BH Vkorel 5875
FUAT X e 22 55, Arg58Gly AT BE2 VT i 6 LR
RN . KT Ser57 & VKORC1 85 14 s i
PRSP B LR , 2 IR A 2R KA AL 7 )
GEOE 5 D ArgS8Gly i i 50 VKOR SHi#EI
I B 25 5 ORI = A U PE (Rost et al., 2004
2005) ., TEFEFHRER , Vkorel KP4 120,128
o, 139 v 24 3 2 28 48 v] 5 | 45 5k i A B R P
(Meerburg et al.,2014; Jones et al.,2019) , AR HF5E &
R B Vkorel B2 Arg58Gly 28758 5 HXHS 1%
E1R 1 R FE O i d P o | BE2 X o Ga ok LE 7 e e

AP FE AR AL A 5 SR A B AR B AR A AN — 3,
W] B8 2 B T HABBTHEALH AN Viorel 22 A 81
(Yuan et al.,2005) . 2l Jifd (5 2% S8 A P450 FE [ | Cal-
umenin & K F13% 45 5 A5 L A S PU itk ) & A
(Song et al.,2011;McGee et al.,2020) ., [H Ut , A E
B b ) B BRI A Mgt AL ML, L5 Vikore 5E1H]
S HALR R WA VR, 5 22 B S PTG 2
HERKH IR E

Tyr139 JEHUE ML K FRUR 45 A 7 o, , HAR S mT
DL BRI PUEE M B = A ot 7R r A
FIRRAS R, 428 R AL S 571 Tyr139 {37 4548 57
) VKOR {5 P e i, i 2828 2 BN 2 8% )32 FAE it
& B g i 2 ol W I Bt 245 VE G 14 3 ) (Rost et al.,
2005;2009; Buckle,2013) . H#ij, B & B 139 47
SR04 Tyr139Cys  Tyr139Ser H1 Tyr139Phe,
X 3 T 5 AR AR I A 5K B 3945 & A (Jones et all.,
2019) , 77N BRUFH 2 1) BRL b 32 B3R LA Tyr139Cys
5&7% (Huang et al., 2011 ; Diaz & Kohn,2021) , 7£ )&
101 B Rattus rattus W 3% 814 Tyr139Phe %€ % ( Tanaka
etal.,2012; K94 2016) . AMFFEAE ST RFPEE
K 3] 1 HZ AT Tyr139Cys 245 5828 B 12 R
FEAE BB A I L) 1 0 21.49 mg/kg, FETHT
] 4 27.00 d, & 2 5 T USRI BOE |
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SEIFET IS IE] , L 24 ) R . T AR R
2/ Tyr139Cys 222w >, 1728 S0 s 7R 1 B
SRR R 75 M e PR A Frdt— 205 . FEAG N
@ (1) 587 FRARAIK 1Y 4 D UTERZE AR 5, Alal43Ala

B B OB & BRI ER 2 A8 57 1, Alal43 7E 8 i
Eﬂtiﬂae*ﬁJzAlamVal TR hgt: ks

A5 AN FZ I VKOR 6 P |, HE I 5 W6 15 30 0 i 4 24
'fiﬂﬁ?é(Andru etal.,2013),

gk BTk, BB RO 1109
3111 R S IS Rata o 1 W A K a2 s A < & - A
RS TF R 1 JRURS: AT, DR1 b o] o b i B P 25
BRI I ks MR [F) 1 X R4 5 B B, 22 4k
JE X LB 24 A AL HEA T IR AT, LA T &
SRS 24 0 W 4 7 F A e SR A e S 8, Aol
E PR S AR
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