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Abstract: Objective To investigate the resistance of Rattus losea to the first-generation anticoagulant rodenticide in
Xinhui district, Jiangmen, Guangdong province, China, and to elucidate the relationship between vitamin K epoxide
reductase complex subunit 1 (VKORC]I) gene mutation and rodenticide resistance. Methods The lethal feeding period test
was used to determine the resistance of R. losea. The genomic DNAs of the rodents were extracted to clone the VKORC1
gene and screen out mutation and polymorphism sites. Meanwhile, the correlation between VKORCI gene mutation and
resistance was analyzed. Results The resistance rate of R. losea to the first-generation anticoagulant rodenticide was
27.03%, indicating the formation of a resistant population. The total length of the VKORCI gene was 2 166 bp. A total of 12
mutation sites were detected and one of them was an insertion-deletion site. Exon 1 and exon 3 each had one mutation site,
while intron 1 and intron 2 had six and four mutation sites, respectively. The exon 1 mutation resulted in an amino acid
mutation at site 58 (Arg58Gly) and the exon 3 mutation was a synonymous mutation (Cys96Cys). A correlation analysis
showed that there was no significant correlation between rodenticide resistance of R. losea and single nucleotide
polymorphism site of the VKORCI gene (P>0.05). Conclusion The site 58 amino acid mutation of the VKORCI gene is
not the main cause of rodenticide resistance in R. losea. The genetic mechanism of rodenticide resistance in R. losea may be
related to other factors.
Key words: Rattus losea; Rodenticide resistance; Vitamin K epoxide reductase complex subunit 1 gene; Single nucleotide
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BUEE A BRI E AR B Tz 8 Y
A 2% BT, Bl 5 4E 4R R K A A E 5
(vitamin K epoxide reductase, VKOR) &4, BH 16 5
RIAEE R KA, BB L D RERERT , [ 45 5 &
A, (A RS S T 1, R e 1 BRIl T A
T B HUEE LA BRI R , 5t
VR 22 GOR L X AR AR A I BRI E —REE R A
PPTEE A BRI A T HU2h ek e TR EIR 2 4
D, BT BRSO B 1l A% BRI Pt A R
PERPHEST . 8B R (Rattus losea) 7 E R Hb X A FH 1
P BlRh e 322 B, 78 AR AR T PPz B R
i HETA 50%~80% , /™ i T M EAEY) JiEHEY)
FITR R0 2 1 2 A 7™, 3 R A E VI8 10%~
30%. AR B AT RS K JE AR AR T R
P27 KB J7 ¥ R 45 1 12 B AR 25 12, Bk
1A% R A I FH B ] A P A3 M T oK, 3
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THRCR

W9 R, B LUl i Z2 80 7 i A bt
25, YE A 3R K BRI il 52 5 W) 0 B 1
(vitamin K epoxide reductase complex, subunit 1,
VKORCI) B A b i S B R 58 A% o B S 7™ R M Y
FEH A, HEW 7% B VKORCT FER 5 3
ZLAE T fE S &K B (R norvegicus) . /N R (Mus
musculus) FE T (R, rattus) F" 3 6 5L 25 1
S (R. tanezumi) 1 = J5 § B (Eospalax baileyi) W1 7R
H/DBHIE S, WangZF ) VKORCI mRNA (144
JEWFSE T TR 6 B VKORCT B ik 1Y
P2 S M LR S L 1, THASBIFFE I DNA F X 81
T Bl VKORCIT 2 N 42 ) ) 3 47 e 168 I, i 3k
VKORCI BERI G757 1, I 25 B Uik A Yyl v 45
I3 BT VKORCT BE DA 58 28 7 i 5 5Tt i AR SGHE , LU
k20 [ WY R BT R s AL L, SRk B 45 B
TR

1 #MR5HZE
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DNA #2 U 5) & | Premix Taq. DNA % 5 21U 55
& \DNA Marker . 422 AT Gold View #% 2 4Lk}
4 F TaKaRa 2y &, HAB 75 25 oA [ 7= 43 frati

13 Fik
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132 BB RUIEHZH DNA 200 2 R sh ¥ 2 41
DNA G S A A3 PR HUE 6 FRUIE 4 DNA
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Al=.c=Cl-.g=G/- 1=T/-)FIR.

1.4 %t 54 KA SPSS 19.0 #4347 5 Bk
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Table 1 Testing results of resistance of Ratius losea to the first-generation anticoagulant rodenticide in Xinhui district,

Jiangmen, Guangdong province

PEB) RO Iite) S (%) HUIE AL (ma/ke) A (g
FHEIE FiEnEEl FHIE BNl FEIE FEnEEl

e 21 55.67£297  41.80—~77.40  19.05(4121) 968174 0471636 12522050  12.02~13.01

e 16 6459380  4870~89.20  37.50(6/16)  13.56+£2.04  834~2240  12.08£145 10451545

&t 37 59.554+2.48 41.80~89.20 27.03(10/37) 11.05£1.38 0.47~22.40 12.224+0.93 10.45~15.45

B B L /N SRR TR A AL BE A 3 R 99% T 2 A BIAEAE 6 R AN AR A T AN T 1 SR AR
99% .93% 1 99% , AR T I S X R MR . T3 VKORCI 5% 58 i B9 2 L R 4% 5+ (Arg58Gly ) , H.
JNF RN R T B AR B 20 31 R 99% . 100% . 93% ¥ R 2 848, o oS 58 (v 2 FE TR Arg B9 ST N
H1100%. 27.03% , Gly B K 72.97% , 10 DIt A A
2.3 VKORCI A P SNP/1% & ik R S Fubktg &t 8 PDARE AN, 27 MBS A 194145 58748
AT BRI AS I B 8 A TASMAR LAY Ho A 5 58 6 2 B R 5 A 5 B BB 2 M T AR Gk
2 RElA - FER R DO IR IR R 70.27%, iz (x’=0.343,P=0.694) , &M+ 3 5848 ] L5
XAFTER) A PRI <10%(F2) . i A8 (Cys96Cys) « Ly ke, i E R Mty
VEF] 124> SNP o i, e LA df ABRZE 7 5, 4h . VKORCT JE K v SNP o7 5 B AH 6 PE e e 129 3
F UM EF 3K AN EFA A, NETF LA (P>0.05)(583),

R2 T RBNITTHHEXEER VKORCI F:FH 25 S H EIE B

Table 2 Full-sequence genotype information of the VKORC1 gene in Rattus losea in Xinhui district, Jiangmen, Guangdong province

JPHIA i 2
AL 194 314 382 383 515 790 953 1209 1703 1874 1894 1968 XA ()
DO1 G G G T C A - T C A T C Ho 70.27
D02 S R R w S R Y Y R T Y He 2.70
D03 S G G T C R - T C A T C He 5.41
D04 S G G T C R - Y C R T C He 5.41
D05 S G G T C A - T C A T C He 5.41
DO06 S G G T C A A T C A T C He 2.70
D07 G G G T C A A T C A T C Ho 2.70
D08 S G G T C R - Y C R Y C He 5.41

T :Ho. fARALG 15 He. REIB T - Fomildbolk

BITRAEAE , FEDTERE IR BRI s B EH T #a bt

PEAR S I AMARAETE ORI I B0, It ™= A= it

2005 AFEHTHEMEINZE R WoR , ARRILITH#r e . BT R /NSRRI J= T8R4 BRUR Y

X B RO ER — AR PO BRI R B = A THOMERPRE,  VKORCI B2 B 24 &k I Z Rl A A & LR 728 5,
Prtk R R 36.67% ", Zad 10 ZAERK RGBS, 8B HPhE/DNRR BT RAE TR EIT Args8
FROGT 27— AR BT BE I R BRI AT 25 05, DU RAR sy AE S5  BFSE 3R WL, VKORC T 55 139 i 1)
18 27.03% , HRE R F R Tz XA RRIT = Tyr. 55 138 (7% The A5 140 17 19 Ala & 5% R 4T
AU VEY R A 5 2y, R R R R AR K BRI BRI 45 G008, Tyrl 39 6 5 948 5 0] LS
FIREZ , FECE R 25 e e preytE e BOREXT Pt R BRI T 254k, s AME 755 33,
AT R X A Al 2R —ARPUEE M AR BN E 35,59 A1 120 {7 &L R AE 5+ 1 VKOR 78 28 4% R Ak
TR, &FESE— K2, FILE AR A S RE 5 WA RS & i ™ . Wang 25 A N
R WEH K BB AP R AR A BFEE Arg58Gly 28748 52 i B Bl B Pk Ay 8N, miA
B AR SRR AR B R A D BRI A WSS AE R VKORCT 58 58 o i & FE B 78 5 5 Pk
SRR i, NI L LR BRI BE R0, MUMISCPE RG24 S M 4 R 22 S v R St
AR R 241k - PEA I 5 7V ARG T B A i DL R AR I A 3
VKORCI FERZA MU RS IR EFERMUER S A —E R R, LFP kLU U SE T 4F S flUekak

SNP & B X o e il 2% BRI = AR pu k09 25 Jrtk ey BIbRE, FEAR R 2T, IR 254550 5 T ik
1o VKORCI B 028 S AE R e VRN AR BRI BUSER BN FE R IV L 2, S0 IR AE B

34t i
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R3 JRALN TS XEE B VKORCT HED v SNP 554 1 AH S 43 #

Table 3 Correlation analysis between SNP of the VKORC1 gene and rodenticide resistance of Rattus losea

SNP v 55, Al & e | EIREEES NI 5 B0 (9% ) X1E PH

194(58) SR 1, RAR G/C GG GC cc 0.343 0.494
U 70.37 29.63 0.00
vk 80.00 20.00 0.00

314 WEFI1 G/A GG GA AA 0.381 1.000
U 96.30 3.70 0.00
ok 100.00 0.00 0.00

382 NET1 G/A GG GA AA 0.381 1.000
U 96.30 3.70 0.00
Btk 100.00 0.00 0.00

383 WEF1 T/A TT TA AA 0.381 1.000
TR 96.30 3.70 0.00
vk 100.00 0.00 0.00

515 NET1 C/G cc CG GG 0.381 1.000
UK 96.30 3.70 0.00
otk 100.00 0.00 0.00

790 NEF1 A/G AA AG GG 1.097 0.360
U 85.19 14.81 0.00
itk 70.00 30.00 0.00

1209 WEF2 T/C TT TC cc 0.493 0.597
U 88.89 11.11 0.00
EijRES 80.00 20.00 0.00

1703 NH&T2 C/T cC CT TT 0.381 1.000
U 96.30 3.70 0.00
Btk 100.00 0.00 0.00

1874 WET2 A/G AA AG GG 0.493 0.597
U 88.89 11.11 0.00
Eiinia 80.00 20.00 0.00

1894 W&ET2 T/C T TC cC 0.566 0.473
UK 96.30 3.70 0.00
Btk 90.00 10.00 0.00

1 968(96) AMRF 3, ] L5 C/T cC CT TT 0.381 1.000
U 96.30 3.70 0.00
vk 100.00 0.00 0.00

P RS AGTBE LAY SRS B2 5 0 I, PRI A
X AN [6) 2745 1 o 26 SR BT FD AR o , 58 5 2 6
BB 2R W T . TR Y 3T M REA
VKORC1 % 58 {5 2 LR Gly B % ok 72.97% , Arg 11
WK N 27.03% , T 265 58 13 Arg hy B AE R FE R | Y
Az AR B AT S AR RS 3 | 3 W2 b IX SR AR
TERIUAY B SR Lk 72 rp OB A A T B 55 400
I BYS k=S AW 5a el
SEBGPERIE SR T 5 VKORC 1 32 H M 2350k
B SIS DRSS 7 =l SRR € 42 = N | O 1
0 R A AL PASO B IH 1Y) 2 PR Ik A8 DL
BB A2 FBEUER KA P21k B TE B
A REAE 2R R R [ VE FH A 45 2R IR R X Bt
i (1B =Bl ve2TR % e i A i DT A A B 71 Y 04
I K 38 BB ek v R 2 A B RN B S i X

S 3 Hk
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