E W 2% it Acta Entomologica Sinica, September 2017, 60(9) : 1006 —1012 doi:10. 16380/]. kexb. 2017. 09. 004

X CE R IR E LsCarEl /7 SR RF(H1E

T CKEHR L, B B, HERE, IKE, XN, HEE, X &

C L BRI IR R 2158, HAT 2100955 2. AR RHE#BE, &4k 132101)

BE: [ B RN LI, ER TR Laodelphax striatellus 303 5 & ik Kbk dh & Fodi
BE B e A P 09 BB EEE AR H . AR i %t 3 B % BE B E A7 St % 04 B B AR B ST B E
HaEAGwY R, [ 7 k)@ dRzan 5 fe RT-qPCR PRI B TR A SR RO R R P & A B B
}EE- é’]ﬁk AN 71‘1% f;iziﬁ‘f’}iﬁgii 2%& A %;EE] # ﬁﬂiﬂ‘%on % ﬂ’ﬂ JA & A /E«’fi
Atemlit & &k &« BB AL B 09 R st i b kA e RF B wg gt [ER)dEd4xa
353 F2 RT-qPCR % i 5) % B2 B B4 & B LsCarE1 (GenBank & % 5 . HM600723) /£ 3 /N & B Aut o £
vt F Ak, W LsCarEl 35 W 45 2R 3% Drosophila melanogaster R3F 49 25 75 -F H AL JG My 32 453K )
BAK Fi 45 pUAST-attB-LsCarE1 "™ | 3%, 2h i 5 4h 404 35 & B £ 48 5% 4 UAS-LsCarE1*"™" %) A
GAIA B3h & % da-gald 55 UAS-LsCarE1 "™ 3% % Je 3, 313 4 % %K LsCarEl 44 % %% 5% % da >
LsCarE1™"™" % & PCR ¥ & 3., B 47 A B LsCarEl EAR % £k &b % da > LsCarE17™"" v ¢4 % 3%
TR & UAS-LsCarE1 ™™ & % ik 304 257.3 1&; % 5 — 3 B % % da > gald 3% A 4 3
LsCarE1 09 535, #uob, BRI AR BB RR AR AR Z 2 H KT AARAR G RLZ, £HNE
LR PR, 5ABA da>gald BB AN, BER BT RIE LCarEl #9455 B R ¥8 da > LsCarE ™!
m‘wuﬁfrﬂtw%%ﬁea MR ZHT 4,19 F22.46 45 23t AP BB F T/, [4
) LsCarE1 8938 & Ak 5 & & B A S 3 Aol Rk b S AR K
KR KA Rlfd; AmESH,; SRR, BE LA
RESES: Q66  XEKFRREE: A XEHKS: 0454-6296(2017)09-1006-07

Carboxylesterase LsCarE1l mediates insecticide resistance in Laodelphax

striatellus ( Hemiptera . Delphacidae)

WANG Rui', ZHANG Hao-Miao', DENG Lei', XIAO Qian-Qian', WANG Qiu-Xia', LIU Guang-Na’,
HAN Zhao-Jun', WU Min" * (1. College of Plant Protection, Nanjing Agricultural University, Nanjing
210095, Chinaj 2. Jilin Agricultural Science and Technology University, Jilin 132101, China)
Abstract: [ Aim] In our previous studies, the activities of total esterases were found to be significantly
increased in the chlorpyrifos, imidacloprid and deltamethrin resistant strains of the small brown
planthopper, Laodelphax striatellus. The aim of this study is to identify the carboxylesterase gene causing
this increase and to verify its roles in insecticide resistance. [ Methods] The expression levels of
carboxylesterase genes in female adults of the resistant and susceptible strains of L. striatellus were
detected by transcriptome sequencing and RT-qPCR. Microinjection was used to establish a transgenic
Drosophila melanogaster strain overexpressing the target gene. Topical application method was used to
investigate the responses of transgenic D. melanogaster overexpressing the target gene to chlorpyrifos,
imidacloprid and deltamethrin, respectively. [ Results] The expression level of LsCarE1l ( GenBank
accession no.; HM600723 ) was upregulated in female adults of the chlorpyrifos, imidacloprid and

deltamethrin resistant strains of L. striatellus. Based on the sequence of LsCarE1l, codon optimization was
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performed, and the open reading frame of LsCarE1l was cloned into the transgenic vector pUAST-attB.

Ovtimized \was successfully established and then genetically

The transgenic homozygous strain UAS-LsCarEl
crossed with the GAL4 driver line to obtain a da > LsCarE1 ™" strain that exhibited the overexpression
of LsCarE1l. The expression level of LsCarEl in the da > LsCarE1%"™"" strain was 257. 3 times as high as
that in the reference strain UAS-LsCarEl%"™".

reference strain da > gal4. Furthermore, the expression levels of the endogenous esterase homologous

The expression of LsCarEl was not detected in the

genes in D. melanogaster were significantly lower than that of LsCarE1l. The bioassay results indicated

Optimized

that as compared with the control strain da > gal4, the overexpression strain da > LsCarEl showed
increased tolerance to chlorpyrifos and imidacloprid by 4. 19- and 2. 46-fold, respectively, but showed no
significantly increased tolerance to deltamethrin. [ Conclusion] The overexpression of LsCarE1 is related
to the increased resistance to chlorpyrifos and imidacloprid in L. siriatellus.

Key words; Laodelphax striatellus; metabolic resistance; carboxylesterase; transgenic Drosophila;
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overexpression

K KA\ Laodelphax striatellus ( Fallén) J& 23 H
(Hemiptera) K EF}( Delphacidae ) , )" 2 734 T AE
B2 A PG AR S — 5 1 S P R0 BR H AR X ( Kisimoto,
1989) o Hi T4 4% HURI A & B , A K mUR
ZRARHGR A T HUEPE (R RAL, 2008) o BIFSEER
B, SRR BRI B U2 P A b2 4 S A
BN, TEHT BRI 4 52 S L Aedes aegypti it &,
FR IR g Wl 15 P L SO AR 2 (Lima et al.,
2011) s HLIRFUAGHRAY 1 SUPHIL Aedes albopictus H ¥R
PR TR Tt LU 3% g o B v T RO R (X R 4%,
2012) ; Z R R XTI M Spodoptera exigua HI#R
TR P e 1 B A5 VR (D685, 2003) 5 FHE
FHE it 1) S8 HL R Y T f 2 8 Ak /N SR B Plutella
xylostella 5 X5 , Ak T 2H JR 1R Mg Bl 15 14 & & %
HRZH  RWPRRBEMHR A T BES 5 1/ o s d
AW RO OS5, 2011) o P, B4 K
AT IR TR IR IR M 5 B AT I A AR DG
FEUR A i — 2058 o 5 DR 0 55 T B TR R R IR
FESHRERIRIESE . B4, Zhang JQ %5 (2013) i i T 2R
R KU 2 SR IR TS 4L K LmCesAl 1 LmCesA2
J& AR FE AL MR M G B IR 13X 2 R
fitn] fES SRR E MO i R AU . H2 , RNAT FERTR
MEXT B s 5 R 52 B 58 42 B LR (Mao et al., 2007 ;
Huvenne and Smagghe, 2010) , Jf H 17 7 i BE 350 o
PRI, 5 A At 5 12 BR A AG A00h  fie 5 it 179 )
PEATHGUE o e ik DR R g i R R PO 2 — T i
o W A A B AR DY R OB B E AR L (1R
FIFIFH GALA/UAS F 4 5 3130 I R 7 2 i 4 7 1)
A A SRR 1 R B R TR A SRR IR
S5 Je 3 3 A 0 DN R A i MR A e PR 5 2 R e v A 56
%o BN, Daborn &% (2012 ) F1| FH S g % KL X 22 4 i

HFRIK T3 0R B4R Lucilia cuprina | [X] HE V4%
U Anophele gambiae FIKHH} B\ Bemisia tabaci [t o7,
GstE2 F1 CYP6em1 BE[N, Bk 13X 3 A fift B¢ g 5 [
(13 B FRIR 5 A8 ORI BT 25 A G TR 1 ik AR
i 3K AR 9 2 U B ML S 5 i D RE 1Y T HE T
B,

AT S R 30 PR T e KA T PR SR B
Wit H PRI A B 3 1 KR E BT R I i
AR R B SEURS R, B 3 MUK R
B\ &R BRI ) 0 B (AR, 20135 75 %,
2013) o ASCAE R BFFE B bt — 2D i E
PCR W7 AR RITE 3 DHUthan &R rh Al Rk 1
IRIRMRBERE N LsCarE1 , I 1] FH A 5 DR 2R g b 5%
IRHRXTH AT I Re ik, R A5 LsCarEl 7EJK
CEWTHE R AOVE T, D KB BT Y M0 G B R
BEIRBARI

1 #MB5TE

1.1 #ilER

JRCEUE i AR T 2009 AR A VLR, 162
AR AT 2550 e SR 7 4F 5 KRBT A 1S
A F T 2009 AFE5R B LIR AR, 75 % N IR R AG TR 1%
Sk 30 QLA b, BUrER ] 1 072. 0 £ (Xu et al.,
2013) , BEATAS IR T I UPEAR KO 987. 20 45 KK
PUREALI AL 2 T 2009 4% A VLR, 7 N 7%
FEMREESE e 25 AR b, Ftk k2 158. 50 i (Xu et
al., 2014)  EATABFFEMPLIERECH 126. 20 455 KK
FLPTIL HL A 2R T 2010 4R A TLIR A, 7E = N
ik Humbk e 22 0k 30 ACLL L, Hitiih 13, 901 ( Elzaki
et al., 2016) , HEATAME T HTPERECH 21. 80 %, SR
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Iy BDSC#35568 JEAFSLRHEZ i & 76 3 St fk |
AETHMEEE A 4 AR attp £ (87B10) , HAL A R
F(y'w* ; P{nos-phiC31\int. NLS | X; PBac |y + -attP-
3B} VK00040) ; i BDSC#3619 (brm® €” ca' /TM6B,
Sh' Th' ca') J& 3 S YLt (R -+ ; S BDSC#8641
(W', P{da-GAL4. w™ |3) & GAL4 3 8h i &, W™
AR K2 R B S A DGR IR S g = it . Ak
SR FH RO LR A | FERE RN I AR A8 ) N A
RS , SL50 5 SR A5 AR 16L:8D R B 25 +
2°C , FHXHEEE 60% ~70% |
1. 2 figitH

98. 5% LR AETE 25 I HAE DR A R A
A7 ,96. 5% FEFLIR 2 RN 97 % it A ki 24 ph e A
I RKPHAE R 7=, TRIzol & RNA $2EUAF] & B
Invitrogen 4 #]; LA Taq DNA Z & [iff, dNTP,
DL5000 DNA Marker, M-MLV Jiz %% 5% it f19¢ 6 & 1
PCR ) & A A4 TR (KiE) AR Al B
4R & B Axygen 24 W) ; BRI N &6 A

Omega 3wl JCPN 8 R BB R BUA R &4 H Qiagen
N pEASY-T3 Cloning Kit F1/8% 7 2 40 MI Trans5a
W At st 4 ol s BRI N DIEEE 3 Thermo 23
) T4 JE4ERGIE H Promega 23 F]
1.3 =ik EmER LsCarEl RIEENH

S PkEE 3 -4 HIBAIHTEEFLI BTtk Hb R4
TG R EUHE A L, SR HUEL RNA, B RNA 22
FA, RS U A B I S, R sk R & AT
cDNA 2 1 55096 1, SR )G X & L ¢DNA 17 RT-
qPCR 434t iz F Beacon Designer 7 %445 1158 Bt
POGE & PCR 1) (£ 1) , LUK R EUE {5~ 5L
(EF-1) FIEEBIVEEIG R F 3 WHIELH (elF-3) N
WS (£ W5, 2016) . RT-qPCR S BifK % : 2
x SYBR Premix Ex Taq'" 10 uL, b1 F#E5|9
(10 pmol/L) 4% 0.8 L, 50 x Rox Reference Dye Il
0.4 uL, ¢cDNA 1 pL,ddH,0 7 pL, R EME: 95C
30 3 95°C 5 s, 60°C 31 s, 240 AMEFF, 75 HE4F
A ES R T

x1 XHREASY

Table 1 Primers used in this study

N SFEHI(S" -3") &
Genes Primer sequences Purpose

F: GCTTCGCACAACACAGCACC

KEDNR G E B i 2R Hp 3 R R ik A
BRI R 19t & PCR 514

Primers for target gene in detection of

Drosophila strains in real-time quantitative

LsCarkl R: GGATCCTTGAATCGGCGGGG gene expression level in the resistant
strains of Laodelphax striatellus in real-
time quantitative PCR assay
A B i 2R o i PR 3R gk B
JE R NS 519

EF-1 F. TCGAGTCCTTCCAGGAGTTC Primers for the reference gene in
R: CGACAGATCCTTCTGCGTTA detection of gene expression level in the
resistant strains of L. striatellus in real-
time quantitative PCR assay
elF-3 F: TCAATGACGATATCCCACGA Hy g %% B BB R pUAST-auB-
R: GAGTGTTGGCACCGTGTATG LsCarE] o0 "%I%
LsCarE1 ™4 F. TTTTCAGGGCGCCATGGATCCGGCCACCATGGCTCTGAAATTGGCAGT Primers for construction of the transgenic
R: CTAGTACTTCTCGACAAGCTTGGTGCATCTGGGAAGTGTTTCTTC plasmid pUAST-attB-LsCarE] OPimized
LsCarE1°m=iRT  F. GCTTCGCACAACACAGCACC BEFEDR SRR 2 P H AR R S B
R: GGATCCTTGAATCGGCGGGG PCR 5|%)
RE16761p F: CACGACATCGTCTTGGTTTC Primers for target gene of transgenic
R: CCACCAAATGATGCAATGTT Drosophila strains in real-time quantitative
F121496p1 F: CACGACATCGTCTTGGTTTC PCR assay
R: CCACCAAATGATGCAATGTT
RE24825p F: TGTGCATGTGATTGATTTGC
R: TGGGCCTTCAGTAGAGGAGT
B-Actin F: CAGGCGGTGCTTTCTCTCTA TSI i R P A S R SO
R: AGCTGTAACCGCGCTCAGTA PCR 519 .
RPI32 F. AAGAAGCGCACCAAGCACTTCATC Primers for reference gene of transgenic
R

: ACGCACTCTGTTGTCGATACCCTT

PCR assay
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1.4 HEFRZEHEE

P& GenBank H JK K @\ LsCarEl Ht:
WG 2 1 AR A I B A T B RS AL, O A %
(PR A HETA ) o W51 (& 1), R
VR E AL Exnase® 11 (g 50 MERE L P RH: A PR A
F)) BALIG LsCarE1 (1) 7 15 BEAE 7 51 3% & 3 A
L AR pUAST-auB 1) 22 e A o, JR 15 4% L ]
ki pUAST-attB-LsCarE1%"™ " | $2 B N 75 £ #%
JEH FokL DNA, BT -20C %0,
1.5 HEFRRS®MAMEL

WA B 89 U7 Bk 2 % Spradling Fl Rubin
(1982) ., HI 4 & 47 (% % 3 A i AL pUAST-attB-
LsCarE1®"™" " ), 500 wg/mL By ¥ BE 1 55 %7 & 1)
BDSC#35568 JRMN G . K i 5 58 BT IR G A K
T GRUNIEE SRS FRIEAL I Gy B R G
FP AR . B S PR B A S W IR
258, PR A B £ IR A A R Ok 2 55 R R i
i e 75 2] 1 21 AR 7 35 IR 2R i 5 -5 7 BDSC#3619
R AE , FRAG 405 R 10 B BE D SR i i R UAS-

LsCarEI™™ s g 4l & % 3 [N R W UAS-
LsCarE1™"™ ' 5 GALA J5 )i ih 7 BDSC#8641 852,
RIG A SR Rk K RE LsCarEl [0 R da >
LsCarE1”"™""; da > gal4 J& BDSC #35568 i 5
GALA JE 3l & BDSC#8641 JR s 5 X, Hist 415 5t
Y da > LsCarE1 """ 5¢ 42— 3 AME AR 2R

1.6 FEEEFREH HIRERRN
PR 3 B 5 R s B a2k 2R g da >

LSCarEI Optimized ﬂ‘j i gﬁgﬂ , u UAS'LSCarEZ Optimized ;FI] da
> gald LU T R REIALL. S BB e S0 AR T

H4-5 HERMERR, T HAREER R, 1z H
Beacon Designer 7 #4511 3201 7¢ 6 E 1 PCR 5|4
(1), BISLISS B ZE (535 ( B-Actin) R
WEAEE 1 132 KL (RPL32) N2 (Mao et al.,
2007) . [jimf 18 2% R SR M AR A 5 K R A LsCarEl
i DR [ 90514 DAY 905 T e AT, AR 00 SR A Ay 905 7 il i A1
£k B M, = B SYBR® Premix Ex Tag™
(Takara) 370 & UL W15, @57 20 WL SR 2R, SO
FEF: 95°C 30 s; 95°C 5 s, 60°C 34 s, 40 PMEH;
95C 15 s, 60C 60 s, 95C 15 s, 60°C 15 s,
1.7 &WNE

B4 -5 BB da > LsCarE1™™ H] da > gald
i ZRMEVESR R, o3 AT AR I E o LA R S EE R
AN [7) 235 HRL T P ) S — o VAR B ) BR VA, J08 Ao A 85

BRSNS o R bR ] CO, JpRERAL HL, P 6%
TIAFHH, H0. 25 WL AYAS[R] v B 1) {11 245 550
F 2 i i i A (Burkard 23 7)) 3% TR W Mg 1
Berb g, LU R D X B Bk RE AR B 20 Sk
R, TS 3 U, LI S8 R R BT A B
FRIEA SR AP AR IR , RE AL WAL 4 i b 2 24 h
JEGETHAETRL, ML AL B] 72 h S S AL TR
1.8 HEGit5HH

ye e &= PCR ZE A ABI Prism 7500 SDS 1. 1
BRAFHEA T 3BT 3 kDR PR AR X 3 3 R 27 ik
B SPSS 19. 0 FAFHEA TG 3 HT , SRITVUEEA ¢
0l X 1 G 2 A A 18] 2 57 0 36 He A B R TR A 4%
AR PR IR R A 22 5 . AW E B dls ) Polo Plus
BAFRY Probit J5 kT LCsy RERAIARIELRSE o

2 #HR

2.1 =R CEMEAER LsCarEl HRIEES

FRATAE & Wy I R mUA s 2 BUE (R & Rk
i) R B, LsCarEl FEHTH JLIE AT HLobk F1 4T 7R
FEHNR 3 A KREDTE S R MERL TP A i Rk
PG . & PCRIESE, LsCarEl TEHTI B0k 5 &
H 2R GA R BB R TP R IA R 3 LsCarEl
TEPUREFL I i R NI A TR ot &R AR5 = R
A 1.75 ~ 1. 89 £ m H 58U RAA L 22 7 A
BEE D),
2.2 HRERRBRRANELMBEREERRIEZEN
gl

¥ My o 4r % B A BT KL pUAST-attB-
LsCarE1 ™ 3 323 W (80 565 0 5 3 S A (i S g e
fitto 1 5 pUAST-attB-LsCarE1"""™ G4 (1) I Jiy A%
WAL 7 SR e 14 W AR
A&, HAA 2 % FL ) S5 AR R 21 AR ) A s DR R g
(FALRURL) R 28. 6% ) o F b i i 56 R 2R g 5 o
s L iR 2% 2, 0 AR AT Al A Y B B R R R
UAS-LsCarE1*""™ 4 4li & 1) 6 35 [ JRL 0 & &R
UAS-LsCarE1”""*' 5 GAL4 J5 85 & da-gald 2257,
B R FOA HAYIE Y da > LsCarEl ™™ L &

e R PCR W74l 1 AR LsCarEl
TERBR IR AR da > LsCarE1%"™ L B34~ e iy
Z B UAS-LsCarE1 ™™ F1 da > gald [ 40 %} 3k
i, (Al A I T R E Rk 5 H AR LsCarEl
FEHARRIPE S 1) 3 A N TR R il 2L R RE16761 (2
HERITH)— P 36% ) , F121496 ( E HE 1 7 51—
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60 &

4 36% ) Fl RE24825 ( S LR )7 51 — Bk 36% ) 1
TGO, SR WR, HARIER LsCarEl 75 #8 5 %
AR da > LsCarEI1™™ " Hp ) 36 15 B2 X HEB 2R
UAS-LsCarE1 ™™ f1 3¢ 15 48 () 257. 3 %5 i da >

gald X HE b R B KRN B LsCarE] IR . R
WIREGEEGSL R RE16761, F121496 il RE24825 ik
R ERT RN REE(E2). Wi,
LsCarE1 7EF b i i 35

5
b
44
)
4
=
i E
Im .S 3..
K &
®E
= & ab ab
=< v
3 2
=
T
~ a
. -
0 . 1 1 1
- ® & 5
S % & FS
2 SIS R & &
LS 45 & & B
B ] - O 2
& A & i‘/é} & B &
2 A s NP B e
B & B &
QY QO >
A &
Q‘&o Q\\t\ >
’ S <

‘% Strains

Bl 1 LsCarkl 7E 3 K CEGTIE i 2 ME R R RO 2 15
Fig. 1 Relative expression levels of LsCarE1l in female adults of three resistant strains of Laodelphax striatellus
AR TFRFRREFEE (P <0.05) , R MEEAR ¢ K586 %, Different letters above the bars indicate significant difference (P <0.05) by two-

sample ¢-test.

330 1 b

250 D USA-LsCarE ]ovimizd

170 4 - da>gal4

90 - - da>LsCarkE ] Ovtimizd

)
|
I

AHXT ik
Relative expression level

a a
a a <

RE16761 F121496
LA Genes
12 SRR LsCarEL TN Y5 R E-AL R B AR08k 1

Fig. 2 Relative expression levels of LsCarEl and the endogenous esterase genes in transgenic Drosophila melanogaster
AR FRFRREFEZE (P <0.05) , R R LFA A 22 5 . Different letters above the bars indicate significant difference (P <0.05)

by Duncan’ s multiple range test.

LsCarE1l RE?24825

2.3 BERIE LsCarE1 B R 18 X1 5 JL 18 | Mt B0
IR B R Y £ M E
e L3R E i PCR ORI A, iy Tt AR da >

gald 5 UAS-LsCarE1™"" h 8 5L LsCarE1 F1 N 5
P il PR ) 28 5 AR AR T S IR 4R M da >
LSCarEI Optimized ; JJ:[:&I\ , da > gal4 5 da > LSC(lrE] Optimized
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IR Rt a8 WL, T RMAEY
I s A LA da > gald JEBEAE A B AR .

A E S R, 5 IR da > gald S5,
ZAHE,7E 7.8, 12.5, 20 F132 mg/L T FE15 A 4b 1
T, 583l LsCarE1 J 15 3235 1) 5% 5L LR B o R da >
LsCarE1™"™ {3 7~ 5 0 KT X RA 21 SR i, 5 1>
b A LCy fH 4504 10. 58 (6. 77 ~15.81) 1 54. 8
(33.10 ~90.92) mg/L. B, J& 8K K\ LsCarEl
i it 2R R 1) S 2 SR B SRR P2 R AT AR
L LR S RO 4. 19(5% 2) . 1E40 , 80, 160,
320 #1640 mg/L it HMKA AL PR T, )3 3l LsCarEl 8
TFRIRAY LR M AL R da > LsCarE ] "™ 3BT

R ER TN B SR, AN R Y LCs (54 9 M
138.17 (117. 20 ~ 161. 86) #1 477. 79 (391. 79 ~
625.30) mg/L. [H L, & 5h LsCarEl 331k 1 525 41
P RO AN R R R SR T I N G R )
2.46(32)., 1£5, 10, 20, 40 180 mg/L {44515
AL, EBAR A 3l LsCarE1 i 2 323K 1 5 5 R 2R
W5 R da > LsCarE1 ™™™ iy 22 LW (9 SE T2 R AKX T
X HRZH SR, (HR P 2 1 22 S AN I 3, LG, 435
$735.30(27.90 ~46.98) mg/L Hl 47.79(36. 54
~69.26) mg/L) (F£2). HI,#RFEE LCarEl
F14) SR e %o 2 20 A R L ke bk ) i 24 1 A B T 2 AR

o

i

*2 BEFNRBRREAERERHFLGETHETE
Table 2 Dosage-mortality responses of transgenic Drosophila melanogaster to different concentrations of insecticides
A HUR IS 2 FES LCs (95% CI) itk
Insecticides Strains X Slope + SE (mg/L) Resistance ratio
da > gal4 12. 64 4.08 £0.38 10.58 (6.77 -15.81) 1.00
FEALME Chlorpyrifos B
da > LsCarE] OPimizd 6.84 2.46 £0.44 54.8 (33.10-90.92) 5.19
da > gald 1.70 2.61 £0.26 138.17 (117.20 -161.86) 1.00
N HL bk Imidacloprid o
da > LsCarE] OPimized 0.84 2.39+£0.34 477.79 (391.79 -625.30) 3.46
da > gal4 2.60 1.59 £0.210 35.30 (27.90 —46.98) 1.00
VR4 355 Deltamethrin B
da > LsCarE] Ovimized 2.04 1.50 £0.22 47.79 (36.54 -69.26) 1.35

* Fi Mk b Resistance ratio = LCs, of da > LsCarE1 %™ /[,Cy, of da > gald.
50 50 g

3 itig

ENGIESGBuE R S R e v % N WL a1
TAEPUME K G E S R o 2R OA 00 i 9 AR
LsCarE1l 5 M BT PER) C R o Zhang 55 (2012)
W Z24GE T K KA LsCarEl 5552 SE ML 14 AH G 1 81
Z A TTE BT JE MK K El YN-CPF 5 R p R 3,
LsCarE1 AMXAE RNA JKF- i 5205 32. 06 4%, 1
HARREE R LsCarEl FER /K LR E & T
X FREHURS T 28 (Zhang YL et al., 2013) o {HJZ, fl1{]
HBA IR IE— L DI RE S IE TAE . AFFFE AU
NEIE T K il LsCarEl i 61k 515 50 M P
(IR Z, T Hif kB LsCarE1 [ 5 8 &3k 5 nik Aok
PR RM LR . L, KRl LsCarEl GE /)
F2 R BRI i R A, 2K R E 2 F 25
AL HHEMPLRZ —. K RE\ LsCarEl J& T B-Md
it ( B-esterase) , 1% SR il JE R 4 H 76 B s AR
EZENTIIREEN 5 248, 7T LA 5 20 % dUA)
FHAt S U590 5 i A (AR WRIRSS | 2014) AT

BTSSR R — R AL 17K G B-Pg i LsCarkl 41
Z AR HGRIUIETE U SRk 3 o
ABFFEH R FRIA LsCarEl [ R B0 44 i
ROpTIE R T 1. 35 A IR P AT e AN T - 3k
DR SR ' 2 o L DR A ] e, R g 1) 1 A
ER2 N, A5 IE G AR LA L 45T BE
(O BB o phy 778 T A R DR 11 2L 8 i 2R
FHXS T35 B A AR AR a5 B, NI, (23S
i R IR AT ) SR X S5 U B SO 23 HE B 3
FHIETY 55 1 X R A% U ) S o e
FUIE DR A 0K = W0 28k BUR BEA R T4 A, i L
R IR R P A T AU R AR 1 3 X 24550 9
M2 RETT o 5 2 PB4 HUR Bk B
HRC o T DR A 08 7 ) R 2% A% HUTR D fige R
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