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Biochemical mechanism of resistance to spinosad in
Frankliniella occidentalis
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(1. Institute of Vegetables and Flowers, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract Successive generations of the western flower thrips Frankliniella occidentalis ( Pergande) , were selected for
resistance to spinosad. After 5 years we obtained a highly resistant strain, displaying 11 999-fold resistance to spinosad.
The resistant strain also showed 53 718- and 84-fold cross-resistance, respectively, to spinetoram and thiamethoxam, low
cross-resistance (3.33 and 2. 28-fold, respectively) to abamectin and chlorpyrifos, but no observed cross-resistance to
chlorfenapyr. Biochemical analysis showed that the activities of carboxylesterase , glutathione S-transferase and multi-
functional oxidases in the resistant strain were not significantly different from those of the susceptible strain. These results

indicate that metabolic detoxification does not play a role in the resistance of western flower thrips to spinosad, suggesting

that spinosad may reduce sensitivities of the target sites.
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VO 46 %] & Frankliniella occidentalis ( Pergande )
J& LM H ( Thysanoptera ) % & &} ( Thripidae ) , /& —
Fofr tht P 0 A B0 3 L IR B[R] 4 A R
0 BE 25 9 1 (TSWV) T 75 ) oK AR 98
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Z A W &R ( Spinosad ) & W ¥ £ 1 B
( Saccharopolyspora spinosa ) 4248 5 K WE T 15 #) I
2 AR 4 (Mertz and Yao,1990) ,1997 4 iy 25 &
e N SRR A /NI = W3 T S £ B s DO G T e
R0, A AR R AR AR ) R A ARBR B L 5 B AR R
LA EWENEICH T BiiR &AW sk K
HAE 180 Z R EY), BBA AcdE il 3 H XUH B A
S0 A (BRI AE,2006) o B R 3 EZAEH]
PR S T2 £ M B RS2 A, AR T y-2
T RS2 (Orr et al. ,2009) o fy T H A7 Il A
AR AL, RS HoAb 2 ) e s B i, H2,
AART 245500 2 A REYE A F T, R A 77 AR Bt 24 14 1 X
R . Zhao 55 (2002 ) 2 18 5 [ B pl 7 /)N 252 gk [ [A] Ff
RECXTZ R W R )74 1 316 f5 A HiE. Shono Al
Scott (2003 ) ff 5% iy F M X £ R W R =4 T
> ISOMER LI . S 1% 25 2 [ i B 16 V4 £ 8
I B 255 (Jones et al. ,2005) , {H 75 [E 4N % 25
WA HTIX, AT VF 2 6 T P AL 8 B XF 2 %0 W R
FAAESLGPERYHRIE . Herron 1 James (2005) B ¥
& BRIR M. FH [6] f) 74 A6 i) B %f 2 % W R R T
Ptk . Bielza 45 (2007 ) 23H 1 P4 PE 2 B 2K 4 HEL AP
FH 1) >R 48 114 74 A i) 15 X 22 2% B3R 0 B 1 15 20k
13 5001%

AR TR i R A P AR X 2 R R A B
PR HIE B T EAAZ M E R E & 2R
TR 2R 77 A W o P 2 R B S, A N R AT BT E
W PEAN , 510 BIF 5 B 1 i R 6k B 24 R 9 38 L T
PE R = A HTPE B HLER, AT X SE 2% 2 Pk 7 A T
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FRELEIEE N LR R RS0 P9 e a Bt 1
UMK, M E T i Bt &R LA 2550 19 32 B AL
P I X At B T AR TR AT T E
1 #ME5EF*

1.1 f#ikER

B & (Spin-S) 2003 4F R H I &L B
7 Bt i i AL T OF 5T BT i A D N R OR kA
25 2R 52 (SR 5L & , 3K 5L Phaseolus vulgari ) 1]
I o WFRAM MR (28 £0.5)C OB M L: D
=16:8,

Z B R YU &R (Spin-R) « UK A T
RPRE, VB E TR KR B TR RS R 2.5% £

ca

A E (spinosad ) B 7 5] LC, We JE 25 IR 2 h
(RO i A B B2 O b — UBE 0 N E 19 LG,
(B, F AR T 5 ) MR A7 Ak A4 3 o ] 33 2 1 T
R

1.2 FEMRAFI RS

2.5% % A W &R (spinosad ) B ¥ 5|, 56 [ B [T
ti AR A H] 560 o/ L 2 HEZ R & (spinetoram ) £ F
A, % HE B OIR & K S A 25% wE R
(thiamethoxam ) 7K 73 #CRL ) , By + 26 1IE S AE Y O 47
AMRAF ;1. 8% B 4E# 2 (abamectin) ZLi , 46 5T
e KA Y H R A R Al 480 g/L B 46
(chlorpyrifos ) FLiH , 3¢ [l B [T 25 4 2> 7] 5 10% M i
JiE ( chlorfenapyr) &% 7] , 78 [ [ KA A 5 a- L R
ZEME Ca-NA ), B0 — ), Aoy 4l L2 e 1K
(i LAY, GSH) |, 2l B > 99. 5% | ik Ji B 4 g 11
( NADPH, II), Roche 2 wl; 1-40-2, 4-— 7§ %
(CDNB) ,Sigma 2\ w5 HAth 32 57 2 43 #r 40 5 Ak 2
4fi, Bradford v 11wl R &, b ot 1 TR B
KIEARAF

Y& U5 B 0 ML ( Sigma, 3K15) 5 i b5 % ( Spectra
Max,M2°)

1.3 £#YE

% % Alfredo Fl Anthony ( 2003 ) /iy TIBS
(thrips insecticides bioassay system ) J% , 283 2416 2
AN T 2 R (3R A0 S ,2009)
1.4 BEgiENE
1.4.1 EEEENE KEAWMESN(S mg/mL
BSA) #i B B — R 5 W BE, #E 595 nm & OD
{E, LA OD fH b AL A5, 25 bR HE & 3 5 DL Ak b
MR HE 4R

FEA R L & E 2% Bradford W58 M€ &
WA G P B 1T, EREFR AR AL mA 10 pL
fitf 5,10 wL 0. 9% NaCl, Xf B fim A 20 pL 0.9%
NaCl, #XkJ5 A 200 wL Bradford v ok, AR
MR RRIRATIRS)  E A A0, SR CE 3
~5 min f5,7E 595 nm FllE OD {A, &> dh Al
4 Ry ERE . RER & A B e & A
PP EE &,
1.4.2 #H BB (CarE) FEAME =% Byme
25 (2000 ) (14 B3k I 5 6 I m LA kcagk . #F 20 k7Y
AEB] T B T A1 AR L, AL 500 L B Y
pH 6.0 () PBS 8w, vK I 78 70 WIF B, K 50
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BE 15 mL BOE T, oK ERCE 30 min, {7 # 7
FEOTUE RO AL P 4 AR E A, T 4T
10 000 g T 250> 10 min, B [ BD W B . 75 B
He AL RO A 50 wL i, S8 J5 P HEAR Jin L 200
pLl 6 ¢/L fY [ # RR E2F01 1 mmol/L 1Y a-Z FRZE
M5 B VR AW ,50 wL pH 6.0 (%) PBS 8 nj i &5 4% i
JEAE g % B S7 BDAE 450 nm Rl € OD fi 10
min, &F% 10 s 32— WH, R 3y 2 i m
I TAE B 1 A, SR R TR 0 LS
HNN 0D, /min/ g FHH,
1.4.3 ZBRLHEHAK S-HEBEB(GSTs)FANUE =
% Rauch Fl Nauen (2003) Lk} Stumpf F Nauen
(2002) iy 75 36 IF ARl ik o B 30 Sk 74 48 6] D A
HUE TSR W SI I AR IS ES L A 300 wL 0. 05
mol/L pH 7.5 #) Tris-HCl 2% ik , T vk b W5, 4R
JEfEA 1.5 mL B0 o REAL T 4 AR A
K. 4CTF 10 000 g &0 10 min, J_E 35 HI O il
W, W30 L i, 100 pl 1.2 mmol/L CDNB,
100 wL 12 mmol/L GSH &) jit A FbR#FLH . 30
pwL 0.05 mol/L pH =7.5 ) Tris-HCl 2% np i # AL
filg P AE X B Sr EIAE 340 nm 2R 5E OD {10
min, &% 10 s 52—, R 3 7 i & ay g, )
E BEIR P B AR, TS AR DT K S RS g L
I 1, Wik JJ B0 0D,/ min/ g B .
1.4.4 ZHEESALEE(MFO)FEAME KX
LR B i e 2R 51 e B AE P I 405 nm T 3 OD
1B, LA OD B B8 AL 5 0 il i 2 13 149 ) o ) 6
PApRIEbREf 2 . LAOR TR 4 2 Uik 1k
Tit S 1 ) il SRR R HR B 0 i LT R Z TR AR
TR BT

Z: i Feng 45 (2009 ) 1Y 77 ¥ I i LA gt , B 60
S VU A 8 T B T TR Y B 3 AT AR I L
A1 mLO.1 mol/L pH 7.5 BB bk (& 1
mmol/L EDTA 0.1 mmol/L DTT .1 mmol/L PTU 1
mmol/L PMSF) , Tk E S W B 55 A 1.5 mL
BLE T A 4 WAEY S EE, 4°C 13 000 ¢
B0 10 min, A BWEH B RN 1.5 mL B.OE
o FE A R A5 PF R B0 30 ming, B ROk il
Wi B 375 wL 2 pmol/L X fil§ B 2K H i 37.5 pL
9.6 mmol/L NADPH P A 337.5 uL fJi—3t 750
wL SR 2, LL 337,05 L 8 b i A 1 R AR N

Xt AR, 34°C K 30 min, R J5 HL 200 pL Jin A R bR
M FL R ,405 nm R E OD fH . 45 5 LA B il
BRI = BN S AN nmol/mg B 1/
30 min,
1.4.5 HMBAE K25 AEWN e R RH
Probit # 4 23Hr LCy, {8 .95% & 15 X [a] Fl 4} 2 25
AT E PR (4 LC, (B RMUR R BE 19 LCs, {5 A9 H(E
VB Ay A5 2 B G A 6 2 Sk A 3% o 790 58 v
JEE 1 38 B, LA SRR R B R B M R ORE Y LG, {H 1Y
95% EAFBRAZ AT ML £ R B %,

TRk 5 BT fh R 145 AN S BCE T SPSS #k
PR3, 22 5 W 35 PR H One-way ANOVA (LSD)

Hse .
2 #ERS5aH

2.1 ARESNEZREZRHHIMEIXE

2006 £ 9 J] IFhiy Fl 22 2% 1 2R %) 04 A i) 1 kAT
IRIE PR TR R+ 0 218 . T 0T AR BTk
FEBULTF- 1, Jr LUAE B v g 251 15 48 19 20
#) 2008 4E 9, VU AL S R Z AW R
LCs, =0.013 mg/L, ST PEAE RO 1. 08 4, iZ AR
bR 0 40, HIWREE S 0.1 mg/L (1 £ 2% 18 R X
HEAT IR, LU B # v e B2 . Ik 3] 15 4R
i}, LCy, =0.39 mg/L, HLPEAEECK 30 £, M 15 ~
18 %, Hitk % J ol B e, LC,, = 1. 696 mg/L 4
PEAEEC TR 130046 £, A 18 ARTF I, Bk i
I, — HF] 24 A, Ut B 2 B2 1 708
i, LCy, =8.0541 mg/L . M 24 fIFR , Ptk & e
FR) R — 2D e, 28 AR B BT A T A b 1
g 11.999. 34 f%, M iF, LC,, =55.997 mg/L, 7E
A RGES R PR TR K (E 1),

PUAEET X 2 R W E A 1 T 25 P L
Ja SR 27 23 2 R T FE = A T R K
VYA AU DA B GA 53 T18 AR (SR 1) X
WE R AL 84 S LTk . X BT 4E T R R B
FEMR A B AR B o 3 R 3. 33 £ 2. 28 A,
BB HTPE B R LC, (H A 95% B A5 X i N H A,
R E) 2 5 XF R B S8 B
0.56 %, HYME,
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Table 1  Cross-resistance of the resistant strain of western flower thrips to other insecticides

255 e B (bruEiR)  BOEHWE (95% EIFHR) BoMAT 5L
Insecticide Strain Slope ( SE) LC,, (95%F. L. ) (mg/L) Resistance ratio
ZRARE #8% & Susceptible strain 1.43(0.24) 0.005(0.0029 -0.0086) 11 999
Spinosad Ptk S & Resistant strain 1.13(0.19) 55.9967(32.6741 —95.9667)

LREZIRHE 5 % Susceptible strain 2.04(0.27) 0.0001906(0.000133 —0.000273) 53 718
Spinetoram Pr & £ Resistant strain 1.66(0.20) 10.2387(7.0974 —14.7702) )

WGE H U 5 & Susceptible strain 1.55(0.26) 16.1583(8.7210 —29.9381) 84
Thiamethoxam Pr ik i & Resistant strain 1.14(0.18) 1362.869(836.287 —2 221.021)

Fif 4 T = 3 J8% i & Susceptible strain 1.39(0.17) 1.7187(1.1340 -2.6048) 333
Abamectin Pt i & Resistant strain 3.11(0.46) 5.7234(4.4128 —7.4232) ’
AUl 8% i & Susceptible strain 2.66(0.32) 0.5260(0.3870 -0.7149) 5 28
Chlorpyrifos Prk i & Resistant strain 3.65(0.44) 1.1969(0.9266 —1.5461) ’
g3 8% & Susceptible strain 1.40(0.23) 2.4377(1.435 -4.1513) 0.56
Chlorfenapyr Ptk S & Resistant strain 0.72(0.14) 1.3592(0.6665 -2.772) ’

T DUPEAG L = LC,, (LR M 2R ) /LG, (USR5 ) ©

Resistance ratio = LC;, of the resistant strain/LCy, of the susceptible strain.

KIEAREL Generation

Bl BEHSMESREENENHIEKRE

Fig.1 Selection of spinosad resistance in western flower

6 1 23468 9101112131415161819212428

thrips thrips( Frankliniella occidentalis) by spinosad
PUPEAEH = LC, (BTt R &) /LG, (URM R ) o

Resistance ratio = LC,; of the resistant strain /LCs, of

the susceptible strain.

2.3 3MABEBABAALR

PUPE i FR AU R Y 3 A TS P LA
DL 2 (B 3. Pk s &R 0 R IR R L A bE HOAK S-
i B T AN 22 D) e S A0 B 03 0 4 00 ol UGG R
0.78 (P =0.173) .0.92 (P =0.22)f10.91 (P =
0.216) %, 70 b 2 22 5, U WA 3X 3 F figk 2 il 7% V5

[ w80 Susceptible strain
— Btk Rsistant strain

i LE3E ) Activity
(OD/min/pg pro)

CarE GSTs

2 HRMARTRERRLBIEESE.
AREK S-BBEBENILR
Fig.2 CarE and GSTs activities of

the susceptible and resistant

T80 T 5 42 2% B 2 2 A e P R RV
3 itig

S v PR ) B R T 2003 4F A E 4R
b B2 e S AE T B 58 9 I % SR AR SR 1F % 9
A2 ful AT 7 25 30 1) A B 9 . 2006 4F T 18 AP 4y
Hy— B4 F 22 2% T 2 0 HL AT R A Uk BB, 22 3 S
SRR T (20 46 £0) 3075 T Hirk 550k 11 999 4%
ML B B R b, % Ik e R B
AT LA A B FZE (1 ~18 1%) 52, 12
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5r . {3 Susceptible strain
o4 Rsistant strain
~ 4 [
2.
=z E
i)
.R =
B3 2t
o =]
Z &
] -
0

MFOs

B3 HRKANAERES
et ML ERE LB
Fig.3 MFOs activities of the suscentible

and resistant strains

THEA (18 ~28 ) o FPFEAESE(2011) Xz T4 i
R (PUHEARECH 80.8 £ i THid: R T2 M) 1Y
Ptk f5 o X0 58 2 BZ BU Ik o # Je fk R 58
a i Pt AL, H il 23Kl . Zhang 55 (2008 ) X}
VYA HT v (PR B = 14 1) 845 J7 Xy BF
FEALAG BN R RE A ZE 2 o 3k A ast 4% 7 20T i 45 i 19
Pitk & RN . % R G WP R R 3
PR R R AT R R A R L P R AET
SR WA R AT & R B8, 5 I A
P24 1) 2 B AT LAHE DN J5 3 B o TR G AR R 58
Atk Bk Be PR s A%, e B Ok R R ], Bielza 4§
(2007 ) XF PG HE I 7k e 38 R B (0 VO AL i) B 2 R &R
BUHEFPRE (B PE A5 B = 356 547 ) [T M st 1% 7 X
WF5T s ok B e o A 58 A Bkt 4%, th s Sk
il o A2 LLS M AIF T R 78 X TSR IE
PCAER FEVF 2 AR AT B A S A b IX, HH (3R]
ZFMEROXZRAWEE T EP A, Bielza 5
(2007 ) St 24 {1 FH A5 %5 11 78 BIE 28 7R 7 350 b X ) 7
AEHT PRI B 25 P I, 45 R R AE Z R R
FHRECK T 10 I EY L, i A8 i 2 j = A= pr 24
Mo Zhao 45 (2002 ) #7385 38 [ B gk 5 /)N 32 i FH 1]
HEXT Z R R MPLEN 316 5, Kakani 5 (2010)
F18 5 30 3 I R 22 4% T 2%t B3 186 K A I e 1L
7 5 1 5 L0 R 4 JE 0 3 X Y SR X 22 R T R Y
UM BT L TE . R LA I A F R] 0 SR A M
— Ml FH 22 % B3R % P AE I 1E AT B A, R Y
VG AL 8] T B 8] Fp B A AR AR = B 24 1 Y R

BT LA, T BRI 22 2% T 2R 0 ok R Lo 22 Bt
2GR E

AT v P AR ] T 22 % TR R PR R £k
ZARAWRMERGRAR&G LB, Kb oK
ZARWREMA W R Z B w8 EWN, 22
A B R (spinosad ) iy 4 A7 o — & 4 HIHL 2 AH
[F] o BT LAVE B ] B 22 % T R Bk i R X S HE 2 0%
BRI TR R pT e, T e B R —Fh 4
S TEL WO R T R S0 O 1 = |
( Maienfisch et al. ,2001) , 75 15 55 4 Bk B 2, Fik AR
B2 AR 45 G TS A o X 3k R 24 30) 7 A 52 4
P 18 235 SR 150 I G A 6 %k 22 A TR R I BT PEAR T RE
55 2 Tk IR B82S 1 S ORI AR G . i &R
Xof BT 4 TR 2R AN BE AL WAL A TR S BT . X
5 2RA A (2010) AR R i 22 % 181 3% Ab 2R PG A2 6]
AR A bt Z JE X B 4 TR R A 2R Y
ORI BA T RB S — B, % RS U AL
HyttE. BrLk, 76 78 48 &) 5 XF £ % W R T iA
B ebon] DLTE i 5 00 52 AT Y 24 5 4 A fdTFH OR ek
GEHCA PR A

TEZHTYEAS BT SO HT P G R Y CarE |
GSTs A1 MFOs 3 Fh fif 25 Big i J1 504 36 22 5%, iX
Wd B P A8 i) 5 X 22 % T R B9 v S A i R 4R
KRR K. [FREHL, Bielza 25 (2007) B 53 % W] 14
ZF PBO \DEF \DEM N GE 3 5 22 2% T 2% % 74 46 i
L0 FRE 09 5 0, 3 W Ak B AR X 2 R T R
ApPEL B AR EEAEH . Zhang 55 (2008 ) Xf
VO AE B Th 40 22 A8 T 2R i &R (BUVERE 5 = 14) B AE SR
[ AN g S 2457 PBO \DEF \DEM A BEHY 5 22 2% I
EXS BRI B o BR VG AL 4 5 LLSE , Shono Al
Scott (2002 ) X%} 5 i 22 7% B 2 Pk i & (PUrE AT 4L
> 150) BYAIF 58 R W, 38 2000 A BB 3 5 22 % TR R X
PUTER B RE ) o Zhao 55 (2002 ) BF 58N Ay 34 R
PBO DEF “NfE 4 5 22 7% 18 3R X Bt 2 /) 3¢ ik 11 2
Jio XLV AR RTER B ZRER
PSRN E M .

T A BT8R /NS o0 22 4% B 3R 7 AR R e
PE5 nAChRa6 WIEIELIN Prab 5% 5% A B 1 B 4
A % (Baxter et al. ,2010) , RIEX L2 RXEHZ 74
PUrE (PUPERT R =1 181) /2 i nAChR o6 . AEJE
K (Da6) (1) ) BE Pk Bk 2% & B 1Y (Perry et al. ,
2007) . SR WEXT 2 A W R W HTEA S nAChR
Mda6 ( Gao et al. ,2007b) ,Mda5 MdB3 F& K i %E £&
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PEBY 4 JC K (Gao et al. ,2007a) o AT H T Hik
S y-E LT R Z AR R 51 1Y BE ] (Scott,
2008) o SR UG R RO 2 % T R AR P S A
B A SBURPE R AR AT OG0 P AE S Sh 0 2 R T R
AT R] RE AL 5 #E AR L I B R R A O, 4 Ja FE A
X T A — A B 5T
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