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HW =
SEIH - KR 0 2018 o B SRS BN [FIE A A SRS A
SRR T - FEPIEEEE602): 7-14 -

&S (Thrips palmi) Ry &8 JVE I LB EE
#3 0 H A A R 2 E 20 E T o AU R A E IS
BB TS R B AR AR s B B2 1 - HETT = (s > B
EHIHEEMNE - FET ~ B - IR E AR
[FF FIAR A SR Y RS2 M oA SRR E e T B
EEEAVLCO0 B B RTAME Or T B8 5CHYRIE - HH I HE ot
Bl 1Y e B A B S R ER A0 A e T T R R RE L E A
itk o AL 2 B a8 AR DUEE Y T 22 2 — » AT
78 MPiperonyl butoxide (PBO) ~ Diethyl maleate (DEM) ~ Triphenyl
phosphate (TPP) & = f& fgh JI B METT G - 45 SRERIESNE R
AJE T HARIIPBOE h ST bL e Rz 65 DL - PR 4 R4 A &
ZP450 (cytochrome P450, CYPA450) S Hil i v il 6 S5 55 Jli 58 K AT
JETHIfEEIEA 5 BN INTPP% e 55 i 55 19 {5 T Lh (&4
% > RECHENIBSES (Bsterases, EST) 2l 5 5 il B 364 58 B2 Y
FER - EEMEFRERIIPBOM PP » CYPASOKEST &tk
BA T RIS, - B MR 2 [E I 2 0 g w5 S R R
HIRREIE R o 55— 07T » ASBHZE RaMT = b Lk F 2 Al 5 IR B v 8
H:-3M3E (Sodium channel) AYDNA 31 - FEFTHIERATBE A TR
TWH (T929D) REEBRHVEEZEETY > HEN mIHARAITO20T R 2 8
TTRE R e e A R SR B E A S UMY RN -

=

B R ¢ RS AN - DUMERR (USSR - U - s

% 8
&I E (Thrips palmi Karny) 55708 L@ S H
(Thysanoptera) ~ #fiFESE H (Terebrantia) @ ‘E&fE RO REY)
BB E SR > TSR - &8 - PEIRRE R HAE
H o FE S A AR R A E R EER T - R ERTE
B > [EIE R R B A BE 22 75 (Tomato spotted wilt virus,

TSWV) (YEZEHA D o B T PR B Hil a0 5 K L 5%
EYRSEIEE » 8RR F &S ar s klE - M=
PR R {00 P A e 1 1T A B R o A P DR A AR DU 2l
FRTH T R SR B D AR T ke B A ®” -

BE (200007 st 9 TEEERISE BT S AE 2 BUR » SRS
%% (cyhalothrin) ALFIPEBCRELE 5 §F% (2002) Ml +—7H
BRCEERE S B HAS 2 R S REB LU
(methiocarb) FYEIEZREE 95% DL E - MEEHEE (deltamethrin)
WAZERA (pyridaphenthion) REESEMIETEEARE] 50% -
Z2 (2009)"Y 4w M T (6 [ P e R AT OB 3 AR
(imidacloprid) ~ Z&J8i# (formetanate) K% 5 %8 = FHEEM] > {57
M GEIRBURERURFF Ryt ERE (LCso: 7.15~20.79) ~ 72 800
(LCs: 38.17~206.75) ~ 3 (LCs: 130.66~>1000) » ifii fF B it
A 0 P S B B T A (VD) YRS s A B bR
B S HY [ e A S PSS R BRI B 2 17.53 5 > BUR oAl
BB s A A B -

TEDUERESI T - I BURENISES (monooxygenase) HY
4 5 2 P450 (cytochrome P450, CYP450) & Bl & s HTEEE (Y
E4AR 7 - Bao and Sonoda (2012)"Y FI S HE L LR ER
MEAIENH A S ZR (KC) K (OK) $#E s
(cypermethrin) AYERSZME » RedEm S &SR LM% (OK) HiZE
TREEALNRE (R P450 BRH > Ei%E RS0 PBO (piperonyl
butoxide) &z 8k LCsy HYEE(L o &5 555 B B o FH 420 S g
LCso £ 3922.9 ppm » iM% 737%] PBO % LCs, FE% 278.1 ppm
(W Db EEE 4.1 %) BURR LG 5 o &S B EER =1 it
MBI PASOARE - BN A A5 H e S &1 E R
FPEAR BT B G P450 AR 0 £8 (2009 ST =
EHERT R &S (PR - B R B 2
M JEARNN PBO 12 7% o 5 S 7 R i 20 o b o o o A 7 4
Rt JIEE By 18.71 B 21,77 » BEN B B i S B R S A i B
MEERATRE 2 P450 FHRE -

Br T AARDUE 2 A0 - 8 AR N SR 00 F B A RS
A DRI R AR A B B R S (E EE R AR - TR
e E AR LSRR . — - B RATAVIRST IR S T B

't
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(Sodium channel) HYZE8E A] & bl 55 3 b a5 20 SHEE B AV HLME -
TEET 25 P b an 5 SR EE R 9 2 aa P R BBk T BB A AL E
[RIBL e S AR P 8 > oS 918~ 929 Fe 1014 B =AEwH & 4E
s S HEEAE 'Y - Toda and Morishita (2009)%Y 4347 B &l
5 (Thrip tabaci) HIHTERREE L RBUEMES £ » FIZE T E
Fr & LAR It 2y R G IR 38 3HMO18T ~ T9291 J¢ L1014F
B e B A R SR AR A SUHE ERY R AN 3
AP (FIEE 929 {E&EEEEEH Threonine (Thr) & pklsoleucine
(Ile)) - JEMIHTZE A0 85 AR AR DU B R B 10 i v 0 5 BV TR
§U¢(l4,15) o

KW st Em L T B AT G S & F 5T 1 = Al
B HWERE - BT (clothianidin) ~ B ~ 5 FLIK
(chlorfenapyr) KeM5asts (spinetoram) S FifEA [F)7F A% 2
SELEEEIRZ M BRI A ECE AU B
@l S BT Ry (o] 2 B AALAE B s I REZe 8 » IREE M
FHEFL?

MEER A

— ~ RSB REARTE

Sy E BRSNS ~ ST L& S e RS
FeRALG —OKE T PR A o R Z B R AT
EEFEE - 2EHEMEG 199" B9 > DICEEAF THEY
P ARAERF CRIE25E1C 5 J8IE12 L 2 12 D) N KEfEE
VEFE S o R ENERDE 2 820F  EEDILE SR
il B FE R Ry fE A A R A e 1T L ELefE o SR B i 85 )2 4
B FEEAEN BSOS AIREER - RN UMEMRE
BEROERE GIRE GERANE M) - Frbs e e At O g
RRKELIAFEAE » ([HETE5RNF AU A -

Z  REERARE R AR

FEEERL LTRSS R A (deltamethrin, 2.4% 7K SC) I H
SFIRiBHE AR AE » BJJET (clothianidin, 16% 7MKL
SG) EE T BALERA AR A E] - M5 7 (methiocarb, 50% T
RIERE] WP) 1 H B AR AT > 5 LUK (chlorofenapyr,
10% KE&H SC) W E BRI LR A RAHE > R
(spinetoram, 11.7%7K&% SC) fEH & & EER M AR AE -
EZLys™ tissue protein extraction reagent [ & A4 4= K A R
/\H] > Bradford protein assay kit (Cat. No.: GPA102) [ E £ R
W A= RSB A PR A 5 » Triton X-100 ~ p-nitroanisole
nicotinamide adenine dinucleotide phosphate (NADPH) ~ Glutathione
S-Transferase (GST) ~ PBO (piperonyl butoxide, 90%) ~ DEM
(diethyl maleate, 97%) K TPP (triphenyl phosphate, 99%) [ H & il
SR AR/ E] > QuickExtract DNA Extraction [ H &lltH4t 4
A AE] o PCR [ FESF4H-5% Taq Master mix (5 units/ul) }#
B AR A REHY AR /A E] » DNA marker ~ DNA loading dye [

HAlt AR AIRAE - R{ELSE (ethidium bromide, EtBr) [
HFZEAE] > 5x TBE buffer i H 8 AR ARG A E -

=~ FEtEmEEE SRR aE AR MR

20L6AFEREETA BR AR AR LA ~ v I v M L T R 2 i —
7K AR ST = (I $th W Al - FH b 2 B # & S pl g © 295 Greenberg
et al. (2012)"7 Z&553% (Thrips Insecticide Bioassay System, FEfH
TIBS) K#F5F (2002) ©LLZ BESER A FIG #E 1 TAE VIR « %
TET ~ HEHE - BB~ Kow LR KRR % TR L el gE
Bl - AROZKEC# B A [ 2 ME0EH (W& EEH 0.01%
Triton X-100) > 488&FE R 10 ml > ¥4 B Triton X-100 (0.01%)
2K o FIEEERERTRENT C WJET (Ilppm, Sppm,
10ppm, 25ppm, 50ppm, 100ppm, 500ppm, 1000ppm) ~ 55 &
(1ppm, 10ppm, 25ppm, 100ppm, 1000ppm, 2000ppm, 4000ppm) ~
W55 (1ppm, 10ppm, 50ppm, 100ppm, 200ppm, 500ppm, 625ppm,
1000ppm) ~ k2% MJR (0.1ppm, 0.5ppm, 1ppm, 5ppm, 10ppm,
50ppm, 100ppm) K855 (0.01ppm, 0.05ppm, 0.1ppm, 0.5ppm,
Ippm, Sppm, 10ppm, 1S5ppm) » FIFHERFE R & U U MR R
FHFEE (EE 1.5om & 6 cm) H 0 A EEREYIEE
R — B EERE - (Tt AR T R ez 1% - FI <8 U B8 it 758
RIS ER 1.4 cm Z BRI R 201 & RE Z NS K R
HIRLA 10 7 > EHhEME T EEZR - A ME S22 IS
o FEREA 1S BRGNS _maE DaREEEEOER
AERFE (2551°C, 12D ¢+ 121) 0 4124 /NEHE ISR Rk 4T s8R 5E T
BT RIETR - sEpaE R EIE(EH SPSS 19.0 #istiis
PRELITHT (probit analysis) » DK G- M1 By 5 il 15 3 & 5l ip g
TR F B EBEERE (median lethal concentration, LCsy) 1 LCy
BRI = o SR [E — T R BB [E i B = &S Y
FHESLRER - DA BETE RS R RAY rE 55 405 L 2 F R 2
S B RSN EENIDES (E STV YIS T NIDE S (€ T
JREARER - SRRV EME ED B & Sh R AYPLIEEE (Resistance Ratio,
RRy) ©

\ ERAEISHRSBE RIS Z R
(O BREBERART HAMBNE 2 55

Bz R4S SR EE T PBO 80 ppm ~ DEM 100 ppm & TPP
200 ppm N ISR S AT BIE T > RILEEA RO R
=B 5 R B SO TE - B SRR B = AR B M 2 B
(stock solution) » 435 &PBO 800ppm * DEM 1000ppm k2 TPP
2000ppm > BEE 53 BIEC B = (R (1~ 100 K2 1000 ppm)
FATE T =EERE (5~ 25 K S0 ppm) ZBER » BEH 1 ml (19

BERIREE » 4RI A 1 ml 22 80ppm PBO ~ 100ppm DEM &
200ppm TPP > FELIRO/KFiTE R R BER By 10 ml (FEHIEL 7



TIBISEHARERELOfS) - Bl B HisUREZER (W& 0.01% Triton
X-100) > #f084H 510 ml A9 Triton X-100 (0.01%) Z /K7 - 3Bl
FHERE L0 ~ BRI oK > m s A S Al E T AR e
M OFERE ) - R 24 /NSRBI ZZE0 8R4l 88 SR U B s 5
TR ZRHIGEWRE =R > LCy K LCy WYETE AR L »
Ve R 7 D 2 i SR BN TR0 T B R R BE A B - SR HE I
A PBO - DEM Jx TPP =& {7 355 e 2 il S A 17 JT 8502
7l JIEE{E (Synergistic Ratio, SR) DARERRI: /17 PBO ~ DEM K
TPP Wy I1EH -

O BEEMEA T

1. EREERY

HFER B B RSNl ~ e i L R i KA =
{1l St 1 1 FH 2 P o S TR B > PRELEY 100 R s @il ls it 4h
& > A 200 ul EZLysTM tissue protein extraction reagent * fE/K
UFEEAY 1 Sy ST ESIEY 0 4F 4°C - B 11000 x g THEEL
20 g o W H BB R EE G A 2 R R =
-

PEAN e = A 1 7 i s ] S 4 e AT D7 5 HE AT AR i
M- RS CRE ASEURE 12 ppm) KAIET CBER 1
ppm) 24 /NFIRHEL 100 EEERYEI = AIE g BT E A
ZEHL - HE P ERBIRIEAEE © Bhoh - EIRFHAEE0IN T =M
Bl A ilis 2 S RS HY 22 1 B Ehi iR Y B 2208 1 -

2. BERIEME N

() B (EST) JEMERIE

R A e T 2 o S R 4 SR HIR Y 2R 1 R R
BHEER] CERENTIET) 1% 24 NFTEE . EQER > £0
FAERIA 0.02 M NA-phosphate buffer (pH 7.4) 1150 ul ~ 25 ul
EHE®RR 1.5 mM «a-naphthyl acetate ZE » 530 FRAN
FE 5 srdts - BEENIA 250 ul 3.5% FBBS (W& 0.3% Fast blue b
salt 52 3.5% SDS) &t 5 438 » FIFH 3 EFER & 600 nm
MIERSE - STHEEVIENRS -

(2) BB H BRESERES (GST) JEMEAIE

R A . T B i S MR 4 R FE IR Y AR R R
IR (FRWBERAIET) & 24 /NEFFREER EHE K
{# A Glutathione S-Transferase (GST) stI4H - £ AT HHIA
980 ul Dulbecco's phosphate buffered saline ~ 10 ul #Y L-Glutathione
reduced (200 mM) ~ 10 ul #3 CDNB (100 mM) K 10 ul BYZEHE
K AR TORAFE 1 o8 A TR & 340
nm | [EFE 30 B o EEDHE 5 438 0 BHE S rsEg L
(AAsy) [ 7388 = (A340 (EASROLE- BT E)) / STERE ]
(AAy) | 538 x HIERESFE (ml) x FRFEREED / (9.6 mM™ x SHIEL
FEARSTE) = umol/ml/min
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(umol/ml/min) / & B ERE = LLIEM:

) #IREE3RCYPA50SEIHAIE

R A i PR R o ol B G 4l s B U Y BB VR R
B (ERERLAET) % 24 NFFREN EEER - £0
BLEFIA 400 ul #9 0.02 M NA-phosphate buffer (pH 7.4) ~ 280
ul f p-nitroanisole ~ 20 ul A NADPH K 100 ul HYE &R @ %
5 5 rsERFI Y EEHER & 405 nm TOHEWSEE - 5
HEVERE -

bl = KRR EM DLANOVA R LSD T 45 5F B & 1 4
7 o

(=) BhzRE A

1. B=&IE genomic DNA ZZ:HY

TERF SR LA ~ = e T B L T R BB R — K AR e
U e 4 Es o RS TR AEINE 1.5 ml BEOE N DAIESHL
DNA - {#F{QuickExtract DNA Extraction stI4H » (I XA B
1T DNA ZEHY - E4RHE 1.5 ml JRA B E @B 80
A > A 50 ul QuickExtract 720 » MR G 157 1£ 65C #2
BRI 6 4388 0 FEERE 15 B) 0 1F 98°C #2I8H N EIHE 2
788 > BI5ER DNA FYZEHL - I8 H DNA fEFERL -20C 2B
17 > 2 -70C EHIEEE -

2. 5| FZE%E

HEZR Bao et al ¥ AUSURR P AR (H5 | R TR AT
SR E BE IS B T IR ES  (HiE S5 IR I P A A B
SEEIBEEEMO18T ~ T9291 K L1014FiE = (B EimZE a2
AR IEENCBI_E AT Y e 5 & FS S+ i B IR R P 51) (accession
number: AB849921) {# Astemplate DNA E1TE&s151F » 51740
By TP-kdr-1kb-4360-F (GCT GAT CGC CAT GAG CCC AAA G) /
TP-kdr-1kb-4360-R (AGC TCT CGG TTT GCT GCA AGA G) #fT
PCR [ZJE « [IEHEASTE My 25 ul » W& 16.5 ul 20K (ddH,0)
5 ul Tag Master mix ~ 5[ F¥# 0.5 ul 5 2.5 ul DNA » PCR &
JEMEIE R (1) TEEL (pre-denaturation) 94°C / 3 43$# > (2) &k
(denaturation) 94°C /30 b » (3) #h#& (annealing) 55°C / 1 438% -
(4) ZEff (extension) 72°C /2 478 » BHE (2) £ (4) H30{ETE
B R{RIER (final extension) 72°C / 7 43§ » PCR EEVIR{EN
4°C JKFE -

EPCR FEM#ETT1.0% Agarose gel AYEEK M » FEHIE K
i 2 for s fir EREREPCR Y2 A IEHE - & PCR ARHVEY £
FRAEVIRHCAIRAEIER » 3 EY 5 DA sttt 918 ~ 929
K 1014 ir BEREHRERE -
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&
— ~ A= R A S R 2 B AR S M AR

H A & B R e A 5158 2978 2 2R a2 220 R
wAIE (HEES &) > R AR EE R LGy, mf&%ﬁt@f’m
S5 % (reference strain) > DLETE LN ~ FEL R —/KH S R =
il B S a2 BB - CREATIE T ~ B - B -
U R 5% 5 1 Fe 7 6 = (W b T e S el 2 > 45 R %
HA e TSI ~ LR KR > B AT - H LCy, 431
B 39.760 ~ 15.658 K2 11.663 ppm > [RFELL %ﬂt@fﬁﬁ:ﬁ%
STE LA R L & i S A S 2 ftE LR ARy 3.409 e 1.343
& BER T LAN I B Al B S R JE T Y RS2 MR L L R — 7K,
EE (Fe—) « Ik > offE T #HE = M E R & A&1E 2 LGy, 47
115y 298.606 ~ 117.784 K 1008.284 ppm » H LC,, HEHERT
TP AR S A G 2 B30 RE (53.33 ppm) » FIHY LCy P
REVEETR: (BT —/KHIIE) » FoosJ L0 B LI I B o i B ]
JE T HRECE A g E L -

EWEH LA ~ R K& A - H LGy
FEs 1591.804 ~ 1069.447 K 1351.669 ppm > R LALLM EE(E
R FELAE > G0 R K o A S 2 BUELR Sy A Ry 1.488
Fe1.264 {55 > BURiE —{FHhIE g i R 0 B 1 S
BiEE (F—) - WA ERMERE = EE R A S 2 LC,,
SYHIRs 7491 x 10° ~ 3.466 x 10° % 8.713 x 10* ppm » H: LCy 3
Cig s MR T A e i S 2 Bl g (24 ppm) A
LCy SBNFEHAAVEE R > ForSL0 ~ KRR — /KIS e &
BRI T A RIRATPIEE N -

TR T TLAD ~ R KIS B AT 0 H LGy 4
BBy 17.503 ~ 13.253 K 6.187 ppm » BRI BL = /K i I& 1 F
o STELAN RO L 1 A0S 2 fitE R sy B Ry 2.829 K
2.142 £ (R—) - WA - WG EE = EE R s A 2 LGy,
Sy A1Ey 102,292 ~ 57.376 % 91.081 ppm » E LCy, ¥IEPAIEET
T A T &l 5 2 B RS (625 ppm) ?% SN e BT R
U0 R /KM r = i S S A AR -

SRS LAD ~ HELL R KM 2 B s & 0 H LCy, Al
Ry 0.876 ~ 2.227 K 5.977 ppm > llttwwnﬂtw’ﬁ%ﬁﬁ it
EE LR K F S A 2 Bty ARy 2.542 R 6.823 %

9HH

(F—) o Iboh > LIRSS = (EH IS R S AT 2 LCy 5771 5
4.978 ~ 19.675 J 58.296 ppm * E LC,, HEAER T 45

BRI ZZRRE (100 ppm) %Tﬁﬂﬂﬁiﬂwﬂ JELL R —
KM e 5 &S (T A G 8CR: »

R L - B R K M AT - H LGy,
ARy 0.23 ~ 0.026 K2 0.138 ppm > Rl DAL/ R B - &
B0 R oK & B s A 2 Bt EE 071 By 8.846 K 5.308 1%
(F—) o AN > R iE = rE s AT 2 LCy 0
6.946 ~ 3.498 Kz 0.412 ppm > H LCy, BIRE IR F G AR

ilfE 2 B ELRIE (14.625ppm) » TR aa R LA ~ IR =
PRI e 3 S A TR AP E R -

Fe— ~ T ~ L~ oK T T A R R ] R MR
TABLE 1. Susceptibility of Thrips palmi from three populations (Jiuru,

Qishan, Ershui) to five insecticides

leaay i LCo 959 Fiducial limits Slope  RRs, LCo AR
(ppm) (ppm) (ppm)
"ET Juam e 39.760 28.577~83.336 1.103 3409  298.606 53.33
B 15.658 7.142~76.475 LIIT 1343 117.784
—JK 11.663 2.045~497.878 0.865 -° 1008.284

EIWEE LA 1501.804  147.888~95467.146 0497 1483 7.491x10° 24

U 1069.447 172.348~110228916 0433 -° 3.466x10°

UK 1351669 95.043~150765.435  0.509 1.264  8.713x10°

W LA 17503 10.414~35.667 1.027 2829 102292 625
HEL 13.253  8.396~18.098 2014 2142 57376
UK 6187 1.000~10.914 .02 - 91.081

SEAR L 0.876 0.028~0.976 1164 - 4978 100
L 2.227 0.865~3.123 1.045 2542 19.675
—K 5977 2.119~9.879 1.087 6.823 58.296

Wsets i 0.230 0.098~1.006 0.772  8.846  6.946 14.625
L 0.026 0.004~0.856 0874 -~ 3.498
K 0.138 0.065~0.289 1459 5308 0412

- RERLREREVS N RS E 4 -

 ERAEHR B EZ RET

(D) BREBRARET ARG E < 5

st ER4E B85 PBO 80 ppm ~ DEM 100 ppm K TPP 200
ppm AN E i L FE S A BIE T RIAE R I 2 M A T E
WA BRI EEEE - e B RS M s A S B R T

R R T e EE AR DR > RIBL AR BT e T R 55 R B AR i fig
J7% (PBO ~ DEM K TPP) #e—H {7t - AoHIRg S5 &1 5
AT REREEEVFEERE T HEEZRAR - SR8
AR T BIINA AR B 18] (£3%00 PBO & > JLin ~ 1K

ZUKHIE R SANE N LCy S AIFEZE 591~ 0.931 K 0.323
ppm () WIELS B R 6.728 ~ 16.818 F 36.108 % » Hilt
G T HE R i v A S S T JE T RV B EE M oT AR BRI (2 R P4S0
(CYP450) R - 72 TRIIDEM K TPP#% » 1f JJLLAE SLanHh
BB LCy, /2 A AR » ML R — /K @ B = A
1y LCsy B EFHUERS - (A= 0 i I8 HE LA
(R

Sy RS TSR =R IR iR L0~ L R K&
FAERAIE 2 Bzt o a5 ERE BRI PBO RELA - LR
KRR & 2 Ly 23 BIEE 4.164 ~ 4916 & 8.486 ppm °
Hip L B5382.278 ~ 217.544 K¢ 159.282 f% © M0 TPP &%
Juan -~ LR K R s AT 2 LGy, 47 AIFE S 141.688



R WET RO =R b ST R B R o i 2
TABLE 2. Synergistic effects of three synergists on the toxicity of
clothianidin to Thrips palmi from three populations

& AEERE LCs(ppm)  95% Fiducial limits Slope SR
Jun wET 39.760 28.577~83.336 1103 -
HJJe T+PBO 5910 2.874~7.482 1.382  6.728
HJJET+DEM 33.333 23.348~77.921 L.163  1.193
H[JET+TPP  36.553 29.349~80.084 1.253  1.088
Eil "ET 15.658 7.142~76.475 L1 -
H[JET+PBO 0931 0.474~1.289 1.564 16818
H[JE T+DEM  76.691 23.606~187.871 1155 0.204
"B T+TPP  57.808 34.668~201.110 L1176~ 0.271
K mET 11.663 2.045~497.878 0.865 -
H[JET+PBO 0.323 0.025~1.237 1.487  36.108
A2 T+DEM 35.320 13.129~276.908 0.899  0.330
HfJET+TPP 16719 2.014~99.302 L.112  0.698

fih 3kt (SR) =R BER a2 HIHILCs, / [F0F E R e B g S AIHILC,

=~ BRI =R g A A T L e o e 2 AR
TABLE 3. Synergistic effects of three synergists on the toxicity of
deltamethrin to Thrips palmi from three populations

MO R LCs(ppm) 95% Fiducial limits ~ Slope SR
i SEEE 1591.804  147.888~95467.146  0.497 -
EHELPBO  4.164 1.777~5.657 1428 382.278
FHMELDEM 2557.903  458.835~6098.899  1.038  0.622
FMELTPP 141688 51.093~491.668 1298 11.234
L EEIREE 1069.447  172.348~110228.916 0433 -
EHELPBO 4916 1.883~8.565 1356 217.544
FEIWEDEM 1740364 346.689~2905.115  1.109  0.615
SMEELTPP 58237 27.110~60.992 1277 18364
UK e 1351.669  95.043~150765.435  0.509 -
SEEELPBO 8486 3.867~14.091 1457 159.282
SEEEDEM 4547712 359.902~15078.881  0.983  0.297
SEEELTPP 285178 89.651~495.021 1189 4.740

A3kt (SR) =R BER S HIHILCs, / [5)0F pE E e s A B g, S AIILC g,

58.237 k¢ 285.178 ppm » HAGIEE AR 11.23 ~ 18.364 K 4.74
& (GR=) - H R4S TS = (3 I A B o S S B8 D 22 AT
PrEEEEAIEtER PASO R BEEE (EST) AR - S5 ERIIDEM
& WAL E L@ R = &Y LCs, (A B - Mk
LR K & P B BT RS Y LCs, HIFA EFTHAVERSE » {H =&y
i IELARIR A BT HHEES (R=) -
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(2 BEREMAED

1. BRERIER 24 /\RF 2 EEEIE L

Dl o o A B W% 4 & PR P B OB S 24 /)N R B4 S i L B
T 2GR IE - 45 SRR REHEER ” =St E
P450 B m Mo Al By 8.53 ~ 9.07 K¢ 11.13 umole / min / mg * &
B NEE4 /N 2 =SB ZOEME T B E 17.91 ~ 13.52
J¢ 17.53 wmole / min / mg > {EREEREEINEENLR IR 1A PBO
&z = HEEEZEM S B ZE 7.05 ~ 8.03 K 11.69 umole / min
/ mg o ELEE T AR 2.54 ~ 1.68 K 1.49 % - BeldE it
S R e A S AR R S R 24 /N R B R E M B R
Tt (BB EE RIS IR TPP BEIE24/NEF 1% > = HIE R
B ] B IERERE 2252 BIHE 99.59 ~ 67.89 Kz 77.75 umole / min /
mg &% 17.73 ~ 23.69 % 15.97 g mole / min / mg » HELE S H]
Fy 5.62 > 2.87 K 4.86 & (FMM) » HHEL&SSHENLA ~ HELL &
TR L e ] S R R H U B AR (5 R P450 BRI BN K
BElG A B o LARATE B TPPIY s SR o (E A R R FE 40 £
PRI S B R Bl E R IO A B R ARG S RS
S A PG IR R R BE R T R 42 - RN - IR D
FAIDEM & 50 H BRIEELES (GST) MBI G4 5 PHEESE(E (&
) e

£~ FIMEERIIARER S5 (PBO, DEM, TPP) 1% %K [Elih 15 me s 75l
B2 RERE R

TABLE 4. Detoxification enzyme activities of three Thrips palmi
populations treated by deltamethrin or deltamethrin with three synergists

CYP450(umole/min/mg) GST(umole/min/mg)  Esterase(umole/min/mg)

activity ratio activity ratio activity ratio
Jun REE .53 5122a  99.82a  99.82a
FRE  1791a 2.54 55.89a  0.68 99.59a 5.62
PBO 6.94b ND2 ND
DEM ND 63.49 ND
TPP ND ND 76.75a
HWEEL 7.05 82.28a 17.73b
Al
BEL SREEEE 9.07b 49.61a  0.68 80.13a
FEHE 1352 1.68 45.89a 67.89a 2.87
PBO 8.97b ND ND
DEM ND 49.66a ND
TPP ND ND 63.26a
HREL 8.03b 67.51a 23.69b
Al
K AKpEE 11.13b 76.44a 1.02 83.5a
ERE 1755 149 63.19a 7175 4.86
PBO 10.55b ND ND
DEM ND 68.01a ND
TPP ND ND 75.72a
FEWE+ 11.6% 61.96a 15.97b
Al

" R E R E B EE R ANOVAELLSD test 23414 EIREEE 2 7 (p<0.05)
*: Non-Detect.
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2. AR TR 24 /\RFZBERIEME

CLRme e &l S Tle 4l SR EE e T 24 /NBE 1% SR pR P EE
W B ZEME R E - ERER Y ZAMEMEEE P450 &
HE R 2SS AR 8.53 ~ 9.07 % 11.13 umole / min / mg * &
HAJET 24 /NIRRT » —(EHIEE A ERBEZ ST RS E
15.56 ~ 16.08 K 14.93 umole / min / mg > {EREELA[[E T AWLARM
{55777 PBO 1 ={EHIEE O E B ZEMES R E 15.25 - 14.09
J2 13.73 umole / min / mg > EELE A 1.02 ~ 1.14 K 1.09 £% - fi5
BEMAE T - =S RS RE R E O AR
SEVEN AR A ERET MR IR TPP 1% - ={E
1 R B A S BB 2 ME ST HIAE 47.3 ~ 74.46 2 50.94 pmole
/ min / mg (&% 16.39 ~ 37.36 J 21.28 umole / min / mg » HEh{E
Ry 2.89 ~ 1.99 kz 2.39 £ (FR10) - HLEEFSEH LA ~ LR
K 16 1 2=l B S T TR T i T A BRI R (1% PASOARE - It
Ah - I IHIDEM R SARE H RRIEELES (GST) MEERTEMESH
HREASR (L (RY) -

FH -~ qJETRIIRER I (PBO, DEM, TPP) 14 ¥ [H] Hh & g &= 75
B RaZE e
TABLE 5. Detoxification enzyme activities of three Thrips palmi

populations treated by clothianidin or clothianidin with three synergists

CYP450(umole/min/mg)  GST(umole/min/mg)  Esterase(umole/min/mg)

WEE PR

activity ratio activity ratio activity ratio
L REEE 8.53b! 51.22a 99.82a
FWE 1556 1.02 53.60a 091 47.30b 2.89
PBO 9.88b ND2 ND
DEM ND 54.79a ND
TPP ND ND 56.76b
FEREL 1525 59.09a - 16.39¢
Al
L REHE 9.07b 49.61a 80.13a
EREE 1608 114 5846a 073 7446b 199
PBO 8.54b ND ND
DEM ND 59.17a ND
TPP ND ND 66.72b
FEREL 14.09 80.37a - 37.36c
{7
K REHE 11.13b 76.44a 83.5a
EHE 1493 1.09 57.25a  0.89 50.94b 2.39
PBO 12.55ab ND ND
DEM ND 68.25a ND
TPP ND ND 67.70a
FREL 1373 64.59a 21.28¢
fih 7%

' REE R EERIANOVABILSD test 43 #7 1% R EEHZE 7 % (p<0.05)
*: Non-Detect.

(=) BhZ=EAI

FIIF TP-kdr-1kb-4360-F / TP-kdr-1kb-4360-R 5[F4HAEHY IS
1 kb & 57 $i T B B FL A DNA - FELDURHILAD ~ BRI R —

K B 2 R % E AR RV PR B S B > i = {8t e e A
3RS RALED] - SERBURHE AR MR B B RS L 040
(n=10) ~ FHEHELE (n=15) FEALB /KL (n=18) » T9291
S ZSEHTAR T Ty 100% (FN) » HEm i Lt S R R s AT S 4
REBHARCERS -

FTN ~ A [F M e D S A T = ERESEE (MOI8T: T9291;
L1014F) (y#3

TABLE 6. Allele frequency at three point known mutations sites of sodium
channel in Thrips palmi collected from three populations

MII8T T9291
MM MW W/W MM MW WW MM MW W/W

L1014F
il

Jum@=100 0% 0% 100% 0% 0% 100% 0% 0%  100%
L @=15 0% 0% 100% 0% 0% 100% 0% 0%  100%

“AK@=18) 0% 0% 100% 0% 0% 100% 0% 0%  100%

" M/M: ZEZEISS G WIW: BPARIESE ST, M/W : SEES S -

NI

KRS AR AT SR (BT ~ FRE - W
5~ LR G BRI A E NS SRBRIE
SCRTEE NS - MR BUR R e - R LR » 1]
BT RERERAE GF—) o AakBa ARl FUTE i E2 7] o 7
LIRS sl A R R - TIPS (2002)2 JIE 11 EEar s
B & B = &S 2 W2 i s a i am e - £
(1999 Misk 9 TEALERTE/ NERLE (Scirtothrips dorsalis)
ZHER O GERETRG N RS AR AR o bk
F(2010)° (YRR IR AR A &ham © i dr baltsd o] AR IS
52 B ATEELE T B AT a8 -

st R BT B EER > E B TS s AR AL
FinUmE SIS - WFoets MG R S &S (Thrips tabaci) %5
R GEREEREERE LCy By 5.309 ug / vial - HF BRAFHIBGA
SR ARBRFEHIE LA ~ B R K R B AT B RS
HIRSZ M S RBURIEZHIER LCy B EHME LR T - HEmE
JRFE (14.625ppm) (FR—) » EHHIL T HILERIAE &8 5 s A S
BB AR » 2RI Wang e al.(2016)™ BFFEE83R 1 LB HY,
PG T AEEE (Frankliniella occidentalis) ¥t E417.29
ERTHtELL - NILEEE I E A B SRl B
A B

G R v FLIRTE RS Ml R 8 R i B A B &6 76 77
TERTBAVE " ARRFFEEILA ~ B /Kb e s A S
Bz BUR LCy B {RAE R T L BE0RE (100ppm) (F
—) » FIRIBLEERIAE & 8 W AR B A AR - (6%
(2010)” HYRFFEHE H 58 FLIR BN &l B (Y EBE R 58.1% » Bisa
R ANTEEA ©



AT LA~ B R K R A A R M
LCy 47K 298.606 ~ 117.784 Kz 1008.284 ppm > L= iMELRT
St (53.33 ppm) BB EAIS B AET RIgEC AT
PEEEAE > BLAEFBIONSE (2010) MU 30 FEALERAB N SAE
Fi i 302 45 SRARMEL - HEAIAT S BT /E & T 85 (neonicotinoid)
WERm T A REREE MRS - BIIMLA TS H EER
EOARE FPAVEDS (Frankliniella fusca) ¥$¥7JE i T A0t 22
(imidacloprid) BA%E#Z7 (thiamethoxam) HiiEELSTBIE 2 S5F139
,ﬁ:Il(lS) o

22 (2009)"Y 315 5 6 1 [ A e S T A R~ 7
R B R SRR R M 0 4SRRI SRR A
ARHRFE LA ~ HELL R oK T e i S S SR R R
EIE B M E N E » LCy T BB E R T L5
SR (24 ppm) (FB—) 0 FAE 2002 FEAVNFSE PR AR AR
s AR AR IISERY  ErmE sl B e EEEE
Hi%EM: - Bao and Sonoda (2012)" B¢ H A< e B Al 15 B 22 28
itk o 4EREEIR LCs, =% 3922.9 ppm 5 Thalavaisundaram et al.
(2008)” BTN HN S PE 75 LRI - SIREHEIEFIN LCy, Sk
172.9~1343.2 ppm » 58 B &l 5 ¥ Rl B 50 7% d A 42 A (5]
TEFEHEEN: -

PR = (At m R = AT H B RE R AE T » (R aa]
ORI S TR A e 58 HA B 2 S B R I R AR - 2B
JERIN =R S5 (PBO ~ DEM K. TPP) 1% » 43 Hr 35 = {3
R B A U2 MR GRS M ER RNt 7 PBO &5
A BRI LR 0 BUR PBO T DA SR = S R A
BELHUi: 2 v v Al A 35 R 0 EH DG AR e S S SR R
PUPEEL cytochrome P450 JEMEIGSR AR - Fe= s ILhE2E 159-
382 f&% 0 M2 (2009)™ SHIERHUES W EE N RS B AT (E AR -
A PBO > [ IbLERE S 18-21 £ » #irnis = (1% F 5= 4l 5
BB BTMEBLPAS0F B R (% - Bao and Sonoda (2012)"“H#t
FEEEE R PBO #H7LLEE 14.1 % ¢ Thalavaisundaram et al.
(2008)*" BFFZE BN HEE PG 5 fEAT T > 1EAEFIRI PBO &%)
ELET i 266~790 % > 58 B &0 B & Bk 8 S s T b A%
fllEL cytochrome P450 AR K T a8 tn U BN IIREE S
fRFEIEER > MELA0 ~ LR oK e A R AN - 3
Bl cytochrome P450 Kz BRBEAE B EE RN DEIE - BRI
WEEA Nl SR s e (R= - F) -
BRI T I A = {1 St U i 2 0 5 36 5 O B I A UM Y A 1
cytochrome P450 KBRS ELERARH - ILAESREIEF A (2011,
2012a, 2012b)™ * > HlsPe 75 1L A1 5B 4T A 6 25 B S8 B 14 45
Frés S tHeF - vl TR =R J% (PBO ~ DEM K TPP) ¥
JUA ~ ELL R K& F = A 2 B2 M 0 RN PBO &
s = EHIE R S ATS DT LCy, TR Atk 6 500 L (&
) ERILAD - LR KM s SR AT T e T E A ik
Bl cytochrome P450 JEMEIGTRA R - IL4E R BIHIEHE S AT
FesR B IA PBO » W JLL{ERER 14.1 &SR EY -
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AWFFETR AR LA ~ T R — K 3 (& e s AT S 2 B a Rk
B 5 26 i ) = (1 S e - 2 E AR A DNAMT & (918 ~ 929 K&
1014) ZeBBEEE MR - G50 ~ B R /K& re &S
ST BRI T 929 (1 B AEZREIIERE 100% - L ATRE
TR S A S S E AR S DUV R > &SRR Toda
and Morishita (2009)*" 43 H7 5 EE TR EEHY B il 5 2282 85 K2 Bao et
al. Q014)" 73471 B 2 A S i & B bR S AT AR S 4 SRR T &
EAE DM S A P IR 929 fir B S BhZEsE -

ARG T FAEAR [EIE R S A & B R B E Y
B GRS R M - IR AL T HE R SR DU EE A
TTEEME ] o ARG IIRAS SREUR o LA~ IR K Y
HEIETHEMER e T EAEDIEEN: - HyuMEsHE N6l
cytochrome P450 B ZUEMERES AR - S5—J71 - AT AR
=l A SRR o SAEE T8 (Sodium channel) FRAIRY
HE020 (M SR LBk %% 4 2% B L 5 S SR B AU A S AHRE >
= FRAR N T 29T FT BE R 2 i 2 — (I8 16 v et 6 5 60 5 R B
S PUERREA o H iR 45 SR AR re B ) S B SR
HET CEEZEIUENDUEEN - RIS AR EWN
TEEER] o LIRS PRI R A EE B 2 255 WS E A
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M P E Y R A -
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tw

The melon thrips, Thrips palmi, is a major pest of melons
and eggplant in Taiwan. Spraying insecticide is main control
practice. This study is to understand susceptibility of melon thrips
to different MoA insecticides in Taiwan. Melon thrips 7. palmi was
collected from three populations on eggplant, and then the toxicity
of recommended insecticides (deltamethrin, clothianidin, methiocarb,
chlorfenapyr, spinetoram) were tested to these populations of melon
thrips. Our result showed that LC,, values of these three melon thrips
populations are much larger than the recommended concentration
of deltamethrin and clothianidin. Therefore, melon thrips from
these areas might be resistant to neonicotinoids and pyrethroids.
Biochemical metabolic detoxification is one of resistance
mechanisms for insect to pesticides. Synergists of piperonyl butoxide
(PBO) ~ diethyl maleate (DEM) -~ triphenyl phosphate (TPP) was
used with deltamethrin and clothianidin to measure the synergist
ratio in order to identify which type of detoxification enzyme is
involved in metabolic resistance of melon thrips. Our results showed
that deltamethrin and clothianidin with PBO can result in significant
synergism of more than six times in three tested populations of
melon thrips, which implied the involvement of cytochrome P450
to the resistance against deltamethrin and clothianidin. In addition,
when adding deltamethrin with TPP synergism was observed at least
four times of synergism, which implied esterases are involved, too.
Besides, our study show melon thrips from three populations have
also the point mutation (T929I) of sodium channel with frequency
up to 100%. This phenomenon had confirmed that the high degree of
resistance to pyrethroids also contributed with the target site point

mutation of sodium channel.

Keywords: Thrips palmi, resistance mechanism, metabolic

detoxification, synergists, point mutation



