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Biochemical mechanism and genetics of resistance to lambda-cyhalothrin in the beet

armyworm, Spodoptera exigua , and the relative fitness of the resistant strain
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Abstract: Comparison of the relative fitness of lambda-cyhalothrin resistant and susceptible strains of the beet army-
worm, Spodoptera exigua (Hiibner), indicated that the resistant strain possessed reproductive and developmental disad-
vantages, including lower pupation and oviposition rates, prolonged larval period and lighter weight. The biochemical
mechanism of resistance to lambda-cyhalothrin was investigated using enzyme synergists (PBO, SV,, DEF and DEM)
and enzymatic activity assays of esterase, glutathione S-transferase and microsomal O-demethylase. The synergistic ratios
of PBO, SV,, DEF and DEM were 14.1, 14.8, 2.3 and 2.3 folds between resistant and susceptible strains respective-
ly. Synergism to lambda-cyhalothrin by PBO and SV, was the most distinct. This implied that mixed-function oxidase was
involved in the resistance to lambda-cyhalothrin. The ratios of the enzymatic activity of esterase, glutathione S-transferase
and microsomal O-demethylase in resistant and susceptible strains were 1.05, 0.91 and 1.05 folds, respectively. These
results indicate that detoxification enzymes such as esterase, glutathione S-transferase and microsomal O-demethylase con-
tribute little to the resistance of the beet armyworm to lambda-cyhalothrin. The resulis of genetic analysis indicated that
lambda-cyhalothrin resistance in the beet armyworm appears to be controlled by two or more autosomal genes. The domi-
nance degrees { D) of the F, progenies from the reciprocal crosses (F,, Ry xS, and F,, R, x S ¢ ) were 0.61 and

0.43, respectively, and the major gene (s) involved is incompletely dominant. The resistant strain possessed 0.61 of
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the fitness value relative to the isogenic susceptible strain.
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AU TMEZEMERERRVEFL, EFREREH
T KRB ELERRRK ., HAEERE-1E
BZFER, RBAXBREALFGRASFBOEBRXF N
B, EEFMAE. HRREE. XRRREXEAE
REBARBFAEGNE, ERBECEHARAY
WRREETH, CARAREMERESE, BilE
EEAABRN. 2AFEE. BT XEERKHR
BEREHFHEERANENR BT (Moulton et al.,
2000) .

BRMIUAHRGNEENSR, BREHRN
EREEHTESRSEABERRENE, WEER
HABRHNBARRMER LIS, EAHREH,
RSB X 2 Fp A B P SEEAS (Delorme and
Fournier, 1988; Brewer and Trumble, 1994). &Mt H
K S-% ¥ B (GSTs) (Laecke and Smagghe, 1995) 8 &
I &g E 1L 8§ (MFO) ( Smagghe et al ., 1998) i 15 ¥4 $2
HAX, MEHBMFALEEIRENEZERE
#l, BEEE (Brewer and Trumble, 1991), X &R
HENIHERIAT LB (Moulton et al., 2000),
AREFZHXHERETERAREE =L TER
bitk, EHGIEALYIE MRS R LIRE,
RATBE T R IRIT A AT BE L R A XHE R
B R AL EMRE T, A HESER
PUIETR B R Mg R I — LB KR

1 eSSk

1.1 MR

BRAER (S) HRUHMELEYHERERAA
BEE, EENREMEMARMFLTHALER
EEEFEEE, ERALREAA TR 88574
THA.

SRR (R) F2001 49 AXKAMETILHE
KEEYBEARARARIBZ HFEH, MERES
BREKEoHE, ENAARERE 2REHTE
5000 LA ko
1.2 #RER KA

9T%RARAHE (HEFE KA ), 90%H
MBSV (IWRARBRRZ ), HMETE (PBO),

i B% (DEF) (Sigma P=&), T #H KR _ 28
(DEM) (Srréli, B@RN=)"), «ZBEBE (o
NA) (fb#4, E#®IRA—) ), BE% BE (Fluka
FEah), 1,2-“F-4-TE %K (DCNB) (#2[E Merck
Pah), ERERASME K (GSH)  (Sigma # 04
), MEERHB (p-NA) (g, dtEikT
7)), AERER T (NADPH) (Sigma &), X-
WMRER (e, THRARITERAKT) ),
B BERE (DTT) (Serva 5 ), Z_ReUZ B
(EDTA) FIEZEFR (PTU) (4Htrd, BEiRH—
7)o

1.3 HABRWMBLEGERSZE

BEULA BT A BUR S R P & PEE 10 X (M,
HEZ 103%) B PLMEE, MAFRES, WK
L1002 EREK, FREBZNHAREE™W, &
HEHRAR, it E, BEMELTET, i
BEGRAFH™NE. SHEHMOMERAFRE
P, BEYLEREREIE, BILRSITBAE, NEA &
FEOREULPLE 100 ks, BT RE SRR LA
r, BHEREKREER ZR L P, X708,
BHEHFE, AT EHREEIN. GEE. @
B, EE, GELAAAE. BREAEE3I R, &
W&MER 27+1)C, AWK 14L:10 D, FFEE
BHASIEH [=N,. /N, N, HERBBENE (W
BSHm), N AER-REMHBENR (WEY
B, MiMABEHEMESEIAMBEREBEELNK
BRUBUBRFMBRBEEEBE. TESHBEAEYER
HRENESESH, XRAHEHKE (DMRT) @il
BEUEARMBSHFHENEREEH,

1.4 BhHNTEH %

ZHEREA (1987) M. BRAZHANERB
BRAVIWE, AEHABEMEAHSE (BEN
0.048pL) KA MAW T3 WhH (KEHS~7
mg/3k) MFEmE, G4 30 kgm, EE 3K,
BWwEI o0 L, IREIEXE, LH/E 84 R
UATLREH, #H&4R L, 8hEER. AL
THEEVH BAAYIITRELESERRLT
BEAEENR, LD AKX S%EER.

1.5 HWIAFEANE

FARBORSIMEE T B, WARBE . BMBERIR T
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W R B F B AL FE ST R R 3
g, BAETBAMMABEN SBER 4.8 pg/3k,
Bem BEFIG T 4 — B BRI S E N 0.96 pg/
k, 1h GRS ARARRERAIIKRENAR,
DIREREX B, 48 h KELSR., ARLFHFMBEESR
WH%E L, HESER (LD,) SKRAKINMY
WEZER (LDy) HATHE, THEHE (syner-
gistic ratio) o
1.6 MHEFEHAE

% M8 Delorme F1 Fournier (1988) 9975‘%9 B 3
420k, A3mLBREWE (0.5 mol/L, pH
7.0) THXESKPIEK, JKEBET 10000x g, 4CH
£ 15min, M EFBREBBSH. B 1ol BR. 2
ml o-ZERZEEE (1 x107° mol/L) FIEHE Bh (1 x
107’ mol/L) {BAEW, 25°CHE 30 min, FELEHA]
WA EH K 595 nm AW E OD ., SAHEE
23K,
1.7 BRtHMKS-HBEFHAE

Z: M8 Booth (1961) HIJr¥s., M3 #4540 3k,
F3mlL BMEHE (0.1mol/L, pH7.5) FTA¥E
FA¥, SEBT 10000 x g, 4°CHE L 15 min, B
EEBERMB S A, B 0.44 mL B . 3 mL DCNB
RS (63 x 107° mol/L) 1 60 pL Tris-HCl 2% #h
# (0.1mol/L, pH 8.9, & 15 x 107 mol/L & JF& %Y
BRERK), UAMEEBIEST B, A Trs-HCl 2 p
WA RAF, 25CEB® 10 min, MR & T HK
340 nm &bl E OD A, BABER 3 K.
1.8 SHEEUMO-HREFANE

£ B8 Hansen #1 Hodgson (1971) B . #EIK
ME115%KC BB PR S B H (KEH 160
~200mg) 50 %k, WL HEETH, MASKS
B, M 3mLZr# (0.1 ml/L, pH 7.8, & 0.1
mmol/L DTT, 0.1 mmol/L EDTA, 0.1 mmol/L PTU)
5%, SIEBETF 10000 x g, 4CE L 15 min, B E
HMBEH, MImLMK. | mL MEEXFR (4
x10™> mol/L). 0.2 mL NADPH (0.5 x 10~ mol/L)
0.8 mLBEBRZE K (0.1 mol/L, pH 7.8) #KKm
ARE, IR NADPH fExf 8, BF 37CHEERX
BEKDED 30 min, fIA 1 mL HCl (1 mol/L) &
IR, BMASmL AHER, EEHEBER3
mL BB —KXEWN, MMA 3mLNaOH (0.5 mol/L) &
BB, B NaOH B Z 2 mL, 7E 3K 400 nm 431
EODH. BAEEEL 3 K, AXMNHEEEHHIER
e

1.9 HmMEHEESHHZE
WHERXAG: EX (F): Ry x S5 RX
(F'\): Ry xSg; H3 (BC): F, (Rg xS,) —
FioxSs; BX (F): F, (R xS,) RAX. 4
HWMEGE., BUR, EX. RE. BXKAEXR3
B AR BEON R IETIRMHEL,
% Tsukamoto (1963) M LstfThithd &7 w4
IrHT. BESKREIRX RARAROIIHE B EE R
&, MEAZREFAHERERTE 0% 4L, F, RE
TR 25 5% = HHA B V3, WRAH
BRI, EUREIFAIRFENUALEFTE
o #% Stone (1968) WA BRI H F, R HEEE
(B2) MEBE., iEXHAENRMMELEINER,

ERBGET () BAKKE, WR D >

Xoos(df = n— 1) (n RWBERFUB LR, WA
GRESYPESER, WRBAREENGEE; R
Z, MRHERGHBEMF, HENARERRE,

2 HER59H

2.1 HNURKREEMNESE

MARXE & M E R EL, it SHERG
RIS LR, M E &R R4
8 12.6+0.3 XM 13.2+0.6 K. (86.0+2.7)%
M (75.3£3.5)% . (113.5+0.5) mg 1 (101.0 +
2.2) mg ($£). (119.2+1.3) mg # (106.6 +3.2)
mg (&) B 823.1+49.3 B 675.2+75.7 KL (F
D, P =005KkF¥FLEREE, WHAERRY
HEFIHPERK., BERR. LERAN-HER
K. ERREN FHREMRRMNESEN 0.61,
TAPHRREERRARKAT LHEEHENAETR
FH#,
2.2 EEHMYIEA

A8RMTERR IR RSN EHAMET
BE. WBE. IHBERUR T H B 2B ERR
BEMWHEBER, SRR 2.3, 1.3,
29K 1.54%, vitk@ R4 B3 32.5. 19.3, 6.6
K354, Ditkm REBEHE SRS REBFH
ZHABIN14.1, 148, 23 K23/ (£2), #
WETHYIAARFRENESEARHE, £HE
REENBSE TR RN AR R HEHIGE,
MRHBEMR TR R B SERRERT
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Table 1 Comparison of relative fitness of lambda-cyhalothrin-resistant and susceptible strains of S. exigua’

4 Y% 554 Biological characteristics

R & R Susceptible strain Ptk & &R Resistant strain

¥ 1L % Egg hatchability (%)

1% 3 84 BAFTEZ Survival rate of Ist to 3rd instar (%)
A E S WML RFFIEE Survival rate of 4th to Sth instar (%)
% BB Larva period (d)

fL9% 2 Pupation rate (%)

¥5 3 Pupa period (d)

¥5E (%) Pupal weight (%) (mg)

$5E (&) Pupal weight (&) (mg)

F 4L Emergence rate (%)

M 8 BB Female ratio (%)

7= BB & Number of eggs laid per female

% E Intrinsic rate of natural increase (%)

H%TiE & fE Rate of relative fitness

90.6+2.4a 91.3+2.2a
92.7x1.2a 91.3x1.5a
98.0x1.1a 98.9+1.1a
12.6 +0.3 a 13.2+0.6 b
86.0+£2.7a 75.3+3.5b
6.7+0.2a 7.0+x0.5a
113.5+0.4 a 101.0+2.2b
119.2+1.3 a 106.6+3.2 b
83.0+3.8a 79.7¢1.1a
51.8+0.8a 51.4+0.7a
823.1x49.3 a 675.2+75.7b

280.9 176.7

1 0.61

*»WEFHEARFREREREFE (P<0.05) Means in the same column followed by different letters are significantly different ( P <0.05) by DMRT.

2 FTEAMIAEHEEREBANERRZIHERRNGENHHEYER
Table 2 Synergism of different synergists to lambda-cyhalothrin in susceptible and resistant strains of S. exigua

Hi¥E R & Resistant strain

S5 2 Susceptible strain

HEEYR
257
Insecticide LDs (pg/3%k) W LDs, (pg/3k) W H ZH
LDy (pg/larva) SR1 LDy (pg/larva) SR2 SR1/SR2
ERRER
Lambda-cyhalothrin 1.0999 (0.8213 ~ 1.4844) 1 0.00021 (0.0002 ~ 0.0003) 1
EERERE+ IWETHR
Lambda-cyhalothrin + PBO 0.0338 (0.0195 ~ 0.1263) 32.5 0.00009 (0.00006 ~ 0.00002) 2.3 14.1
ERFER B
Lambda-cyhalothrin + SV, 0.0571 (0.0436 ~ 0.0721) 19.3 0.00016 (0.00012 ~ 0.0002) 1.3 14.8
R EARE « BB
Lambda-cyhalothrin + DEF 0.1659 (0.1247 ~ 0.2382) 6.6 0.00007 (0.00005 ~ 0.0001) 2.9 2.3
EENERE TR _R_Z8
Lambda-cyhalothrin + DEM 0.3187 (0.2463 ~ 0.4199) 3.5 0.00014 (0.0001 ~ 0.0002) 1.5 2.3
SR: Synergitic ratio
HIMETE, BEEREHERSEBESHER EHLX.
B RBRHEBERENRREA K, 2.4 HtEESN
2.3 RiHMEMHLER 241 EBHENE. HENERLKREXMRRK

LL3 R4 B RS R BV, B sE BTt A UK
MABMANAMREK SEEBOESE, iR R
BEMAKHRK SHEEBNESHITHREES R
B 1.05fFM0.91 4%, MR REMMAMEKER
BMUEHREEEER. UBH SRR NIEHS
RAOBR, MERNERZZYRELS O-BPE
FHINEBREEN 10515, FHEZERBAEF
(K3, R MEHRBIAARNAHEN RSB
B, sMHRKSHBEREZBEAE O BT E

RIBYHKETEHMELEFERYA, H LD ELH N
0.0764 pg/3k F1 0.0906 pg/k, WEERAE F
(5% BIFREAEE) (F4), HEERHERE
mFESES, HEHRERET 101, Bk, #HRER
N RABBFEBRE RN EROERE, FREES
e, PLEEMEURMD RIEX KK LD, H 5 80%
FAEK LD EZ N 382.0~453.0 1%, S5HtE
A LD Z N 12.1 ~ 14.4 /%5, Fith K FEANF
FEAZE, BEHBRMIERR. BB L BTEF
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h, E. RXH LD-PARYREELHEREN, &
Stone (1968) HEHI A, R 4 BIWITHERX F,
RARZEF, RBHEESHH 0.61 #10.43, —3&
NFO~12Z0HE, AN ERRAIRTELEHE.
242 FiBEEEFHEME: EXF (R xS;)4
5#EEA S, Bz, 5 2LE AT ARARY
BRI N MR FEFE T2 S0% b WA B 8 3%
(B1), FXF,; xF,BXBHF, AHEAREH

BRI R R EFET- R 25% B 7T5% bt B H 8
E (E2), BEANERELE, ZWEZARMF, A
MEE SR SHERAEMRFERARER. S
5MERMNEEN ¢ EAUHRREREY, AKX
N,y =42.68, > x505 (16.919, df =9); I yig
=47.45, > 5o (15.507, df=8), Bl y° BB ARFF
ARERRB®R, WIS EERE,

£33 MURTBHEAEERARER., SHERSHBERSIGSLH O-RPEBFELR
Table 3 Comparison of the activities of esterase, glutathione S-transferase and microsomal O-demethylase
in susceptible and resistant- lambda-cyhalothrin strains of S. exigua

## B fCIBAS Detoxification enzymes el R R Bt
Resistant strain Susceptible strain Ratio of R/S
A5 & Esterase [ pmol/(mg-min) ] 0.7449 + 0.0246 0.7084 + 0.0909 1.05
286 H Bk S-¥£ % B Glutathione S-transferase [ OD/(mg- min) ] 0.0856 = 0.0196 0.0944 + 0.0064 0.91
£ E LA O-H2 5 £ AF Microsomal O-demethylase [ nmol/{ mg* min) ) 0.1708 + 0.0103 0.1620 £ 0.0161 1.05

4 EEMFENHFERERE, GBERRREX. KX, AXHEEERBHESD
Table 4 Responses of susceptible, resistant parents and hybrid progeny of two strains of S. exigua to lambda-cyhalothrin

®a #FHEAR LDs (pg/3k) ( 95%FL) HHER
Strains or generations LD-P lines LDy (pg/larva) (95%FL) Ratio of resistance
BESE (S) y =13.5760 + 2.3376x 0.0002 (0.0002 ~ 0.0003) 1
HE&HR (R) y =4.9153 + 2.0471 2 1.0999 (0.8213 ~ 1.4844) 5499.5
EXF, (Rg xSz) y=6.4674 + 1.3141x 0.0764 (0.0534 ~0.1114) 382.0
REZF, (Rp xSg) y =6.8997 + 1.8213x 0.0906 (0.0671 ~0.1213) 453.0
BXF, (F; xFs) y =6.8125+1.1398x 0.0257 (0.0181 ~ 0.0367) 128.5
[B13% BC (Fya xSg) y =8.036 + 1.2780x 0.0042 (0.0030 ~ 0.0060) 21.0
r _
s BC F 7
S
sl R -‘? P F R
-: 6 F — 68 F 1
P 1 «
m e E-BC o~
* 8 % g
$ 5r 5 - 5F
BN s H o E-F,
R Rz
L 4F L4
& £
3 L L L L ] 3 L L L L ]
-4 -3 -2 -1 0 1 -4 -3 -2 -1 0 1

B Log dose

H1 KERHEXHHE (R). 8 (S) ¥F R
EX (F). RX (F,) fEX (BC) /FRHEH
Fig. 1 Responses of resistant and susceptible parents,
progeny of F, , F', and BC to lambda-cyhalothrin
¥: E-BC (x) AEXFEREOPENE XML
E-BC ( x): Expected BC curved line

FRIBXE Log dose

B2 FARFHEMGHE (R). 8K (S) RE K
EX (F) MAX (F) FRKEN

Fig. 2 Responses of resistant and susceptible parents,

progeny of F, and F, to lambda-cyhalothrin

HE: EF (») NAXEAKFEENRRL#HL

E-F, ( *): Expected F, curved line



572 B H%M Acta Entomologica Sinica 46 $5

3 e

fF R HOKFRERN, MRAEFRFES
HFEEOAFE, SEEERRANE, & TR
EERMHRER, cEREERBRTR, FHZE
HTR B3 25 0 R U . A ST W B SRR A
ARBEGAFEEEANAERKRAT ENEELA
H, X5FT% (2001) MEMEREEL -, B
5 98 55 B 55 PO BR M2 35 A 2 % KL 5P) B 3 B S K
BOREREE, HHERERIEBIEK TR
—~ANEREFER, £ ENEEERELR, EB
BHRBILERERE.

A5 R A R T RB R WIS 8
MAOSKHKSHEBEBEX, SUERERFTA
[f] (Delorme and Fournier, 1988; Brewer and Trum-
ble, 1994; Laecke and Smagghe, 1995), X Al Rt 5
ZRRFERBENAAERAR, TRBXEHER
BV EARFEER, ZUHRELBEE—1
HEMARE, S EER O-RPREMIN, £FE
b, AEMERSE. ENRNAZIRELMBSS
TR EN ARRBENTE, BAELNESER
Y, MERBENEABBENI ST IERL
BMO-BHAEMEALX, AR ERBERS
5THERRBENIE, B, IEXLUEEEAL
A AR B BT ANLE, B EREN
MAENHERE.

FHHHEREEERARNEFENGR, F6
RIEAMERBNAARAB O ERISERE
#l, EEREIAELBHE, Kk 5REFELRE
i (RAMEE R, 2003) MEIHREAMIEE
REAX, LB RIERIWTEHOER. AR
U s 55 L BR 35 B 26 A SR B SEAR ER AL R B A
SRR LRWETEE, HEPERR B SR
HEERABAFESEN—PEEISR, CUENSE
METEEERRERTAX, BETMARAXTH#
REBPIHE S M EBUBRERRAXNRE, MEH
BAHBHRESE T HERBX RARH BN
#H, Hyiw o FsaHE—2mR.

2 £ X W
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