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Effects of thiamethoxam on toxicity and detoxification metabolic
enzyme activity of Nilaparvata lugens

ZHANG Yuming, XIANG Xing, WANG Xuegui
(College of Agriculture, Sichuan Agricultural University/National Demonstration Center
for Experimental Grop Science Education, Chengdu 611130, China)

Abstract: [Objective] To clarify the effects of thiamethoxam on resistance and detoxification metabolic enzyme
activity of Nilaparvata lugens. [ Method] The resistance levels of N. lugens population in greenhouse against four
insecticides (imidacloprid, thiamethoxam, buprofezin, chlopyrifos) and the sensitivities to two new types of
insecticides (sulfoxaflor, triflumezopyrim) were measured using rice seedling immersion method. The synergistic
effect of three synergists [piperonyl butoxide (PBO), diethyl maleate (DEM), triphenyl phosphate (TPP)] on
thiamethoxazine, and three detoxification enzymes (carboxylesterase, qlutathione S-transferase, cytochrome P450s)
activities were analyzed. [Result] N. lugens population showed high resistance to thiamethoxam with the
resistance ratio of 277.92 folds, sensitive to sulfoxaflor and triflumezopyrim, and no cross resistance to
triflumezopyrim. PBO had the strongest synergistic effect on thiamethoxam with the synergistic ratio of 1.99.
Cytochrome P450s activity of greenhouse population reached 4.70x107 IU/ mg, which was 2.13 folds to that of
susceptible strain. [ Conclusion] The increased activity of cytochrome P450s could be the main factor resulting in
the metabolic resistance of N. lugens to thiamethoxam. The alternate use of sulfoxaflor and triflumezopyrim can

effectively control the occurrence of N. lugens.
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Fig. 1 Detoxification enzyme activities of Nilaparvata lugens under different synergists
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Table 1 The toxicities of six insecticides on Nilaparvata lugens
P IEZYN AL PR TP R LR AR LCsy/  95%EfFIX [/ (ug'mL™") 2 E/RER RV
Insecticide Population Slope+SE (ug'mL™")  95% confidence interval Resistance ratio
e d PRI L 4.259+3.144 1.721 1.400~12.810 1.00
Chlorpyrifos Sensitive baseline
= 3.148+0.614 16.613 11.841~20.580 13.74(16) 9.65
Greenhouse population
Mk Hemk TR L) 6.677+1.512 0.078 0.050~0.100 1.00
Imidacloprid Sensitive baseline
=P 2.666+0.332 148.399 118.147~180.048 11.35(13) 1902.55
Greenhouse population
WE i PRI 7.134+2.184 0.105 0.090~0.120 1.00
Thiamethoxam  Sensitive baseline
U ZE R 2.895+0.353 29.182 23.613~35.186 10.30(13) 277.92
Greenhouse population
PE % I PRI L 10.019+4.248 0.066 0.060~0.070 1.00
Buprofezin Sensitive baseline
=P 2.006+0.291 56.500 43.570~73.084 10.50(13) 856.06
Greenhouse population
= HR B R 1.668+0.308 0.111 0.060~0.155 7.23(13) 1.00
Triflumezopyrim Susceptible strain
P 1.778+0.300 0.205 0.118~0.287 11.02(13) 1.85
Greenhouse population
FNE B ki & 3.115£0.391 1.013 0.834~1.175 10.34(16) 1.00
Sulfoxaflor Susceptible strain
=P 4.154+0.741 3.293 2.564~3.844 10.28(13) 3.25
Greenhouse population
DLCs1895% B 45 R 18 R & &4A £ 7 2%
1) LCs, values are considered significantly different when the 95% confidence intervals do not overlap
&2 3 BT E IR AV E A
Table 2 Synergistic effects of three synergists on thiamethoxam
LS LR kb RRLIFHER  LCy/ 95%EAMEXIA/(ug-mL™) ) A
Population Treatment SlopetSE  (ug-mL™) 95% confidence interval X (dD) Synergism ratio
Uk & S 2.930-+0.280 2.589 2.201~3.030 6.36(16) 1.00
Susceptible strain ~ Thiamethoxam
WE I+ TPP 2.269+0.228 2.410 1.994~2.898 14.39(16) 1.07
Thiamethoxam+TPP
I H B2 4+PBO 2.900+0.277 2.262 1.921~2.653 8.71(16) 1.14
Thiamethoxam+PBO
I H B2+ DEM 2.871+0.275 2.489 2.114~2.920 7.34(16) 1.04
Thiamethoxam+DEM
=R W H IR 2.74540.391  27.073 20.467~33.345 13.3(13) 1.00
Greenhouse Thiamethoxam
population W5 il B2+ TPP 2.499+0.249  19.357 15.400~23.925 21.6(16) 1.40
Thiamethoxam+TPP
& 11 %2 +PBO 2.2714+0.259 13.575 10.601~16.666 13.4(16) 1.99
Thiamethoxam+PBO
I HUZE+DEM 2.590£0.297  21.128 17.025~25.394 13.19(16) 1.28
Thiamethoxam+DEM

DLCsf895% BRI R & EMA 274 R F

1)LCsq values are considered significantly different when the 95% confidence intervals do not overlap



84 g A LR 22243 (http://xuebao.scau.edu.cn/zr)

41 %

3 Z#iv5rhie

IR A KR T8 G %28 0% )
AEPTZ MR IE, Zhang 55" SR F ARG 222 BUEA N 2
T 8 /M W EURE R R P21, 45 AR B A
b e bR R I 1 ] 32) 2 WA e 7K ok, e 5 400y
WA 233.3~2 029.0 Al 147.0~1 222.0 1%, X 15 g2
b EKCELME (25.9~159.2 1%), X EESEIRA AL T
K. PR (7.4~30.7 i) ASHEF0 45 KW,
M EEIOBR B R | R PR St i A R R 2 OA F
BPUKE, XF B AR AT A TR AP, 5 E
ST T R 48 Y EURR R (0 0 e & SR B
LSBT 1Y B 428 2 ) JRUNE UK 15— SR s g 38 R I
U DRI, i 28 I 48 24 79 e U I R = R R s
WE RS, A S e TR R .

B HUX A 24 77 AR 0 24 M S AR ILAE % AR
FH BB FR 0B 14 AT DA % B o A 2 i A R ) 3 o
2 AN AR R AR B 5T R DL 4 i K
P450s 7E F HUN T EBRE A BB 25 1 A e 32 2
YERT . 2k @it qRT- PCR IIE 7 M Sk LDs,
F AL HE XS KL P450s JE R R ILE A, A
e K EPTHT IR R 7 =2 P450s VR TS A
5Ky IR 2Tk AR B i 1 U B AR A O kP
G AR, ENIEE @S REF Myzus
persicae HUME HUEFP R IR TR BRI J 2 D) Re AL
(MFO)O— it B 5 1 LU & 77 43 3 & Bl R 1N
6.12 1 2.03 f5. Gao%5!"™ X H PBO #l TPP b B #it
e IR ) PR AR B 5 Frankliniella occidentalis FPEE
Jii > Hof WIE HRUIGR A AR i PR3 251 Y, DEM S g i e 5%
A YRR, 1 B G A 8 ) W E R (0 24 1 2
5 PR IR IR I UL S 40 5 35 P450s B s 3G 3R K.
AT S I8 I 4 K B R K 3 P A AR T B
1€ I, PBO 2 IH H BH i () 38 240/ F RO 248
3K P450s 3 1 5 3 1 H AF 1l B 40 i (R
P450s {255 7 48 & UG E BR () P2 T ALEE, %
R 5B JREPY @Ik I Laodelphax striatellus %}
W P P K% M R T e 24 PR AL IR HS RO RIE 90 25 SR AR T
Sun 25U §f 52 R W, P450s 3£ R CYPGERI 25 1 15
LR RO Y R B AR, (R ORI A 6 A
B AE B % P450s HIFE (CYP408A1V2.
CYP427A41.CYP6CSI1.CYP4C76. CYP4DDI
CYP41741V2) {5 JERIE . Pang 25 [ 78 3K B
CYPGERI R J 4 % BT bk L bk A e 24 14 AL
H, At Zhang 555 BT R BLAA H AR P450s
A, W CYP6AYI. CYP4CEI. CYP6CW1 552 5tk

TRV I R PTG PR R R . DA R A U 4R R
3 P450s TEH K A HT MBI % B 7B 24 T LB
I R E S — P .

ARG K F R R B0, 8 e LR
FORUR = PP (25 ) SRS VR, W12 B T AR
TR GT P H R AR T2 1 T B A2 N B 2R P450s
bR 8= A I I R e N 1 M N B
PBO M4l P450s BEEPE . T AHE FUALAEAE D)
W KCERD R LT e B e R L 7 ) KR
BRI BGE PR M, AR S S AR R AR I
TR EESE 7T bS5 A IS AT IR AT AT
SE

(1 #me A, T Kol B diEM]. Jb st d BRI 1R
#t, 2007: 87-93.

(2] HEWAER. 4K IA) R AR 470 24 0 e B o 7K A i
Fift R REPE[D]. G WIVLITE K22, 2013,

(31 EME, B 7eSE, koM, &5, 3 32 2RE X EU A
R BT (3], R K AE R, 2013, 27(2): 191-
197.

[4] EEZ%E, Ei, LR, & B AR IR ).
M B U223, 2009, 46(4): 518-524.

[5] 1REE, B2, BHEE, 5. K CEXR BAKHTED THL
TR D). AR 252244, 2018, 20(2): 135-145.

[6] AW 3C. i K T A 245 77 48 RCH R K LB S [D].
BT )T PE R, 2010.

[71 FEEH, Engte E QU s dugfi gt & HIG H ).
T2, 2008, 30(4): 42-45.

(8] H IR, 2T, v, 55, T RME CEVRIREXS 4 Fh ok
I HTLPE[T]. e mE AR LR 244, 2018, 39(2): 70-
74.

[91 X&#, ik, . A1 CEXTRE HE R R
UM E [T]. 4R 24, 2015, 54(3): 227-230.

[10] MU X C, ZHANG W, WANG L X, et al. Resistance
monitoring and cross-resistance patterns of three rice
planthoppers, Nilaparvata lugens, Sogatella furcifera and
Laodelphax striatellus to dinotefuran in China[J]. Pestic
Biochem Physiol, 2016, 134: 8-13.

[11] e N RFLANE LMV, K ARG K BT PR IR AR
L : NY/T1708—2009[S]. db 5T: A [ A lk i i 4,
2009.

[12] WANG X, XIANG X, YU H, et al. Monitoring and bio-
chemical characterization of beta-cypermethrin resist-
ance in Spodoptera exigua, (Lepidoptera: Noctuidae) in
Sichuan Province, China[J]. Pestic Biochem Physiol,
2018, 146: 71-79.

[13] ROSER L, BARBHAIYA L, ROE R M, et al. Cyto-


http://dx.doi.org/10.3969/j.issn.1001-7216.2013.02.012
http://dx.doi.org/10.3969/j.issn.0452-8255.2009.04.004
http://dx.doi.org/10.3969/j.issn.1009-6485.2008.04.010
http://dx.doi.org/10.3969/j.issn.1009-6485.2008.04.010
http://dx.doi.org/10.7671/j.issn.1001-411X.2018.02.011
http://dx.doi.org/10.1016/j.pestbp.2016.05.004
http://dx.doi.org/10.1016/j.pestbp.2016.05.004
http://dx.doi.org/10.1016/j.pestbp.2018.02.008
http://dx.doi.org/10.3969/j.issn.1001-7216.2013.02.012
http://dx.doi.org/10.3969/j.issn.0452-8255.2009.04.004
http://dx.doi.org/10.3969/j.issn.1009-6485.2008.04.010
http://dx.doi.org/10.3969/j.issn.1009-6485.2008.04.010
http://dx.doi.org/10.7671/j.issn.1001-411X.2018.02.011
http://dx.doi.org/10.1016/j.pestbp.2016.05.004
http://dx.doi.org/10.1016/j.pestbp.2016.05.004
http://dx.doi.org/10.1016/j.pestbp.2018.02.008

3 ]

GRAER I, 45 WE HUBE AR K L PR35 70 B AR A QA R 1k (52 85

[14]

[15]

[16]

[17]

(18]

[19]

chrome P450-associated insecticide resistance and the de-
velopment of biochemical diagnostic assays in Heliothis
virescens[J]. Pestic Biochem Physiol, 1995, 51(3): 178-
191.

ZHANG X, LIAO X, MAO K, et al. Insecticide resist-
ance monitoring and correlation analysis of insecticides
in field populations of the brown planthopper Nilapar-
vata lugens(Stél) in China 2012-2014[J]. Pestic Biochem
Physiol, 2016, 132: 13-20.

DAWKAR V V, CHIKATE Y R, LOMATE P R, et al.
Molecular in-sights into resistance mechanisms of Lepid-
opteran insect pests against toxicants[J]. J Proteome Res,
2013, 12(11): 4727-4737.

AR, A, m A . B iR Ak de gt de b Fn g
HOBR AR 7T BB [T]. AR 2554, 2012, 14(6): 587-
596.

JFEZ2 A B BB o BRI R R & i 5 5
HARRPERTFE[D]. B At B R R, 2015,

RSP, J /N R ko g e e AT M LR BTE ST
YIRS, 2015, 41(1): 39-44.

GAO C F, MA S Z, SHAN C H, et al. Thiamethoxam

resistance selected in the western flower thrips Franklini-

[20]

[21]

[22]

[23]

ella occidentalis(Thysanoptera: Thripidae): Cross-resist-
ance patterns, possible biochemical mechanisms and fit-
ness costs analysis[J]. Pestic Biochem Physiol, 2014,
114: 90-96.

BEE. ARV X W R I A0S R R A B KU . A2
Pt R AEACHUIEALIR[D]. Ze 22 ILZRAR VR, 2015.
SUN X Q, GONG Y H, HOU M L, et al. Mechanisms of
resistance to thiamethoxam and dinotefuran compared to
imidacloprid in the brown planthopper: Roles of cyto-
chrome P450 monooxygenase and a P450 gene
CYPGERI[J]. Pestic Biochem Physiol, 2018, 150: 17-26.
PANG R, CHEN M, LIANG Z K, et al. Functional ana-
lysis of CYP6ERI, a P450 gene associated with imidaclo-
prid resistance in Nilaparvata lugens[J]. Sci Rep, 2016,
6:34992.

ZHANG Y X, YANG Y X, SUN H H, et al. Metabolic
imidacloprid resistance in the brown planthopper,
Nilaparvata lugens, relies on multiple P450 enzymes[J].

Insect Biochem Molec, 2016, 79: 50-56.

[HfEHE £ K]


http://dx.doi.org/10.1006/pest.1995.1018
http://dx.doi.org/10.1016/j.pestbp.2015.10.003
http://dx.doi.org/10.1016/j.pestbp.2015.10.003
http://dx.doi.org/10.1021/pr400642p
http://dx.doi.org/10.3969/j.issn.1008-7303.2012.06.01
http://dx.doi.org/10.3969/j.issn.0529-1542.2015.01.007
http://dx.doi.org/10.1016/j.pestbp.2014.06.009
http://dx.doi.org/10.1016/j.pestbp.2018.06.014
http://dx.doi.org/10.1038/srep34992
http://dx.doi.org/10.1016/j.ibmb.2016.10.009
http://dx.doi.org/10.1006/pest.1995.1018
http://dx.doi.org/10.1016/j.pestbp.2015.10.003
http://dx.doi.org/10.1016/j.pestbp.2015.10.003
http://dx.doi.org/10.1021/pr400642p
http://dx.doi.org/10.3969/j.issn.1008-7303.2012.06.01
http://dx.doi.org/10.3969/j.issn.0529-1542.2015.01.007
http://dx.doi.org/10.1016/j.pestbp.2014.06.009
http://dx.doi.org/10.1016/j.pestbp.2018.06.014
http://dx.doi.org/10.1038/srep34992
http://dx.doi.org/10.1016/j.ibmb.2016.10.009
http://dx.doi.org/10.1006/pest.1995.1018
http://dx.doi.org/10.1016/j.pestbp.2015.10.003
http://dx.doi.org/10.1016/j.pestbp.2015.10.003
http://dx.doi.org/10.1021/pr400642p
http://dx.doi.org/10.3969/j.issn.1008-7303.2012.06.01
http://dx.doi.org/10.3969/j.issn.0529-1542.2015.01.007
http://dx.doi.org/10.1006/pest.1995.1018
http://dx.doi.org/10.1016/j.pestbp.2015.10.003
http://dx.doi.org/10.1016/j.pestbp.2015.10.003
http://dx.doi.org/10.1021/pr400642p
http://dx.doi.org/10.3969/j.issn.1008-7303.2012.06.01
http://dx.doi.org/10.3969/j.issn.0529-1542.2015.01.007
http://dx.doi.org/10.1016/j.pestbp.2014.06.009
http://dx.doi.org/10.1016/j.pestbp.2018.06.014
http://dx.doi.org/10.1038/srep34992
http://dx.doi.org/10.1016/j.ibmb.2016.10.009
http://dx.doi.org/10.1016/j.pestbp.2014.06.009
http://dx.doi.org/10.1016/j.pestbp.2018.06.014
http://dx.doi.org/10.1038/srep34992
http://dx.doi.org/10.1016/j.ibmb.2016.10.009

