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Study on the synergistic mechanism of chlorpyrifos and ethofenprox mix-
ture in poisoning Chilo suppressalis based on transcriptome sequencing
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Abstract: To reveal the synergistic mechanism of chlorpyrifos and ethofenprox mixture in poisoning Chilo suppressalis ,
the synergistic ratios of chlorpyrifos and ethofenprox mixture were screened by combined toxicity index method, the synergistic
mechanism of chlorpyrifos and ethofenprox mixture were analyzed by transcriptome sequencing. The results indicated that
chlorpyrifos and ethofenprox mixed at a 1 : 2 mass ratio showed significant synergism on C. suppressalis. HiSeq™ X Ten plat-
form was used to obtain C. suppressalis transcriptome with high quality data. 465, 392, 1 874, 117 and 25 differentially ex-
pressed genes were obtained between the groups of deionized water and chlorpyrifos, deionized water and ethofenprox, deion-
ized water and synergistic mixture, chlorpyrifos and synergistic mixture, ethofenprox and synergistic mixture. Pathway analysis
showed that synergistic effect of chlorpyrifos and ethofenprox mixture was mainly involved in the metabolic process, and it was
speculated that detoxification metabolic enzymes might mediate synergism mechanism of chlorpyrifos and ethofenprox combined
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control strategy of C. suppressalis.

Key words :

A% HORTR TG0 A 7% 700 07 P )35 ke 5 R | 23 3
TR R . F AU B2 S Bl
A ORI IR T e, 5 30T (07 FH A9 3% 1 0] i Dk
D TR HOR T R AN R BT 2 1 Y
A% BN TR C I I P A A R 2H B S G2
IR R R S 28 HORITR O A7 76 1 0 AR I RS b
3 FVEHT, A RORC B A A SRR AT A BN Y A
WFFE R B, SR AR -5 R JE S RCTR IC 2R HUR) nl W 2%
S % e e R B B, B A R B R S
SO it Ak 2 A 2 R I B R S R it R ol
FRIERBOR R B F P2 P, SR Rl
i Y HE T B BIF 9T A BR824 2L 2 L
FHIEERY A% AR BCHE ROV R 7E 3 AR sl o
— MR S 5y — b 2550 B 2 A2 AR B R,
M TR A BRI 3 0 B RFsEaR ih Aok
TR TC 7 A 1 A4 PR Ay YR T B 5] =2 TA)AH B 52 il 5|
B RN B A AL AR A, 4 45 3R B R A Tk 1Y
S v, T BN e A R 41 ) A S SR AR AR LA
FHRE 7R3 3 Ay iE A% A% s R e sk
PLHRIS R PUTIIR AN L o e S 2H I e ] ] T 3 ol
PR P AH S PR SRR TR P2 BR AR, DA A A o4 B TR I
BERHLRIR BERT

:%?&E[ Chilo suppressalis ( Walker) ] B—phfaE
IKFEAE T2 P d, F 20 T | h AR R RS
W, 7E P VT S LA A X S ™, T ARAC
RERHET FBHVE T A, AR Y 5 A i AE 1
T, & R R R K R R I i ™ B dE SR
i, T E AR R A IR 1.4%107 hm® AR 285F
PURLZIIE1.15%10° T8 . —ALIE By if F ZARSE (L A%
R H AR R HUR R R E &84 T
PEHO S REBRMRAE v L AO AR RIS B, BN B
TAZK R H AR w250 (H AR B AE
PHERKFHUIE, TSGR ME— BB KRS H Pl
FH AP He 4 T S8 A% HUAR) , AR A T SRR B
B ERAEIE FI T TR AR e , T ok 25 Tk LA 4
BT TE Y A, 2 Fh R BN pg VR F D7 O], Ak
WP AR PE R AL AN ), BE AR MAUR K 3 g T LLTR P
fdi o ASHIFSE DL e 7 A0 05 Tk 3G TR R I RO 1S 25 L
191, 30 3 Tt Sy 2L P 6 R AR ML 5 T A TR TAC P 185 55

Chilo suppressalis; chlorpyrifos; ethofenprox; transcriptome sequencing; synergism

SEN AR A% BRSSO, LAYI O AR SR Y
TR LA 2t R P Al

1 ARSIk

1.1 i HRiR

WG RIHER U A 2013 42k A L 8E JE W
T KRS H ) AR FE AT A R 25 T
TEZ N AR 46 KR 2Lim 5%, IR ik AT+
KRB WL IR R R (28+1) °C LS
16 L = 8 D, AHXT1EE>80%,

1.2 FHFSFHWUE

RPN T A 2 a2 s 8 R 3 0, B
97% B HEUE (CPF) 1 95% fik 25 g ( PEPE) JR 25 FH A
PR AT 50 ml B0 AR SRR, LB 17K
RIS ~ 6 RN EE, IR AL 3 3 1 — LI 4))
B A FORAC B IR, SR Wang 25 (905
il g N TRk, 76 A FLARDRE R A 100 wl 24
WOETFER T, BLEA LSk 3 B H, 54
WREEALI 48 Sk HEAT 3 Kk HE U AR AR AL A
Fag B IR, OF AR B L%, 5% 72 h e
BT AEN , Gt e T BOFHH R BB R EE (LC,) »
1.3 RHFBEKESERANE

K FHER G 55 )48 80 (C) VP AL B2 SL I Tk 24
PR TC A 38 A5 B IR ) 30 4o 2 B0 W
HEMRIY LC s, BEEIR AL LB, CT R AR

Cl,=LC"/LCI+LC"/LC +(LC" /LC) ) x (LC"/
LCY)

LC™ F1LC?™ 43 348 AT 3% « B 2% 4O 1
A 2 TR H B H&; LC) A LC? 43l $6 58
TR « IR HUR) T AR R 2 spoph fiff FH A9 B0E 54
I CLJE YT RN « B IIRA FE 0465, M H
VR A PR BN AR IAE B, CT= 1524 7% 2R
A 2R B R AR B, CI< 15 28 HUGRNR A (8
FKHCN YRR, CI> 1, ET-F K 50% 1)1
T, TR A U B RE ) SR G R FRY CL{E
TR BCAS ORI A 25 07 HITE A (T FH I R Bt fels T A 58
TR AT, O SUE M i m A0,
M 115y = 100%~(M,+M,) o M, FI M, 53 5148 A% B
LRI HF) 2 Boplfift B B SE T 385 M, - FE R L



T ESE S S DR A RE AL AR S R AG R R L X — AL SR % B L) 319

1A B 2 TR B B AT T
1.4 FRANF

o5 FH 2 ST Tk 2 i L % 7 6 W5 Tk 2 iR YR T
FIALF30~40 Sk LI 3 {4 H 6 h, BEA-AbHE S
3R, ZEE TR ALEAE A BE &b B SRR OB
R TR, -80 C IR A4 HI . SR Trizol 357 £ 42 HX
TARIE S RNA, FH 1% B s W58 e i UK A% R 2 1
FE R ARSI B BRI A RNA 1) 58 BE B 4l J3 F0 ok i
-80 CHETEE ], FESh cDNA ST A H EE A ¥
AR A R A R FERAE IIF AE Hlumina
HiSeq "X Ten {8 L5818, R 3 Uk, Wil ¥ 19 )i
UEEE PR adaptor 7 1 MG I 2 A9 132 K 15 21 3 U8
s, H HISAT v2.0.4 FF ot Ak i 58 R 2l i 4 7
5387, {8 1] TopHat v2.0. 11 B4 Hoxt 225 B H 4
JH Bowtie2 v2.2.6 343 BB A J7 H P Beh ok A
S LR AT I B 1 BOECH  PPAL SRR R 3R
FJE(FPKM) , I DEGSeq #4534 2 MREA 22 ]
()24 52 R FE N SR T4k AR R KA v1.6.17 43 H £
AFEARZ AW LR A 2 LA
1.5 SERTREEE PCR WiE

H SV Total RNA Isolation System Kit ) AR
B AR 4 B RNA $%7 1% 1.4 197 1260 5L RNA
(SR T | 4l B Nk B2 A TR DU O PR A7 . cDNA 56
—5E A9 A R PrimeSeript™ RT Reagent Kit 5

F1 ALAMBEENESCE BHEEN _HIENSH

& UL EAE . R P E i PCR (RT-PCR)
HiARFE ABI Prism 7300 & i PCR 1 I 58 UF %8 2 1)
BEALIR S kA IR LIS AR N SRk i AR ik, TR
IRIEFI P 2 5L ] (Actin A1 F1 G3PDH) 51 ¥y i 1]
Beacon Designer 7.0 ?Jﬁ(fﬁl‘lﬁﬁ?&l‘l‘, had TAY TR
() e A FR A 7 A R s R¥E SYBR Green Premix
Ex Tag W & UL 53179 1 . R PCR XA
WA AT BE b, w3 MR ESR . R
27 AR AT BARSE R A X ek i
1.6 HiE4biE

FH Abbott AL IEA AL BFET ., FIH POLO
Plus 2 # JLRMERAE 0 LRIE S HIITEATSET -
50% 25715 | AR DX ] DL K JLHEFE T2 550 i
YRR, SRHI R R 7 2200 1Y Tukey 13
PR SR AT Z A LA, A Gt BT R
SPSS13.0 F AT,
2 RS0
2.1 FRWMERFEREERN ZHESROEH.
AEH

BEAEIA TRk AG TR T AR 3 4l R LC, 53
254. 34 mg/LAI1352.26 mg/L(FE 1), FEACH 5t 4575
DAL = 2(Jhe Lh ) VR, ST vk BE R 115. 54 mg/ L, 1K
BEESIHRECN 0.42(5% 2) , RPN ER]

Table 1 Toxicity of chlorpyrifos and ethofenprox to Chilo suppressalis using insecticide film on artificial diet surface

A% HUF TR T Ak 2 R R HIC R (mg/L) 95% {7 X [1]
BEAEM ¢ BEAETE =1.00 : O(Fi L) 544 1.82 254.34 111.07~382.31
k2T © HAEM=1.00 : O( B Lt) 540 1.92 352.26 213.24~515.24
BEAEME  BEAEIR =1.00 : 0.15( i L) 542 2.00 385.26 221.15~443.22
FEAEME  BEAEIR =1.00 : 0.35( i ) 552 1.57 379.02 196.54~411.21
FEHEML « kAT =1.00 : 0.60( JFit ) 542 1.94 381.23 215.12~432.12
FEIEM - BEAGTE=1.00 : 0.90( ikt I) 540 1.85 288.42 115.24~365.52
FEIEM - BEAGTE=1.00 : 1.40( ik IL) 550 2.57 251.23 128.05~331.41
FEHEML : kAT =1.00 : 2.00( JFiz ) 545 1.76 115.54 72.42~172.67
FEIEM - BEAGTE =1.00 : 3.00( Fii ) 554 2.34 279.15 198.53 ~389.74
FEAOML « k4T =1.00 : 5.50( i H) 541 1.67 375.34 272.04~498.51
BEAEIE - WE46TER =1.00 : 12.00( i th) 547 2.01 456.33 314.32~598.12
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Table 2 Combined toxicity indices and mortalities of chlorpyrifos and ethofenprox mixtures in Chilo suppressalis using insecticide film on artifi-

PRI A RSB S5 (SRR11496720 . SRR11508519 \SR-
R11612564, SRR11613399 SRR11612598 SRR11612564 ,
SRR11612730, SRR11612835 .SRR11612938 . SRR116133-
59 SRR11613360 11 SRR11613396) ,

cial diet surface

ARSI BRI TR (% )
AR AL HE S IR T 14 - - - -
REFEIGAL I Tk 2 T Ak 2 S8 ML Tk A5 R TR e Ak 3
FHAEWL - k4R =1.00 : 0.15( itk th) 1.27+0.10 45 24 31
FHAEWL - k4T =1.00 : 0.35( it k) 1.59+0.12 25 27 48
FEAEW : R =1.00 : 0.60( JFiH L) 2.46+0.24 39 51 10
BEAEME : BEAEHR =1.00 : 0.90( it ) 1.18+0.01 32 43 25
BEAEIR ¢ BEAETEE =1.00 : 1.40( it k) 1.14+0.17 40 25 35
FEHEML : k4R =1.00 : 2.00( Fiz ) 0.42+0.14 9 15 76
FAEM - EESHEE=1.00 : 3.00( FiE L) 1.19+0.12 35 23 42
FAEM - EEHEE=1.00 : 5.50( i L) 1.34+0.33 15 35 50
FEHEML : R4 =1.00 : 12.00( Fist L) 2.73+0.11 45 44 11

£3 “HERRATRENEIKEEERRENT

Table 3 Quantity and quality characteristic of clean read data in Chilo suppressalis transcriptome

WA g AU UEREE Phred BUE KT 20 Phred BUEART 30 %ﬂfﬂéﬁﬂ’@ﬂz%

(M) (G) FRIBBIE 5 L (%) HITIE S (%) SHRESH(%)
Xt HR-1 TO1 47.2510 7.087 6 97.59 93.11 45.30
Xt IR -2 T02 51.092 8 7.663 9 97.96 94.03 45.50
Xfg-3 T03 54.840 6 8.226 1 97.45 92.83 44.92
RESLIRAL -1 T04 51.061 2 7.659 2 97.62 93.13 46.29
REAEIRALHE -2 T05 47.825 1 7.173 8 97.74 93.49 47.95
REACIRALFE -3 T06 45.730 5 6.859 6 97.88 93.77 45.44
Tk 44 Mg b 2 -1 T07 45.532 0 6.829 8 97.65 93.27 45.71
Tk A R AL B -2 TO8 44.611 6 6.691 7 98.04 94.17 45.55
Tk A R AL BE-3 T09 42.393 7 6.359 1 97.81 93.59 46.95
FEIEML : BEZEME =1 2( R EL) Ab -1 T10 50.197 6 7.529 6 97.33 92.50 45.52
BEALIE : FEAGTR =1 : 2( AL L) b HE-2 T11 41.824 1 6.273 6 97.37 92.61 47.00
BEALME - FE4ETE =1 2( iR Hh) 4bFE-3 T12 45.570 9 6.835 6 97.53 93.01 47.01

23 BERMERMEEERIENLAENERERSR
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Fig.1 Pearson correlations of the gene expressional levels for all treated samples in Chilo suppressalis
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Fig.2 Differentially expressed gene analysis of Chilo suppressalis in response to chlorpyrifos, ethofenprox, synergistic chlorpyrifos and

ethofenprox mixture and deionized water
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Fig.3 KEGG pathways of Chilo suppressalis in response to chlorpyrifos, ethofenprox, synergistic chlorpyrifos and ethofenprox mixture
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