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R ES BB T 4840 . HarmCYPG6AE X i B 3= 34 Mg fiz
N HarmCYP6AE19 BIThEEfE i

e A IR XE S, BASE XmN, EES B /N

(LS R p A R SEOR F B g A e IR B D TR 5 S0 =8, 38 388 K57 830046
2. VAR R 2RI B R R s 3R 5 R 4 [ E S0 0 2, R 400715)

WE.[H 1) ] RS & 7 DR B X A4S HL( Helicoverpa armigera) AR AT N, X% HarmCYP6AE % Jik 5 R X Fi
13 ) DT RE , O I B L TR 5 27 SR A b TR AR ML o) SO e A 5 e B SR S SR AL B AR B L [ 5k ] R A Wil 5 43 Bt
AN[R) e B R T X A AR T R B T BB TR AR (W R 53 38 RT-qPCR K2 HarmCYPOAE ZR 153 ikt =X R ik & T
FL(CQD) A1 RNA T (RNAD FARUUER HarmCYPOAET T HAF S A K A B IMEA . [ SR IME Rt K &
B BRI AR (<0.007 5% ) KK T P, BEARAEIE R MR (P<0.05) 5 = i (=0.300 0% ) 46 Ji &
B3N 5 A HUARE (P<0.05) . HarmCYPGAE ZRJ5 10 ARG & (RSP L7 K SRS A7 45, RS AU 48.94% ~91.97%
RN 4 N3, BRIGIHHEFRRZMENRE R0, Hod  HarmCYPSAEL7 1 HarmCYP6AE19 3% 15 Wk BE AR B 5 5 12
F LIARIE , HarmCYP6AE20 Z AR FE AR 93 % 838 18 R 3K, HarmCYP6AE24 {5 185 W FE AR 9 b B8 R 4 S vk 8 3R 58
(P<0.05) , RNAi JTER R B 4121 HarmCYP6AET9 [ 33K (P<0.05) , 1& B # )5 401 3 Ak I 3 B I 20.76% ~
40.51% , BRI 3.57% ~33.70% ( P<0.05) , [ G538 1M B IM BEARB M2 AR 48 AR K & B, HarmCYPOAE ZR 1 R Yot A
Fy e B 22 AR A AW B, He A HarmCYPGAET9 75 B W FEAR B a8 T 23 L, T BRIZ I 5 B0 fufb i e g 2 T
0 S W e s R v S e e ks 2 (Y2

SR AR AE A BT AR I 5 A4S HL; CYPOAE ; RNA T4
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Expression response of HarmCYP6AE family in Helicoverpa armigera
under gossypol stress and functional analysis of HarmCYP6AE19

ZHANG Long' ,HAO Yanze',LIU Chenghong',LIU Dingrui',
HUANG Zongzheng' ,LIU Li', LIU Zhixiong' ,MA Xiaoli'"

(1.Xinjiang Key Laboratory of Biological Resources and Genetic Engineering, College of Life Science and Technology , Xinjiang
University , Urumqi 830046, China;2.State Key Laboratory of Resource Insects,Southwest University , Chongging 400715, China)

Abstract ; [ Objectives ] This study aimed to clarify the effects of gossypol on the growth and development of Helicoverpa armigera
larvae ,unravel the gossypol detoxification function of the midgut HarmCYP6AE gene family, and provide a theoretical basis for
elucidating the co-evolutionary mechanisms between insects and host plants, as well as for developing novel pest management
strategies. [ Methods ] Bioassays were performed to assess the effects of different gossypol concentrations on the developmental
duration , mortality rate, and body weight of H.armigera. RT-qPCR was employed to determine the expression patterns of the
HarmCYPG6AE family. Carbon quantum dot( CQD) -mediated RNAi was utilized to silence HarmCYP6AE19 ,and its impacts on larval
growth and pupation were evaluated. [ Results] Gossypol exerted a concentration-dependent effect on the growth and development of
H. armigera ;low concentrations( <0.007 5% ) significantly prolonged the developmental duration and reduced the survival rate and
body weight( P<0.05) ,while high concentrations( =0.300 0% ) shortened the developmental duration and increased the body weight
of 5th instar larvae( P<0.05). The 10 members of the HarmCYP6AE family contained conserved motifs and substrate recognition

sites(SRS) , with amino acid sequence identity ranging from 48.94% to 91.97% , and were clustered into 4 phylogenetic clades.
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Genes of this family exhibited concentration-specific expression profiles: HarmCYP6AE17 and HarmCYP6AE19 were up-regulated
under high gossypol concentrations, HarmCYP6AE20 was up-regulated under low concentrations, and HarmCYP6AE24 showed
specific high expression under high concentrations (P<0.05). After silencing HarmCYPG6AE19 ,the expression level of this gene in
the larval midgut was significantly downregulated ( P<0.05) , the pupation rate was reduced by 20.76% —40.51% , and the pupal
weight increased by 3.57%—33.70% ( P<0.05). [ Conclusions ] Gossypol regulates the growth and development of H. armigera in a
concentration-dependent manner. Members of the HarmCYP6AE family exhibit differential expression responses to gossypol.
Specifically , HarmCYP6AE19 was significantly up-regulated under high gossypol concentrations, and its silencing led to a marked
decrease in pupation rate, suggesting its crucial role in the H.armigera’s response to gossypol stress, though whether it directly
participates in gossypol detoxification remains to be elucidated.

Keywords : plant secondary metabolites ; gossypol ; Helicoverpa armigera ; CYP6AE ; RNA interference

BEXRE o PE R R AR E A AL B R B T A R S AL A R AL
5 SR B AR T A A AR A R SRS 28 A ) DL R e S Ak A AR
PR AR IR RE ST . R (gossypol ) SR AL S ARVEY) & B SRR A AR = 1, oo F 454 5 6
ANFRILE 2 A TS PR I, P A R BRI B | SR SR B R AR S SO AT A R A B SR I
i AR S 2R A T A B AT A e A T R S A T M A, PT 5 ER F JR  E RR T UTE R
Bl 2 1 A 300 00 ol e e 2 e SR R PR U PR PO RE PR DA AR A PR Bt
SEAY AT VR B SRR T

PR R b A AR B A s AL, R AR B — Mo R 3 BB 1) BB R /T R K
FNETGE :2) MY F 58 R4 A 3) WG RIS E e 10" BRI R P450 i 4 i
(cytochrome P450 monooxygenases , CYP ) Fl UDP — % 3% 4% # [if§ ( UDP-glycosyltransferases , UGT ) 7 fif #: X1}
BB EEEER Y CYP BRI AR R BRI R R IE 2 —, T2 T 2 iR,
T BE A A Ak P IR 5 SRR IR 1 2 P e A2 AL RN, LRl B I T RE 2R 1 3, 7T 2 SR S
RGACH X2 AL TR K S S B, FE TR CYP BRI REERAE 2028720 A MR M B i A 53k
BRI AR ST , 2 SR . AR Pk R AU 2 A A KW B R Ak rp, CYP R D 138 1 Ak
SE S E A S

ads H (Helicoverpa armigera) R B H R , R EEE R , FRAE R o il 77 3 AR AR B Y
fERE AL AT S oA 2 ik 3 s WP R R A W 3 B0 L —PEFREE AL RR AR R 2% AR T 22 h A4
RN UGT41B3 F1 UGT40D1 £ 5 A 5 JE Ak i 12 i 47 3B 410 L A48 R R I B ( CarE) 2
CCE001a TEETRWERS ( Pichia pastoris) W 223K 5, J& B0 11 X I 25 M 10 1 A5 2 e B 11T L RNAT A 19
CYP6DA2 DR I W 25 A Ty SARUST (Aphis gossypii) FUTEPENT L AN K3 5 2+ =4l ] B % S
FRUF CYP30SAT W55 5% K B L5 3 7 1, 1235 I DU BRS , 75 T AR A 3 IR ) Rk IR Bl 2 R
ELA 78 & B, A4S HO I $2 R AR P CYP il A 2838 13 %o 25 A AR B0 19 8 E VR, Horh HarmCYPSAE 0.
KRR G R FER AR ZEAAR duh B HarmCYP6AE20 #b, T4 HarmCYPOAE 5% i 51 Y BEAT 5%
AR FUR AR E KR A 7 A CYP Al RLARE i Bk, B 41 HarmCYPOAE 4R A AEAC AR
Y HarmCYPGOAE19 nJ IR #5751 2—+ = el , J5 & bl Ll HarmCYPGAE11 Al HarmCYP6AE14
RN FIAh , HarmCYPOAE 11 XS HUI 32 1R 5044 e G Tk , 76 FH [B) K LR S0 BR PPk &Rt
B CYP Bk | R4 HarmCYPOAE14 A H 155 S5R39 40, (8 Hnl BE e # 48 dL &)y By xof
L4745 2 140305 i 7 984 S 7 H R HE R T T RE

A5 R FHAS ) Al B X AR A2 s ATy IR AT A 0 5 | 2R 6 0 AT A B % &) A % 3 s g [) il
Ve SZAR A LR IR HarmCYPOAE SR >R CQD 319 dsRNA 33835 R 40, 8 1 1] ey =
SEPEUTER P R I R R 1Y HarmCYP6AET9 3P | 22 G Ak 12 35k PR DTSR XA A8 s A= 1 & 1 A I T 52
PRI EEAE R, I8 HarmCYPOAE G555 R 7E AR 4% ORI i 22 A b i Dh e 4R 4t B8R0, o IR A
g BT R 4 H X 2 2 R 0 7 A A SR 403 17 AL ) B S

1 RS
1.1 i£H
HHAAR S AP RETR A e K R R I N TR B S SE s, BN A TSR & F R (26+2)C
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FHXHEAE (60£10) % , '/ WEEEFRINIE] 14 h/10 h, A TAPREZIR Sun 55120 i dklich] , s pia e A RoRas—2,
1.2 EMERESN

M NCBI 545 % ( https : //www.ncbi.nlm.nih. gov/) X Pearce L1260 WU 97 rh R BN 48 U Harm CYPGAE
FKIGEHEF K E P51, SRS 4540305 B 2% Shi 457 IFFE 455, M NCBI F# 15 s H B &, 45
s U (H. armigera) ¥ AR ( Spodoptera littoralis ) RS IK (S. litura) A AE ( Ephestia elutella) |
FHER K (S. exigua) IR (S. frugiperda ) 7R J7 5 B ( Mythimna separata) B8535 ( Lymantria dispar) |
2 R ( Operophtera brumata) \ZZ %% ( Bombyx mori) \$F 4% ( Bombyx mandarina) , ¥ ¥F 4 ( Heortia vitessoides ) |
JHH R ( Manduca sexta ) V.M F K BE ( Ostrinia furnacalis ) FIFG D\ 85 ( Cnaphalocrocis medinalis ) 1
CYPOAE FGEEER ZHEMR)T 5, (1] MEGA 7.0 J #4778 LT 5 R G0 &K B R E R Clustal W i#£47
FE LR, BRI S HB 8, T3 B bR R X 55 77 91 5 3 A B 44 2 >R ] 48 45 25 ( neighbor-joining ) , 25 K ¥
(bootstrap ) BE'E A 1 000 YK F & A I8 A 1] SE4: | “ Partial deletion” S%01% K 50% , HA S HBIN ; e X 38
11 iTOL 7EZE T H- (https ; //itol.embl.de/login.cgi) FEfT e el
1.3 1RELIE 2 RNA 3RENF cDNA &5

EIRA K —SBr AR A% 1 2 004l e, 230 8 21 ) MR I 5 i 230l 4 0.,0.001 5% .0.007 5% .
0.015 0% .0.075 0% .0.150 0% .0.300 0% .0.750 0% HY N T4ulk}, FE2H 100 3k, FFLEm IR 2 5 13 i 4%
W R R T g AT 3 f 5 i Ay AR (W0 S 24 ~ 48 h) TR E] 5 W84l HUR B i 20 2L, R T
TransZol Up Plus RNA Kit( st 434 0) $ie IR B 4520 BRER IUS, RNA @3 10 g- L™ S0I8 0 56 15 Ha Ik
H1 NanoDrop ND-1000 48413 G EETH Y0 IE RNA 4l 5568 . {#iFH TransScript One-Step gDNA Removal
and ¢cDNA Synthesis Super Mix (It a4 4EW) 1T cDNA G5, 514 TAY T8 (L) B AR
A ElE R,
1.4 HarmCYP6AE RIGEEFRIZENE

#2218 TransStart® Green qPCR SuperMix (4t 5t 2504 2EY)) VA 4320 BR 17 SE i) 92 % % & PCR (RT-
qPCR) , W& HarmCYP6AE FJGHRR ik, LKA L RPLI3 B:H ( GenBank %5 5% 5. JQ744275. 1) A N
SN IR FES W 1, RT-qPCR UM AR :95 °C 10 min;95 °C 30 5,62 °C 30 s,40 MEH ., F 4k
R 3 AR B R 2 W AR E A SR 278 SRS PR G 5 SRk

F1 FAWATAY

Table 1 Primers used in this experiment

B YA FK Primer name BIYFF %} Primer pairs sequence(5'—3") H ) Purpose
RPS13 qPCR-F/R CTGCAAGACGTCACCGCAG/CCACGACCAGCACGAACCT
CYP6AEII qPCR-F/R GTCAGTAAGAGTCTCACATTG/TATCACGCATAGCAGTCAT
CYP6AEI2 qPCR-F/R CGTCCAAGATCCTGAACTC/TCCACCTGTCTCCGTAAG
CYP6AE14 qPCR-F/R CAGCAGTAGGTAACAGCAT/CTGGTGGAAGAGTTCTGAAT
CYPG6AE15 qPCR-F/R GAATCAGCGGCGAAAGTGAC/TTGCTAGCACTGGGTACAGC RT-qPCR
CYP6AE16 qPCR-F/R GCTTACTACGCCACAGAA/CGCTACTTCACGGTTACT
CYP6AE17 qPCR-F/R CTGCGTATATTCTTGCCATT/GGTCTGATGTTATGCTTGTT
CYP6AE19 qPCR-F/R AGACTGGTGAGAGCAAGA/GTGATGAATGTGGTAGATAGG
CYP6AE20 qPCR-F/R CGCTTTTGGGCAATTACGCT/CCATCGGTCTCCTGCATTGA
CYP6AE24 qPCR-F/R CTTCCACAACCTGATTACTTC/AGCACTGAGCAACTAACAA
dsCYP6AE19-F TAATACGACTCACTATAGGGTTTGCTGCGGGTTATGAA
dsCYP6AE19-R TAATACGACTCACTATAGGGCTGCGTGAGGAATGTTCT JsRNA
dsEGFP-F TAATACGACTCACTATAGGGAAGTTCAGCGTGTCCGGC
dsEGFP-F-R TAATACGACTCACTATAGGGCACCTTGATGCCGTTCTTC

HFRIZ R T7 J5 81 FF%1, The underlined segment represent the T7 promoter sequence.

1.5 dsRNA HI&H

HH MEGAscript® Kit (FEER KHH/RBHE, 36 ) U454 8 dsRNA, T RNAi X%, 41X HarmCYP6AE19
LN B T7 B3 FRRRRYES I (% 1) . PCR ¥ 1645195 °C 5 min;95 °C 30 5,55 °C 305,72 C
30 5,35 MEFF;72 C 10 min, dsRNA & UK RFE 37 C RV 4 h, Bl il A RNase-free DNase 1,37 ‘CHFHE
15 min KiGHAM DNA, DL EGFP JEH ( GenBank %% 55 : DQ389577.1) B dsRNA 1E NP XTIE (&% T7 &
P RRERES W, W3 1), 3 3d NanoDrop ND-1000 5& & dsRNA ¥, 208 Das 25177 (075 & &
CQD,#% it [ 20 :1 ¥ CQD 5 dsRNA IR G FEBRFR IV 4 Cal K BE 8, JE i CQD-dsRNA & 59, 1
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RNEE LGl AT
1.6 EiNERKE

VEEILIK 4 h AOFR4S HL 2 A4 i, B B T 3 ml A TGRS — R PR R AR i 32, iRk B
2 AR R BE (0.300 0% F1 0.750 0%) , BEAMEEHR 13455 A 200 wL % 5 wg dsCYP6AET9 W & WY
W, BT 5 2 P W BBZE N A S5 4 dsEGFP ., BN PR S 3 A EE Bk EE & 15 ikl A
7724 h JGAMIN S g dsRNA, S 80740 BT H0p ff fnlbe} | AR5 E 5 R IR0 8, 40 AR 3 8R0S 80 0 i
TS BT I H 20 $R U RNA I 50 553815 ¢DNA | il i RT-qPCR B:E HarmCYP6AE 19 JTERER 540
S bR A K R F 8.
1.7 HIESH

FIr A s R FH IBM SPSS Statistics 26 34758115047, i GraphPad Prism 8.0 £33, Jcifk
FTAE AR 30 AN 7 22 e MR B0, WO ) 22 55 W 28 MR FH A ST REAS ¢ K30 20 AT, 22 4 ) 22 S R B L Ry 22
J3HT (one-way ANOVA) 454 Tukey's HSD £ 8 LA | B Z0E K F-i% H 0.05,

2 GHRESH

2.1 HarmCYPGAE REEELEEEEWMERESH

Fi48 Bt HarmCYPGAE K FEALE 10 A ) FES) 04 B, 8 HarmCYP6AELL F1 HarmCYPGAE17
Hb HAD 8 M EA 2 DI BRI E R K BN 517 ~549 aa( 3R 2) . EHERRT S L4
(26 3) oRn, 10 DR A A SRR K 48.94% ~91.97% , Hod HarmCYP6AEL7 5 HarmCYP6AE18 AYAH
WIPERE (91.97%) o FRSFEEA T R B, T HarmCYPGAE 1, 51 Y940 & PA50 S8 R AE 3L F (WxxR .
ExxRxxP . PxRF \Heme binding motif) & 6 KRG 5 (SRS1—SRS6) , £ SRS i1 5 ~24 > FEMRZH 1
(Il 1-a) ;8% SRS2 4, HABZEFGFI R P 3 BA m BEARSFME (B 1-b) o B RGEL BRI (B 2) 087,45 10 4>
W 4 D5 . HarmCYP6AEL]L . HarmCYP6AE 14 . HarmCYP6AE16 . HarmCYP6AE17 1 HarmCYP6AE1S
FHN—F ; HarmCYP6AE12 Fl HarmCYP6AELS 3 H— 3 ; HarmCYP6AE19 Fll HarmCYP6AE20 R — 37
HarmCYP6AE24 Bph— 7

®2 WMEHERAPLEFER 10 Y HarmCYPOAE #iidk
Table 2 Description of 10 identified HarmCYP6AE in the Helicoverpa armigera genome

FEH 2 Fx P 1D FE R JBEAR 25 FERK R/ A TR FRARE /. HFESIRKRE /. EEKE aa

Gene name Gene 1D Locus tag Gene size Exon count Transcript length CDS length Protein length
HarmCYP6AE11 110371743 B5X24_Ha0G200087 15 792 4 2 317 1 569 522
HarmCYP6AE12 110371687 B5X24_Ha0G200088 2 167 2 1707 1572 523
HarmCYP6AEI4 110371751 B5X24_Ha0G200089 1 905 2 1 621 1578 525
HarmCYP6AEI5 110371688 B5X24_Ha0G200090 1871 2 1627 1 566 521
HarmCYP6AE16 110371744 B5X24_Ha0G200091 2 103 2 1 900 1 569 522
HarmCYP6AE17 110371743 B5X24_Ha0G200092 15792 4 1778 1572 523
HarmCYP6AEIS 110371731 B5X24_Ha0G200093 2 058 2 1 655 1572 523
HarmCYP6AEI9 110371725 B5X24_Ha0G200094 2715 2 2 051 1 650 549
HarmCYP6AE20 110371736 B5X24_Ha0G200095 5 474 2 2 052 1 587 528
HarmCYP6AE24 110381041 B5X24_Ha0G200096 4785 2 1795 1 554 517

%3 HarmCYPGAE Rk & E B F 57 LU bk xt

Table 3 Similarity comparison of amino acid sequence alignment of HarmCYP6AE family %

HarmCYPOAE 11 HarmCYP6AE 12 HarmCYP6AE 14 HarmCYPOAE 15 HarmCYP6AE 16 HarmCYPOAE 17 HarmCYPOAE 18 HarmCYP6AE 19 HarmCYPOAE 20
HarmCYP6AE12 68.01

HarmCYP6AE14 90.42 66.99

HarmCYP6AELS 64.93 74.09 64.93

HarmCYP6AE16 83.72 67.18 84.10 67.12

HarmCYP6AEL7 74.00 65.26 73.23 64.68 75712

HarmCYP6AE18 72.66 65.07 71.70 64.11 73.61 91.97

HarmCYP6AE19 56.67 53.92 56.27 53.92 5471 54.71 54.31

HarmCYP6AE20 56.21 55.30 55.83 54.13 55.64 55.17 54718 91.86

HarmCYP6AE24 54.99 55.19 54.60 54.67 54.30 52.22 52.41 48.94 49.71
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KT 25 ARG T AR I HarmCYPGAE 535 253500 )8 X2 HarmCYPG6AE19 (RS REfHT 795

M SRS1 CISRS2 B SRS3 B SRS4 I SRS5 Hene binding motif [ SRS6
WxxR motif ExxRxxP motif PxRF motif
4

W Kt'LI{ — FTLSW —-—_— ETLRI —— PE;RF —— PFGDGPRICIG — EPNSFVSQ ——
WKVLR — FDIQG —- EALRL _— PERF —— PFGEGPRICIG —— EPGAIVTQ ——
'WKVLR == FMLSR _-_ ETLRK -— PERF === PFGEGPRLCIG = EPNSFVSQ ——
WKVLR — FQSNK —- EALRL _— PERF —— PFGDGPRVCIG — EPTSVVTQ ——
WicVLR — FILDW — N TLponY. — SO VACCH ARG el — =1 r [SENESVIRRE— r:rr — PrGDGPRLCIG — QPKSMVT
Q
WKVLR — FFQTW. —-_ ETLRL _— PERF —— PEGDGPRICIG —— TPKSTITQ ——
WiVLR — FFHNW — YKEVPTEA | —DDUOROCAURERGRETel— :rr.. [VIGHERE]— p:rr — PrGDGPRICIG — SAKTIVIQ ——
Every [IVBGRIBIRE— PERF —— PFGAGPRLCLG — DARTFLTQ ——
EVLRM _— PDRF —— PFGAGPRLCLG — DARTFLTQ ——
Eriry [JEGNABRE]— PRF —— PFGEGPRTCIG — KAQSFLTH ——

HarmCYP6AEI11
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HarmCYP6AE14

HarmCYP6AE1LS

HarmCYPGAE16

HarmCYP6AE17

HarmCYP6AE18

HarmCYP6AE19 [WKIVR —— FEISY

HarmCYP6AE20 WKIVR = FEISY

HarmCYP6AE24 WKVLR — ENPPK
2 4TSRS 4 FSRS2 4 SRS3
11?;% 3 3
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Fig.1 Conservation analysis of the HarmCYP6AE family

a. HarmCYPOAE [#) SRS {537 5345 Distribution of SRS and conserved motifs in HarmCYP6AE proteins;b. HarmCYP6AE Z %
ZERE IR S LR T H R P Amino acid sequence preference of domains in the HarmCYPOAE family.

#HEtE
Colored ranges AR Bootstrap.

B Harm: H348 50 H. armigera M o3
[ Stit: i JeBAcH s, tivoratis I 053
I:] Sexi: KIS S. exigua . 0.69
[ sfru: B s Rl S. frugiperda W ost
I:l Msep: R 7 EEHL M. separata . 1.00
[ Ldis: #E7ik L. dispar

[ ] Obru: &Kk 0. brumata

[ ] Bmor: %% B. mori

[ ] Bman: ¥4 B. mandarina

[ Hvit: #EIE H. vitessoides

[ ] Msex: (KR M. sexta

[ ofur: W T K O. firnacalis

B Cmed: FEYEMIE C. medinalis

[ stie: #l4cpiis S. litura

I Eelu: EMIE E. clutella

2 EH CYPGAE S EB 5L o4

Fig. 2 Phylogenetic analysis of amino acid sequences of insect CYP6AE
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22 ARIREREBSELRERKETHOEM

L3 AL St AL (TR, & DI 12,61 d) MG, AS [ 3 B2 A 1 Ak B GH AR A2 SR 40 3B % B DY
SUMATEAE B 25 5 AR AR ) (0.001 5% ~0.150 0% ) ZbH 5 % B HiIFE K 0.27~1.64 d, HiHh 0.007 5%
e B 2H 9 K I 38 (P<0.05) 5 i M AR 5 (0.300 0% .0.750 0% ) Ab B % & P43 94645 0.77 F10.71 d
(P<0.05) , S5XFHRL HFET 3R (9.75% ) H H , AN [) e 88 AR 1y Ak FEROGT ALY He &0 BROBE T - 30 A5 S [R) 2 JE 1) 52
M, o 0.001 5% .0.750 0% £ 0.0750% 4 By Ak AL 1 4 R AE T3R50 1) i 3 TH i3 &2 17.25% . 16.25% Fll
15.50% (F 4) . 5 &4l BRI 45 5 (181 5) %690, 0.300 0% B kb BRZH R 5 (135.25 mg) &35 & %t
HRZH (108.40 mg) , HoAh Ik BELHARE I T 1.35~15.70 mg, (HER PR H 22 AR

I 1" instar 2" instar I 37 instar 4" instar I 5" instar
5 07500 ey ¢ ¢
s
£ 03000 [ b c b C
Q
§ 01500 (b - -
E - b gy
% 0.0750 ab AB
% yoiso ET— EO— . o
S 0.0075 B B -
B
¥ 00015 (b > B
=
£ 0 D - > BC
1 J
3 6 9 12 15

KB P/ Developmental duration
B3 RS hERRRERBARTHNEZERHA

Fig. 3 Developmental duration of H. armigera larvae fed with different concentrations of gossypol
ANE/NG FHEF IR AR AL B A 22 55 B 3 ( P<0.05) , KRG PR /R IK2EF B E (P<0.05), TAl, Different lowercase
letters indicate the significant differences among different treatments ( P<0.05) , while uppercase letters indicate significant overall

differences( P<0.05). The same as follows.

5r 150 -
a
£ 20 . = 120F b
i l ab ab i) T od R be d
% cd be ¢ a = - ]
g 1sp od Z 90f
= d R
® 10r o 60
B £
il i
2 Sr £ 30t
0 1 |} 11 || | I | I || | J 0 1 1 11 |} 1 1 1 J
N TR SR\ SR\ SR\ N TR N 5 0 Q0 0 0 ©
S R e O M PO SO R NN
MR /% Gossypol concentration HREYHE /% Gossypol concentration
4 1R HLYHEREIRERHHIR THIETE E5 A5 Ry REARRERBERTHEE
Fig. 4 Mortality rate of H. armigera larval fed with Fig. 5 Body weight of 5th instar H. armigera larvae
different concentration of gossypol fed with different concentration of gossypol
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Fig. 6 Effects of different gossypol concentrations on the expression of HarmCYP6AE family genes
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Fig.7 Effects of HarmCYP6AE19 silencing on the transcriptional level of HarmCYP6AE19 in H. armigera
larvae after feeding with 0.300 0%( a)and 0.750 0%(b) gossypol
" P<0.05, """ P<0.001, **** P<0.000 1. The same bellow.
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