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Expression analysis of cuticular protein genes CP22 and CP14 in cotton bollworm
Helicoverpa armigera and their response to the sublethal dose of methoxyfenozide
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Abstract: To explore the function of insect cuticular proteins in development and response to insecti-
cides, two cuticular proteins genes, namely CP22 and CP14, were identified from cotton bollworm Heli-
coverpa armigera. The expression patterns of CP22 and CP14 were measured in different tissues and
developmental stages by real-time quantitative PCR (qPCR). Then the sublethal effects of methoxyfeno-
zide (MF) on larval cuticle were observed after hematoxylin and eosin (HE) staining, and the relative
expressions of CP22 and CP14 were detected by qPCR. The results showed that CP22 contained an open
reading frame (ORF) of 570 bp, encoding 189 amino acids, while CP14 contained an ORF of 393 bp,
encoding 130 amino acids. The functional domain analysis showed that both CP22 and CP14 contained
a chitin binding domain, which belonged to RR-1 subclass of the CPR family. qPCR revealed that these
two genes were highly expressed in larval cuticle during larval stage, and their expression reached the
highest level in the 4th-instar larvae and then decreased after molting. Phenotype observation revealed

that the larval cuticle became wrinkled and darkened after treated with sublethal dose of MF, resulting
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in abnormal molting. HE staining showed the separation of exocuticle and endocuticle, as well as the de-

composition of epidermis. Besides, the relative expressions of CP22 and CP14 were significantly up-
regulated at 24 h to 48 h after MF treatment. Our results therefore demonstrated that CP22 and CP14

participated in larvae ecdysis, responded to the disturbance of MF treatment, and could serve as poten-

tial targets for controlling H. armigera.

Key words: Helicoverpa armigera; cuticular protein; gene expression; methoxyfenozide; response; mi-

croscope observation

R85 B Helicoverpa armigera S 3% |5 85 % iR &
b L B SR 45 R 1 R T BOAR X
A H g DX Il i 8 7 ) 557, A A8 H ) 32 Dy T
S HiaZ Ak, BB A S U i Al R i 25 15 i (i
TESF,2018) , FFACHT B R AR TR IE . Bl
PP TR R I, AR BUR R ZE ), 2
FEIE AR RS 30, i BT 1k R AR K o 28 R K3k
AN K45 14F45 (Moussian, 2010) . |2 HUK iz 2
PR B A b B 20 B RN WA ) — R AR L A o, 32
)8 HH 26 K2 8 H (cuticular protein, CP) #1JL T i 2
o BHREEAREE N, @ g S
HILT BOE BB 1, 2t B0 J5 I8 il B e A Y
hEE, RAMRE MR EAGUTHEIRRAT
BLER, AT AT RLAR 24 () JF e P A A

Wi 5 5 DR 0 B A e e e Bk i 2 Y
RHRE RS B e R R AR
R 7 S FEAE , B B 3R Je 28 1 A] 4 i CPR L CPT,
CPF .CPG ,CPFL TLAN R M (BEfR4,2014) . B iR
R AL 2y B A F S L T 19%~2% (X))
Wefid %5 ,2019) , 7F R A K R B AR B f k4
HHEEMER. W CPI25 CP23 3% 2 PR e 3L
25 T VA Antheraea pernyi 5 [z |4l MUKl H 36 7
e (5 45, 2018) s THR AR A ¥ Tribolium
castaneum VK N 1t) CPR27 Fll CPR18 J& K, Hi N 22 i
)2 G5 AT FL 1B (I B R 52 ) (Arakane et
al.,2012) ; T4 KW Locusta migratoria J¥, HL 7 [] i
B AN RB S RBOLR LA, IR
GRR7 5  (BE 45, 2019) . B HGE o F o
R FRERIE AR H B0 K G5 R AL A
AR G (RHPH 4, 20165 SR EK4E ,2019) ; L 4H
Cui et al. (2017) F1 Balabanidou et al. (2018 ) iff 5 44
R AR B 5 B B2t ny 7 AR 3 DIAH G, an
TEHUIE PR 2 4> H (8] S48 25 H 1 Leptinotarsa de-
cemlineata (i 2 1, 43 22 B AR 1 R IR 3R 7KK
=L, ST M E s R R SR R, E R
HO6F A% s 7)Y RRR M B3 3 0 (Clements et al.,

2016), HHETE A 20 Z 5 B HUAY K j 38 gl s %
& Hok, 4 Pan et al.(2018) LL#6 K &\ Nilaparvata lu-
gens WMWFFERT G, R FHZ 212450 B1 St RNA 4 A2
BT RGBS T 32 R i B A LR R
A B A DIRE , TG TARES Hu e fe 2 1y
5% M XF 8/ (X1 B i 45, 20195 Volovych et al.,
2020),

PR S SR I T I ARSI A R ) R — R B
i J2 8 % (20-hydroxyecdysone , 20E ) 45515, BE &
HUR N IR Y 20E 38 4 45 5 W KR 2 1A, T4 20E
I R ek, Bl HUC R RE L R
AR H A 0 A 2O P (Smagghe et
al.,2003) . ASURBIZHATHIAST K& I2E H AR L Pk Ak Ak
PSR % B4y B R S (Zhang et al., 2021) , Ali
et al. (2013 ) BIFFE4E R 2 BH 2R e 28 11 5 DAy 5 Bz 9
FAG T NS 2Rk, IR N 20E A5, 1
S H T G S w5 R 2Ty RS B st R v R R
K IH 2% B2 W7 G AN TR | g AP L0 3 B 2 1 R TR 3R
IR S W AN I o PR, A SR AR 4% gl
TR FRIB MR B CP22 i CP14 B 5
XTI FLZH 255 A1 R ) 2R 38 R ik B HOG 4
PR ma R, DA A A % L B A 0 AR T RE
B S AR B 2 O AAR T AR 2 HR A
1 RS A%

1.1

b oI AR AR U AR SR TR (27
2)C HXHBEE (70£5)% AN 14 L:10 DEWN
FHN TR I SR B R, 7 A J5 R et
AL 40 em 55 26 em 55 21 em AY 57 T 1R
Fe, PR AP IS 10% SRR . A
TAAHEL IR SR 5 i 2 BROR A 45 (1999) .

Ae 24 R SALAR - 98% H AR HL B Ik (methoxy-
fenozide) 5224 , i [ AL B2 Be Al M) R P S T
XK SRR BT SO o 8 X-100 (3R & —FEXT
SR BRI ), R E A A RNA SR HUR ], 56
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Invitrogen A= iy $ AR /A 7] ; Gel Extraction Kit % % 7]
W3 ) &, € [ Axygen 2 F) ; PrimeScript RT re-
agent Kit with gDNA Eraser J #% i 5 & D¢ 8
i PCR {7 #1 SYBR® Premix EX Tag™, 44 T.
e (K3 ) A BR/A ] ;2% Tag PCR Master Mix, KR
AR (A6 50 A RS 7] 5 HoA a0 35 28 [ 7 23 Hr
4li . Nanodrop 2000 # i3 i 4366 1T, 36 [ P8 Bk
R BHE 2 T DY CP-32B BRIE BHEE I LIk , Jb 5T
AN B A FR A ] ;5 Veriti £ 8 PCRAY, 3¢ [
ABI Al ; CFX96 % 5 18 PCRAY , FE A SR A F] 5
BX51 A i385, H A Olympus ; BA-T-50 4 B4 - It
BB ARA R AT
1.2 FHi&
1.2.1 434 & CP22A=CPI4 R 64 5155 /53] 547
FET UGB AT SR 4% Ho e S AR PR AR TS 3R
TR T, S5 AR H R 2 508 e (R e
ZH AR5 PRINA38S211) , #1459 H 4 K Il )
P2HE (open reading frames, ORF) ¥+ %1, ] F{ Premier
5.0 # A4 % i1 CP22F (5'-CAAAATGAAATTCGCA-
GTGG-3" )/CP22R (5-TCGTTTGTATTCGGTATTC-
AGC-3") fll CP14F (5'-ATGAAATACTTCATCTTAG-
CC-3")/CP14R (5'-TTACAATTTCTTCTCGACGT-3')
19, A 51 ZACE T A TR (L) BRI
BTG . R TRIzolESRBUASARAS HLU S 13 %)
HAE RNA, I 43 66 B TR B R R I F Uk
HEAT RNA 4l N SE 3R . B 1 pg L RNA K
4% HE PrimeScript RT Reagent Kit with gDNA Eras-
er UG SR & U 455 1 cDNA, LA B cDNA
SIS T PCR B4 58 IF ORF HIAFAE, 25 pL PCR
VAR 2 : cDNA R # 1 uL . 10 pmol /L b R34
£ 1 uL.PCR Master Mix 12.5 pL.ddH,0 9.5 uL.
PCR §"## £5 {4 : 94°C Wi ZE P 3 min; 94°C 2% 30 s,
58°CiE & 30 s, 72°CHEAH 2 min, 35 PMEFR ; 72 °C EAi
5min, SEFEYRUE A XTI S5 E T8 . A Ex-
PASy M 3fi translate tool (https://web.expasy.org/trans-
late/) X} CP22 Fl CP14 3K (1) ORF ¥4 HEA T, R
F SignalP 4.1 % {F (http://www. cbs. dtu. dk/services/
SignalP-4.1/) %5 ik , #1| H] SMART 4k - (http:/
smart.embl-heidelberg.de/) #E 17485 ¥ 388 43 #r , 18 1 7F
2§ WebLogo T H. (http://weblogo. berkeley. edu/logo.
cgi) XK KB FIFEAS YA B DR ST 3P #6170 AT
1.2.2 CP22#4=CP14/5 5| L & & %o & F Mg M3
MR B2 15 2 19 & LR )Y 91, i3 I NCBI (1)
BLAST T H A ZRARAS LR HoA B B iy CP [R5

G131 2EAT LE X, 48 MEGA 6.0 & 43R FH AR 3744
HRGELBEW,1 000K EL
1.2.3 A R &R B FLCP22A=CPI43L B & F 5 H7

A3 S BGHT AR A4 LR 200 7, WEALSS 1 RAY 1
L HU80 3k W R 5 1 R 2984 HL 503k Wi E2 5 1 d
1)3.4.5.6 W4 1145 10 3k , TUA I A 6 10 2%, fk
W5 4 d R 103k, Pk 2 d ke B H 4% 103k, 24
WAL RIS T -80°CUKFEIRAF . BAFER 4DAY)
A, BURNABEHURI cDNA A T TR 1.2.1, %
B ) cDNA R SAEAE R 5L E it PCR (real-
time fluorescence quantitative PCR, qPCR) I 1% iz .,
PL g-CP22F (5'-GCAGCTACGCTTACTTCTACG-3")/
q-CP22R (5'-CTGGTATCCGTTCTCGTCAG-3' ) FiI
q-CP14F (5'-GTATCCGTTCTCGTTGGCTA-3' )/g-
CP14R(5-GTATCCGTTCTCGTTGGCTA-3") i H Y
FEH G | LIKRES B B-actin [N S FE A1) B-actin-F (5'-
GCGACATCAAGGAGAAGCTG-3' )/B -actin-R (5'-
CGTCGCACTTCATGATGGAG-3") H 5| ¥y . L) T
91 56 IR 2R 3k i o X R, I qPCR A& P22
CPI4TEMEY AR & B Hr B A Kb, 20 pL
FWAAZR : cDNA R 2 pL . 10 pmol /L RN E5 14
£ 0.8 uL ., gPCR Master Mix 10 uL,ddH,O 7.4 uL.
KWL PCR FRIF#EAT RV, 95 °CHZAEE 5 min;
95°C75 1 15 5,60°CiH 2 1 min, 40 MEFR;95°C 15 s,
60°C 155,95°C 15 s, Xf qPCR &5 JL R Ff 2744wk ik
1153 #7 (Livak & Schmittgen,2001)
1.2.4 A58 R &ML F CP22AnCPI4A R 09 2B 547

G R e N 0 e e ) S 11 I3 1| L S
Bkt Sk s AR AR AR RS
T80 CUKAATRAF o UMM 12 kil , BP 1 M4
Y EE  EE 4. FE S RNA L cDNA &
% qPCR AN K AR X 3k f 4 Hr (] 1.2.3, DA iy
SRR A R TR X Rk A
1.2.5 P&k B AL 22 AT AR 4 &k E R 09 H R

HRPE Zhang et al. (2021) B 22 FF 42 R I AT R 2%
1B SR LC, o 7.75 png/mL, 62 pl ¥ &
4 10 mg/mL % F A A Bk FRE VRO AR 10 mL 0.1%
T K P VR TP B R B R 62 g/mL IR, 5
0.1% HH A3 7K V5 T Fie B 2 J3E 6 T L e 758 hy 31,
15.5F17.75 pg/mL PS8 o ¥ N T PEHIT ARG
1 em® rH, B TR 7.75 png/mL ) HE AR R Al 24
W3 s, H R TS O 24 fLAR T, fLAR K
127 mm, % 85 mm . 5 22.5 mm, fL B2 15.6 mm,
REASFLA L Bkt . BEBCR/IN—S A I Rz A A 4%
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H 3l i AR 24 FLAR N, BEALEE 135, LA 0.1%
H P KA TR AE N as X IR BN B 4 AT
NEE 2441 SrNFEALEE 24 48 R T2 h ),
AL FRREALIE I 3 k4 L, AR A, I 3R
HR R . BRI 4% 2 B W RS H I & %E 48 h,
70%~100% FI#H FE RS B HBK 4 g T —
2R SRR BUR SN | h, P8 T A OR%
W 1 b fif R 2l 2 b TR | BE S K
CiE U E T O A i b A B 46
PRIR . TR BE 58 4R AAIZUHYR HEA A0, A i
Yo i 5 B A YOI EY) R pL B YRR B
8 um MIAIE D] o HIRAAEI LI Y 8, 80 0 BE It
K GEW PRI E RS, TR R
SEK, BA T 2 IR A5 (2010) k. [RIA 4
AR FRBEALIEI 3 k&) L, 2K IR R Bz
HGHEARATE T WA, PE17 5 RNA 21 cDNA #i4i
A . qPCR KM Ko AR X 2838 543 AT, ik [a] 1.2.3,
BT E 41K
1.3 BiRSH

FIIFH SPSS 17.0 A XA I B E A T 58110 Br
X BE R 22 591 A 3L A 56 PR 6 8 & 17 H Student’ s ¢35 F
1725 5 W PERL IS, AN A& 7 B B FIUAS [] 20 21 ) i
PR Rk T PR F e/ i 2 2580 (LSD) i i 7 25 57 b

A ATGAAATTCGCAGTGGTGATCTTGGCGTGCGTGGCTGCCGCAAGCGCGCAGTACAACTCT B

M KFAVVILACVAAASARQYNS

GGAGCTTACAACCCCTTCGGTAACCAGTACCGCAACCCCTACAAGTTCCAGCCCACTCCC
GAYNPFGNQYRNPYKTFQPTTP

GCGCCTTACCGCCCATACCGTCTGCCCTCCTCCACCCCCGTCTACACTCCCGTCGTCTAC
APYRPYRLPSSTPVYTPVVY

AAAGCTTCCACCCCGTCTCCCGTCGTCCCCGTGCCAATTGCTGTAGCCAGACAAGTCGAC
KASTPSPVVPVPIAVARQVD

GCCCGCAACGCCCAGATCGTCAAGTTCGGCAATGAAGCCAACCCTGATGGCAGCTACGCT

ARNAQTIVKFGNEANPDGSEAJ

TACTTCTACGAAACCGACAACGGTATCGCCGCTCAGGAACAGGGCACTCCCCGCAACTTC
fFYETDNGTIAARQEQGTTPRNEH

GGTGGAAACCCCCCTGTAGTCCCAGTCGTCGCCCAGGGCTCTTTCTCCTGGACCTCTCCC
E 6 NPPVVPVVAQGSFSWTSH

GAGGGTGAACCCATTGCTATCTCCTACGTCGCTGACGAGAACGGATACCAGCCCAGTGGT
EGEPTIATSYVADENGVYQPSG

AACGCAATCCCCACCGCTCCCCCCGTACCCGCTCAGATCGCCCGCGCCCTCGCCTACGTC
NATITPTAPPVPAQIARALAYYV

GCCGGCCGTGGAGCTCCCCTGAAGAAGTAA
AGRGAPLKZK *

BT

EVERT
2 ER55H

2.1 B HCP2FCPI4EREBFE TS
a2 P A DNA T, 184844 2 4
X E B 2K cDNA P51 . M4 i cP22 3 A
(GenBank &5 MV 145542) 1 ORF 4141 570 bp,
Hihih 189 M2 LM , 7E N RImtl &% 1 M55 K, 55 1)
D7 s AT 16 F 17 5RFILAL , TCBS AL 454 . i 8
CP14 %K (GenBank % 5% 5 2 MW250379) [ ORF
4K 393 bp, Hifih 130 M2 R, 78 N AR vl % 14>
{E5 WK, BT A7 T 16 F1 17 5% 5L ab , IG5 2%
o B BE R W, M4t CP22 5 CP14
#BELAT MR CPR & 1 L K DI e 5 by 3k, B2 5
TR F 9 A JLT Bi4s &5 ChtBD4, #i48 HL CP22
FCP14 1Y JLT Bl G5 mil 6l & 68 1 FE MR (99~
156 1) (&1 1-A) 156 24 5L 12 (38~93 i) (K] 1-B) .
AR, k44 Ht CP22 Fil CP14 #F A7 CPR & 11 Jl 5%
ML LR ST Y 5 2 R 7 41 Gx (8) -G-x (6) -Y-x-A-x
(3)-GY-x(7)-P-x(2)-P,x "R HFEMR , B F RN
FERAEH , HA R d CP22 IR LR 751 N GS-
FSWTSPEGEPIAISYVADENGYQPSGNAIPTAP, £
B H CP14 2 2R 7 5] - GANSYKSPEGQVISL-
TYVANENGYQPQGDHLPTPP,

ATGAAATACTTCATCTTAGCCCTTTGCCTCTTCGCGTGCGCCTACGCCGCGTCCCCCGAG
M KYFTTLALCLTFEFACAYAASTPE

CAGGCTGCCCAAGTCCTGOGCTCCGACTTCAATCAGTCGCCCGAGGGTAACTTCCAGTAC
QAAQVLRSDFNQSPEGNEQY

GCTTACGAAACTGACAACGGCATCGCTGGACAGGCTGAGGGCAAAGTCAAGGTCGTCGGA
RYETDNGTIAGQAEGKVKVUV

AMGGACGAGGTCGCTCTTGAGGTCGCTGGAGCCAACAGCTACAAATCCCCTGAAGGTCAG
[KDEVALEVAGANSYKSTPEG(

GTCATCTCTCTCACCTACGTAGCCAACGAGAACGGATACCAGCCCCAGGGTGACCACCTC
I sLTYVANENGVYQPQGDHL

CCCACTCCTCCCCCCGCCGAGCCCATCCCAGAGTACATCGCCAGGGCTCTCCAATACATC
PTPPPAEPTIPETYTIARALA QYTI

GCCGAACACCCCTACGTCGAGAAGAAATTGTAA
AEHPYVEZKTE KTL *

E5 Ik JTHE  JLT 4548 Cht BD4; FEZE . CPRARSFIX ;% & (%615, The underlined

sequences: signal peptides; the boxed sequences: chitin binding domains; the dotted lines: CPR consen-

sus sequences; *: stop codon.

B 1 #8% 8 CP22(A)# CP14(B) EEM S EELF 5
Fig. 1 Amino acid sequences of CP22 (A) and CP14 (B) from Helicoverpa armigera
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2.2 R HBRREEBCP22FICPI4[EEF 5 EL 3t R W F A Bombyx mori, K & Galleria mel-
BLAST X455 7w , i d 51 R 2] 0y FHoAh lonella F 5 #8 W5 Amyelois transitella 55 8538 H H A
%EE@%@&% HEEMRF 253 EEAENG (K B H CP22 &I ¥ 41 (GenBank & 51543 51| A XP_
,HoP AR AR B CP22 H LR 7 41 (GenBank 2 555 026729283.1, XP_030035553.1, NP_001036828.1 .
7@ MV 145542) 5 R0 ik Spodoptera litura X3 XP_026750979.1 F1 XP_013186221.1) BYAHBLUE AT
P S. frugiperda CP22 KM 751 (GenBank & 60.85%~68.34% 2 [6] , 55 32 ¥y Wt Pieris rapae CP22
ST HIR XP_022816174.1 F1XP_035459276.1)/) 24 L2 ¥ 51 (GenBank % 55 XP_022122759.1)
FEADLEE 5 3K 80.26% , 5 Wy LU0 1k Trichoplusia ni M BIABUE Jy 48.63% (181 2-A) .

A * 20 * 40 * 60 * 80 * 100

BmCP22: - T N ool -

PrCP22: v A PESNQFNGRNQYNQYNRYQPYQPTYKPEVSSBYEVABAVT :

BmCP?2? ;
PrCP22 |

§ 189
: 183
: 184
: 180
: 209
: le2
: 1le4
2 174
: 242

HaCP22 :

BmCP22: Bl

sl3Y6A1

: 130
s 32
: 128
s 28
: 125
s 129
: 140

EnGYqPq d LTpP
RO B8 —8G KOS N%4 —3 . HaCP22, SICP22, SfCP22, TnCP22, MsCP22, GmCP22,
AtCP22, BmCP22 Hl PrCP22 43 5l AR HL | RSBk | B SR . Ry SCng i . MR R | I | IR A |
FISEHRI (2% i #5111 CP22, HaCP14, OfCP14, SICP14, SfCP14, MsCP14 ., TnCP14 1l PmCP14 43 | 44 | I
PHEOKER | RSO . R DT . AR E R M L R SO R 4 KUY 22 12 2R 11 CP14. Black background: complete
conformity; gray background: partial conformity. HaCP22, SICP22, SfCP22, TnCP22, MsCP22, GmCP22, AtCP22, Bm-
CP22 and PrCP22 represent cuticular proteins CP22 from Helicoverpa armigera, Spodoptera litura, S. frugiperda,
Trichoplusia ni, Manduca sexta, Galleria mellonella, Amyelois transitella, Bombyx mori and Pieris rapae, respectively.
HaCP14, OfCP14, SICP14, SfCP14,MsCP14,TnCP14 and PmCP14 represent cuticular proteins CP14 from H. armigera,
Ostrinia furnacalis, S. litura, S. frugiperda, M. sexta, T. ni and Papilio machaon, respectively.
B2 R H CP22(A)F CP14(B) RERF I S HMERREER [ERF FIH F IR L X
Fig. 2 Alignment of the deduced amino acid sequences of CP22 (A) and CP14 (B) from Helicoverpa armigera with

the homologs of cuticular proteins from other insects

Fi 4% 1 CP14 2 JE 2 ¥ 51 (GenBank B 55528 MW250379) 5 W9 & K UE Ostrinia furnacalis CP14
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H HL 0 )7 5 (GenBank % 55 i XP_028168598.1)
A ABALLBE A 53.45% , 5 RS CP14 Z 5L 1R 7 5
(GenBank % 5% 524 XP_022814231.1) f AL Fy
52.30% , 5 5 57 7 ik CP14 44 52 /7 51 (GenBank
S5  XP_035440438.1) AL Ky 49.43%, 5
o 80T MR W B R Mk Manduca sexta B4 R Pa-
pilio machaon CP14 Z L2 ¥ %] (GenBank & 5% 541
Bk XP_026734679.1 ., AAA29319.1 F1 KPJ13958.1)
AL A T 40.93%~41.68% Z 8] (8] 2-B) .

2.3 1R HBCPRIICPI4MIRLZ LR B

il H B B CP22 KA F—A~/ IV 32 1
CP14 W ZKIENL T 5 — A/ Np 3 b (B SRS H
B AUt AE R B A, 10 R R 3R B B R AR AL AR ST
(F13) . FRES HUAY CP22 5 b 13 3% A1 B b 0% 1% 1k
[i) Y5 S R 3k A2 M 8 U, TR LA CP 14 5 &
KR 35 A% I B A 3, LR 55 ARh SR K TR i, 5 1A
() 358 % R B8 B0, 5 R Y A L BE 4 R — 3L
(K3).

100 —RHEUBIR Spodoptera litura CP22 (XP_022816174.1)

98

70 53

1
43

100

92 L EH SRR Spodoptera frugiperda CP22 (XP_035459276.1)
JHELRIUE Manduca sexta CP22 (XP_030035553.1)
MBBUR Trichoplusia ni CP22 (XP_026729283.1)

848 B Helicoverpa armigera CP22 (MV145542)

KIEWE Galleria mellonella CP22 (XP_026750979.1)

B Amyelois transitella CP22 (XP_013186221.1)

ZK 2 Bombyx mori CP22 (NP_001036828.1)

SRR Pieris rapae CP22 (XP_022122759.1)

&R Papilio machaon CP14 (KPJ13958.1)

92 MBBIR Trichoplusia ni CP14 (XP_026734679.1)

HHE Rk Manduca sexta CP14 (AAA29319.1)

# W Helicoverpa armigera CP14 (MW250379)

WM EHKIR Ostrinia furnacalis CP14 (XP_028168598.1)
93 100 l:#«wcm@ Spodoptera litura CP14 (XP_022814231.1)

B X RIR Spodoptera firugiperda CP14 (XP_035440438.1)
W& Drosophila persimilis CP22 (XP_002016536.1)

|

L BRHNSEER Bactrocera latifrons CP22 (JAI41522.1)

18 % B3k AR Camponotus floridanus CP22 (XP_011263320.1)
ILEAEE I By Leptinotarsa decemlineata CP14 (XP_023027172.1)

3 RAMEEMERRAMEMERRRIESSERFIINEZLEN

Fig. 3 Phylogenetic tree of cuticular proteins from Helicoverpa armigera and other insect species by

using neighbor-joining method based on amino acid sequences

2.4 TR HCP2INCPI4ER IR ILE
2.4.1 EARARRELE o P eg Rk

CP22 M1 CPI4 3 HNFEMAE BT kB B A
Fek ARSI S0 ) | 109 R n U ) AR X R
IR, B R AN R ) 2 0] T 2 25 5 5 7
Sy 30, A A AR O R R T e 4
W3k B 5 W, CP22 T CP14 3 R Ay 35 84 9
2 930.56 Fl133.16, i 3 & T HAth & & B B (P<
0.05), S HATFUR T B, 7 TOUNH HAH X 22308 B3k 31 de
1%, 20500 1.82 1 1.77, H.4h Bl CP22 Fe A 5 AH Xt
FKikE CPI4 (K 4),

CP22 F1 CP14 5 R4 2 7EAT AL HL 4 W8 &) H il Bz
J5 IR SR G AT e 1k B TR AIG , FL st 2 S5 5
1 K CP22 B B AH XT38 543 0 0o 2 RANES 3 K
(1) 2.84 151 8.25 4% , Wi iy T K2 J 275 2 RANER 3 K
AR 235 B (P<0.05, €] 5-A) s 5 f2 J5 56 1 K CP14

LR AE R Rk 43 A 5 2 RIS 3 KA 1.98 %
F110.84 4%, 1 25 155 T W5t 12 J 55 2 RN 3 R AR XT
Fik i (P<0.05,1K5-B).,
2.4.2 AR RSEEY R RREIAL P # Rk

CP22 JE P EZLAER AL 1L 5 i 4 He i) 36 2 vp 3
IRTKF R, R 2.96x10°, J2& i 1 21 3R 3K 5 11 2.38%
10045 , I 35 i T HAh 4181 (P<0.05) , 72 A5 i 1A H 11
XTI , h 8 806.96, 21 N3z ik 114 1/30,
FE I IFR B R Sk AR X ek A, 72 P A R AR
XP IR AR, o 1.24, 1 2K T HABA 21 (P<0.05,
K16-A) . CPI14FHEFTEMES 5 I 4y U3 J rh AR X
Tk A, N 28 692.80 , & i 4 4 % ik
i 18 690.67 1 , b 3 T HAMZH 21 (P<0.05),
FE TP RIARRT RIS R IZ , o 121.05, 4 3R e ik i
(4 1724, 7 198K B TR 7 4 r 10 R X 8 R X ¢
1%, 72 i A ek i AR, S 1.54(&16-B) .
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Fig. 4 Relative expressions of CP22 (A) and CP14 (B) genes in Helicoverpa armigera at different developmental stages
& R 8RR . R R/ING FRER IR 4 LSD VAR S 7F P<0.05 /K- 225+ 2 ¥ . Data in the figure are mean+SE.

Different lowercase letters indicate significant difference at P<0.05 level by LSD.
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Fig. 5 Relative expressions of CP22 (A) and CP14 (B) genes in the 4th instar larvae of Helicoverpa armigera at different day-ages
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Fig. 6 Relative expressions of CP22 (A) and CP14 (B) in different tissues of the Sth instar larvae of Helicoverpa armigera
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SE. Different lowercase letters on the bars indicate significant difference at P<0.05 level by LSD.
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2.5 ERER BRI BSE 57 E X448 R B R4 EH (E 7). 2 BAZE IS AR L 3 I 4l U i
251 AR R Afe kR MG FIVEL Bz A0 3053 15, i o e ) S R 7 A4 Y

R AL BRI SO ) S A B A 3 AR (11 8) |, e BH Y S L Ik kS0 S8 ) o 4 T
BRI B 2B SIS T IR A A R R R AT
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50 pm 50 pm Aol e ;
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Fig. 7 Phenotypes of Helicoverpa armigera 3rd instar larvae after exposure to sublethal dose of

methoxyfenozide for different durations
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Fig. 8 Cuticles in the 3rd instar larvae of Helicoverpa armigera treated with sublethal dose of

methoxyfenozide for different durations
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1.224%, 5 X IR 22 3 OR i 3  Ab B 48 h i, A%
CP22 LN AR 23k B 6 BRI 1.08 4%, 8 2 i T
Xif BB (P<0.05) , CP14 F& K /4 AH X 22 3k 11 b % BRI

2.79 1% W 3 = T AR (P<0.01) ; 4B 72 h )i, 4
5 L CP22 A1 CP 14 FE R ) AH X 32 35 2 40 i 251G
TR (P<0.01,819),
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Fig. 9 Relative expressions of CP22 (A) and CP14 (B) in the 3rd instar larvae of Helicoverpa armigera treated with sublethal

dose of methoxyfenozide for different durations
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Data in the figure are mean+SE. *, ** indicate significant difference at P<0.05 and P<0.01 levels by Student’s  test; ns: no signifi-

cant difference.
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ARFFEER I, FREE I CP22 1 CP14 B 7E
Fg% dugh Hie Bz vh BTk i, CP Rk RIE RN SR I8k
PP A A PRIk KB GRS A5 ,2020) o 40
REEAFESHE BRBERIE AL, X 5 0 H
B Hugly He 5 je ) 32 2 3% J A FT Y RR-1 228 A9 4
i —% (Cornman et al.,2008) ., A~[A] A9 5 K H 1 fE
225, WK I Laodelphax striatellus 3% F7 £5 [
S CPRI EZAE MM h 38, J5 2L uE %
HHNZ 5L Y (Liv et al., 2015) . REHR
H 3& [N CPF3, CPLCG3 I CPLCG4 AE K] HE . 4 35
Anopheles gambiae 1§, B = 58 7% F1 [ iR 9 26 3k 7K
R TR 5 e AR AR AR 48 kB DD AH OC (Vannini
etal.,2014). AWFFELR KB CP22 M CPI43X 24
BEPITERR AL Al MBI A 305 B TE IR
AR IR, RITHOR A R R, 54K
Bl CP LN IR (B HE55,2013) s CP22 Al
CP143X 213 B2 B U BE TR AR AL 1L 4 1 40y oA X
Feik i fi ey , HFA 5 3R EIY B [RIAR—FC, HEDAT
B IAE 48 AR I AR RS GHG OR , T B Kk
B B A ORI TEZR . RS Locusta migrato-
ria manilensis 215 191 0 N 26 KR st 197, L3R Bz
R IR Rk (BT 4E,2019) , FRBFSY
Ul W B2 2 e B AR e S M B b LA
FERL.

R HRTEARR R F o, 3R H i 454 T4 i #h
22 R BN AR Ak T B M 3R B B R Dy 3 e iy
ZH R 4y, FLRE DR Az 3 R R % . 1 Oka-
moto et al.(2008 )57 45 R F B CP L [H ik 52 Wi f7
& SUUINN G E N & WS N 0 S ES VST 1Y
T B 5L A O Zhang et al. (2021) BF o5 45 JE 3%
T, P 40 o g R IV S0 711 BB AT AR st Bz, A1
W R PR ET R . ASHIFTR 25 SR IR Y AR I I Ak P
S RS I 4y s 3R R A BB AR, 3R K S W I AR N Ak
FEJE07 B, LB A A A4, 25 T 40 ok 3 o BEL A
FRIE AR B SR o 28 KRR Ah P JR R
TR L BLA) HRRIE TE SR i B4, 98 L R AT
e & 24 50 Ab #5372 25 A 32 B ( Dittmer et al.,
2015),

R AVER EF SR, 20E JE MG TR
T BT — RN A2 AR 5% K I 0 T it
kT I Bl FObR 2 2 B A G 3 PR Rk i Y AR R T
JHFAE R B 8 K SR A B0, 38 ) T 208 38 K A
PR 3 35 52 i HL 1E 8 58 1z (Zhang et al., 2021) o ASHF
FEit—20 kI, H AR A e A B 24 h S AR L CP22
FED B AR FRk i 2 Tt RIAEAL B 48 h s CP14
FER AR Sk e w3 BT SR A e Ak
PRGOS T 4 CP IR F i B A 5% SR 7, A
M55 CP IR B 3k MR L H AR R R
() F 2 S, H AR s A ek SRR 2 5 i SR
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Fe Z5R) w0 T W R xR v TH 26 K i
U R e e . AN, AR R IR S 1 CP22
HCP 14 FE P F AL HL B I iy o) 107 B[] A 22 5, AT
&5 CP22 1 CP14 k1R BT iad f vh & 454F
RN, CP22 BRI AR X R 35 55 T CP14
FE, HEWAE 2R KO L #2 b P22 FE A Rk #5345
KEERVER A e — 2D B E . % Sk DR 3 2k o
BEREEARBERAERET Atk Bk
YEE T EAER, 40 Zhang et al. (2021) W57 & I H 48
T IV 358 71 A1 o A A A 32 AR U 2R Sk IR
FTZ-F1 19323k ; Murata et al. (1996 ) W57t & Pl 7E 22
& S W Drosophila melanogaster 7% 75 1] CP &
EDGB84A 3% FTZ-F1 i) % 53 Ji % ; Mello et al. (2019)
F 5% & 8L 13 FTZ-F1 56 1A i 3 40 1 2 5 Apis
mellifera CPHEPR B35 5 Xu et al. (2020) BF 58 & B
IR A5 B Culex pipiens % 5% [N FTZ-F1 845 % ¢
HE 1 CPLCGS My ERIA , ST I L X UL BR H 35 15 11
Yok (AL SR 7 FTZ-F1 & 5 IR 38 B 8 IR s 5
TS M 4y O R A7 i — 2D 5T
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