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ZeSha J P R H A g R ORITMERRE R A5 A P e

Kik(K4).

Zc: NI ; Dm: RAZFRME . B AURIR PASO CRAFIUR P41 LU X455 | [0 81 SRR A e 5 AR R , 150 € B, ] 5P ey
FERIC T 5 MRS 3L JF Helix-C . Helix-I . Helix-K . PERF motif 1 Heme-binding domain, Zc: Zeugodacus cucurbitae; Dm: Dro-
sophila melanogaster. Only the conservative domains of P450 are aligned in the figure. The background of a column of letters indi-

cates homology, the darker the color, the higher the homology. Five conservative motifs, Helix-C, Helix-1, Helix-K, PERF motif and

Heme-binding domain, are marked.
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Fig. 1 Alignment of the Halloween gene-derived amino acid sequences between Zeugodacus cucurbitae and Drosophila melanogaster
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Ce: Hb RSN ; Aa: 382 M, Dm: ZEAE S ; Bm: K4 Te: SRS E; Bd: /N Ze: JRSEME . Ce: Ceratitis capitata;
Aa: Aedes aegypti; Dm: Drosophila melanogaster; Bm: Bombyx mori; Tc: Tribolium castaneum; Bd: Bactrocera dorsalis; Zc: Zeugo-

dacus cucurbitae.
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Fig. 2 Phylogenetic tree of Zeugodacus cucurbitae and other insects based on Halloween genes-derived amino

acid sequences by neighbor-joining method
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numbers in the heatmap represent the mean values of quantitative results of RT-qPCR for gene mRNA relative expression, with col-

ors ranging from blue to red indicating relative expression levels from low to high. E: Egg; L1, L3, L7: 1-, 3- and 7-day-old larva;
P1, PS5, P9: 1-, 5- and 9-day-old pupa; F1, F5, F9: 1-, 5- and 9-day-old female; M1, M5, M9: 1-, 5- and 9-day-old male.
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Fig. 3 Expression patterns of Halloween genes in different developmental stages of Zeugodacus cucurbitae



24 T OBAE . b 8 R A % Halloween JE K %52 M Shade W I RE /T 401

AZcSpo o e -
Zelhm ve 7 LIER
zeDiv [ R o1 E-

1.0
0.8
0.6

ZcSad 55]-0.19]-0.12 o, ZeSad -0.36] 6 g';
MG PG TR EP  MT : fFB fMG fMT fOV mFB mMG mMT mTE

AR BRI N mRNAJFHXH%ﬁ_@Em RT-qPCR & 1 (B, (0 M (0 B L0 (TR A ik i MR E & . MG: h
W; PG: HIMRRA G5 TR: U5 FB: MGNiA; EP: K J%; MT: B ; OV: BRSE; TE: A58 f: MEMUL; m. K
M, The numbers in the heatmap represent the mean values of quantitative results of RT-qPCR for gene mRNA relative ex-
pression, with colors ranging from blue to red indicating relative expression levels from low to high. MG: Midgut; PG: pro-
thoracic glands; TR: trachea; FB: fat body; EP: epidermis; MT: Malpighian tubules; OV: ovary; TE: testis; f: female; m: male.
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Fig. 4 Expression patterns of Halloween genes in different tissues of 5-day-old Zeugodacus cucurbitae larva (A)
and 7-day-old Z. cucurbitae adult (B)
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Fig. 5 Functional analysis of ZcShd in Zeugodacus cucurbitae
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are mean+SD. * or ** indicates significant difference by independent samples ¢ test (P<0.05 or P<0.01); ns indicates no significant

difference.
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al.,2002) . 3% R IA A5 X e W) 70 S e v g A B
Phm ,Dib H Sad 15 B35 i o AR IAHEA 3 i 4 B
WS TG, SR 5 7E i 4 U8 (Warren et
al.,2002) . Phm Dib F Sad 1 }H 5 F i i i v i) 22
IRHEA S B SE 2 ARG, W0 Rz J Iap (8 058 B 38
Z KB 52 R FE (Rewitz et al., 2006a) . K H 7 igk
Spodoptera littoralis ' Spo . Phm . Dib . Sad F| Shd 1%
6 U5 &)y LT M it v Y 2Rk A A S S HE N /N
Ui I 3R 5L R 7R R Ot B AL B B B A J 2 T e
(Iga & Smagghe,2010) . ZcPhm F1 ZcShd 15 JN 5L i
ARG L) B FRIN N, B S 7E 1 H il rh i 3R
KRR, X PR SRR 550 AR A B A 5%
S5 —3, BiIR ZePhm M ZeShd (23K 1 ] 5 ik
HAB R A —E /22 5%, (B SR E ZePhm R ZeShd
T JICSE B 2y H — i 72 285 sk % v i M ot Bz B = A )
B BURIRE W AR 050 B 3R % Ak 20 (1) 3 B b B
SEME, 16 Halloween S5 RIFE AiT i B 158 K2 PR A= 40
B BRI 7 A4 050 1z 3800 2R i Al ik A8 v R 45 TR AR
Mo 7390 A543 51> Halloween F [ Y4 7F
JRECHE 5 H A9 H e b 3838 178 T 20E
()G AT e IS i P A sl A R AH DG 2 2 )
REA G, 191 400 8] 4 o i e B SR K 7 o e B 1 I
Spodoptera frugiperda Wl U R 39 2% B 7R B S 4R

D0 B 0 R P ORI S 3 KR R Bl S X E T
(Sorge et al.,2000) ., JRANA 5 Tribolium castaneum
1 Phm 1 Shd (/) 335 570 PR 5 L 0 RIS 7
S, AR 5 Phm B PR 3k AN RZ 1R B
BLRCGARNEE A (B B0 S R R e 2R
B, TR Shd J5 ARAAY #5155 AE KRBT
{5=3i (Parthasarathy et al.,2010) . ASHF5EH 5> Hal-
loween & Kl & 3k 15t Y 70 IS M R % 30 - v, P14k
J5 VAR I 5 ST L ZeSpo F ZePhm 1E 5 H %
HUh IR 5, ZeDib  ZeSad Fl ZeShd [k &
19 H Ml g de b fiesy , 5 ax ek TR AR U4 b
MIFRIRBLARL . 7EARAS b, 41> 20E 45 1 11
20 {2 2% P4S50 HEDN 71 B 55 vh s 22k, B B AL 2
i H EL A ME R 20E (1 A B A RS R S
Halloween & [F 78 JIUSEZ g rp () Rk 250, 5
Dubrovsky (2005) A58 45 5 — 2, R HUHAmE R R
FEAEMER A G

ARG R FEK B, ZeSpo . ZePhm . ZeDib Fl Ze-
Sad 7 T 520 4y R i b 260K, ZeShd 16 5 IR
B INEAAR WA rh = 2R35 , iX 5 Halloween 2 [FI 7E
HoAth B A kAR B AL, AnTE/ NS Plutella
xylostella ™}, Spo . Dib 1 Sad 1E i i i H 1 21k 3
AR AH Shd TE T R b 4 25 B AR A L, Shd
TENRW PR TP Y ZRIK AR, 1T Spo . Dib M Sad TE ) i
PR G ek B P ARG (Peng et al., 2019) 5 75 KK
W, Spo . Phm . Dib Fl Sad 1 1 i Hh 1 22 55 2 4
1R w5 B Shd FE T M fig v 19 235 5 ARAIK (Iga & Smag-
ghe,2010) . X5 Zhou et al.(2022 ) iB AH 7 K S2 g
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Rk g 5 T, DI A& Cyp3ldal 5T
HAIE S ISR H SR 5 R R R A
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