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Molecular cloning and functional characterization of Halloween genes
involved in ecdysteroid biosynthesis in the brown planthopper,

Nilaparvata lugens ( Hemiptera: Delphacidae)

LI Kai-Long">* |, FU Qiang', WANG Wei-Xia', LAI Feng-Xiang', WAN Pin-Jun' (1. State Key
Laboratory of Rice Biology, China National Rice Research Institute, Hangzhou 310006, China; 2.
Hunan Provincial Center for Monitoring of Grain Oil Products Quality, Changsha 410201, China)
Abstract: [ Aim] As one of the most important insects endohormones, ecdysone plays an important role
in regulating the development and reproduction of insects. Five Halloween genes are involved in
ecdysteroid biosynthesis and encode cytochrome P450 enzymes spook/CYP307A1, Phantom/CYP306A1,
disembodied/CYP302A1, shadow/CYP315A1 and shade/CYP314A1, respectively. The brown
planthopper, Nilaparvata lugens, is one of the most destructive pests of rice throughout Southeastern and
Eastern Asia. For N. lugens, ecdysteroid regulated genes of RNAi technology management has gradually
become a research hotspot. The objective of this study is to investigate the function of Halloween genes in
N. lugens so as to provide the theoretical basis for the management of N. lugens and development of new
pesticides. [ Methods ] Based on the genome and transcriptome database of N. lugens, five
ecdysteroidogenesis-related Halloween genes in N. lugens were cloned using RT-PCR, and the deduced
protein structure was predicted using different bioinformatics software, and the phylogenetic tree was
constructed using the neighbor-joining method of MEGA 5. 0. The expression profiles of these genes in
different tissues of nymph and at different developmental stages of N. lugens were detected by quantitative
real-time PCR. RNAI experiment was carried out to examine the effects of knockdown of Halloween genes
on the development and reproduction of N. lugens. [ Results] Five Halloween genes involved in
ecdysteroidogenesis, i.e., NlCyp307al, NICyp306al, NICyp302al, NICyp315al, and NICyp3l4al,
were cloned and identified in N. lugens. Phylogenetic analysis revealed that the five Halloween genes
belong to two superfamilies 2-Clan and Mito-Clan, respectively, and clustered with their homologous
genes in other insects, suggesting that Halloween genes and edysteroidogenesis pathways are very highly
conserved during insect evolution. NICYP314Al contains five conserved P450s motifs and two
transmembrane domains, being a typical mitochondria cytochrome P450s. The results of qRT-PCR
showed that five Halloween genes had higher mRNA abundance at 24 h and 60 h after molting in the 5th
instar nymph stage. NICyp314al was continually expressed during the whole developmental stage, and
showed the highest expression level in adults. Among the examined tissues, thorax had the higher
transcription level of NICyp314al than head and abdomen, and fat body had the highest transeription
level of NICyp314al, followed by leg, integument, wing bud, and midgut. Four days after injection of
dsNICyp314al, the expression levels of NICyp314al and NIFTZ-F1 in the treated individuals were
extremely significantly decreased by 84. 6% and 64. 1% , respectively, compared with the control.
NICyp314al knockdown resulted in nymphs failed to molt on time, exhibited apparent phenotypic
defects, and > 95% mortality of the nymphs at day 7 after injection. NICyp314al knockdown also
resulted in the developmental abnormality of adult ovary. [ Conclusion] Halloween genes of N. lugens
involving in ecdysteroidogenesis are evolutionarily conserved. Silencing of selected Halloween gene
expression causes phenotypic defects in molting and reproduction. These results suggest that Halloween
genes encode functional proteins that are involved in molting and reproduction of N. lugens. Halloween genes
might be used in altering genetically the progress of molting and reproduction of N. lugens. This study
provides a theoretical basis for potential application of Halloween genes in the management of N. lugens.

Key words: Nilaparvata lugens; ecdysone; Halloween gene; gene expression; molting; reproduction
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W58 B2 R (ecdysone ) J&—Fh 2 [ Wy ot , B Ht
ANRE B B KGR, H BB T W bR B A )
i it ml sh W) BH [ B Sk & 6% ( Sakurai and Gilbert,
1990) o W58 B2 PR Y5 I — B B HU Wt K R W o
H AR, EIE R B 2 5 W B R B R A A i T
F GBI e P P450 ALY Halloween
GG IR, HLBE TR Ty B 11 fofe 2R W] 3 503t Bz 98503 i
AT B, AT 5 1 B U K B S L 5 e i 2 B A 2
M A, JF e Halloween 5% 1 IR 75 #5 K T
Nilaparvata lugens "4 & & FE 5 H B9 98, A
BT BT B HOBOR AL, ok R S A R
AR AT AR 245 0 T A S AL BB KA

Halloween ZZiEFEAIFE spook (spo, Cyp307al)
Phantom ( Phm, Cyp306al ), disembodied ( Dib,
Cyp302al) , shadow ( Sad, Cyp315al) Fil shade ( Shd,
Cyp314al) (Kappler et al., 1986, 1988 ; Grieneisen et
al., 1993; Gilbert, 2004 ), H # CYP307Al,
CYP302A1, CYP306A1 Fi1 CYP315A1 & 51944k 2
IO AE i A e 40 1 v 5 O AR 20 1Y i iA——
15 PER M B2 il ( E) ( Chavez et al., 2000; Warren et
al., 2002, 2004 ; Niwa et al., 2004) , & % W 57 B
R Mk B 5, 7R e 2 i CYP314AL {4k
HHATEVER 20-F2 ZE058 J2 I (20 ) |, Xt 2 dpe B %
B — AL S (Petryk et al., 2003 ; Rewitz et al.,
2006a) , K FaXSuRL AR B 9T 22 R H A
X H A, 7E B E R W Drosophila melanogaster W
DmPhm, DmDib, DmSad 1 DmShd B335 7= 4 (i
B 5 1 25 -2 A W50 B 5 1 2232 A 252 AL A
Wi IR 205240 ) AR (2,22,25- =l 42050
BT 2,22 )35 AR50 R TR | 2 AR 5 1 T A 5 A
Pl ) FAR I =4 (2,22 50 S50 1 2 o St B
PR | 5 PR R 2 - G0 B TR ) S8 AR 5L, SR R 58
75 B 7R DmPhm, DmDib 1 DmSad &34 JIf H B 11
i Ji 40 J vh 3k, T DmShd 18 A R HE IR B
19\ B AE R 7 AR S5 rh 35k ik SE L R SR8 (R 2%
SEUEIG 5 BRI B R B, AR AR BUARRL, #B
R RN B TURRAZ B, WG J5 391 ) T 285 2 i
KRN 1 ARG R Kk F A L ™ R R
(Chavez et al., 2000; Warren et al., 2002, 2004 ;
Petryk et al., 2003 ; Niwa et al., 2004) , HAEWRFE
B, e dsc e B 551 7 U 5 0 B R A AR 6
(Sieglaff et al., 2005 ) , [ i i B 2 75 BfF IR AP kit
PR TIAS AT 5L, B v 7 A A I8 B 38R T i A2
TC T 4% B it s AT A A1) T ME OO L R B

(Pondeville et al., 2008 ) . 2 5 5 b A1 4R B K gk
Manduca sexta 1PN Halloween 3 R AE | — R I8 12 )5
HIR — R W B7 A 3235 5 1% ( Rewitz et al., 2006b;
Warren et al., 2006) . X LEqF & # 3% B Halloween
G PR Bt (g Bz S B aE HAA SR

H T4 U 0 5 3R P4S0 S IR A F S
LRI SHEZ R OC R, P450 B[R 2 5 i
PR B BRI i R Ll , HF 70 8 7s 4 KL
PRI 53R PASO JE[RI Y D RE 2 FEvE B F 25
Mo ABFFELARE RECHHF TSGR, i 5k [ 5 gk
AT TR R IT 58 AT RE S 518 a5
P450 LN, fE I B All b F 58 FL 28 Sk 3, O ik —
43 H Halloween S BE PR 238 7K 7 IR 445 K L
AR B B 5

1 #MB5EFE

1.1 B HRfkEE

# AN, lugens , FPER A W7 VLA HUI 16 FH
DX [ e i B b A, 7E 2 N SR AR R R SR T
JB&H KA Orvza sativa i Fh Taichung Native 1 ( TNI)
2 RUAE BGE A M U RS AR IR
J¥27 £ 1°C, A XHE E 80% + 10% , Y6 J& 1) 14L:
10D,

K AE AR TN, Zp 88 Fh & UG Al T8
U= A K YTt T IS KA B S I T A i
7 d 50 ~60 d Bk RIRE i L Bk TN e A ( EAR 8
em, 5 7 em) , FEREEAATE S BEALORER 3 AMHEEE
DU FR i
1.2 EXEHFRES

KBS B I IR I AR AL S 1 JUA [R]
KA WA e 5 B R 24 h RREL LS K 1 L
HEMIE R 28 5 W4 T B s e AR A v i) %
TIORE  BERR 12 h Sy — A5 R, 23 il i 44 Sy NS-
Oh, N5-12h, N5-24h, N5-36h, N5-48h, N5-60h,
N5-72h 1 N5-84h #dh o [AIWCER IE 7 1 JR 4501 T
R KEL 1 — 5 o dy (IR AN ] R R
BRI RORE ) ST AMERE R (1 H )
10 ~50 sk, F35b, UK 200 3k 5 % B8 A 51 B2
T ER TR MR AR R A IR A
JEHF 1.5 mL Eppendorf 4, UL FARA0EEE E 3 A4~
Y EE . BT AR TR E R RS BT - 80°C UK
FORAF 25 o
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1.3 2 RNA gJ32EXH0 cDNA 5 1 $8 8 Halloween JE[H (1) 85 1717 51 K 4 L 174 5 PR 40

5 CELE RNA B4RIBCR T Qiagen 24 w] 4709 #esp4l #5848 CEU%IE Halloween JE (R 1) o H
B RNA $2 B 7 & ( RNeasy Mini Kit, Qiagen, JH Primer Premier 5.0 %315 |4 (3£ 2) ¥ Hik47 RT-
Valencia, CA) ,$2HU k2 MG & Ul B, I PCR kg, LG CEUK IR & cDNA SR 17
1. 2% B8 ¥ ¢ e v, Jk A1 49 5% % 11 ( Nano-Drop PCR ¥ 34, ) Wi K %5 : 10 x ExTaq Buffer 2. 5 pL,
1000 spectrophotometer, Thermo Fisher Scientific, dNTPs(2.5 mmol/L)2.0 plL, 1EZ[F 5|4 (10 mmol/
Rockford, USA) Kl BT 45 RNA (052 B PERIBKRE, L)% 1.0 uL, ExTaq A5 0. 125 wl, cDNA FifR 1.0
FHT cDNA 55 1 SE/95 . pL, BZEK 17. 375 plo S A5 94°C 48

cDNA %5 1 55144 B8R F Toyobo 23w 4 S % 55 5 min; 94°C 254 30 s, S8C B k 45 s, 72°C fiEfi
it 7¥] & ( ReverTra Ace qPCR RT Kit, Toyobo Co. 1 min, 38 PME¥H; 72°C {4 10 min, ¥ ¥ 74 FH
LTD, Osaka, Japan) ,#2fEZ B G UL 43, RNA 1. 2% B g W Bk e vl vk A6 I, U0 e [l i )5 3% T
Bt 1 pg, BL OligdT FBEHLS W8 & 51,  TOPO2. 1 # & (Invitrogen, Carlsbad, CA) |, %1k

A cDNA 55 1 4%, % DH5a & 5% & 40 M2 ( Novagen, Darmstadt,
1.4 ERKR. =ESFIISH Germany ) H1, BEHLEKE 10 A4~ 558 B 3% T 1 g 92 0%

OrAR G R D, melanogaster, SR AN S AEWIEOARAT PR RIHEAT BRI o

Tribolium castaneum F Bi 5 %F Acyrthosiphum pisim

*1 ETHECAEREZAR Halloween EFER

Table 1 Halloween genes information in Nilaparvata lugens genome-wide

P GenBank %55 = FE A R HEIA L (bp) Z kA (bp)

Genes GenBank accession number Locus Start End
NICyp302al NLU023987. 1 scaffold63 376 433 388 490
NICyp306al NLU028606. 1 scaffold953 252 989 259 596
NICyp307al NLU008821. 1 scaffold1880 98 321 124 866
NICyp315al NLU009808. 1 scaffold203 630 868 639 831
NICyp314al NLU012361. 1 scaffold249 673 355 677 541

) > 25 S A0 7 21 2H 2% 38 of DNAstar Lasergene ( Neighbor-Joining method ) 7 MEGAS5. 0 #k {4
Bt 43 (http: / www. dnastar. com/) 5% i, F (Tamura et al., 2011) SER R G K B WM, &4
NCBI f_|= ORF #r#% T. H ORF Finder(http: // www. Y EEEKIREIY A 1000 7K,
nchi. nlm. nih. gov/gorf/gorf. html) 2 $¥ 3L K T 5L 7] 1.5 NICyp314al EFE /) RNAi 25§

TEHE A R ExPASy 3 3C0F 2E AT T T 28 NICyp314al J285 B2 R & MU 5 — 0 A0 C il
FLWR 741 (http: // web. expasy. org/translate/) | | Ff] RIS ER . R Ambion 7] & ( MEGAscript T7
NCBI 7 28 % {4 CDD (http: // www. nchi. nlm. nih. High Yield Transcription Kit, Austin, USA) JE47005%
gov/cdd/ ) Fil EMBL 7E 244 SMART (http ; // smart. RNA (double stranded RNA, dsRNA) dsRNA ({44}
embl-heidelberg. de/smart/set _mode. cgi? NORMAL e . MHE 0 A B AR UL IH & i B B &
=1) X 2 LR Fp 51 f <7 25 A SR FE AT OO A (NICyp314al) F AT X B8 i) &% (0, 92 D't 26 1 2k A
TMHMM server v. 2.0 (http: // www. cbs. dtu. dk/ (GFP) 1y dsRNA 241, AE 51 ¥ e L3 2. 15
services/ TMHMM/ ) % 25 6 25 ¥4 k47 000, A ] SBOREETH Il &E dsRNA A B8, AR 40 o AR
Protparam ( http: // web. expasy. org/cgi-bin/ [E44 FH 1) & RNAase 7K, J8 37 dsRNA ¥ & 245 4
protparam) Xﬂ”ﬁ%@ﬁf?ﬂiﬁﬁﬁ%%@ﬁ%ﬁ s Eﬁ%‘/ﬁ 4.0 P«g/}LLo

JERR ¥ 9158 1 NCBI B | BLAST #2)5 (http ; /blast. PEHUE RE 3 e 1 H A HUM S i 3 H
ncbi. nlm. nih. gov/Blast. cgi) 5 GenBank Hf) nr [ 0 o A0 SR NICyp314al-dsRNA 55 GFP-
BT B IR ESS 22 31 A ClustalX2 ( Larkin et al., 2007) dsRNA 73 5 2 i AR N (1FE S = :25 nL dsRNA/ %
5 HA R [R5 S0 AT 2 R A HexE, RSB EE Sk (392445 HL) F1100 nLdsRNA /45 3k (5% 45 u)
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(Xue et al., 2015) ) o 5T 1 dJ5, BERIET-/IHE K
i\, e 2 AR A7 R A R AR O e R
B (S W S A B RV ES 4 R BEAT it 36 5 WL 42 50
BREWN) , IR R A 2w Al 57 R =4t W
ARG VHX-6000 FHAERBE o RRALHIBEE S

AR BER 25 E KEl, THENIEH 4 Kl
W3 AR BAEERS ~ 10 KT HUS RNA
H R SR eDNAL 7k 0L 1.3 45, F T kA7 € i
PCR(TTIE 1.4 35) BuE Moo AHCH 19751 L
x2,

x2 AHRATASY

Table 2 Primers used in this study

ElL7 514 (5" -3") S5 (5" -3") PHKE (bp) S &
Primers Forward sequences Reverse sequences Amplicon size Purpose
NICyp302al GCTGGCCTGTTCAAAAATCGT TTAGATTCCAGGCCCACACTG 2 087
NICyp306al ATCCTGCGATGGAGAGTCCT CTCACACTCACAAAACAATTTCTCA 1 454
NICyp307al CTATCGCAGTCATCAACCGC TGTAGCAACGTGTGGAACGA 1333 FLH 75 F% Gene cloning
NICyp315al ACCGATGAACCACCTTCTCC CCATTCCGTAGGGCGTAGAG 1168
NICyp314al CAGTTCAGGGAGCGTCTGTC ACTGGTCCCAATGTCTGTTGG 1892
dsNICyp314al T7-TGTTTTCGCTGGCCACATTC T7-CACGTTTCGCCTTGTTCGTT 460 W4 RNA 4 B dsRNA
qNIRPS11 CCGATCGTGTGGCGTTGAAGGG ATGGCCGACATTCTTCCAGGTCC 159
gNIRPS15 TAAAAATGGCAGACGAAGAGCCCAA TTCCACGGTTGAAACGTCTGCG 150
gNICyp302al GTCGTCGCTCATGCTTATGT GTCAGTGTCCTTCAGCCTCA 147
qNICyp306al CTGATCAAGCAGGCTTTCAA CATCTTGGACCTTCAGAGCA 110 £+ PCR qRT-PCR
gNICyp307al GCAATAATTCCCTTGCCCTA AAGCACTCTGCCTCCTCATT 142
gNICyp315al CGGAATGGGATTGAGAAGTT CGCAGGTTGATACAAGATGG 104
qNICyp314al TTGTTGCTCAGCCATCTTTC TGCTGGGAATGTCGTATTGT 102
qNIFTZ-F1 ACCCTGAAGTGAGAGGGTTG TGTGGATTTCAGGCATCACT 150

1.6 XHEEE PCR

qRT-PCR 43 #1 2% Jf Toyobo 7% &l 4 ;= 1) SYBR
Green Mix 171 & , 2% #RAE UL, RO i £ 38 20. 0
pL: 6.4 pL ddH,0, 10 uL EFWUER, | F s
(10.0 pmol/L) % 0. 8 L, A [a] 20 41 | i 101 F1 A [&]
dsRNA P Al 2. 0 pl, [ MR : 95°C 1
AFPE 30 55 95CAETE S s, 60°C IR Kk [ HEfH 35 s, 45
AMEFR . HE A R BT AOR A 2700 ik
(Livak and Schmittgen, 2001 ; Vandesompele e al.,
2002) , NSH Nk NIRPS11 1 NIRPS15( Yuan et
al., 2014) . MG IMFII L 2,
1.7 HEHH

Kol A & F DPS B4l 4b # R 48 ( Tang and
Zhang, 2013) , Horh A Ab BEOR T ¢ 4G 30 9E AT FUAL,
P LA b b PR B R U7 22 73 B ((One-way
ANOVA) BOWHE 2 J7 22438 ( Two-way ANOVA) |, It
K] Duncan [HT S0 28 12 64T 22 306 LU 1 70 B0H]
FAESZA T i . SCrb i RO 15 9~ 2494 = B
HEBR(SE) o

2 #HR

2.1 #B¢CEWEME S K& 2 Halloween £ [F
cDNA FIRESREL T

BT QU R A RN SR R K AT v R
1E 5 41 K & Halloween HE [H: NICyp307al
( GenBank % 3 2. KM217014. 1), NICyp306al
( GenBank % 3% 5. KM217013. 1), NICyp302al
( GenBank % 5% 5. KM216995. 1), NICyp315al
(GenBank & 5% 5. KM216998. 1) 1 NICyp3i4al
(GenBank % 5% 2 KU928172) , ORF K i 43 31
1935, 1500, 1692, 1443 11 629 bp, #5219
AT HNKE 47 5 644, 499, 563, 480 Fl 542
aa, ARy 5 5 A o R EVRHEY K R EL Laodelphax
striatella 8%, T K\ Sogatella furcifera 7] 3 K 4
i (1) 28 B R 51— B 53 01l ik 87% , 87% , 84% ,
87% M1 95% . MeAh, BT 2 IR 51 (1) R Ge it e
W], 45 KEL S 4> Halloween J X 4 i ) 2 5L 12 )7 5]
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55 H At B o AR R Y R E Y 8 R AE — i, Horp
NICyp307al F1 NICyp306al J& T 40 ifs {4, 2 P450
(CYPs ) % J& 1y CYP2 2K B, NICyp302al,

NICyp315al F1 NiCyp314al J& T 40 i {6 2 P450
(CYPs) ZIE MR ALHE(E 1),

Bl TR SR E L Halloween 3 R GEBEAM (4B 5% )

Phylogenetic tree of Halloween genes from insects reconstructed with the neighbor-joining method

Fig. 1

based on the amino acid sequence
Kk B HHE R Drosophila melanogaster (Dm) 47 8 ¥ Apis mellifera ( Am) \4x/N¥ Nasonia vitripennis (Nv) (JRPUS ¥ Tribolium castaneum
(Te) K H WAL Anopheles gambiae (Aa) \FZ 4% Bombyx mori (Bm) | [93 K&\ Sogatella furcifera (Sf) \JK K&\ Laodelphax striatella (Ls) FilE KH
Nilaparvata lugens (N1) f] Halloween %5 [1 i 2 F: /R ¥ 5], B F] CLUSTX F1 MEGA # {444 £ B 0t Halloween 3 [X (1) 2 e gt AL W, L 2-Clan A1
Mito-Clan 735|371 P450 f) CYP2 FIZRLIRSERE . 18T A A FREVET P PR30S OB M R A PRI TR S, 455 LA AU 5 M i% HE FH #Y GenBank
BT BT SRR AR 1 000 W SZAG TS 11 43 FUAEL, LK R BN KT 50% B9 A A K 1 43t o The phylogenetic tree was generated
by CLUSTX and MEGA based on the Halloween amino acid sequences from Drosophila melanogaster (Dm) , Apis mellifera ( Am), Nasonia vitripennis
(Nv), Tribolium castaneum (Tc) , Anopheles gambiae ( Aa) , Bombyx mori (Bm) , Sogatella furcifera (Sf) , Laodelphax striatella ( Ls) and Nilaparvata
lugens (NI). The 2-Clan and Mito-Clan represent the CYP2 and mitochondrial P450 clans, respectively. The first two letters of the protein name indicate

the origin species abbreviation, and the code in the brackets represents the GenBank accession number. The test of phylogeny was carried out using a

bootstrap analysis of 1 000 replications, and bootstrap values >50% are shown on each node of the tree.

20 FRHEM e 2 5 | W R VR 9, FL G
i CYP314A1 {84k Wi Bz il 52 5, CYP314A1 i1k 2
AL A B K R W B 5 — 2 (Petryk et al.,
2003 ; Rewitz et al., 2006¢) , NICyp314al /3 THfiE
B, g A 1 NICYP314A1 (542 4>2d Jk
Hﬁﬁ%éﬂﬁi ’ %%ﬁyy C2878 H4437 N745 O782 S25 ’ }Eiﬁﬁ
FAISE R4 A 62. 18 kD i 7. 925 5 12
30 h, AERESECN 51.09, 8 TAFERH, B
SER TN 25 R R R AP TR DI, )
AT 21 -43 F1345 - 367 fUadHmZm (K& 2),

AN, NICYP314A1 A5 5 4~ P450 [y 5 51 45 #4 45,
WxxxR ( Helix-C ), GxE/DTT/S ( Helix-1), ExxR
( Helix-K ), PxxFxPE/DRF ( PERF motif ) I
PFxxGxRxCxG/ A ( heme-binding domain ) , F 1 “ x’
REAEE RS, LA AL i B NICYP314A1 2
AV R ARG, [R] B NICYP314A1 55 78 i L g
D. melanogaster .35z N AR I Aedes aegypti, K] FL 3%
U Anopheles gambiae , VG778 W Apis mellifera , Wil
4 /N W Nasonia wvitripennis, fh % H ik 5 35 W
Camponotus floridanus, ZZ %% Bombyx mori, Ff 4 &
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Helicoverpa armigera, H Wi 1% Wk Mamestra brassicae, Ao Hr B0, B 5 RN KEE KA K KL
H 1 KE Sogatella furcifera, JX K &\ Laodelphax B CYP314A1 AR RA—E(E 4), xebzh R
striatella, JRPULTES Tribolium castaneum I Ty 4% B HI o BN I DOl | O 7 S B = I
1 Leptinotarsa decemlineata 1) CYP314A1 & [ % 4| NICyp314al F:H F B,

TE PASO PR S5 A0 R AT o JE — Bk (181 3) o ik

152

0.8 [
0.6

0.4

4 Probability

0.2

T

0 100 200 300 400 500
—— &5 X Transmembrane —— M Inside —— 4 Outside

B2 4 GENICYP314A1 25 [ 5 545 4 4]
Fig. 2 The analysis of position of possible transmembrane helices of NICYP314A1 in Nilaparvata lugens
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Fig. 3 The multiple alignment of NICYP314A1 in Nilaparvata lugens and homologs from other insects

BRI Fh I GenBank %555 Origin species of proteins and their GenBank accession numbers; DmCYP314 A1 ; M35 Bl Drosophila melanogaster
AAQ05972.1; AaCYP314A1 ; 35 S AU Aedes aegypti, AAX85208.1; AgCYP314A1 ; [X] [t W48 Anopheles gambiae, ABU42525.1; AmCYP314A1 ;
Va5 8 W Apis mellifera, NP_001035347. 1; NvCYP314A. 4 /N# Nasonia wvitripennis, NP _001166019. 1; CICYP314Al. B k5 &
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K4 4 CEl NICYP314AT K HoAts B R [R5 81 i 2R G b A A (&)
Fig. 4 Phylogenetic tree of NICYP314A1 in Nilaparvata lugens and homologs from other insects

PR SRR ARG TE B 4 LU, HLE b R KT 50% 19 E R 1000 E B KK E 43 oo The test of phylogeny was carried out using a

bootstrap analysis of 1 000 replications, and bootstrap values >50% are shown on each node of the tree.
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Fig. 5 Relative expression patterns of Halloween genes during the different developmental time

of 5th nymphal instar in Nilaparvaia lugens
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IS BA W B R (P <0.01, 52 Y Duncan [GHT B ZEERK) o N5 -0 h (0 h of 5th instar) to N5 =84 h (84 h of 5th instar)
refers to 0 —84 h after ecdysis of Sth instar nymph. Double asterisk indicates extremely significant difference (P <0.01, Duncan’s in ANOVA) between
expression peaks and valleys.
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Fig. 6 Temporal (A) and tissue specific (B) expression patterns of NICyp314al in Nilaparvata lugens

A. EGG: B Egg; NI —=N5: 1 =5 #¥7#5 H1 1st — Sth instar nymph, respectively; Ad: it Adult. B. He: 3k Head; Th: J}#§ Thorax; Ab: [ Abdomen; In.
¢ Integument; Mg: H1flf Midgut; Wi #ZF Wing bud; Le: & Leg; Fb: A Fat body. #: FAR[RIFHRFERDEMEZER(P <0.05, )57 225054 1)
Duncan [CH E N Z2 K5 ) . Values marked by different letters are significantly different at the 5% level by Duncan’s test in ANOVA.
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Fig. 7 Effect of dsNICyp314al on the expression levels of NICyp314al, NIFTZ-F1, NiCyp302al genes (A)
and the survival rate of Nilaparvata lugens nymphs (B) after injection of NiCyp314al-dsRNA
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Fig. 8 Phenotypic defects of ecdysis (A and B) and ovary (C and D) caused by NICyp314al-RNAi in Nilaparvata lugens
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