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Function of Methoprene-tolerant and Kriippel-homolog 1 genes in
metamorphosis in the brown planthopper, Nilaparvata lugens ( Hemiptera .

Delphacidae )
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Abstract: [ Aim] The receptor of juvenile hormone ( JH), methoprene-tolerant ( Met ), activates
Kriippel-homolog 1 (Kr-hl), a key transcription factor in JH signaling pathway. Met plays a crucial role in
insect metamorphosis. The aim of this study is to explore the functions of NlMet and NIKr-hl in
metamorphosis in the brown planthopper, Nilaparvata lugens. [ Methods] An opening reading frame
(ORF) of NiMet was cloned from N. lugens by PCR. The mRNA expression levels of NiMet and/or NIKr-
hl were down-regulated by RNAi, and the effects of RNAi on metamorphosis and external genital
morphology were observed. [ Results] The open reading frame of NIMet is 1 185 bp in length, encoding 395
amino acids. The NIMet protein contains four domains, i. e., bBHLH, PAS-A, PAS-B and PAC. PAS-B and
PAC are highly conserved, whereas the other two show relative lower similarities. By disruption of NIMet
and NIKrh-1 expression singly or both in the same time by RNAi in N. lugens, we found that down-
regulating NIKr-h1 in the 4th instar nymphs significantly increased the mortality of nymphs and the newly
emerged male and female adults (P <0.05). After interference of NIKr-hl in the Sth instar nymphs, only
the mortality of nymphs significantly increased (P <0.05), while after interference of NIMet in the 5th instar
nymphs, the mortality of nymphs had no significant change (P >0.05). After interference of both genes,
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the change tendency of mortality was similar to that after interference of NIKr-hl. Furthermore, we found that

NIKr-h1 RNAi caused abnormity in female external genitalia. Although we found no visible abnormity of the

external genitalia after inference with VIMet , the abnormity rate of the external genitalia increased significantly

when both genes were silenced. [Conclusion] NMet cooperates with the downstream transcription factor and

has an important role in both metamorphosis and external genitalia development of N. lugens. Our study helps

to understand the function of the NIMet and NIKr-hl genes in metamorphosis of N. lugens.

Key words: Nilaparvata lugens; metamorphosis; juvenile hormone receptor; JH signaling pathway,

RNA interference

ERBEAPMAFEEE AR EFIEA: B2
AHGE 4R A H A fd 475 W oL 0 A, &)y ol
(MFR R A" 5 SR J5 & HE R
i e S, LAy 1R 5 R T S 22 AR R, B
o R P R 4l R R L 4 A B B
(Kristensen, 1999) , JCit /&K A2 % 2ES
B BT K O A v A AR DR 40 R B 4
(Gilbert et al., 2000) o P4} 2 MM AT W) —
KA ER, ER S R R R E B
B ZET P T LA D SR JESOHE 1 ok e B B S — R
B 5 ) A= PR FE ( Nijhout, 1994 ; Minakuchi et al.,
2008 ; Jindra et al., 2013)

I HTE A AR SCER IERAE  25 a4 il
i S 0 e 7 e R = AT
(Slama, 1971) %5, SR, IRAR G 15 20T
BLBE AR AR A & AR B i ( Riddiford, 2012),
Methoprene-tolerant ( Met) #{ A 245 2118 & W) Z K
(Wilson and Fabian, 1986) . %32 K& H & ¥ 15 2
i S Drosophila melanogaster YA & B, ‘B RE LA &
FER SR APE SR YR ARSS G (Miura er al., 2005) ,
SRJIG BTG T Ui 5% s Il F Kriippel-homolog 1 ( Kr-
h1) 522 M B g dul A KO & KA GIE S 1Y
7% ( Minakuchi et al., 2009), NIMet & T bHLH-
PAS A, BAE R AR BRI R B rh, Ak T3
PR ¢ 35 ) 2% v i) HE 28 00 1 BB AL ( Kewley et al.,
2004) . IFEMIE IR ¥ Tribolium castaneum Hf
BRI, Mer (9 TTERAE 51 K &)y 3 3 1) 0 B O B
( Konopova and Jindra, 2007 ); RNA T 3 Uf 21 4%
Pyrrhocoris apterus Met W, LT 25U ( Smykal et
al., 2014) . Kr-h1 25&4 C, Fl H, FHR 45 M AYHE 5%
¥, B TR R HUIR G A L R TR R, 2 5
FEIRNG & | 4E+5 4 AR AR (Schub et al., 1986
Minakuchi et al., 2011)

#y KE\ Nilaparvata lugens &=—Fp B 1YiF &4k
KAE F A, B R TR S B R (Bertuso e al.,

2002) . TAEHARGMRE S FRIBAELELT
A SCHLBE, m] LA AR e A
HPFAR B AKE . TEABITE P, FATRIAE KA
HWFFER Gl SO RE Mer EIA, IR F RNA T4k
PR, T4 NiMer F1 NIKr-h1 LR E) 5, T 578
NiMet I NIKr-1 DA Rz — & Aeks CaVE S A7+
AR

1 #EITTIE

1.1 KH

o IR\ HL I VLR B R RS i L o
H At IR TR KR b R SRR O 25°C , H
XTHEEE 60% , G HEJE ]k 16L: 8D, T 5 5 iy ik
HETER = P %A 20 (DL |
1.2 FERFIRNEE

RNA 25U & Trizol(TaKaRa) , % 512
#r Transcriptor First Strand ¢cDNA Synthesis ( Roche) ;
PrimeScript RT-PCR i& #| & ( TaKaRa ); RNA
Production System-T7 & 7| & ( RiboMAX™ Large
Scale, Promeg ), 13 4f X £%: Narishige Injection
System (MN-151, Narishige) . SZ56 5T F )59 Kol
¥ bR AR A R R
1.3 #§7¢E NiMet B F )5 &R & A&7
1.3.1 5 RNA $2H0% cDNA #9580 Ui 7R 7E 52
T O EAE 4 U L (S I ORI E R
HURIHER A 2 3%) TR AL, 2 B RNAiso"" Plus
YA, 1) A - SO il SR e N B DT 0E B O vk R
U RNA B3R HREY & RNA 7 F DEPC ZbF/K 5 il
JH Nanodrop 1000 | 7E ¥ FR ¥k BF . 2 B Transcriptor
First Strand ¢cDNA Synthesis {7 &A% cDNA
1.3.2 45 K&l NiMer BEPR ) safie . ARHEHE REUE SR
ZHBUHE 2% ] Primex3 Online ( http ://www. simgene.
com/Primer3) %315 |4 (Xue et al., 2010) 4 PCR §~
R H R R Al Al )5 HAE pMDIS-T 2k |, Z )5
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Wi B2 = WG AL 5 DHS o JERAZ S AL, R 78 & 4
“NEER (Ampicillin) (1 LB 553755, i 85 97 )5 Bk
BUBEE FE eI . NiMer LR TEe 519 W36 1,

1 5|¥FE5
Table 1 Sequences of primers
FIHFHI(5" -3")
Primer sequences
MetF ACATGTTGGGTCGTCAACTG
MetR GCAAAGCCTCGTACTCTTGG

TAATACGACTCACTATAGGGAGACCACCAACCAG
CAGATGAACCTCA

TAATACGACTCACTATAGGGAGACCACGCAAAGC

GIL7E4 7

Primer name

MetT7F

MetT7R CTCGTACTCTTGG
KehTTF TAATACGACTCACTATAGGGAGACCACGTGGGGT
TCAGTCCTGAGGA
KhTTR TAATACGACTCACTATAGGGAGACCACCAGTCGA
ACACACACCGGAG
GFPTT5 TAATACGACTCACTATAGGGAGATTTGTATAGTTC
ATCCATGCCATGT
GFPTT3 TAATACGACTCACTATAGGGAGAATGAGTAAAGG
AGAAGAACTTTTCA
KrhQF TGATGAGGCACACGATGACT
KrhQR ATGGAAGGCCACATCAAGAG
MetQF GGTGGTAAACGGATTGGAAA
MetQR CATCGTCAGCCAACTCGATA

1.3.3 FHAZWE M A Editseq F1 MegaAlign
4 F (DNASTAR, Lasergene Inc. ) K il J7* ) #5 €
NiMet JE[H cDNA P9 T2 551 751015 NCBI %
i (National Center for Biotechnology Information, http://
www. ncbi. nlm. nih. gov) 1 E. 51 5 PFP I [E1R Met 2
FERRFPH AT HOX I FHE IR 4 A5 T 028
1.4 K& NiMet EFE RNA T XL18

EA TR, X NIKr-h1 BRPUER, 23RN
TREWAFIE FR T | B M A R R AP AR B A R TR
(Jin et al., 2014) , AEABE S P EAT 17350 %0
B\ 4 W5 W B NIMet 1 NIKr-h1 2 A~3& A 4t
[ AT ILRR . G LLE AT NiMer FE[H 1 NIKr-h1
FLK ( GenBank & %5 ;. KF414525) ) pMDI18-T
PR, B 5 4 #2295 500 bp 1Y Jr BOH
T dsRNA B85 B, 851 Wk 1, #IH pMD18-T-
GFP M, LA GEPTT M 514 (36 1) 9758 Fr B,
H L& W GFP dsRNA, % H RNA Production
System-T7 iR, 7| & & i NiMet dsRNA, NIKr-hl
dsRNA Fl1 GFP dsRNA, BkHE 4 ¥ F1 5 i3 B4 751
1632 L4354 0. 2 wg W) NiMet dsRNA (0.2 pg
M NIKr-h1 dsRNA F1 NiMet 5 Nikr-h1 2R 511
dsRNA ; % BEZH W)V 5 S5 i GFP dsRNA . A1k 73

BT 55 3k 4 W ) 78 Sk 5 kAT A5 0. 4
pg NiMer dsRNA , V5 J5 194 a5 Tk Rg
WA AR BT GE 11 B 28 M A1 A2 B s e T 1
Do A BFRLEm BORASIK 3 h UL, B il &2
Ffl i S BB, 58 AN S PR BB T, SR TE A
WA () W 2 B b E A DX O REUR LI 25) (T
RS, 2012) , BRSO 3 MY ER, R
I Nikon /R AT (SMZT74ST ) X ik R TR 14
TR AR B e Bt Bt R P AE T A THA IR,
ARG B A% F Adobe Photoshop CS4 #4743,

T HE dsRNA T8 5 ik R TR OK -, ATk
B NiMet ( NIKr-h1) dsRNA Fi GFP dsRNA ¥ 5546
1,3, 5f7 Rigduk, & 10 ko —4, FI 5O
5 fit PCR G NiMer F11 NIKr-h1 3 5 (1 4 35 7K F-
B2 120 bp (9 R BUH T NiMer 1 NIKr-h1 H R 1Y
FERK , qPCR 5103 1, 5250 E & PCR %
3 ANEE, A RBAK R AL HE SYBR Premix
ExTaq(2 x ) 10 wL, IEA 59 (10 pwmol/L) 0.4 pL,
S5 4 (10 pmol/L) 0.4 L, cDNA 2 plL,dH,0
7.2 plo RAAMIA I qPCR P4 RESF , 2F — 0 BiAs
£ 95°C 3 min; 5 — 4 PCR w3t 40 MG, £ —
MEFFLFE 95°C 3 min,58C 40 s, & HEUE R
2 AT 43T (Livak and Schmittgen, 2001)
1.5 HiESH

I3 ] SPSS18. 0 K54l 43 B 85 A%, SR A ST T 25 ¢
K56 LL 5 Mer F Kr-h1 PRI AE T I02H A0 BRZH 45 K
AP R IR K

2 #R

2.1 #87XE Met EHLHITH T

Til& NiMet ( GenBank % 5% 5. KP797880) )5,
TR R 2 5% 7 91 B A AR R P 91, 45 LA
FEXT AR AUAT W5 Mer K& DR () iR 18 3R AT & 0, 4 K AL
Met £ (062 5 4 A~ B0 (9 25 14 38, e AT 40 ) 2
bHLH,PAS-A, PAS-B f1 PAC, bHLH & Bf i} B 78U
(1) DNA 255 25 M R IE . PAS S5 K S8 N A7 7 7%
ZiE5 mE IR POUER 5 R Z 4., PAC
FEFP I BAE C- AT Upll) PAS 250 Sy & .
7 bHLH 2544, s 55 R K, N H1 T S5 RSy, 1 4
KE Ry DL, P S AEXFRSE (B 12 A) 7E PAS-A
o, 4 REVE BR8] S H Al LA AR L TRl 5
BARCE 1: B) ;7E PAS-B #l PAC Z5fg 3 rpr , fR<F 2
Bz (E 1. CHID),
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Fig. 1

Alignment of the amino acid sequences of Nilaparvata lugens Met and homologues from other four species

A: bHLH; B; PAS-A; C: PAS-B; D: PAC. Met ﬂé/}ﬁﬁéﬂﬂ(/ﬁ; GenBank %% 5% %5 Source insects of Met pr()teins and their GenBank accession

1); Dm_ H‘:’ﬂﬁ%% Drosophtla melanogaster (NP_511126 2); Ha: ?f% %’\E Helicoverpa armigera (AHX26585 1); Ag, I_] A4 WT”’[EI Anopheles

gambiae (ABC18327.1).

2.2 RNA FHXWNBYREKABTSRENZN
2.2.1 RNA T CEAFIE R0 o8 T 0F
9% NiMet e CE\VE K Z B o I i /ER , 18
it RNA P AR, oHE KA 4 @A S 1 i 5
dsRNA B FH G G Se A7 1% R . 9862 & PCR
o I HE PR T 3R KT S8 7 < 4 8 U S dsVIMer
dsNIKr-h1 J&5 , FEES G EE 1, 3 15 RIN5Z X0
(3L T R B JFOR B R 10% ~20% R4, 725
T RFPSCRA B FEAIK, {85 %5 B AL A He ek 24
TRET 50% AA7 o MAE 5 W ik TR &2 B,
NiMet )3k e 55 1 RIFBA TR, 0 NiMer 1255
3,5 17 RFEKF-NXTHRAM 20% ~40% , % 5
&5 HL NIKr-h1 T4 5 %2 30335 K- FEAR B R 1
10% ~50% Z [a] (l 2: A, B) o F 4833k T
NiMet F1 NIKr-h1 RUTH45 B DL E 2 AR R

TRIKF-, 25 SR RN 4 A HOR UL, NiMer 1) 315K
AR ERAL 20% ~50% o BRAS T RUIAR, Higx
B[] B NIKr-h1 23k w30 JER 11 30% #i4io X5
W5 KR L, NIMer FII NIKr-h1 {338 A 3 I S5
KABEJFHRN) 20% ~50% (HFESS 1 F1 T RE&AT LI
THAHR(E2: C, D),

G RA ORI T 35 dsNiMer J& NIKr-h1 J
Rk, 25 R R 4 13 TS NMer )5
NIKr-h1 Fik i T2 RN 10% ~50% AHEST S
WA AU FESE 3, 5 M7 REXEE TR, HRA
S35 RikBIREEER(P<0.05) (Kl 2: E),

XHICER A 1 CEV MRS B R BT
AR R B BOR S A AR R AT B G (P 32 € ~

GErT A8, B X 4 WA S AT IS 0.2 pg
(1) dsNIMet J&i , 5 HL 90 2P A E LA 5P A M L A
7 AR BT 5 BEA W5 dsNIMer (1430 5
FEE 0.4 g J5,4 WA S I HU LK 4 1w P Ak M
HAET R ETH(P <0.05) (R 2,/ 4) . Xt
4 W R NIKr-h1 BEITUER G , A5 3L 0 P AL B %H
PIPIAL HE LT R 2% ETF(P <0.05) (3% 2,
4) AHBCKS S W7 I NIKr-h1 %?ﬁ%ﬁ)‘,/\ﬁﬁi
RSET R E ETF(P <0.05), A B, Xt 4
BN S W A B 2 AR R TR, 5 HR A 5K
TR ETH(P <0.05) Rk 8] T i ACF, JF B
IR RCR P A B TR (R 2, B 4) o &
AT R, BR T 4 855 H NIKr-h1 B DA 5 1R
RYSET R T ME L (P <0.01) Sb, Hofh 441 T
HBA KBRS TR BA 225 0 I3 R IAS R T
1 AT B SET-PIR S MIIE T R WAF TR R R
Un QR RS 1 S 5 B S R e i T
BB B ST R e (1132 €) o B 3(D ~F)
3o 3 s MR B HUE B2 AR T I A RR S 1 3
(D) il Sk AU L 5 Bt Bz, 18] 3 (E) il &
S\ Bt — AR, n] AR B B A R T, b b A
PAE PN 5 BOARZS PR TR g 5 1] 3 (1) il Rl
B NREFS BV FE B B0 R 58 2 B, B SR T
&S 51
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NiMetfyAHX &k ¢
NlMet relative expression level

8 dsGFP o dsNIMet+dsNIKr-h1 m dsGFP 10 dsNIMet+dsNIKr-h1

TEE pgenw TRW

NIKr-h1FJFHX
NIKr-h1 relative expression level

1 3 5 7 1 3 5 7

1 3 5 7 1 3 5 7

Al HUH S L H i HUH 1% Ut L H %
Age of the 4th instar | Age of the 5th instar Age of the 4th instar | Age of the 5th instar
nymph (day-old) nymph (day-old) nymph (day-old) nymph (day-old)

=

NIKr-h1 FAHN} 3¢
NIKr-h1 relative expression level

1.4 4 B dsGFP O dsNiMet

=%
1.2 {FF% fexx wsk wx  EE .

H)

1 3517 1 3 517
A L H SUE L
Age of the 4th instar | Age of the 5th instar
nymph (day-old) nymph (day-old)

B2 4 KE4 WS WAF5 S dsNIMet/ NIKr-h1 J5 () NiMet 55 NIKr-h1 BT 3235 7KF-
Fig. 2 Relative expression of NIMet and NIKr-hl in the 4th and S5th instar nymphs of Nilaparvata lugens
after injection of dsNIKr-h1, dsNIMet or both, respectively
BE TR EXT IR (dsGFP) #2257 48 3 (¢ K556 ) . Asterisks show significant difference between the treatment and the control (dsGFP)
(ttest). "P<0.05; *"P<0.01; “**P<0.001.

#&2 RNA THMECEFEHRM

Table 2 Effect of RNA interference on the survival of Nilaparvata lugens

VAT dSRNA I 75 Wl JET7% Morality (%)
Nymphal stage when dsRNA Total of tested Pyt M 3 T R
injecting dsRNA individuals Nymphs Female adults Male adults
dsGFP 254 1.57 0 0
4 dsNiMet 167 1.20 0.60 0
. dsNIMet' 55 30.78 0 2.23
4th instar
dsNIMet + dsNIKr-h1 188 15.96 1.60 1.60
dsNIKr-h1 142 13.38 2.82 7.75
dsGFP 234 7.26 0 0
s dsNIMet 59 0 0 0
_7 dsNIMet' 78 12.70 0 0
5th instar
dsNIMet + dsNIKr-h1 97 24.74 1.03 1.03
dsNIKr-hl1 242 4.55 0.41 0

dsNiMet i1 dsNIMet' 53 53|3&R 1353 0.2 F110.4 pg; 3¢ 3 [A], dsNIMet and dsNIMet' represents injecting 0.2 and 0.4 pg, respectively. The same for Table 3.
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B3 NiMet/NIKr-h1 BFYUER G # R R 1=
Fig. 3 Molting phenotype of Nilaparvata lugens after silence of NIMet/NIKr-hl
A B4 BRI KR Wild-type short winged N. lugens; B: BfAE K ATIHE KAl Wild-type long winged N. lugens; C: NIMet J&[FJTER 5 #5 Kl
2 Uy Bowi fz i FEFPAE TS Death during the nymphal eclosion after dsiViMet injection; D — F: 43512k NiMer J PR30 2R I 46 33 M ol 2R, 3 A
5 R TR S e o, i Rz e R AE T (A e M I A Death during eclosion of the short winged female (D), short winged male (E) and long
winged male adults (F) after dsNIMet interference. C [&] ik 815 17 J5 2 A2 88 D58 ;D ~ F B A 73k 4818 . The arrow in Fig. C refers to

the nymphal dorsal side after molting, while those in Figs. D —F refer to exuviae.

A 35

d m dsGFP
30 8 dsNIMet
s dsNiMet'
. 25 dsNIMet+dsNIKr-h1
X = o dsNIKr-h1
o= 20
'\é?-)\ E‘- 15 L2
1
10
5
P
0 2 . . :
I WL HERL L
Nymph Female adult Male adult

B 251

u dsGFP
8 dsNIMet
20 4 8 dsNIMet'
N 8 dsNIMet+dsNIKr-h1
&z 5] O dsNIKr-h1
8 )
S= 0] a
51 a
a a a I 4 oa a Ri; .
0 ) . N
B 1 HERLH
Female adult Male adult

B4 RNA THxHH RELEE R0
Fig. 4 Effect of RNA interference on the survival of Nilaparvata lugens
A 4 W TS dsRNA (Injecting dsRNA at the 4th instar nymphal stage) ; B: 5 #%% HUf 132 5} dsRNA (Injecting dsRNA at the Sth instar
nymphal stage). dsNIMet: 7341 0.2 pg X %5E RNA (Injecting 0.2 wg NiMet dsRNA) ; dsNiMet' : E5} 0.4 g NiMer 3 %E RNA (Injecting 0.4 pg
NiMet dsRNA ). ¥ FAS A %8 2 /R A ] dsRNA 4b #H 6] 22 55 5 % ( Duncan [KGBT Z % 2% ) . Different letters above bars show significant
difference between different dsRNA treatments ( Duncan’s multiple range test). [ 6 [i] The same for Fig. 6.

2.2.2 RNA THoxi e Cal I A 5 25 152 10« PR &)
BRI CEE A KRR T RIESIE S
H RN E S B AME SRR R B o FEXT NiMet
F NIKr-h1 R J5 WER 30, 4 U o SHE A o,
g ARG SR L TR (B1S) o LUTR RAMETE SR
T AR B 7, AnAE M s v, 7= B 2R A8 4, 26 1 4K
M KB (B 5. D) e B 5 ) H 2L
TAMEIME (B 5: E), W CEES BIHA
2 BUAEFEAR 8 SR T UTER G A T A 4 2 3
it B (ELS: F) o FRATRI, AF 4 0.2 pg
dsNIMer X NiMer J& HTTER A 255 T J5 AR

AFE AL Y TE S RIINZE 0. 4 wg JE AR BEA W
SRIMEFE AR RE LG . SRS 4 W77 HL NIKr-h1
FENUURRS , MEVE S A FE A% W B LU 228 1T+ (P <
0.05) , HWFE LLBIh 10.31% (£ 3) o £ 4 B B
IS 2 AJEDIICRIURR , £ B MEPEFIAE R B R
RIS EL T 3.05% , 13.74% 1 8. 4% A5 F ] 1)
SR IEHE AR (3 3)  Geit o dr om A e
HIHE RSN A B A W T HE 9] B T I 3K 81 1 e 25 K
(P<0.05)(£3,K6), X5 iy 2 HREAIL
[FIDUER G , A WEVE S A LR FE A8 IR FL 1 2 3% B
(P <0.05) ,JHIHE Lo 15.38% (% 3, 6) o
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®3 RNA THIE TR EEFZH T

Table 3 Effect of RNA interference on the external genitalia of Nilaparvata lugens

AT dsRNA B 125 B 3] S R AN B #8 IR TE %8 Abnormity rate of external genitalia (% )
Nymphal instars when dsRNA Total of tested pagicg I paignay
injecting dsRNA individuals Nymph Female adult Male adult
dsGFP 174 0 0 0
4 dsNiMet 129 0 0 0
i dsNIMet’ 30 0 0 0
4th instar
dsNiMet + dsNIKr-h1 131 3.05 13.74 8.40
dsNIKr-hl1 97 0 10.31 0
dsGFP 158 0 0 0
s dsNiMet 59 0 0 0
e dsNiMer' 62 0 0 0
5th instar
dsNIMet + dsNIKr-h1 52 0 15.38 0
dsNIKr-h1 161 0 0 0

~—

KIS Met/Kr-hl JEPRIUUER G R ESME S &R A
Fig. 5 Phenotype of external genitalia of Nilaparvata lugens after silence of NiMet
A = Cy 43510 TE 5 B A 200 0 o e kgl e, o RNy B AP 5 %% Normal external genitalia of female adults, male adults and nymphs, respectively; D —
F o 43 50 A W5 T2 0 s, e, e ol e Ay E A R 72 4 4§ Deformed external genitalia of female adults, male adults and nymphs, respectively. D &
SKARME B IR AL R S E PRI SR A ME U R AR B PHEE D R A PRBUGE s F IR 3K 7R s IR Y iR ML AT & 194544 . The arrows in
Fig. D indicate short female ovipositor compared to the control (Fig. A), those in Fig. E indicate asymmetric male clasper paramere, and those in

Fig. F indicate that the nymph have formed the structure similar to external genitalia.

18 7
A % u dsGFP B -'% u dsGFP
'% 161 & dsViMer ‘% 61 8 dsNIMet
S ¥ 141 s dsNiMet' ™ 5] dsNIMet'
i g 12 dsNIMet+dsNIKr-h1 M g - dsNIMet+dsNIKr-h1
§ ‘;-:; 10 { © dsNIKr-hl | @ % 4 { o dsNIKr-h1
RES ) T O
%E 8 e g 3
3 e
F= a Tz 2
= g 4 = g
£ 2]aaa a aa aa a a g 1 4 a
= =
0 : 0
it AL | HLh it | L | L |
Nymph Female adult Male adult Nymph Female adult Male adult

K16 RNA THxH CaEl A FE 4% 0

Fig. 6 Effect of RNA interference on the external genitalia of Nilaparvata lugens
A 4 1375 B 5 dsSRNA (Injecting dsRNA at the 4th instar nymphal stage) ; B: 5 #375 d i3 81 dsRNA (Injecting dsRNA at the Sth instar
nymphal stage) .
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TEASBIE 5E b, AT A R E il e B T
NiMer FEPH o K325k PR ) B HE 1R 1 9] 5 SR 0 R 40
BRI NiMer 75047 Lo, R EAIAFTE
MIRHRSF X3 48 K NIMer S DR 14 25 4 2 (4 th 77
e 4 g5, & 4143 %) bHLH, PAS-A, PAS-B
1 PAC,3X 5 SE 1 B9 0 58 45 2R J& AH 75 11 ( Konopova
and Jindra, 2007) .

TEORGIER (55 A8 AR b, WRAAA 53 WA 1) O
U EE S ZIRE R Met Z5 52 KE S
J& A REEAE L s R K-, DT 428 B U 2R
KH o HHIRATFEWITE NiMer TREIT , JEFEXS NiMet
I NIKrh-1 3 SEATUCER, 5 e NI RIDOER, H Ay
N T E IR G T R AR A BT X 4
TCE IR TEWT I e BRI LR NiMer JF A
S K EU AN B A 1Y I TE , BB ITCER VIKr-h1 A
AATE/NER I3 WEPE SR & B T A Bl A B R
SRTITHG 2 W) I UK , e H LA R M e g He A1
Hh, 38 I BB A A A s T A, DA Y
RIS R A K HEW Panstrongylus megistus % )5
— YR B St AR o T AR B A 0 K B B AR
(Oliveira Filho et al., 1981) . K H#EM NIKr-h1 Fl
NiMet VE IR G FRAT T A YR & B, EAT
IR X RESMES f & TR EER . T
RNA THLIEARESE W AL R py 23k, PR g Foph
XJ NiMet 8535 72 NIKr-h1 fT0ER S , 7 A IR S0 A 5
ot LB AR A> o [RIFF40 NiMer F1 NIKr-h1 A
APITTRAEYFRON E5E NiMer T4 W55
Wi) NIKr-h1 &3k , Hak EHEX NIKr-h1 02—
S NIKr-h1 (365, i Ja X NiMer T3t 2z 5E
TRYIBR G 16 T I RERT . PRI [RIN T A
HE SRR A A B s A 1Y) L A5 DR G B0 %o
NIKr-h1 TUERJE A T L 1 e T Ll X NiMer B9 3T
BRI AT RE S RN TE R YR (5 5 @ 2 NIKr-hl
XF T AR A B U T AE NiMer 550y B B G5
T IR X AN W, FRATH S AT S 0.4 pl
dsNIMer WEEIHLFCT Z AL G g T , 45 R R WIH 1
LT ETH(P <0.05) , X BEW] NiMer T 4047
TEF) T ARV, (H B0 AR B g I AL NIKr-h1 (Y7
ARG, PRGN NS R R JUR A A2
AHIVERT, NiMet 71 NIKr-h1 A5 A5 5% S B — 73
WRERINER, FIHAE 4 8 4h 2V T8 NiMer F1

NIKr-h1 REMS T E0F 25, HOFN A= 55 #5 B T B f51) ) 34
AR B RTER & 5 4 25 IR R o
WA R, BLI & R AR D RE RIS (22353, 2009)
DRI 48 R LT R AE 5 i ORI R T
TRk 2, NIMer F1 NIKr-h1 A~ fig & $5 2o A 1)
fE , L T4 NiMer F1 NIKr-h1 RS TE 4 58
THRARII 5 , 53 M5 AE REUK A R RS 5
FET- B0 R R I, BARAEME 2 H I AE T3 e
FHB Y HE AR AR (&3 F) 48 REH T A
W E e TR AR K A AR e, BT
i, HEMERNE, EAR T RITEA LR
WP E X — RS 4 CEBET- IS, X iF
2R iR A CEC AR AR G R R A KR
B IIEEE XA E S @A T TG , HAe A
28 NRRZ Y

FATIBEFEF W] NiMer F11 NIKr-h1 {EAR S0 &
Fo@Ah EXREE, JoHXHE REUWIER A K&
B ASMEFE AR TE B 2 P e PR 3t iF &
PR IR 114 Ak 2 0 T T 38 3 0 A R R A R R
el AR B R AL T B IR . NI, AR
X PRGN RAG T M8 T 2B T, 16 A A
AR E AU 1748 € aE Y B iR 4R 448 T8
B
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