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5 CELFRZEH NlugCSP6 1£
R EEHEIBREFRIER

mEEAT AEE MME KEE FET

(R R (R4 e, FIAT 210095)

# E [B8] 1% EA (Chemosensory proteins, CSPs) WAL A Z e ERIAEREFS
g h R EETAER, {48 KT Nilaparvata lugens (Stal) CSP RYARIL A IZ D BE BT 5B b . R X B EE
FEAERE R RO b R NlugCSPts%I(ﬁiﬂlﬁﬂﬂ%M ZI1RE. [ 753 1 A RT-qPCR HARKG:
M NiugCSP6 SEH e CEURFEI R B BB A FHL R Rk, A RNALTEA, 456 FRAMELL &AL
PEIRIA T R A S fﬁNlugcspéﬁxé{M%%i@ﬁ W E MR ER P RE . [ 458 ] NlugCSPs
AR CESNEENBEIA RS, ERERREFRSERS, HUORIME, FIH RNAL B NlugCSP6
HRKE, 8 CEEREAR TR, B 6 XITIHS5XIR (dseGFP Ab3 ) MAEFRAAE R EZER;

AN, BLHGEOR R, FMET IR TR 22%; MUACHE B AIER, EAEWRIE AR S0 G R 2R
o el R R BRI I, MR R BEA A A [ IR ] M TKE NugCSP6 T2 3R J b it
Fik, SHERERE . RAMEF IR, TIIZEEFEERT . MEFAIEE; HEEPERES K
HO=OE PG, TIZEFSFE= &R E TR, LI E45REMN, NlugCSP6 & 1 19 4: BE D A 5 H 4w %
FERF R IR A — 2, EW C Ak E S4EE P RBIEZEM,

REIR M CE; bREZE N NlugCSPe; K& ; 7= MAH

Roles of the chemosensory protein NlugCSP6 genein the
development, reproduction and wing formation
of Nilaparvata lugens

SRk . . . . skkok
GAO Hao-Li  ZOU Jian-Zheng LIN Xu-Min ZHANG Hui-Hui LIU Ze-Wen
(College of Plant Protection, Nanjing Agricultural University, Nanjing 210095, China)

Abstract [Objectives] To investigate the potential non-chemosensory functions of NlugCSP6, a chemosensory protein
(CSP) gene with high expression levels in the epidermis and ovary of Nilaparvata lugens (Stal). [Methods] The
development and tissue expression profile of NlugCSP6 were determined using RT-qPCR, and the role of NlugCSP6 in nymph
development, reproduction and wing formation investigated using RNAi. [Results] NlugCSP6 was expressed in all
developmental stages with the highest expression in the epidermis, followed by the ovary. Knockdown of NlugCSP6
significantly decreased nymph survival and reduced egg production aid by 22%. Knockdown also caused abnormal wing
development; deformed female wings and ineffective wing closure in males. [Conclusion] The NlugCSP6 gene is highly
expressed in the epidermis, and is essential for normal nymph development and wing formation in N. /ugens. Its relatively high
expression in the ovary suggests that the NlugCSP6 gene is also important for female reproduction. These results indicate that
the role of the NlugCSP6 gene in the development and reproduction of N. lugens is consistent with its degree of expression in
different tissues.
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TER M, RS2 RGN T R )
KB IR T ZOCHE S, Filund F-EHE
KIMKE . 5 FEN FFFE2ZH ( Robertson,
2019 ), fb2f5E B R FIEREE R 1918 Hin 2 th <k
254 1 ( Odorant-binding proteins, OBPs) #l
A% %57 5 1 ( Chemonsensory proteins, CSPs)
SERLAY o 55—~ CSP e W) 2R IE Mg Drosophila
melanogaster TR, F-fn44 4 OS-D( McKenna
et al., 1994), CSP HYKEEL 100-120 >
MREREL, oA 4 DMRSFRE IR AL ( Angeli
etal., 1999), CSP T2 i a-12hE B, H
5 A6 3 AT 3% 2 AH P JDE 2 R 1 R S A B
—HFaE (Angelietal., 1999; Lartigue et al.,
2002 ),

CSP FEA T Ak 7852 T e ik 2 T il A
Fa RS e Bz A 288 B P ( Liu
et al., 2016 ), SR, EHARLFRZHL IR T
s A E] T CSP MIFETE, BN E B R ARIA .
HEMWA | J 18 AN A2 58 A 5 55 ( Pelosi ez al., 2018 ).
CSPs 7E R B AR IS A ST REWS SR &
Z5E . R B RGEMPILG TS (Pelosi er al.,
2018 ), fm, —4~ 10 ku K/N# CSP 7E3EU K
W Periplaneta americana IR 2 i 21590

(Nomura et al., 1992), UTERE KF|E ¥ Apis
mellifera ] CSP5 S8R & B 15 1 ( Maleszka
etal., 2007), FERFIEEEN) Amel-CSP2 {EWH
B TR A 0 s AN TR A9 28 (B 3R K ( B 56
45, 2018 ), SexiCSP3 X =K Ik Spodoptera
exigua M U B AT R EZAERH (Gong
etal., 2012 ), Si-CSP9 &5 T 41 kML Solenopsis
invicta 3 4 HUAYWE K2 ( Cheng et al., 2015 ),
TEMRIF b, Ak 22 Rz 8 Mp10 fiil A 4 7 7
N, DI REARAE H 1) 256 7 (Bos et al., 2010 ),
A, & &I CSP 2 577 B 5 1 ( Claridge-
Chang et al., 2001 ) FIfPEf R ( Levy et al.,
2004 ), XEEMFSTIESE T CSPs & H IR IGAE R
hIRe 2k, JF 5 HAE R AR B E A
—2.

¥y KE\ Nilaparvata lugens ( Stal ) ( Hemiptera:
Delphacidae ) J& i # 2 1 K 5 % L Z — ( Bao

etal., 2019 ), # CELZEHUCE PR 014 KRG
HA, RIGRABI R, I s ises 574 5
( Wang et al., 2008 ), [Fi, b A (4244 H5 KA
WRRE, T U™ A TR (Settle et al.
1996; Wang et al., 2008 ), # CEUSH HA K&
SRR RIS, KR CEUEA /AT
&)1, AR FHIIRAE WAL, R
KEUR L T RATRE S, (HIA TR A B AR )
(Yang et al., 2014 ), 74 CELFPAESE 11
A~ CSP %[ ( Zhou et al., 2014 ), FIEXFHE4y CSPs
( NlugCSP3 . NlugCSP7 .NlugCSP8 F NlugCSPI0 )
W7 T INRESAT ( Yang et al., 2014; Waris et al. ,
2018, 2020a, 2020b ). ULAb, 7rtE & mlmE R iR
EEMBFFEH, NI132 (NlugCSP1) 5 T8
AR B FER (Rao ef al., 2019), 7ERE K
A\ CSPs H HA/DEUL B TEfilf m 3Rk, 25
WIS TIRE , X HAR AR CSP hREL Al
ZHA (BRZES, 2021), ASCHIFH RT-gPCR
ME T NlugCSP6 1E#e KIS LRI A & B Y
FIRKE, 454 RNAL FAR T R~ M55 ) ik
ST T IZE AR REE R H R B M

FRETE SRS, FE xR B CSPs AT fE
AIAIR,

1 #MR5AHE

1.1 #iKEHR

BER S AT 1995 45K HFTHUN, 47
Il S5 28 AR K AR 40 B ) 5, R AT o]
AW, FFRIRE N (27£1) °C, HIXHRE N
70% + 10%, SGHEJEIIA 16L : 8D,

1.2 gt

RNAlater Wi ThermoFisher 22 &), Trizol
AN H Invitrogen A H], KU #1551 PrimeScript
RT Reagent Kit F1%¢ Y6 52 #2157 TB Green Premix
Ex Taq II Kit Il  TaKaRa 2\ 7], HER AIBGRFH
& A At R E A YRR A E, T
dsRNA &) T7 RiboMAX™ Express RNAi
System IJ H Promega /A Fl .
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1.3 FIEMERZEIN

i FTE LAY Expasy-ProtParam tool Tl £
F R SEA TR o, fiff 7R ZR 4K SignalP5.0 i
MEAEZIC A E Blast 2.7.1 4
NlugCSP6 JT i [ EHE ( Open reading frame,
ORF ) 81 L X 24 R E G (R K - JE I 4

1.4 & RNA #2E#1 RT-gPCR

WCAEAE REBP , 1-5 W2 HURUMERE L, 46
I NlugCSP6 TEA R % B B B AR S 3k
fifein) 5 WA R RmIE | BRI RN B . SREEHE |
TR A P P M YR N B B SR AR AR R U i L 1Y)
WEVR IR ARG 5L, 76 1xPBS i & AN HAUREAR
IS Bt A RNAlater . WG4,
Trizol {7 A BEME i PR B, RNAC T pg RNA
HFA K cDNA, RGBS, f# ] PrimeScript
RT if{# & ( TaKaRa ) Z:PRIELFL] DNA FFE 0L
cDNA. 43l i 3% S RS 21 i 475 At il £ A b
YE 2R S0AIE 5 | ) B R S E N RICR o BERE 18s bk
& RNA ( 18s, GenBank % 3%5 IN662398.1) i
3-WEIR H MM = 5 ( GAPDH, GenBank
ST KU058667.1) YENH LR IBTE I

S HEN BB NS E A ( B-actin, GenBank
o5 EUL179848.1 ) #1 GAPDH £ H'E qPCR
SN S . T T RIE R Y qPCR 5]
YItESR 1 h it RPEULAAS, 7E QuantStudio
Real-Time PCR System ( Applied Biosystems ) [
i | TB Green Premix Ex Taq Il Kit ( TaKaRa )
AT . B A 3 ALY ER
1.5 RNAI

i3t PCR 4354 15—~ 378 bp 1 NlugCSP6
FrBERI—A 451 bp A3 58 I PR 4% 8,5 G B H
(eGFP) R B, 5146 T7 R sh FIPHI( £ 1),
FRAIEVERA 45, 47 T7 RiboMAX ™ Express RNAi
system }f PCR ¥ HITARSIME 1L dsRNA, 3 #:
v WU AR, SR IS e BB M Al L 3F
S, WRierd (Liu e al, 2010), ffi
H Nanoliter-2010 DAIGENK 20 nL WREEH 3 g/L
() dsRNA 38 i 3 BB 5 ey S 380 i M R o g =2
[ 5 b, YRS dseGFP A Ry %t B FETEST
dsRNA 3 d &, YHEsE duiif7 i RNA 4215, Jf
i qPCR P RNAi &R . 4T 5 A7, L
AR5 R IE S 50 nL dsRNA, FHHPML)E 3 d /Y
BT ST dSRNA J5 JE BRI BR A%

*k1 XZHHETASY
Tablel Primersused in thisstudy

FE[H Genes S|¥I 7% Primer sequence FHi& Purpose
NlActin-qF CTGGACTTCGAGCAGGAAATGGC ¢)GE & PCR qRT-PCR
NlActin-qR AGGAAGGCTGGAACAGGGCTTCT 6 E B PCR qRT-PCR
NIGAPDH-qF GTGATGTGAAAGCCGAAGGAAACT 7%t E & PCR qRT-PCR
NIGAPDH-qR GGTCGACTCCACGATGTATTGCG ¢)G5E 7 PCR qRT-PCR
NI18s-qF GTAACCCGCTGAACCTCCT 9 E B PCR qRT-PCR
NI18s-qR TCCGAAGACCTCACTAAATC ¢ E it PCR qRT-PCR
NlugCSP6-qF TCAAATGCCTCACCGATAA ¢IG5E 7 PCR qRT-PCR
NlugCSP6-qR CTTCTTCTGTTGGGGACTG 75 B PCR qRT-PCR

NlugCSP6-dsF
NlugCSP6-dsR
eGFP-dsF
eGFP-dsF

taatacgactcactataggg ATGTTGTGGGCTGCAAGGTTC
taatacgactcactataggg TGTTCTGCCGGAAAGGAAAGC
taatacgactcactatagggeGATGCCACCTACGGCAAGCTGA
taatacgactcactataggg TGTTCTGCTGGTAGTGGTCGGCGA

dsRNA 41X RNAi
dsRNA 41X RNAi
dsRNA & i RNAi
dsRNA 4 i RNAi

1.6 B CEREFREN

R T AL 5 dseGFP, dsNlugCSP6 FlR i
S CEURAE AR B IS AAE U E TR

IKAELT _LSR 24 h, 405 B94E REVHRIEIT T
— 35S o FH ] I RO N TR ) A — 20
A HUFGE RS B 5 A W B R v i SR RAR R, D A
Mo AR E 3 YRR, By
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BEE 15 Sk REl, BRICHAAE M a3
FHCE .

17 BESUERBREENEXAHAENE

PEEST dseGFP 8 dsNIlugCSP6 (1) 3 #4# %
AR FRIEFT B KRR b, MAER 40 k.
BRI R B R BB K R4 I,
552 RiFATHIIRIE % o

e AR KB ERIE, Hars. S, 5
GRS 2 o DA e S Al il £ 70 3 g 5 %
%, FIH AutoCAD 2 il5iBIZ, JHEF%S
LRI 0. BENLBRIEAT 15 A FEHE .

1.8 THITAMNE

AERLAT NI EE S Wang 55 (2020 ) 1977
%, FETEBE. B PIALS 4 d R Rk R s R
% 1 HCEfE AR RN E (A
£: 1cem; B: 8cm) W, 10 X8 KEUH—4,
FAFEIC Sk 40 min AR, ER 3K, 8K
A\ Lt B HE R A IR 20 |« BRBE L 7 PR3
SIS . ACHE . 2k AC LA ES T 8 PR L B
o R U 2 B T U 2 A8 D T 4R X B[]
R A TC T B B[], 8 A2 BE T i 22 85 JF A ek ) B
SR AEBL R i A T] o i G USSR AR, SETtA8
TC 7 0] 60 5 Ao 8 i FH s ]

1.9 EHEAWE

¥oPE 24 h R —kMERCH (5 8 7ESY
dsNlugCSP6 5% dseGFP ) Fll— 3 I plg L ( AR5 )
A 5 KT BEE T, B4 dHH
HRAPEE D AR EEBGR RS 10 d
LR RS R ECE BB 7RG WU T
KRS LA R A N A Bl . A i Pk )E
12 d E R SRR AR 5o b R AT rh g D& ),
TAMEIEE 12 MY R,

2 GR59H

2.1 NIlugCSP6 B FF 54 4E

NlugCSP6 ( GenBank &5%'5 4 MF278724.1)
TEIEAE K B 381 bp, T 2 Setafk |-,

M3 AMNETFH (K 1. A). NiugCSP6 4tth
126 M2 B R, FNEE 150 T8 14.4 ku, S5
& (pl) 4 9.24, fbst:. NlugCSP Z PR Y51
B IRSFI 4 B ERR A A, 1T 21 DR
PEIIMAES R (B 1: B).

2.2 NlugCSP6 Byrt = Ri%

e CEUR RIS I RIRRIZHSY, S NlugCSP6
HEHEEEEHAITTEENNT . BHREH,
NlugCSP6 S:RTEAAME WA ik, AHE0
1-5 @ mARd (F 1. C), HE8IFEIKE (5
W& B AG JiATE | G F VARIT 2 B2 O e g e M Y O
WE R B BN S, MRS B ) BOR R AN
NlugCSP6 FRik i im, HUOUEINE (El1: D),

2.3 NIugCSP6 8 KB\ EFEFIRMm

AR, M RNAL $RIEER NlugCSP6
BERI T i PR x4 R EVE ARSI X4 K
Bl 3 A HUEST dsSRNA, 1] LUA R im g T8
FEH NlugCSP6 135, THURCRN 99.7% (A
2: A), B#IK NiugCSP6 H)Zeik X8 CEAI A7
AR, dsNlugCSP6 AbHL e K EA 7%
£ 10 d WEE TRE R 35.3%, M3 6 KT, 1
BEMCTF dseGFP AbBEAIAR AL B XA (P <
0.05) (K 2: B).

2.4 NlugCSP6 3418 t BB A EHI® M

Xt 3 W REWEAT NlugCSP6 LK TR, I
EPIES 2 RMEFNEEHN ., SEH
dseGFP X REFA LY , 4 dsNlugCSP6 ) A 1
REVHARAREIE R S (Bl 3), XER[E
B AL S 43 Ay W T2 30 0 A DA 54 (G A A
). W4T dsNlugCSP6 1) il H i T 481 L f51) d
EET XL (P=0.0043) (Kl 4: A); FHZ,
T B R AR B B T R 4

(P=0.0002) (&l 4: B), HHTXFHELFIAbFEAH
(%) J S AR B BB L LR B B G R 2
( dseGFP: P=0.134 7; dsNlugCSP6: P=0.158 9 )
(Kl 4. C, D), HILABFFPEE T 583 AR
HORIEE A P 38 O 15 100 o 3 2o 0 3 i 5 R
G2 MR o( B 4. E )R P, 734 dsNlugCSP6
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A 44169220- 44176120- 44177214-
44169275 44176260 44177401
i
Exon 1 Exon2 Exon3
B IMLWAARFIVLPLLFCVLQVWS‘APADEKYTDIDFDSILANRRVLS SYVKSLTDKG
*

PéTPQGKELKKIVPEVIQTSCTKqéSPQQKKVVRNVITTMQSKYKDQWDLVVNK

YDPKKQRSGELKAFLSGTD
C 08 D 03

a

0.6} I .

Laillidl

02r

X RE =
Relative expression level

1st 2nd 3rd 4th 5th FA MA
& B HrBt Development stages

—

°
>
2
1. 8 —
jgj%
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®E
Ee ol
.g b
E -

b b b I:I b

0 == R

SG Gu FB Ov Te
#B43; Body parts

Cu

B 1 NlugCSP6 FFl4FiE 5 & & FAH ARG
Fig. 1 NIugCSP6 sequence characterization and developmental and tissue expression profiles
A. NlugCSP6 fEJ RN & ; B. NlugCSP6 [WRSERRITH; C. AREE W B 1) NlugCSP6 AHXf ik K-
D. AFEIHLIT ) NlugCSP6 FIX} ik K-

I HE 2R U A 155 ik

FFORRNF I 4 AEBEERR . B D I (bR R

B EARAARFNG PR E R 3% (P<0.05, Tukey f% ).

E: §P; 1st: 1#%5H;
MA: MR H; SG:

ond: 2 WA AL 3rd: 3 IRAEHL; 4th: 4 WA
WEVR R ; Gu: JW4if; FB: JEWiAR; Ov: BPSL; Te.

Sth: S H; FA: MERH;
*-%52‘%‘; Cu: i‘%&o

A. Chromosomal location of NlugCSP6; B. NlugCSP6 amino acid sequence; C. Relative expression level of NlugCSP6
at different development stages; D. Relative expression level of NlugCSP6 in different tissues.
The predicted signal peptide is shown in the box, * indicates the conserved four cysteines. Data are mean + SE.
Histograms with different lowercase letters indicate significant differences (P < 0.05, Tukey’s test).
E: Egg; 1st: First-instar nymph; 2nd: Second-instar nymph; 3rd: Third-instar nymph; 4th: Four-instar nymph; 5th: Five-instar
nymph; FA: Female adult; MA: Male adult; SG: Salivary gland; Gu: Gut; FB: Fat body; Ov: Ovary; Te: Testis; Cu: Cuticle.

BRI 0 FA B3R 120.9°, 15T dseGFP
M RIS AT 0 T8 128.8° (K 4: F ),
WEAAEREZS (P<0.000 1),

25 NIlugCSP6 348 ¥BE X EITAHMERENH
-1

T #F5E NlugCSP6 X # K E\ 251 /1 E@‘i’éﬁf
ER, X5 T T RNAI, FEAERIEss
R RN 98.6% (F 5: A). Eﬁc@ﬂﬁ
S SEEe R, S dsNIugCSP6 1 30 X K H
A 21 XF5EACHD, ST dseGFP 1Y 30 XA 19
X 58 AR L o ABIFST 058 T 4 CEVAE 3 L i A1 23S

P i< A I A RF ], &b BEZH AT IR 20 TG 25
( BRI E] : P=0.124 3; AZHC i R isia] .
P=0.604 1) (& 5. B, C). 1EZ%5H J1scivh,

AbBRZE 12 d NF=ER B BCS X IR, FRE T
22.0% (&l 5: D)
3 itig

HAT, XTRH CSPs |z lLH 1 ik,
I ZFP ARk 24 B2 IR O A A GG , (HEHE &
B\ CSPs yAEfb 2= Bz ThReFRA T 2 L/, 7
AWFFEEE R LM, NlugCSP6 1E4345 IR i i
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Relative expression level

(=}

dseGFP dsNlugCSP6
AbFE Treatments

B 100 [
ﬁ§ 75
=]
% E50r
%E -~ dseGFP -
¥ B o5t -w CK =
g -+ dsNlugCSP6
0 1 1 1 1 1 1 1 1 1

1 2 3 4 5 6 7 8 9 10
iflE] (d) Time (d)

B2 SCETHAERQNINEFTESF
Fig. 2 Detection of RNA interference efficiency and survival analysis of brown planthopper
A. NlugCSP6 T-HRAM ;. B, FES dsRNA JE G148 CEA Y EfE 3
AR TR R, RN AR E 2 (P<0.05, Student’s -5 );
RN B 255 (P<0.01, Student’s K55 )

A. Interference efficiency detection of NlugCSP6; B. The survival rates of BPHs after dsSRNA injection were monitored daily.
Data are mean+ SE. * indicates significant differences (P<0.05, Student’s #-test);

**indicates extremely significant differences (P<0.01, Student’s z-test ) .

FTRHE R SR R M
Female adult with short wings Male adult with short wings Male adult with long wings
dseGFP | == ) (_»1 j E o
1 mm 1 mm 1 mm
dsNlugCSP6 .
mﬁgjﬂ} o C ©
Deformity wings
1 mm 1 mm 1 mm 1 mm
dsNIugCSP6 g o ; Ty b
Unclosed wings ¥
L 1 L
1 mm 1 mm 1 mm 1 mm

& 3 NIugCSP6 RNAI Bk il & B MW 2
Fig. 3 Observation of deformity wings and unclosed wings following RNAi against NlugCSP6

WA A Gk, HAER KA Sh Rk i
., li RNAI #E—20F5% & B NlugCSP6 1E46
REVAEAE B GHNIEE R F R T EE
YERT, A= RRY)hE 5 4 2UR Atk Rk A — 2L
it NlugCSP6 JEH B RNAI, # CElRYAE
FERTE 10 d NBHTIEAR, 25 BaeT E2ER00N
W58 B2 RN AR ZE 45, LANREAIR NlugCSP6 1132

RIS SECT WA IE R EH . 8RR
N1 NlugCSP6 SERTER K hm ik,
NlugCSP6 PR N8 K ELF K P RO Y 1E 5 &
HEXEE, NlugCSP6 1EF I HIhRE R it =
FRIE Wt B R I i ia A1 G, R 3 B ik
A B Wizt £ 2 B2 ( Schal et al.
1998 ), {EMHA B Bemisia tabaci T E.LHEM
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A *k B C ns
~ = dseGFP —_ *%k
S100r 7 5 GNlueCsps 100 I dseGFP ——  _=100¢ __
o sNug ~% =3 dsNlugCSP6 e -
g 8or 3\/-5 80 v% 75+
o 2 60F W 2 60 3 =
% R 2% s0r
gc& 401 ns o 40 g.g
[*} [P}
=2 20 K& 2 £ 25+
€ g . LER 5,
D 1 1
= ML WL L 45eGFP _ dsNlugCSP6
Female adult Male adult Female adult Male adult Kb Treatments
PR Gender PR Gender
B 1 Female adult Hi%% Anterior margin
D gor O/ % B Male adult E F 135
— ns ns
xS 60
~3
¥E 400
=E
=& 20}
& ” i margin .
0 ' ' margin JR% 110 : :
dseGFP dsNlugCSP6 Posterior margin dseGFP  dsNlugCSP6
Ab3E Treatments A3 Treatments

B 4 FH NlugCSPe /548 CEME B RS H
Fig. 4 Thewing development phenotypesin the PHsfollowing RNAI against NlugCSP6

A. NlugCSP6 RNAi AbBEX I 520 ;. B. NlugCSP6 RNAi AL BEX AR REFH & 10520 ; C. %o HR 4 0 Ak 3 4 4 33 771
e CERLLA; D, XS IR FIAL PRA A ARSI A B RISHER B 703 0 MR E K Foo MR (n=15),
B R PR bR, S RORTEAE R E 2R (P<0.01, Student’s -5 ); *** FORTELEM L E % T
(P<0.001, Student’s +-tu% ); ns: A 257 WA,

A. Effects of RNAI against NlugCSP6 on wings deformity; B. Effects of RNAi against NlugCSP6 on wings failure to close;
C. Short wing ratio of BPH in control and treatment groups; D. Sex ratio of BPH in control and treatment groups;

E. Schematic diagram of left wing for the 6 angle measurement; F. Quantization of 0 angles (n=15). Data are mean + SE.

** indicates significant differences (P<0.01, Student’s #-test); *** indicates extremely significant differences (P<0.001,
Student’s #-test); ns indicates no siginificance.

BtabCSP1 FIMVJM R A 1R 5% 25 &2 M )1 (Liu BUAFHE—E5T .

etal., 2016 ), Wil JLFAE7E T RZER B
a4, S 5RgBAEI R R & . TIHAR
MEBRERAN . MEAR . REAZLF LR
PEREFERZEIIARE (Tillman et al., 1999 ), KL
NlugCSP6 1 ] RELEHS CEWAR PN 55 0 1 iR 55 K 4
REMIFRZE & , MIFE AR LB I kR E %
YER . LAk, THL KM Solenopsis invicta 3
4 HHY Si-CSPY J5 , B AREIEH i v , Si-CSP9
A i€ PKA ( Protein kinase DC2 ) —i&£ & 5% &
1 hedgehog {55, MMM 3 4Rk T
M 4% (Cheng et al., 2015 ). Hedgehog {55
TEAHE L) AR R B SR 2 A & B o &
Hf SCHEAE A . I, NlugCSP6 & 7 i i
1 PKA —[A] £ 5 hedgehog {5 518 i 52 B L &

NlugCSP6 FEUP bt A bR SRk, JL
TR RBR R Z MY HE ALY 6.3 f5L
b TERBERIEKES, NugCSP6 1EURMIIY# ik
KOV 2 3 s TR R XSRS R R
NlugCSP6 W REFEACHL . A58 ARG A& B Hh k4%
HEAEM . GRS A AR LG R 80 L BR
Bl AL, PREE . SHIRACHD . ACHD . AR ASHLAN
B 8 18R (Wang et al., 2020 ), ARHFFELIEE
BCFNES T A7 s, GEi A R AiG A B ) R s ic i 72
BT FH B I TE] , 45 50 58 7R 2 /> a] B b 381X R G
WE 2 IIRATHERT NlugCSP6 1] BEAS235%
M) 5 FCA T SR, A5 a0 i He 2 T 18 7 3 2o 2
TR RAN  FEZHE 158, T NlugCSP6
SETEI R/, FU NlugCSP6 nl g2 55
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Fig. 5 Detection of RNAI efficiency of brown planthopper and effects of RNAIi against
NlugCSP6 on the mating behavior and fecundity
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A. NlugCSP6 mRNA levels were detected in two days after eclosion; B. The time spent before mating; C. The time spent in
the mating process; D. Total eggs number by a female in 12 days (»=12). BPH: Brown planthopper. Data are mean + SE. *
indicates significant differences (P< 0.05, Student’s #-test); *** indicates extremely significant differences (P< 0.001,
Student’s #-test); ns indicates no siginificance.
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