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AR EZHEEES CEBREITH

(1. RN KA A 24 B, Fa A 2100955 2. SRk 25611 5 0 FH B R B R M eA TR 0, BEAT 210095,
3. B K= SRR, = 572025)

WE. [ 8 6] 9 # g Ak (sulfakinin, SK) & #%# Bk 2 4k (sulfakinin receptor, SKR) £ 48 & 2
Nilaparvata lugens BAA4T A 69 VE M, [ 7 % ) PCR % 448 & 2 A0 Bk 2L B Nisk A 3 S 4k &
Niskr cDNA 4% 3] 5 3£ 47 & 915 8 5 547 A1 B qRT-PCR A& Nisk & Niskr 275 K AR E L #H
MB(IP 1 -5 b m k MR Kol k) fodfE s R RE AR (K AR A 3, 24t R B o0 K
E) e RAF AR E 3 #h RIEH dsNiskr #4735 BT B, qRT-PCR A&m] 4 3 2% & & Niskr 49 &
KB M T ARG BE S T O 6 Niskr RNAIL JG 69 4 #35 & % Z BB i AT 2 7 Rk
J B (differentially expressed genes, DEGs) ¢ GO F= KEGG 4 #7 vA Z IR £ 48 % KX H #9 qRT-PCR &
iE, [ &R ])PCR %4135 748 ¢ 8 Nisk (GenBank & % %5 . AB817281) & Niskr (GenBank & % % .
BA001059.1) #) ¢cDNA 4%k 53], /57 et R 25,48 & 20 NISK sx 34 Ik B A 5 4ty AP 4% <F 69
C s# FMRFamide %! % sk 4y, NISKR 5 H 462 &k Bl R 245 3 B4R T 0935 L4 #3% . qRT-PCR
Hori) 25 R KPR Nisk 55 Niskr 297740 | #35 & S KA, AR T %4 k3 KA, Niskr E£757¢
A o4 g & A iA, RNAL JTBk Niskr 7T 2 542 548 €« 2l 4 # 25 R 9 BOR 25 A T 4 R4 803% DEGs
# GO A= KEGG 5474 £ & 9 ,RNAI JLEk Niskr 7T 2 %% v 48 & 2 58 ok 5t A B AR BB
M EAY B R A AR R 6 R A IR A X K B 69 qRT-PCR 35 4E 45 R R BR, 3T % Niskr A%
NI7tmOR, NIOAR-3R, NIUH-FAF %= NITRP-161A % % i% %, ®3% & NIGr64f, NIUE-E2 %= NITHR %)
RikF, SRV RBIRAH T ARMKRB L L RS L RAIEB AR ATH, AT RBRAT A 37H A
FERE AT e ¥e b,

KR B I UK BUUK AR B R RAATH
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Sulfakinin and its receptor regulate the feeding behavior of Nilaparvata

lugens ( Hemiptera: Delphacidae)

GUO Di'?, ZHANG Su'?, LI Jian'?, GAO Cong-Fen'”, WU Shun-Fan"*>* (1. College of Plant
Protection, Nanjing Agricultural University, Nanjing 210095, China; 2. State & Local Joint Engineering
Research Center of Green Pesticide Invention and Application, Nanjing 210095, China; 3. Sanya
Institute of Nanjing Agricultural University, Sanya 572025, China)

Abstract: [ Aim] To clarify the function of sulfakinin ( SK) and sulfakinin receptor ( SKR) in the
feeding behavior of Nilaparvata lugens. [ Methods] The full-length ¢cDNA sequences of sulfakinin gene
Nlsk and sulfakinin receptor gene NIskr of N. lugens were cloned by PCR and subjected to bioinformatical
analysis. The expression levels of Nlsk and Niskr in different developmental stages (egg, 1st —5th instar
nymphs, and male and female adults) and different tissues (head, antenna, wing, proboscis, leg, gut

and Malpighian tubules) of the female adult of N. lugens were analyzed by qRT-PCR. The 3rd instar
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maderae 13 5R4% 77 85 H 3 ( Nachman et al.,

nymphs of N. lugens were injected with ds/Viskr for gene silencing and the expression level of Niskr in the
4th instar nymph was detected by qRT-PCR. The food intake of the 4th instar nymph after the Niskr
silencing was measured. GO and KEGG analyses of differentially expressed genes ( DEGs) and qRT-PCR
verification of feeding-related genes based on the previously constructed transcriptome database of the 4th
instar nymphs after RNAi of Niskr were performed. [ Results] The full-length ¢cDNA sequences of Nisk
( GenBank accession number;: AB817281) and Niskr ( GenBank accession number: BAO01059.1) of N.
lugens were cloned by PCR. Sequence alignment results showed that the NISK mature peptide of N.
lugens has a C-terminal FMRFamide polypeptide structure that is conserved with other species. NISKR
has a highly conserved transmembrane domain with homologous receptors of other insects. The results of
qRT-PCR showed that Nisk and Niskr were highly expressed in the egg and 1st instar nymph, and mainly
in the head. NIskr was also highly expressed in the proboscis of N. lugens. Silencing Nlskr significantly
increased the food intake of the 4th instar nymphs of N. lugens. Based on transcriptome data, GO and
KEGG analysis result of DEGs showed that silencing of Nlskr by RNAi significantly affected the expression
of the olfactory, gustation, energy metabolism, and feeding-related neuropeptides and receptor genes.
The qRT-PCR verification results of feeding-related genes showed that silencing Niskr decreased the
expression levels of NI7tmOR, NIOAR-3R, NIUH-FAF and NITRP-161A,
levels of NIGr64f, NIUE-E2 and NITHR. [ Conclusion] This study reveals that sulfakinin and its receptor

are involved in regulating the feeding behavior of N.

and increased the expression
lugens, providing a potential target for the
development of pest insect feeding behavior inhibitors.

Key words: Nilaparvata lugens; sulfakinin; sulfakinin receptor; transcriptome; feeding behavior

2020; Wu et al., 2020)
Bt TR 3= 3 oV T

BRI (sulfakinin, SK) & SEAEEE WS Rhyparobia
19864,

A I K A7 AR ((sulfakinin

1986h) , bfiJ5 75 22 JE SR W Drosophila melanogaster /1
WA T SK JL, A] 4t 457 1 - <7 1 2 ik SKT
A SK I LA Kz — 2% 7 9 AH BL P B AR 1% SKO- il 24 fik
(Nichols et al., 1988; Nichols, 1992), HHj M1k,
BRI AE B0 H B 2B R i ( Verleyen et al.,
2004 ; Audsley et al., 2011 ; Zoephel et al., 2012) %
WHE B RIS & Tribolium castaneum (Li et al.,
2008 ; Weaver and Audsley, 2008) . B ¥ H & f 7bis
W Schistocerca gregaria F1 K W Locusta migratoria
( Clynen and Schoofs, 2009 ) F123# H B v < 21 55 i
Rhodnius prolixus( Ons et al., 2009 ) F1 ¥4 K, B
FEFIW T SR B IR P LA J 25400 T D EC (W
et al., 2000) , X Tf&E /Ny Blattella germanica , 75
WA U F 2 W K UWE Locusta migratoria manilensis B
WEAT R, WKL A — & 14 7 FH (Maestro et
al., 2001; Yu et al., 2013 ; Zels et al., 2015) . |
RNAi i RUTERIEE LS Gryllus bimaculatus B 8 Ik 3
UG, AT DR R, B 752 m B dUReE 1y
A1 ( Meyering-Vos and Miiller, 2007 ) , 7 B 5% 3 W 1%
PIIKAE SR S KAT Ny, Ay =k FSR AR AT Ay vt 43 it
A 0 ( Williams et al.

2014 ; Agrawal powploaded fr

receptor, SKR) K¥EAE ], BIMIKZ KR T G &
BX 52 {& ( G-protein coupled receptors, GPCRs) ZZJ% i
G 7ER B, GPCRs 2 541 B i 2 i1 9 A4
PRI RRFNAT R B, A 45 SEAE B 0 M A A
KB 5 (Audsley and Down, 2015), [H i, B &
GPCRs # I\ Ky 22 IF & T — AR5 HU5R) A 3 AR B A
H i, 75 SR S B o 4004 15 v 4 0 31 9 A B IR
ZARIF oy WA 44 9 DSK-R1 £ DSK-R2 ( Brody and
Cravchik, 2000; Hewes and Taghert, 2001) LI &
TeSK-R1 Fil TeSK-R2, H {1 B 7% 40043 s 6 K 32 1
PRI 4 HOBCR B, AR AU HS S IR A2 AR
W 2 25 5 ik (Yu et al., 2013; Yu and
2014) . F3Ah, fEX B H R d K &
Bombyx mori FE N2 AT 0 vy, AU B 1 AN Bk
T B 4 A9, X H I g i K ik — 2 5T
(Mita et al., 2004) ., 2G5BT 45 R, SRR
PIARBI BEUURAR LU, B8 S 1 B 5 O AT R UL 48 W
WK 32 & TeSK-R1 1 TeSK-R2 1 2% 1 5 3 (5
1000 ~10 000 %) (Yu et al., 2015) , TERK L1551
EF‘ﬂiFJ*iiEEﬁ T V\]‘?J? A PR AN BRL UK Rhopr-SK-1
b ieloubla iy ookl 2 14

Smagghe ,
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Rhopr-SKR-1 1 Rhopr-SKR-2 ( Bloom et al., 2019) ,
e s A 2 3 W DRI TR B g A e — L A f
X B HCHAh 2 PR 52 0, s A B PR B RE AT 5 1) R B
THZ— o B TRREK S AARRE R U5 B d e s 2l
ORI AR DLARIA , S0 % BT SE T 0 BR AR UK
FEH 5 SUTER AT KEL Nilaparvata lugens (/)25 573
ik FE A ( differentially expressed genes, DEGs) , & i
T UK AT A2 R s 52 A R DR 3k, 2 T 552 i A
J&Z (Guo et al., 2021) , AW 504 2 534 it UK
ZARFLHETER G , X KEL DEGs [ 5200

fy REE — MRt O g E R s TR
( Hemiptera) K EF} ( Delphacidae ) , H: 3= %5 5 33 i
IKFE WA B TR o I 4 3 W] AL R W
SR EE , B 7K R B0IR %2 47 5 7% (rice grassy stunt virus,
RGSV) /K #5147 M 4245 %5 7% (rice ragged stunt virus,
RRSV) , M5 20K F#7 ™ #H 98 ** ( Hibino, 1996; i
AEAE, 2003) o 4 CEUE A B R 1Y P BEEG H RRTIAR
Baadh WM, AR S 2 R UK (R K & FPL A R,
2006) . #y REVE A B E T TP, )z 0 T
AR T IR BT ORI I 5 46l DX (R B AR A
1979) o KIILLK, 27 B iR — B2 % RECh
FTHARGRR (B K& ARl Ak
2, B 2 T 2 b 2R B AR TR [R AR BE e
Pe( EEEAE4E, 2009; Wu et al., 2018) , P TEA: ™
b R I AR R PR AR R ] TS R
TVBL IR R 32 AR (1 R TR 45 4 | e iR B L R i 4y
WEAT PR BE S HEAT T AFSY, K T B UIR
L HAZARAE P 48 mUIBCR A7 o O T & 4% B AR
FH L WF5E 45 R m] o Y B B IBCR AT Ay 40 ) 0] 0T 42
BERE D)

1 H5H%

1.1 #H{EH

oy R EVRHURE S R AE = N R TN R A8 G ) 7
FHRFAA D, WFRAA R (27 £1) C AR
70% +10% ,3¢6JEH# 161: 8D,
1.2 & RNA $2EUK cDNA &5

WA & B B Bty REL(BP 1 -5 #37 H J
S8 Tl i | A S Al i e S g e R S A
B R E 3 MY ERE BCPRE 3 d
9]0 26 b S W (A BRSS9 26 I 2 I S R BTN 17
EF S [CE SN, AR g 3 AN EYrE R,

TRIzol ( Invitrogen /&) ) BrHEB UL _EFE M A B RNA,
T 1% PSRRI L DR A I RNA e B N4l
122 & HiFiScript ¢DNA Synthesis Kit Jz ¥ 5% i85 &
(i) JEAT RO 5, 23 T pg 2% R A
RNA 47 % 5%, A U cDNA Bifi & T -20 C IR
el
1.3 #§¢E SK & SKR EF =&

{i FH NCBI $¥fs 4 A1 BLAST & nt i i\ b H:
b FE HUEL Y SK B SKR A8 547 8 371 L X6 43
Br, 1] EditSeq T IF ik Be] 324 (ORF) , | F] NCBI
e 5| ¥i% 3t T. B (https: / www. ncbi. nlm. nih.
gov/tools/primer-blast/ ) & i1 514, 51 YA WL £ 1,
DI U UG RNA JUFE s 3R 1519 cDNA S i,
PCR ¥ 34 K&l sk K skr #Y cDNA 4K J¥# %1, PCR
VAR FR (50 pL): cDNA Bifg 1 pl, FRIE514)
(10 pmol/L) 4% 1 wL, Vazyme 72\ &) B9 5 P8 L 2 x
Phanta Max Master Mix 25 pL, ddH,0 22 pL, PCR
JOB R : 95 C WA E 3 ming 95 C A 15 s,
57 CiBK 15 s, 72 CHEff 30 s, 72 °C A HE fif
5 min, 30 MG, SR 5E UG I 1% 19 BG4 e
JE FL kAN PCR 7= 4y, A6 i 2] H 1) %% 5, F PCR
P AR &6 PCR =1y i A7 ali Ak a4 2k
Ja g H 1 R Bt i # £ pClone007 Versatile Simple
Vector Mix (JEGUERVEYIHARA BRA F]) A IF e
AEAKIGHFE Escherichia coli DH5 o JEAZ 25411, #k
I — TP 1T PCR 20E IS M 9 R IR I TR W
%2 AT ERE YRR A JT
1.4 #57¢E SK & SKR F 54 #7

P ) #  E SK K SKR 2 3 iR 7 51 76
SignalP 4. 1 Server ( http: // www. cbs. dtu. dk/
services/SignalP/ ) ¥ 47 {5 5 Bk i JIl ; £ Motif Scan
(https: // myhits. isb-sib. ch/cgi-bin/motif _ scan #
GRAPHIC) #EATHFIELE A4 73 Mo i i TMHMM v2. 0
(http: // www. cbs. dtu. dk/services/ TMHMM-2. 0/)
T £ 1 5 R R BRI H F 45 A (Krogh et al.,
2001) . ffi i Clustal Omega (http: // www. ebi. ac.
uk/Tools/msa/ clustalo ) ¥} % L8 FF 5 1T 2 FE b
%o HH MEGA X /4 ( Kumar et al., 2016) [t 5
g3 | 8 373 B S AL SR 3 ( maximum likelihood ) HE
2547 1 000 I RGEK B .
1.5 B XE sk & skr IRIESHT

PL1.2 95 5 Y cDNA SRR , PR kK-
FaE ry#g Kl 18S rRNA FEPEAE R NS5 K (Xu e

Fah WA E A5 BT - 80 C KA 155 ] odiddded fromt nidfhSabicrReliberiRoity 8108, s Had it biforlodibssph 2 7]
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Table 1 Primer information

5|4 Primers 5|4 F %) Primer sequences (5’ -3") JH#E Use
NISK-comp-F GAACTCTGGAAGATCAGGCCA

NISK-comp-R CTCTACACCTAGCGACATTTGG L TERE
NISKR-comp-F GGTCGTTGCCATGTCCAGTC Gene cloning
NISKR-comp-R ACCGGTATTTGGTGGAAAGGA

NISKR-F TCGCCTCATCCCATTCCTAC

NISKR-R TGCGGGAGCATAGTGACGAAG

NIOAR-3R-F CGCCGATATTTTTGGGCTGG

NIOAR-3R-R CAGAACGAGACACACGACGA

NIDSK-F ACTGTCAGCGTTTTCCTGCT

NIDSK-R CAGGATGACCGGAAGTGAGG

NIGR64{-F TTCGGCACATCTACTGCTGG

NIGR64{-R ACGCCATAGAGTGGCATGAG

NITHR-F GTTGGAAGGTCGTGTGCTTT

NITHR-R ACAAGATGTGTCATGTTCGCA qPCR
NI7tmOR-F TGTTTTTCCTCCACCTACTGTCT

NI7tmOR -R CCTCCCGAGAACGAAAAAGTG

NIUH-FAF-F CGTGCCACTGTCGTCCAATA

NIUH-FAF-R TAAGATCGACGAGCCATCCG

NITRP-161A-F GGAAACTGCAAAGGTGACTGC

NITRP-161A-R AGGGCAAAGTCTATCAGCCA

NIUE-E2-F GCTTCGGCTTTCCTTCCAAC

NIUE-E2-R GGCGGCAGTCCACTTATCTT

N18 sR-F CGCTACTACCGATTGAA

N18 sR-R GGAAACCTTGTTACGACTT

T7-Nlskr-F TAATACGACTCACTATAGGGGCTCGTGGAACGTGCAGAT

T7-Nlskr-R TAATACGACTCACTATAGGGTGCAGCAGCTCGATGAGTAAG '
T7-gfp-F TAATACGACTCACTATAGGGAAGGGCGAGGAGCTGTTCACCG RNAi
T7-gfp-R TAATACGACTCACTATAGGGCAGCAGGACCATGTGATCGCGC

TIHLFH s T7 J3 8874, Sequences in bold indicate T7 promoter sequences.

UltraSYBR Mixture ( With ROX) #2VE {5 BHEC 1 , 2 [
% (20 L) ¢ 2 x UltraSYBR Mixture 10 pL, ¢cDNA
B 2 L, E R854 (10 pmol/L) % 1 pL,
ddH,0 6 wL, S FEF: 95 C 1iAE#E: 10 minj 95 °C
AFPE10 s, 60 CiR k 45 s, 40 I, {# ] ABI
7500 #I5¢ 58 7 PCR {47 PCR ¥ #8310 55 A [
AbFEY 38 CAE, BB 3 AL AR R
1.6 #XHE skr B RNAi

ARG 1.3 e e e K E Niskr LK gfp 5
it dsRNA 519 (F 1), $#£ 1B Ambion 2\ &
MEGAscript T7 Kit i3 ) &l BH A Niskr F gfp
() dsRNA, SR J5 i B¢ 2 5 000 ng/pl,4 C %4 T
12 000 r/minE.0> 5 min PLEG 2% T UTIE , 8 6 18 B 4T
M35 € , W B 3% 28719 RNase-free (1) EP 45, S8 5
JBUE T =70 T

PEHUHE CEL 3 #7 H, H CO, BRI 10 s madedfrorﬁ

Subject to the CABI D|g|ta| Library Terms & Conditions, avallableat https//

SR (8 FH A0 B R4S R EUR I HES T3 B A i IR A
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FEST Niskr #1 gfp (19 dsRNA | 453548 K ELE ST dsRNA
300 ng( £y 60 nL) , 3558 A4 EUH Bl 42 28 Hh
AR L I T S S i ) 37 O, 9
oM, BASEAY dsRNA ST 100 3k, DLVE ST
gfp FEH dsRNA (45 CEUWE A XTIEZ, 3 d J5ilHR
RNA VUBRECRIN B ey, B BIK 4 8%, FIH] gRT-
PCR #5l Niskr 032151, 0 Hrifl BRA %, qRT-PCR
JTiER 1.5 745,
1.7 #HXEREEHNNE

R T W5 R PR B A T U AT R B R
Bi 1.6 5T dsNiskr F1 dsgfp J5 3 d 9 10 3k 4
WA AT AR 9 em | HAE 2 em SRS T,
YL 5 h Eﬁ%@%ﬂﬁ;@’\ﬁuiﬁ&?%"ﬁ%/u il
ﬂd}dbﬁgt@ 128k 15,290, 1hof el i 2 Uil

igitalibrary. org/terms—and-condmons



34 A BRI S Z AR S IR T 281

Fu 45 (2001) , I35 B & A AR DEHY 25 [0 R,
DIE #5 Ze 4t e, 8 3K fRDRHE Ko it =24 h iia kL
i -24 h jFkEE, fHTSZ K5
PIARE 385 1+ % B IBCE T VR A ) ) o o 1) 22
S, HEDBHAE ok g IR e 25 21, 4 K 4 R EU
B =24 h i EYHEE -24 h 5 EYEL - [k
Vb o I DL 25 ) S s RE R RO 4 R
AU 1520 A 2 B (% ) = (dsNiskr A 3R
Hy REURE R/ dsgfp A FRAYHE CEURE ) x 100,
R RECR A AP B &, A B E
4 ]UL L

1.8 RNAi [5#8 CBF RAHIESH #7F0 qRT-PCR
B4 1iF

J T #87 Niskr $EBCEAT R 53 FHLE], %
9 dsNiskr JUER Niskr J5 0% CEL 4 #4457 AT T 4%
SR ST, BT AT C A B S T dsNiskr
o dsgfp 4 CEL 4 6% B SR B PR, Horh,
dsNiskr 4b B 2 e s 41 & ¢ 5 O PRINA86818S,
SRR21011515( dsNIskr-1) , SRR21011514 ( dsMskr-2) ,
SRR21011513 ( dsViskr-3) 1 SRR21011512 ( dsNiskr-
4) ; dsgfp K W& 2H 5% 5 20 5 5% 5 i PRINA657327,
SRR12460896 ( dsgfp-1 ), SRR12460892 ( dsgfp-2),
SRR12460891 (dsgfp-3) Fl SRR12460890 (dsgfp4 ),
dsgfp XT F 20 % 5% 20 W 3 8048 2 4B (Guo et al.,
2021) ,fHAR5 Niskr FERUTBR T 4 8575 R SR AR
P93 Mo R clusterProfiler 5144 X 13 5 T
dsNiskr AL FRZFN dsgfp XF HRZH 2 [B] %) DEGs i#£17 GO
Uifie i B KEGG i f#% & £ 53 1 ( Reimand et al.,
2007 ) o Ik o7 31 35 PR 41X 35 al A S DX 0
FEHN TR A T 3L R Y 2 38 K -, R Pearson
J5% (Filloux et al., 2014) , 3 F 4 3 K 41 FPKM
(fragments per kilobase million ) {E 34 1158 4% &b 3
AW 5 2 R ) 2H N S TR AR AS I AH G M &
B, 2 0 A B, R ] DEseq Jr i fiii i DEGs
( Tarazona et al., 2011), ) Ilog, fold changel >1 I
P <0.05 Nk DEGs 514,

454 GO Bl DEGs B4, it qRT-PCR
Bk R A G B 7 AN (NI7tmOR, NIOAR-3R,
NIUH-FAF, NITRP-161A, NIGr64f, NITHR 1 NIUE-
E2) A KT B R IA K RUE 4 K EL 188
rRNA L HFVE RN S RN (Xu et al., 2015) ,5|91F
FIILZE 1 B, LA 73R (A1 4 %25 B cDNA
FBENHEST qRT-PCR 491k, gPCR J73:[A] 1.5 7,

1.9 HESHH

SR FHARE 2 2 ™44 SR A7 3 R e ik 5 43
#r ( Livak and Schmittgen, 2001 ). %% #& ¥ {#i H
GraphPad Prism 7.0 Software ( GraphPad Software , 38
) B e A G HRA I AT ST 0 M o SR AR BE R ¢
RGBT 2 L 2 O A R =2 T ) 22 e W KR
KRR R D5 22 50 BRI Tukey [ 220 8 MO AGH
1728 5 WEE T

2 #R

2.1 Nisk #0 Niskr {5 R 55

vl 15 2 # K Bl Nisk ( GenBank % 5f 5.
AB817281) ¢DNA 4 551, Nisk 4t P4~ ik £
Jik, NISKI [ SDDY ( SO3 ) GHMRFamide ] F1 NISK2
[ GEADDKFDDY ( SO3 ) GHMRFamide ] , NISK f§ N
S 1 - 27 f 2 B R w5 KRG A8, B 1 2
JUTE NISK P22 AR A& W fie =2 18] o A 28 K
F1J(NISK1 A1 NISK2) 84 1 A~ C v H 2 FR 5k 5, iX
SE— MG TER B S WAL IR Y . 5 HAD R iy
SKs 251, NISK1 A1 NISK2 #8554 1 A% 2 R 5% 3,
TERCA R P2 B rh i 5R HE AT AR AR IR 1k . S,
NISK1 Hf N i 4% 2 B e 55 ( Q) S WS 7ERY N I 4%
FAMENAL (pQ) KA o H FURFIE S5 44 TN 2 ] NISK
) C o 55 108 — 113 FI&5 126 — 131 fi & 5L iR
( YGHMRF) E.45 #71 f#) FMRFamide 7 £ ik 2544

RERBW N, BT R S
P16y SK BAVIR 4% A SR 7E— i, 45 K L NISK1 [7]
NISK2 5 HoAt B i SK i Ik SRy — S (K 1) .
FHE AT UL, B A A SKOJE P 28 0 3¢ s 4 1 A
B T A — Y LA IR, TR 2 i rh 2 Y B AR i 3
BOSGAIKII IS o DSR4 B UK 7 2% F
ATLAE Y, SK py i fb AR & RSP, XL T, B A
SK 5 HEsh ¥ i CCK/ Gastrin i A 51k 422355 (1) £
2, 25 R, 4 K EL NISK [R] HAth B e SK 3t
2 AMESF YGHM/LRF-NH2 75 K45

A T4 CEUBR K 32 AR FE R Niskr ( GenBank
Bk BAO01059. 1) i) cDNA K741, H 4 %
P HA G & FHIESZ K (GPCRs ) i HLAVFAE
BRI 7 A~ 85 L5 F 3 (ML - TM7 ) 3 LA 35 3 4
MR LN C s IS N s (8] 2) , t A7 A HAh
Bt SKR 5000 1k S B 8 2 Ak A7 s AR AR 07
PRRE AL AL 8 LA S AR S5 5 o7 s S R SF 1 2540 B
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/N Mus musculus CCK CAB94216.1
9 FR Rattus norvegicus CCK NP_036961.1
287 Ovis aries CCK XP_042091810.1
4 NHomo sapiens CCK AAA53094.1
L %4 Bos taurus CCK P41520.2 BHEYI ]
——— #32E0vis aries Gastrin XP_027831248.1 Chordata
#9 FR Rattus norvegicus Gastrin NP_036981.1
# A\ Homo sapiens Gastrin BAR63725.1
/N Mus musculus Gastrin EDL02568.1
F 4 Bos taurus Gastrin AAA30537.1
K21 58 0% Rhodnius prolixus SK1 ACT35306.1
AW Sarcophaga bullata SK2 TMW49025.1
X HE A2 I Anopheles gambiae SK2 XP_001238248.1
#y K ENilaparvata lugens SK1 AFW19802.1 *
Z BRI Anopheles maculatus SK1 AAW82713.1
Sz iR WE Calliphora vomitoria SK1 Q7M3V5.1
Wk Leucophaea maderae SK1 P04428.1
LRI Anopheles maculatus SK2 AAW82713.1
V45 B ¥ Apis mellifera SK2 XP_006557714.2
r— W% Anopheles gambiae SK1 XP_001238248.1
L MR Gryllus bimaculatus SK1 CALA48349.1
— H MRS Delia radicum SK1 B3EWM3.1
L TR 5 Tribolium castaneum SK2 XP_008194373.1
— HER W Delia radicum SK2 B3EWM3.1
L SEIM KW Periplaneta americana SK1 ALG35946.1
— K41 51% Rhodnius prolixus SK2 ACT35306.1
L WEEEEGryllus bimaculatus SK2 CAL48349.1
— Ve Ixodes persulcatus SK2 KAG0410768.1
PRI HLlE Drosophila melanogaster SK2 NP_524845.2
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VG 58 W Apis mellifera SK1 XP_006557714.2
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B
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Fig. 1 Phylogenetic tree of SK and analogs of Nilaparvata lugens and other species constructed by maximum

likelihood method based on amino acid sequence (1 000 replicates)
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TeSKR2  -SSTTSRWS KRENPNWRQLRHNWS —————-———--———- QESSSPGTGEIQK: e YTP
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PaSKR  RAATSVKIWLFKGMVQVRLPSSSSNAQSRYRERPGSLSSSKSVT IAPLPTATSAGTYNTSPETSRLIGS SNGNGAACRDDKDLGGAGATVDGEDVNIPPGESPNTYTFTRH
T™M6 L4 ® TM7 ue
NISKR K CliP OLLAY arr, LRRIPKT
TcSKRI1 Er [ | ) ! i NVCYCCVCMEPKSHR-TRTKT
TeSKR2 LRKSE--- 393
Dm17D1 GMRVCERLCAPCCEWRRS
Dm17D3 UDTAKGLPWRRGAGAS GGVGGAAGGGLSASQAGAGPGAYASANTN T
PaSKR  EARSEaRsval oviay~ hpayen 18- \a8N v MEN PEARNS TGS TSI VieImlNY 1 SEIole N SH (e auN R <IN O (G VIZDC Y RCW -~ — ——— == === ———— sMycccccepvvaLEssiLGe 573
NISKR =~ HF---------m-mmm——— ---- 346
TeSKR1  AQKNGIHK---IIQNNSDVSCNESTIYIGRQSTIGR-SVVVLEAEDRV 554
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Fig. 2 Amino acid sequence alignment of NISKR of Nilaparvata lugens and orthologous proteins form other insects
HEHEKEY) Fh A1 GenBank % 5% 5 Protein origin species and GenBank accession numbers: NISKR: #j K &\ Nilaparvata lugens, BA001059. 1;

TeSKR1: JRIUNA %5 Tribolium castaneum, AGK29938; TcSKR2: Rl 4% ¥ Tribolium castaneum, XP_9727505; Dml17D1. M J5 B 48 Drosophila
melanogaster, NP _001097021. 1; Dml17D3; W W Drosophila melanogaster, NP _001097023; PaSKR: 3¢ | K M Periplaneta americana ,
AAX56942. TM1 -7 43 HIFRRHESH T A5 RSG5 1Y, Putative seven transmembrane domains, respectively. 25 8| &7 W4 51 16 2 B 22 1R ok ik

(C78 F1 C156) 2 6] 0] HEIV i i — B ; W] RE 1% PKC B WA fk o7 5 0T BBy N-BHIL Ak A7 540 5 320 R RS2 O HE #6715 . Potential disulfide bond,

which can be formed between two conserved cysteine residues (C78 and C156) , are labelled with empty circles. Potential PKC phosphorylation sites and

potential N-glycosylation sites are indicated by filled circles and filled box, respectively.
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100 LS Sl Drosophila pseudoobscura SKR1 XP_002134525
MG Sl Drosophila melanogaster 17D3 NP_001097023
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99
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Fig. 3 Phylogenetic tree of SKR and CCKR from Nilaparvata lugens and other species constructed by maximum
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DD

likelihood method based on amino acid sequence (1 000 replicates)
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Fig. 4 Expression levels of Nisk (A, B) and Niskr (C, D) in different developmental stages (A, C)

and tissues of female adult (B, D) of Nilaparvata lugens
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Fig. 5 Expression level of Niskr (A) and the food intake
after feeding on artificial diet (B) of the 4th instar nymph of
Nilaparvata lugens after injecting ds/Niskr into
the 3rd instar nymph
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Fig. 6 GO(A) and KEGG(B) analyses of differentially expressed genes ( DEGs) in the 4th instar nymphal
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111048196 ) M9k ; Wil 3 ABRGEZARIZE (FEH
ID 43514 111050852, 111053804 #lI novel. 761) iy
AR BE A2 R FE B (FE A ID 43 )k
111056166, novel. 3885 FI 111045484 ) [y 1k ; fL i

ik, fe it 3

1 AR EACIE AR SC L R (JE A ID: 111055281) [ 5=

#& 2 RNAiJUE Niskr 18 ¢ R 4 i RERATMRBXBEEHRIAL

Table 2 Expression profiles of feeding-related genes in the 4th instar nymphal transcriptome

of Nilaparvata lugens after the Niskr silencing by RNAi

iR 1 AT AR A2 R (FEIA TD: 111054132) Fi1 2
AP Bk 32 MR B B (3R ID: 111049101 #
111054016) (Y315, fe 3k 1 A9 22 IR A2 Ak 1N (2
PR ID: 111060417) i3RIk (£ 2) .

ok FEH 1D R IR FPKM Log, fold change
Classification Gene ID Gene description dsNiskr dsgfp dsNiskr vs dsgfp
111052348 Odorant receptor 19b 0.87999 0 2.27175
111056742 Odorant receptor 23a-like 0.22741 1.82157 -2.57009
MELSE 2 A A 3 111048321 Odorant receptor Or2-like 1.65915 4.54916 -1.53112
LA 111058658 Odorant receptor 43a-like 0.22741 0.95742 —1.66862
Olfactory 111057103 Odorant receptor 83a-like 10.48733 5.35231 1.03485
receptor-related 111044749 Odorant receptor coreceptor 3.16190 7.04728 -1.16253
genes 111048196 Odorant receptor 63a-like 1.59190 0 3.17744
novel. 2732 7tm odorant receptor 2.37885 5.46041 -1.16241
111062841 Odorant receptor 22c-like 0 0.76446 -2.05599
111056166 Gustatory receptor for sugar taste 43a-like 1.81152 1.31717 0.45490
W BE 52 1A G 111045484 Gustatory receptor for sugar taste 64{-like 6.51873 4.64143 0.47832
FE A
:‘ 2 111050852 Gustatory receptor 28a 0.92522 2.21379 —-1.23247
sustato
" novel. 3885 Trehalose receptor 4.23817 0.44778 3.14836
receptor-related
senes 111053804 Gustatory receptor 28b 0.45483 0.77185 -0.71044
novel. 761 7tm chemosensory receptor 0.22741 2.36469 -2.95617
111055281 Alpha-1, 6-mannosyl-glycoprotein 2-beta- 1.62303 0 3.21129
N-acetylglucosaminyltransferase-like
S (SR S [
HRACHHIOCIER 111045068 Dolichyl-diphosphooligosaccharide-protein 84.30618 116.47831 -0.47113
Glycometabolism- . .
glycosyltransferase subunit 1-like
related genes
novel. 3457 Trehalase 7.01506 9.44769 —0.48293
111064228 Trehalose-6-phosphate synthase-like 55.32070 73.44114 —-0.40579
111047610 Drosulfakinins-like 17.91027 26. 69087 -0.55600
111054016 Neuropeptide Y receptor type 1-like 0.22741 0.70260 —-1.22844
111050037 Neuropeptide FF receptor 2-like 2.73674 1.94118 0.48512
111060417 Neuropeptide F receptor-like 4.69190 2.41830 0.99350
WCEHUGHIZEIR 111050420  Nachykinin-like peptides receptor 86C 6.90737 4.09301 0.72180
Haz A
BRI 111059976 Nachykinin-like peptides receptor 99D 0.44704 0. 70260 —-0.54194
Feeding-related
. 111049101 Neuropeptide SIFamide receptor-like 0.67834 1.39686 —1.00341
neuropeptides
. 111054132 Octopamine receptor beta-3R-like 0 4.21460 —4.49439
and their receptor
senes 111045524 Octopamine receptor Oamb-like 1.93959 2.93628 —-0.56554
genes
111058913 Octopamine receptor Oamb-like 0.32045 0.51909 —-0.66028
111056765 Tyramine/ octopamine receptor-like 10. 24367 12.72045 -0.31996
111047531 Neuropeptide CCHamide-1 receptor-like 2.11679 3.17236 —-0.57263
111056107 Insulin-like receptor 19. 18793 22.39910 —-0.24202
111060743 Ubiquitin-conjugating enzyme E2-20 kDa- 1.65915 0 3.19526
like
oA LA
HAbEN Probable  ubiquitin  carboxyl-terminal 0.46651 17.30265 -5.11394
Other genes 111063588
hydrolase FAF-X
111046847 Transmembrane protein 161 A-like 2.84144 3.98828 —-0.49727

FPKM: Fragments per kilobase million.
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Fig. 7 Verification of RNA-seq data (A) of differentially expressed genes related to feeding between the transcriptomes

of dsNiskr and dsgfp treatment groups of the 4th instar nymph of Nilaparvata lugens by qRT-PCR (B - H)
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IR B HAZ IR SRR ek (18 75 4 2)  WFFe s Rn]
N — 2L R BT RRERAZ AA n fr) 2 S R4 EUR
1o R B .

i I X KL NISK 22 HE 2 17 51 47 R AR 25 4
O, NISK 5 HoAth 2 de %) SK.[A] 5 Ik B A 15
SRS, X 5 NISK By 730 W Re AR &, & A BiF
TR EL HL SK AR TPCs 3 WA 4 i 7 A 353 1A 5]
s % 5 A PRI HE ( Nichols et al., 1988 ; East et al.,
1997 ; Soderberg et al., 2012) , & K&\ NISK Y C ¥
55 108 — 113 FI%E 126 — 131 fi 2 5L R H A L AL iy
FMRFamide %12 JIRG5H , W45 14 HATH e 5h ) 15 i
2R/ NES S 2R Z 5 0 R AIE 45 48 (Johnsen, 1998) ,
S MUBUIR 5 B AE S Y 5 W R/ IE R s 4 R [
TR E2LE . A A R R, AR R SK
(6] 58 JEK P ) AEALBE AN 3y , AEL AN [] ) o 2 TR A7 7E o
JELRSF ) FMRFamide % 2 K454, K 280 R dUi
WK 2 R 28 T B 5 26 P B sl 2 ik SK1 Al
SK2 ( Schoofs and Nachman, 2006) , #{b# E 7~ , &
MESh B LA SR e SK[R] R ik R 26, 4 KL
NISK a2t ik 55 Hof B i W) A 1 SR e — e, B
BOERHACR (K1) o B iiEm 48 ok AR
[ )% ) SK/CCK [Rl AR H AT 7 9 Fo e, 4 R &
MAEHESIY (e d J R du ) SK/CCK BA LRAF 7S
JIKZ5 4 YGHM/LRF-NH2 158 42 AH [7] (1 e ity H 2112
Bt AR ALy, B U i 3L 3h ) Y s SK/
CCK BA S AR R4k 07 20, HORSF 2l HA 3
/NI 25 5, RGBS L SK1/SK2 43 il 5 HE B )
CCK/Gastrin FHXJ N, B2 HL SK B BE R <F, #5 K AL
SKI 55 Z . i [R] P8048 1, 2 P i SR g R X)L I 4%
I B SE AR ) 2 IRE5H . B2 (Y) MfEH 2=
KHEE e R R b, B2 R (Y) I g D
5% DD/DG &4, MiBE S B HE @ & 1 4> R 5
H G, IR 7 DB IR Ak 2 52 ) i IR T P 10 G
BRI 2 IR o 44 B Ay A
RTR o) TR AL , 75 22 Fh B v 1 18 i 1R b 5l
FEB R AL 1Y AR B AT AN [ 19 AE BRI B B R H A2
PR AT AN ] 1 25 B2 BB 00 (Zels et al., 2014)
X TR L 28 RO 156, R R R AL 2 o2 5 B
TEPER S, BN, CCK Y 3 P e 1 ik 2 iR vk 5
ELIR AL , A BF TR IE BRI L CCK /3% M2 AR BRI
1k CCK #4260 3% (Brand et al., 1984)

TEE Hih O[] Bt i 55 3] SKR AN HOARTA]
SLbe A0 AR LA s P % 5 2 P SKR ( Brody and

Cravchik, 2000; Yu et al., 2013, 2014 ) , ifij #okniBhded from Mlpkk SRR Kok S

T HMEER] 1 A SKR, REMTEI R BN (K 3) ,4
FAEHESIY) CCKR1 B Z {4 M CCKR2 HIZ K775 5
#—jig, CCKR1 F1 CCKR2 776 W i X 43, {H /&
FL U SKR (7R EARMEIX 0 JF ok o X il CCKR
Fl SKR A2 P[RR 1 32 44 B R AL 7 U 58
ZAATE], PR BB HES A cck SZARIEA eckrl
I cckr2 37 T A [A) 4t 8 & | ( Staljanssens et al.,
2011) , T S0 skr LR dskrl FI dskr2 {0 T [/l — Z4 5,
TR b FEREW EFRATAT LUE 4 K El SKR 5 H;
flb 2t SKR R AE— e, H 5 348 i SKR H A fix
IERYFEEIC R (B 3) o A7 41l 2 B 5 d0 %Ay SK I
SKR , X A fig 55 HARR IR Y O sl A 58 A e, 6T
igf i SK K H: SKR 54k LA K Al K U4 9 (A AE
14~ SKR 1 J5t Fl i A £ i — 25 B 5 ( Nissel and
Wu, 2022) .,

FIH qRT-PCR X146 K&\ Nisk N Niskr #4733k
B (18 4)  FE A RO TR IE I S s s DR E
W Be 34 e 6% K6 I 3 R 3k, Niskr 1) R xRE XS
Nsk 175 BN [RI I3 Kol 2% B B Bee B3
IRASEAZRARL, FE NN 1 e 3 He rh h e f vy, 7 2
5 WA HUh BRI, P U B i
ik TMERL R Yy, HEME R R b Niskr 1335
HIfL(E 4. A, C); %85| SK f1 SKR £ZEEZ
5 R AR IEAE SR B BB AT, i K
FEARIE B BB B2 W] AR T o 0 7 oL, FLME A e
PRI BB e oK A AR TR 3R O e B W R T AR
XUV 2 Ay ] v i 5 H LA RO e R, PP B R B H Az
TREEAR R IR p S, 7 M R R [R) 20 2L, Nisk
55 Niskr HAE CECKFR Rk G e, X 5 H 3%
TEM 2 R G RAR LN REAR G, I Ak, Nisk 1538 /2
b [/ R T8 v e 3 AR U AT, 78 11 TR0 fih £ v
W REAGIN ) 23k, (5 2 38 7K P ik T HAh 41 41
(& 4: B, D)o XS sk ARG h R RIARC,
sk [RVREFESTRAINE T #1255 (suboesophageal ganglion,
SOG) FrE FEik (Al-Alkawi et al., 2017) , A#AT 2,
W\ Niskr 72 FUVEF 33 il £y v 8 BEAR AL L 7R
A JHEM D A Th R IR R RAR(E 4. D), AT
DI R 45 SR Al S 30 B SR ) 0 8 R A2 S I
WA BRI AZ AR 5k | 52 ) SR g 19 A S ( Guo
et al., 2021) . DRI, 48 € EUBE IR P B8 MG
WE , BE— 20 T E BT S A b ) BRI 2
A, R A R R B s B T RE

55 BEAR L, DUBRAE BB IR 52 AR L [R] Niskr
bt 4151180, 80 5an Bblos24 AT A
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fR2h B—, R4S ¥ shr FERUTER T , 2 AT 4 2538
gl SRR & (Yu et al., 2013) o X EEHF5E LB
SKR J& SK {5 53 % 4 75 MU 1Y G B — 34, JF HL
SKR 7EiH 45 B dU O A7 S i D g b B AT R sr k.
SKAJ LI 255 Wi B SR g &)y %) BuOHL £ U g
{-(Nichols et al., 2008) , AW 5% & BLHTER skr GET|
EEZ MR AHCEE A (B ID 43512 111052348,
111056742, 111048321, novel. 2732, 111058658,
111062841, 111048196, 111044749 F1 111057103
) RYZE SRR (K 2) , MENLERS CE P NISKR 7]
RES: 5 A X SE W5 25 5 1R 1 S 2 AR I 3k, kT
S A RS AR B S, AT 44 R EUR AT
Mo Inagaki 55 (2014 ) AIF 5% % B 2 S i v il 28 Jik
NPF #2555 RZ 1k GrSa i R R, 1M sNPF AT AL
PRS2 A Groba Y BEURAE , A BT T AR 41 2 S 48 K
PIDREE RS IR, e TR AR S mUa IR 32 A4 3 A
REAZ SR 6 IR 58 32 A AR G KL K (BRI 1D 4351
111050852, 111053804, novel. 761, 111056166,
111045484 1 novel. 3885) (422 S ik (£ 2) . it
HEWT NISKR 718 AT G388 128 18 5 1 0 i 28 50 1 U
FEAH AU IR S BRI, Slocinska 45 (2015) 7
KoMy B L Zophobas atratus " Jg ¥ {3 5t Zopat-SK-1
ST L R BE RGN, 5 22 A R AT R B
TR & TUBR IR A2 A 35 PR T 2 B0 7E s AR il 5 1A
( Nlirehalase) #3515 T [, I 45 "€ El NISKR 7] f
8 TR IR Y 22 3K, T ST S T B S . Bk
., Tenebrio molitor {5 15 A 21 23 v, B4 K 1T 5] ke
ANTRIFEFE IR DT R & 278k (Slocinska et al., 2019)
MGAT2 ( alpha-1, 6-mannosyl-glycoprotein 2-beta-N-
acetylglucosaminyltransferase-like ) J2& I JIfj W& Y& 35 F2 19
KBz — M FL Y/ R Mus musculus HHF5E
KB, MGAT2 335 %) fig m AU B A S 1k
FH, AT g2 RE B TH AR B2, O H MGAT2 BA3 #0 4l th
105 755 4 i R ke A A D17 48 A\ B9 211 BE ( Nelson er
al., 2014 ; Mochida et al., 2020) , ¥4 5% 2H 5035 & BRIT
B Niskr AL MGAT2 &3k, 4 00 A ik mT 3 ok
PR TR A P 8 A QI AR T A 1 4 R L
B M.

(RS STRUNEE: Y oW CERA R B3 ok
AT I AT R AT ML BT, ARESE
HTEG 14 R ER IR NISK & H3Z /& NISKR 25
PP R EUREAT O, R R AT B0 45 TR EUAR UK
AT T PR BT R AR A T A R T Tk
FHBHG
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