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Cloning and Expression Profiling of Short Neuropeptide F Receptor
Gene sNPFR in Agasicles hygrophila

WANG Kang,ZHAO Xueying, HUO Nan,HU Jun, WANG Yuanxin, YANG Jun, JIA Dong
( College of Plant Protection, Shanxi Agricultural University, Taigu 030801, China)

Abstract: To explore the function and expression characteristics of the short neuropeptide receptor AAsNPFR in Agasicles
hygrophila, and to lay a theoretical foundation for exploring the biological control role of Agasicles hygrophila, in this study, the
AhsNPFR gene was cloned using PCR technology and analyzed with bioinformatics software. The spatiotemporal expression
profiles of AAsNPFR across different developmental stages and tissues were investigated by quantitative real-time PCR(qPCR).
The results showed that the complete sequence of 1 669 bp was obtained, which was found to contain a 1 257 bp open reading
frame(ORF), encoding 418 amino acids. The predicted molecular weight was 48.11 ku and the theoretical isoelectric point(pI)
was 8.21. AhsNPFR had 7 typical conserved transmembrane domains and belonged to the GPCRs family. Phylogenetic tree
analysis showed that AhsNPFR was closely related to Diabrotica virgifera virgifera SNPFR. AhsNPFR gene was expressed
throughout the developmental stages tested with the highest expression levels at the first instar larva which was 9.06 times higher
than those eggs, the stage with the lowest expression level. The expression level in female adult was significantly higher than that
in male adult. The AAsNPFR gene was expressed in different tissues and was significantly highly expressed in the hindgut of the
3rd instar larvae, which was 12.21 times higher than those fat body. The AhsNPFR gene was significantly highly expressed in
the hindgut of male and female adults, with no difference expression between the sexes across all tissues.
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M EAERA S A =D e, M4 0K F (short
neuropeptide F, sNPF ) J& 5 4] 38 1 # 28 ik F (neuro-
peptide F, NPF) C 2R 3 70 1A 7 5 4% 35 W L Leptino-
tarsa decemlineata MY R 1 Schistocerca gregaria
P % 5E 75 31 19— 28 NPF & K, 3 28 NPF % k1Y
F 8~10 > 28 2 20 1L, 17 AN 2 JC 4 #E 30 1) NPF Ji
AU 36~40 A2 FL ", 3t F H % 56K o 1) RLRF
ot 1z Jy* 51 26 o) O 45 ME 3 9 (19 NPF 1) RPRF %
L B fir 44 4 SNPF

H5RZH A A5 RGO, sNPF /& il
I T L RE S PR R 28 IR F 32 4R (short neuropep-
tide F receptor, sNPFR) , #E 1 5| & 41 i {5 = 1% 2 Bl
il ¥ R G D gET . sNPFR B K 7E B S b b &
PR, B 5 FE LT KL Solenopsis invicta FIX] H IV 34 B
Anopheles gambiae 1 # 4k 58 B 1 k7", sNPF {5
SERERGERBMBR A EKEEY FEE
A M S A R R AR U R
BRI AR T S LR AR DS BIF 5E 8 1 )2 6T .
TE WG WL W Drosophila melanogaster # , DinsNPF
L HAZ AR DmsNPFR 19 3% 35 Ge Al #F B R 2 35 i &
PRAURE R A R RNA T8 = 1 D AR5 S i B i
i D HAR AR N AR LAY K /NEE Dendrocto-
nus armandi ' # BE DasNPEF } H % & DasNPFR
Ji o &y ST R B R T S R R
WM R FEVD B RIE S, gregaria W, SgsNPF e H3Z
K SgsNPFR 1 R B 52T 43 5 SOBCE & 3 m™
RAEWFFE W], B RSk R A 8 2 sNPFR ) £ 23R
IR, AH7E Al 21 2 A7 a0 v A P28 R 42 (cen-
tral nervous system, CNS) filt /1 g 5 {4 . 5 [C 45 46
WA F KT S F sNPFR W 3635 5840 H A1 18
WA RIS E .

S8 M Bk ' Agasicles hygrophila J2 tH: it %
P 7% BE BSE F B Alternanthera philoxeroides W)
LA PR B R B AW 58 003 T 4 48 Ik sSNPF
559 RG5 R B2 308 0 S B %5 VA ¢ 1y 4F
PR, o0 B K RO BBk B SNPE S 5 R AW
sNPFR 3 R, 60 72 A ) % 75 B Be Je L 4L 3%
MRS, B 1E R IS SR A0 R B Bk P L — 4k
FEAL A 5 ORI 4 7 I R AL ] B A e B A

1 MR T ik
L1 REHR
S B B R 1 Al K R 7R

Tl P Al KA AR W 2 4 5 AR W B S R R
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2o BRI R (255 1)°C, B X R B
85% 5%, 6 A 141 10D, &l sl 16 55 T 3¢ B8 8
FEIML(F AR 15 em, & 2.5 cm) , il H 4R 58 T 5% BB
(Ef£12cm, & 17 cm) .

BREEFRRAWILA EXRE  HME T R%F
DL PG Al K7 2R e 4 5 A Wy Bl iR R b
1.2 R¥EHE
1.2.1 R RRE SR DR S RE R N O T R
Bk AT L BB BERIIR G HEAR . & K B B ok
ST HERDE, 1 H IR 1.2 . 3884 i, 1 H #% i A1
W o, R 3 4 U2 SR HORE SR < Sk T I
Hlig JE i TS N A 5 A HURE O i £
L HT R S IR BRIA . DL EREARYY
SW A E B WA, ~80 ‘CUKAR RAT % H .
1.2.2 RNA 425 cDNA G M & RNA ff 1]
Trizol if 5 (TaKaRa, K 3% ) $2 B, 8 of # i i 8 A
¥ 18 43 1 AX (BioDrop, Cambridge , UK) il %2 ¥ i ,
10 BUIRHEE R B VKA B i o LA 1 pg RNA AR ,
K HiScript® [l IstStrand ¢cDNA Synthesis Kit
(+gDNA wiper)if il & (Vazyme, #§ 50) 9245 5 &
J cDNA S 1458 ,-20 C& H .
1.2.3  AhsNPFR (¥ 50 %2 57900 Br - 3 T
R 1Y 3 R B B A Sk 41 AR, A Primer
5.0 ARy Ry 51 (R 1), L 1.2.2 8 W
cDNA N # 4, F] Fi Phanta® Max Super-Fidelity
DNA Polymerase i 7] & (Vazyme, # &) #£ 17 PCR
P84, PCR 2 W 4K & &y : 2X Phanta Max Buffer
10 uL, 51 % AhsNPFR-F/AhsNPFR-R 4 0.8 pL,
1 X ¢DNA 1 pL, Phanta MAX Super-Fidelity DNA
polymerase 0.5 pL.,dNTP Mix 0.4 pL, il ddH,O &
20 plo PCRJR A H7:95 “CHIAE: 3 min; 95 “CAE P
155,48 ‘CiR &k 155,72 “CHEA# 2 min, 35 41 EF 5 1)
JEAE AR 5 min, PCR ™9 I 1 %0 Byl A 58 e vl Dk i
M, 3@ 3+ M5 Gel Extraction Kit (Mei5bio, Beijing,
China) #E 17 [ , i # T pEASY®-Blunt3 Cloning
Vector(Trans Gen Biotech, 4L 57) , # A TOP10 J&
ZAMBE(ANGYUBIO, Fif) , BWG% FEA T A4
Y CREA BR 2 A Y

FIHNCBIORF(Open Reading Frame) (https://
www.ncbi.nlm.nih.gov/orffinder) #itill A2sNPFR 3
1 FF ik B 32 HE , DNAMAN 17 2 )5 31 LX),
ExPASy-ProtParam (http://web. expasy.org/prot-
param/ ) 0l 45 L 25 K 35 1 T 3 2 K/, DeepT-
MHMM (https://dtu. biolib. com/Deep TMHMM )
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90 #5 B 45 #4 38 , InterPro(https: //www.ebi.ac.uk/
interpro/search/sequence/ ) il il {7 <F 45 ¥4 3k 55 85 (1
K. ilif MEGA 7.0 R IR M E R G L E
L1000k,

1.2.4  AhsNPERJEP )RR M BL1.2.2
& i cDNA A qPCR # 47 , il i BeaconDesign 7.0
Bt AhsNPFR ¢ 5 ¥ 51 ), LL 18S # B K 2 1
(RPSJS)[ZSJ{/E%JZ:EJE Wi B AN [) 2 20k 3L
N2 5L R HE AT SE i) 2¢O it PCR(€ 1) . qPCR T

x1 EERERq

i H AL %% i ABI7500 (Applied Biosystems, Fos-
ter City,CA,USA) ., WK FR K :2)X ChamQ Uni-
versal SYBR qPCR Master Mix 10 pL., I F #5149
% 0.8 ul., 10 X cDNA 1 pL, fin ddH,O % 20 plL.
qPCR fz W £ 4 2 : 95 “C i 28 1 3 min; 95 C 728 1
105,55 LLJc 305,72 ‘CHEAH 30 s, 40 MEH . AN
[l % B By B A5 L 2U0E 4 )i & SR AE W)
ERM3REARER

PCR3|#ER

Tab.1 Primer information of gene cloning and qPCR

514 Primer SIMFF1(5'—3")  Primer sequence(5'-3") e /bp  Product size A& Purpose
AhsNPFR-F GGCAGTAAACCGAGACCTTTCGACCT I P T e
1669
AhsNPFR-R TTCACTCACTATAAACAACGTTGCT Gene clonin
g
qAhsNPFR-F ATATTATGGTGCCATCTGTTG 81 PCR
qAhsNPFR-R GGTCTTCCTCAGTTATCAGT art
qRPS18-F ACAAAATCCCCGACTGGTTC .
! 131 PCR
A N N - ¢
qRPSI18-R ATGGGCACGGATCTTCTTCA 1
1.3 % ! ATGCTGECGOTGTCTCCAACAACACCACAAGCGAAGACATTATCAACGACAATGCAGTG
YT | MA GGV SNNTTSEDI I NDNALV
o ANCH6] 3 Mt 4= 4 61 CAAGTGGCTTTCTTCATGGTGTACACCACCATTTTCG TGATGGGGATTT T TGGGANTGTT
qPCR AH X} 2 35 2 #0852 kAT o o A
- ~ ~ > - 121 TTAGTGTCTTATGTCGTGTTTCOCAACAAGGCCATGCAGACTGTAACGAACTTGTTTATA
Br, fii I SPSS 26.0 %K {4 #F 17 51 K & O 22 70 B r O A T .
) : QT YV T N L F
181 ACCAATCTTGCGTTATCAGATATATTACTGTGTGTAC TAGCTGTACCATT TACTCCATTG
(one-way ANOVA), Tukey's HSD #47 2 & L ¢ 61 T NLALSDTILLCVLAVEFTEP.L
P ) - ot 241 TACACCCTGCTGGGGGAGTGOGTGTTTGGGAGAGTTTTATGTCATT TAGTGTCGTACGCC
SO, 25 5 0 AR ME R P<<0.05. TR 45 R 81 e
301 CAAGGGATTAGTGTTTACATATCGACGCTTACTCTAACTTCCATTGCTATTGATAGATAT
7 I
FH:Fi/]{EJFTT{fF;E%%m,Tf«U(@ﬂ]HHGraphPad 101 QG 1 SV YTS$TLTLTSTIAIDTER.Y
361 TTTGTTATTATATACCCATTTCATCCAAGAN GAAATTATCCACATGCATATTTATAATA
p 82l .
rism 121 FV I1I1YPFHPRMEKLSTCIETI]I
121 GTTATTATATGGATATTTTCCGTACTAGTAACTCTACCATACGGAGTATATGTAANGCTG
i N\ 141 VIIWIFSVLYTLPYGVYVEKL
2 %5 % -5 7] ﬂkﬁ— 181 ACTCAATCAGAACGTAACCCAGAAAAGTTCTTCTGCGACGAGAACTGGCCTAGCGAAGAC
161 T Q@ S ERNPETEKEFEFCDENTWEPSED
541 TGGCGTCCTACTTTTGGAGGTATAACCACTGCAATGCAATTTCTTATACCATTTATCATA
s == V
2.1 AhsNPFRER®EEETE 181 WRRTFGGTI T TAMGO QEFTLTIPFI I
601 ATGGCTTTTTGCTACATCTGTGTTTCCATTAAACTCAACGATAGAGCACGATCAAAACCA
2 /H = = ;
TERS T 1IN EMAERZIRER, =Y & 201 M AF CY 1 CVS 1 KLNDRARSEK.TP
. 661 GGCTCCAAGAACTCCCGCAAAGAAGAAGCAGACCGOGAAAGAAAGAGAAGAACAAACCGA
190 B B Bk 5 F KRG 0 , 75 3 5 P 4 R — B0 221 G S KNSRKDDADREREKRERTNR
. - 721 ATGCTGATAGCCATGRTGGCTGTC TTCCTAGTATCATGGTTGCCACTAAACGCTTTCAAC
H R B (1), HAF b 32 4E ORF K 1 257 bp, 4 241 ML 1AMV AV ELVYVSWLDPLYNAEFEN
781 ATAATCAACGATTTTTATCAACAAA TGGAGAAATGGGGC T TCTATTATCTAACATTCTTC
A8 NI (K 2), fiv 4 8 AhsNPFR (Gen- 261 I I ND F Y G QM EKMWGEYNYLTEFEEF
841 ATGTCACACGCAGTCGCTATGTCCTCGACTTGTTACAACCCCTTTCTTTACGCATGGT TG
Bank & %58 OQ550102) 281 M S H AV AMS ST OCY NP F LY AWL
901 AACGAGAACTTTCGTAAGGAATTCAAACAAGTGTTGCCTIGCTTCRATGGGECTTCCAGA
301 NENTFREKETFEKGOQVLPCETDGASR
M 1 961 AGGATGCCGTCCACGTGCAGATTCGAGAACTGGAGGTCOGAAAGAACTTGCAATGGTAAC
321 RM P S T CREENWERSERTCNGN
5000 bp 1021 AATGAGACGCAACAGGAATCCTTGCTGCCCTCTTCHGGAATACATCGAGC TTTATCTTTC
3000 b 341 NETOQQESTLLPSSGTIHERALSTF
P 1081 AGAGAGAGAAAACCCACACCACCGCCCCTGAAAACTGACAGTGTTGAAACTGAGAATATT
2000 bp 361 RERKPTPPPLEKTDSVETEN.I
1200 b 1141 ATGGTGCCATCTGTTGGTGCAGTGTATGATTCCACTCTGGATATTGTTCGGCTCAMCTG
i 381 MV PSVGAVYDSTLDTIVRLEK.L
800 bp 1201 ATAACTGAGGAAGACCCGCCGCCATACGAAGCCCCAMAACTACAACTGAAGAATAG
S00b 101 I TEEDPPPYEAPEKTTTEFE#
P . . . S BRI = £ T B B g9 3 N -
218 R R 2R R 4y AR R A T, 40t R R R o N &k Y
200 bp T TR A T (R

M.Marker N b5 #E 4> 7 i ; 1.AhsNPFR [f] PCR =4
M. Marker IV standard molecular weight; 1. PCR
product of AhsNPFR
1 EEEHMBE P AsNPFR EE PCR B ik =4
Fig.1 Electrophoresis of PCR product of the
AhsNPFR gene of A. hygrophila

The red underlined sections were the start codon, the red under-
lined "*" sections were the stop codon; the black underlined part
was 7 conserved transmembrane domains
El2 HEEHKIEANPFREEFKFFHFELIERH
REMEERFT
Fig.2 Open reading frame and its encoded amino
acid sequence of A. hygrophila AhsNPFR gene
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22 FISERZXREHMN N 72.1500~87.22% , Hovp 5 K MR i B Di-

HE B M Bk AhsNPFR 8 A 4> 1 i i 8 abrotica virgifera virgifera 1 ) P % & (87.22% ) ,
48.11 ku, S M 5 (pl) o4 8.21; &5 44 3ak 1 I & 7 , 7 5@ H R B R E Bombyx mori ML K Z
38—297 i 24 KL R 5% BE 2 ] A GPCRs & 19 f# (52.34%) , 5 00 H B RN R D. melanogaster
SPESH IR, JE T GPCRs K% 5 2 7 91 L X 45 3 (] ARARL P 45 A% (38.83%0) o R4l 5 HiAth B2t sNPFR
3)Won R Bk AhsNPFR & 3L 7 91 5 A 9 74> SR 0 35 25 0 38, 5 B I3 99 g %l
Hofth 5 b 853 H R R sNPER T 410 AH B0 B v AhsNPFR %4

EnsNPFR  ...vvevann PP itessiasessansssssssssss JMBGGVSNNITSE 53
Dol PER Lttt it ie ittt araerasastansannatoanatnant e MAGAVSNNTTSE 53
LAsSNPEFR .. iviivrranrrnranvannsnrasrrnnarsannnnnnsnnnnss HNMSESNNITVE! 53
TcsNEFR sransrrassssness s JMENFNNSTATNEEWNCASVNATH €4
BmsNEFR MFGNOCTLCOCVMA *'T- XKYEPAMSLNGTTYVGGGVLILTRTLTGESVEMICEFPKTNKTI 00
DmsNPFR MANLSWLSTITTTSSSISTSCLPLVSTTNWS....LTSPGTTSAILACVALSDEDRSG
Consensus n t 1 tt ta
EhsNPFR VINMFITNLALSCILLCY L RV S IFSVE 153
DvsNEFR VINMFITNLALSDILLCW F RL = IESME 153
LdsNPFR VINMFITNLALSDILLCWY 13 RL S MESME 153
TcsNEFR VTNEFITNLALSDILLCY 13 SV =l VESIL le4
BmsNEPFR VTNMFITNLALSDILLCY FI{ecio deRL P VESL 200
DmsNPFR VINMFITNLALSDILLCY EMeR|0 JgeR 5 S 5 VInT I.’ 195
Consensus tvtnlfitnlalsdillcvlavpftplyvtflgewvigrlichlvsyaggisvyi il v

T™M2
AnsNPFR BEEVYVELTC. .o v v v venienann tasiasessesssaasiaasasaanansanssnssssss SERNPEEFE 2 EL! G A L I 198
DvsNPFR L8 T REENAEEY B ECWRR G A L L 199
LdsNEFR R TESYTDEF 2T} ECW K G 2 L L 198
TcsNEFR BE T M T Y ECGNST . s vvsvnnnnsnnssnsassannsnnnssnnnsassassnnsnnsnssss CITTEVEY 3. EXWRE G T I B 214
BmsNEFR o TINNETY H] DRAE A v L L 244
DmsNEFR 3 CAYMCVMTAGSTGEEMEYVRV ECY3EVIgen T \i E 245
Consensus etn ekyfc J:w;_:s ciwr]-:tf ittamgflipfl
EhsNPFR 10 L AERIT GENYL M3 A 2
DvsNEFR i L LERII NEMYL MTjs 2 2
LdsNPFR I L SIRIV. LEWEL ITE2 NFEL YAW 2
TcsNEFR I L LIRLI EYRLLAFILVEA =5 “fNPELh‘aW 314
BmsNPFR 10 G LIRIE NIMEVIPILE S SIC 344
DmsNPFR Wl G VVRIE, NEQREHIL Vs S =STC 395
Consensus i 7 1 n ewniyy lah c
EhsNPFR LNENFRKEFK MES. . .TORFENWRSERTCNGN......... ETC9SIMPSS. . .GIHALSFRERK . FTPEPLKTD 373
DvsNEFR LNENFRKEFK VP....RORFENWRSERTCNGN........ ETCMISIMPSS. . .GIMALSFRERK . FTPPPLETD 372
LdsNPFR LNENFRKEFK ( ...A JMISTMPSS. . .GIHIAVSIRERK . FTFEFLKTD 373
TcsNEFR LNENFRKEFK C V DSIMCS., .. .GVEXRASIRERK . STFFFLETD 38¢€
BmsNEFR LNENFRKEFE e v VEEE RTIMAS. . . .SFNRCGPSIKQRF . EGNG.KELN 413
DmsNPFR LNENFRKEFE NN YMNRSLE -T:E LHHGKGDGGMGE GI IIREFTYG 495
Consensus lnenfrkefkqvlpcfdgs asrrvps acrfenwrsertcngn netqgesllpss gihralsirerk prppplktd
LhsNEFR SVETENIMVESVG. .... AVYDSTLDINR . ERE R D P PP EAPKTTIEE. . . .. .. .t vvvennnnnrnsersanesnansrnnstonnsnnnnns 418
DvsNEFR SVEMENIMVESVNA. .. .AVYDSASDINR . ERETTHEEPPYEAPRAVSEE . . . .o v v vt s rsrsnnsnnrnnssssssrsnnssnnannnnnsnsnss 413
LdsNPFR SVEMENIIVPAVG..... VVYDSASDIVR . LELITER P PPYEARHRELE. . o . v v v v v v nsenststasransnnanssnsssssnarsnnsnnnnns 417
TcsNEFR SVEVENILVPNANSGVPGAVYDSARAETVR . LRLITEE P PP YDA SMEIGE . s v e v et nsanssnsansansssssassnnssnnassanasnsasa 435
BmsNEFR GIEVENILLECKTIS.. .ATFHTKTENVN.LCLIDEDSHFSDHRDTRSPI. . 464
DmsNPFR GINLALV:!”I;E-’Q}'*};:QP:%JQC JELTRRIRRRIDBTCGCODYLOSGDEQTVE 595
Consensus svemesnilvpdvg avydsasdivr lkliteedpppyeapkke ee
EhsNEFR 418
DvsNPFR 418
LdsNPFR s 417
TcsNPFR . 435
BmsNEFR . 464
DmsNPFR GRRI 599

Consensus
sNPFR £ [ R UE ) T K GenBank 8 3% 5 « 3% % H Jig Bk H Ahs\IPFR(()QSSOIO?) KR % B DvsNPFR(XP _050515233.1) 5 & #4 %5 H it Ld-
sNPFR (XP_023019356.1) ; 7% L &% #% TesNPFR (XP_015833194.1) 5 & #& BmsNPFR (XP_037869522.1) ; S if H % DmsNPFR (NP _
001262086.1)
Origin species of sSNPFR proteins and their accession numbers: Agasicles hygrophila AhsNPFR(OQ550102); Diabrotica virgifera virgifera DvsN-
PFR(XP _050515233.1); Leptinotarsa decemlineata 1.dsNPFR(XP _023019356.1); Tribolium castaneumn TesNPFR(XP_015833194.1); Bombyx
mori BmsNPFR(XP_037869522.1); Drosophila melanogaster DmsNPFR(NP _001262086.1)

B3 EEHMBEASHMERSNPFR SBT3 b3t
Fig.3 Amino acid sequence alignment of A. hygrophila and other insects SNPFR
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M= 0} SN R U N O

R ILH sNPFR W) 58 B S 3 35 43 Mt

W 3% OE M Bk sNPFR 2 3% Fﬁﬂ'ﬁéi
H i 5 0G5 A A 26 Fp R E
Z T 9 AT, WL%ébtaW,a%ﬁu@Mﬁm,%
B M Bk AhsNPFR 5 H A 53 B B AR oy —

100

75

99

100

49

100

DvsNPFR (XP 050515233.1)
AgsNPFR (XP 018571523.1)

[ TmsNPFR (XP 044269193.1)
100l TcsNPFR (XP 015833194.1)

100 I: SosNPFR (XP 030746843.1)
RfsNPFR (QGA72517.1)
I: DasNPFR (QXU63433.1)
100 DpsNPFR (XP 048525621.1)

89 AtsNPFR (XP 013192767.1)
|—|:)fsNPFR (XP 028173698.1)

S Hodp 5 E KR %2 i B DvsNPFR G JE &2 K 4
AgsNPFR Fl 5544 % F1 th LdsNPFR 3E 4 % 280301
HAth H R BB R HIRE TG KPR

LdsNPFR (XP 023019356.1)

AHE

Coleoptera

AgsNPFR (XP 050301207.1)

BmsNPFR (XP 037869522.1)
TisNPFR (XP 026733090.1)
HzsNPFR (XP 047027058.1)

A H
Lepidoptera

SIsNPFR (XP 022828919.1)
100 SfsNPFR (XP 035445051.1)
BtsNPFR (XP 018896630.1)

FHH

2.3 AhsNPFRERFRGEEZEEMBREARBD A E WK
HRIEER

A NCi - = i g = A U S S

1001 HvsNPFR (XP 046667428.1) Hemiptera
DmsNPFR (NP 001262086.1)
100 CasNPFR (XP 038110130.1)
L CpsNPFR (XP 052563938.1)
AssNPFR (KFB49968.1)

AmsNPFR (XP 041782838.1)
W{ AcsNPFR (XP 040235769.2)

58l AgamsNPFR (ABD96049.1)

B H
Diptera

100

100

0.05

sNPFR 2 [ H U« 1% 55 BB Bk (AhsNPFR) ; B R AR # it B (DvsNPFR) ; 7% B R (AgsNPFR) ; B8 % H it (LdsNPFR) s B4 % (Tms-
NPFR) : - U4 # (TesNPFR) ; K R (SosNPFR) s ZLAR B H (RISNPFRD ; 88 78 8 82 R H (AgsNPFR) s 48 111 kA K/ 85 (DasNPFR) ; 71 BR il 424
K /N (DpsNPFR) ; Jif F B ( AtsNPFR) 5 I T K UE COfsNPFR) %ﬁ(umm)k R ; B SUA M (TnsNPFR) 5 £ 8 4t (HzsNPFRD 5 /4 SRk
(SISNPFR) ; Hi 1 % % ik (SESNPFR) : k) L (BtsNPFR) ; 58 i 8 (HvsNPFR) 5 2 I 8 (DmsNPFR) ; B 2 I (CgsNPFR) 5 3% (8 2 15 (Cp-
SNPFR) ; 1 4% 57 ( AssNPFR) ; 4 & 17 1% 50 (AmsNPFR) 5 B} & 22 3% 50 (AcsNPFR) ; ¥ LL 1 % 57 ( AgsNPFR)

Origin species of sSNPFR proteins: Agasicles hygrophilalAhsNPFR); Diabrotica virgifera virgifera(DvsNPFR); Anoplophora glabripennis(AgsN-
PFR); Leptinotarsa decemlineata(LdsNPFR); Tribolium madens(TmsNPFR); Tribolium castaneum(TcsNPFR); Sitophilus oryzae(SosNPFR);
Rhynchophorus ferrugineus(RisNPFR); Anthonomus grandis(tAgsNPFR); Dendroctonus armandi(DasNPFR); Dendroctonus ponderosae(DpsN-
PFR); Amyelois transitella AtsNPFR); Ostrinia furnacalis OfsNPFR); Bombyx mori BmsNPFR); Trichoplusia ni(TnsNPFR); Helicoverpa zea
(HzsNPFR); Spodoptera litura(SISNPFR); Spodoptera frugiperda(SsNPFR); Bemisia tabaci (BtsNPFR); Homalodisca vitripennis(HvsNPFR);
Drosophila melanogaster(DmsNPFR); Culex quinquefasciatus(CgsNPFR); Culex pipiens pallens(CpsNPFR); Anopheles sinensis(AssNPFR);
Anopheles merustAmsNPFR); Anopheles coluzzii( AcsNPFR); Anopheles gambiae(AgsNPFR)

B4 EZEEMBESEMERSNPFRF I RSB
Fig.4 Phylogenetic tree of SNPFR sequences of A. hygrophila and other insects
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MxIFRAR
Relative expression level

E 1L 2L 3L P FA MA
EEHE
Developmental stage
E. Ui 1L~3L. 1~3 84 e Pl s F AL ME R S MALBE R . SRS
P RROR S R RE AR R I IRk 22 5 B3 (P<<0.05)
E. Egg; 1L~3L. 1st~3" Larvea; P. Pupa; FA. Female adult; MA.
Male adult. Different lowercase letters indicated significant differ-

ences in the expression levels of each gene at different developmen-
tal stages(P<<0.05)
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Fig.5 The relative expression levels of AhsNPFR in
different developmental stages of A. hygrophila
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#(P<C0.05)
H. Head; FG.Fore gut; MG. Middle gut; HG. Hind gut; MT. Mal-
pighian tubule; FB. Fat body. Different lowercase letters indicated
significant differences in the expression levels of each gene in differ-
ent tissues of the third instar larva(P<<0.05)
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Fig.6 The relative expression of AhsNPFR in different
tissues of the third instar larva of A. hygrophila
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A. Antenna; H. Head; FG. Fore gut; MG. Middle gut; HG. Hind
gut; MT. Malpighian tubule; FB. Fat body. Different capital letters
indicated significant differences in the expression levels of each
gene in different tissues of the female adult(P<Z0.05). Different
lowercase letters indicated significant differences in the expression
levels of each gene in different tissues of the male adult(P<<0.05)
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Fig.7 The relative expression level of AksNPFR in
different tissues of A. hygrophila adult

3 #Zih5itib

AW 5T v e Tk SNPER $E M 4 K
¥ 8, FLTTF i ) 152 HE G i 418 S LR AR 3L, B A
GPCRs R G M PRSF 45/ 8. HAET, & %2 M9 i
3 5 4 45 1K 32 & SNPFR 28 T GPCRs K 1,
T EMAVRRAE N & 7 A B A M B AR BT 4
J R VE 5 Bk ARsNPFR & 4 7 4 5 i
g kg3, ) B e B R sNPER (9 45 5F 45 #4935 55
FEMRSE . RGRE Mt R W% 3L ol T 4 F
H E AL O RIS

TE B Bk T A hsNPFR & R 7E &)y s F0 s o
B 2R IR 0 2 R T ORI, 1 4 e ek R
A BF 5 R WL, FE B 58 Acyrthosiphon pisum
ApsNPFR 1t 47 HURU b B8 AT 3R 36, B 1 I 4 Ht
Fak B ROE W ApsNPER Ji , ) 38 8 A7 8] 3



T RS R B R A A e B F B2 R SE P SNPER (1 58 B B 63K 40 b7

(EPG) & W, B 5 B AL piswm ] W AE 90 09 B
IR B ] s /T e PR SR B, DmsNPER
(38 235 T B m Y. f kAT W, sNPFR 76
PR R O R R P T R AR S Rk
EERE RN & KRR A, IR AT,
AhsNPFR 7] G 5 3% 5 1 i Bk B HCE 25 UM G,
BH T8 T )5 22 3 T4 KX AT 0 IR 8 E . 5
Hb KB, T E kR OME A AASNPFR 335 4
e TR A L AE G 25 A TR I SOk ok IR E |
DRI RE Sy 35 BT e Bk HEY O ol o R R T A R
(1) 5 By i

AhsNPFR J& R 78 3% 55 F i Bk FF 3 % &)yt R
MRS I B s . AR R R
KI/NEE D. armandi F , DasNPFR 3% K 78 3k f i g
AU B RO T RE S IE 2 1 H B 5 A A
FW A N S W8 Bactrocera dorsalis 1, BdsN-
PFREEfM A AP & R B & &KL, @
CRISPR/Cas9 #i & BdsNPEFR , & Bli% M 5E i 25 &
fie 172 55 s EAG BB H 6 381 AWk ) T i) A AR B
F 01 I B AR A B. mori sNPF #) 349 [q]
Z & (BNGR-A7 . BNGR-A10 fil BNGR-A11)7E A~
[F] 2 21 SRR ALK R] , H i BNGR-A 7 AUAE BT
Sk 3k, BNGR-A 10 78 %)y B Fl i 9 I [C 4% o
fo AR T AE B A5 R4S b 3R 8 B B, BNGR—
ATTFELy R 5 (A bl FORS S v 36k
A T 7 0 0T A B B ep AR X Ak R m Y H Uk
AL i 25 Ik A7 1A SNPFR 76 AN [a] 2 i 9 458
KOTREART . ARWFFE A T AhsNPFR 3 H 1 3%
T B kA Gk BT R g S g S R IR
U5 M4 0 A E DL B A R R . A SCERHRE |, sN-
PFRTER MRl 48 R g0 b 3 £k ™, i T4
ARG, A K AhsNPER 78 b HX R 28 2 45 CNS
) AR B .

A B ST T S T A Bk T AhsNPFR
L Bl T AhsNPFR % PR 7E 3% 5B Bk O 6] &
B AU R 20 U 3Rk, Sy it — 25 i BT e ol
22 JIK3Z R AhsNPFR 18 2 35 55 F M Bk HH (0 O 9 4
B BE 5 AR , A, Ay 34 50 e ik R A B I 0 e 2
B R R R — S A S

S E Xk

[1] ALTSTEIN M, NASSEL D R. Neuropeptide signaling in in-
sects[J]. Advances in Experimental Medicine and Biology, 2010,
692:155-165.

[2] HEWES R S, TAGHERT P H. Neuropeptides and neuropep-
tide receptors in the Drosophila melanogaster genome[J]. Ge-
nome Research,2001,11(6):1126-1142.

SPITTAELS K, VERHAERT P,SHAW C, et al. Insect neu-
ropeptide F (NPF) -related peptides: isolation from Colorado po-

[3

[}

tato beetle( Leptinotarsa decemlineata) brain[J]. Insect Biochem-
istry and Molecular Biology, 1996,26(4) : 375-382.

SCHOOFS L, CLYNEN E, CERSTIAENS A, et al. Newly
discovered functions for some myotropic neuropeptides in locusts
[J]. Peptides, 2001,22(2) : 219-227.

[5] NASSEL D R, WEGENER C. A comparative review of short

[4

[l

and long neuropeptide F signaling in invertebrates: any similari-
ties to vertebrate neuropeptide Y signaling?[J]. Peptides, 2011,
32(6):1335-1355.
[6] MAULE A G,SHAW C,HALTON D W, et al. Neuropeptide
F (Moniezia expansa) : localization and characterization using
specific antisera[J]. Parasitology,1992,105 ( Pt 3) :505-512.
VLT L J P2 IR F 32 4R (SNPFR) 2 55 9 45 4 /0N 52 8 0 25 f
WeE AT R [D] K PR, 2022,
LI HF. The short neuropeptide F receptor (sNPFR) involved in

[7

[}

regulating foraging and feeding behaviors in the oriental fruit fly
Bactrocera dorsalis(Hendel)[D]. Chongging : Southwest Univer-
sity, 2022.

[8] MERTENS I, MEEUSEN T,HUYBRECHTS R, et al. Char-

[}

acterization of the short neuropeptide F receptor from Dro-
sophila melanogasterlJ]. Biochemical and Biophysical Research
Communications, 2002,297(5) : 1140-1148.

[9] GARCZYNSKI S F,CRIM J W,BROWN M R. Characteriza-

-

tion and expression of the short neuropeptide F receptor in the
African malaria mosquito, Anopheles gambiaelJ]. Peptides,
2007,28(1):109-118.

[10] CHEN M E,PIETRANTONIO P V. The short neuropeptide
F-like receptor from the red imported fire ant, Solenopsis in-
victa Buren (Hymenoptera: Formicidae ) [J]. Archives of Insect
Biochemistry and Physiology,2006,61(4):195-208.

[11] JOHARD H A D, YOISHII T,DIRCKSEN H, et al. Peptider-
gic clock neurons in Drosophila:ion transport peptide and short
neuropeptide F in subsets of dorsal and ventral lateral neurons
[J]. The Journal of Comparative Neurology, 2009, 516 (1) :
59-73.

[12] Z= Ml . oAb RS A% 250 5 M 2 IR F R 32 0K 3 [X 3 e 4
FE[D]. %V - VLA BRI H K 2, 2022.

LI M M. Study on genetic structure and neuropeptide F and its
receptor gene function of armyworm population[D]. Yangling:
Northwest A &. F University, 2022.

[13] JIANG H B,GUI S H, XU L, et al. The short neuropeptide F
modulates olfactory sensitivity of Bactrocera dorsalis upon star-
vation[J]. Journal of Insect Physiology,2017,99:78-85.

[14] ROOT C M, KO K I, JAFARI A, et al. Presynaptic facilita-
tion by neuropeptide signaling mediates odor-driven food search
[J]. Cell,2011,145(1) : 133-144.

[15] LEE K S,YOU K H,CHOO J K, et al. Drosophila short neu-
ropeptide F regulates food intake and body size[J]. Journal of
Biological Chemistry,2004,279(49) :50781-50789.

[16] LEE K S,KWON O Y, LEE J H, et al. Drosophila short neu-

-143-



W 7G4k B2 2024 AR5 52 445 11

[17]

[18]

[19]

[20]

[21]

[22]

ropeptide F signalling regulates growth by ERK-mediated insu-
lin signalling[J]. Nature Cell Biology, 2008,10:468-475.

LIU B,FU D Y,NING H, et al. Identification of the short neu-
ropeptide F and short neuropeptide F receptor genes and their
roles of food intake in Dendroctonus armandilJ]. Insects, 2021,
12(9):844.

DILLEN S,ZELS S, VERLINDEN H, et al. Functional char-
acterization of the short neuropeptide F receptor in the desert
locust, Schistocerca gregarialJ]. PLoS One, 2013, 8 (1) :
€53604.

DILLEN S, VERDONCK R, ZELS S, et al. Identification of
the short neuropeptide F precursor in the desert locust: evi-
dence for an inhibitory role of sSNPF in the control of feeding[J].
Peptides, 2014,53:134-139.

MA Q, CAO Z, YU Y N, et al. Bombyx neuropeptide G
protein-coupled receptor A7 is the third cognate receptor for
short neuropeptide F from silkworm[J]. The Journal of Biologi-
cal Chemistry,2017,292(50) :20599-20612.

TR, R ek, EAR S GER BT Hsp70 B A AW 15
B HTT] gl B, 2015, 43(4) £ 397-400.

JIA D,ZHAO L L, WANG S, et al. Bioinformatic analysis of
Agasicles hygrophila Hsp70[J]. Journal of Shanxi Agricultural
Sciences, 2015,43(4) :397-400.

Th Jii g6 . 7S 0 3 TR R R 2 W Bk TR S v R e A
TR SEID]. b st - i E g B 24 B, 2001

MA R Y. Ecological adaptation of the introduced biocontrol
agent, Agasicles hygrophila, for alligatorweed, Alternanthera

- 144-

[23]

[24]

philoxeroides, in china[D]. Beijing: Chinese Academy of Agri-
cultural Sciences, 2001.

REE EH A S R R A B iA RS LT, )
A AR A4, 2020, 7(4) :62-67.

YU G L,LIZ,LIJ,et al. Research progress on biological con-
trol of Alternanthera philozxeroides[J]. Journal of Hunan Eco-
logical Science, 2020,7(4) :62-67.

JIA D, WANG Y X, LIU Y H, et al. SMRT sequencing of
full-length transcriptome of flea beetle Agasicles hygrophila
(Selman and Vogt)[J]. Scientific Reports, 2018,8:2197.

BUMR, A, M AL S L R E BT AN R H B BN 2
B PR A 97 0L 5 B R [D]. Ll P Al K E S (A AR D,
2020,40(4) :53-58.

JIAD,JIZY,LIU Y H,et al. Screening and validation of in-
ternalreference genes in different developmentalstages of Agas-
icles hygrophilalJ]. Journal of Shanxi Agricultural University
(Natural Science Edition) ,2020,40(4) : 53-58.

LIVAK K J, SCHMITTGEN T D. Analysis of relative gene
expression data using real-time quantitative PCR and the
2745 method[J]. Methods,2001,25(4) :402-408.

AMIR M B, SHI Y, CAO H H, et al. Short neuropeptide F
and its receptor regulate feeding behavior in pea aphid (A cyrzho-
siphon pisum)[J]. Insects,2022,13(3) : 282.

LIHF,HUANG X Y,YANG Y H,et al. The short neuropep-
tide F receptor regulates olfaction-mediated foraging behavior
in the oriental fruit {ly Bactrocera dorsalis(Hendel) [J]. Insect
Biochemistry and Molecular Biology, 2022,140:103697.



