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Abstract [Aim] Neuropeptides are crucial signaling molecules between cells that regulate various physiological and
behavioral processes in insects. The tomato leafminer, Tuta absoluta, is a recently invasive and highly destructive pest in
China. To better understand the composition and variation of neuropeptides in T. absoluta, this study systematically identified
and analyzed the neuropeptide genes of this species. [Methods] Neuropeptide-encoding genes were screened from T.
absoluta genome data using homology-based searches. Subsequent analyses included signal peptide prediction, mature peptide
prediction, conserved motif analysis, and sequence variation analysis. [Results] A total of 56 neuropeptide genes were

identified in the T. absoluta genome. The categories of identified neuropeptide genes were consistent with those in other
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Lepidopterans, though some differences in quantity were noted. For example, only one adipokinetic hormone (AKH) gene, two

diuretic hormone (DUH) genes, and eight insulin-like peptide (ILP) genes were identified, all of which are fewer than the

number found in other insects. Conversely, the prothoracicotropic hormone (PTTH) gene has three transcripts in T. absoluta,

whereas typically only one transcript is found in other insects. The pheromone biosynthesis activating neuropeptide (PBAN)

and insulin-like peptide genes also exhibited unusual structural variations. PBAN was predicted to cleave into nine mature

neuropeptides, whereas in other Lepidopterans this typically cleaves into only five. In addition, the insulin-like peptide ILP

(Tabs017372.1) did not have a predicted neuropeptide cleavage site but still contained conserved cysteine residues in the A and

B chains. Furthermore, natalisin in T. absoluta had the highest number of mature peptides (up to 17). [Conclusion] This study

provides a detailed identification and analysis of neuropeptide genes in T. absoluta, revealing significant variations in PTTH,

PBAN, and ILP that may indicate unique regulatory mechanisms. Understanding the expression and function of these neuropeptide

genes will shed light on their roles in insect physiology and provide new insights for ecological pest control strategies.

Key words Tuta absoluta; neuropeptides; prothoraticotropic hormone; pheromone biosynthesis activating neuropeptide
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Tablel The neuropeptideinformation statistics of Tuta absoluta

i1 28 R K] L[ 4 FPRBEAE S5 ks IO A AR 91 B PR i
Neuropeptide A . (aa) (aa) Number of mature Predicted mature peptide sequences or
ccession no. . .
genes ORF (aa) SP (aa) peptides conserved motifs

ACP Tabs012531.1 88 25 1 pQITFSRDWTGax1

AKH Tabs017661.1 89 40 1 pQLTFTSSWGax1

AstA Tabs009787.1 220 18 9 -YxFGLax7; -FxFGLax2

AstB Tabs021021.1 292 19 13 AWxDLxxxWax5; GWxDMSSAWax6;
QPEKWSQFHGAWax1; EPGWTNLRGMWax1

AstC Tabs009100.1 124 25 1 PQVRFRQCYFNPISCFx1

AstCC Tabs020660.1 114 18 1 pGPQPPRVRVIHCYFNAVTCFx1

AT Tabs002248.1 130 21 1 GFKNIEMLTARGFax1

Bura Tabs012652.1 157 25 1 -Cx13Cx9Cx3Cx 17CxCCx 3CXx50CxCxxC-%1

Burf Tabs016620.1 137 23 1 -Cx53CxgCx3Cx17CxCCx14Cx,5CxCxxC-%1

Cal-B Tabs018862.1 151 16 3 CVNMWDxGCVNGQLxGAGxDDYYLxGGG
FNPax3

CAPA Tabs002177.1 184 21 3 -LYxFPRVax2; -MWFGPRLax1
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43R 1 (Table 1 continued)

HZMAE e JPRGIRE (80 s 0 0 P 51 R 3
Neuropeptide A . (aa) (aa) Number of mature Predicted mature peptide sequences or
ccession no. . .
gene ORF (aa) SP (aa) peptides conserved motifs
CCAP Tabs013567.1 126 23 1 PFCNAFTGCax1
CCHal Tabs000517.1 176 32 1 GGSCLSYGHSCWGAHax1
CCHa2 Tabs008773.1 132 22 1 GCSAFGHSCFGGHax1
Crz Tabs010817.1 104 19 1 pQTFQYSRGWTNax1
DUH31 Tabs006744.1 105 24 1 GLDLGLTRGYSGSLHAKHLMGMAAAHSSG
GPax1
DUH45 Tabs014455.1 154 20 1 KMPSLSINNPMEVLRQRLMMEVARKQMRE
ASQRQAVANRVFLQNVax1
EH Tabs017540.1 91 26 1 -Cx3Cx,Cx1,Cx3Cx1oC-%x1
ETH Tabs014815.1 109 20 2 TFIKPNNVPRVax1;
SNEAEGPFDQSAMGY VIKSLPSKNIPRMax 1
FMRFa Tabs003718.1 186 24 5 SAIDRSLVRFax1; ASSNFLRFax1; -FxRLax3
GPa2 Tabs014913.1 117 16 1 -CX13CX9CX3CX22CCX13CX14CXCXXC-X 1
GPﬁS Tabs020473.1 181 22 1 -CXlgCX3CX3CX12CX8CX3CX19CX14CX18CXCXX
Cx¢C-x1
IDL Tabs006692.1 198 26 1 LDLNRLYGHHTX*1
IMFa Tabs006647.1 78 28 1 NYKNAPMNGIMFax1
ITP Tabs020806.1 113 21 1 -Cx15Cx,Cx,Cx3CxgC-%x 1
ITG Tabs003122.1 243 46 2 KQYNEDCQTSSECDITRGLCCIMQx1;
HRQKARKSCGYFKEPLVCIGPVATDQIREFV
QHTNGEx1
ILP Tabs016358.1 130 20 1 B 4# ( B-chain): -Cx;Lx,C-x7
Tabs021807.1 101 20 1 A %% ( A-chain): -CCx;Cx;YC-x7
Tabs000564.1 140 19 1
Tabs009817.1 127 17 1
Tabs020854.1 78 -- 1
Tabs019737.1 142 25 1
Tabs015136.1 233 24 1
Tabs017372.1 123 42 1 -CX3LX7CX33CCX3CX8C-X1
Kinin Tabs009055.1 336 18 3 -FSPWGax2; -FSAWGax1
LQDVa Tabs020079.1 118 33 1 SYIDPGDEDVEVNLSDYGDDPADLQLLHDV
ax]
MS Tabs009571.1 94 22 1 pQDVVHSFLRFax1
NTL Tabs009979.1 551 22 17 -PFWGxRax13; -PFWPNRax1; -PFFISRax1;
-PYYIARax1; -PYFASRax1
NP Tabs017006.1 85 20 1 -CxCx4Cx7Cx1(CxCCxxCx;,Cx4Cx5Cx4C-x1
NPF1 Tabs011798.1 121 22 1 DVSDGDRVDPDILDRAVRLLQLHNLDRLYS
YHTRPRYax1
NPF2 Tabs000374.1 94 21 1 QYPRPRRPERFDTAEQISNYLKELQEYYSV
HGRGRYax1
NPLP Tabs001632.1 468 -- 6 NIAALAREGYLKAAVNGFx1;

SISTLAKNGQLPTFSSPYDETDKTEEEQDGS
HEx1; HIASIARMRSYSAMX1;
NVQALARDGYRGGRSQLQQDx1;
NIQAMARNGMINx1;
HIGSLARLGLLPSFRFGGGx 1
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4% 1 (Table 1 continued)

N QX > IS ‘%I:, f . . el NONI=X “ﬂ / . el q ., ,:-_,
MM e PR oy o AR B A 51 SR S AT
Neuropeptide Accession no (aa) S Number of mature Predicted mature peptide sequences or
gene " ORF (aa) P (aa) peptides conserved motifs
NVP Tabs020874.1 376 18 3 GSGTKVGGAGAATKVATKNGSGx1;
GSGTKVGGAAASAKTATKNSGNx1;
LYANKVx1
OK-A Tabs008093.1 213 34 3 NFDEIDQTSLPLSx1;
LSPLADYPMDEIDVSNFPIGSx1;
GGDWPMDEIDASYFPVGSx1
OK-B Tabs000878.1 89 -- 6 FVDSLGGGNLVx*2; NLDSLGGGNLVx3;
NLDSIGGPNLVx1
PBAN Tabs018939.1 246 21 9 -LWFGPRLax1; -YSPRLax2; -VIFTPRPax1;
-VIFRPILax1; -VDFTPRLax1;
-DMTFSPRLax3
PDF Tabs010380.1 177 23 1 NADLINSILALPKGMNDAax1
PTTH Tabs013066.1 219 24 1 -CxCxX77/24Cx3Cx5Cx,CxC-%3
Tabs004037.1 211 28 1
Tabs007689.1 219 21 1
RYa Tabs017225.1 128 30 2 AERESQLAQAPFIMGSRFax1;
NDKFFFSSRYax1
sNPF Tabs018933.1 214 67 3 -RxPxxRLRFax3
SIFa Tabs011099.1 70 23 1 FAKKPLFNGSIFax1
SK Tabs010983.1 73 24 1 SARADDAFDDYGHLRFax1
TRP Tabs007266.1 257 22 5 -GFxGMRax3; AAGIHQFFGVRax1;
PYDLTFRGKFIGVRx1
TR Tabs006100.1 152 19 1 -CxxCx;Cx;Cx,CC-x1

ORF: JFRBIEEME; SP: fF5/k: ACP: BRah GUMEA MK AKH: JENT3 AR AstA: RUAMHIGER;

AT: fEMHMAZ; Bura: BEALIEE o WIL; Burf: B LIEE B WHL; Cal-B; F#453%-B; CAPA: fE®Ik; CCAP: H
Fe RO HERK; CCHa: CCHamide #HZAK; Crz: BALESIE: DUH: FIURIME; EH: Bi7eil®K; ETH: Bk
filh %% ; FMRFa: FMRFamide #Z2JIk; GPa2: HEEE FHIME a2; GPPS: FEHEH A p5; IDL: IDL-like fZ2/IK; IMFa:
IMFamide #1Z:ik; ITP: B F44i81K; ITG: ITG-like #HZ8K; ILP: 5 ZEMZE; Kinin: #JK; LQDVa: LQDVamide
MLk MS: JJUK; NTL: AR5 NP BEHIAJRIK; NPF: MIZK F; NPLP: fiZ2fiIREERTR; PBAN: (FER
WA ISR PDF: (R EHGER I 75 PTTH: fERTHIRILER s RYa: Ryamide #IZ8/IK; sNPF: SEHIZIK F; SIFa:
SIFamide #IZ8/ik; SK: Hiik; TRP: #E#UK; TR: Trissin MLk, “-7: BWATIURE S, x: IAREEmrkst, H
AR FOR BRI AR ARG N /NG R BRI A FIRINIME s C AR/ NG b a: HZIRFREE ML .
ORF: Open reading frame; SP: Signal peptide; ACP: Adipokinetic hormone/corazonin-related peptide; AKH: Adipokinetic
hormones; AstA: Allatostatin; AT: Allatotropin; Bura: Bursicon alpha; Burf: Bursicon beta; Cal-B: Calcitonin-B; CAPA:
Capability; CCAP: Crustacean cardioactive peptide; CCHa: CCHamide neuropeptide; Crz: Corazonin; DUH: Diuretic
hormone; EH: Eclosion hormone; ETH: Ecdysis-triggering hormone; FMRFa: FMRFamide neuropeptide; GPa2:
Glycoprotein hormone alpha2; GPB5: Glycoprotein hormone betaS; IDL: IDL-like neuropeptide; IMFa: IMFamide
neuropeptide; ITP: lon-transport peptide; ITG: ITG-like neuropeptide; ILP: Insulin-like peptide; LQDVa: LQDVamide; MS:
Myosupressin; NTL: Natalisin; NP: Neuroparsin; NPF: Neuropeptide F; NPLP: Neuropeptide-like precursor; OK-A:
Orcokinin A; OK-B: Orcokinin B; PBAN: Pheromone biosynthesis activating neuropeptide; PDF: Pigment dispersing factor;
PTTH: Prothoraticotropic hormone; RYa: Ryamide neuropeptide; sNPF: Short neuropeptide F; SIFa: SIFamide; SK:
Sulfakinin; TRP: Tachykinin-related peptide; TR: Trissin; “--”: No predicted signal peptide; “x”: A variable amino acid
residue, with the subscript number indicating the number of intervening amino acid residues; Lowercase letters at the
N-terminus: Cyclization of glutamine/glutamic acid; “a” at the C-terminus: Amidation of a glycine residue.

REFAPZRRATARAE N dmtl s 1 MESHK, A ( Tabs020854.1), Orcokinin B (OK-B) FlffiZ:
1M Bk 5 2 FE K ( Insulin-like peptide , ILP ) JKEERTIR ( Neuropeptide-like precursor, NPLP)
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X3 AN NG SRR 39 A PlE ik
RIFA BE DI EI 1 A BGARK, T A TR ] {4
iz ( A-type allatostatin, AstA ) FIfEEE
& AL K ( Pheromone biosynthesis activating
neuropeptide, PBAN )43l Al Y1 H 9 4~ ik,
B BUMRM RSN Hl 2R ( B-type allatostatin, AstB )
AIUTEIH 13 SRR, 4258 R (Natalisin, NTL )
AT YR 23k 17 A ik .
VP2 AR LA RS I 2 SRR L 7, Qs iy
) B & ( Adipokinetic hormones, AKH ) A9
pQx6WGa HEJ7 | AstA K C R fY-Y/FxFGLa
FET | AstB 19-WxeWa 37 | Bk ( Capability,
CAPA ) 1-PRV/La J&J7 . W 7 J 0100 ME ik
( Crustacean cardioactive peptide, CCAP ) HY
PFCNAFTGCa 741 ,CCHamide( CCHa )Y Cx¢Cx;Ha
2R | W R i 2 183K ( Ecdysis-triggering hormone,
ETH) [J-PRX/Ma %£J¥ . FMRFamide ( FMRFa )
f-FxRF/La ZEF7 . #UIK (Kinin) fY-FxxWGa %
¥ M2k F2( Neuropeptide F2, NPF2 )iiYJ-RxRYa
7 | A7 B ZR A B IK ( Pheromone biosynthesis
activating neuropeptide , PBAN )[fJ-FxPRLa #£J¥ |
SIFamide( SIFa )#¥-SIFa JLJ 7 FIE K Tachykinin-
related peptide, TRP) [-FxGxRa J&/7. It4k,
WAL R o WHEA B IWHE (Bursicon alpha and
beta, Bura and Burp ). #i5¢ i ZE ( Eclosion
hormone, EH ). #&E FIEE a2 W B5 I
( Glycoprotein hormone alpha 2 and beta 5, GPa2
and GPB5 ). & T#4iz ik (Ton-transport peptide,
ITP ), i REAFERK (Insulin-like peptide, ILP ),
IEHLAIJRAK ( Neuroparsin, NP ). a4 2R
( Prothoraticotropic hormone, PTTH ) #1 Trissin
(TR) HWHEARE LR ERET .

HRAT A I A A T AR S, Bl LQDVamide
(LQDVa) ) C HKuiZ4E K-LHDVa, Ryamide
( Rya )%&%5 4y RFa, £ ik F1( Neuropeptide F1,

NPF1) 1 C RunfEHALE it 2l -RxRFa, {H7E
TP ik A -RxRYa, %, ILP Al 4% H 2
AR (A BEFT B 5% ), A BERI B 8850004 4
2 ARSF R DR RRHE T o ILP( Tabs017372.1 )
ACHI 1 AR, (HHRTAR RS A 6

B i HYAFAE
22 REMRHMEEREEHBITEP YK

EREZHERT, (A 1 MERTRAR IR
PTTH LR A . SR, A6 ahvE i g L A
S 3 A PTTH I IREEH [R5 s A, 1
HAMAPERERS (R 1), RELE
Mri@s, Taiisntikag 3 4~ PTTH LR R R 14>
4337, PTTH2 Fl PTTH3 BA B S AR, 5
HoAb @ H R R PTTH BHEE R 1 AR L
(1), W] PTTH 2 IR EE DR L 7 it v - i
HhRA T 5K,

23 BHEBHBEERSGHMERERLZEE
7

HE 2 (A) ATHL, SRR REE RGN
¥ 3% BK ( Pheromone biosynthesis activating
neuropeptide, PBAN ) S[R3 & ml LII#EIH 54
WK, W A% ZE ( Diapause hormone, DH ).
HERE A IR 3 AN EHE T AT 2K

( a-, B-, y-subesophageal ganglion neuropeptides,
o-, B-, y-SGNP ), HHAMME R A AR, F A
I Y PBAN &R i [X ( 246 NEFERR ) EK
T AT O)EN 9 A RGEARK, BT IR S AN E LK
BRI, LG 4 SR DIRE AR (x1-x4 ),
Hrb, x1 WEKAL T a-SGNP F1 B-SGNP 2 [i],
x2. x3 } x4 i F PBAN £ y-SGNP 2 [i]

ZIFHIHTHTE 2 (B) &M, KRR &K
DH B N I8 530K (H C v BA RS Y
- WFGPRL /¥ . 125 a-SGNP AUAKAY C S
AIRSFHY-FTPKL 7, FAEH A o-SGNP
Hx1 RS 625 a-SGNP 4 77 51 AR5 5
HFELRSF O R A T & B IRA 5 5 Al v - ik
0-SGNP [ C U8 5+ -FTPRP, x1 JZJIKAE 5
J9-FRPIL., #kZ&E i B-SGNP L LE N 378
SRR, C uHARSFN-FTPRL )7, KR
1 PBAN AR C i BA PR5F IY-YFSPRL 2
J, (HEMBMREL T “F” BRI Fanget
I x2. x3 Fl x4 5 y-SGNP HA B = )7
SUABAME, BR x2 4b, C oA fA5FAY-FSPRL 3
J¥, x2 1% C %i#~-YSPRL,
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© Manduca sexta PTTH
Bombyx mori PTTH
47
7 Helicoverpa armigera PTTH

75

—180
99

— 150

55 Spodoptera frugiperda PTTH
Galleria mellonella PTTH
Plutella xylostella PTTH
Tuta absoluta PTTH3
Tuta absoluta PTTH2
Tuta absoluta PTTH1
Anopheles gambiae PTTH

98 —— Aedes aegypti PTTH

85

Drosophila melanogaster PTTH

? Tribolium castaneum PTTH
Tenebrio molitor PTTH

Dentroctonus ponderosae PTTH

E1 EHPITH#HEREENRERES
Fig. 1 Phylogenetic analysis of insect PTTH neuropeptide genes

P AR B ARER AR 5000 RESEAGIR R A 20 HUAH, AR R IR AT 0.2 1R KR
oy SURFIE N AL L SN 0.2
The number of nodes in the phylogenetic tree in the figure represents the percentage value using
a bootstrap analysis of 5 000 replications, while the number 0.2 at the bottom of the scale bar indicates that the
branch length represents a genetic divergence of 0.2.

kYA EE Selected biological species include: MH & Kk Manduca sexta; Z#r Bombyx mori; Hf%%
Helicoverpaarmigera; 531 Spodopterafrugiperda; KifiiE Galleriamellonella; /3% Plutellaxylostella; %
AnTE AT Tuta absoluta; [X] V.34 Anopheles gambiae; 15 & i Aedes aegypti; S IE S Drosophila melanogaster ;
IRIUA ¥ Tribolium castaneum; 53 3L Tenebrio molitor; HERILIAA K /)VeE: Dendroctonus ponderosae.
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A BEFN B BE B 4 A 2 AMRESFIYE IR
A BEF B B A P FBE A b R =2 1A
[ 3 A~ A B AT DB ILP MR AR,
BEUIEI ORI C HERKEA—, MWW AEATIRE,
Tt 2 4~ ILP A ( Tabs000564.1 Fi
Tabs009817.1 i) C &4 5 1 M IRUIFIN A5,

B C BES AL 2 NIXIE, ILP ( Tabs015136.1) AN
5 C &k, MR A B2 REE—-BRENZ
k¥, ILP ( Tabs017372.1 ) 7E{5 5 k2 J5 %A
R s BRI IS, (AR S A BEF B
HE I ORSTP E 2 R 7 A5

25 EMEMHHEEEEE NTL EESH

A% % (Natalisin, NTL ) 78R H
T, REKE AN RUMERE R R
NTL #HEKE& ARy —3, Hhiim H R R
NTL 5 R 5 (9 a2 pi 28 BB & T HA B
B, C B EA RSF1-PFWxxR 4518 . ik
N NTL SE B e 2808 Ak, b 17
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Fig. 2 Phylogenetic analysis (A) and gene sequence structure analysis (B) of pheromone biosynthesis
activating neuropeptide (PBAN) genesin moths

Pl P AR R B AAER A R 5000 E A B Y 1 23 HUAE, AR RCTR IR RIRCT 0.5 $8 1% KRB Y 7 SOAUERBE A 3845
SBES 055 SP: {55 Jik; DH: #iE#ME; PBAN: {RERGMIIEN; oo B. v: a. B y-BIEMETMZNIL; 1.
X2, x3 fl x4: FiiE 1 PBAN ZU)EIHY 4 4>k
The number of nodes in the phylogenetic tree in the figure represents the percentage value using
a bootstrap analysis of 5 000 replications, while the number 0.5 at the bottom of the scale bar indicates that the branch length
represents a genetic divergence of 0.5. SP: Signal peptide; DH: Diapause hormone; PBAN: Pheromone biosynthesis
activating neuropeptide; a, B, y: a-, B-, y-subesophageal ganglion neuropeptides; x1, x2, x3 and x4: The four mature peptides
of the PBAN multi-cleavage in T. absoluta.

FITiE Y F A0 $E  Selected biological species include: Z i 1% Tuta absoluta; /NRIE Plutella xylostella; FK#&x
Bombyx mori; #HE K% Manduca sexta; Ff4%H Helicoverpa armigera; 57k Spodoptera frugiperda;
K Galleria mellonella.
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Fig. 3 Sructural analysis of eight insulin-like peptide (1L P) genesin Tuta absoluta

T RS EEAS . (F9 0k (SP), BE. CHEM A &, “PIEEBIERR —msE “S-S” JE/RTESEMHLEH .
The predicted domains include the signal peptide (SP), B-chain, C-chain, and A-chain, with disulfide bonds “S-S” between
cysteines shown in the gene structure.

3 itig

A 5% 2 St Vs e g 3 R 2 v A S
56 APRZAREE, X —FR 5 HAL e 5 B &
A, AR EEEE Ry 63 4~ (Luo etal., 2024 ),
HH Sk A 57 4 (Shietal., 2021), DAK—
ARIRE Ky 43 4~ (Xu et al., 2016 ), % Eehf 28 ik i
(200 5 A i ) L e — 350, (A7 400 A
TS filhn, Relish i (AKH ) FE A%
W H B A A 2 AN ECE 2 05 SRS (R

WAT 24 KB 34, DL K%k Manduca
sexta ff 41~ ) (Luo et al., 2024 ), T7EFHE
e S PRI 2 R SR I 1A S AR R PR I DUH
GG 28 BRAE TR | SR A | 4 e R e R 5 57
ikt 4u 5 DUH31, DUH34 . DUH41 #il DUH45
(Shietal., 2021; Luo etal., 2024 ), {H7EF
T I ik B R 4H TP & 3E DUH31 Al DUHA45 /57>
P2 RIE N o 5% ZEREAK TLP A SRR AE AN [A) F HR
hERER, HlNERE DA 32 LRSS
A ( Mizoguchi and Okamoto, 2013 ), FEMHH R
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Fig. 4 Phylogenetic analysis of insect natalisin (NTL) genes

155 BLE R AR & B IR s A RS T A 3R UBVIK C RS e 81 — B i s P vt A a8 AR
KA 5000 WHEEAR M ILE, PRRTERECT 1.0 5% KR 73 SRR R A AL 58 1.0,

The numbers in parentheses represent the number of mature peptides contained. The right side shows the consensus analysis
of the C-terminal sequences of the mature natalisin peptides. The number of nodes in the phylogenetic tree in the figure
represents the percentage value using a bootstrap analysis of 5 000 replications, while the number 1.0 at the bottom of the
scale bar indicates that the branch length represents a genetic divergence of 1.0.

Frie A= A4S Selected biological species include: ¥i5. 5% Acyrthosiphon pisum; #4455 Acyrthosiphon gossypii;
K AT HE%E Rhodnius prolixus; #5 Kl Nilaparvata lugens; R4 % Tribolium castaneum; #:#) 4t Tenebrio molitor;
WK LLI#A K /NEE Dendroctonus ponderosae; ¢4 Bombyx mori; Sk x5 i Danaus plexippus; /M Plutella xylostella;
HHRE KM% Manduca sexta; HHi#T ik Spodoptera frugiperda; JCH&4E Galleria mellonella; it i i Tuta absoluta;
IS Aedes aegypti ; B I Culex quinquefasciatus; IX] Eb F#85 Anophel es gambiae; 2218 S 8% Drosophila melanogaster.
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WP 18 57K ( Nissel and Vanden Broeck,
2016 ), MiZER AT Itk {5 e ) 8 M skAR
B TREB K ITP ., UL BK MS I Trissin # £8 BRAE
Ho At H R Al H AT 2 AR Luo et al.,
2024), TAEFR MO 1 AR
— BB Z KN ITP, TR Al ILP 7E4; st e pal
REAETE N AR B4, G 30RH 28 AR R 25 15 ( Shi
et al., 2021; Luo et al., 2024 ), KULFEHiEt
Uk S B 1) i 28 KRS i 1T B LU 6 PR A o AT B Y
W2, (HARMFSEARIR B 5E B M 3R T 2 v -
U ) A 28 R I A

WEAL, T v i e A — St 22 R PR AR A T
oAt B AP A — e FERE AR S5, B AN vy i AR o 2%
(PTTH) 7EHAME Rl s HEA 1 Mg
(Luo et al., 2024), T7EH ATy 5K
T 3, fER A, PTTH 2 5 R
JiR e K7 8 G A R, T R R R AR A AR
( Gilbert et al., 2002 ), PTTH 7& aij fif i o i i
454 Torso 2K, JAZE ST, (RdFli M=
94 i ( Rewitz et al., 2009 ), 7ek# H & g,
PTTH H3% 058 R 28 Az BT BV S 2 4507 il
#%: MAPK i@ %1 PI3K/Akt/TOR j# % ( Scieuzo
et al., 2018 ), XFPEELPRY 5K 1 68 A 25 i vk - ik
PRAE T I AT e R I 4, LA I AR AR S
A FEFT R

HE RS MIMIE K (PBAN) E—F 217
ETEEHE R R pyEEM LK (Rafaeli,
2009 ), AT YIHEIAE B S PP ALK : BT ER (DH ).,
=B A RIEE K (PBAN ), DL K 3 Fpr i T
22 MK (0-SGNP, B-SGNP Fil y-SGNP ) ( J&]
JNEESE ) 20205 Farris, 2023 ), 7EZFhA:FRINGE
HORTEVER, WG B R A . 4RI
B A E L L WIREEE . SR R E
i 1545 ( Yamanaka et al., 2010; Dou and Jurenka,
2023 ), TN M A PBAN #1128 IR BTIA TR 14 7
GIAFAE ISR 3, T ] LIS EI 90 AN i 4
K, BREHLE 5 AR IKAN , B ALHE 4 A8 K
IR BT 4 D BB S B IE T MR 2 ik
( SGNP ) H A TSI, X4 SGNP
AL R b 2 SRR E T RS mYihe . 78

FAa, X 5 PSR RETE— € B AR
SERMAM, Hd p-SGNP MintEEER T
PBAN (#2544, 2004 ), iX 3 B T fihi v
I PBAN W] RBHA B AR NS, 25
W2 A BRI RE A AR

AFEZE (NTL) feblfe B R . RPa
MF PPk, 3ad& 5. 2 f9 Pk
PR, TR MERE b 2 52 AT A 4R (Jiang
etal., 2013 ), X} NTL #£: iKY F 51 43 Hr i
A H R Az ikg AR —32, I HAE C
Ui B B R SE ) FWxxR 2544 (S E B 142,
fif3 H R N NTL AR I D1E] R ok i sl Uik
B Em THMERR (Shietal., 2021), H
H VR I i LA R 2 IR, 1K 17 A,
X FE U H B B NTL 7] 68 AT 5 48 =113
A5 SEE., ERISR I Spodoptera litura 1,
A 28 R B I R ) LA R R SRR i,
RNA T4 H A Wb 2 B AT 1 e A9 32 T 32 1 7 B
i (Wangetal.,, 2021 ). 1ER[F)E 6 HEE SR,
FAmvg g NTL A BEHA AH RN 15 538 fi A
PEEEHLH

[ 5 RAERR (ILP) 2 — RIS R,
ST T R, BRI, IR
Jioi A0 HAth 4H 21 v 2 3% ( Nissel and Vanden Broeck,
2016 )o IXLERRAE /UG AT REVE IR ER . i
AR R, S 5 R A K
B M A A3 A ( Wu and Brown, 2006 ), ILP
f BAE. CHER A BE, WLUIN T A 4%
EER A M B 859 Ak ( Okamoto and
Yamanaka, 2015), A0V HRAT 2 > ILP FE[H
RPN R 55 4 5. o ILP ( Tabs015136.1) A~
8 C &, MR A B2 REE—-BRENZ
WRIF 51 o AR T () D) A7 8 N R S, X
FRZERRATTRT UAN TG A BEAN B 850 "Rk, &
1M, ILP ( Tabs017372.1) TE{5 5 IKZ 5 A Tl
P2 BRDIEIN 2, BRES A BEF B 511
PP R S, R A 5EF B 8 nl fEml &
R — B R AETNBE . X SELE SRR T ILP fE45H4
FITIEE L 2R

25 LTI, E T T - kDR 2 v S i
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56 MRS, ks 5 H Al s H R R
A, BFERCE AT I EAFFE 225 i, i
TP AT I AR R (PTTH ) BRI Y 5K, L
FAs B R A BIE K (PBAN ) il & KA AL
(ILP) PRI AW FH L2 5, R
T H AR Y 3 PR A R R R S L . PR IX
St KL ) R A TN RE , A B TR e R
HARE R AR, JF o R A S B A R

( Van Hiel et al., 2010; Birgiil et al., 2021 ),
HAe, T IER iR T RE S R 412 B, T
P2 JRAE A T) % B B BRI 204 R IVEFT ,
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