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JHEE Lstoy ERESRE B HHITNEESHT

Wi REE OREE BXE F oW

(SR EBEE Y SR TR, S4TSR A ok AR A i 55 B 4% e SR80, 5B 550005)

# E [HH] EREARREZENDURZHRE, FERAEN ST EEREVEN . Twin of eyeless (toy)
e R A5 400 O 5 e S PRI D 24 1y Ty, R IRE IR R B iy “ FHIEFEH7, LU A6 it 3 U &
Lasioderma serricorne J¥1%:, izt RNA T4 (RNA interference, RNAi) 7AW Lstoy ik [F 75 MR B H
HHREFAREFEM, [ FE ] B e P SR AR % 3815 Lstoy 2R, FoBEAfASHF i IR S e
G IFHAT AW 05 BT, R qQPCR HEARKG I Lsroy HEPR B 28 bk, @it RNAL I MHE H Lroy
B8, B SRUTER B 2L R 5 H 0 & B IO, ARG I AR Do e o 427 B, 1 ek DR R, P R TR () e ik i
ik, [EER ] WA Lstoy 3 H ( GenBank B35 : PP796794.1) MY LRI SAE P HIH B4 1 380 bp,
Gty 459 DEFERRIRIE, BA pax6 H VR IRFE5HIR, Lsroy TEMR P & & & BBt A &k, e auUl
S = 2RIk s Lstoy 76 5 HIRIRZ IR bRk m i i o Lstoy FEF ) RNAL XTI Lstoy WZIBM IR N
54.73%-77.52%, {ESS dsLstoy HITIUE 45.56%TCiE5E IR, IR A BB IMAET ;s 42.22% HUAWE f SER
2-3d, EHROEVIFEE, BRESB/NTIET; 8.89% M A Il iz 2= ik, (HRSBIE R, LM%
AEbsrIHR R HERGE/NMSET: . MR Lstoy FRIKIG 5 MEE IR (Lseya. Lstsh, Lshth, Lsso
Al Lsey ) 12 NMREEAIEH (Lsiw Fl Lsuv ) BYFIB BN IR T I 43.40%-96.94%. [ &€ ] Lstoy FEHTE
S R 8 R AR RN A IR R B R v R DG E

KSR W, G, BEARR; BAFKE; RNA T

Functional analysis of the Lstoy genein the development of the
compound eyes of Lasioderma serricorne

XU Kang-Kang ~ LE Zhi-Jun ZHANG Mao-Ting YANG Wen-Jia LI Can"

(College of Biological and Environmental Engineering, Guiyang University, Key Laboratory of Surveillance and

Management of Invasive Alien Species in Guizhou Education Department, Guiyang 550005, China)

Abstract [Aim] To clarify the role of Lstoy gene in the development of the compound eyes of Lasioderma serricorne, a
global pest of stored foods. [Methods] The foy gene was obtained by screening L. serricorne transcriptome data, and the
open reading frame (ORF) of Lstoy was cloned and analyzed using bioinformatics. The expression levels of Lstoy were
detected in different developmental stages and tissues using quantitative real-time PCR (qPCR). RNAi was used to knockdown
the expression of Lstoy, after which any subsequent developmental abnormalities, including changes in the expression levels of
retinal determination nuclear, and visual, protein genes were observed and recorded. [Results] The ORF sequence of Lstoy
(GenBank accession number: PP796794.1) is 1 380 bp in length, encodes 459 amino acids and has a conserved domain unique
to the pax6 gene. Lstoy was continuously expressed in all life stages tested, with highest expression in the adult and pupal
stages. Lstoy had the highest expression level in the compound eyes of 5-day-old pupae. RNAI inhibited the expression of
Lstoy in prepupae by 54.73%-77.52%. 45.56% of prepupae injected with dsLstoy were unable to complete molt, resulting in
malformed compound eye development and death. In 42.22% of prepupae, injection with dsLstoy resulted in molt being
delayed by about 2-3 d, slow pigment deposition in the compound eyes, small body size, and ultimately, death. Only 8.89% of
prepupae injected with dsLstoy successfully completed molt, but these had abnormal elytra, old epidermis partially adhered to

their heads and shrunken compound eyes. All this group also ultimately died. Knock down of Lstoy significantly decreased the
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expression of five nuclear protein genes (Lseya, Lstsh, Lshth, Lsso, and Lsey) and two visual protein genes (Ls/w and Lsuv) by

43.40%-96.94% compared to the control. [Conclusion] The Lstoy gene plays a crucial role in the molting, metamorphosis,

and compound eye development of L. serricorne.

Keywords Lasioderma serricorne; compound eye; molting and metamorphosis; gene expression; RNA interference
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( van der Kooi et al., 2021 ), BEHREIRHIFZHR
g NIRT EA SR B 2, RS /NI
— IS WBOGETT, HA TS B
L ERAT R WIR AR AN IR AR,
7N R S 240 i K ik I 4% ( Pichaud and Casares,
2022 ), RAEIRFE TR . ST Y
AR 1) R, DA SR G BB 9
ZE (Owens and Lewis, 2018; C#H%E, 2020), B
WA R A & FH A I B e B R R 24 iR A 7 T 4
ML Z AN ZE AL eveless (ey). twin of
eyeless ( toy ). sine oculis ( so ). optix . eyes absent
(eya ). dachshund ( dac ). teashirt ( tsh ).
homothorax( hth ). eyegone( eyg ). twin of eyegone
(toe) 1 Notch. Wnt, TGEp %5151 M hl
( Erclik et al., 2009; Kumar, 2009 )., toy &= EHES)
W) Paired box protein 6 ( Pax6) W[RIEIENH, J&
RAZRETLSR R “FEER, HATC M
yvi b T R NE SR W8 Drosophila melanogaster
( Quiring et al., 1994; Czerny et al., 1999 ), P§ )5
M Apis
Sequencing Consortium et al., 2006; Kaplan and
Linial, 2006 ), #R{UAD ¥ Tribolium castaneum
( Yang et al., 2009 ) FIHHHEEHEE 4 /N Nasonia
vitripennis ( Keller et al., 2010 ) ZFEH1 roy K&
K. B, oy ST ey BT LM
Pax6 i ;545 5 I IiHE ey LR BRI, MM [H
] A0 o JE 2 e D R 2% T Tl Bt ( Steinmetz
etal., 2018 ), TEARIUABEEH, RNAi IR toy .
ey Ml dac WFRIRE I s/ i /N IR i L
ZREMEMREL, MEZRMYIER XF ( Yang
et al., 2009 ). FIFIRIEHEEPIAR R EXEMBEH
Ceratophysella denticulata FIHAFFEEH Folsomia
candida 1) CdPax6 Fll FcPax6 M, HEEH TR
W TEH | R A AR AL B S A2 R (Hou
etal., 2016 ), eyg FEPH 8 =L P0G R MR IR ol £ 5K

mellifera ( Honeybee Genome

1 Upd MIANMLEIIE T Cyelin D BRGSO, K
PRI R B e S A 3 8, SRR eyg BRIA]
ik 5 HIR 248 A 3 7 A T A LS K (Jang et al,
2003; Dominguez et al., 2004 ), so Fl eya FEK
YIRe 1 EIRBOC A M A R A, B AE so
HE D] SR Y RO A gt 28 JC SR, S BURO
4 LR Ak AR A& B kB ( Serikaku and O’ Tousa,
1994 ), ATV, toy 55 A P R e 25 A] 1 2 [
EHAERRERAETh 2 CES,

WHELH Lasioderma serricorne y&=— it A4
SR, g SRR R S
TR R 2 S A, 1 R A
i, BT R HE Y DR RS, R
SR ST i (Mishra er al., 2016 ),
A PR L TR T P I S B R AL L BBk
WG Bl , X DGR oM, KE4k
FENAELOE (Baliota et al., 2021), FHK)
G R IR GBSz SR ™ A, an Ui
W e R RO EAT A RUE A T R R R IR
SO CIRAZ AR A W2 e s H N, 2014 ),
RIRME N R R EERDOCRZ AT, e T
AT RN I R B AT e v kR 5 B AR ( Freas and
Spetch, 2023 ). K, AWFFEALLE i 5 B ARSI
T FH AL DX R ke A B R T roy B I R HE

( Open reading frame, ORF ), >} FH 3ZH & & PCR

( Quantitative real-time PCR, qPCR ) R4
toy WIRTZE kb=, FIFH RNAI HiRIESR oy
FERTEME R Z IR E T h DI, kI A
T toy BIG i F HOGTHR S PR AL ISR
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(Binder, KB240 ) HiEZEHFR /I T8
12 FERA

ARNA $#2BURH] TransZol Up. PCR 471
2xEasyTaq"” PCR SuperMix ( +dye ). %% ik 7]
% HiScript® T 1st Strand ¢cDNA Synthesis Kit

(+gDNA wiper ). qPCR kil & PerfectStart®
Green qPCR SuperMix , /&2 24/l Trans Sa (It
e EEYEARARAE ); R &
HiPure Gel Pure DNA Mini Kit ( Magen ); #{&
pGEM-T Easy Vector ( Promega); dsRNA & i,
157 & TranscriptAid T7 High Yield Transcription
Kit ( Thermo Scientific ),

1.3 & RNA REEHE—4 cDNA &8

K4 TransZol Up 55 £ 150 BH 5 H IO &
AL RNA, ] H Nanodrop 2000 A% R i B 1 &
{8 ( Thermo Scientific ) FI 1.0%¥& & 1Y B bk
R K ( Bio-Rad ) £l RNA Ak B Ao #%
P i 2 HE s 2 SR G U I 5 5 U —4i cDNA

1.4 Lstoy EERERE

R i DR 2 A 1 A R 2 S 2 B8R P v
FRAGHY toy 1) Unigene J¥51), f#iH Primer Premier
5.0 AR RS Y (1) T IR 2
HERY P 1 . PCR JZ I #% & 2xEasyTaq® PCR
SuperMix ( +dye ) i & VLI FH#E1T, (HH 1.0%
B HEEERC HLUKXT PCR § 3G 7~ b A T deniiE, 4%
M8 HiPure Gel Pure DNA Mini Kit 1385 B H
M4&H7 , %% 2 pGEM-T Easy #A |, 3744 A Trans
So JBAZ M, KIS I3 J5 8 1 PH P e b
% A R E YRR A BR A R TI T

15 FEI4H

KA BLAST T.E. ( http://www.ncbi.nlm.gov/
BLAST/ ) X4t (1 2 ELRR AT [l P L 4347 5
FIH SMART (http://smart.embl-heidelberg.de/) 7
EE A BT 4503 ] Clustal X #5275
B9 e XF Mg 5 ; A ProtParam ( https://web.
expasy.org/protparam/ ) Fll NetNGlyc 1.0 server

( http://www.cbs.dtu.dk/services/NetNGlyc/ )53 #t
S 25 1 BT B PR B A NS A AT
MEGA 7.0 #fF P A A R G L BW, &

S CER 1000 kL, BUEAFE Bootstrap £
{B ( Kumar et al., 2016 ),

1.6 Lstoy KRt = RIAFFED T

SRR R TR . 1-5 Hgu A 1-2 H
W, AR 30 Skikdy, B 3 MEYFES .
SylfEEIEE R s . KA. MR WL R O
HP K2 Hig . 5 HIRERAE IR, &AL
50 ki, & 3 A EYEESE . R 1.3 Bk
FFRBUL S RNA A MHT qPCR M5 —5E
cDNA . R FH 75 4 8K /4 Primer 3.0 ( https:/
primer3.ut.ee/ ) it qPCR 5|9 (£ 1), qgPCR
WA Z : qPCR SuperMix 10 puL .cDNA 4z 1 pL .
F R4 1 pL. ddH,O 7 pL. JW R
94 °CTUPE 3 min; 94 °CZ8ME 30's, 57 °CiBk
30s, 72 °CHEH 30 s, 40 NMEF. FHEG
3ANEARER LMHER EFla NS M, Lstoy
FRIAF X R ik H SR 2742 i BEAT 20T ( Livak and
Schmittgen, 2001 ),

1.7 ETF RNAI #j Lstoy B &EMEThEES #7

WIELR T CE 1 GFP FHE H Lstoy X
(%) cDNA J741, &1 dsRNA &5 (£ 1),
FH-4#% I8 TranscriptAid T7 High Yield Transcription
Kit ULEH A B dsRNA . SEHUE BUIRES— 20 1
W, 7RI AU EREES 2 FNSE 3 1 2 A A Y
( WPI, Nanoliter2010 ) ¥4} 200 ng dsLstoy, DA
HESHAERE MY dsGFP A IR, 1 dsRNA I/ 1)
HHUVE TRIFRIL, He 8 2 N T A A b R R 01
MEALEMARBIEO, PAT R E AR, 55
1 A TE dsLstoy TEFHXFEEAREER . 1)
PUEE R (Lsey. Lstsh. Lsoptix. Lsso .
Lseya Lsdac Lshth 1 Lseyg FIAR 5 HFEK( Lsiw
F Lsuv FRIKBIFZM 43 5 EE dsLstoy Fil dsGFP
TS 1.2 F1 3 d FEid B ARRE Y, 4% 1.5 ik
4% Hsf /6] 35, Lstoy A1 dsRNA 41 3 d R EIREH
FHOCHE A RIS 5, R 3 MEY¥ER,
HEE 30 Kikd, 5 2 AT RNAL T2
Lstoy J5 MFEH AETG 48, dsRNA TES /S 15d
St RS T A, MR AR R R AR AL,
Frid s ERIE | FET-5E R B S50 0 AL,
Wb 3 AR E R, BEE 40 kil
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Tablel Primersused in thisstudy

& 519 SI9F5 (5-3") P (bp) &
Purpose Primers Primer sequence (5'-3") Product size (bp) Purpose

ORF ¥ 14 Lstoy-F ATGCCGCACAAAGAGGAAGA 1364 ORF #"1 ORF amplification
ORF amplification Lstop-R CAGTAATTCGACGCCAGATT
dsRNA A % dsLstoy-F T7-CTATAAATCGAGTGTTGCGG 423 dsRNA & i, dsRNA synthesis
dsRNA synthesis  dsLstoy-R T7-TTTTTTCAGCGAGCCTTTCC

dsGFP-F T7-CAGTTCTTGTTGAATTAGATG 371

dsGFP-R T7-AATGTTACCATCTTCTTTAA
qPCR 43#7 q-Lstoy-F CAAGAGAGAGTGTCCGTCGA 213 qPCR 43#7 qPCR analysis
gPCR analysis q-Lstoy-R TCAAGAGAGAGTGTCCGTCG

q-Lsso-F GAAATCCCGGAGCGTTTTGA 175

q-Lsso-R CGAACCTTGTCCGTTGTCTT

q-Lseya-F GATCCAGGACAGACACGACA lo4

g-Lseya-R GGATAACGGTGGGATGAGCT

q-Lsey-F ACCAAGCACGTCTCAGACTC 161

q-Lsey-R CCTGGCTTCCGGTAAACCTA

q-Lsdac-F CGGACGCAATTAGAGGAAGC 167

q-Lsdac-R ~~ GGACTCTCCGCTTCCTTCTT

q-Lshth-F GGTTCAGGCGATACAAGTGC 203

q-Lshth-R AGTCCGCATTACTCCTGGTG

q-Lstsh-F GTCTTGAAGTGCGTCTGGTG 151

q-Lstsh-R CGGAGGATATTTGTGGCTGC

q-Lsoptix-F TGCGAGACTCTGGAGGAAAG 250

q-Lsoptix-R ~ TCTCCGCTTCCTGATAGTGC

q-Lseyg-F TCTGAATCCTGCTGCACTCA 157

q-Lseyg-R~ TTGGGTCAACATGTGCTGAG

q-Lsuv-F CCAAATCCTTGCGAACACCA 223

q-Lsuv-R GCGATGGTGCTGTATCTGTC

q-Lsiw-F GGGCTTTCTCTATCGGTTGG 197

q-Lsiw-R CCCGACAATGAACCAGTACG

q-LsEFIa-F  GCATCTCCACGGATTTCACT 213

q-LsEFIa-R  AAGGCAAGACGCTTATCGAA

T7 J¥%1: taatacgactcactataggg., T7 sequence: taatacgactcactataggg.

1.8 HESH

KHI SPSS 26.0 B Y LA 2K 07 250 #r

( One-way ANOVA ) /Nt #2515 (LSD)
AT Lstoy BB ZE Rk Rtk ;s R Kaplan-Meier
53 M1 RNATL S0 A B H A0 R A 3285057 s RNA
TUERECR . T4 Lstoy J5 MR & H 2 HR & H A HE
FIRM 25 5 SR Student’s #-test 5o

2 H#RESGWH
2.1 MHEH Lstoy EENRESFIISH

FIF RT-PCR P 343G Lstoy FEH

( GenBank #5¢%5: PP796794.1) /) ORF 75
4 1380 bp, Zwtth 459 A~z FhfRsk 3, T+
UK Ca005He612N1380016328307, BT I3 T 54
112.82 kD, %5150 4.95, Lstoy Jmh iy 8 (]
REAFAE 4 A N-BHEEEAL AL AT, 435100 N164 . N222,
N231 Fll N251, ZFFI X451 BN, oy gt
MR I BAT pax6 FrA BIRSFAEL . BOXT 4,
#4355 The paired domain, PD )F[A] 5 25 #43ak( The
home-domain, HD ), 7£ C A A ¥ F AR ST X 5

(1),

JHHH Lstoy 5 #8045 #5( GenBank % 5% 5
EFA02830.2 ). BH{IA Y Tribolium madens
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| L t +
Lstoy MPHKVGEFPEEDLMHHASMGEEEEEEQNT | FGCSTAGHSG INQLGGVYVNGRPLPDSTRQK I VELAHSGARPCD I SR1LQ 74
Tctoy MPHKE EEDLMHHASMG EQNT I FGCSTAGHSG INQLGGVYVNGRPLPDSTRQK | VELAHSGARPCD I SRILQ69
Nvtoy MPHKE -EDLMHGGGLG GQNS | FGCSAAGHSGVNQLGGV)YVNGRPLPDSTRQK | VELAHSGARPCD I SRILQ74
Tcey M- - - HEEEE----------- B------- AHKGHSGVNQLGGVFVGGRPLPDSTRQK | VELAHSGARPCD | SR1LQ48
Bmey MLPAQ@LAR|I SPWPPDGNL - S LDRMDD | AHKGHSGVNQLGGV|FVGGRPLPDSTRQK I VELAHSGARPCD I SR1LQ73

MPHK- - - - - EEDLMHHXSXG- - - - - - QNT I FGCSXAGHSGVNQLGGVYVNGRPLPDSTRQK I VELAHSGARPCD ISRILQ

100 120 140 160

Lstoy VSNGCVSKILGRYYETGS IKPRAIGGSKPRVATQPVVNKIAEFKRECPS | FAWE IRDRLLSEGVCNNDNIPSVSSINRVL 154
Tctoy VSNGCVSKILGRYYETGS IIKPRAIGGSKPRVATQPVVNKIAEFKRECPS | FAWE | RDRLLSEGVCNNDNIPSVSSINRVL 149
Nvtoy VSNGCVSKILGRYYETGS IIKPRAIGGSKPRVATTPVVNKI/ADYKRECPS | FAWE | RDRLLQEGVCNNDNIPSVSSINRVL 154
Tcey VSNGCVSKILGRYYETGS IIRPRAIGGSKPRVATAEVVSK I|SSYKRECPS | FAWE | RDRLLQEGVCTNDNIPSVSS INRVL 128
Bmey VSNGCVSKILGRYYETGS IRPRAIGGSKPRVATAEVVSK IAQYKRECPS | FAWE |RDRLLSEGVCTSDNIPSVSSINRVL 153
VSNGCVSKILGRYYETGS | KPRAIGGSKPRVATXPVVNKIAEYKRECPS | FAWE | RDRLLSEGVCNNDNIPSVSSINRVL

] o il
1%0 2|00 2%0
LStOy RNLASQKEQQASAQN- - - - - ESVYDKLRMFNG.QTPGW- -A.WYF’..GTF’TAPHL --GLPPAPAALTTQI l.
Tctoy RNLASQKEQQANAQN-=- - - - - ESVYDKLRMFNG.QPPGW--A.WYP GTPTAPHL--GLPPTPTALTSQlI

NVtOy RNLASQKEQQAAAVQAHQGAESVYDKLRMFNGEQAAGWPHARWYS
Tcey RNLAAQKEQTSQNPPVSSGNDSVYDKLRLLNGENQGSWRPTPWYSPEGNTSFP- - -LQPLSPPPTILADD-&
Bmey RNLAAQKEKTSSQP -TSDCSAPVYERLRLLGTESTPAWPRAPWPTQIIDTRTPPYQLHSLSPGPQT I GCNGH

RNLASQKEQQASAXN-S-G-ESVYDKLRMFNG-QTPGWP-A-WYX--GTPTXPHLL-GLPPAPTALTXQ!l -=-=--=---- XR
M BNy 0P e
26|0 2§|30 300 320
1 I
LStOy DD.LQKRAD. ----- AMH-ENTSDG.NSEHNSSIGDEDSQLRLRLKRKLQRNRTSFTNEQIDSLEKEFERTHYPDVFARE 283
Tctoy DD.LQKRAD. ----- ALHHENTSDG.NSEHNSS.GDEDSQLRLRLKRKLQRNRTSFTNEQ|DSLEKEFERTHYPDVFARE 279

Nvtoy DDSLLKRTDETGSLLSHQQETTSDGENSEHNSSEGDEDSQVRLRLKRKLQRNRTSFSNEQIDSLEKEFERTHYPDVFARE 307

Tcey - - INKK- -EVTDLDG INSDETNSGDNSNAGSSIGPDODQARLRLKRKLQRNRTSFTNDQIDSLEKEFERTHYPDVFARE 267

Bmey MTA | KKNEEPLEGLEG | HSDETGSGDNSNAGSSEGADODAARLRLKRKLQRNRTSFTNEQIDSLEREFERTHYPDVFARE 303
DD-LQKRAD- - - -L - XIHSEXTSDG-NSEHNSS - GDEDSQXRLRLKRKLQRNRTSFTNEQIDSLEKEFERTHYPDVFARE
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340 36|0 3§0 400
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EEEEERLP INSGFNSM 344

1
Lstoy RLAEK I GLPEAR | QVWF SNRRAKWRREEKLRNQRRABVDQVEZGAVSPPSSAGEEEEEEER
Tctoy RLAEK I GLPEAR | QVWF SNRRAKWRREEKLRNQRRAEVEQV-- -AVSPPASGGHE
Nvtoy RLAEK I GLPEAR I QVWF SNRRAKWRREEKLRNQRRAAVDQVVGGASNGNAGGGS
Tcey RLAAKIGLPEAR I QVWFSNRRAKWRREEKLRNQRR -5 - - GAPAPAEHPGPAA- ESPPRLQGFNNT 326
Bmey RLAAKIGLPEAR I QVWF SNRRAKWRREEK | RSQRRSPECGYQPPPAHPSPPA-EEEEEEEEEEEEEEEEHVQPAHPAHPA 366
RLAEK I GLPEAR I QVWFSNRRAKWRREEKLRNQRRA -VDQV - - XAVXPPXSAG- - - - = - == == - == - - - RLP INSGFNSM

RS L oo OO P

|
Lstoy Yss|PEQPIATMADTYSSMSEZZEEE=GGLSSSHE

| |
EECLQQRDAFEEEETGYPYEMFHDPLHSLSSSYNSRATA- - - 400

Tcey SMYSPEPPPMS IADTYSSMSSMSSENHGGL TSSM
Bmey HPHQPYQPALNV-DAYSPLTPMGY=EGGGMVSESA

YSSIP-QPIATMADTYSSMSSM- - - -GGGLSSS- - - - - - -

DDDDUDDUuDDDuUDUUD@%QDDDDDDHDDDDDDDDDD%%JWWWMNQEDHJHHJJJJJQJgﬂJ]]j]Jjj}jmmlilﬂmz

|l
Lstoy CNEEEEEEEPAVAHTQPTTHPSYASATTPTSVPEEE-ASTGTGV I SAGVSVPVQIPSQTPDLSMNLASNYWPR | Q 464

Tcey TQR
Bme¥ AHEEE

Bl WER Lstoy SEMEREFEEQNRERRF T LK
Fig.1 Comparison of amino acid sequences of L stoy in Lasioderma serricorne and homologous proteinsin other insects

Lstoy: MAEH toy & Lasioderma serricorne toy; Tctoy: IRFALF¥5 toy & Tribolium castaneum toy; Nvtoy:
T WA 4E 42 /N % toy B 1 Nasonia vitripennis toy; Tcey: RHUABHS ey 28, Tribolium castaneum ey; Bmey: ZKAt ey
HH, Bombyx moriey. WiiZ: PD45HH; #EEL. HD 45ifysl; x4 CORumAIBIZAR T IXIE;
BEEHE: PD H ey N toy F5A WA ZERN & ; BEAHE: Undecapeptide 27 o
Blue line: The motif of PD; Orange line: The motif of HD; Green line: The conserved primary sequence conservation in
C-terminus; Orange box: The aligned amino-acid sequences of PD; Black box: The undecapeptide motif.
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( XP_044254192.1) FIKZ W Zophobas morio
( XP_063913275.1 ) Y toy 2 KR 41— 2k 2>
1K 93.30% ., 93.09%H1 92.03%. REEA T /T
R, MEH oy SHHREERR oy BRH—X,
H 5B TN oy G R EE (E 2), B
1t toy FEPRITEHE AL EORSFIERE

2.2 HHEH Lstoy W= RiE#ER

qPCR 455201 | Lstoy 1EHHE F ATt i 151
WL WG 1-5 dFIER 122 d A EL, BHE1LH
R B, HRRERN 2 HIREIRY 969.2

fi5 (K 3. A). Lstoy TEMAEH R, DI | A
BRI RA B E S THIEFERE (P<0.01),
Horr, Lstoy 76 5 H U0 AR AN DN b 58 1
FETHAL 6 AL (P<0.05), HFEEE

R 543.3 Fl245.6 1% (B 3: B),
2.3 HHEH Lstoy B9 RNAI

FIIH] RNAL BT Lstoy TEMH R K
BHRYTIRE, dsRNA 1. 3 M 5d )5, Lstoy
AR E B TRE T 63.54% ., 77.52%7H1 54.73%

(E4: A), FHZIEHPREEEHEINE . 5

N

42 PEJE W Drosophila melanogaster NP524638.3
485|£ IR Drosophila simulans XP016037398.1
100 £ HIE B RE Drosophila mauritiana XP033168130.1

PARERE B RM8 Drosophila yakuba XP002099630.1
MHE H Lasioderma serricorne PP796794.1

87 IR Y% Tribolium castaneum EFA02830.2
100 4|£ BUNARYS Tribolium madens XP044254192.1
99 K3t Zophobas morio XP063913275.1

WRUE 4> /Ni% Nasonia vitripennis XP016844276.1

100 13 % Chelonus insularis XP034939842.1 W o ora
WE KM% Diachasmimorpha longicaudata XPO63986408.1 ymenopier
100 ] R L MR B Fopius arisanus XP011299924.1

Hp44 I Helicoverpa armigera XP049697282.1
100 FHER MR Spodoptera exigua CAH0663878.1
100 BB Mk Spodoptera litura XP022823421.1
69 B SR8k Spodoptera frugiperda XP 050551854.1

B2 EBHtoyERWRFZERESH

Fig. 2 Phylogenetic analysis of insect toy gene
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Fig. 3 Relative expression levelsof Lstoy in different developmental stages (A) and pupal tissues (B) of Lasioderma serricorne

PP: Fiil§ Prepupae; P1-P5: 1-5 H#&Uf 1 day-old-5 day-old pupae; A1-AS: 1-2 H#&A{H 1 day-old-2 day-old adults;

HD: 3k Head; MG: H/i% Midgut; EP: 3% Epidermis; SP: A% Sperm; OV: Ui Ovary; WI: # Wing; PD2-eye:
2 Hi#IH&Z IR Compound eye of 2 day-old pupae; PD5-eye: 5 HixHi& IR Compound eye of 5 day-old pupae. I N[R]F+)
TR LB B AFIHA R A R ZER B (P<0.05, One-way ANOVA ), Different letters above bars indicate
significant difference in the gene expression level among different developmental stages or pupal tissues (P < 0.05, One-way ANOVA).
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Fig. 4 Effectsof Lstoy RNAi on the compound eye development of Lasioderma serricorne
A. Lstoy THALA; B. 451 dsRNA JGMHE HEAAE R C. W8T dsLstoy Jq i B R WA 1 AR Y 5
D. 4T dsLstoy JtLIR K P R, *+* IR dsGFP 415 dsLstoy
HZMFFE R EZES (P<0.001, Student’s t #5%5 ), FEIFE.
A. Interference efficiency detection of Lstoy; B. The survival rates of L. serricorne after dsSRNA injection; C. Representative
phenotypes of the molting failure after Lstoy dsRNA injection; D. Representative phenotypes of the pupation and adult

eclosion after Lstoy dsRNA injection. *** indicates significant difference between dsGFP group and dsLsfoy group (P <
0.001, Student’s z-test). The same below.
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MR BOERR, 15 d R HRBET-FN 100%
(B 4. B), H 4556% LBl ME k4t . B
R & TR AET: (K 4: C); 42.22%HfARE K
PRI AEIR 2-3 d, BHAYSRIR AR TR,
B /NMICT s HARTES dsLstoy 1) UK D)
LU A SO (EE TSR 2 WSl Wi il < 4 A
FA MR HERS5/MmseT- (K 4: D).

24 LR Lstoy MEEFRPMRREZE BN
REEERAREHFE

Nt — AR Lstoy B J = G IR % & 153

M, FETHE Lstoy JER R0 TR IR & B A
TR Do e o A% 1) S PR R, 1 3 PR 1 ik A
fbo R BR, TES dsLstoy J5 3 d, HHEH 5
IMEEHFE( Lsey | Lstsh  Lsso , Lseya F1 Lshth )
2 MEAIER (Lsiw 1 Lsuv ) BIFRIE D EH
AR (P<0.05), LRkt Bont FRATAH L 2 50l
T 80.59%.59.55% . 54.29% . 70.24% . 43.40% .
96.94%7H1 95.72%, 1fii Lsdac F1 Lseyg )31k .
FE TR (P<0.05) (E 5), #EM Lstoy 7]
A 38 2 5 R A% 2R 1 3 RN AR 1 R TR Y 2R
HrEMS S5ME RN ERE T S/~
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ANFETFEHEDDAA 14> Pax6 BN, K%
BB HESNYA 2 4 Pax6 [RTRIEH toy Fl ey,
JFTEIR Y LB R E LR AR e IS T
JREH Lstoy FER BT FIEHE 51, Ho it 2R
HIBCXTZ5495L (PD ) $aE T DNA MIZ56 1))
DL K B 5K S s TR PR C-oR i A 51 7 471

( Hauck et al., 1999 ), It4h, 7 PD #1 HD B>
XI5 toy FEA PIORSFIF S, 5 H B[R] JA
1 ey B 25 (Yang et al., 2009 ), [RJJ5: Ho X
B REH IR, WEH Lstoy 5 R0
WHE R oy FHXRKIE, B/RER oy 7Eif
b BRSPS

Bl roy B EA B 25 RBFE L W oy
TES MR AGI A R X FIHR b 268 (Friedrich,
2006 ), FRIUAHE roy HeHTERL AU AR A IR &
B BETERLE, XA S HE IR iR i’ %)

ORI ML B R SUE A K ( Yang et al.,

2009 ), ARBFFEKRIN Lstoy TEMHFLH 5 H Ay
SR ERERE, HERRIE ALY 5
2- 5 Higlimrh 2 EFg&s, W Lstoy FEMHRLH
R AT SR A FREEN . b, Lstoy
TEJE = TGP SRR S SRIA 3w, /R Lstoy

WA RES SRR H A A B8 Kk o 6 R /)N
W Blattella germanica ', eya &R 1E 2 IR I R A1
Wi BB B R B R HEVERT (Bai and Montell, 2002;
Ramos et al., 2020 ),

ABEFEFI ] RNAL GUERIAF Y Lstoy JEH
S 0 e~ S | L2 T T e % e B
Lsey. Lstsh. Lsso. Lseya Fll Lshth {32532,
W A S TR B LR AR, AT A e A TR AT R
BRI, BAR roy S0 I T I 2% v e | T
MREER -, SRTTCR Z F5E R 10y 5T
e R P R E 2 5 B R i S MR P i 7 o [ s
R ey F toy PR 25 7™ H 52 M S e AR - fish £ 24T
A PRREAR SRR ZE A &, T3 3235 Notch i B Ek
tsh FEPRAN Re Rl /AR e & F, [HC
R SR IEH IR ( Zhu et al., 2017 ), H—
OB AR AT HS toy MFRIR S FEOLE IR 1/ IMR 7]
FEAR B8 HIowk B HED, X 5k oy
1) 3R] e Y A MR i B S ) 235 SR — 2, (]I
T toy. ey Fl dac WIZRIEXT AR B MR 152
Wi i i 2, SECHEHBUVMREARIER A B2
MNEHRIEA (Luan ef al., 2014 ), AWF5T L B
% Lstoy WFRIEFE Lsdac WIFAE BE LT,
HEW Lstoy RIS Lsdac PMEWEH A RE S KR
b5 M R B HE 1) SR MR B 7 M TR R IR Gryllus
bimaculatus 1, H/IETUER oy 5K ey FEH T
LR L E AP AL ( Ohuchi ef al., 2017 ), iX
AR S A2 SEKE RMMIE AT EZIR A
2 e AR B I A G, L, BAR
toy TEAN[F R R R R D Re A E ML A AE 22
S, S BT A X 2 rh H At BE DR %) T TR FH A
KARRRRE, (B BERSFIY Pax6 [RIVRIEFIATEIR 2
RAREIR LTI EEIER AL, MRS Lstoy
MRIBE 2 A PSR 2 Lsiw A1 Lsuy 1%
INE R TR, HENE R AT RES 5 R K
H T ER A )84 ( Allada and Chung,
2010 ); TEEHSRR M Spodoptera exigua ', MiE
FASEIN Seuv. Sebl Fl Selw F 1K [ 735 15
TR, HAE s AP R s BT (Liu et al.,
2018 ), AW R IMAL Lstoy WIFRIE T HBURRE
FHALEE AL A Lslw F1 Lsuv W35 i i R,
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Tﬁf{)“'J Lstoy 1] g o 52 i A v B 3 PR ) 3=

A ) H A HR X A5 5

Ti— 7T, AT P UTER Lstoy 5800
e R A TE R ST U KT A T SE LR Ak
AR AR DU o, B TCE I R RN o8 R
b, B SL AR AT e M ToTA W L IS, dsLstoy
AL IS I B BT RN 100%. 454 Lstoy TE
W R R R R R, HEN Lstoy W RES S E
FH 8 7 % 7 rP R P TR A o R P A 3 e AP R
IR A BT, BT WG B o
BIER 5% “HMEESL”, R
(an¥gshl . REAL AN (R UTTE ) LA S I PG SRl %
Canfa B2 LN AR BT ) BVEHSE R, (8
W H B AU AR R AR SRS AR, I A A
KU FIUH RNAi TUERIR IS & 0y TENINZ
AR B HEE , Bl R Y 5 IR S R i 3
%, JF51E 286 MR LR EE TH, GOE
Y E M S NE A Y iy A 0
A3 LT AR B AL T Bigh &5 dt—2 00
)2 EEMBEN TeasCPRIS M TeasCp63 % RNAi
b PR 5| K & A 4l L RTEG AE TS ( Chen et al.,
2023 ), 2 L, toy FEAE R U R B FE A
A HLREEAER, B EARYLRIA RE i — 2D AT
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