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B KE 26S EAEEIE ATPase AT E 4 EFE
NIPSMD4 {E A BS 8 ANE AR

CrhETHE R 22 R R0, WA YT i MR e BOR RS2 =, Hu 310018)

# E [H®] 8 KE Nilaparvata lugens XKW BRI L ER, 2 E-FEHBEKERES
( Ubiquitin proteasome system, UPS) &5 R R LA B . A0S B R4S UPS L4l 4 26S B
Al ATP B 19 W5 4 ( NIPSMD4 ) 1648 REVER &K E S5 P ThRe, IFPEAEAE S RNA T4 (RNA
interference, RNAi) BifE# s i 1. [ Ak ] FIH qRT-PCR B RN NIPSMD4 BT ZS FIRFHE; @
it AR S dSRNA X2 AL 54T NIPSMD4 JER i RNA T, RG0E BBy . ook
GRIEALER ; Kl NIPSMD4 3 RNA TR I ERE A (Ve ). R ER P LB (JHAMT) DL JRW
W EZE (EcR) MIEEE M RI B, DR IIEANG, [ER] NPSMD4 7648 CE& kK B
KA ik, HrhOpiies 2 RN EA L F RS . RNAL 458 %W], T4 NIPSMD4 233805 &
" EIET : dsNIPSMD4 ST A BG5S 11 Ky AEIE 3N 3.33%, M i 5 M s 773 200 T BRI 2 4.00%
(10d) F14.17% (14 d). AFASTME BN, HERERUESTHRA (dsNIPSMD4QxdsNIPSMD43 ) 57 bl
M2 62 hi, WEALARIEZR 25.65%; M H SR TP i E M Hl 2 (41.93%, P<0.05), j=Op 5k
RAH KB R B IR AT R I, NIPSMD4 K2 RNA TR T I E 5455 588 JHAMT 3EH
FEME R A A R 3 L (P <0.000 1); EcR FERFEMER A B3 1 (P <0.0001); Ml vg FEHES
B2 15 7% (20.07), {HF=BIE AL REG M, RmPEC. [ 48] ARUFSTIESE NIPSMD4 7648 %
AR SRy R AR, KRR FRATI R ENSGE S BA TN . K, NIPSMD4 17
BT RNA T € E 458 158 5
XK@ W KE; PSMD4; 26S FEAMA; RNA THE; FEHPiE

Potential for targeting the 26S proteasome non-ATPase regulatory
subunit four gene NIPSMD4 for the control of Nilaparvata lugens

SHI Shu-Qi”" YANG Jiang-Tao SHEN Bo-Yu HAO Pei-Ying" YU Xiao-Ping"

(Zhejiang Provincial Key Laboratory of Biometrology and Inspection & Quarantine,

College of Life Sciences, China Jiliang University, Hangzhou 310018, China)

Abstract [Aim] To investigate the function of the 26S proteasome non-ATPase regulatory subunit 4 (NIPSMD4), a core
component of the UPS, in the growth, development and reproduction of Nilaparvata lugens, and evaluate its potential as a
target for RNA interference (RNAi)-based control. [Methods] The spatiotemporal expression profiles of the NIPSMD4 gene
were characterized using qRT-PCR. Gene silencing was performed by microinjecting dsRNA into nymphs and adults.
Following RNAI treatment, mortality, fecundity, and egg hatching rates were systematically measured. Furthermore, the

mRNA expression levels of vitellogenin (Vg), juvenile hormone acid methyltransferase (JHAMT) and ecdysone receptor (EcR)
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genes, were analyzed to elucidate the underlying molecular mechanisms. [Results] N/PSMD4 was expressed in all
developmental stages and tissues, with the highest abundance observed in 2-day-old eggs and ovarian tissues. RNAi
experiments demonstrated that silencing NIPSMD4 caused severe mortality; nymph survival dropped to 3.33% by day 11
post-treatment, and the survival rate of males and females declined to 4.00% and 4.17%, respectively, on days 10 and 14.
RNAI treatment of both sexes (dsNIPSMD4%Q x dsNIPSMD4J) caused the number of eggs to decrease to 62 per female, and
the hatching rate to decrease to 25.65%. RNAI treatment of males only (dsGFPS x dsNIPSMD43) also significantly reduced
the hatching rate of eggs to 41.93%. Gene expression analysis indicates that RNAi treatment disrupts hormonal and
reproductive signaling homeostasis. mRNA expression of the JHAMT gene was significantly up-regulated in female adults,
whereas that of the EcR gene was significantly up-regulated in males. Although the mRNA expression of the Vg gene in
females surged 15-fold (20.07), the fecundity and hatching rates of eggs did not increase, but rather declined. [Conclusion]
This study confirms that the NIPSMD4 gene plays a critical role in the survival and reproduction of the BPH. Loss of
NIPSMD4 function results in significant lethality and sterility. Therefore, the NIPSMD4 gene is a promising target for the
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RNAi-based management of BPH.

Key words Nilaparvata lugens; PSMD4; 26S proteasome; RNA interference; pest control

¥ KE Nilaparvata lugens J&>13 H KEF},

2 VM DX e EL R IR P Y KRR 3 R 2 — (PG
55, 2026 ), I i AR WK R R B TR
FEONIGAE R LY, 5K B BIR, X
B R RE R BE AR “EURE” ( Hopperburn ), 18
CEMYEZE KR AE R LT, R R KA
BB . M KRR R AR S 2 P R
W, BRI B R E RS (Dono and
Iamba, 2021; Xu et al., 2022 ). B, # ¢
BB IA B A 2= A 2, (R Al Ak
ARG T T R Z R A A By, It
Wk AR (Fahad eral., 2015), %TF I, 2
P B RUE 5 B A P B R B A A, X
T REU SR T Frain L A E 2R X,
ZE-EAME RS (Ubiquitin-proteasome
system, UPS ) J&HA% AW 40 P 28 1 5T R i 1)
FEIEAR, MITIREEAMRE . 55 S A
5 S S LA A it #2£( Michael and Aaron, 2002 ),
ZR-EEBHA R G R AR R P PR AR i O,
DiteZEALa 51 & Z R 4 is i B Rai et al.
2025). 26S HEAMHAERGEHZAEMIKNEN
Jox o E AR AR A% O R GE, R 2 A
EYIN, B 20 0 RAL (CP) A 198 75 R
KL (RP), Horb 198 955 0RL R ATP [ 19 37 1
( AAA+ ATPase regulatory subunits, Rpts ) Fl3f
ATP [i§1JE 7 IV 55 Non-ATPase regulatory subunits,

Rpn ) Wi RZEWIEL B, ( Lyupina et al., 2016;

Arkinson et al., 2025), TEZHEEIREPIATFE S
FE18 (19S RP assembly chaperones, Racs) =
5 (Murata et al., 2009 ), 19S #4757 WR KT 5
ZRE A AR, R HA JZ LR ATP
st iy & T L AT & e ( Lasker er al., 2012 ),
Rpn WHEAEN 198 875 Ok A 2L A 51, 2
S5z RGBT IR 5 4% 3L
Fi2 3 208 RO HEA TRE R, 4T 268 25 G
TR Dy R SE A AT HYER (Bard et al.,
2018 ). PSMD4 (FEREEEHFRN Rpnl0) J& 19S
PR SR A 1) — N ATP WAL, HoEE
FIRESEAE MZ R 2R, IRBIIR4E S92 Rhrid
PEPE A, HIHS AR BRI TR, fER
B, 268 HEABHARK I FTAHX AR, EA 5T
W, HAHWH Popillia japonica ¥ 26S & i
& RPN6 3L RNA TG SRz NIt T %

( Lucetti et al., 2025); 26S & [ BHAE AT I3
RPN6 F:[H RNA T 5800 % 4 v o md s Ak it
WALRR A FET - FMEMASE ( Canuto et al. , 2025 ).
FATEMR S CEURE T it , K3 Kl
[i1] KR 30 A WS 5 45 PSMID4 2 1, {HHAE
# KEH D BE S HAE ) RNATFEAR I T ) AN
WA, AW ETE b REl PSMD4 HEH
A CRT 25 ek i, JFaE T RNAL F AR I
EE WA RE T TIEE, RITFRIET UPS
RGN E PR RIS, e CEY
L 00 B s B AT SEL SRR A R
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1 #BE5F*
11 BiRAEREAESE

P RIE R IR T LUK R f AP 5K 134 (L
DS AR A PR AW ) FrgiiF 20 30 1R
Hte CEVFPRE . 4 REVHUKARERE FRIA R IR
JE (26 £2) °C, HXHEE 70% + 5%, SLHEM
16L : 8D %3 A4E R EUAY ZFH ) B TR
HI( Diptaningsari et al.,2019; Zhang et al.,2019 ),
AT AN TCREAR U, iy B 3 P e A
KL,

1.2 i FFn{EE

F:3 RNA #h#2i87) & MiniBEST Universal
RNA Extraction Kit (9767, TaKaRa, Japan ).
HiFiScript gDNA Removal ¢cDNA Synthesis Kit

(CW2582M, FEmttad, 7195, ). SanPrep
X DNA | iiialsfl & (B515103, Sangon
Biotech, 1 ) & M55 S PCR i LA Taq®
( TaKaRa, Japan), TB Green® Fast gPCR Mix
15l & (TaKaRa, Japan)., SYBR Green Pro Taq
HS filiRA qPCR X5 & ( Accurate Biology,
1 [E ). MEGAscript' " T7 Kit ( Thermo Fisher
Scientific, USA ). DNA Marker ( DL2000 ,
TaKaRa, Japan ), YeaRed #%/R4%4¥} ( YEASEN,
W ), SR BEHEE SRS ( TransGen Biotech, HHE ),
DNA Ligation Kit {77 &( Ver.2, TaKaRa, Japan ),
T-Vector pMD™19 #54 ( 3271, TaKaRa, Japan ).
HEHEHEM (Solarbio, HH ), LB }iFk
( Sangon Biotech, H1[H ),

SCIAN AR . IR ( Tiss-Basicl2, I

W E I R AR A, ), BERECHL
( 5804R, Eppendorf, Germany ). PCR 1 ( T100
B PCR {¥, BIO-RAD, USA ). CFX384TM
Real-Time System ( BIO-RAD, USA ), NanoDrop
ND-2000 i & 43 )t )t & i+ ( Thermo Fisher
Scientific, USA ), &t f4’5E ( SZ61, Olympus,
Japan ), T ESHMY ( FemtoJet 4i, Eppendorf,
Germany )., /&% & f3%% ( SMZ18, Nikon, Japan ),
i (SW-CJ-1FD, WLy bz & A R A
A, E), EEE.OHL (5425R, Eppendorf,

Germany ), AN TS M%%H (MGC-350HP, [f—
TR A R A A, ),

1.3 B FH*

1.3.1 5|t 568  #dEoaIEiE L
F AT AR5 M 2R IR BE W ( Hayashi and Chino
1990; Turgeon and Oparka, 2010 ), FF&8E
TEAANT, FAF BB R A48 K EL PSMD4 2 157
IfE B, RISZE AU S, 16 NCBI M yfiiE
i blastX X, K15 —5%4 CEl PSMD4 F:H
( NIPSMD4 ) i mRNA ¥4 (B3RS XM_
039427088.1 ), F|JH Primer Premier 5.0 #4531
qRT-PCR 5|#JF1 dsRNA & HEIH (£ 1), 5|4
BTN AR AR ARS8, T RNA
THE R Be & W5 19 556 T7 promotor J¥41) :
5-TAATACGACTCACTATAGGGAGA-3', JE
i PCR WS LK BE i Kl RPS1] $£F( GenBank
S XM_022332657.2)( Yuan et al., 2014 ),
1.3.2 X RNA 125 cDNA &5 7E5H/K 134
TRAE L, WA R A R T 5 RNA 2B, &L RNA
$2 WL 4% B TaKaRa MiniBEST Universal RNA
Extraction Kit | & (9767, Takara, Japan) #
Ve BRFE T . BREUA) RNA AE Sk B8 A4t 5
NanoDrop ND-2000 7##& 43 )G 3 ( Thermo
Fisher Scientific, USA ) 5, F-fi FH &M B vk
YSE H R AR, UE T - 80 CHRfF. $RHELE
RNA J&, S8 HiFiScript gDNA Removal cDNA
Synthesis Kit ( CW2582M, Femita, I, o
) RS L ER, 5 RNA B SA
i cDNA, JH NanoDrop ND-2000 {2366
THIE cDNA W, FHKME45 51 cDNA ff
TEAE - 20 °C# 48 Kl NIPSMD4 I3 4K
v PR IR A 3 048 KL cDNA AR AR .
1.3.3 #BXE NMPSMD4 EE £ cDNA =&
55y EEEsHm B 1.3 WA m
NIPSMD4 14K ¢cDNA F5I{5 5., FIf Primer
Premier 5 BAFIT 1 XA M 59 £ 1),
i NIPSMD4 B 588w 1X o LA B &
T\ cDNA AR , #E1T NIPSMD4 4K CDS( Coding
DNA sequence, CDS ) ¥ #5641E . {8 50 pL PCR
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F1 EFERE., WXEE PCR A dsRNA 3514
Table 1 Primers used in gene cloning, real-time PCR and dsRNA synthesis

JHi& Purpose

5| #) 4 #% Primer name

51973 (5'-3") Primer sequence (5'-3")

NIPSMD4-F
NIPSMD4-R
NIPSMD4-qF
NIPSMD4-qR
NIRPS11-qF
NIRPS11-qR
NIVg-qF
NIVg-qR
NIJHAMT-qF
NIJHAMT-qR
NIEcR-qF
NIEcR-qR
dsNIPSMD4-F

cDNA 75 cDNA cloning

Pé6E & PCR Real-time PCR

4 % dsSRNA dsRNA synthesis
dsNIPSMD4-R
dsGFP-F

dsGFP-R

CTTAATCACATCCAACCATGGTTCG
ACCACAGCTAATCTACTTCTTGTCG
CCAAGTTGCATAAGGTTCAGGC
CCTCGATGGGACTTCCAACA
CCGATCGTGTGGCGTTGAAGGG
ATGGCCGACATTCTTCCAGGTCC
CACTGCCCGTGCTGTGCTCTA
TGACTTCCTTGCTTTGCTCCC
GCAATGTCACTGCTCTCCTC
AGCATGTTCCACCATATTCG
GCTGTGAAGCGAAAGGA
ATTCCACGCTGAAGTCG

TAATACGACTCACTATAGGGAGA
AGGCAAATGGCAACATTAATCTGCT
TAATACGACTCACTATAGGGAGA
TAGCTTCTTGTTCTTGTCTTTGACGC

TAATACGACTCACTATAGGGAGA
ACGTAAACGGCCACAAGTTC

TAATACGACTCACTATAGGGAGA
TGTTCTGCTGGTAGTGGTCG

K% . PCR master mix 25 uL, ddH,O 19 pL, 7
M2 uL, 1IER A 51494 2 uL (10 pmol/L )., f#fH
BREE PCR AT RN, SOWFRF A 95 °C, 3 min;
95 °C, 30s; 60 °C, 30s; 72 °C, 90s, 341
EIR, 4 CURAF. PCR =%t 1%B e A e
LYK, £ ] SanPrep #13X DNA Ji [F1ISG] &
(AETAY, HE) ZIRUA BT H R B
[, 85 WD BEZE 4% 2 T-Vector pMD™19 %
& (3271, TaKaRa, Japan) ¥EfT 12 °Cid#i%
P, BEREWIEAEE] 100 L IM109 8z 25
JNA 800 uL ¥R LB 35575 37 CHEIRIESE 1 h,
BbE B 700 pL, FRERWRITIRAIGE R
TESA 1% Amp 1Y LB BEAR: 3L I, 88 T 37
CHEFE 12 ho $hik 12 ANFHEEREEIMARAE 1%
Amp ) 1 mL LB IREEFRSEE T, $RIRIRG B %
P, LFETE PCR KI5 EH0M A RAEY
LA R FT

i i PCR 4" 193545 NIPSMD4 3R 594K 4
15551 (CDS), FHHHEYE B A1 7 [F
PEPE LRI R R G Kk B E . 12 MEGALL0

AT AT R IR T 5 H ) 5 R 58 % B At (4B
$27:, 1 000 ¥K Bootstrap & ), iz ExPASy
ProtParam 43 AT 25 FRAL T, i2 1 SMART %k
T T aeLE ke, i2 F SignalP 6.0 Fi{E 5 ik .
1.3.4 BB NIPSMD4 EERIEMESHT I
LR CEFEA AR MHSME T . &
BHBREAGRS: OF, 1-7 B, A EE A 50 ki
B 25, BRI 60 3k 1-5 WA AL AR
H, BRI E 15 3KPMEE 1. 3. 57 d
R e B 15 SRR AR R o B H I R
P 4 RECPMEIS 1 HE AR Y, 3 H
WETEAPEREI, 5 HIRARI S mIE, 7 1
W4 B A E N, 2 H SR B 5 T APk
P EHE ) e A B B (Yuan et al., 2014 ), 20
ZURIBEAS . EIUE R M R, A6 VRV RR I
1-2 min J5 , B 2 A9 0.1 mol/L BERRELZE vh
W (PBS, pH7.2) f, 7EMRHLR B (SZX7T,

BARE AR ) T T ( EIEES, 2022),
A T i) AT I SR VRS R A R AR | A
WOr B Sk Wi K 25 D0 PBS vk 2-3 R Z2 4 ik
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CLR g, NG R BRI A . i s B 5 s
K, FIRAHLRN R (& ARE KB 45 ),
JIT A 20 2R it 349 B I TR R R LR A
RNA F#fift . B4 3 NMEY¥ER . AR
FIERHEIARATRTR, MEET - 80 °Crk
FETPRAT 28 FH O3 IR 1.3.2 TR BUREAS L RNA JF:
U cDNA, Al ddH,0 ikt 4 45, TRIAFiEE
SANMREERRIE . IR BN cDNA VR AR T8 |
H\) NIPSMD4 3:[H L) NIRPS-11( GenBank % 5%
5 XM _022332657.2) ME NS LR AT i
AR S YE AT . QRT-PCR VKR N
10 uL: TB Green® Premix Ex Taq™ II 5uL, I
W5 14 10 pmol/L )0.2 uL, Fii#F514( 10 pmol/L )
0.2 uL, cDNA #&#t 1 uL, ddH,O 3.6 uL. W
R 95 CHiZEM: 45s, 95 °CAEE Ss, 57 °C
Bk 30s, 72 CHEH 30 s, 40 DMERR; Kifiith
M. 95 °C, 15s; 60 °C, 1 min; 95 °C,
15 5. HARESBEE 3 MR TE, R 244
BB R A X 215 ( Tonascu et al. , 2024 ),
FH SPSS 26.0 Seit2# 843347 Student ¢ K54,
P<0.05 W5 HE
135 dsRNARERSEE DSATIEIT
ARSI P NIPSMD4 HE: S B (4
510 bp ) Mk EHOEHEAHER GFP ( GenBank:
MF169984.1 ). {#i il MEGAscript™T7 Kit( Thermo
Fisher Scientific, Amercia ) & i, dsRNA. & il H)
dsRNA 28 1% R EE RS LUK Sk S8 8 vk, Jm it
NanoDrop ND-2000 {4366 BE TR IR B, &
T - 80 CUKFEHIRTFE . DSBS HE F AL
495 BEFEXTRUE RNA R Bt (dsGFP) /£ N
PEXTHE
1.3.6 # ¢E RNAi URFMBERME LI
AR 3 A7 . Pk 24 h b R R AT
WS, ACPRAEES dsNIPSMD4, X RRZHTE
% dsGFP, dsRNA {41 R 5 000 ng/ul %3k
ey REURPI ST 50 nLo FESEHHE CEURE S
K o134 KFEHE L, BT ALARMBEM
(MGC-1500BP, LR SCi A BR AT )
WARZE, WFEAIER] 1.1 35, B E 3 4
HEYEEE, BAEE 30 kB ARIET S

dsRNA J5 1, 3 15 d, MAEAAbHL oL
B o5 sk KEl, $2HUA RNA Jf R AL
cDNA, KM qRT-PCR $ ARAM NIPSMD4 3 [H
ARk, kA 1.3.4 37, HE TR,
137 FHEECEEWFENE MTH dsRNA
JE G, RRERWEEIFIC % dsNIPSMD4 Rk 3
A dsGFP YRR REWRIIET 100, L
527 d, WEBRNAER (FEER=1A0 1y
A< 100% ) K5 ST dsSRNA JF3PI4E 12 h KLY
() fE SR i HE AT O X, ECOW B AT
dsGFPQx dsGFPJ3' , dsNIPSMD4S % dsNIPSMDA43.,
dsNIPSMD4 9 x dsGFPJ3' , dsGFPQx dsNIPSMDA43.,
BANEC A 15 A, KR CEVE T
At 4-5 AR ARG B ( EA%=28 mm,
FE=116 mm) W, 42 dEBEBIHE—K, B
Z M RBET A BT A BT LA Hig 5 d
ICa—IR, st 3 d JoE ks, 5 ikit
B, AR AR R T TR KRS S, ek
RIFALIIEL, THEE B0 AL

1.4 HIESH

SCERHE R SPSS 26.0 X {FF GraphPad
10.0 ( GraphPad Prism, America ) #1745 11047
PHALIE] LEBCR BT REAS ¢ K, 22401 LR
FHEA N E )7 2201 ( One-way ANOVA ), Ji 4k
Tukey 2 H LECKL TG o BUHE LIV B {E 45 1 iR
( Mean £ SE ) /5%, P<0.05 A F 8%, P<0.01
2 S

2 #RE5HH

2.1 #{7%&A NPSMD4 EEREARBEANET
SR

¥ RE\ NIPSMD4 1) mRNA 42K 1 841 bp, JF
Ji 5] EHE( Open reading frame, ORF )47 1 440 bp,
Gty 479 NE MR . F NIPSMD4 2 11 1Y 2 AL 1R
e ATEL SR A BRALPE BT/ A 3 ProtParam
tool FEZEM UG ( http://web.expasy.org/cgi-bin/
protparam/ ) TR I BT BRALPE T, 45 5R KW
NIPSMD4 #1473 F N Cais0H3572N6260730S2s 5
FAEREH N 479 A, X531 B o3 o
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51.38 kD, IR A5EHLN pI b 4.81, NEE RECH
46.25, KT 40.00, #niZEHNAREEN,
FIH ProtScale 7EZE /¥ ( https://web.expasy.org/

(Sec/SPIIL) fY{E2 2 0, LI HIHT NIPSMD4
G SPIE |00 2)/Yi -4 S P PO R -4 = )ikt ok af e Cibi
( http://swissmodel.expasy.org/ ) X} NIPSMD4 £

F ) = AR S5F A TR0 434, RIER Y =4k %S
[HIZ5AHA 14 1 a B85 .6 D B ITE( K 1, & 2 ).
{fi F§ SMART ¥} ( https://smart.embl.de/ ) Tl
DIfess iR, 255 W NIPSMD4 f77F VWA 45
FE, KEEZ R 200 NEEER, BIZEHNZO
Uifgllz —; 3 MEER—1 UIM 25495082
HERaGmsrootE (E 3 ),

protscale/ ) T % il 43 41 25 09 2% i K P
NIPSMD4 ZE 11 GRAVY {H°4 - 0.355, X it
R AR KEE M . [T SignalP-6.0 7EZE M5k
( https://services.healthtech.dtu.dk )Fiiilll NIPSMD4
HEHME TR, ZBZE A BE 5K (Sec/SPI),
G2 (1155 IK( Sec/SPIT ), TAT {55 ik( Tat/SPI ).
TAT JE#E F{5 5 MK ( TaySPIT) K ZAE 5 ik

Target MVRESTMICYDNSDYMRNGDFIP TRLQAQQDAVNLVCHSK TRANAENNVGLLTLANVEVLATL TSDVGRILSKLHK VQANGNINLL TG IRIAHLA
ADASOEMEHD. 1. A MVEESTHICPDNSOYMENGDF IF TRLQAQQDAVNLVCHSK TRANAE NNVG LL L ANVEWL ATL PSDWCRILSK JHK VOQANGNINLL TG TRIAHL A

Target LKHRQSKEHKMRIVLFVGSF IEAEEKELTKLAKRLKKEKVNVD IVSFGEEVTG SSTVVEKVSLCINDVLATFISTLNGKDGAG SHL VTWPPGF HL
ADABIEMBHO. 1. ALKHRQSKEHKNRIV SPIEAEEKEL TKLAKRLKKBRWNYD IVSFGEE VTG SSTWVEK. — [NNDVLATFISTLNGKDGAG SHLYI¥PPGPHL

Target SDALISSPVIQGEDGMGGAGLGT AGFEFGVDPNEDFPELAL ALRVSMEEQRQRQEQE ARRANP TEKD TARPETIKEAFSEEVMLERALAMSMEG QE
ADASOEMEHD. 1. ASDALISSPVIQGEDGMGGAGLGT AGFEFGVDPNEDFELAL ALRVSMEEQRQRG EQE ARRANP TEKD TARPETIKE

Target ETGPTVT AAASALASALASAAPDF AHNTEEEQIAFAMQMSMQDSLCMVCLAAP SEEVMLERALAMSMEGQEETGPTVTAAASALSALASAAPDF AH
ADABSEMEHO. 1. 4 APSEEVMLERALAMSMEGQEETGPTVTAAASALASALASAAPDF AH

Target MTEEEQT AFANMQMSMQD SQEASG SSSSKGGADAKKERQETPMEVED YREVMND PAFLQSVLENLPGVDPQSEAVRQAVT SLSKDKDKDKKAPAKD

AVRQAVTSLSKDKDKDKKAPAKD

Target HDKK
ADAB9EMEHO. 1. AHDKK

B 1 #8%E NIPSMD4 ERREBRF I RIESH o BEHEF p HFBAEMS
Fig. 1 The amino acid sequence of the NIPSMD4 protein in Nilaparvata lugens and the
sites of the deduced a-helices and pB-sheetslocated

o SRBEHIJTHERE Y, B Hr8 T LA

The sequences of a-helix are enclosed in boxes, and the sequences of B-sheet are enclosed in arrows.

B2 #%E NIPSMD4 EH#E S = 5 RE
Fig.2 Three-dimensional structural model deduced
from the NIPSMD4 protein of Nilaparvata lugens

N TG CECS H A R PSMD4 2 H
ZIEPRIIEC R, i T HARLRIFIN ARG L
B, RGEEFR R, NIPSMD4 HHY
WK RE Laodelphax striatellus i) PSMD4 5 [ 3%

G AT, BIERITFH)—BER 83.02%, T
NIPSMD4 5[ H I BER I Lycorma
delicatula WFEG K FWILEGL, HEIER T
— 3t 78.38% (& 4),

0 100 200 300 400
3 NIPSMD4 F B £33
Fig.3 Domain of NIPSMD4 protein

fliFH SMART Wil Th g2 44k, NIPSMD4 77
VWA 851958, ZIZEANZOIIRRRZ —; 34N EE
H—[ UIM S5H30h 2 512 2456 M RF o
The functional domain is predicted through the
SMART website. NIPSMD4 has a VWA domain,
which is one of the core functional domains of
this protein; three highly uniform UIM
domains are conserved elements
involved in ubiquitin binding.
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99 — #& K\ Nilaparvata lugens (XP 039283022.1)
—IOOI:E JK K\ Laodelphax striatellus (RZF47476.1)
43 BEACHE WY Lycorma delicatula (XP 075223386.1)

WEEERIE Gryllus bimaculatus (GLH08583.1)
60 100 E WK Periplaneta americana (XP 069689945.1)
100 EVEFLHB Coptotermes formosanus (GFG34380.1)

L BB H Coccinella septempunctata (XP 044752290.1)
KR Sitophilus oryzae (XP 030754685.1)
&8 B R4 Anoplophora glabripennis (XP 018576441.1)

100 &R Papilio xuthus (XP 013169318.1)

n. 39 L 448 lt Helicoverpa armigera (XP 021192483.1)

19 BIF Myzus persicae (XP 022181722.1)

33 A B\ Diaphorina citri (XP 026676493.1)

— 4% Rhodnius prolixus (XP 073997119.1)
100———————— #B%#i% Nezara viridula (CAH1389541.1)

1 77 ZK3¥E Chelonus insularis (XP 034937360.1)
) ﬁE 5 W Microplitis demolitor (XP 014300622.1)
SRUE P A 1% Fopius arisanus (XP 011313726.1)
100| T & #¥ Vespa mandarinia (XP 035732005.1)
63| — WAL Ooceraea biroi (XP 011334305.1)
100 BB /INF I Monomorium pharaonis (XP 012535907.1)

50 A JEHEWY Anoplolepis gracilipes (XP 072766917.1)
96 - BBE MY Lasius niger (KMQ97769.1)

|
0.020 100
4|8_‘ FKIB Musca domestica (XP 005191430.2)

B4 ETSERFIGENSE CEREMER VNPSMD4 F#EAH (8% )
Fig. 4 Phylogenetic tree of NIPSMD4 from Nilaparvata lugens and
other insects based on amino acid sequences (neighbor-joining method)

BT R Episyrphus balteatus (XP 055855582.1)
Hg AR Drosophila melanogaster (AAB35145.1)

ZMHF MEGA 11.0 3k {43 (433275, n=100 ¥X Bootstrap F&E ), &MT7 4 LW/ AR KT 50%HAY Bootstrap {H..

The phylogenetic tree is constructed using MEGA 11.0 software with the neighbor-joining (NJ) method and
1 000 bootstrap replicates. Bootstrap values >50% are indicated at each node.

2.2 #BXE NIPSMD4 EEFIEMES R

F1 cDNA 1B R B X4 €I NIPSMD4
VI N2 NIRPS-11 3£H qRT-PCR 5|91 14 1
G AHFMAEREHETEERER, GREY
NIPSMD4 F:HTE 57 CHERRE SR Hy 1
BRI AR f ik 27 20 M LR ik
SR, BIFFS RP KT 0.99, EFF%IETE 90%-
110%Z [ BpniE, 7T LAMESS NIPSMD4 S:H /)
RT-qPCR 5% (Kl 5: A-D) .
qRT-PCR 537K, NIPSMD4 F:H7EHE &
AN KRB BIA RS, (RN R D%
5 (Bl 6: A), Hrr, BpisH 2 KKk armm
(3.47), BEETHEM (P<0.05); HERCRR
T3 W R T RS (AR AR RN A U
5T FEIAE (1.95) BT 1-4 R
(P<0.05); BCRIABTEL, PMLIEEE 7 KAHER
IR eIk (0.29 ), 7EHE CEUME R HUAS [F] 41

i, NIPSMD4 FEIH 1355 A7 PH b i 2 21
B Ho, B S 2 i RA E R (1.61),
R THARAL (P<0.05); SLHF A2
KB, A3 1.43 A 1515 BRIGIART R
KERAL, 4 0.09 (& 6: B),

2.3 RNAi FHEEEMEER

W4 BT dsNIPSMD4 151 5 16325
o8 R B, 3 S dsSRNA S 1. 3
S d AR RE, 431N EE, B0 ER
B 3 3k# KA, qRT-PCR Z5H IR, Sxf R4
(dsGFP 4 ) ML, AbHZH dsNIPMSD4 # Kl
TEEST dsSRNA JE55 1 K. 5 3 KA 5 K5
NIPSMD4 SRR EHETH (P<0.001, P<
0.000 1, P<0.001) (K 7: A-C), fE&HH,
TSRS 3 R TR TR, 155 93.09% (1A
7: A), KHIARPTREITH dsSRNA GEIEA AT
R KA NIPSMD4 JEPR 33k,
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NIPSMD4 FEFAE T30 4L 24 h 8 U526 1.
3.5 RINEIRK AT dsGFP FEIR T 52.18% .
69.27%. 93.20% (& 7. B); [RIEE, 7EP1k 24 h
HEd R RNA FHRAESE 1. 3. 5 RIEIRKFH

6T dsGFP 5 AR, 4350118 78.51%.27.97% .
86.38% (P <0.000 1. P<0.01. P<0.0001)( ¥ 7.
C). Hitk, NIPSMD4 1) RNA T4 0T LA R
il S PR ) ik HL SRR i ) 3

A Melt peak 30 B Standard curve
5 X0 2
2 200 28 e
150 3 26
g 250 o Standard
= 100 24 X Unknown —
I 50 23| — SYBR A
23 | E=97.9% R*=0.999 Slope=—3.372 y-int=42.018 \s
0
65 70 75 80 85 90 95 35 4.0 45 5.0 55 6.0
Temperature, celsius lg starting quantity
C Melt peak D Standard curve
250 3 1 O\\\
= 200 30 ~
= 29
5 150 o 28
2 100 © %g o Standard ~_
= Unknown o
T 50 J 25 - SYBR \‘3\
0L . . . . 24 - B-105.5% R°=0.999 Slope=—3.196 y-int=42.901 \\9
65 70 75 80 85 90 95 35 4.0 4.5 5.0 5.5 6.0
Temperature, celsius Ig starting quantity

B 5 #8 CE NIRPSI1I #1 NIPSMD4 K5 E & PCR HRifE i 2 A0 iR 7 i 2%
Fig. 5 Standard curves and dissolution curves of N/RPS11 and NIPSMD4 in Nilaparvata lugens for RT-qPCR
A. NIRPS1I brfE R A2k s B. NIRPS11 W2k ; C. NIPSMD4 bfe 4k ; D. NIPSMD4 1t 4k o
Melt peak: J#f#lé; Temperature, celsius (°C): L (°C); - d (RFU) /dT: Hiudie-iRE A LHE;
Standard curve: FRifERIZE; lg (starting quantity): IR,

A. Standard curve and melting curve of NIRPS11; B. Melting curve of NIRPSI1I;
C. Standard curve of NIPSMD4; D. Melting curve of NIPSMD4.

j% 4 A Ez.o- B !
- g ab B g a 2
i:-% 3 }ﬁé 1512 &
T‘Q 4 bed cde be + o
'H'% 5 2 cf L °_‘|1_e il of df cf cf ode df of .H% % 1.0 -bi_ :?— %
iy o SINEaf a7 ES
Eg1 Lo L EL0s
8 T = <
2 0 DD D DD DD S D O D D DD D DD & 0 > RPN :
SEAAERCAMNENNR 2SSO AN AT AN LA Q‘p,z&*iﬁ@@%@%&
| | J | J | J & X
& <3
5 ik ML R ©
Egg Nymph Female adult Male adult ZH 21 Tissue
KB BBt Developmental stage
B 6 8 KE NIPSMD4 EFEARREMBRMARANRILE

Fig. 6 Expression levels of the NIPSMD4 gene of Nilaparvata lugens in different developmental stages and tissues

A.NIPSMD4 7£ 1-7d P, 1-5 88580 SPb)E 1. 3. 5. 7 d MEFNME ROh A AEXS ik & B. NIPSMD4 1A [R] 4 21 5
EROLAOAAXT ik . Head: k¥; Thorax: Mi¥#; Epidemis: #/%; Gut: ifi; Fatbody: N&WH1A; Ovary: BRi;
Testis: Kl I FEARHER , n=3, A ARFR/NG FRERRZE R B
(P<0.05, MNZRIF20H A Tukey K560 ) o 1819 A
A. Relative expression levels of NIPSMD4 in 1-7-day-old eggs, 1st to 5th instar nymphs, and female and male adults at 1, 3,
5 and 7 days post-emergence; B. Relative expression levels of NIPSMD4 in different tissues. Data are presented as mean +

SE, n = 3. Different lowercase letters above bars indicate significant difference at P < 0.05 according to one-way ANOVA
followed by Tukey test. The same for Fig. 9.
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= 3 wmm dsGFP mm dsNIPSMD4 = 2 mm F-dsGFP < [ = M-dsGFP
3 . . - 3 == F-dsNIPSMD4 3 — M-dsNIPSMD4
i\‘é sk i\_é *kkk *kk ]i:g Hkdok *k *kskok
2 1 24 |
= = R
Q Q Q
~ ~ ~
0 0 0
1 3 5 1 3 5 1 3 5
HEHERE (d) ESERE (d) EHERE (d)
Days after injection (d) Days after injection (d) Days after injection (d)

7 dsNIPSMD4 ESHEX#8CE 3 #¢H B, FL 24 h BER 52 REY RNA FHREE
Fig. 7 RNAI efficiency in 3rd-instar nymphs, 24 h post-emergence female and male adults of
Nilaparvata lugens after dsNIPSMD4 injection

A. dsNIPSMD4 JE 5T 5546 I 3 W47 BUEY RNA THERCE ;s B. dsNIPSMD4 515 %45 € EUME R UK RNA THERCE
C. dsNIPSMD4 T4 X CEME UL RNA T8GR . DL dsGFP IR, DL RPS1T NS HEIA
P i - bR R, n=3, RS AERIR]—I [R] GOAL B AT R A 22 5 10
(** P<0.01, *** P <0.001, **** P<0.0001, Student 4% ) . & 8 F&l 10 [F],
A. RNA interference efficiency in 3rd-instar nymphs of N. lugens after dsNIPSMD4 injection; B. RNA interference efficiency
in female adults of N. lugens after dsNIPSMD4 injection; C. RNA interference efficiency in male adults of N. lugens after
dsNIPSMD4 injection. dsGFP is used as the control and RPS1] is used as the reference gene. Data in the figures are mean +

SE, n = 3. Asterisks indicate significant difference between the treatment group and the control group (injected with dsGFP)
at the same time point (** P <0.01, *** P <0.001, **** P <(0.000 1, Student #-test). The same for Fig. 8 and Fig. 10.

24 FTHEHCREEMFIEREN

2.4.1 NIPSMD4 T3 B CRAGFEEETHRFH
M A TH#EST NIPSMD4 FHAEME KEVELAH Y
e, 43l B, B4k 24 h MR FIR{E 24 h
Mt 3 5 dsNIPSMD4, F1LLTE 5T dsGFP 1Y
ARV X B S5 3R Bow , A AESE I W A 2R
0-2 K ), AbBHLH 55 %) HR AL (A 7716 26 22 53 i AN i
(P<0.05); SR MNES 3 KIF4h , dsNIPSMD4 Ab
PRA A AT SR G0 BT AR A 11 K,
XTHRZ (dsGFP ) #5 US4 47 16 R AN R R 78
61.11%, 1fii dsNIPSMD4 b (IAFIG REFEE
3.33%, SXTHRZHAALL, NIPSMD4 3R RNA +
P FEIAXIFET- %R 94.55% (&l 8: A ).
I, VESS dsNIPSMD4 X146 CEAT H A6 7= A
T E SRR, NIPSMD 1) RNA 455
ks REE RICEIE R R B A -

FEMERS dL o, dsNIPSMD4  Rb 34 (171 %
U BE H]) SR RFLE G . BHEHESH 14 K,
XF R4 dsGFP [P 1700 R 0 50.83%, TiiAb B
4 dsNIPSMD4 WIAEIE AN 4.17%, 55X R4
dsGFP FHZFE N ) RNA T 7E K EUE o

A AXS FET R B Ik 91.80% (& 8. B), M
WX NIPSMD4 ) RNA T3 FAESUR, T4k
J5565 10 KIF, XFIEZH dsGFP {34% 1 5 & A7
K- (62.67% ), TiAEFRL dsNIPSMD4 HIFTi% 3R
ELFEE 4.00%, S5XT 4] dsGFP L, AbFRAIZE
M 93.62%IM AL (Bl 8: C). LZiEf ik
ghiL | dsNIPSMD4 AbFRAFE T4 KEE R |
W S H R B S A R A B IR T dsGFP &
M, R NIPSMD4 Z:PX T4 REAAF &
KHEE,

2.4.2 NIPSMD4 T35 KB =MERFHE
IR0 N TR NIPSMD4 TerE CEESE T
FEMEA, BE T 4 UMM A S, IF5
VT A 41 B B0 I BRI AL % . S5 R,
NIPSMD4 B THEFE0E CEG™ 0N &2 208 T k%,
dsNIPSMD4Q xdsNIPSMD43 Wi 1 % T 4t &b 3
ZH O A 62 KL, 55X IR 4] dsGFPQ xdsGFPJ
TF# 63.70%, W] NIPSMD4 1) RNA T4 3%
FEAR =00 & . A, MaRpthda
dsGFPQxdsNIPSMD43 7= JP il i 2 FEAIG, (Y
68 ki (P<0.05), #2ALTHER AT
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dsNIPSMD42xdsGFP3 (99 i) (& 9. A), 1E
YRIEALZ T T, NIPSMD4 [RIREZE L SEHE A
ST LH dsNIPSMD4Q xdsNIPSMD43 4k %
H 25.65%, i FMET XTI dsGFPYxdsGFPS
B fE R (75.30%, P<0.05); HEdTHd
dsNIPSMD43xdsGFPQ WIS LR N 41.93%, 0%
ik F 1 M s+ 3L 4 dsNIPSMD49xdsGFPJ
(45.47% ) (&l 9: B ), JE4EMENERL AL O]
BT RRE, BT O B AL T RE
AFASE T R BT ol R TR S M LT
St BEAR IR AL 22, JH v A 3T X6 B A
RN e o . LR gs SRR, NIPSMD4
FEP RNA T 2 T EOHE d ™ 5P s D
W T ERHAR IR WAL, B NIPSMD4 JEH1E
e KIS R R AR AR .

2.5 NIPSMD4 Fii3#& CRE K Vg, JHAMT
# EcR EE mRNA Rk kK FEHE00

ERRMARK AT SAEMEMN LT, i
JEE I (Vitellogenin, Vg). PREER H Rl
0 ( Juvenile hormone acid methyltransferase,
JHAMT ) ) S Wi 57 38 2% 5% 1A ( Ecdysone receptor,
EcR) A B2 CELM MG, N TR
NIPSMD4 5:H RNA T4 5 350k R 58 ) F %
MR B ZHA L6, #id qRT-PCR HARK:
W T AFE S EGF @D iR Vg JHAMT R
EcR X 3 MRE eI H A K. g5 5R IR,
XTI dsGFP( ik 1.34 ML, dsNIPSMD4
A FRAH M AR Ve kKL AN R E L
7 (20.07, P<0.000 1), FiHIREEZH 15 %5 (E
10: A), XFf Vg mRNA 7K -5 i iz kb
AR A8 1T BT SEEIXT LG

A, NIPSMD4 %) RNA THid T80T
JHAMT Fl EcR bt 7481k, qRT-PCR 4553
T, JHAMT W335 A dsNIPSMD4 Ab P
Horp 25 R AR FRZH( ik & 2.92,P < 0.000 1),
BN IR ( FRihH 0.64) BRI T 356.25%( & 10
B). T4 NIPSMD4 J5i, EcR 7EER{H i Fk5 i)
¥ FM, dsNIPSMD4 RbFR4 (Fiki 479, P<
0.000 1 )#H LLX} FRZH( Kk 5 1.00 )Y EcR mRNA
K EMT 379% (FE 10: C), FikgsREH,

NIPSMD4 /) RNA T4 S 2 T # REUWAN KRG
5 R 5 PR 1 S AR A

3 GipSitie

AR LI, NIPSMD4 T CEl& K& B
Bz 5k, FLAE U SRR 0 0k
. X NIPSMD4 H:F#E T RNA T4 LIA
R b ) A0 35 DA ) 2k FLACR Rt Il i, F
175 20k LT HURT S B = I PE TR, JF
B ERRAR T 4 AV AR SRR T o R 5 7E
flg ol 3 B A5 8] 7 RUE, Fl Lucetti 5%

A 100
’-\g 80 B ek ok
é&é 60 ¢
Eig 40 ook
;J., t seokokok
J“La 20 - —e— dsGFP
dsNIPSMD4 X e
0 1 1 | | | | 1 1 1 L e
01 2 3 4 5 6 7 8 9 1011
HE5t/E K% (d) Days after injection (d)
B 100 "<
~E 80t
X g
~ & 60 -
%
H1-2 40 -
&
20 - —e— dsNIPSMD4
dsGFP
0 | | | | | | | | | | | | | 1
0123456 7891011121314
HE5T/E K% (d) Days after injection (d)
c 100
/_\g 80 [
Sgeof
jﬁg 40 [
- —e—ds
%i:% 20 dsNIPSMD4
dSGFP kkk
1 1 1 | 1 | | |
0 01 23 456 7 8 9 10

FETE RS (d) Days after injection (d)

B 8 RNAi %] PSMD4 318 KR 3 #FH (A ).
P24 liEHR (B) FiifEdR (C) FEENZM
Fig. 8 Effects of RNAi-mediated knockdown of

NIPSMD4 on survival rates of 3rd-instar nymphs (A),
24 h post-emergence female adults (B) and male adults
(C) of Nilaparvata lugens
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B9 NIPSMD4 E[E RNA THXMBREZZNE (A) RFLE (B) HFM
Fig. 9 The effect of RNAi against N/PSMD4 on the number of eggs
(A) and hatching rate (B) of Nilaparvata lugens

B dsGFP &= dsNIPSMD4

A R dsGFP =3 dsNIPSMD4 p ®R dsGFP [ dsNIPSMD4 c ns ns sk
= 30r ns Kok sk 4 - ns Hkskk ns |
> ] © | T 6L
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B 10 NIPSMD4 T#:348 XE Vg (A). JHAMT (B) #1 EcR ( C ) EE mRNA RixKEHHIE
Fig. 10 Effects of RNAi against NIPSMD4 on the mRNA expression levels of Vg (A),
JHAMT (B) and EcR (C) genes in Nilaparvata lugens
g A Y E AR MER , n=3, ns [R3R[F]— ] A5 AL BRAT A XS HRZH
(T4 dsGFP) 253 (P>0.05, Student £ K5 ) .

Data in the figures are mean + SE, n=3. ns indicates no significant difference between the treatment group and the
dsGFP-injected control group at the same time point (P > 0.05, Student’s ¢-test).

(2025 ) fEL2 B MEFE R HARSAF Popillia japonica RNA T4 FEOL B ML R B ESET: . Canuto
ORI, 26S R FIBHATA 1 EEEL (RPNG) 1Y % (2025) FEE %M WE Scaphoideus titanus T
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WFFE B, TR B W A S B 5T
R, G E T INEIE AN EREAE , X g Ry
T, PSMD4 TEZEHRE MOEA A Ay i sl b & 45
BEEAEM, BEIRZE R S EOR R R W E0E

Vg 38 #IA N2 R HOE R B R EE IRk
U8, FERRW & OB BN, SR, AR
HRFRY Vg AR . AEAEYINE . s
AU M I 7 5 2 AR A B T g, R AL R AR
B fa B 5 A BIOIR 25 1) oA P8 5( Lian et al. ,2022;
Kodrik et al., 2023; Leietal, 2025). JHAMT
BRI ZE (Tuvenile hormone, JH) A4 K
WA ESG—F R, B TH Rt TH
FIAETE PERT ARSI AT M TH, DTS AR 45
MR LT HEMRA, TSRS T
AL Z Pk 5 FR RS ( Sheng et al., 2008; Guo
et al., 2021 ), WiRMEZK (EcR) B2—FIE
HEZI, B R ER 20-F2 5L00 R TS
(Horoiwa et al., 2019 ), EcR A5 B B i
B SR, ) 2S5 A s B O Rk
A SHESR RS, EIESE RNAL B 6% dUAg #
AR — (Yueral, 2014), N, #oTixs
OCHE L D AR AR SE A T s e o A8 Ak, A7 B F
TRASHENT RNAL X8 CEVEAE . & B RGN
Wi, TEBEVEASE T TE, DUER NIPSMD4 W] i %
fICHE CEL = O IR . (EAR R,
T NIPSMD4 J5, Hff UK Vg 1Y) mRNA 7K
RS L XM “miest . ARAS” TS
PG, HALHI T AP Z I ARR A . F MR
F AR AR 5 N AR I B B PR fEIRR
2T, Lv 4% (2025) 7Es REUH AL HEEA
Pt R S AR Vg RRT = ol s
( Triacylglycerol lipase, TGL ) FERIFHE R, Tk
> 20-F2 M KW (20E ) 1A K, 8o
HIRAME L EFE; mAR#E P CuEs
20E-EcR/USP & A4S Ve i 5% R0 1E 18] P
[HF (Zhang et al., 2023), HHE 1z KA
IR UPS, NIPSMD4 335 & [ il GEf EcR/
USP &A1& “dbift” 1EH 19 5 5 ( Stoiber
etal., 2016), Bl TiF Vg (550 5w Fpse

WO o EERFZ M, AR BRI RE Sk A S B
SERR PRI FEAI A, 51 & P9 M 57 3 ( ER stress )
MBE R R Fa S I ( Suraweera et al., 2012 ), X
FPACIE Sy AT i@ mTOR s AR 8 (v
( Unfolded protein response, UPR ) %fifi & At
PEVERLE, A ERE IR LA Ve % sk LUR X 40 i
A A BRI SRS (Luetal.,
2016 ), Ik, Ve 5% BRI RE M 5L
B, TRAEP R AR5 70 5 M 8 1 A A2 BEL
XU 2R IR S T i — Pl BB S, i Ak
HFKOF TR SRR AU E A BRI R 42
TR, RAFHEGEIN R SR TR

WAk, ARWF5EIL & BT NIPSMD4 i 254k
LT JHAMT F1 EcR SR ik, 45 il
JHAMT M1 EcR ik W3 T8, 1iAe#E g
JHAMT 3% 5, Shinoda F1 Itoyama ( 2023 )
FIWFFERH, JTHAMT J& JH & R0 ek, H
TR EIEEWE RS54 MEGES
ZEFLTREE — BN H, X5 Lv 4
(2025 ) 7EHE KELH A& BUER 1 (R I B S 3
ISR AN L B R A R, SHER R
Hh ] 2SR AR 3 R A BIF ST A B, AR5 17 & B 22
PRI, ™ B A CEL R S . ST
[, PSMD4/RPN iX—2& UPS 77 3L FE K 72 A
Ivi] [ M 47 o o 5k LA 2 4 A A R AR B A 0
Uige: fEHA%ER T, RPN6 ) RNA THF
FHUN RN B EFETS (Lucetti ef al., 2025 );
FEREINT I, RPNG ) RNA THALEMEAT
T3, i | &M RN IR EH e R BT
[% ( Canuto et al., 2025), HHIHLZ T, ARUFFEH
MR Z ANTE T 4578 1 NIPSMD4 X I AR 2
BT RE MR fE A, JUHDRA TP e B 305
AR 7Y H R G SOAE R I B G ——iX — R T
FE H AR 4 F RN 26 A BIF 5 v 3 A e A A
B o BEAN, 4 REUE P H e = o 28 Rl
H RNAL SRR TH#EE, mAsHh
NIPSMD4 THJG 1L 95% M B R K W i3 A
X RNAG [ b B A AL, 33X ke H K R
Hrp I & RNAIL PR R4t 7 E 25 7R

WIS — T R IR NIPSMD4 i Ik
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PE AR BE BE R R o . AN T P M R
NIPSMD4 Fik, FFAE SRR R achil)s, )5
FCON A AL R E PRI R 41.93% . X KW
NIPSMD4 V] GeAENS F & A ol 32 M 1 A g i ¢
(0, Xiong 25 (2022) #5i, UPS 7EKi &
Az R AR DT R 22 A% 0 AN 5T B 1 O SR AR
TeEH, Z R BT E A - E AR E
FEHE, Sutovsky (2011 ) BIBFFEHE—A0ESE,
K 571 1) 8 1 B AR AE A2 0 1 18 h = 5 i O
FiEWWEN, &I LB 1 REl
ML NIPSMD4 () RNA T4 0T 58 S 280K 1 i &
TR UG 2 BB R RE S, SRS IR
FOERN . RNA THLZ—Fh R R I FE R =54
FERLH, 5 P9I PR TRV A XUE RNA BE AT LATE
VEYIRE AR H =, o mT DLE i AN A U it FE T
e, BAITREA s & B ARy i SE TR, A
TR 3 B 4583 ( Ortola and Dards, 2024 ),
RNAI B RS, HBERR SR 6 % —
WTEMEHY, B, SRRILT 40T HbR A B A
BiiG ks, Bl EFH RNA TS AT
B, COBUN SRk E BT RREIA B A 5T A

( Choudry et al., 2024 ), RNAi =i iFAh 0 Hb
2 e 25 0 ELde Bk W A T 28 4, IR N
EAE TR R S A IR 7E A SR R
SRR, I HLE R TH0)5 50 i 8 mT DLk G sl
Y /X #5 B e ( Bachman et al., 2016; Taning
etal., 2021 ), JF&HT RNAIL J7 kT2
VEPEAE HA S L ( Canuto et al., 2025 ),
12 E R AMHA R 5 UPS 2 B A Wik o 1 5%
P15 8 A AN 2 R A AR S A% DML, T e R
SEEEMENT R IR T R R R R E L,
AWFFEIE T RNA THEAR, REGUEH T 26S &
FIBEAE ATP BEE Y W35 4 5L NIPSMD4 1£34
e REVEAE B A B P ) AV E A, d8R T HAE
S R R RNAT 3 BB IA S A9 .

1 RE S HE AP ATPase Z2 RN (1930
e H RS, 5 KEl ATP & b I
ATPSb 1 1-2 4 IR FERIE, RNALH
il L 8 1] 58 4 B A P RS, 3B ATPSh
SRV CEVE K R H A ST E IR I (1 L3k

45,2018 ), WIHLK H -ATPase ( V-ATPase ) d W
S NIVHA-d HEARK R T IR 5 R 2500 0
Uise (RAPRAE, 2013), 7EHT KEl Sogatata
furcifera ", it RNAIQ FIGK % R Gk &
P V-ATPase fit) F . a2 Fl c2 iV Kt H45 3 du 540
B 7 5 JE 1] TUER bR 3L ] (g E ] V-ATPase
W, JERRILA Y CElE R R (Ma et al.,
2024 ), FiRZE R —3R I, ATP &5 V-ATPase
AR AR e AR A OB T,
RNAi /31 3F H G IR A 0 FHs . 76
TGN K KE Laodelphax striatellus ', ATPase
A EIR R FAEHE 5 0 T R R Ui 6e
WRE K REAMER N LsATP Fik BT E, HHE
UUERGEBERE 1 T 1%, Uk HAE /K RS 2% 800 25 e
TR B e i h R HEEEE R (Y14E, 2017 ).
ikt — R T R ERHR B ATPase &
I DI REMIA SN, I F I R AU B 3 Atk
AT B O BE B A AR, 3 nT i 5 A
5 RUMG TR, EAKEFRE . Lk
e 07 o DA 4 A6 DG AE L R b R A O
A, TR & T HAE A RNAG A 553 B b
OISR = A
g bRk, ABPRASIREN], NIPSMD4 &
HeFpl CEVEAF AR BT RE R SR R . I
RNAi FARSE ] FHZIEH , GEME R SCBME K
A\ K B B B U HOR A R SO A B S B
TIREAR . FERI T, 3T NIPSMD4 1) RNAi
BiiA A ms ol AP 7 etk H—, IR RSN
dsRNA il 5. B §i A & X3 2 H g 3 1)
dsRNA eyt ARDI AR B, $10) PSMBS )
dsRNA il 57 & 76 35 [ 78 s A Bc I T 548
S H W Leptinotarsa decemlineata W H [a] Fj 2
( Graser et al., 2025), XFo4rUEM T 24 HEHA
AR RNATL AR 258865 09 ] AT PRI R T -
XFT CELX SR FE L, dsRNA FE
126 326 2 1) 24 FE ) 1O FH 1) S BERL 0, ok kit 1
REEFEAY AP RS B 1S dsRNA
MRS EPEFT RNA TR (Maeral., 2024),
KA SIZ R TT & VL NIPSMD4 F R (1) 240
KALEL dsRNA Wil . H =, BE &K
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NIPSMD4 dsRNA 15 5 PRKRS . A IFFEIESE,
FIH RNAHAE 1o 15 5 SRR BG4 KL
EHARBAR L HA P, R HPR LR dsRNA
F14) e 5 DR 7K e AT ol R 4 R LR P A 5 R
SRV 2 BEAL (IR aE, 2025), ¥4 NIPSMD4
FIRESME dSRNA Rk ulise AOKFE, flite Gl
BB B TR RR 2B A dsRNA DU fish & 3 [
UER, St R S MR R et s — . (15
KIEMSE:, EIFEIET PSMD4 ) RNAi BiiAF
BEHT, whZi 38025 el CEE i C 3 H
PR, HAM#f 2t . tHRES™E, 1
P 35 DR A PR 1 5 e S ez ) 1) S A 2 3
B R KA (R FPREE 51 43 A FI A5G 22 VPR i
PIYGAIE ( Tavora et al., 2022 ), M4b, ¥ NIPSMD4
A ) SR e At 6 mURE U AL RN AL B AR 4T
WA, AU 20 CEZROKAEE B RS2 B
EE S GO RS 4 &
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