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REHER SUSP HEB T YABELEF

BB W ETt pEW, B O, AEEC,
TEHS, WKAT 4w’

(1. EPIWERER RS0 T AUIEET, B R E KT E AR %, EK 4013315
2. SRR AWISEAT, SN Ll s B HE R SR B 5, ARl A SR AR A T LR 2 LR B v, B FH 550025)

BE. [ B0 AR AHE 2 KL ATE G (ultraspiracle protein, USP) & & 3 & & Sogatella furcifera
ERHEEFARTONRALE LT ReAFEz izt s, [FF]ATa8 wak
B 204 | 45 A& RT-PCR %1% SfUSP 4% cDNA %) ;4] Bl RT-qPCR M & & % & & R F & 7 W&
(1 =582k .5 &5 RBULATS 835 R PRl R k) 5 835 R ( Sk REBE IE ik Wil
Fo ) (MR k2L (AREE 8 MR IR R Fe I ) A& 100 ng/ sk 20F &35 S # 1 K5 R P
SfUSP ¢ ik % ;18 it B 424 dsRNA Je bt Bk 5 #6% | K8 %8 SUSP J& , it S 3 & 7% %, 0
B RFIAA AR RT-qPCR M Z LT A& i A i b A4t A M ay Rk 3, [#R] AkkF
T & % & & SfUSP( GenBank & % % . ON209396) # 4% cDNA 57, & Ak @42 K 1 263 bp, %
420 N R IEBR ,SIUSP B G o F 5 4 47.27 kD, b5 4 5 4 7.18, F I A4 R &0,
STUSP 47 4 % M R A PT B &t 5 AMEF 4 M3K, - B DNA 25835 ( DNA-binding domain, DBD) #e
Bt 2 4 3% (ligand-binding domain, LBD) & B4, X F M-8 kA # L, SUSP £ 1 ¥ 3% &5
2 BB AT AR R, R P B Rk LSRR T R SUSP 1R 5 ¥ Sk Sk KB RS B kAR i 8 P
HRE TR G EMR R AR TRHRE TR G, BMIES 100 ng/ 3k 20E 512 hat,5 # %
9 SfUSP t9 k2 &R %3 T Be, $e@ itk SFUSP 2L )5, 5241 dsGFP & 5T B 2048 1L
BEEKTOF AN EREFER, BMIES dsRNA 6 d B 3 & A7 FAUH sF B 2049 18.01% , 3
PR BLEAR L 51.46% ; R F 34 T IUT Al % % 42 K W SfCHSL, SfCHSIa, SfUAP,
SFGFAT Fo JUT Jfi Ve ffilh 9% % 4 L B SFCht7, SINAG1, SfNAG2, SfCDA1, SfCDA2 #= SfCDA4 &4 %k
T AR RFRET SGOPI A= SfChi10 th R ik &, [H#R]SUSP ZaH A AKKLFELZ T X
SRR B aILT e KM, stmifE g F R AMBLEAT

KER: oF A BANEZS,; B E; LT Rems B, SLE
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2. Guizhou Provincial Key Laboratory for Agricultural Pest Management of the Mountainous Region,
Scientific Observing and Experimental Station of Crop Pests in Guiyang, Ministry of Agriculture, Institute
of Entomology, Guizhou University, Guiyang 550025, China)

Abstract; [ Aim]To explore the function of nuclear receptor ultraspiracle protein (USP) in the molting
development of Sogatella furcifera nymph and its regulatory relationship with chitin synthesis and
degradation. [ Methods ] Based on the genome data of S. furcifera, the full-length ¢cDNA sequence of
SfUSP was amplified by RT-PCR. The expression levels of SfUSP in different developmental stages
(1st = 5th instar nymphs, Sth instar nymph prior to ecdysis, Sth instar nymph during ecdysis and female
adult) , tissues (head, integument, fat body, gut and leg) of the Sth instar nymph, female adult tissues
(integument, wing, fat body, leg and ovary) and the day-1 5th instar nymph of S. furcifera after
treatment with 100 ng/individual of 20E were detected by RT-qPCR. After the targeted silencing of
SfUSP by microinjection of dsRNA into the day-1 5th instar nymph, the nymphal survival rate was
calculated, the lethal phenotype of nymphs was observed and the expression levels of the key genes in
chitin synthesis and degradation pathways were determined by RT-qPCR. [ Results] The full-length cDNA
sequence of SfUSP ( GenBank accession number; ON209396) of S. furcifera was obtained by cloning,
with an open reading frame of 1 263 bp in length, encoding 420 amino acids. The predicted molecular
weight of SfUSP is 47.27 kD with the theoretical isoelectric point of 7. 18. Sequence analysis result
showed that SfTUSP contains five conserved domains of nuclear receptor family, and DNA-binding domain
(DBD) and ligand-binding domain (LBD) are highly conserved. The developmental stage expression
profiles showed that SfUSP was highly expressed in the 1st instar nymph, and the 5th instar nymphs prior
to ecdysis and female adult. The tissue expression profiles showed that SfUSP was expressed highly in the
head, integument, fat body and gut of the 5th instar nymphs, and in the wing, leg and integument of the
female adult. In addition, at 12 h after microinjection of 20E (100 ng/individual ) , the expression level
of SfUSP in the 5th instar nymph was significantly increased as compared with that in the control group.
After targeted silencing of SfUSP expression, the nymphal survival rate of S. furcifera was significantly
reduced compared with the control group (injected with dsGFP) and only 18.01% of that of the control
group at 6 d after microinjection of dsRNA, with 51. 46% individuals unable to molt successfully. In
addition, after targeted silencing of SfUSP expression, the expression levels of the key genes SfCHSI1
SfCHS1a, SfUAP and SfGFAT in chitin synthesis pathways and SfChi7, SfNAG1, SfNAG2, SfCDA1,
SfCDA2 and SfCDA4 in chitin degradation pathways were significantly inhibited, but those of SfG6PI and
SfChi10 were significantly increased as compared with those in the control group microinjected with
dsGFP. [ Conclusion] SfUSP is a key gene in the growth and development of S. furcifera, which can
affect the synthesis and degradation of chitin, and then regulates the ecdysis development of S. furcifera.
Key words: Sogatella furcifera; ultraspiracle protein; molting hormone; chitin synthesis and

degradation ; ecdysis

B R0 B 58 AR AR R I R R R R
43 HL [ 9 4% ( Dubrovsky, 2005 ) , Bt 2 41, 5
B W R A B ML 56 K g R BB S5 Ak 22 2E 3 2y v [
FEHRAEZ A I HEAE ] (Han e al., 20205 5K )3T
&: 2021 Liet al., 2022) . fERHW 7z 51 #2d,20-
¥ FLmt 7 iR ( 20-hydroxyecdysone, 20F ) i 15 5 M ji7
B2 2K (ecdysteroid receptor, EcR) IS 1E M

LA WOT ETS. E93, FTZ-F1, E74 F1 HR3 %5 F i
e s PR, T A 4 Bt i Bz AR R 2 A AR BT B
(MG ®5E, 2021)

USP &t #% &£ X 3Z K (retinoid X receptor,
RXR) Wy [R5y, 7E1F 2 B dorh BAT iR USP 2,
5401 B R W% Manduca sexta (Jindra et al., 1997) |
5 B AL Aedes aegypti (Wang et al., 2000) fi1 B+

(ultraspiracle protein, USP) JE Bl 9 55 5 — 2R ‘Blksnddaced frolinfeb measitigrsatpsesyiord by 626l 761280 1101 998 253 1 7+
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% Tribolium castaneum (Tan and Palli, 2008 ) £
TR Spodoptera frugiperda ( Giraudo et al., 2013)
&, USPAERR AR AT AR K B 55 A P
PRI A DGR L B, 8 B2 3R 175 = B K L
P R A AR . AR R U B T B,
RNAi JJLEk TcUSPA il TeUSPB 3[R X 48, 5 51 4h
H-IRAR 5 o F2 b & F B FE E T2 (Tan and Palli,

2008) ; RNAi VLR 3 K & 1 Sitobion avenae SaUSP
J5 8 AR T W B R BB ) (Yan et al.,
2016) ; %5 #b, RNAi T 2k £ 5 WX Lymantria dispar
LAUSP J5 , 33 3 {4 ik B IR M4 HAE T3
N (Wen et al., 2020)

H K& Sogatella furcifera J&— Fh B Y r-Xf
TE R, HHA R AT I, 5 B R K (50
Je ARk, 2017) . |:JEHL HH CEUZ R 7 K R
AR B AL R A, ™ F M K e Y 7 1
Jox (kAR 2017) o HH, X Tz B iy PG
FEIEMEEAL BT R , (H T8 HUR R 2 AR 5 B
i, 2 RO 2R B A T E
P (Al et al., 2019; Ruan et al., 2021; 5k i,
2021) Uspﬁﬁﬁﬁﬁﬁﬁfﬁ%e{nﬁL%%@qjﬂﬁ
A S R, 7 B RS R RS 25 A5 A PR R R
PG A, PR A TE I 3 L PR AR . ASHTE
FRETOAMMATE CESE R A5, FLEAE
IS R OR 15 530 A% 2 AR DY) SfUSP A Hsi j
B AR R A PR A B LT A BRI R A
FEPR ) P AR X — B B 27 [R] R, K] RT-qPCR
:B’Z*ﬁﬁﬁ SfUSP TEAN R & & BB .5 145 AN [l 20

ZUNI 20E 75 5 F iR I8, JF il id RNAL $0R 73
Br SFUSP FEAH CEVE K K BB iThEe, L&
TUER SFUSP J5 % JLTT T3 6 B0 o ik 3 i G B L R 3R
*7J<$E’JE§“[']O ZA TR A R BE I SFUSP £

HOCEW R R H R T RE, i — 20 W
SFUSP 55 LT Joi-5 BT e fifp 22 T) 1) 3 425G 2, hy ks
T RNAi 3 L BiaHT i SO AR B A i e S it 2 %

1 #R5ET%

1.1 #HfREH

ARG F i 7 G 2 N RUER P (R
4, 2022) ffiH TN1 KA TR MR (25 £1) C 4
XTHEEE 70% +5% FOGRIM 16L: 8D F&4F T 157,
1.2 3 RNA BJ3R2EUE cDNA &£ 1 $E1E 5

A & (Omega, 3 1) $2 B RNA (Zhou et al.,
2021 ), I i Jf] PrimeScript™ RT Reagent Kit with
¢DNA Eraser (TaKaRa, HZ)i3#] &4 % cDNA &
1 %% (Zhou et al., 2021)

1.3 SfUSP =%

i F BioEdit A (https : // www. softpedia. com/
get/Science-CAD/BioEdit. shtml) ¥ % 98 K B 7S #h
FERH B0 2, LA K& Nilaparvata lugens NIUSP
FEH RBEAR HEA T A 4R, B 4R A5 KAl SAUSP
K51, il it Primer Premier 6. 0 BB 51H) (£
1) ,3#if 2 x Taq PCR StarMix with Loading Dye iz,
#( GenStar, Jb357) LA RT-PCR %1 £ PR 20 iR A5 1Y
FPHHEA TR IE . PCR SR IR FR (25 L) : cDNA
BB 1 L, StarMix 12.5 pl, FFi#314(10 pmol/
L)% 1 ul, ddH,0 9.5 plL. FRFRF: 94 C itk
£ 2 miny 94 CA54 30 s, 55 CiE k30 s, 2 C ZEfH
2 min, 3£ 30 MER; FJ5 72 C 4Ef# 10 min, PCR
P 22 WL YK T 454 ) R D EasyPure® Quick Gel
Extraction Kit( 2449, 4t ut) 15 & x5 B 14
AT IS Ak, B iS B R B S5 AT TA 32
R, K s R 5 7 ik A 2wl EA T DU
1.4 RFISH

B 5eH A ORF Finder ( https: // www. ncbi. nlm.
nih. gov/orffinder/) 43 #1 SFUSP FT Ji% ] 52 4E ; 2
DNAMAN #f: S H 4 i 2 HE 2 17 9 O kA7 2 57 41
FeXt 43 #r; i 3 Pfam (http; // pfam. xfam. org/) I
SMART 7£ £ ¥ 3 ( http: // smart. embl-heidelberg.
de/) TR H 24 % 2 11 O/ < 45 4 38 Adi ] ProtParam
X BT A BRAG PR B AT 0 . >R H MEGAG6. 0 %k
&85 % (neighbor-joining, NI) M RG A H
i, 155 bootstrap {E -~ 1 000 XKL
1.5 RT-gPCR UE

W01 PR 7T UM G e FE A L e X, I
FMRE RS, B2 d B 1 SOKRR . ik
FE1R211-2d3B1-3d4#1-3dM5#B
1 =3 d AR 5 W JUi B2 Rip (5 1% 4 d) 5 i iR
i Kz rp W14 0 = 10 min B HL (W5 2 J5 ) F13P4k
1 -4 d Bl B AL 15 ~40 L ETH KR,
YE 1 AR o o W 150 Sk Rl S i
Hi7E PBS i Sk ARBE JRITIR mE AL AN 1
MY ERE , TEMESCRIAE S d 5 R3S sk
100 3k, 75 PBS rfvfig S AARE 38 i s 140 | 2 RO 5L,
A1 AE%%E’EO

FE R 1 CEVEE & {8 ] HP Total RNdwrfdaded from http§‘/ 1)? 1#817E%0. 1kd, 06185 N 1
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Table 1 Primers used in this study

HEH ElL7] SIMIFFFI(5" -3") &
Genes Primers Primer sequences Purpose
USP-F1 ATGGCGAAGGTCATGGTGTT
USP-R1 TGTGGAAACTGCTGGTTGATTC
YUsP USP-F2 CAAGAGGACAGTGAGGAAAGAC RT-PCR
USP-R2 AAGTTTGTGTATGCGTTTAGGG
Sfusp Y-USP-F AGTCGCCGTTGGAAATGAAGC
Y-USP-R GGTAGGGTGAAGTGGCTGACTG
S/RPLY Y-RPL9-F GGGCGAGAAGTACATCCGTAGG
Y-RPL9-R GCGGCTGATCGTGAGACATCTT
SfNAGL Y-NAGL-F GCGACGAGGTCCAGTTCAAGTG RT-qPCR
Y-NAGI-R GCCTGCGGTGATTGGTTGGT
SINAG2 Y-NAG2-F CGGTCATACGGCCATCAGTCAA
Y-NAG2-R GCAGTTCGCTCCACATTCAGTT
TAATACGACTCACTATAGGG
Sfusp i-USP-F
TCAAGAGGACAGTGAGGAA
TAATACGACTCACTATAGGG
i-USP-R
GAACGCCGCTATCAGAAG
RNAi
TAATACGACTCACTATAGGG
GFP GFP-F
GCCAACACTTGTCACTACTT
TAATACGACTCACTATAGGG
GFP-R

GGAGTATTTTGTTGATAATGGTCTG

TRIL 5N T7 J5 307751, Underlined sequence indicates the T7 promoter sequence.

FIBCHI AL S 1000 ng/wl (1 20F ¥, >R FH Ak
TESHEXT T RIS W28 1 Ko AT i g, B3k
PGS 100 ng, DU SR FR ) £ 1 Ay % 1R
2, AR RS E 6, 9 A 12 h {75 REFES 8 ~
10 Sk, U B TR AR R R R - 80 CARAFRFH]

FrAE MBI RE 3 N EYEHEA,
FastStart Essential DNA Green Master i, 7] &1, L sul
RT-qPCR 3% SFUSP (32 ik BIEF TN , DL S/RPLO
HNSHEER, RNEFR: EF##514 (10 pmol/L)
£ 1 pL, FastStart Essential DNA Green Master 10
uL, cDNA BEBE | pL, ddH,0 8 uL. JZ 1 2
95 °C 28 10 min; 95 C A 30 s, 50 CiE & If:
HEA 30 s, 40 MEFR ;60 ~ 95 °C A= Uk A 22
MR PERT 3 IR
1.6 RNAi

{fi | Primer Premier 6. 0 4% {4 % i SfUSP #i
GFP(GenBank % 5t 5. CAAS58789) [ dsRNA 5|#)
(£ 1), Jf i 15 E-RNAi (http: / www. dkfz. de/
signaling/e-rnai3/) Kzl dsRNA & B 5 | 90 #E bR X 3k,
i3k NCBI Blast FXT 45 dsRNA (1 #E AR XI5,
5 Al e PR 2 A B A s 1 T L, DA T ARG H Y
FEPTUER G AR b AR A BE S . ffi ] TranscriptAid T7

High Yield Transcription Kit 23| £ ( Thermo , Sd®hloaded frowRede

SR UL A B A4l fk dsRNA , 3 3 NanoDrop
2000 ( Thermo, [ ) i 5E 4 fLJ5 () dsRNA ¥, If:
W HABEZE 1 000 ng/pwl & H

SRR AR (2022) Bk RIS 850 1 R
RO AT W 0 S dsRNA L g3k i AL i 45 0. 1 pl
dsSfUSP , [} LA vE 53 S5 R B dsGFP 1R g X} B, 4
AL 30 kR E S MEYFER, F T
J& BB TSR b I w7 () 3% 2500
[ 1. 197) R RWEES 1T RIET GO0, Hoh 2 1 K3k
T AR AR 2 R T LA 5 3 iR Y SE T, 26
ATE ARG 2 RIFIRGE TS RAEE 2, E S0
£26 d, IR FET 1 HUARk AR R SRR AV L, B
JEGeiH s AR S AR AL, [R5
dsRNA J5 48 F172 h f], Bifi L3k HSE 56 28 Fn X) B 2
FEI% K 6 ~ 10 Sk, FIH] RT-qPCR {2 $E AR e A %
IR (IrEE 1.5 797) , 7 TR
1.7 RT-qPCR JUZE SfUSP RNAi 5L THEA R
MERERXEERRIEE

SRS dsSRNA J5 72 h IF, BEALHR IR SE 56 20 F
XA AEIE A 6 ~ 10 Sk, AN I E 3 AN EY)
MEE K H RT-qPCR A A CEUL T A

WP O BL K SfTrel, SfTre2, SfG6PI, SfGFAT,

(bl br %ﬁl{iﬁ@ﬁ&émﬂ&@@&%ﬁ@
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BEOCHEREDR 4% JL T BT R fife 1l 8 v (9 LT o il R
SfCht5 , SfCh10 F1 SfCht7 , JLT J5i JIi 2. Pk J5k il &
SfCDA1, SfCDA2 F1 SfCDA4, JL T ik Z. Tk C 1 iz
filg 5L PR SANAGL 1 SNAG2 Rk, 2 RE il
B FRIEE B ( EH, 2019; Yang et al., 2021a,
2021b) #4F RT-qPCR ( J7 iR 1.5 45) , SANAGL Fi
SNAG2 )51 I3k 1,
1.8 HIEHH

RT-qPCR 45 JLii it 2 -8k b A T SE PR A X 3k
s, JF ] SPSS 22. 0 B i AT Se it o pr , Bds LA
FAMH £ ARUELRFKIR o SUSP TEA[A) & & Br BOFIA
[FJZH 293k 5 114 22 55 Wb 3 P FH Tukey [G HSD %
HEAT 22 F U0 T 5 AR B A T ST AR A ¢ A
HEAT 25 55 0 R A

2 #£R

2.1 SfUSP EFE=ESFET
T A CEGE R PSR A RE USP

() cDNA J¥ 1], 3f-38 8 RT-PCR $ A X H 17 5 ik
J& . 25 NCBI il 47 [A] 5 LU XS 53 A, A o Ay i gz
PR AR Dl AL S AR AT 1 (USP) R[] 8 5
fir %4 K SfUSP ( GenBank % 5% 5. ON209396 )
SfUSP {4 ORF J¥51I4 1 263 bp, 4t 420 SRR,
T4k 47.27 kD, BB AN 7. 18 fRAF
S5O HT B, SIUSP B %2 R R T B4 1Y 5
AR SY S A, I HAE DNA 454 8 ( DNA-binding
domain, DBD) Hr 6 & P AN FEHE XL (K 1) o 741
W2 EZ WA R F T CE STUSP 22 757
5 H AR Y USP 79 HAT 8 i) — Bk, JUH 2
DBD Flig{A& 45 4 38 ( ligand-binding domain, LBD ) E.
ARENRSFE(E D) . REXFEWER, HE L
A\ SfUSP 2 5 1R J7 51 5 [W] D9 A8 K Bl g K & EL
Laodelphax striatellus Fl 6 & 8l 2 4L 17F 7 — 1~ 2
b RABOEREG KR RG-SR R IR Cimex
lectularius JE M H 052 (K 2) , #E— Uk USP
TR Bl b BEARST

SfUSP MLEKEKPMMS VT AL T QS. AAHHS WGRGL SLENNLSL NS VGPOSPLEMRP DTS LHV. . GNFSPGGGPNSPGSYS. . 1 GHSSVES. SGGKM 83
NIUSP MLKKEKPMMS VT AL T QS AAAHHS WGRGL SLENNLSLNS VGPQSPLEMKPDTASLT. . VGNFSPGGGPNSPGSY. . SI GGHSGV. . GGKM 83
LsUSP MLKKEKPMMS VTALT QS. AAHHS WGRGL SLENNLSLNS VGPQSPLEMKPDTASLL. . VGNFSPGGGPNSPGSY. . SI GHSSVLNSGGKM 84
LmUSP MEGS ERGI SLENNLS! §SMGPQSPLDMKPDTASL! §'s SPTGGPNSPGSFT. . I GHSSLLN S 66
DqUSP MVKKEKPMVS VT A [ QGTQAQHWARGNT W. ESLDSNMSMS 8 VGP QS PLDMKP DT ALI NP GN SGP. NSPGSFN AGCHSNLL § 86
BgUSP . . MEGSERVA GLSEDSNLPI S8 MEPQSPLDMKP DFASELGS GSFSPTGGGGPNSPGSFSI GHSS VLS 71
BIUSP MMKKEKPMMS VT AL | QGTQARHWS RGNT W. L'SLDNSNMSMS S VGPQSPLDMKP DTASLI NPGNFSPS. GPNSPGSFT. . AGCHSNLLSTS. PS  gg
TeUSP . . MMKKEKPMMS VT Al [ QGGAQNWS RSLPNF GPPHMSLALSLDONL SMGSLGAPQS PLDMKPDAS TE. GQF SPQGP. NSPVSFS MGGHGTLLSPS. GN  g)
BmUSP MSS VAKKDKPTMS VTALI NRAWP MI'P S PQQQQQMVP S TQHSNFLQPMATPSTTPNVELDI QWL NI ES GF MS PMS P P EMKP DFAMLDGF RDDS TPP PP F KN 100
MsUPS MSSVAKKDKPTMS VT ALI NRAWPLTP APHQQQSM PSSQPSNFLQPLATPSTTPSVELDI QWLNI EP GF MSPMSPP EMKP DTAMLDGL RDDS TPP P AF KN 99
ZN_FING ZN_FING
SfUSP ] < [IVESTHSFHTDM
NIUSP
LsUSP [VES TS FHTDM
LmUSP [VES TS L HTDM
DqUSP SIBVES TRINL HADM 2
BgUSP $8G. 8 VES THSLHTDM
BtUSP GONKAAA SBIVES THSL HS DM 2
TeUSP TPNKSSTSP S EVES TINLQADM
BmUSP DAHPHSS VOEL
MsUPS DAHPHSS VOEL
SfUsp - PI LJECKP ENP VL DDDL T i)
NIUSP PI L\ECKTENP VT EDDLT i) 284
LsUSP PI LNMECKTENP VL EDDLT | 285
LmUSP PV RNYECKAENQVE YE S TMNNI CQAANI CQAT NIX@I L 276
DqUSP PI RIYECKI EHQGNYENAMS H i) 290
BzUSP PV RIECKS EQQVEFES AVT L 277
BtUSP PI RIYECKMEQQGNYENAVS H L 202
IeUSP BL RIECNDP L VAL VVNENNT TVNN. . || COAT HIX@] Ql 301
BmUSP SI LVADS AEEL QI LR\YGP ES GVPAKYRAP VS SECQI GNIXE] L INVDSRNTAPPQLI Clil 321
MsUPS SI SLVADPPEEF QF L RGP ES GVPAKYRAP VS L RENVDSRSTAPPQLMCIE 320
G HIME FFRLI 400
G SIHBE F YRL [ 400
G 400
G [FHIMEEFRLI GDVP 396
G HBEEFKVI GDPP 410
S YBEEERLI GNVP 397
AT G YBEFEKM GDVP 412
AT G [FHIMEE FKLT GDVP 421
MP 8 HEYLFHLVAEGS 441
S MP . Q| | S 1.1 Y KAL S ¢ BHEYFEHLVADTS 440
B PRZY £y i Ligand-binding domain (LBD)
SfUspP 400
NIUSP 400
LsUSP 400
LmUSP I DTEEMEMLES. . PSDS 411
DqUSP I DDELMEMLES. . QSDT 425
BgUSP I DEFLMEMLES. . PSSDA 413
BIUSP I DDELVEMLES. . RSDP. 427
TeUSP IDTELMEMLEG. . TTDS 436
BmUSP VSS¥I RDALCNHAPPI DTNI 461
MsUPS I AS¥I HDALRNHAPSI DTSI 460

B 1 USPs MR35 Xt

Amino acid sequence alignment of USPs

EFRIEY)FI AT GenBank % 55 Protein origin species and GenBank accession numbers: SfUSP: [ Kl Sogatella furcifera, ON209396; NIUSP.
#5 K\ Nilaparvata lugens, AOY34794.1; LsUSP. JK K\ Laodelphax striatellus, RZF38004. 1; LmUSP: KU Locusta migratoria, AAQ55293.1;

Fig. 1

DqUSP: Jy3kRYf B Dinoponera quadriceps, XP_014489099. 1; BgUSP:

i [ /N Blattella germanica, CAH69897. 1; BtUSP. KK AE 1% Bombus

terrestris, XP_003397991. 1; TcUSP: #R{UA ¥ Tribolium castaneum, XP_008192984. 1; BmUSP; 5 4x Bombyx mori, XP_012548309.1; MsUSP: #f
B R Wk Manduca sexta, XP_030036661. 1. 4T {4 F % 2% 43 Wl 375 DBD Fl LBD, 4T {4 )5 HE 3 75 £7 45 45 #9380 (ZN _FING ) , DBD and LBD are

highlighted by red lines. Red box indicates zinc finger domain

DNl B3 from https://cabidigitallibrary.org by 128.175.230.110, on 06/25/24.
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94— 17 FE M Eciton burchellii EbUSP KAH0951686.1
0.05 100 _[ J5 R HE I Dinoponera quadriceps DqUSP XP_014489099.1
08 — I el ﬁ?ﬁBm}‘?bus Le'r'restrix BLUSP XP_003397991.1 E%%EOWM
VG 7 B W Apis mellifera AmUSP NP_001011634.1
66 A ZEWE Cephus cinctus CeUSP XP_015604875.1
ﬁ{ VLIRS 1 Schistocerca gregaria SgUSP ALO17614.1 HWE
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Fig. 2 Phylogenetic tree of SfUSP from Sogatella furcifera and USPs from other insects constructed

by neighbor-joining method based on amino acid sequence (1 000 replicates)

2.2 SfUSP BIZ= &1L K 20E @R R

AR KRB O BRIBIERVI(E 3. A),SUSP 1

T RELS W R AT (S % 4 d) il — 3Rk
e ] BRI R W B2 I, He ik i 2RI RRAIG, S5 5
F 5 1 8 o R R TR B PR T BRI = Ak, 7 T
W BB Beth B s Rk, AR R
R 3: B),SUSP FE T CEl S 7y il
BB A RIK AR IBE A E— 2
5, SfUSP 7E 5 W45 1k AREBE B i 14 Fi iz 1 v

() ZRIR AL, 76 2 TP A IR T AR ZEME R i rh
Tk, ERE P RIAFIRZ, ARG 2TEIRBE D
(1), FERR AR BN S rh ik AR, 5I4b, 4 20K
Ji 12 h B, 5 % B SFUSP 1) 3 A A0 v 5 SR R
SN HRZ 1Y) 10 2 T (P < 0.01) , %t REZH 1Y
1.42 .,
2.3 SfUSP RNAi FxtBE YR EKEZF N

FRAE SFUSP 16T AN & & B B 2Rkl
2 EFE S W 1 KA BT RNAI 5245 . RT-qPCR
R 25 5 2 B, 7E 0 S 4 dsSfUSP J5 48 Fl1 72 h
B, FEARFE R () ik i S VR ST dsGFP [ %) HR 4 Hh g
AR TFYE T 76.59% (P <0.05) F1 73.18%
(P<0.01) , 38 SFUSP B4 Ui Ek (B 4: A)

TLER SAUSP J5, 5145 dsGFP (%) B 4H 1, S
FHAHE REGE R TR B IS, 2 R

A 4 2 3% %43 1y 81, 51% F1170. 55% ;% 6 d
715 2R 16. 68% , 1 % BELL A7 R 0 93. 24%
(El4: B), #F—Ms kM, HEGE R H EZEA
RELIN WL B2 (5 51. 46% ) , B R A K] 43 H
IS, PL: HURIHZR B F 2L (H R it 2o sl TH 3R B2
TEFEARIE W Hi FE 2505 Bz 2R IR A1 (27.90% ) 5 P2 [H
PR FFARTFRL, FE W Bz B B A6 T ok B A Al K 1 2 A
(23.56% ) (Kl 4: C) . BRUELZAM, 74k HAET
Al 3 T XTI AL,
2.4 SfUSP RNAi 531 JLT & Ak F0 PE 2 18 B8 o<
BEAREIENZN

R UIER SUSP 5, 5 B4t dsGFP %) IR
A, LT A G B B SE ) SFCHST () eik it
52 REAE (P <0.05) ,SfCHSIa, SfGFAT i1 SFUAP (1]
TR W W FEFEMR(P <0.01) , 1 SfTrel, SfTre2 F
SfPAGM [k 0 i E A4k (P >0.05) {0 SfG6PI
(R 2RIB IR W P2 (P <0.01) (&1 5); JLT k%
il 30 B G HERE A SACDAL 1 SFCDAA 1) 33K 5 L i
EIEAL (P <0.05), SfCht7, SNAG1, SfNAG2 Hi
SFCDA2 ik fa il it 2 P (P <0.01) , SfChi5 1
FIRBTREL(P >0.05) {H SfCh10 HYKIA &
e F R m (P <0.01) (&5),
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Fig. 3 Expression levels of SfUSP in different developmental stages (A), different tissues of the female adult and 5th instar

nymph (B), and the 5th instar nymph treated with 100 ng/individual 20E (C) of Sogatella furcifera
Ist: 1§35 5 1st instar nymph; 2nd-1 =2 53518 2 %1 =2 d 5 Day 1 -2 of the 2nd instar nymphs, respectively; 3rd-1 =3 4353 1 -3 d
#7H1 Day 1 =3 of the 3rd instar nymphs, respectively; 4th-1 =3 43554 §# 1 =3 d # 5 Day 1 -3 of the 4th instar nymphs, respectively; 5th-1 -3,
S35 5 W31 -3 d %5 5 Day 1 =3 of the 5th instar nymphs, respectively; PE: 5 {&%5 BUilii B2 Fij (5 % 4 d %5 81) Sth instar nymph prior to ecdysis ( day
4 of the 5th instar nymph) ; DE; 5 {& 45 HU i Jiz /f Sth instar nymph during ecdysis; AE; B % J5 (#3946 0 — 10 min Ji B ) After ecdysis ( newly
emerged adult at 0 —10 min) ; FA-1 =4 23518 P46J5 1 -4 d $ER{HE Day 1 —4 after emergence of female adults, respectively. He: 3k Head; In: £
B¥ Integument; Fa: JEj1& Fat body; Le: /& Leg; Wi: ¥ Wing; Gu: il Gut; Ov: JFE Ovary. K BUE R FIME + FrifEiR 4 EARE/NG 75
FORANIA Ak 3R] B P 3% 3k 6 2% 5 B3 (P < 0. 05, Tukey [C HSD); i AT SRR 5T AL L 2% 7 B E M (P >0.05; “P <0.05;

“P<0.01) (¢t #:%;) . Data in the figure are mean + SE. Different lowercase letters above bars indicate significant differences in the gene expression

Treatment time

level among different treatments ( P <0.05, Tukey’s HSD). Significant differences compared to control group are indicated by symbols above bars

("™P>0.05; "P<0.05; *P<0.01)(t-test). FKIF, The same for the following figures.
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el AR (18 1), 35 H A B rp A F 7 25
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AR KB B BERIA G R R (181 3) , SUSP 1Y
B RF O BIIA FRIL, IFHAE S WA B R Tk
B m K (B 3) o RN R D B Grapholita
molesta WL A BL GmUSP 350 B iy FLAT B e ) 5 5

W7 4y e R it B AT i B 5 s K- (Wen et all.,
2020) . XEELERMERE USP 7E R dUl et fe b A
AEENEM . b, SFUSP T2 T EUME R dL AR A
[ FE B Bm e sk R KT Rt 2 5 17 H
GRE N REER R E RO NS S I N SR E S /T L -
Diploptera punctata F17Z K& W i E USP f5 o 3
A 0k el 25 ) A 45 2R (Hult et al., 2015; Yan et
al., 2016) —%, AEIHL Ry LARE K, SFUSP
EHH CESNHA P RIE, SERiipR ik
B, USP £ B A iXsh 2 R 40 Lt di i bl kG
B ORERE HEVERRT AR SRRSO B D A Ak A A
FAAR R RS K A 2 b A Rk (B ik

K- (Cao et al., 2015) , [RIFE, LAUSP-1 E%ﬁ@ﬁ&dwfrdﬁ%r%s:/%@tliﬁibisal|ﬁ§§%§fﬁﬁmﬁ%ﬁo§n@§%@TTf

Subject to the CABI Digital Library Terms & Conditions, available at https://cabidig

ibrary.org/terms-and-conditions



616 B 244k Acta Entomologica Sinica 66 &

A B
3 Lsr W dsGFP (CK) 120 - dsGFP (CK)
2 Hl dsS/USP 100 4 v dsSfUSP
= ©
i & ~E
Hio1o 3 80t
KA -z
= mE ool
Ee &2
& =2
205 aE of
k= sk 2
20
P
O 0 1 1 1 1 1 1 J
48 72 0 1 2 3 4 5 6 7
Ab IR A] Treatment time (h) Kb FH I} [A] Treatment time (d)
C

— dsGFP (CK)

~— dsSfUSP

‘:’ 500 um

P1 (27.90%) P2 (23.56%)

K4 1 RELS B SRR SS dsSfUSP J5 SfUSP 13kt (A) , #57 BUFTIE A (B) iy BOERA(C)
Fig. 4 Expression level of SfUSP (A), nymphal survival rate (B) and nymphal lethal phenotype (C) of Sogatella furcifera
after microinjection of dsSfUSP into the 5th instar nymph
P1: 27.90% (7 AR IH 2 B P54 (B R @3B 2 , sl e BB il fi e 256 Fiz 2 I Y The old cuticle of 27. 90% individuals split open, but it did not
completely molt, or the old cuticle accumulated at the end of the abdomen without shedding; P2 23.56% 1 1H 3 Bz I AT 24, 1E i Jiz By BEFE T8 B AR
YR The old cuticle of 23. 56% individuals did not rupture, and died during the ecdysis stage or had a slender body.
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Fig. 5 Expression levels of the key genes in chitin synthesis and degradation pathways at 72 h after microinjection

of dsSfUSP into the Sth instar n mp h of S atella furcifera
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7% (Han et al., 2020 3% J5I058, 20215 Li et
al., 2022)
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SEZE IR R W, 208 fE % 75 5 A0 2w )i B [R——
USP Wy s /K-, #4532 20 {55, 53 4h, TE i
— LI R B, YT IR A s TeUSP 13K 3A
J& , B HUBI I SN RE R S8 A, 3 UK R
[ ( Tan and Palli, 2008) , ZY/NELH GmUSP HIUL
BR A T 3 T AR ) A6 T 3 A 1 0 R A Y A 4
(Cao et al., 2015) . [FJFE, FEA A4S WF  BRFE 96 A0 AT
RS 3] T RIFEAYLE F (Yan et al., 2016; Wen et
al., 2020) . FEAWFFE Hth & B, RNAL UL #k SfUSP
IR T, A M- J U 7 3 AR PO BB AR W W,
FAHFE TR B EW N (K 4), XLE R R,
USP J& [ B8 285 gt R o e v i) SRR AL

FERTN A REULT BTG L B3 Ak 3 % 1 BIF Y
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FECR B R RGBT (£ 4, 2019; Yang et al.,
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B T4 (Zhao et al., 2018, 2019; Liu et al.,
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