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# E [BB] BN 20E BN — LM H T, E7T4fER RS L T fE i E 2 EEEN,
R S P AR 2 T I T30 o AR SC B TER ST e sk R F- E74 FEAIRS 42TV Panonychus citri Jig #7121 i
IR B TIRE, S EAR AL e B s, [ iR ] R RT-qPCR, W% | E74 ( PcE74) TEMIHE 2R
Il i 06 3 s B B B R AR . E—2E A RNA 4 ( RNA interference, RNAi) AR, #id A T3 HE
fRIMEYE, DL 3 MORTE B9AL3E (dsRNA, siRNA Fil dsRNA+siRNA ) JTER PcE74, Mt BREER LI E i
WFEJ7 X, IHHRGE T PCET4 TEMTARS 4 TV 5 4515 & 5 0 st R Ve . [ 5R ] PCET74 ZEAH S 42 TUl
S5 A B NI A% B BRI 2R3, R 2 h RIS AW 16 h k8 BTV, R 16 h 2R E N 3 H I N
FIR I, AU B IR AN AL, RNAT R, 5HEHMIANE dsPcE74 (14% ) 1k siPcET4 (24% ) #H
o, 4l dsPCE74+siPcE74 THAE 42 (54% ) (P < 0.05), HEHPRBETHE (P < 0.05),
S AR R ORI 0 )5 A R RE PR AR IH R B2 MTAET . dsSRNA+siRNA [ RNAQ &R T 204l fifi
dsRNA X siRNA, [ €5 ] PcE74 & 5iEPM: &Il G382 s i A B2, 5 E74 TAERFEHE
EEHLHIA Rl — 2B 5T
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Therole of transcription factor E74 in the eclosion of
Panonychus citri from deutonymph to adult
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Abstract [Aim] E74 is a key transcription factor induced by 20E in insects that plays an important regulatory role in insect
metamorphosis and development. However, few studies have been conducted on the role of E74 in mites. This study aims to
investigate the function of the transcription factor E74 from Panonychus citri deutonymph to adult and provide potential
targets for mite control. [Methods] RT-qPCR was used to analyze the expression characteristics of E74 during the different
developmental stages of P. Citri from deutonymph to adult. Three different treatments (dsSRNA, siRNA, dsSRNA+siRNA) were
used to interfere with PCE74 through the leaf-mimicking method using RNAi technology. The silencing efficiency was
analyzed to determine the optimal interference mode, and the role of PCE74 was explored during the deutonymph-adult

transition. [Results] PCcE74 was expressed during all developmental stages from deutonymph to adult. The expression of
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PCE74 increased between the 2-hour deutonymph stage to the 16-hour deutonymph stage, before declining during the third

instar adult stage where the expression level remained low. The RNAi experiment showed that the interference efficiency of

dsPCcE74+siPCE74 (54%) was significantly higher than dsPCE74 (14%) and siPCE74 (24%), and the molting percentage was

significantly lower than the control (P < 0.05). An abnormal phenotype identified was characterized by the inability of the

stationary phase of the deutonymph to produce old epidermis, which resulted in death. siRNA can enhance RNAI efficiency at

the phenotypic level, and the RNAI efficiency of dsSRNA+siRNA is superior to dsRNA or siRNA. [Conclusion] PcE74 is

involved in the regulation of the developmental process from deutonymph to adult in P. citri. Further investigation is needed

on genes that interact with E74 in the molecular regulatory pathway.

Key words Panonychus citri; PCE74; RNAI; siRNA; molting percentage

i Ji7 382 ( 20-hydroxyecdysone, 20E ) iiid
PR AR, S B AU R AR S AR
ERBEEREN —FEZME ( Thummel,
1996 ), 20E i id 55 B2 2 (EcR ) M
I'J#E 11 ( Ultraspiracle, USP ) JE R S — 54k
54, WS R SR IN ¥ E74 R ET5, BEIS 20
W 32 R Y FE35( Yao et al., 1993 ; Bonneton et al.,
2003 ), ¥+ E74J& T E-twenty six ( ETS)
B , VEA 20E 53 10— O e+, 78
RAAERKEE T AHHEEIEYIEE (Burtis et al.,
1990; Sharrocks, 2001 ), 7£ 3% [E 1% Hyphantria
cunea 1, @Bk HCE74 J5 6 d, #hHUFET-H ik
51.11%%6.94% , A7 B . A4 4 5 2 R B4( Zhang
etal., 2022a ), AEUUEME Kl Nilaparvata lugens
E74 )5 , # HEBRT [ ELUR 51 % 5 4E IR ( Zhang
etal., 2022b), E74 25 f0 Drosophila 28 2t
T, E74 [5ASF2 MW R R G 5%, 38Uk
WA T HALEEHZE T ( Fletcher and Thummel, 1995 ),
TER LT Rhodnius prolixus 77, T30 R
E74, FE00 5N 7 s He R A S A
2114 (Benrabaaetal., 2023 ).

RNA Tt ( RNA interference, RNAi) &—
Tt 7 5 S KT B i S 7K SF A Rt Bk s i B
3 R R AR MR SE L, FT B/ RNA

( MicroRNA, miRNA ). /N4t RNA ( Short/
Small interfering RNA, siRNA ) 15 PIWI

( P-element induced wimpy testis ) 25 [ HAERH /)N
RNA ( Piwi interacting RNA, piRNA ) fili % ( Han
etal., 2015; Nandety et al., 2015; Zhu and Palli,
2020 ). HHT, RNAi HARE ] {Z T B AN )
AE . P E HUR RNAL AR LS S5 7 1 1 iF 5

( Hammond et al., 2000; Song et al., 2017; Zotti

etal., 2018; Zhu and Palli, 2020 ), 7EM i,
i dsRNA 5 siRNA 43/ RNAi d 20583 A
DIfgMEZ AL (Nivetal., 2018 ),

M+ 4> Ul Panonychus citri J& bk T2 40
Arachnida . M % W 44 Acari . Hi R[] H
Prostigmata . M4l Tetranychidae . 4T\ J&
Panonychus, J& i 3 A 7 b i) T 5 28 5 05

( Gotoh et al., 2004 ). ZWhZF FHHE™, FIHK
BAEEER. R GRHENR 108 Fad
(Migeon etal., 2011 ), HEAERBUN, A A
A RN IERME A58 | & 7 Dy A e R AR 2 S
M. (Liao etal., 2013 ). A% 4Tl — A28y o
(Egg). #ifi (Larva), Hi#4 ( Protonymph ).
Ja &4 ( Deutonymph ) FlAHS ( Adult) 5 N5
B, 23 W e AR LR . (A LA HH
i il ( Ponasterone A, PonA ) 1 Jyiid fz & i
PR, AT HAEIY 20E ( Grbié et al., 2011 ),
Ponasterone A 5 EcR/RXR 32K %E & 7= A ik I
N, Gl E—ZRINESAE TR, Wik E74 v hE
2: 5 Ponasterone A [E 5 BEEMIHEE (Lietal.,
2017; Hornok etal., 2019 ), {H PcE74 HiATfE
WA PHR . ZERTIABESE b, B AR, 4 TG 42 58
R FIAN ) 7 B B i kAL o3 1T, B PCET4
FE o 5005 B B o B 25 e Rk, R HnT g2 5
T AR A Y A F R R AR ORI RT-qPCR
Fi RN ST E74 AR 4 TUE 5 25 196 21
B B B Ak, A RNAL £ AR DUER
PCE74, Bffy PCE74 fEMME 2 T AR & & i
FEAER, AE ARG 4 TUlE % L i) A 24 1L
W
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1 MREAE
11 R

AR RS 42 T T 2016 4F 10 A % [ 8 AL
By H AR W A2 g R A F 5 T o o0 9 DR 1 T,
B E M R RIEFET MLR-351H BN TA
4 (SANYO) v, JEER (26+1) °C. SHJH
WM 14 L : 10D, X H 60%+5%.

12 FEH#RRRAAH

HF B RNA #2559 RNAprep Pure ff{ i A4S
SORNA 48 B0 & DL R T o e 1m0 e iy
Universal DNA Purification Kit i Jf 7 DNA 4lift
[l &40 F TIANGEN 2] o R skt
PrimeScript RT Reagent Kit ] H TAKARA A A,
7% )t 2 ik 7] 2xNovoSrart® SYBR qRCR
SuperMix Plus 4 [1 Novoprotein /A ] . dSRNA &
157 & TranscriptAid T7 High Yield Transcription
Kit JlJ H Promega /A#]. siRNA & aHLH] & In
vitro Transcription T7 Kit ( for siRNA Synthesis )
I F TAKARA AT,

1.3 & RNA 2E#f RT-gPCR

WCBE AN TR] & T B BORH s 4 T ASE i, AGr DS
470 2 h ( Deutonymph 2 h, 2 h-D ). 545 16 h
( Deutonymph 16 h, 16 h-D). J5#&#§ 26 h

( Deutonymph 26 h, 26 h-D). J5# ik 45 h

( Deutonymph 45 h, 45 h-D ), #J a4 2 h ( Initial
molting adult 2 h, 2 h-A ), 1 H## 4 (1 day-old
adult, 1 d-A ).2 H#&84#( 2 day-old adult, 2 d-A)
13 H & (3 day-old adult, 3 d-A ) ) PCE74
FAX IR EL, B 200 kS5 EEE 120 Sk Ui1E A
—MEYIREA, BB s 3 ST AR
52 PR RNA $2 8050 & ( TIANGEN ) $2
HBUEL RNA, H Nanodrop 2000 43 5¢5% 71H Thermo
Fisher Scientific, Wilmington, DE, USA ) %
RNA W BERISERE , HT 1%35 BE &M Fi Uk A6 I RNA
St Pk, S M PrimeScript RT Reagent Kit

( TAKARA ) UiFH-HH 1 pg RNA SUFE A R
—4E cDNA, 7 - 20 °C FRAF4H . RSt
BetsE it PCR A PCE74 78 J 45 25 il [y Bt
Ry kA, F A Primer 3 Input ( version 0.4.0)
BIHERETIY, JIWFIILE 1, # cDNA ik
ARFEREECCL, 173, 1/9, 1/27 71 1/81 ) HilfEdriE
ek, B 5| 1% . RT-qPCR W 7E CFX
Connect Real-Time RGP AT, WVIKRN:
¢DNA 1 pL. b FiiE5 445 1 uL(0.2 mmol-L ™),
2 x NovoSrart® SYBR gqRCR SuperMix Plus 10 pL
1 ddH,0 7 Lo VAT : 95 °C 2 min; 95 °C
155,60 °C 305,40 fi§#F;60 °C 55,51 cDNA
FEAVE 2 NMEAREE , AT qBase THRARXT
FKikh,

£1 3R
Tablel Primersinformation
£ FK Name J¥31 (5'-3") Sequence (5'-3") i Usage
PcE74-F ATGTGGAATAATAAAATGCATGGGG PCR H[k4K
PCR clone full length
PcE74-R TCAAAATCCTCCCATGTTCCCA PCR H[4K
PCR clone full length
qPCcE74-F CTTCTGGACCTGGTGGTCAT “E 8 PCR
RT-qPCR
qPCcE74-R GAGGAGAAGGCGAATGTTGA “E & PCR
RT-qPCR
dsPcE74-F taatacgactcactatagggCTCTCCTATCACAATGCATCGGC RNAi &% dsRNA
RNAI synthesizes dSRNA
dsPcE74-R taatacgactcactatagggAAACAGCCTGGAGTTGGAAGT RNAi & i dsRNA

RNAI synthesizes dSRNA
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4% 1 (Table 1 continued)

4, % Name %1 (5'-3") Sequence (5'-3") JH# Usage
dsGFP-F taatacgactcactataggg TGAGCAAGGGCGAGGAGCTG RNAi 4 1% dsRNA
RNAI synthesizes dSRNA
dsGFP-R taatacgactcactatagggTCGATGCGGTTCACCAG RNAi & dsRNA

siPCE74-1-sense

siPCE74-1-antisense

siPCE74-2-sense

siPCE74-2-antisense

siGFP-sense

siGFP-antisense

ggatcctaatacgactcactataGTATTGTCCAAGATTCATC

aaGATGAATCTTGGACAATACtatagtgagtcgtattaggatcc

ggatcctaatacgactcactataGAAGATCTCTCCTATCACA

aaTGTGATAGGAGAGATCTTCtatagtgagtcgtattaggatcc

ggatcctaatacgactcactataGGGCGATGCCACCTACGGC

aaGCCGTAGGTGGCATCGCCC Ctatagtgagtcgtattaggatce

RNAI synthesizes siRNA
RNAi & siRNA
RNAI synthesizes siRNA
RNAi & A siRNA
RNAI synthesizes siRNA
RNAi 5 % siRNA
RNAI synthesizes siRNA
RNAi 7 i siRNA
RNAI synthesizes siRNA
RNAi & Al siRNA
RNAI synthesizes siRNA
RNAi & siRNA
RNAI synthesizes siRNA

1.4 TEBE PcE74 &K F3

DL B3R A B 5 —4 cDNA B #E 1T
PCR #"34 .3@ 13 NCBI 514111 T H( http://www.
ncbi.nlm.nih.gov/tools/primer-blast ) % 141 5|
YI(F£ 1) WK ZIE 25 uL: 12.5 uL Prime Star
Buffer, 9 uL ddH,0, [ FUHF5[#4 1 L KAbisi
1.5 pLo e N R P 3 kA 7 P2 M 98 °C 2 min;
498 °C 10s, iBA 60 °C 10s, FEAH 72 °C
23's, 34 fE¥; #Eff 72 °C 2 min, PCR ¥
YIH 1% IR EE RS LUK AL 99 )5 , #% Universal DNA
Purification Kit ( TIANGEN ) &7 &5 15 BH [m] i =
Y, FEJE %4 R K pGEM®-T easy vector

( Promega ) , K ZEL =Y A Trelief® 5a

Chemically Competent Cell J&5Z 221fifd( TSINGKE ),
4 PCR Al ity BAVE R W% 2 R E Y i R A
A .
15 HMBRSGHAR

KA G 42T E74 1) Z B RRJT 515 A NCBI
(9 BLAST HEAT HUXE, T 8RS IRl P b g ]
JEF S . R MEGA 7 f5e KA SR B F A AU
Dayhoff+G+I fJ it RGE KB W, F Az XL

W HEAT 1000 Y5 EH5 .
1.6 {ESME R, dsSRNA F1 sRNA

= RNAL ZU%, 7E PcE74 1) CDS XX
111 7% dsPcE74 Fi1 2 25k siPcE74, B dsPcE74,
siPCE74-1 Fll siPcE74-2, H:H dsPcE74 F=¥ K &
“} 500 bp, Xk siPCE74 K 21 nt (£34% 19 nt (1)
BB A X R H1 A 2 nt (1) 3" FE AR I 51 AA )
( Elbashir et al., 2001) . PIHEZH R AR,
TELY) 5w in T7 A sh )74 (£ 1), PCR 3%
BE351S DNA F B, f#i/f] TranscriptAid T7 High
Yield Transcription Kit ( Promega ) 7] & & i
dsRNA . [AlIf RAGRESGOGE T GFP K R Behy
TR, AR kA S dsGFP. 28 In vitro
Transcription T7 Kit ( for siRNA synthesis )
( TAKARA ) i & UL 455 1L siRNA, WE 3
ML, 200k 1A dsRNA 41 (dsGFP
H1 dsPcE74 ), Tl siRNA 4 ( siGFP, siE74-1
M1 siE74-2) LIKAAIME dsRNA 1 siRNA R &
“H ( dsGFP+siGFP, dsE74+siE74-1 Fi dsE74+
SIE74-2 ), HRHNAFAILSH 3 NMEYFE
5., P47 dsRNA Fl siRNA H#KELE 5 000-6 000
ug/mL L Y, dsRNA Fil siRNA RS W%t
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Bl 1RA
1.7 RNAI

KB B N T2 B MR E 4T RNAT 3K
¥ ( Ghazy etal., 2020), EARBRMEUTR . % 80
H J& e W il e 7 13 1) R OR M 5 R LIS 3R
T, BRI AJE T M R L, PR — K i v e
X VA LRl 4o ) D s R L | B RO Ko
Je W, e FZIE A Kimwipe 4545 ( Nippon
Paper Crecia, Tokyo, Japan) GL[JE g M &1,
Bij 1R d HE % . TSR A S A 2 h 1S A
P 2B R G IR 9-10 h, PRAS HA R 3]
A RN TR E . S0 2 ER R
( Stationary phase ), P52l & & A 5 A9 o P 75 22
48 h Zify, RHILRIF AL 36 h 5 MEEic g
JE A AR, B 3 MEYER,
70 kAW —NEE, SRR, BWER
[ AL PR A N T8 B RIS 2 , 4 200 K5
Pl — A EE, AN 3 MY ES, R
BCRNA, R4 cDNA, K RT-gPCR £
MR FEALFER PCE74 k7K,

—
|
{ Blattella germanica PSN31865.1
—
|
4’7

1.8 #HiEgit5a#

K H Tukey’s 7011 PCE74 1E A4S 4 )TN 5
27 0 ) R TR & R A R AR, R
Student’s t #6543 H7 AN 7] dSRNA T4 PCE74 54
R KCRRI A RNA T4 PCE74 J5 B R P 4L
R F B EVE, R Tukey’s B4 M AN [E/N RNA
WHE AL A K RNA T30 PcE74 Ay £k
HEF B EYE, W GraphPad Prism 8.0.2 {4
il 1l

2 GBRE59H

21 PcETAEERERRZSGH#HILSH

i ok R R B R AR A AR NI ET4, 7E
NCBI /9 BLAST ( https://blast.ncbi.nlm.nih.gov/ )
Lb X SR A 42 Tl FE ) XP_053207394.1 Fl
XP_053207396.1, 5 E74 HYAR-SF 45 F I 2 LR 1
IR R G R B, G5 AN 1, W T 49 A R
M) E74 53 MR EEAERG RS L, A 4Tl
1 BEM- 4 Tetranychus urticae BAETER]—7.

Halotydeus destructor KAI1309360.1
Panonychus citri XP_053207394.1

’7 Tetranychus urticae XP_015788253.1

Tetranychus urticae XP_015788254.1
Frankliniella occidentalis KAE8749379.1
Homalodisca vitripennis XP_046670264.1
Halyomorpha halys XP_024214233.1
Agrilus planipennis XP_025829364.1
Acromyrmex insinuator KAG5305602.1
Cotesia glomerata KAH0564366.1

Zootermopsis nevadensis KDR22883.1
Operophtera brumata KOB73176.1
Helicoverpa armigera XP_021188137.1
Bombyx mori BAD02937.1

Spodoptera litura XP_022823512.1
Spodoptera frugiperda XP_035430633.1
Papilio xuthus KP195328.1
Hyposmocoma kahamanoa XP_026323359.1
Manduca sexta AAO41697.1

Galleria mellonella XP_031769745.1
Plexippus plexippus OWR48952.1

1 E74RG#HUMIH (RKXE%KZE, BRES 1000)
Fig.1 A phylogenetic tree analysis (Maximum likelihood method, bootstrap:1 000)
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PCE74 5 BEntif 2 4~ E74 AR{K[EEPEE ik
95%, B/~ E7A7ERHiE & & T BRI Di6e, [
P EA1E R RNAL SR 7

22 PcE74 EREHHINERZ EIRPR LK
4 #r

SRR 4T E74 785505 5 AU K B
Bk BT B0 Hr . RT-qPCR 455 35H
PCE74 7EJ 471 2 h 2 3 H S il 25 W 58 %
ik, HAESEA WAL I B AE 3 (P <0.05)
Z5, WK 2 Fias, PCETA 1RG40 16 h #ik
Wi, Al 16 h ZATRAEEE LT (P<
0.05), Ja#l 16 h Z £k BERHEK (P <
0.05), HIEJG# 45 h 2 3 H 8 i B BEAH %t
AR (P>0.05), HI PcE74 788l B i 2k &
BESTPG, WR PETA 7E Pk FE
R E AR

8 r

[o)}
T

[\
T

DO Sr e
Relative expression level
N

d d d g4

(=]

S PP T T I
IR W@ RSN N

A% B B34 Different development stages

B 2 PcE74 TEHHHE £ U R & 1 2 AUH AN [5)
REREHREENX

Fig. 2 Theexpression patterns of PCE74 from
deutonymph to adult

2h-D: JE# 2 h; 16 h-D: J5#& M 16 h; 26 h-D: 54
I 26 h; 45 h-D: JG#50 45 hy 2 h-A: W80 2 h; 1 d-A:
1 HEE R 2 d-Ax 2 HER AU ; 3 d-Ax 3 R Aulgh .
BB - F R R, A BRI R R 2
(P<0.05, Tukey’s ZT LA ).
2 h-D: Deutonymph 2 h; 16 h-D: Deutonymph 16 h;
26 h-D: Deutonymph 26 h; 45 h-D: Deutonymph 45 h;
2 h-A: Initial molting adult 2 h; 1 d-A: 1 day-old adult;
2 d-A: 2 day-old adult; 3d-A: 3 day-old adult. Data are
mean+SE, different letters above the broken line mean
significant difference (P < 0.05, Tukey’s multiple
range test).

2.3 SIRNA #1 dsRNA Xt PCE74 B BRI 5347

TSR dsRNA LBk PCcE74 &3, #H
AR, dsGFP, AbFH4] dsPCE74 ULERELF N
14%, SXHRATEEZER (P>0.05) (&l 3:
A), FAAMIEME siRNA UTER PcE74, il iBRak
REM, B 3 (B) Fin, HEXRA siGFP,
fb L 2H  siPCE74-1 . siPCE74-2 Fl siPcE74-1+
SiPCE74-2 YIBRALHE /3R 13% . 24%F01 14%,
Y5342 (P>0.05 ), dsSRNA & siRNA
(VT EREA RIS A TR B = 2 TR B A SE R SR
I FRATEHE dsRNA F1 siRNA 44T H A3
B, #E— 54 dsRNA+siRNA [TTE A%, &
3(C) fran, AbPRY] dsPCE74+siPcE74-1 il
dsPCE74+siPCE74-2 WY ULERZR A1 17%H
54%, AbFRZH dsPCET74+siPCE74-2 VT ERA% %
ETXHIEA (P < 0.05), HILksE dsPcE74+
siPcE74-2 Kb G110 T RNAI #85% PcE74
Titig.

2.4 PcE74 3R P R RNy

DL RNAI g JEA, AN T2 5 ] P 4k
PCE74 J&, BoitHas 4T sl e %, UiEk
PCE74 )5, Ab¥f dsPcE74+siPcE74-2 ALK b
# TRER (70.18%+0.81% ) (P<0.001), Jf HAb
PR J5 AW AE J5 A ORIt B S A, RIS
HRB R, HARFFRER, Aer-AIHER
B2k it (& 4, 5). FB PCE74 185 47 1
21 sl 11 SR Akt A R R

3 itig

TET s, dsRNA il siRNA 155 RNAI
FIEARE M) IZ W FH . dsRNA BAZ A% R it T
KGN Dicer VIHI W siRNA J5, S5HEMAK
Argonaute 54, )55 HA S H P BT
PR AW H AR mRNA F&f# ( Tolia and Joshua-
Tor, 2007; Niuetal., 2018 ), 7E _BEnfgr,
siRNA 4154 DIl ( Distal-less ) 3K I AEUTER 1
dsRNA /S E A %L (Khila and Grbi¢, 2007 ).
WEE siIRNA [T HRCRAZ A AT TR T 51 Al
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Als . ns B 20 C 20
— —_ — a
? T g a g b
2 215t 215t l a
g 8 1.0 T 15 8 a i &
K E WE 10} T a  a WE 10} b
7 8 Z 38 T T =8
E 205 €2 Ep
g Bost £ 05
3 2 2
1 L 0 Y| \l rLl L 0 Y|
dsGFP dsPcE74 F A A A F A‘\ A:)’
AbFH Treatments 5‘6 -\YCYH -\90@1 .\Yc‘;ﬂ xs‘e. ¢ 1. c |
3 $ X9 P xS x®
15«’\ & 0615« c@f]A
%‘YC?) 6$? 6‘5?
b3 Treatments 4bFH Treatments

B 3 RNA F#Hxf PcE74 Byl HI{E A
Fig. 3 Generepression effect of RNAi on PcE74

A. 1AM dsRNA X PcE74 M lfE ] ; B. MR siRNA XF PcE74 yMHI/EM ;
C. T dsRNA+siRNA Xf PcE74 myiMHI/E
B R AR AR, ns R TR EZS (P>0.05, Student’s t #25 ),
RRIFRRBEE S (P<0.05, Tukey’s £ KK ).

A. Gene repression effect of feeding dsSRNA on PCE74; B. Gene repression effect of feeding siRNA on PCE74;
C. Gene repression effect of feeding dsSRNA+siRNA on PcE74.

Date in figure are mean + SE, ns indicates no significant difference (P > 0.05, Student’s t-test),
different letters above the bars mean significant difference (P < 0.05, Tukey’s multiple range test).

%k kK

—

%

100

SRR (%)
3

Molting percentage (%)

dsGFP+siGFP dsPcE74+siPcE74-2
Kb Treatments

B 4 RNA F# PcE74 X4 £ TN P L R B9 % I
Fig. 4 Effect of RNA interference PCE74 on
molting percentage
P gl P I (bR, o R AN [ A B ) 7 AE AR

BEXSR (P<0.001, Student’st #55 ),

Data are mean+SE. *** indicates extremely significant
difference (P < 0.001, Student’s t-test).

FR RNA Z5M52 00 ( Elbashir, 2001 ), ASHF
e, WS 2 4% siRNA f@i%F 51 976 H

T PcE74 ) CDS X, {H siPcE74-2 [JTHis R
WA, FEEAHEZE T siPcE74-1 F1 siPCE74-2
EEXT ) SEPRIAE 2R TR, 3 RNAL SCRA 257 .

FIFHE d1 401 & ( Spodoptera frugiperda, Sf21)
Bt i 4l LK APN 1) dsRNA 5 siRNA
JE &I, HAK siRNA TR L dsSRNA 5T
PIUTBR T A 5%, (EATIAS BE 56 4 100 il L 2k PR 110
S, siRNA ¥FEHER 2 18 nmol/L J5 I ZKFATS
ASHEm ( Agrawal et al., 2004 ), AR5,

F AR S, XA 42 TG 5 45 dsPCE74 5
siPCE74 AL A — g IR, (EAHBON
MR A B E M, 1 dsPCE74+siPcE74 4144k
HiE, TSR ES THELM, A,

dsPCE74+siPCE74 Ab# il 25 31 i J 25 i () P14k
R, W, AN siRNA FIFETE S 3 dsRNA
R4 A 5 PR T R AN A ) 2 e RUKSF- 45 3]
sAk . FEEEH IR 4K Bombyx mori H1,

5 dsRNA L, FES) siRNA 55 15 B E11)
RNAi &V ( Yamaguchi et al., 2011 ), { dsRNA
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ANTHE FRA
Phenotype on artificial devices

REMf BRE

Phenotype on soybean leaves

A B

JE#T5
Deutonymph

S
Adult

5 RNA F#f PcE74 FHIMHBELHEHEH R ERE
Fig. 5 Abnormal phenotypes of deutonymph following RNAIi against PcE74

A, NTHEE FXTHZE (dsGFP, siGFP Fil dsGFP+siGFP ) JE 4 I %Al B. N T FALBRZH ( dsPcE74, siPcE74
1 dsPCE74+siPcET4) JE A5 R, C. KM [XTHRAL (dsGFP, siGFP il dsGFP+siGFP ) Jim i IE # e  ;
D. KM H FALBEA] (dsPCE74, siPCE74 il dSPCE74+siPCE74) Jq 45 Sk 6705 B A T B EIPIb s ;
F. KGR E) A U
A. Normal phenotype of deutonymph after control groups (dsGFP, siGFP and dsGFP+siGFP) on artificial device;
B. Abnormal phenotype of deutonymph after treatment groups (dsPCE74, siPCE74 and dsPcE74+siPCE74) on artificial
device; C. Normal phenotype of deutonymph after control groups (dsGFP, siGFPand dsGFP+siGFP) on soybean leaves;

D. Abnormal phenotype of deutonymph after treatment groups (dsPCE74, siPCE74 and dsPCE74+siPCE74) on soybean leaves;
E. Initial molting adult on artificial devices; F. Initial molting adult on soybean leaves.

HIAR™ A/ siRNA #UFSEST RERZ R, N
T 42 v U038 R Bt H A 2k RS [) 867 o5 %) 148
#l£ (Bensoussan et al., 2020 ). FATHEM ZME
siRNA 1755 T IR FUMAE IR RNAL RN, [F]ES
Jnag TR B E] dsSRNA ECR, HE—8hn T
RNAi 7374, MR IESE R RNAL &%, H
HIFE R, RNAL RCRZ A5 | S R R
£ .dsRNA Fl siRNA 73K .dsRNA Fl siRNA
13% 7 2 HABZ AP R (#5200 ( Upadhyay et al.,
2013; Guoetal., 2018) . HSRH;ZE RNAI 1) H
PRBLH AN TE VB R, (AABFSE AT 7E 3L bR g H p
o i RNAT RCRIR I B

B A AR 2SR T A2 S T R 38 I R B R

il % SRR KR A B L EEE (Ou
and King-Jones, 2013 ), {EFEH 20E HH#:05 S
H R BARE SR R T, ET4 (e R R S A
FE PP IRE (de La Fuente et al., 2022 ), A
SERW, PCE74 TR 4 Tl J 5 5 A 7 21 Bl
AR EEEE IR, e Elh, E74 TR
FECE PR R E PRI ( Zhang et al., 2022b ),
1 45 B H d Leptinotarsa decemlineata 7,

RNAi AL E74 5, R4 R4 HRUARBERL &

DR B ISE K HAIME S 5% ( Xu etal., 2018 ),
SR, ZErHIErh, W AREAAG E74 38 S IR RE TR
TN 25 K 2 5 it i it 2 R Ponasterone A
BRI FHUE . BRI R R e AR E
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5L, ETA SHCIF EAEMERAER LT i
m, 7ERMET, E74 Fl BR-C Wl i & A
591 g A5 R $5 F Ui 36 K 22 35 ( Fletcher and
Thummel, 1995), 7E3R KA Aedes aegypti M
e e 3 e PR R XU A A e LTI AT IR T
E74 F1 Vg RLHFEEMWEAELFR (Sun et al.,
2005 ). I, SHMZEAS BR AHEL, HHEK K
Manduca sexta E74 2755 S T H B & W AY)
A, WS I E AR AR KOF AT BEAH BEAE A, L[
PR F o (Stilwell et al., 2003 ), 7EMI ;4
JNIgETh, E74 2R AR R BN BARDLE A 15
E— 2 HR5E

AR 4 TG Sy A5 3 7™ 1 i ARl 35 5, B i
FER B G, A B A A 4
I B B A= 2R 20 2 % Z2 b R R = A
BizhtE (Yuetal., 2020; Panetal., 2023), it
AR RNALTE 3 WU BG SFmg rh e 3t Hh R 0 FH i
5t (Gao et al., 2020 ). ABFFCFIH RNAI FA
BB UTER PCE74 b 25 410 il R A 4 TCIHG I 2 il 11
EWER, FECLIGEPMLMAT:, R T3
KT E74 M 2SS & B rh i M E 2
o, RN E R VA
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