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sekok

B E [BH8] IFEETERIFEZRE AN siRNA #3525 5K IEXT R B Mythimna separata i) RNA THEER .
[ A ] RZOGER PCR, MEMFREER Msa-tubulin F1 Msp-tubulin WITTERSCR ;58 1 im0 7 4T
EYIIIGE, B LRI SR 1 RNA Sk BIRG By 3 84 dufs HAREE | (R RSOt R BRRIE 25 1k
[ZR] EFREENUIERSCRMELE R L, RNA MERETE 24 h )5, Mso-tubulin F1 Msp-tubulin {3 %
KA T FE 51.6%H1 44.3%; Mso-tubulin £ 48 h HRIAH T 32.0%, 7E 72 h (R IE & IR 134.4%;
AEFR 48 T 72 h J5, Msp-tubulin 936355509 F38 120.5%F01 129.0%., A9 TN 45 R %0, SXHR
M, W 7 d)5, Msa-tubulin AbPREL B BUREE | (RS T I 51.1%H1 34.9%, T Msp-tubulin Zb ¥4
% L4 5 B 49.0%F0 32.4%; AbEE 14 d J5, 3K P FIARIE AL BRAL I 4l BB T- R 4k 42.2%. [ 45ig ]
TRINEL S5 10 RNA ERBEAS il 2RGS0 RNAG W R, THRERRIE R gk, Idlghduk®E | KI5
K HUIH BB
XEIR KH; RIS, RNA BMER; siRNAYTHE; RNA TH; MUEER; FHREE

Assessing the interference effect of the SIRNA delivery strategy on
Mythimna separata using rolling circle transcription
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Abstract [Aim] To assess the effect of RNA interference of the siRNA delivery strategy on Mythimna separata using
rolling circle transcription. [Methods] We used qPCR to determine the silencing efficiency of the two target genes,
Mso-tubulin, and Msf-tubulin. The RNAi Feeding Bioassay was used to observe changes in M. separata body weight, body
length, and lethal phenotypes. Additionally, the 3rd instar larvae were treated with RNA microspheres, which were synthesized
using the rolling circle transcription method. [Results] After 24 h of RNA microsphere treatment, Mso-tubulin and
Msp-tubulin expression decreased by 51.6% and 44.3%, respectively, demonstrating the effectiveness of the target gene
silencing. After 48 h there was a further 32% decrease in the expression of Msa-tubulin, which then increased by 134.4% at 72 h.
After 48 and 72 h of treatment, the expression level of Msp-tubulin was upregulated by 120.5% and 129.0%, respectively. The
RNAI feeding bioassay results showed that after 7 days, larval body weight and body length decreased by 51.1% and 34.9%,
respectively in the Msa-tubulin treatment group, and decreased by 49.0% and 32.4% in the Msp-tubulin treatment group,
respectively, compared to the control. After 14 days, the mortality rate of larvae reached 42.2% for both the Msa-tubulin and
Msp-tubulin treatment groups. [Conclusion] RNA microspheres, created via the rolling circle transcription method, can
trigger an RNAI response in M. separata, interfere with the expression of target genes, significantly increase M. separata

mortality, and reduce larval weight and body length. The siRNA delivery strategy, utilizing rolling circle transcription, offers a
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novel approach to controlling M. separata.

Key words Mythimna separata; rolling circle transcription; RNA microsphere; siRNA therapy; RNA interference; tubulin;

pest control

At Mythimna separata J&55# H Lepidoptera
WHEFL Noctuidae, f&—FhEELI/NE | Tk,
RS KRS B RO S IR )T B
IR AR A PEFE R (VEEMRAE, 2014 ),
BERPRE BB R B ORI N 5 R
BT AR (BEm%E, 2023 ), Huidr= LR
PR F R AR 2 SR, SRR T Y
“3R” [T Z R, —E R ERHAY T AR
MR RREE A (R AR, 2017), il s .
HE A ARG U5 R Y o5 2 A

RNA F4L ( RNA interference, RNAi) 235
/N4 RNA ( Small interfering RNA, siRNA )
SR M AR N RNIE T 55 # RNA (mRNA )
e B4 ( Wittrup and Lieberman,
2015), H Fire % (1998) KFLLIK, RNAIL &
Bz N T R RS R DI RR T 5T, A B
IR B KW ) (Nandety et al., 2015;
Kunte ez al., 2020 ), RNA FIHFHARBAL1E
4e 3 WMPHIG A TO U R R SR LR, filan,
A% 38 A PR ARR A AP 91 DX, e ot o3 i
PRIEFI A mRNA, HE g2 3L H TR, b
HOREXT AR AR A W To 0 X AR A PR B AT
(Joga et al., 2016 ). ITHAAE SCAL HL RNAI [1HF
FERIN, PR BRI o T R R TR, AR
KEBSZEIRRG, 4k &k — R 5L ER
(Liu et al., 2020; Luetal., 2021). FilHAFsE
WER T RNALHARTE R 0k B b ELA 505 9 1 FH
TS T, AFORG Hu AR P SRR S P A 8 il R i e i
2 FE siRNA TEH A N R REAR,  IMTRRAR
RNAi %% (Liuetal., 2020; Luetal., 2021 ),
=2 JoEE], X BRI T T RNAT ARG HL BTG SR s
% o

TRINGE S —FI L RNA RE T8k, BB
TE TTRNA A5 B 1E T2 ff DNA PR R
e HA ZAEHE RNA LR EG RNA
B (Wang et al., 2019 ), 7£ DNA FH & P

THRE LT, KREMERS siRNA FoR A GeaE i
— W AR I3 AR AR B G A AR HLETTE B
RNA T3k X FpFa e I ERZS RSy siRNA
P& A RS E 1) 3 18 0 B 01K L B &% 1z B 4 Y
Ji, #EG siRNA % (Lee et al., 2012),
TEBE 2545008, 107 A siRNA J7 445 T8 %
7, HOETE iz N T e R 4 A
siRNA 3 35 FIHIE 25 W & (Jang et al., 2015;
Kim ez al., 2020 ), {H £/ H 5 ) B HU40 i 1
Wk, HAE S B I AR A R T T i R A5 )
F N

T (Tubulin ) /220 B 2R S I A
WAL, BEMS T B AERF AL S, JHTE AN N 5
P40 L 4y 430 B b & ¥ ZAE A ( Hammond
etal., 2008 ), EHPMMEREADTN o-MEE
FA BT M 2 R, HAERBAKER .
Wi 7 AT GE s AR P R EEAER (Smith ez al.,
2007; Nielsen et al., 2010 ), Bl=FAER R P E
% 5 H IR B S R, IR S PR A
AR FTER RNAI LS (BERSE, 2008;
Wang et al., 2018 ). Y THj ANBFFE IR, A5
VIR HUMBFFE XS 42, LA Msa-tubulin F1 Msp-tubulin
SRERIEA @A AR TR O, T
FEVRIRHL SERI451 RNA Ok 6PRG H i T4 4%
W OBTEIPA X AT SiRNA 33 5% 5 s 1 TR
HuZEEER H 3 B RNAG B a 414

1 MRERE

1.1 ek

BERAE W) Pl Oh Bk SRR AR 1146 (T

I KT ERAABR AR A7), K HFHE T

40 cm x 30 cm PR T ZH, BEAIEFD 30 K,

EXRERFRTELREARREN, BERRFE

(22+1) °C, MRHERE 65%=5%, JCEW 141 -

10 D, Y E KL HIK ZE 30 em 2547 I BT H 75
MRURE gl de
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T e 28 TR 2 S0l A BRI S Al
GRAE A as HUUR, B H DR R LR, %
SR 25, AR A . B BCE R
kG O AE RXZ-280B B REMI A T/ 4 55
FEAE (UL A ) WIRSE, IR
F: MR (24+1) °C, MHXTRRIE 65%+5%, JGJH
#14L: 10D,

12 RBiZIt5FH*

1.2.1 FIFEER DNA #=IRAIZIT M NCBI £k
P& (https: /www.ncbi.nlm.nih.gov ) FPARBURE H

2 PN H——Msa-tubulin (%3535 . EU100016 )
Il Msp-tubulin (5% : EU234504 ) [4H5IX
4, @it siRNA 7EZki%it ™y BLOCK-T
RNAI Designer, i 2001 21 bp 1B ATHE T 5
HE T BT R S — 20 A 8 R A SR T 1Y
DNA HEAFF , EILE 21 bp RS 55 K = 5 b
J7 5 e B4 A — Beid it o8 245 BT 81, DU %
SRIGTE U R G5 o LA, Sl T MR A,
TERE 557 50 S B NP B W A T7 J5 oh 7
SIMIHEANTH . 2t DNA B i g 5 4 i i
EYRHEARA RS, FFIERLE 1,

®1 AFFRIREFRM qPCR K F1E51Y
Tablel Specificprimersusedinrollingcircletranscription (RCT) and gPCR

e RN EIE7 b7 DNA #5195 (5-3")
Gene name  Primer usage DNA template and primer sequences (5'-3")
Msa-tubulin RCT ATAGTGAGTCGTATTAGACAACGAGGCCATCTACGACACTTGGTCGTAGATGGCC
TCGTTGTCATCCCT
qPCR F: GGCAAGGAAATCGTAGAT
R: GAAGGAGTGGAAGATAAGG
Msp-tubulin RCT ATAGTGAGTCGTATTAAGTCATGTGACTGCCTTCAAGACTTGCTTGAAGGCAGTC
ACATGACTATCCCT
qPCR F: ACACAGTAGTAGAACCTTAC
R: GAAGCAGATGTCGTATAAAG
EGFP RCT ATAGTGAGTCGTATTACCCACCCTCGTGACCACCCTGACTTGCAGGGTGGTCACG
AGGGTGGGATCCCT
p-actin gqPCR F: GTCCTACGAACTTCCCGACG

R: CCATACCCAGGAATGAGGGC

RPN T R8T HANTS, T RILF IR S EANFS], “ACTTG” AL SE 255 BL 751 o
The sequence at both ends is the complementary sequence of the T7 promoter, the underlined sequence is the target sequence
and its complementary sequence, and “ACTTG” is the completely mismatched base sequence.

1.2.2 RNA #iBkBHl &  Hil4 RNA 3Rk RNA
microsphere, RMS ) [ /7%, 2 Lee % (2017 ),
# 10 umol/L (LM DNA A AN T7 J5 3 7514
e 11 MELBNIREHA . 78 95 CHKIRGY
Tk 2 min, ZI8EHIZE 24 °C, HUE 3 h JFYK
(AL PRI Ry A B R DNA AR, [ I
WRIIZSE =4 RN T4 DNA #4205 (1 000 U/uL,
R R RAEYFARARRAF] ) AR R,
AR TR 3 h, TR A R ERRAR
Mo 76 INTP fA7ERUIEOLT , HEPRREER ] T7
RNA R4HE (20 U/uL, B RKAEVEAR
BRAT] )37 CHEFE A, HIEI RNA ffaki

W o FH 3.5% M RS HEE I HL VK S RNA SR
774 K Synergy NEO £ DI HEREFFR UM 52 RNA
(R A . st S % B2, 1 RNA fk
WS 3 ming A SAEHUT ( Dynamic
light scattering, DLS) ill5 RNA 3k mkife
B RNA BERILT - 20 CUKARRAER

123 RNA WHEKMIBEMEMIKX VKK RNA
flER X siRNA MEEPEES1, % Cooper %
(2020 ) FIREBETHARINE RS . K RNA 7L
BRERG A i i E 1. 2. 3 fl4 h,
DIk 4 ) EGFP siRNA VE 6 R L 38 5 40 Hr
BN ME B LUK S5 SE B, TR RNA k5
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EGFP siRNA TEH il h RGO o BEHLPRIE
15 3k 5 W4T ia iR, bR s
BT R 1x PBS ¥, 75 4 °C'F 12 000 r/min
B0 2 K (K 10 min), rAS b VSR ED Ak
AR, BRI ST - 80 CIRfF&
o fEWE LI aT, R BCA & &
( IR R A AR A B ] ) I AR H R
P R, BJEK 5 uL (250 ng) [ RNA
MR EGFP siRNA WW /A5 5 L
(3.5 ug BEH) WhRIREH5, LA
[ B SHORE, 2 pL 9 EDTA (Z9K)E 2k 20
mmol/L ) {51 R, FE7 R 1.5%EfE biE e
HL K MEE

124 RNAi £ BEPLIEEL 3 #3551 RAUHK: R
4y U R M R EAT RNA BHOBR G 2E B 5 3t
5, AbFEZ RMS-a-tubulin A1 RMS-B-tubulin, W
&k 600 ng RNA fiFk/4) 4L ; 551 RMS-EGFP
e ML A B X6 B, 3 K RS R R e i
WSFFUAET, SRR A VR 12 h, 540
HTIRHES R 3.1 cm WIEREET (H& 1
3k ), AR 10 pL 10 ng/pL 1 RNA THERE %
T 1em x 1 em BEKRI A F, FRH AR T8
JE iRl L, RS 6 d, WA AR AL B
R AEGE B R R ATEE; 6 d)E, RS
RNA ek ik B sk i 6 0K it 4k 22 1] L 4Ty
o, R HORPRERS bR 0 SR 25 o A R ik
%M Christiaens 25 (2018 ) #l ., Aikgndti% 3
WAEYFESE, BIRELZFEE 60 L4H,

125 RNA {ekab 2 G EERE E R Rk K F
E 09T RNA RERAEEE Y 24 . 48 F1 72 h,
A AL PR TP RESLBEE 5 Skahd, FIF A RNA
RBGRH & (R R AR A RAF ) 2
HUfb i 4h d i s RNA, JFiE i SweScript
All-in-One RT SuperMix for qPCR Jz % 5817 &
A cDNA i —%f. 4% NCBI &M
Msa-tubulin F1 MsB-tubulin B2 5 %) , F Primer
premier 5.0 B ITHH qPCR 514, WSHH
B-actin WERGIYSFHAEAE (2020) (K1),
qPCR 2 Wi Z: & SYBR Green qPCR Master Mix ¥
VLA AT, RWARR (20 puL) FIER 5]

¥ (10 umol/L ) 4% 0.5 uL, SYBR Mix 10 pL,

cDNA #&#x 2 puL, JoEE/K 7 puL. &N E T
Bio-Rad CFX96™ Real-time PCR ¥4 47,
VST : 95 °CHIAEYE 30s; 95 °C A8 15s,
55 °Ci & 10s, 72 °CHEfH 30 s, 40 MHFR.
ASEBRALI A 3 MRS, BERES 3 IRE R, AR
P 284 Ty gk JE M X ik i ( Livak and
Schmittgen, 2001 ),

1.2.6 RNA fBk4bIR G HE R A Y FIEIRAI N E
MELIE] S Jin 458 (2021) ki, T RNA
THBRARFR S 7 RN B A7 4 A A R AR R
EARREIT . 40 BRAEE 10 Skghdy, Hid
T RFFRE 10 Sk4h iy B g IRk
#, BE 3 BRHER 10 Skahdy, o
Bk g B IR, ZEA i i
2 didsg 1 IREEA P4 g fATE S, —IHdsk
N 14 K, BRUMELL) R RBAHAER 7
FIAMEIC %

1.3 HiESW

B 4B I E1 R F IBM SPSS Statistics 23
H1 GraphPad Prism 9 3, #ZBRFI R A 43 AL
DRI 3R AT 14 FL R T T K256, Rl AR K R A T
1 HL R AR R 7 225081, HiEFE Tukey R
HSD #4728 Ih#, K B0 R 0 53 Bk
Kaplan-Meier 7%, P<0.05 MR EMZER

2 GBRE59H

2.1 RNA fBke) sl & e e

A 5 BN S H Uk B IA. RNA ek (% 7=
Az, K R R A A R e A AR
(12 A); il 2438 FE R A R ) 7= 7
IRk DNA, MG 0 DNA LY DNA I8
TRRANNG | TR S ) A T R R VR
Sy, HKEAE 25-500 bp Z[a], shAOGEST
(DLS) sr#ras R W], RNA ERIK S
Kiithy 336.2 nm, HARARM T, oG4
(El 1: B). RNA fERIIFREMEL SRR, W7
#H 1-4 h, RMS-EGFP 4 [%fi# v R0 18 T
siRNA-EGFP #1 (P < 0.01); {EH 4 h )5,
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RMS-EGFP 4 W Rl 43 B 4r A 60.8%* BRI EYE, RNA GEERZE W] LI SUR— 5 N
1.7%, i siRNA-EGFP 2HB{RI4 11.5%+0.5% #B siRNA, M i 42 i HAE R iR A R h 5
(E 1: C). il RMS-EGFP TEHinh BA i, N RNAL TG

14_ B
Szt
Z 10}
5
E 8f
S
B 4f
b
ot
0 L Il I ]
0 1 10 100 1000 10000
c Rf (nm) Size (nm)
100 = RMS-EGFP
S8 20 % n=:isNA EGFP
XN I
< E %
A3
% g 2
SRR
X 2

S

5#132 B} ] ( h) Incubatlon time (h)

1 RNA fBkavH EFIRE M LL R
Fig. 1 Preparation of RNA microsphere and stability comparison
A, BRIEHHEER UK AN RNA oK1 45 B, ShAOURUEHIN i RNA BUKIRAS; C. RNA BUKIERE MRS
M: DNA 4rFHbrifi MARKER (25-500 bp); 1: Zitk DNA BARAN T7 8 8 FRIASS 5 2. RS IR~
3. 4 M5 ok KRB SIS EEbR R, AR B RS RN Z W 22 B
(* P<0.05;** P<0.01, MA7AEA (K50 ) o &2 [F,
A. Agarose gel electrophoresis confirmed the production of RNA microspheres; B. The particle size of RNA
microspheres measured by dynamic light scattering; C. Stability of RNA microspheres.
M: DNA Marker (25-500 bp); 1: Hybrid product of linear DNA template and T7 promoter;
2: Closed loop product after ligation; 3, 4 and 5: Transcription products; M: 25-500 bp marker.

Data in the figure are mean+SE, asterisk above bars indicates significant difference between the two groups
(* P<0.05; ** P<0.01, independent sample #-test). The same for Fig. 2.

2.2 RNAIi J§ Msa-tubulin 01 Msp-tubulin & RMS-EGFP Mt ZRARE; F = 2170, P =
HRiXKELN 0.170), {A7E 72 h J5 ik i 202 T ( 5%

QPCR KMZER G (14 2), Msa-tubulin F1 o RMS-EGFP AL 85 B 134.4%; F
Msp-tubulin AbFRZ HYFE R FRIBKAE 24 h J5 i :0'1225 = f)‘(ﬁz )Of . *E 7[12 hiE, Mfﬁ 'I”IEZZ"
SRR S R4 RMS-EGFP H, 434 ﬁii,ﬂﬁﬁ%ﬂsiﬂjfﬂbﬂﬂ% SRR X HE 4
RMS-EGFP ik, Fik&E53 EIE T 120.5%( F
=0.004, P = 0.134)F1 129.0%( F = 2.429, P =

TRET 51.6% (F=1.122, P=0.003) F144.3%
(F=0.121, P=0.015), Msa-tubulin AL A1E 12 54
48 h Bk B AR FIE 32.0% ( SMExtma 0078) e
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Fig. 2 Therelative expression levels of Msa-tubulin (A) and Msp-tubulin (B) genesin Mythimna
separata larvae after feeding RNA microspheres

ns F/RBA B FMEZER . ns means no significant difference.

2.3 RNA fekatsh B E B T80 £ W=

55 2 AN HRAL (25 X BRZE 35 /K R B 1 %o e
20 RMS-EGFP ) ML, $EARZEP RNA sk ib 3
ZH ARG AR R R, (H 2 X R Z (RN
B2 SR (RMS-a-tubulin: F = 52.076, P <
0.01; RMS-B-tubulin: F=45.728, P<0.01) ( &l
3)e A AT KM, RMS-a-tubulin
RMS--tubulin A&FRLH HoRl U ~F- R E 43 5 F

Kok

A |

[*]
(=}
1

ns *k

D
(=]
T

N
(=}
T

BL R FHAE (mg)

The average weight per insect (mg)
N
S

S

H,0  RMS-EGFP RMS-a-tubulin
AbFHLH Treatment group

KT 59.7% (P <0.01) 1 58.0% (P<0.01); 5
R %} B2 RMS-EGEP Lt , RMS-a-tubulin F
RMS-B-tubulin LbFRLL foRl B PR 530 T
FT 51.1% (P <0.01) 149.0% (P <0.01),
FBIH, AT I RNA fERALBEZ
AR AR 5 2 AXRHIRZEAGAR EL, AR i ),
PN R 22 A JC B 22 5% ( RMS-a-tubulin :
F = 173.614, P < 0.01; RMS-B-tubulin: F =

117.291, P <0.01) (K 4), Sz HX R4 K
Hk

% 80 ° |
Aé ns *x

o ©
Eier |
g g ——

a5 40r

s

23 ——
=% 200

K 8
&3

=H H,0  RMS-EGFP RMS-B-tubulin

AbFHZH Treatment group

B 3 @AM RMS-a-tubulin (A) 1 RMSp-tubulin ( B) G HEEHTL
Fig. 3 Changesin body weight of Mythimna separata after feeding RM S-a-tubulin (A) and RM S-f-tubulin (B)
bR SRR 2Z 5 B % (**P<0.01, Tukey [C HSD 24 ) ,
ns FREA WEM2ZR (P>0.05, Tukey’s HSD #5%) . &l 4 [,

Histograms with asterisks indicate significant difference among different treatments (**P < 0.01, Tukey’s HSD test),

ns means no significant difference (P > 0.05, Tukey’s HSD test). The same for Fig.4.
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HHEE, RMS-a-tubulin AbERA AR SRR S/ T Rl R BOE R S AR | R R AR b 3
34.1% (P <0.01), RMS-B-tubulin REFRA T 2L, BPEEARIE DAL BRZE 5 %0 BR2H 2 a2 T 1]
T 31.6% (P<0.01); SHAMXI A RMS-EGFP B2, FES 7 K, RMS-a-tubulin
FH, RMS-a-tubulin AbFRZH RS K o T RMS-B-tubulin A-FELH AL B ARAL T 4 BT EL,

34.9% (P <0.01), RMS-S-tubulin AbFHZH 8 /1> B BRI R R AE T, T 2 XS BRZH Y
T 32.4% (P<0.01), 2 ISR L 2R Ky, A S IR B IS ),
A | *%k
~20r ns k% AZO
& | | N
EB [ =
g2 - 3
:;_ : 15 g : 15
= & 3
510 & 'ﬁ) 10
e oy
= 2 2%
H e 7]
K S 255
g3 oy
= =
0 H,0 RMS-EGFP RMS-a-tubulin 0 H,0 RMS-EGFP RMS-f-tubulin

AbFEZH Treatment group Ab3EZH Treatment group

4 {AKE RMS-a-tubulin ( A) #1 RMS-p-tubulin ( B ) EHRIEEKHTHL
Fig. 4 Changesin body length of Mythimna separata after feeding RM S-a-tubulin (A) and RM S-g-tubulin (B)

A H,0 (CK) B RMS-EGFP

C RMS- a-tubulm RMS-B-tubulin

kbFEZH T Treatment group phenotype

B 5 {ERRNA BEkEHREBIERM TN
Fig.5 Changesin lethal phenotypes of Mythimna separata after feeding RNA microspheres

A. 3EK (XFHR ) H,0 (CK); B. RMS-EGFP; C. RMS-a-tubulin; D. RMS-f-tubulin.

T WELRG FROAE B I JE ) RNA ERGHIEE 2 RMS-a-tubulin F1 RMS-f-tubulin Kb FLH (R HUAE
K, AP HFRBIFHIET, B 4 X TF950RF 11.1%M 6.7%, 2 8 Korhlisz)
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22.2%F0 20.0%, 5 12 K435k 5] 37.8% A
40.0%, RN 14 Kof, 2 PNACFELH FRE BAE TR
BIik#] 42.2%, WERTAEA (P<0.01) (K
6)o UL EZEREM, 4 RNA ERAEHEE, Kl
FEH B R F I B SR, B AT
% (F=3,P<0.01),

100 a

I —@— 7&K H,0 (CK)
50 — RMS-EGFP

r —A— RMS-a-tubulin
[ —¥— RMS-B-tubulin

TE#R (% ) Survival rate (%)

%2 4 6 & 10 12 14
BHE] (d) Time (d)
Bl 6 RNA f{Bk4LEE 14d MR EFH L
Fig. 6 Survival curve of Mythimna separata treated
with RNA microsphereswithin 14 d

Prek BT REFCFRAR N 28 5 %05 20 22 S 25
(P<0.01, log-rank) .
The different letters on the line represent significant

difference between the corresponding curve and the control
group (P < 0.01, log-rank).

3 itig

SIRNA J# 26 SRS T R AR, 4 v 3 1
RNAI SR FLETFBz—. ik, Mokiz
(A R 1) 3 HLGB % SIRNA, X EE 3R AT 4
PRI RESTE 2 Fh B Herh 28 RNAL A 80 S
TR, WIEME R Helicoverpa armigera

(Kolge et al.,2021 ) Hr iy X 48 54 Euschistus
heros ( Castellanos et al., 2019 ). Hi¥F Aphis
gossypiil Wei et al.,2021 FIEH 5377 1 Spodoptera
frugiperda ( Dhandapani et al., 2022 ) %, SR,
XA AN AN I ) AR 2 RO B R T R A W EUIR
JiA, HTHIG B R E BB A S LA 5 7
s A B 19 (A 78 ( Hunter, 2006 ). Rtk
A A A A RS HE R siRNA

WRIE RS ARG R B I TR B i S
RNA G W7 — M IRAS | maias i) RNA &
W5 ( Wang et al., 2019 ), @1 & B pg =8,
6] i 5 TR IRHE S RNA Bk, IF H— s Stk
fiEr= A oy L AR 25-500 bp Z A AY siRNA B
Y (K 1), X 5ERMasE b B ek & fH
Kz siRNA # D258 —3 (Lee et al., 2012 ),
KiE 1Y siRNA # DU TR B RNAT R 20
EEN), FELG TN H R AU B = 81 803
By Pkl (Ivashuta er al., 2015), FT 774
RERS K1 RNAT BN IR A B | TRIRFG Sk
TRERZE A B —FP J11 siRNA 3$3% T,
HRaEPEMT ST W] RNA (ke RS Bt e i i i
R it RS T R B R0 siRNA, BENS A R it
siRNA 5 R FEf# . EAh, RNA GEERAYHI %t
FEANTT BTN I AT 4004 , RRAZ IR ™ A 41
BEPE I KUK

AHIFSE T fif B TR A% SR BRI siRNA
L TRMG , FENS R fh A kG B BRIE R A TTER
POl BUARE | R IR EORG RBH B AET
RMS-a-tubulin 1 RMS-B-tubulin At BRLH (K5 U0
PRI RILEAE 24 h W FBET 51.6%F
44.3%, {E7E 48 F1 72 h BT o) AL,
XATRESER A siRNA B EE ARG AR, 215
TR HGREE N (X G i g S RL T R A
Tt &0 50 SRR P O 7 )5 432 i PR 7 A 1
R N YRR R T RINAT B0 385 o i
B, ZIEEASHAINY siRNA UTER, HES
WP ) E VAT ( Guan et al., 2018 ), ILAh,
A DR ] RNAGRCR Y 22 S th & 2 RN T B0 5
M ( Terenius ef al., 2011 ). KhHuMFELIER T HE
AT AT RE P AR AT R0 RNAG FU, MRRERS d1 454
H VA s G M 2 FOME LA TR, TIRLEA)
AR SERIXT RNAT FEA R X Rl ()
BR80T

VB —Fh A NP BT R B is B T, O B
AT REXT AL HL ) RNAL RIS BUA IR 8 A
) RNAL 5T, BRI T X AR L BA 50
(1) 7 BOE FNBFEALN o SRS UM 7, AW &L,
TR RMS-a-tubulin 5%, RMS-B-tubulin 5, 4)H
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F AR 43008 59.7%F1 58.0% (& 2), X5
NHIHGEZEDL, Flin, Wang % (2018 ) RiH,
A dsMsa-tubulin 5%, dsMsp-tubulin J&i, FhHAK
P IEAR T 21.3%F141.9%  RNA R3S
HAR R EOBE A AT RE R R 26K [ R
], ABFFELE R BN, RNA WOERA S 2 K,
K U 2 BUBE T REMR (& 5 ), 1 7 ) N i
Blattella germanica ZH8 8 F5E R I AU%E RNA
HHES 17 KA BT (Lin et al.,
2017 )o ABFFEH 2 A0S B 1 3K S 300 R
FET- R 5 X FALA e s A 36 m T 37.8%
( RMS-a-tubulin ) #1 35.6% ( RMS-p-tubulin ),
T 7SS RG B RNAL AIFSE R, 4RI M0 B 26 K Y
dsChil F1 dsChi2, HIFRKIETROGEF] 16.7%
( Ganbaatar et al., 2017 ),

AHIF ST AE G R R T ST T T IR A SR
HRE) siRNA 3B IE WS, W i 2 09 38 A5 2 (]
RNA ORI MELERS R, BER AT H] Msa-tubulin
M MspB-tubulin FERIZRIK; AN, Msa-tubulin
Hl Msp-tubulin B THLSG , KRR . &
KR ETRE, 2K AFEWNRZ2H0H, 4h1IE
TR 2R, DL R 25 IR S 328 1% SR i
% R ik 2 Kl U RN B o AR5 3 1 78 <7
FTF RNA WIRRK siRNA #%E RS, HRT
siRNA RS SRS BT IRACR . BFRE S R
SIRNA TERTER L RNAT H i 3 4R T H B2y
ISR, Rk @5 B 5 dU) RNAL S% 6B
FEERAL TR0 S . %5 F RNA BRI RA A
Sy FHI4, % siRNA 3% 2450 T
i 8 T R B AR SE A, 25 HL RNAT fFF58
HA B KR o SR, AR AR 3L 32
() U RNATRCR AT IOR AR 25 57 ot
AR 328 3% TR WA T R — D AT A BE B RNAT A EEAR
FE, DAEETHRDRS AR 5 A B UR .

Sk (References)

Castellanos NL, Smagghe G, Sharma R, Oliveira EE, Christiaens O,
2019. Liposome encapsulation and EDTA formulation of dsSRNA
targeting essential genes increase oral RNAi-caused mortality in
the Neotropical stink bug Euschistus heros. Pest Management

Science, 75(2): 537-548.

Cooper AMW, Yu ZT, Biondi M, Song HF, Silver K, Zhang JZ, Zhu
KY, 2020. Stability of double-stranded RNA in gut contents and
hemolymph of Ostrinia nubilalis larvae. Pesticide Biochemistry
and Physiology, 169: 104672.

Cui KJ, 2020. Study on sliencing efficiency of chitin synthase A in
Mythimna separata by maize-mediated RNA interference.
Master dissertation. Taiyuan: Shanxi Normal University. [ FJ £E,
2020. F RS- RNAL FARVUEAG H chitin synthase A FEE [
AR, 22 AAe S R PR ]

Christiaens O, Tardajos MG, Martinez Reyna ZL, Dash M, Dubruel
P, Smagghe G, 2018. Increased RNAIi efficacy in Spodoptera
exigua via the formulation of dsRNA with guanylated polymers.
Frontiers in Physiology, 9(4): 316.

Duan Y, Chen Q, Miao J, Dong JX, Wang GP, Wu YQ, 2023.
Dynamics and population characteristics of Mythimna separata
and Mythimna loreyi in Yuanyang, Henan Province. Chinese
Journal of Applied Entomology, 60(3): 1-8. [Bt =, Wr¥, ik,
HEK, T, KT, 2023, R RBHAR 7RG R 97 CRG
HURAE SIS BURTEBUMT. TR B4R, 60(3): 1-8.]

Dhandapani RK, Gurusamy D, Palli SR, 2022. Protamine-lipid-
dsRNA nanoparticles improve RNAi efficiency in the fall
armyworm, Spodoptera frugiperda. Journal of Agricultural and
Food Chemistry, 70(22): 6634—6643.

Fan D, Qin SB, Piao DH, Xu YL, 2008. Cloning and sequence
analysis of two types of tubulin genes from the armyworm,
Mythimna separata Walker. Plant Protection, 34(4): 40—45. [
7R, ZERAHA, FNEAE, VFHEEN, 2008, b HUAR N RS B E
$EPH cDNA FAIRYSERE S FFS 40T, AEYIIRF, 34(4): 40-45.]

Fire A, Xu S, Montgomery MK, Kostas SA, Driver SE, Mello CC,
1998. Potent and specific genetic interference by double-stranded
RNA in Caenorhabditis elegans. Nature, 391(6669): 806—811.

Guan RB, Li HC, Miao XX, 2018, Prediction of effective RNA
interference targets and pathway-related genes in lepidopteran
insects by RNA sequencing analysis. Insect Science, 25(3):
356-367.

Ganbaatar O, Cao BD, Zhang YN, Bao DR, Bao WH, Wuriyanghan
H, 2017. Knockdown of Mythimna separata chitinase genes via
bacterial expression and oral delivery of RNAIi effectors. BMC
Biotechnology, 17(1): 9.

Hammond JW, Cai DW, Verhey KJ, 2008. Tubulin modifications
and their cellular functions. Current Opinion in Cell Biology,
20(1): 71-76.

Hunter AC, 2006. Molecular hurdles in polyfectin design and
mechanistic background to polycation induced cytotoxicity.
Advanced Drug Delivery Reviews, 58(14): 1523—1531.

Ivashuta S, Zhang YJ, Wiggins BE, Ramaseshadri P, Segers GC,
Johnson S, Meyer SE, Kerstetter RA, McNulty BC, Bolognesi R,



- 814 - R B 244k Chinese Journal of Applied Entomology 61 1

Heck GR, 2015. Environmental RNAi in herbivorous insects.
Rna-a Publication of the Rna Society, 21(5): 840—850.

Jang M, Kim JH, Nam HY, Kwon IC, Ahn HJ, 2015. Design of a
platform technology for systemic delivery of siRNA to tumours
using rolling circle transcription. Nature Communications, 6(1):
7930.

Jiang XF, Zhang L, Cheng YX, Luo LZ, 2014. Novel features,
occurrence trends and economic impact of the oriental armyworm,
Mythimna separata (Walker) in China. Chinese Journal of
Applied Entomology, 51(6): 1444—1449. [TI3E4E, 5K, Bx
i, BALE, 2014 FREDKG ORY HUL A2 16 35 R SOB A A
BT R 2R, 51(6): 1444-1449.]

Jin HH, Abouzaid M, Lin YJ, Hull JJ, Ma WH, 2021. Cloning and
RNAi-mediated three lethal genes that can be potentially used
for Chilo suppressalis (Lepidoptera: Crambidae) management.
Pesticide Biochemistry and Physiology, 174(3): 104828.

Joga MR, Zotti MJ, Smagghe G, Christiaens O, 2016. RNAi
efficiency, systemic properties, and novel delivery methods for
pest insect control: What we know so far. Frontiers in
Physiology, 7(11): 553.

Kim YM, Lee YS, Kim T, Yang K, Nam K, Choe D, Roh YH, 2020.
Cationic cellulose nanocrystals complexed with polymeric
siRNA for efficient anticancer drug delivery. Carbohydr Polymeters,
247(11): 116684.

Kolge H, Kadam K, Galande S, Lanjekar V, Ghormade V, 2021.
New frontiers in pest control: Chitosan nanoparticles-shielded
dsRNA as an effective topical RNAi spray for gram podborer
biocontrol. ACS Applied Bio Materials, 4(6): 5145—5157.

Kunte N, McGraw E, Bell S, Held D, Avila LA, 2020. Prospects,
challenges and current status of RNAI through insect feeding.
Pest Management Science, 76(1): 26—41.

Lee JB, Hong J, Bonner DK, Poon Z, Hammond PT, 2012.
Self-assembled RNA interference microsponges for efficient
siRNA delivery. Nature Materials, 11(4): 316—322.

Lee JH, Ku SH, Kim MJ, Lee SJ, Kim HC, Kim K, Kim SH, Kwon
IC, 2017. Rolling circle transcription-based polymeric siRNA
nanoparticles for tumor-targeted delivery. Journal of Controlled
Release, 263(10): 29-38.

Lin YH, Huang JH, Liu Y, Belles X, Lee HJ, 2017. Oral delivery of
dsRNA lipoplexes to German cockroach protects dsRNA from
degradation and induces RNAi response. Pest Management
Science, 73(5): 960—966.

Liu Y, Yang J, Yao L, Li SY, Chen YR, Yang HJ, Fan D, 2020. Chitin
deacetylase: A potential target for Mythimna separata (Walker)
control. Archives of Insect Biochemistry and Physiology, 104(1):
€21666.

Livak KJ, Schmittgen TD, 2001. Analysis of relative gene

expression data using real-time quantitative PCR and the 2 24
method. Methods, 25(4): 402—408.

Lu XP, Liu JH, Fu XY, Wang FJ, Wu H, Weng H, Ma ZQ, 2021.
Effects of RNAi-mediated plasma membrane calcium
transporting ATPase and inositol 1,4,5-trisphosphate receptor
gene silencing on the susceptibility of Mythimna separata to
wilforine. Ecotoxicology and Environmental Safety, 227(12):
112909.

Nandety RS, Kuo YW, Nouri S, Falk BW, 2015. Emerging strategies
for RNA interference (RNAi) applications in insects.
Bioengineered, 6(1): 8—19.

Nielsen MG, Gadagkar SR, Gutzwiller L, 2010. Tubulin evolution in
insects: Gene duplication and subfunctionalization provide
specialized isoforms in a functionally constrained gene family.
Bmc Evolutionary Biology, 10(4): 113.

Smith RC, Walter MF, Hice RH, O’Brochta DA, Atkinson PW, 2007.
Testis-specific expression of the B2 tubulin promoter of Aedes
aegypti and its application as a genetic sex-separation marker.
Insect Molecular Biology, 16(1): 61-71.

Song YQ, Wang HT, Chen, YG, Wang, SY, Sun, HZ, 2017.
Cross-resistance and biochemical resistance mechanisms of
emamectin benzoate resistant population of Mythimna separate.
Journal of Pesticide Science, 19(1): 18-24. KA TF, Lk,
PRERE, E2RE0, Fhaxi, 2017, Kb AR (LR 2k o 3
FRELFVEE S ELHUIE 5 A BTN AR 2522440, 19(1):
18-24.]

Terenius O, Papanicolaou A, Garbutt JS, Eleftherianos I, Huvenne H,
Kanginakudru S, Albrechtsen M, An CJ, Aymeric JL, Barthel A,
2011. RNA interference in Lepidoptera: An overview of
successful and unsuccessful studies and implications for
experimental design. Journal of Insect Physiology, 57(2):
231-245.

Wang JD, Wang YR, Wang YZ, Wang WZ, Wang R, Gao SJ, 2018.
RNA interference of tubulin genes has lethal effects in Mythimna
separate. Gene, 670: 1-6.

Wang TF, Hong SN, Luo Y, Lv HY, Zhang Y, Pei RJ, 2019.
Self-assembled saRNA delivery system based on rolling circle
transcription for aptamer-targeting cancer therapy. ACS Applied
Bio Materials, 2(11): 4737-4746.

Wei LY, Zhang LJ, Liu N, Gao XW, Liu XN, 2021. Effect of RNAi
targeting CYP6CY3 on the growth, development and insecticide
susceptibility of Aphis gossypii by using nanocarrier-based
transdermal dsRNA delivery system. Pesticide Biochemistry and
Physiology, 177(8): 104878.

Wittrup A, Lieberman J, 2015. Knocking down disease: A progress
report on siRNA therapeutics. Nature Reviews Genetics, 16(9):
543-552.



