FYAI 273 Journal of Plant Protection, 2024, 51(1): 28-38 DOI: 10.13802/j.cnki.zwbhxb.2024.2022115

MHR2ZIRE QI FEERTE
Rk B EREINRE DT

KEW Mt #AFH Eim # XK
CRICACL SRR . /KI5 150030)

HWE: AR R L R B % & B 37 ) 7 (serine protease inhibitor, Serpin) & B /£ £k & Mythimna separata
A KEH B IE b p e i A2 R AR GGAE R, AR 55 R A R KAF Serpin K 1R 49 cDNA 531, R A 5=
B} & E & PCRALAR ST Serpin 245 % R F) A F WrBife R Bl 442 o 64 £ A K-, JFid i3 RNA T8
F ARG Hr Serpin 1245 & 33K 50 € 18 B Beauveria bassiana it A2 P Z B GHER , LR B =, K HF2/4
F6 & Serpin &K B , # % 4 MsSerpin-4 = Mserpin-5, J- cDNA &K 53] 5 %] % 1 938 bp #22 618 bp, I
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Cloning of the serine protease inhibitor from oriental armyworm Mythimna separata
and analysis of its anti-Beauveria bassiana function
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Abstract: To investigate the function of serine protease inhibitor (Serpin) in the growth, development,
and immune defense of M. separata, the cDNA sequences of MsSerpin-4 and MsSerpin-5 were cloned
from oriental armyworm Mythimna separata, and real-time quantitative PCR (qQRT-PCR) was used to
determine the expression levels of MsSerpins in various tissues and developmental stages. The RNA in-
terference approach was employed to examine the function of MsSerpins in the anti-B. bassiana pro-
cess. MsSerpin-4 and MsSerpin-5 (GenBank accession numbers: MZ577062 and MZ577063) had se-
quence lengths of 1 938 bp and 2 618 bp, respectively, and open reading frames of 1 188 bp and 1 197 bp,
encoding 395 and 398 amino acids, respectively. Both MsSerpins were expressed in different tissues and
developmental stages. The first-instar larvae exhibited the lowest expression, while the adult stage
showed the highest. Expression levels were the lowest in the salivary glands and highest in the midgut.
The greatest inhibition of MsSerpins was achieved by RNA interference for six hours, resulting in
52.57% and 49.15% inhibition, respectively. Following MsSerpins inhibition, M. separata became more
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susceptible to B. bassiana, resulting in a 31.47% and 14.62% increase in corrected mortality, respective-

ly. These findings suggest the involvement of two MsSerpins in the immunological response to B. bassi-

ana infection, offering a new insight into the biological regulation of M. separata.

Key words: serine protease inhibitor (Serpin); Mythimna separata; Beauveria bassiana; RNA interfer-

ence; immunoreaction

L AR N A K i 22 2 R R Bl AN 22 2 R 4R,
F [ 417 i1 571 (serine protease inhibitor, Serpin) , .3
Y125 k& MBi A ZF4id #2 (Broehan et al., 2010;
Vilcinskas, 2010; Butt et al., 2016) . 22 % ik % 11 i
T2 R U IR AR 1) T B R Ay, R AR A
Z HAZEF 51 Serpin 117 (Butt et al., 2016) . Ser-
pin BAARSF 1) = 44548, A 340 - & . 8~9 1
a-METEFN 1452 v LI (reactive center loop, RCL),
TEAN L R b, Serpin #43 T° RCL Hh R $HEAL 1Y 2
PR I EDD I, 30K 2R i 22 1 Tl 4 30 00 4 590 1) 75
— 1, I AR AL 0 (Chen et al.,2021) . Serpin
I AEAE TAEY AR N FE 10 bk CUEE [ 22 1 S AL Tl
WS R A A 2R AR s A v A 52 A E
(Gu et al.,2021) , AR K ik Manduca sexta ) Ser-
pin-12 T A {7 5 4L ALl I BT (Yang et al.,2018)
WA, Serpin i 38 ik 15 4240 1) 50 TR R 248 B 1 2 K
fiff Tt A R 9 BE RTINS A M R A AR S At AR
(Kanost, 1999) , Li et al.(2012;2015) #fF5¢ & Bl
fif 77 i 771 BmSPI38 A1 BmSPI39 A L4 38 13 417 il Bk 4
FE & Beauveria bassiana 7310 1) £ [T 2 [ fifk il
B7 Lb EL TR PR 2298 A ZE AT Bombyx mori 17 .

BRA VR RS — RG22 M A R R
R AT AR AL A A 24 AT F B IR (Saranraj &
Jayaprakash,2017) . & HUJp I FL B 8 1 2842 B HUAY
fBE R FIPLUE ) Fg R AR 45 6 1 0 X AR
2 HL (Xiong et al.,2013) . IR 7] HIEZEE R K
Y FF L H R RS R A R GORFHIE AR
(Lemaitre & Hoffmann,2007). Li et al.(2015)#F%%
% Bl BmSPI38 Fl BmSPI39 X 25 MIFT 1 Bacillus (7
TN o3 AE A0 1 A A AR s A A AR iR B4 )
FH 2% i g it L A 7 A 18 2 1 K e il | 1 A R
k.. Butt et al.(2016)BIF5E & 3B BN BB RS Y L
SR T R U A B B, PR e ) B HURR S A
Sy 32 B | R R i £ o 2 A S8 Ak, PRI
7 B Ht RIRE A R I AT R G RSCR B4, PR, B
5% LRI 75 5 (14 G2 SRy R e R0 T % ORI AR A A
FHEEEIRTIRE ) AR TR B SR L (Zi-
baee et al.,2011;Namara et al.,2018) .

Bl Mythimna separata J& T 5338 B RO F}, &
BORERR LAY, A RV SRS ) TC Ak
PE TCORRR RN B S5 R o YR R R 22 2
fiti—Serpin 7 FL (= 4% A VE AT 0B, IS
78 HAEN LR R G 2 g AR P g VR T AR ESE AL
i B ML Serpin & () cDNA J¥ 1), Jf3 i e 3
RNA TR IAFT 5 2 A0 BRA B Ao, W
1) Serpin 7r E& MU i EL TR {2 YL 2 e rp AR HT L LA
R Serpin X & A TAEYIB IAHR A S

1 ¥ 5%

1.1 8

HEZT HURIAE D - 3 HORAE A AR ARl K1)
PH A2 56 3 b 5 K HH , 28375 U B SR, T2
KE 3L AT . B AR 1] 57 7€ 40 cmx
40 cmx40 cm W52 FE RS R 5% WK,
FE B R S IR AR AL B . 4 T K 19 emx B
12.5 emx 5 7.5 em [ 5 B G B AR 3%, 55+ BT
BESAL, BT (26£2) °C AHRHEEE (70£5)% |
JEJEI 14 L 10 D AN T AUMEFE Th DT £ oKk
TR, KRR R AR A 264, b A R A F B
H R, B TR (2622) C X (70+5)%
(N TR a5 22 3 A, Ecqge R st

Ll B ZE A 5 OBE B g 1% 5% 2L (potato dextrose
agar,PDA) : iE5 2200 g A% M 30 g JhfIE 20 g, il
FEIBKEARZE 1000 mL,

HETRTRR - kA A B PR AR Al R A 2 B
Aol B U5 BB IA Tl Tt 2 IR A B AL
7E PDA 1 J2 55 b6 Ak 1~2 A0 )5 3680 T8 6 PDA 1%
FRHE b BT 25 C JEHWI 14 L2 10 D R IRAE h
F215 d, FFRR A0S T4 CORAF &

TR AN S - RNA PR 177 . TRIzol"” Reagent, 3¢
Invitrogen /A F] ; ReverTra Ace qPCR RT Kit,
Thunderbrd Sybr gPCR Mix, 4727 ( i) A=Wy Rk
45 B2 7] 5 SYBR Primer Script RT-PCR Kit Mix, H
7K ToYoBo /A #] ; D2500-02 Gel Extraction Kit, & [#
Omega Biotek /A ] 5 H 43 12050 341 4 [ ™= 43 #r 46 .
BIC-250 A\ TS ABAH | g 80 B 7 A= WA A7 FR A



30 (7B A S 51

¥l ; Universal 1 6R IG5 AL, 52 [ Hettich A 7]
A24812 SimpliAmp™ PCR 1Y, 3& [ Thermo Fisher A
] ; Alpha Imager HP #¢ i i 1% & 4t , 3% [ Protein
Simple /A7) ; DY Y-6C HL KA, JL 5 i 7S — XA 5
P-330 @i 3 LB, FEE Implen A
1.2 &
1.2.1 %5 & Serpin K W 649 L& B35 447
ORI RS BB (30°KE)  1~3 4l (4% 123k ) |
A~6 {5 4l H (45 33k ) TR (3 3k ) i (3 3k ) Al L
A3 ERE , BEFL3 3k ), ZHE Lt PR BE R A FR
IS AT SR o TG Sk AR e v i 18 1 2
W Serpin 557, 7£ NCBI (https: //blast. ncbi. nlm. nih.
gov/Blast. cgi) b #F 47 [7] ¥ LX), A FH Primer
Premier 5.0 #Fixit4 K 791514 MsSerpin-Full-F/
MsSerpin-Full-R (3 1) #47 PCRY 1S . 51H ¥ th &
R TN RS M. iR E e 1 H
B A BN (30 8L)  1~3 A R (5% 123k ) (4~6 12 &)y 1
(£533%) T (33K ) JH (33 A (33K ) , A4 37
AW . A TRIZol AR U HE i I S RNA,

100 mgZHZUiA 1 mL TRIzol® Reagent #4172 HL
VB2 pg % 44 B RNA, ) ] ReverTra Ace
qPCR RT Kit ## I U B 45 £ 47 S % 5% 5 1l cDNA 23
—BE, T-20 CLHAFFH . 25 uL WK R : 10xEasy
Tag Buffer 2.5 pL,cDNA 4% 0.5 pL . 10 pmol/L |
TS 14974% 1 uL . High Pure dNTPs 2.5 uL Easy Tag
DNA R4 0.5 uL . ddH,0 17 pL. B 414294 C
TP 5 min; 94 CAEME 305,50 CiRK 305,72 C
AEAf 4 min, 335 D ; FeJ5 72 CHRAF 10 min,
B AT R IRIUS G2 DLk B R A R
o w i %k S RS 3 1Y R L Serpin B PH ¥ 51 5 I
U 2 SR AL B JE rh AR A 0 S TR 90 R A 7 ME B R A
1E. S5 2 2500 58 3 I 32 HE (open read-
ing frame, ORF) [ 41| (1Y) Serpin 3& K ¢cDNA J¥ 51 , 1
NCBI | #4783 5F 44 o FH] SMART 7R £k [ i
(http: //smart.embl-heidelberg.de /) Fi il H: 2 ith 2 3k
i 7 5] ) 235 K 388 76 NCBI R348 2 4 06 B HLUY Ser-
pin ZIERL T, FIFH MEGA 5.1 5F LAARE 4 7
ARG A, 1 000 YK & KIF

®1 KFARFFASIMER

Table 1 Primer information in this study

LY S1YF5(5'-3") IR KR T v Be R/ Fi&

Primer code Primer sequence (5'-3") Annealing temperature/C  Expected fragment size/bp ~ Purpose
MsSerpin-4-Full-F~ ATGAAGTTTAAATAAATAAATT 50 1938 vl
MsSerpin-4-Full-R AATTTATTTATTTAAACTTCAT Cloning
MsSerpin-5-Full-F CTATCCCTCTACCGAACGTCTC 2618
MsSerpin-5-Full-R GAGACGTTCGGTAGAGGGATAG
MsSerpin-4-qPCR-F  CGTCGACATCGTCTTGTAATCT 57 1188 ST
MsSerpin-4-qPCR-R - TGATTGTGATCCTGCCTTATCC &1 PCR
MsSerpin-5-qPCR-F CCTGGCGAGTAAGTCACAAA 1197 qRT-PCR
MsSerpin-5-qQPCR-R - TGATATCCTGAACCGTGGAATG
[-actin-qPCR-F CCAACGGCATCCACGAGACCA 1472
p-actin-qPCR-R TCGGCGATACCAGGGTACAT
siMsSerpin-4-F GGAAAUAUGGCGCGGAGAUTT RNA 4
siMsSerpin-4-R AUCUCCGCGCCAUAUUUCCTT RNA inter-
siMsSerpin-5-F GCUCUAUAUGUGACAUCUUTT ference

siMsSerpin-5-R AAGAUGUCACAUAUAGAGCTT
siNegative control-F  UUCUCCGAACGAGUCACGUTT
siNegative control-R ~ ACGUGACACGUUCGGAGAATT

1.2.2 %6 & Serpin A B £ A HE X 64 57

3ol ECRG 1 H B R DN (30 41) (1~3 #3411
(£123%) 4~6 4 (45 3 3%) il (335 ) A (3 %)
FURC (3 S ) VE RN [A] & 8 B BORE i 5 B R 14
W5 4 U 4 A AR R T g R S A IR
IRFRBEVE AN R L ZURE A, A 22U 15 3k
REIR 3 AW E S . R TRIzol VA SR EUAS FE i
[ 5 RNA, £ 100 mg 2141 H i A 1 mL TRIzol Re-

agent FEATHEHL . 43 I HL 2 pg &L RNA, F| i Rever-
Tra Ace qPCR RT Kit 4% FE i3 B A5 #4752 % s 6 B
cDNA#5—4E, T-20 CI-A7#

HRAE 1.2.1 5 B 1 B HL Serpin H K cDNA J¥ 5]
AN ZEE A B-actin %11 qQRT-PCR 5 | ¥ MsSerpin-qP-
CR-F/MsSerpin-qPCR-R F1 f -actin-qPCR-F/B -actin-
qPCR-R(FE 1), LA HUR IR & 7 B Bkt il FAS [ 2
ZURE il 19 cDNA AR A 2R 47 52 I 2% 6 %E it PCR
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(quantitative real-time PCR, gRT-PCR) ¥l , 20 pL
KWK % : SYBR qPCR Mix 10 pL.10 umol/L |- F
751945 0.6 L, cDNA F 4 2 L ddH,0 6.8 plL.
F RN AEFE 194 CHUEE 1 min; 95 CAE1E 305,57 C
iRk 30s,72 CHEMH30 s, M40 MG, 3IKFEARE
o SR 2k TR B O LR A X R G
(Levashina et al., 1999) .
1.2.3 6k Serpin kB T #I0 G 18 B 50976 KA

W BRTEL U P 2 AR AT M PDA B5 57 3% B UE R
Je % 0.19% 3L 80 114 JC A /K B i B A 1 B V7 T
B, I 00 SR B MRl 110", 1x10° 1% 10%, 1%
1071 1x10°4~/mL, 25 50 mL £5 FH , L% 0.1% it i
80 [ TG B K AEZS FOXT IR, SR FH S 28 7 (s B 4%
2012) b PR/ IN—S e BN HL 3 4 e, 555 2 5
L8 g 3ot 371841 RUT R (T oo/ R L R o | SR U S VK -3
7 d, G it BTG O, FH DPS 7.05 it 2
FEMRRE LC,o 5 BRA 1 A5 A6 B PR BRI 11 0.1%
I Y 80 i B 28 LC,,, e 4% i o HE AR — By fdt B 3 i
A TS AL, k] b DLE 0.1% ki 80 11
TCHE KA BRI, 43 TAL R 12,24 48 F172 h
Jo A5 W3 SR B L TR AT G R R T T80 C AR
F745 F R H qRT-PCR J5 ik 0 2 HRAA N Serpin 11
FEXT IR AL, A3 AT O IR A6 PR B 5 (4 e 1, A
JriklA 122, B3 R AR TR
1.2.4 RNA T35 55 & Serpin 3 B & A & 6940

HT1.2.1 R4S %E . Serpin 751, 240 Ll
FUh ) 245 AR B w5 R R /N e B T A A
72 (small interfering RNA, siRNA) , L5 #0835 [K G [
PR AR HA N B A= 2 3800 R 56 DXL 91 )
siRNA 1 Ay B X} B8 (negative control ,NC) (£ 1),
P B 28 20 pmol/L #8535 UK /N — B0 {3
3L, 2B siRNA 452 pL, FH G VR4 DA
A S T ) 2~3 5 Ak S AT TR SRS A
(26+2) CE R BEFEH B F oK R 52, 435
T°3.6.12.24 148 h 5 i A i, ZbFEZH 55 %) B 21
FEABF 1] P 3 Sk &) O A A 1.2.2 T e o
()2 P IR, TWA T RS , R H qQRT-PCR
D5 R RNA P A [R] i i) o5 ¥ 3 PR 1) 3k 1, 43
MR A R 1.2.2, BME B3 R EE .
1.2.5 RNA FH#H/G3KIG1EHE 6 & KiE w2

DL 1.2.3 il 45 1) LC, BRI PR R T2 7 ), R
H1.2.3 J7 i A 3G 1 3 08 4l e, DL 0.1% ki 80
(7K TR A B R 6 R, 29 5] T A0 38 24 (48 R 72 h S
PEATRNA T, kA 1.2.4, M0 6 IRTE A, 45

ANFEA 153k, 09 T RNA T4 5 12.24 .48 F196 h
SIFIC Y LTI O, AR IESE T, KEE
PET- %R =(Ab PR B AR T 3R - X R B 1 AR TR )/
(1% HAZH H T BET ) x100%
1.2.6 9Lk Serpin 315 A KK H BT I 0% 0l &

HUR/IN—BU (0 8 B 3 W W B, SR 1.2.3 7
IEAT LC, BRI P 45 A b PR S A (26+2) ClER
BRFEHE T R B e ORI R R TR 3R R 1.2.4 Tk
AT RNA T4, 4350 T T4 12.24 .48 F196 h ML%<
FEGEHLIE PR R IE O, THE L) BRI 2 i
PIAE AR A BAE 7 B ] ASHRR AL 2 KA B
R 3 IRER A ER 503k,
1.3 #RaH

FIIH SAS 9.0 FRAF X0 0 4E 1T 40 1143 4T
A5 Kb PR A [+) B [0 o5 32 PR A 4 X %38 122K ] Dun-
can [CHT B 2215 0017 22 57 W B PEAR 3G, RS IEAE T
LK RNA TG X B AR R B SR A
REVE AT 25 5 R

2 BER55H

2.1 FhH Serpin EE K F 59 A0 RS Ritg 2

AR 56 30 A X el E A SR 2 B0 R A T R
NCBI LEX AR SF 4574 3l e 6 SO 91 Sk, 1531 2 2%
£, 5 528 ORF J7 91 11 Serpin 5:PF cDNA JF51 ., 551
SR , 76 NCBI LA 78 S I 44 MsSerpin-4 1
MsSerpin-5 % 55541 51128 MZ577062 F1MZ577063
FIFHAE LR B4 ProtParam X H: g it 2 1R 1) B Ak 1
FRHEAT 500, 85 R 2R, MsSerpin-4 Fl MsSerpin-5 F&
) cDNA J¥ #1453 51 24 1 938 bp 12 618 bp,
ORF 43} 1 188 bp F11 197 bp, 73 4 h5% 395 4~ Fll
398 MRILMR , 7E 4 29~392 AN 32~395 PR LR
Z [AIFEAE Serpin #8 F R4

ARG R F MR, B MsSerpin-4(MZ577062 )
S SRR R H an s X 9 Spodoptera frugiperda
(XP_035454813)FIRISIKS. litura(XP_022837569)
(A [RE 5 R AE R, R4 R I s PS5 B aUi g
Trichoplusia ni i [R5 ¥ 51 (XP_026736072) 3 1E—
i, UL RS OC R B0 ; i 5 B A Bombyx mandarina
(ALD62506) FlIZ 4 (NP_001037205) B 3£ 2% 56 22 5%
(& 1), Fidt MsSerpin-5(MZ577063 ) 46 5 807K
1% (4 [R5 731 (XP_026736073) B AE—i2, R
G R FR AR 5 15 RESOR O 1 [ R F 51 (XP_
022837600) K 7r — it , SR J5 5 M8 4% 1L Helicoverpa
armigera(XP_021182965) FISE Y HHAL HL H. zea(XP_



32 (7B AN S

51%

047036835) [ [A] iy 51 R AE— i, Ui SR & e R A

35

0.1

48

49 40 36

52

AT IS SR L FR AR RO R B (K 1)

Pieris napi Serpin (XP_047519775)
Pieris rapae Serpin (XP_022129418)
Colias croceus Serpin (XP_045507171)
Bicyclus anynana Serpin (XP_023935128)
Pectinophora gossypiella Serpin-77Ba (XP_049881054)
Hyposmocoma kahamanoa Serpin (XP_026316041)
Chilo suppressalis Serpin-001 (AEW46895)
Mythimna separata MsSerpin-5 (MZ577063)
Trichoplusia ni Serpin (XP_026736073)
Helicoverpa armigera Serpin (XP_021182965)
Helicoverpa zea Serpin (XP_047036835)
39 Spodoptera litura Serpin (XP_022837600)
Operophtera brumata Serpin-32 (KOB78425)
51 I: Bombyx mori Serpin-5 (NP_001037205)
Bombyx mandarina Serpin-5 (ALD62506)

Trichoplusia ni Serpin-77Ba (XP_026736072)

37 Mpythimna separata MsSerpin-4 (MZ577062)

59 ': Spodoptera litura Serpin-77Ba (XP_022837569)

Spodoptera frugiperda Serpin-77Ba (XP_035454813)

B 1 E-F Serpin

FFoIR AR AR R S E b B R Rt i

Fig. 1 Phylogenetic tree of Mythimna separata and other insects based on Serpin sequences by neighbor-joining method

2.2 FHH MsSerpin EERBT ERIZER
221 ERFRRE BB FEFX

MsSerpin-4 Fl MsSerpin-5 B R EB AR K H
W B34 ek , HLITE B B ARG 2k i i , 78
LIRS A AN 3k IR, T 20 2 5 #0195 4%
F1.98 4%, 1 HAEHA & B B B R i Hd 5 A
—%, MsSerpin-4 3N TE 2 .3 .4 F1 5 #5401 HUH 4 4R
XF IR T e, P40 i TR LIRS A AR 3Rk

r W MsSerpin-4

1l

el
N
n

TR RIEE

Relative expression lev

(LU ) 2 S A 4 25 5 7 oA & B B B AR X 26
INEIAR, HIC W % 2 5% (K 2) . MsSerpin-5 %
TE 4 9% 1 5 05 4y AU AR X IR R, A 2
SN TE 2.3 .6 I 41 IR 15 1) A G 2GR
IR, 25 e WA B3 5 7 IR S RSB (0 AR X ik 5
RAG, E A RE; BR L F 2R TE A A
BB AR A Y W T IR AR R A
(K2).

O MsSerpin-5

o o
°© & ©°

[litil

ﬁﬁl‘ﬁ'& Developmental stage

1: B 2~7: 435000 1 HESAY 1% 204 3% 4% .5

W o Weaht; 8: 1 MR T 0 1 HlRIH; 10: 1 H .

1: Egg; 2-7: one-

day-old 1st, 2nd, 3rd, 4th, 5th and 6th instar larvae, respectively; 8: one-day-old pre-pupa; 9: one-day-old pupa; 10: one-day-old adult.
2 MsSerpin EEEFRAFLZEMEHFRIZER

Fig. 2 MsSerpin expression pattern at different developmental stages of Mythimna separata
Pl b B Ry - AR e R o [F) (AR /NG B 3R AN [7) b B8] 8 Duncan BT 528 22 EEAG 40 22 57 1. 3 (P<0.05) .

Data are mean+SE. Different lowercase letters on the same color bars indicate significant difference among different treatments by

Duncan’s new multiple range test (P<0.05).

222 REVALR oy R AEX

MsSerpin-4 | MsSerpin-5 7E% HURN [R] 21 41 rh 1
AR, Hrh FEh b AR A Y e, B
TAEH A ZH 2 b B AR XS e 3h B, 43 ) S PR AR A X

FETR Y 27.85 15 F1 10.40 135 s TEAARRE p A AR X 63K
KR, R A T A S (R A ek s
R 5 S S AR ek i eIk, H =35 (]
TC 35 25 5 e MR A ARG ek Y R AR (B 3) o
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301 a

B MsSerpin-4

o O MsSerpin-5
5 25 P
=1
W .S 20
e
® & 151
' 5 a
B 2of b b
- 5
[3) I C
& dd dd ded g4 ¢
ol mmr= | wr= | o= ]
1 2 3 4 5 6 7
HA Tissue

1: WEAR; 2. W0HA; 3. s 4. J5l; 5. IR 6. BeitA; 7. MREE,

1: Salivary gland;

2: foregut; 3: midgut; 4: hindgut; 5: Malpighian tubule; 6: fat body; 7: integument.
B3 MsSerpin ER R AR AR FHRIZER
Fig. 3 MsSerpin expression pattern in different tissues of Mythimna separata
Pl b Ry~ bR R o W) AL AN [R]/ING "R AN [) ik B R) 28 Duncan [T 524K 22 WA AG 50 22 5 1. 2% (P<0.05) o

Data are mean+SE. Different lowercase letters on the same color bars indicate significant difference among different treatments by

Duncan’s new multiple range test (P<0.05).

2.3 MsSerpin BEE I EYZINEE

23.1 HIOGEH 12 e x5 MsSerpin F 35 093 h
SRR [R) MR B kA0 R R AR G 7 d J5 L S

B F] LC,, N 3.11x10°4~/mL, 95% & {5 X [d] hy 1.10x%

10°~8.79x10°4~/mL , B J1 J5 ## 4 y=2.15+0.38x, #H &

25040967,

0O MsSerpin-4 E3

4t b

AN RER
Relative expression level

C
d cd d cd
O _i+| L ﬁ L -
12 24 48

ZLC, BRI R E R YL 12,24 48 F1 72 h )5 , Fh
Hr 24 MsSerpin 3 R ARXT SRk w2 2 TS
JE REAR R a3, 12 9% 24 48 1 72 h BF 500 IR fgt 2 7
15 (P<0.05) , MsSerpin-4 F1 MsSerpin-5 J& K /4 A1 X}
FIR TR Y 48 hIN 5351 X BR 1% 7.56 15 1 5.88 4
(E14).

127 B B X CK
O MsSerpin-5
9t a
6 L
b
3 L
d d d c cd d
0 12 24 48 72

B} 18] Time/h

B4 skBEREEFREAE N EE MsSerpin EE BT RiE 2
Fig. 4 Relative expression levels of MsSerpin after Beauveria bassiana infection
BB R SRR R . BRI F BEZR 7R 48 Duncan [CGB & Ml 227546 55 25 5 1 % (P<0.05) . Data are mean+

SE. Different lowercase letters on the bars indicate significant difference by Duncan’s new multiple range test (P<0.05).

2.3.2  MsSerpin #3 RNA T3 R

RNA T35 , MsSerpin KR 9% G DI UTER , Hirp
MsSerpin-4 [ AEXT F B EAE T4 3.6.12 F124 h i}
Ty %of R B 2 AR (P<0.05) , 43 S AR T 49.80%
52.57% .42.88% 139.66% , 7E T4t 48 h A% L K 1Y
AEXT R IR B 5 X IR 22 R 3 (8] 5-A) s MsSerpin-5
(RIARXS PR EAE T 6 hi) IR ok, 14 49.15%,
HAETHE3 .6 F112 h B 5006 IE ik 2RI (P<0.05)
MAE T 24 h F148 hisF AR Rk i X IR 22 AN
3% (] 5-B) , I RNA T He R 0855

233 RIG1E R 1% 4G MsSerpin 69T E F ik
BRAL B E R YL 24 .48 F1 72 i3 Bi#EF T RNA
TARALFE, T4 3.6.12.24 148 h J5 £ 1 MsSerpin
AYARX Rk i, BRI 7E1R L 24 h 7547 RNA
T, 3.6 F112 hitf, MsSerpin-4 KR LE g AR
FE RN U T B ARG 2R3k R 340 ] T4 24 h
A, 12 2k DR R (AR R HRUfAR o (14 R X 2306 o B
Hil(E 6-A) . FEAZ YL 48 hBFUEFTRNA T4, THE3 h
F16 hivh, MsSerpin-4 3& K FE iz HARE R HUAR Y
FEXT IR R A T4 12 hi 32 R 4Rk



34

LR/ T 514

IR e R T A e S B 5 TR 24 h Y
LA PARE rp [ RE X 3k Bk B I (& 6-B) o #E
{244 72 h B 247 RNA T4, T4 3 h ) MsSerpin-4

3r A

28]
T

M RER
Relative expression level

B siNC 4
ab O siMsSerpin-4
b b 3
C c 2
c C

1
' 2 2u 0

Bt 8] Time/h

FH DRI AE A BE R A A Hp g A X 3 3k B S s
P 6.12 F124 Wi}, iZBE R AE g A RE A0 d A i
AR A B B 2 (K 6-C) .

B siNC

B O siMsSerpin-5

b
be be b behe
C
36 12 24 48

5 RNA FHiAE X5 B MsSerpin R X RIZE IR0

Fig. 5 Relative expression levels of MsSerpin following RNA interference treatments in Mythimna separata
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Fig. 6 Relative expression levels of MsSerpin-4 in Mythimna separata after different RNA interference treatments
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Serpin-5 F& PRI TE AR BEFIT AR (9 AE D62 58 F ik I 2
T THE 6 Wi, i R AE i AARE i A4 A
X IRt A A s T 12 hois, R A RE A
AT R X 2 R e H R S IR (81 7-A) o FEAR G
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PRISCAE AR v g R T 2 38 e 8 4ol (11 7-C) o
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Fig. 7 Relative expression levels of MsSerpin-5 in Mythimna separata after different RNA interference treatments
PR o R R o AN RING TR R R AP AL ZUAN [R] Ak B8] £ Duncan PGB S MK 22 14 K0 46 22 57 10 3 (P<0.05) .
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KILGBRAIZ LIS hIE 5 Ry Ao AH
X 28 BR At AR TR R G 48 h S i Zb R AT M-
Serpin J& [ B9 RNA T4, 25 K200, T4 24 .48 Fn
96 i , B HUBUACIEALT R 3 o TR (P<0.05),
Horr 4 MsSerpin-4 il MsSerpin-5 3£ K 96 h J5 , %k
BB SE T AA00 IR 70001 B 25 4 s 1 31.47% Fl
14.62% (£ 2) . [AIF, RNA T3 ab S 9 3 4
BT HUE D SRS A R AR T L, S X

2.3.4

N LE , e B0 L)) B 3 S 25 AT, 0 ik
B, PR B AT, FRME = B (3R 2)

3 it

Serpin 7& B #5034 & 5 5 T EAE FH (Gan et
al.,2001) , T Z 3 1 T WAL A AR A] 38 K36 22
IR 4 1 T 9 7Y L 4 (Tripathi & Sowdhamini,
2008) . H i, 7EAN ] B Ho v %5 56 3 24> Serpin H&
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, AR 8 LA KA [l HES 5 207 A 1 AN ]
B4 310 i 1€ & PE (Brandt et al., 2004 ; Hegedus et al.,
2008 ;Zheng et al.,2009) . Serpin AN AT LAl B2 H
IHAC S B IR, P B e F A SR = (R
A A EE L, e B HROE R AR K R E (ZERFT

R2 ARAAEERELIS hEHTRNA TIHABERANBEERTRRERLZESH

Table 2 Corrected mortalities and growth and development parameters of Mythimna separata after RNA interference

55,2016) , i AT 15 22 5 R £ A T OB Sz ot e 41
il 22 28R £ B TS 2, 70 B LA R ARty v R 4%
B BRI (2201 D145 ,2020) . AHFSE A FG
HUHR 3RS 2 4~ B Serpin 45 #4384 1) Serpin 3£ K ) cD-
NA JF3, fi5 44 K MsSerpin-4 Fl1 MsSerpin-5 .

treatment with Beauveria bassiana for 48 h

Treatment Pupation Pupal Emergence No. of eggs per
12h 24h 48h 96 h rate/% weight/g rate/% female

SINC 6.17£0.32  22.99+1.02 46.58+0.41 53.71£1.20 43.58+0.23  0.19+0.01 42.12+0.23  918.81+15.81

siMsSerpin-4 8.45£0.26" 35.54+0.79" 66.56+0.80° 70.61+0.83" 28.27+£0.07° 0.17£0.01° 26.20£0.25" 781.14+16.85"

siMsSerpin-5 7.19+0.48  33.05+£0.86" 57.36+£0.99" 61.56+0.63" 36.39+0.11° 0.18+0.01  34.98+0.16" 872.48+11.00

FEAE N TR iR . R A BRI B ) 28 R 30 A 95 22 57 i 2 (P<0.05) . Data are meantSE. * indicates sig-

nificant difference between treatment and the control by ¢ test (P<0.05).

ARG 25 R L B, MsSerpin-4 Fl1 MsSerpin-5 1
FHURT R B BN R 8NN ik, HEPE
JSG H 0T A AR X R 8 B e, TE 1 40 U A AR X R
AR AR, X5 SO IS (2021) FER A5 (2022) BF
AW HIL . TR SF (2021) BF5Y & BRAR 4L HL
Serpin-b TE )8 U B ARG 38 1t 85 a5 SRR A5 (2022)
Wox g B sty CEl Nilaparvata lugens W Niserpin2
T B LA Y R ARG 38 i B i o Serpin FER 4L
HAFEARIR TR R LA A A FVEH, W
PN EANTHEA A B SO [ S i A= BRI RE A BE A7 AR 22
5. MsSerpin-4 Fll MsSerpin-5 3& R 7E 5 B b iz A4
BE RN SR i e THABZA 2L, R AiE e
A R R, B A ) B S5 A B B IR T A
i b | N R A . B X 2 2
R 238, B AT REAE iz S e B A ok 78 vh R 5 E
SRR . A A PR BRAE R RS T A
T, MsSerpin TEARBE T R AZE R IIGI/E T LEAE S i
IR, RGN g U T R R R R Gy, 7S
LC,, N 3.11x10°4~/mL , MsSerpin 3R 21k 32 2| k1
FUE R R e B PR, MsSerpin F& R AR X e ik
F LA, BB MsSerpin J R ] 6818 1< )89 74 N 85
IS PR S SR LRI SSRIR R R A . AT
FEAT R R TEAE R BRA PR R T 48 hIvE 2 4> M-
Serpin JE PR (AR X 228 1 fe i , Bl BAIG, X AT BB
BRI AR TR A AR AR T S A G . BRA R
R AR HAR N IF B A3 A A I b H A
N MsSerpin 013 N 25, FF IR S8 SN, 7 48 h ik

Ik EIER e RIGTE B S RGVERTS , kit 1 £
P AR GBI , MsSerpin 3 PR Ze 3k 5 - GRFHIG
A 5T, Serpin 1Y B 1 HEME 2 5L T 90 6 G0 A= 4
FERLY B i 2 i, B AE KRR B &
FERR B AT ARAR R, e R AR AT . 5
BB ST R, FE T K B4 1 (Herwade et al., 2022)
AR B Wk Lymantria dispar % FAE R AR YL 5 Spl 1
Sp6 W] 5 T 4 (Bai et al., 2022) ; R &K N Bmser-
pin-28 % PR H R Y J5 Rk KPR ik, 314
SR ASC KA K (Gao et al., 2018) 5 M T
KUE Ostrinia furnacalis 3% B 17 4 7 Serpin-3 B i
IEFRIR , FR U2 PR R T P R OK B 4y H ) i
AR AR A RIS AT T KA 7™ T R $5 4 A
(Chu et al.,2015) . Serpin AN AT LLJE T 2 d2 Py T8
P 22 G IR B 1 It o T R 4 AR 22 R AR 1 il
(Wang et al., 2009) . /)32 Wk Plutella xylostella
CvT-serpinl 5 TEAM AT J5 LRI P Ty
A 5 AT 2 (Gu et al., 2021) ; #58# H A1 H
EL WY Serpin RHLH BRI IEVE , R E AT AT 58 B 4%
5905 AR = A SRR A T (Zhao et al.,2014) . 3SR
SR Serpin 2 5 T B HU S 2 [0
AT i RNA T H AR ] MsSerpin HE[H
AN Serpin 2 5 10 8 RG0S, $& 155 FL IR X 6
HUP) R HUUR |, gRT-PCR K61 2% 5 2% BH MsSerpin 3%
IS I AR . 38 PR EE T MsSerpin i) 1] 23 DT
il BRAE B P75 5 SN I TR] , 13 MsSerpin FE K 37 Bk
0 P15 T 5 i) e ) S ) ] 5 R T R Ak 3 e e 119
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B PRI ARG — , (o H R AR IR Bl e, PR A Rt 3
HH e BR 76 48 R 4R Ut 48 h 5 51T MsSerpin $&
RNA THALEE, MRS FL P O AR AR VAN, AT
RNA T LA AS 235 1) HL 7 28 A ARG AR I 1Y)
bR, LA TR B B R, R AR
e A, T L3RR A 35 R A A R R RE
Kanost(1999) i/ 5% 32 B Serpin 7] B 24 i £ 5 19 &5
7K A Bt , 600 300 1 285 B, MisSerpin Jim o f Bk 4 (£
AR B K i R A T K AE R . S Ak, T4k
MsSerpin B2 5 , BRAD AR TR DO R R 9 BOERCR 4
T AHH L & D BcA W& 2846 40 B T Serpin 2%
5 RN 4% HAC A2 Z R L) a s  H A HuAR
W& A 24 Serpin FE B, AR50 1 AN BEH #4171
P BRI S0 R G0 A — o B B2 152, 5
TR e 40 G oy Ot I T 1) e R o Ak,
MsSerpin UTERYE =5 T Z6 U BR A 1 15 2175 1) Rk
P, BRI R A 1R Y 48 h IS /0 B D TER S H MsSerpin-4
F1 MsSerpin-5 D, 7 HAL IR SR A, W6 T 044, 3P
LR,y O 5D, HEDN MsSerpin 1] 58 7E AL
HAERKAFESRDRE T HENREERN, XTE
i — DA e . ARG E 43 Hr T Bkt R Ak
FEXT B H MsSerpin $E R 2635 K- B9 52 ), A& I Ms-
Serpin RetEAE hy G R4 DR 428 1l s it 2 TR0 2 AR
e | R Hegs SO
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