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Abstract: Beauveria is one genus of the most promising entomopathogenic fungi for pest bio-control. In
this study, the virulence of Beauveria bassiana 237 strain to red fire ant Solenopsis invicta was
determined, and the effects of the fungal strain on immune—elated enzyme and gene expression level of
the infected S. invicta was investigated. The results showed that B. bassiana 237 strain was highly
virulent to red fire ants. At the fungal concentration of 10° spores /mL, the lethal medium time ( LTy,) of
red fire ants was 5. 288 +0. 2014 d. Under different concentrations of 10* ~ 10* spores /mL, the death
rate of red fire ants increased significantly with the increase of spore concentration. The lethal medium
concentration ( L.Cy) decreased from 8. 82 x 10° spores /mL to 8. 95 x 10° spores /mL during the 4" to
10" day. After infected by B. bassiana, the protective enzymes and detoxification enzymes in red fire
ants were changed to different degrees. The activity of phenol oxidase ( PO) , a protective enzyme, was
inhibited at the 12" h after treatment with B. bassiana, but was significantly higher than that of the
control at the 24", 48™ and 72". The activity of superoxide dismutase ( SOD) was not significantly
different from that of the control group at 12 h, but increased significantly at 24 ~ 48 h and then
decreased. The level of peroxidase ( POD) was not significantly different from that of the control at the
early stage, but subsequently increase at 48 ~72 h in the middle and late stage. For two detoxification
enzymes tested, the activity of detoxification enzyme mixed functional oxidase system ( MFO) fluctuated
in a state of inhibition-increase-inhibition-increase during the whole detection period. The change of
glutathione S+ransferase ( GSTs) activity was similar to SOD, and only increased at 24 ~48 h. In
addition, B. bassiana also caused changes in the expression of immune-related genes of Toll signaling
pathway in red fire ants. The genes of recognition factors GNBP1 and Spaetzle were activated at 12 h after
treatment, maintaining an alternate up and down trend. The signal transfer factors, Myd88 and pelle,
were overall suppressed during the 12 ~72 h detection, but only Myd88 increased expression at 48 h.
The transcription factor Dorsal and the antimicrobial peptide Defensin have been significantly activated at
12 ~24 h then inhibited at 48 ~72 h. In conclusion, B. bassiana 237 strain successfully infected and
caused disease to red fire ants by regulating the enzyme activity and the expression of immune-related
genes in red fire ant, which has a high value of biocontrol application.

Key words: Beauveria bassiana; Solenopsis invicta; virulence; enzyme activity; Toll pathway; immunity

Z1 KB Solenopsis invicta Buren J2&—Fh f& & A4k
RARE R, AT G M EE PR
o HUCEL R BEFEAR T M. SRR RPE. 5%
Mo P&, R UL EN DB E RIX K
Ml P A N SR A, 3 A AE T b T AR AR
M2 A — L RLR iR i (AL, 2005, LA
&, 2005) , AR MRl A 25 P i E R
PiE, T2 e 2 BGE NE, MERAA
el i %% ¥4 AR A 22 4 @ Wp ( Vinson and Mackay,
1990) o HI TIZMUEAE J15i, TR AR HBEZ A %
MURFECII g, HAPRE R 5K, 2AMELIARIA
LYUUEIESESdipER

B U B R H B 8 Beauveria # I\ h J& 21
KA W B 16 S A i 0 9 P R L ( Lofgren
et al. , 1975) . CHIENTHH 85 T ARSEE

B HELHRZE, A& E# H Hymenoptera 1R}
Formicidae, 128315 700 £ F# ( Arthurs and Dara,
2019) . 1986 4E4z i 1 BF Hh I £ & I BR A 15 A
Beauveria bassiana Tl 1 i T F 22 19 & & 18
Vairimorpha invictae BEW81Z Y421 KB ( Jouvenaz and
Ellis, 1986) . 1987 4418 T M VY Matto Grosso #il
Sao Paul M [X R W ERf AR E . A7 K HEE B.
brongniartii 140, T4%-1B W M. anisopliae X} 2 Fh£l
KWL (S, invicta F1S. saevissima) YA B BUR
PE, FEME 4 ~ 10 d KgAK g ( Perinotto
et al. , 2012) . 1988 ZE4RIE T 3 M S. invicta 43
B BR A 18 T PR (R N BE A AU Bk
2 Fhar OB ( Alves et al. , 1988) o & [ K Fifi T
2004 AEJE IR R BLLL K BUE A (B ¥ AE, 2005;
AR, 2005) o 2006 4E4GE 7 ILF MBS A Y
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I AfE A R 2t A BT X6 1 K LA B B B T, g
it 1 x 10° 47 /mL 46 7B U5, 15 d 9 Ritst
TRBIRH] 86% L) b (X%, 2007) o 11 #%
BRA IR T R AE 1 x 1077 /mL BRI R VAL B 2T
KB, 10 d f553:306.5% ~67. 1% FET-H (R
TS 2 i 42, 2020) o b Ah, A HTERAE R 1 x
1007/ mL At B2 A, FEVRJE 21°C L 25°C 0
20C A F 15 d BIRB R 100% FET-R (X 5
&, 2014) o XECSEG AR BN T BRI FE A R AL
KB 5 HY BE

PR G B He Ay 3 9 = G Ao 0 3 B — i
BRI Br B, WA MEE. Bk %6
Rz, MRE 2 EMENER, BBUE SR, A
BER, WIAA EAS e fE b R R 0B
RGE e RN MARPTAE T, 38 5 20 e B iy AR
W R ARHTIM R AR (B IBEIRe4E, 2008) o
B RIR 2 03 AR S ( cellular immune) ]
i sE ( humoral immune) , W3 (6 iR 51515
59554 ( Lemaitre and Hoffmann, 2007; Rosales,
2017) o 7EANMESE S R v, B HR I 40 M % 1 4R
1Ll (PO) HYZRIKE N, Z WA Ll (PPO) %
RISTEIE PO, BIERY PO K AR Se b h 2 1,
ZUME AN ZE AR RN, &EIEK
RO, k8B P R B A A0 A R 2
[ 7= 0 AR B AARE 1 g D A ] R, S 30 B 5 % K
FRIERRPER] (#8455, 2003) o BRibz4b, XbF
FA A RS R P BN > TR, W
— BB L P 4 POD. SOD. CAT I fif 85 fiff GSTs-
MFO. AchE &5 1232 5Guid fe (51 s
I, 1998; Zhou et al. , 2018) o 1R s LT
Toll. IMD. JAK/STAT # JNK {55 %, 115 %
e TBAL B Bt R A A DA O ( Lemaitre
and Hoffmann, 2007) . Toll i & — 4 e AL b A4
SPRYME i B, %0 BRI 2 GNBPL F
PGRP-SA/SD SfiJi2h ), i ML 2 A 5
SPZ ( spitzleike proteins) 5 4RI AE I A% Toll sZ{K&
54, B MK A (MyD88. Tube. Pelle) %
HAh ¥ A N B % ( Lemaitre and Hoffmann,
2007; Cao et al. , 2015) . Ff)5, I E-F Catcus
RABER AL, 18 K S 5 NFKB #% s A1
Dif/Dorsal 43 FF, Dif/Dorsal 3 A 41 L #% i 5 b 18
2R Defensin 55470 1 IR b FAD B 2 0 3~ 56 PF B 2 3k

( Lindsay and Wasserman, 2014) , 3F 16 B )
TBE o R I T 200 R 7 S SO LIk £ i )
(RALMEOR & T BRA 8 B8 X 21 KO SR AL
HH FR WARIE -

EHEETRE LN T 1 Row AR L
BRA R B AT LT R R Ty, P, AT
FEAEEE PRI PE A T 32 T8 R o 21 Y o 1k
FHAE T 4L K IR 5 A A PR AP i ik 75
PEAN Toll 18  AH G HE M By kA8 Ak, gt — PR
FEBRI B RO Z1 OB A P AL S S RE R i -

1 MR 57AE

1.1 #HiXEkRRBFIES

PRIE BT Beauwveria bassiana 237 TH K H 28 5L
05 % 7 B 4 IR AT

P A TR ke 199 76— B VR O A 78 B A K TR B B
4R SDAY (1 L ¥ Bevp & eHE 20 g, WL
5g, 115200 g HIRzE K, BER 20 o) PAR L,
25 + 1°CHHIREFR 10 d, FFH 78537 76 5 1 3 B 4K
LERAEFRET, RBGE AT, .
1.2 f#iE#R

LM THCRE AT VIR T I 2 JE X7
A A A R RGBS i, ORR 7175 4
BORET W, A= N IR — B i), R
RE JE PR IUR /N AR — B0 fat B U F 56
1.3 RHEFENE

TR FHE 0. 05% - JE-80 (1475 B KT
PARRAR - BC ) A 7 B0 W, skt Eorat 4k
JEHEEE 1 x 10°#8F/mL ¥ . UK /N IEAR—
LT KT WOR AL H G B, 5 s J5
A B W AR SRR T, AR 1 R
H—ZFEE e B 120 ki ki . R EE A 2
50 3k, EHE 3 K. [EBLLO. 05% it iR -80 (K JICH 7K
ALERAE Ry X B AR PN ZE A AR AL I K Ok
BYOM10% REREKE S mLARAE & 1 X, TER
27 ~30°C A 7, B RWMEEIC R AE T 1Y A,
HELEMEE 10 do AR5 Ab PR B R R FE TR A AT
LAEIIH T, I AR E] LT, .

s B bk BE R, 5 1.0 x 10° 4 F/mL
TRV WAL 19 KR BE AR 107, 10°. 107,
10* f1F/mL, FRAF S A 0ok (0 e HE A F o 2 dch
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BRIV =Sy 7 ) B s PO )3 £ IR 1 I e 7 w3
BARSHFA TR AT (W%, 1998) , FEHHIULA 1
TRV 2800 AT [1] 204 17 2 B8 A7k - B s 1) 22 4k 1 B
kR LGy,
1.4 TANWERNRPESHSEEENE
1.4.1 FESHALEE

TR 13 AR 5 g b B LT o, T F 4
FEIFW R 1.0 x 1078 F/mL, LAJCH 0.05% nt
TR-80 WKW 25 AT IR, SRR BHIEEM . =
BLHEE , B AR A KT 200 3k, EREI16 #F,
Sr4 A, B 4 MEE. 5T 12, 24, 48,
72 h UM, REAEEHURE 50 ko R BURE BT
REEA TR, FEEE - 80°C VKA -1 FH -
1.4.2  JiEE

RRALFEL 150 LT K, T A T4,
IYEER 6 I/ NVEE, B 0.1 g, T IS AG U A2 5
RNA fHHEHL

PRI IS PR v WAL ) B fL T ( SOD)
M E kY (POD) &M A b R E A
WITFAR, WA s (PO) &l & B 75 H A%
BURAEYBIEA R A A, #AE D BRI rY
HitAT. BAFEARREENE S K.

fife B WS I E . ZIhRe A AL ( MFO)
RGBT NA% BB A YR R AR, A H
JIK SHeRLME (( GSTs) 7 &l A L st R T AW
THREAT, 3P R I B O ik AT A
FEARTEE M ZE S e i VersaMax ( 24570 11X
ar (i) ABRAE]) AR AL IR A A
JGAH, MRV TR A B -
L5 TANGREESEEEXERREERN
1.5.1 RNA 2B 5%

B LR 1401 BRES AP 2T KSR 0. 1 g,
FIH TRIzol® 43 85 ik 7] & ( Invitrogen) $i B &
RNA. FH5 x Alldn-One RT Master Mix Jz % 53805
£ ( Applied Biological Materials Inc. , Canada) 3
7 RNA 565, 183%] ¢cDNA. A NanoPhotometer
P OERET (IMPLEN, FE[E) G007 -
1.5.2 SCHRFEE= PCR ( qRTPCR)

LG I 21 JC W Toll 3 5 AH OC & A 1Y 2R 35 &
4% 1 1F GNBPI 5 Spaetzle JE K\ {5 5 1% 38 1Y
MydS8 15 pelle, T 0% AT Dorsal 1 EHCE I
Defensin Fe[H o FE A efl beta ( translation elongation
factor 1) YENHNZIEA ( Cheng et al. , 2013) , 4%
FRGIFII R

®1 REEEREFSRESY

Table 1 Immune related genes and specific primers

L[N 4 Fx

Gene name

519175

Primer sequence

R 2R

Gene name

51975

Primer sequence

ef]-beta 5" TGAAGACCGATAAGGGCA

5" TCGTCCGAACCAAAGAGA
GNBP1 5°-GTGAACGCTACAGATGTTTCG

5'-CGCCGAGAGTGATAAAGAACT
Spaetzle 5" ATTCAAGCACAGGCTCACC

5" ATCAACGCTCTCCAGGAACC
Myd88 5" TCAAGTGTCAGCAGAGCCA

5" TTCATTACCGCTTCGTGC

Pelle 5’-GCTGGTGCTTGGATGAAATA
5"-CTGCTTGCGTGATAAGTTCTG

Dorsal 5" TACGGTTTCGCTATGAATGC
5" AAGATTGTGCGGATGAGGTC
Defensin 5'-CAGGCAAATGAAGACGGA

5" TGAGGATACAGTGAGCAGCG

qRT-PCR fifi F] 2% [§ EVER-BRIGHT® INC. ¥
2 x SYBR Green qPCR Master Mix 317, Jfffi A ABI
QuantStudio 5 F&GEAR I il i 75 VLW ZEATAGIN S ni;
K&} 2 x SYBR Green Master Mix 10 wL, I1F [0
5% 4 1 ul, cDNA 0.8 pL, #b & ddH, O &
20 wL. PCR ¥ ¥R 7 A 95C AP 2 min; 95°C

ARPES s, 60°CHEME30 s, 40 NMEFR. FERES 3 K
HAREE , FEHARX A BRI 272 ik ik AT
I30Te A A R LI 80 = iR (SE) oK,
% Duncan’s multiple-range test #:36 ( SPSS 26. 0)
AP ZR T 22000 P <0.05 22 53 1 2
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2 #FERESH

2.1 HKABEEXNIANWNNEN

BRI B T 237 B Rk AT KA A A E
TN, LR BRRT LD K WU B YRR ST . RIS 3
RIFWHIBIET, FET-F R 10% , M5 3 KFNE
10 X, BRI BT R R ZE R TXE (P<
0.05) . AbHJ55 7 RILT-HiLF 83.3%, 4
10 RIFET-H R 87% (K1) o FET-3 — W] (1) 1]
A7 FE N y = 11. 624x — 11,333, FHEH At (] LT,
J95.288 £0.2014 d, FHIZHRITL KBRS A
B BB RIOR «

100 = -E- o3
=@= (Control - - i
. 80 o .“l * *
= o
= rd
: I
= 60 K
- s
IS 'I
] A
-
1 a
X 20k I'
U
r"
o =000

1 2 3 4 5 6 7 8 9 10
JEFERFE] (d) Treatment time
BT BRI A 237 BRRRALBE N 21 OB SET 3
Fig. 1 Mortality of Solenopsis invicta treated by

Beauveria bassiana 237 strain

TERRAEL F1 AR T AN (7] e B AR BT, 20 ISR
3RENAATHG I BIET . BEBE W T

BET B B W, Hrp 1.0 x 10° 4 F/mL 4b 3
T, FARDKWWIET-RE KT 50% (H
65.66%) , 1.0 x 1074 /mL Zb 3L 45 5 RIET-
B ik B 54.35% , A BRI BE b HE A B
10 RIFFET RIS 50% (K2) o X4k
PR BT R AT 2 R B E AT E K,
ANV B2 1 A PR R 2 KU BOE R TE S 4 RIT
AR E M, 1.0 x 10°f0 7 /mL A FRZHAE T
R ERETHMWEE (£2) o NBFEHRE LC,,
KF, MWEFRR A I, LCWoH TR, £Wa
4~7d, LCyfHH 8.82 x 10°4F/mL F#{E%] 1. 41 x
10°f0F/mL, %57 ~10 KHY LCs, (H 4k 2L T [, 2
10 K9 LCy, AN 4 d A9 10.1% (£ 3) o BLHH
fEEEA 237 TR AR X 21 IS % R T A7 A TR IE AR
Ktk

@ 1.0x108
1o M 1.0x107

A 1.0x10°

o V¥ 1.0x10° '."
QO 10x10* e

’
=O= (Control §

60 =

BT R (%)

Cumulative motalityrate

1 2 3 4 5 6 7 8 9 10
AERESE] (d) Treatment time

2 BRI R 237 TR R R BEAL BER 20 KR 5E T 5
Fig. 2 Cumulative mortality of Solenopsts invicta under different

concentrations of Beauveria bassiana 237 strain condidia

R2 BRERIRTCERERBEESN

Table 2 Analysis of the significance of differences in cumulative mortality among different concentrations

AL (ffl5/mL)

KbFEEFE] (d) Treatment time

Treatment 1 2 3 4 5 6 7 8 9 10
1.0 x 10° a a a a a a a a a a
1.0 x 10’ b b b b b b b b b b
1.0x10° b b ¢ b b be ¢ be ¢ ¢
1.0 x10° b b c c c c c c cd c
1.0 x 10* be b ¢ d d d d d de de
%} & Control c b c d d d d d e e

E: FEBHEAR/NG PR R2ZR B (P <0.05) . Note: Data in the same column followed by different lowercase letters

represented significant difference at 0. 05 level.
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®3 KB E 237 BRI DN RIRE

Table 3 Lethal medium concentration of the strain to Solenopsis invicta 237 strain

LCs, (fF/mL)
LCs, ( spore/mL)

HIXERE (R

Correlation coefficient

ABERAL (d) B3 7 A
Treatment time Virulence regression equation

4 y =13.072x —40. 788

5 y =16. 195x —53. 417

6 y =17.562x - 59. 247

7 y=18.179x - 61. 799

8 y =18.859x —64. 99

9 y =19. 681x - 68. 471

10 y =20.311x —-70. 888

0.9948 8.82 x 10°
0. 9789 2.43 x10°
0. 9807 1.66 x 10°
0.9712 1.41 x10°
0. 9662 1.25 x 10°
0. 9633 1.05 x10°
0.9584 8.95x10°

2.2 FREEEEXTL AL Toll 18 i 6 ik B E R ik
EHF N

P 5 PCR R 45 5 oR . BRI 5 B Ab
PRLT IS, B T Toll 45 7% fo i AH 5 5L 7 1) 3
B2k, HoAr, Toll 42 EiiF GNBPI1 5 Spaetzle F
IR RIATEBLIAL, 97E 12 h F148 h FKik o B3
ETRTR, TAE 24 h 172 h PR 2 5k R ) A7 E i
il (P<0.01), Hr12 h R BRI EER S, 5
FIh 48 h B SE IR Y 9. 35 %A1 3. 36 5. Toll
IR Myd88 TEAL IS ()4 48 h Rik i i &
ETXER (P <0.01), Pelle ZEAMRIS 12 h I 5%}
MR EZS (P =0.32) , HAWR R X4 0 2540
il (P <0.01) . Toll i&4% FUiEMY Dorsal A1 Defensin
TEFE AL B S A9 55 12 h F1 24 h 4 5 25 (98005
{A7E 48 h A1 72 h ZF| PP (P <0.01) (&3) .
2.3 R EEEO AN WEE RE R
2.3.1  RPLT IO T P Y 5 e

FERRTE B A S, SXFHEAE L, 20 kil
RN EALEE (PO) 7E 12 h I3 Pk o B i,
Mi7ES 24 hy 48 hy 72 h W% T8 (P <0.01) .
i EA LI (POD) FEALFEPIIHIAY 12 hy 24 h [}
XTI EZR, A 48 hy 72 h W35 X
(P <0.01); #AMYEALEE (SOD) AYIGEPE
FEAE 24 hy 48 h BREE K-, FEALRE 12 h F
72 h IR EZES (P<0.01) (K4) .
2.3.2  XJET KU RE B MY 5

TERRAL B AL B S, 21 KR N ) £ D g
FAALEE (MFO) 36 Pk S8 oy, 76 Ab B ) 30 56
12 h, MFO /7% M B 2 il (P <0.05),
24 h i}, MFO B35 PE N B & m TR, 7EAb B

5548 h, MFO g% 3 2 5%, (BB K
5572 h, MFO g5k B3 & TXIR (P <0.01)
BHEHIK-SHe2 M (GSTs) i5EfE24 hy 48 h &5
XHEAH L AR BT, feAbEI] 12 h R )
B 72 h I IRAH L C R E 22 % (KS) -

3 ER5it]R

BAKMAEBEAT EMRERFE, A —
SETRRR T B O AR R R, T 2Rk
M BAEFE MW BG, (BX TR AR # der ko
WGA AL F R B BE . DR BR 14 AR P e
— U E ) R AR LA R A B AR N T
WEZIL WA LI, 58 A 5t av s JF iR
WRAHAEE. SEEHITAEYBG, E T
— B N X 2D OB B D AR (RS A,
2009; EFI4E%E, 2011; Liet al. , 2016) . HETA
TR AR R T L B AT AR I, A
BT T AR A 21 054 7 4 550 B4 E TR] ;.
W7, AR WA R Ml TR ) B8R T AR B B A I
i AR R TR AR 1 43 BT B R X 21 KOBSUAE FH AL 2 £
HEERTEL AR 0 5 96 21 MO FH Y 2 2 6 Al o AS B
FEVPAT B BRI LR T 237 TR R X 21 OB R e B
J1, A5 1.0 x 10° 48 7 /mL #e T X621 ok B B e
HHE] S 5. 288 0. 2014 d, 45 10 Ky Bitser-%
ALk 87% LI b, AbHEHE 4 ~ 10 K, BOLH vk E
i 8.82 x 10°7 7 /mL F &K 8.95 x 10° #IF/mL.
X P BRI (R B 237 XD KOG s, JRL K
WA P 2% ORI 7 0 R
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i
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2
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<
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E
<
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3  RT-qPCR KM ERAL 5 B A FRET ) H 038 FH O 3 R e ik

Fig.3 RT-qPCR detection of expression levels of immune—elated genes in red fire ants treated by Beauveria bassiana

T IR S EE SRR E, P<0.0; R EMHES BE, P<0.05. FEF. Note: ™~

meant a extremely

significant difference to the control at P <0.01 and * meant a significant difference at P <0.05. Same below.

Toll {553 B UM 1o S e FUL B 1) F 280k
ez —, YOS ST, B NFKB e
T, AU F DL R g e R Rk . TR
pb e 32 B o U Z 4K ( GNBPs. PGPR)  FiI
Spaetzle 75k, BEF{E5 ( Myd88. pelle. tube)
WfES, 3T ( Dorsal/Dif) WG DA M AT A
JIK ( Defensin) 4 B i 55 4 72 J5 ) f %2 ( Zambon
et al. , 2005; Valanne et al. , 2011) o A5 LK,
21 KUY BRI R B J5 . GNBPI Y Spaetzle 1155
SRR 12 ~ 72 h 8] 52 BR300 — ) -

W - B sh B FEfE T Mg A,
Myd88 Fl pelle 1) 335KV Gtk bz #4061, X
Myd88 7t 48 h £ikf B & & T X M, St W+
Dorsal FIHLH K Defensin FeiAM N TE 12 ~24 h %
WV, M 48 ~72 h Z B, BEWITE(E S
Sk, SR SRR Z R C S B0
JEHAES FERE X BT B BOE K sl . RIS
ZER WA WRIE, O EH/DNEE Neoseiulus barkeri 1F
B BRI R R Y S5, PGRP Spaetzle T 1Y)
2 h RS, TE4 ~T72 h pdmil, 25 96 h Kk
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X BT (SRR, 2020) o AN, ASCER
Hr, PRE S T (Myd88 il pelle) 52 214 il
HIERBERLIST N FHUAK ( defensin)  Y7=/E, HfE
IMZT R OAE X BT AR B9 AR I, BR T30 Toll
BAE, AT A A S e B AL R ez
QLI ER AL 1 5 T BE 8 I D) AR G £ KU T 2
BASEMFEIAE T, XAl AR Bohe 7 IS 20 U
PEX PO T B 2 BB IR -

T, BAANAETERY I R
R, WIEBRSE RN A YT, A R
B B BEE /N T, DR E B IR AR
BHB. RIS RRIEM (CaE) . A0
HIK-SHR M (GST) . By Ll (PO) . ML
Y Ak B (SOD) . if %A fk & B ( CAT) 4%
( Dubovskiy et al. , 2008; Zou et al. , 2017) . [}4&
1L PO & 2 5 JRAL B 9 SC B, 76 12 =] /) Wik
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Blattella germanica Xt K FTFH Escherichia coli F) /3%
Yk, HIRPELE 12 h 2[5 5% R JG i 35 2% 5
fH24 h . 36 h 5 W% EFb (5KiEARSE, 2014) .
AT, LLRBUSRS AR S, PO TE PR Bk
IR, TE5S 12 h Z B3], 1% 24 hy 48 h,
72 h S A T IR HEMZERI 12 h ),
PR AL T 16 B % L, 0L R G R 3
Jiiy, DM LT B PO i JC i 7 a5z B, SR
PG KB (HEEE AR R AE LR A, Hk
Rl T RERG, AR Y, PO BETE
Th, PBACSOBIE R BEAL, PO I Y i K 5 A
PESZARRY UM A o g I rp BT 5 A i I AH G
oy TR B AN i e T Y e e U R R R, 2
5 [ UK 4 RSO S8 AL T L ( proPO) BTG R 48
AR I 22 A TR A BRIk S, 1 A AL T
J s AL R S DRI FI M, AT proPO 1% 16 h 19
AL PO R K FEAH LY S92 D BE ( Soderhill and
Cerenius, 1998) o FEAHF S, #1214
GNBPI i Spaetzle ¢ 12 h B9 B 03#0E (1K3) ,
PO WG WIAE 24 h J5 & m TAIR (K4) , HEEHF
BORKA, D A 5 5% IS B 4R 1 2 AR K e T e
s e — B RE ], e AT RS2 e T AR A
S o TR A5 T 11 58 HL 2R Y It g 3 ) 4 FH AR I
W2 Locusta migratoria manilensis [ B 3% % I,
GNBPI. Toll. dMyD88+ Pelle. PPOI F PPO2 %
LR Z 0] 0 B s Ak L IE AR G (B, 2017)
WALV Toll RAZILIA S PO s 1Y 281k K B AL
BB ] BEAFAE % K & SOD I POD BETH B 4
BB T A H (0°7) Fud4fbs (H,0,), R
HOX 9 5B Y PR R AR . E ORISR
(2010) FORFSE S, 4L K IO BR 16 1 45 T Rk
J&, HPN SOD FI CAT BYTHEMEAE 12 h 555 BRAH 1
TRFES, MAE24 ~72 h B RZFMTXE; ([
i} POD FHCAEALHS 36 h i B g i v, Bl
TR ARG, X 2 DNEERRIA TR, 4
KRG R B S, SOD I E7E 24 h F148 h
ERRE LT, ZEHB R {2 POD 7EYI Y
12 ~24 h TR FELAL, TE48 ~72 h #5247 Al
DIHEDN , £0 KM Fh OR3P B2 5 1 0 e I A 1Y
JBL, TE24 ~72 h NS S O i, A6 T Ak
BEJJHY5R 55 2 573 7T e BLL KL SOD Fi POD 45 £
JP R 1A 14 7 o ) AR i R R 2 S ) L A

B o i 75 il 2o AL AR S = A B E . IR
G IR EALRE ( MFO) 19 180450, 45 20 Jfd €2 3% Fn 8
REAS, MmN R SR N, BAakNm
AT PASO 2 5 R AR R RS ST R &
Y1, P NADPH i )5i, Hefa4sa I ama, M
BUEIE A K, AR R R B . EAR
WFFEH, MFO [ i 16 M 76 88 A4S D B B2 B B R
Wesly, #E24 hFN 72 h BTE M TR AR
W4 A A S, AR Gl R e 4 fo, 1 4B A
Je, MFO Fifg i 36 v S PR W 30, 7848 1 K.
554 RZBNMH, M2 ~3 RS S R &
EFE (ZEDIDIAE, 2021) o [HBL, HEIN 4R B 4R
Yuid b 5 7 AL KU S KT B sh X .
BWEH K-S0 ( GSTs)  REMS M ALk I A e H
K, (2 5 F0A F LAY B SR T3 455
LI U Tk R, 2 45 B M o HE S AR S
(5w, 1999) o AWFFEr, £0 JOBURYE R T
J&i, GSTs % TE7E 24 h A48 h i L F, {HTE
72 h BTG TR E S XTI TC 22 5. X AT AF
5%, TERKIE AR E AR YRS . Mythimna separata %) 1
MZFR KA Apriona germari ) HUR I A LRy 45
B, BRI B H K-S RS BT 1 e LTS
TRER S, FEALFRIS 5 24 h B L IR TG i 3
XS, HFE 36 h f148 h & [ F+ ( Z=4LF5%,
2009; FRERSE, 2020) o X Ui IFE AR B R e ad 72
o, OB B A BT e, AL E I
GSTs {EMR Nk i #6811, LA M E/EA,
HTEENE— 2R A SRR, Bk mE R
iz i, GSTs 1M e 4 I H ol fIX F I # K F. 9k
AR A B A 2 R 1, 5] A JiE A G
P& s D RE I T, [R5 | A DR A I i
BRI 2877 AR S A I A AR AN B v rp ol B
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