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 E [H#®] WML R Helicoverpa armigera B Ui 2 AL B £ MK 5 H. armigera
nucleopolyhedrovirus ( HearNPV ) J5 i 3 323k i 7kl & 11 FE K] Hal IMBAC e BE (R G it B v 1y )
e [ Ak ] T ASCI0 S B o i R SR A0 R 4y oA S 288 . i 1) HearNPV R 5 AR A%
Hugfy o B 2 1 RERIRNT HallM 353, @ SERT 28t E B PCR (qPCR) FARHr HAR R FERUEG 24
48. 72 F1 96 h 4l A A i F kK-, FIFA dsRNA HHHE THRER 4 Y HalIMBAC 3£, St Big &
MIFET ORI F ] qPCR FE ARG M R i, A FH AT D) B0 AR R AT e (0 AR Bl IR A, IRFEIZ AL
IR HearNPV SR E R YL BRI DIGE. [ R ] iR AUEm MRS gl i iE 5, A 2 RIA, i
PEILEUE G 24 M 48 h Fik W R (P < 0.001) HESE I HalIMSAC J£[H . gPCR 45 50E0, 5
fEEREL AR, RS L P  HalIMBAC 35 & 76 AT B [H) 5 35 2 3% 9% (24 hpi: P < 0.001; 48 hpi: P <
0.001; 72 hpi: P <0.01; 96 hpi: P < 0.001 ), RNAi L5545 52201 , 5} dsHalIM5AC 24 1 48 h J& , HalIM5AC
FFIR I TV 54.72%F 43.48%. ELHFULER HalIMBAC &, BUR4h AL T-HR Btk (P <
0.05), FREFEHIE D EMZ (P <0.001), i EELSE Y Badi. [ 48] HallM5AC L i 245
[l B e B VSR HIUH HearNPV BYAZ G, FHAEARES B i R s e i B e g2 Jy T R 45 s AR I
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Theroleof the HalIM5AC genein resistance to nucleopolyhedrovirus
infection in Helicoverpa armigera
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(1. Department of Entomology, College of Plant Protection, China Agricultural University, Beijing 100193, China;
2. Institute of Plant Protection, Shandong Academy of Agricultural Sciences, Jinan 250100, China)

Abstract [Aim] To elucidate the function of the insect intestinal mucin gene HallM5AC in Helicoverpa armigera (the
cotton bollworm) during infection by the Helicoverpa armigera nucleopolyhedrovirus (HearNPV). [Methods] Significantly
up-regulated HallM genes post-HearNPV infection were identified based on previously generated transcriptome data from
healthy and HearNPV-infected H. armigera larvae. The expression level of HallM5AC in the midgut of healthy and infected
larvae (24, 48, 72, 96 h post-infection [hpi]) was analyzed using quantitative real-time PCR (qPCR). RNA interference (RNAi)
via dsRNA injection was employed to knock down HallM5AC expression in infected larvae. Mortality rates of infected larvae
were recorded, and viral load was quantified using qPCR to investigate the role of HalIM5AC in defense against HearNPV
infection. In addition, paraffin sectioning and hematoxylin-eosin (HE) staining were used to observe peritrophic membrane
(PM) morphology. [Results] Comparative transcriptome analysis of healthy and infected larval midguts found that the
HalIM5AC gene had been significantly up-regulated 24 and 48 hpi (P < 0.001). Compared to healthy larvae, HalIM5AC

expression was significantly up-regulated in the midgut of infected larvae at all time points (24 hpi: P < 0.001; 48 hpi: P <
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0.001; 72 hpi: P < 0.01; 96 hpi: P < 0.001). RNAI results showed that HalIM5AC expression was reduced by 54.72% and

43.48% 24 and 48 hours after the injection of dsHallM5AC, respectively. Silencing HallM5AC resulted in significantly

accelerated mortality rates in infected larvae (P < 0.05), significantly increased viral replication levels (P < 0.001), and

obvious structural damage to the PM. [Conclusion] The HalIM5AC gene defends against HearNPV infection by maintaining

the integrity of the PM, playing a crucial role in the immune response of H. armigera to HearNPV infection.

Key words Helicoverpa armigera; nucleopolyhedrovirus; insect intestinal HalIM; peritrophic membrane; RNA interference

Fi 44 Ht Helicoverpa armigera J& % ¥ H
Lepidoptera 7 %l Noctuidae, J&—Ff: A PE43
MR E R A FE L (Wuetal.,, 2008; Luetal.,
2012; RaARAE, 2021), L Bt HrRARRIK
THRRHE ) A sl A AR U R R, (il T
RS d 23 FE T LA o, T AFRAE Bk .
TEAE | B R S M EY) EA S A R (R
WE, 2021; ZHEEAE, 2024), KL, BFELRE
A B T BB FEJE B

i B % B £ 1K % 8 ( Helicoverpa
armigera nucleopolyhedrovirus, HearNPV ) J&—
Ff e — VRIS AP IR B8, JBAUE DNA
W (FERBKS, 2008; Lefkowitz etal., 2018 ),
HAZ G PR G TR B IR ( Occlusion body,
OB) LN AJG, TEARES HURHBLME R i i
fif, R AL R AR AT AR R BT ( Occlusion-
derived virus, ODV ). BfiJii, ODV ZEMi4 &
Ji& ( Peritrophic membrane, PM ) AY4H g4 LT,
Awe iz 4 b i b K 46 e ( Wang  and
Granados, 2000; Bao et al., 2013), Sy HL
BRANMK, IR RGEMERY,, R4 PR
1k FE T JF B ik B e # KL F ( Blissard and
Theilmann, 2018 ), HearNPV X} A\ & M IR 44>,
SR ELTE T AR R BRI Xu et al., 2014 ; Haase
et al., 2015), R, HSZBRIHIZER T4 138
FIZE . BOw A R IR S B 3 18 S5
i, ML, WAMNT HearNPV 575 £ 1 HAENL
il AR BE QT SR A E B AR GR R , X BT
HA AR R CHE,

Bl AR 8 SR I AL S iy 237
Br, R ZE O AR R E BB 2 ( Engel
and Moran, 2013 ). 4053 WIE i PM
E—ERER . SIS ARG M, RN R

QR S E Y/ BT e B ) Y A A B Y RS L B 70

(FHEE S, 2004 ), PM A EZ RS AILT IR,
TEE R (Peters, 1992 ), HEBIELLNI4,
P4 e AT PR3 i B 240 1 e 32 AL AR A0 g i L
TR, 0 EEEHRTEARHEAE (Dinglasan
et al.,2009;Erlandson et al.,2019; Hegedus et al.,
2019 ), MHELOMARLImER, &hwE
ik BB B LAUR] Tk — 2042 4%, I BmNPV Ji#
1RYL 5 1Y 2 A [l B R R AR A S, HLH A K AL
T (XU, 2012), T fe e B f= 4 v i b K 2
it — il B R JE R A e R ( MeNeil et al.,
2010; Kongetal., 2018 ),

E ikl 35 B (Insect intestinal HallM, 1IM )
SR PM O TIRE S 415 . TIM B =
O-HRMEIEAL RS R 254 3, /T 5 LT Br R % 4%
A YR PM RRUE I, LB L B A T L
PR AR KARBE T (SRR, 2013 ), 7EiEM
Ji3l | ORAFT b 7 20 e R A B AR T R AR O
YEH . A 2098 3 TIM 7 B A e g B i v
PTIRE. BN, 4RSI LA Aedes
aegypti J5, T 1IM ik B8 ( Rayms-
Keller et al., 2000 ); X kb 4% 4 Anopheles
gambiae A H R A I 21 2 A R AR Y 2577 A —
FiA FERO AR LT 28, HE TIM 5 2 45 & B & bl
FEl & AR HEH ( Devenport et al., 2006 ); T4
Z#% Bombyx mori ) BmlIM2 X5, KAkt
BmNPV MHEHLRE ) R AK (ZFHE, 2015),
SRS TIM FEZEHF PM 4544 50 B P R KA L =
IVE I IR SE , (HHAEARES AR — iR
HearNPV J& 4 v (¥ AR BEAILHI v AN A

AT ER AR d 1IM JEHAE HearNPV 8
el R A DI6E, 5L T E R SRR AR g
TGRS (Tian et al., 2023 ), ik HiETE
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B B FIEZRIA) HalIMBAC JEH, FIH
RNAi Uik HalIMSAC JE [, FLiAb BRAL 5 %t e
M4 H PM ZE e | JR Y HearNPV 511
BE T AR AL o B & KE B AE
HalIM5AC & Al i 4k 15 PM 25t fae tE S 5t
W EEIEBH I . ARWFFCIG R /R HR 4L B HalIMBAC
IEHFEYT HearNPV B A FHLE, HIRA
PR -1 T BAERRALE WA, IF T R )
EdUpiE R . B8, HearNPV 2% HUSCAE Y S s
PEHEFB A

1 #MR5REE

11 #ER

A FE T R A A8 R 0 1) 5% F v [ AR
K E MRS %, I HoE BT Ah R4
5 2 S BOARFERI R 7 o A U IR TN TR
#i (PRX-350C, T U FEAE SLIRAL AR A BRA ],
W) H, IR (26£1)°C, AHXHEEE 75%£10%,
JEFI 14 L 2 10 Do #I4h DL 3-5 3 h—dH ik
Trpl e LI TAREESE (Livetal., 2022 );
3-4 4 RO S O R B R AR, BES
HiFE TR E DT Z R AP K
PTG, SR 10915 % 7K MR 5 I (01 0l e o, e
LW, WA & LB R, 7 S R
H UL A B TS, AN T A EA
1L .

12 WERBRRBREFZE

PREEFRL: R 5 x 10° OBs/mL 1) HearNPV
SR g BE IR = S A BRA R, W E D,
A ddH,O K e R F B 25 2 x107 OBs/mL, N
EDUREE AR HUR A 2 8 , 7005 22 B
o5 BRI P A 0.2% 1) & &% e k)

( MedChemExpress, "1 ),

Pedprik: BEER 3 AT IT Y | fRA—
FAFRES A, PRSI SR & T DLk B
o H, PEEE W 2 4 190 i 4h d gk f 7
LB, JEGLHAENE 2.5 L FiR HearNPV G
PR, et T R 4 ) A R A R R A G Rt

ddH,0. frahH g R BCERH)S , #hFEIER AT
kRS TR

1.3 FERABESHES HallM EETFE

A5 R FH ST 36 3 i 40 4 i 1) B SR A B
#iZE (NCBI %355 : PRINA856772), i%%k#i
A E S HearNPV JERYLJ5 24 & 48 h [HH4AS
T I SRR (4540 B] 3 N )2F B2 )( Tian
et al., 2023 ), #T FPKM {&, X/ DESeq2 #k
i 722 R RIB T, ik P-adjust < 0.05 HE
KA AEEL (Fold change ) > 1.5 1 HallM &
PRI 7 R A5 HT

1.4 1E#HEABiE HalIMSAC R

1.41 Hh5 RNA 2L 7F PBS &Pl (pH =
7.4) Hf# ] HearNPV JRYL )5 24, 48, 72 f1 96 h
(14 B B B A e 4y e iy, R A SRR [ A5
fifin) 15 Skgh b, JEE T 3 AEYEER
JITHURE it 7 B R R, T - 80 °CUKA &
£ H . #& 18 Trizol Reagent iif| & ( Takara, H
A ) BB HEIT M RNA SR, fd T i 424
43566 31 ( Nanodrop 2000, Thermo Fisher
Scientific, FE[E ) Fl 1%I PEAHEE S HL KA I AL
RNA (¥R BE B 58 e

1.42 SERZEEERE PCR I PrimeScript RT
reagent kit with gDNA eraser {7{l| & ( Takara ) ¥
A RNA JUHESE N cDNA, ARYESE SR4UTFF], K
H Primer Premier 5.00 X452 i, qPCR 51 ¥1A91%
i, WSEHNEHFCHGER Ribosomal Protein
L32 (RPL32) #:[H (Zhangetal., 2018), JIrf
FIMEICEREYRHARAE (hE) G
qPCR Wl SYBR Premix Ex Taq 7l &
( Takara ), fEZ¢¢EEHR PCR 1Y (Bio-Rad CFX
Connect TM Real-Time PCR System, f&[E ) it
f7.qPCR JNifARZ }y cDNA 1 uL.SYBR Premix
Ex Taq 10 pL. 1IEXM5#4 0.5 pL. ddH,O
SuL., MWFEFHN 95 °CF30s; 95 °CF 5.
60 °CF 30 s (39 AMFIF ); 65-95 Cit®M%
fipth 2k o R 2744 Dyt A 3L R AR X 26k
w1715 (Livak and Schmittgen, 2001 ),
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1.5 HallM5AC ThEERFSE

151 HallM5AC H9 RNAi 43 ¥
HalIM5AC J& [F i 5 e 5242 77 81, FIFH Primer
Premier 5.00 2T HT9 14 dsHallM5AC
B5 1, LIsag 2k .98 8 111 ( Enhanced green
fluorescent protein, EGFP ) FEFXfHR (£ 1),
% B8 MEGAscript™ T7 Transcription Kit 377 &
( Thermo Fisher Scientific, £ ) ValH & K
dsHalIM5AC Fll dSEGFP, F£# & i dsRNA Fi
B2 5000 ng/pL M. BUEFRBUEE 24 h J5 11
Rt 4 4k, BN 5T 28 KR AR tR IS 2
M AL S 2 pL dsHallMBAC (528640 ) =%
dsEGFP ( Xf R840 ), 1E4F 24 48 h )5, R4k
AU 15 kg Hf M in 2L, f#FH qPCR
Kl RNAI 8%, qPCR W AR R RFEIP IR 1.4.2
W, AT 3 AR ER
152 FTEESIT &M 1.5.1 AR R
I 24 h 1) 4 #% %) 5 dsHal IMBAC il dsEGFP,
TRy e S, AR EA =4 50
LA, B 12 h G — kAR A UG sE T
Bom, HENTALHRIET S,
153 mEEHERN XTI 4 R 1T
HalIM5AC () RNAi 4bB)5 , T4 24 2 48 h
WAE 4 WARES BT i L8t (AR EHE] A 15 3k
i, 3 WAEW¥EL ), DIRENZAKEN
( Polyhedrin, poly ) 1 A4 il 75 &2 il 2 1 5E K

(1), i qPCR K poly FE K (A XS % ik
i, qPCR N RZR KFRIFE 1.4.2 77,

154 BEHALAEYIRRAHAAREZMFELI (HE)
efa BUEST dsHalIMBAC Fil dsEGFP 48 h Ity
TR ANE 4 #ahdy, DL 4% ZRPEEZH 72 h
[ HUAR o i A5 A R % R B B 2
(70%-100% ) ZFHMEK, FH 1 h, FIHZHRK
HEATIB AL TE, FHZS 60 °C A1l i5 1% J5 % 4 45
T A3, R D) R MR L3 T 2 2000 A B B
AT R VIR IEEEZ) R S um, FEP R B T 40 °C
TR - IEIG B T B 483 A, JE R A =
FHORGEA 7 58 85 RIS B KA (100%-70% ) Ak
P, % H&E et & (L o RAEYH
RAEWRAF, PE) GBI E, 788
(CX31-32C02, BAMREHT, HA) FUWEIER
FERIE

1.6 HESH

1] SPSS 22.0 FEATEAE T (A {HEpR
iR ), ST FEAR AR S (Independent
two-sample t-test ) Lt 2H AR 3 1Y) 25 57 I 25 Pk
(*P < 0.05; **P < 0.01; *** P< 0.001 ), %X}
AL ( Log-rank/Mantel-cox test ) [LAAEAT
ek 2z R e &M (¢ P < 0.05; ** P < 0.01;
*#%¥P < 0.001 ), {#i f] Graphpad 9.5.1 {47
2338

x1 AHAREABSIYER
Tablel Summary of primersused in thisstudy

EZ 0N F51 (5-3") ik

Name Sequence (5'-3") Purpose
HallIM5AC-F GACACCTTACCAAGCCGACA qPCR
HalIM5AC-R GTTGGTATGGCCGACCTCAA qPCR
RPL32-F CATCAATCGGATCGCTATG qPCR
RPL32-R CCATTGGGTAGCATGTGAC qPCR
poly-F CAAACCGAACCGTTGTTACC qPCR
poly-R TGCAAGTTCATAACGGGAC qPCR
dsHalIM5AC-F TAATACGACTCACTATAGGGAGAAGCGCATCCTCGTCTGAAAA RNAI
dsHalIM5AC-R TAATACGACTCACTATAGGGAGAAGCGGGATTGTGGTCGAAAT RNAI
dsEGFP-F TAATACGACTCACTATAGGGAGACACAAGTTCAGCGTGTCCG RNAI

dsEGFP-R

TAATACGACTCACTATAGGGAGAGTTCACCTTGATGCCGTTC RNAI
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2.1 MR Hear NPV BitHy Hal M EH ik

SR e e SRR, HearNPV i 2 8k L
24 K 48h J5, A 74 HallM JER FAE P
BEMZ (P<0.05), Hr 5 AR TR G
KEEREEFMH (P<0.05), 2 MEHFERYRG
FKEEBETH (P<0.05), 76 FIHFRIKM I
H, HallM5AC &R 7RI YL 5 24 Fl 48 h 3Rk
AR RN BE, /o BT 1.23 F1 4.30 £%
(Fl1: A), qPCR Z55R%M, SERgh dpH L,
HalIM5AC 7£ /2% 4y b i i 3R 35 e E 24 (2.89
f%) (P<0.001), 48 (2.984%) (P<0.001), 72
(2.61 1% X P<0.01)F196 h( 3.09 1% X P<0.001)
P LA (E 1. B), Uil HallM5AC M
W HearNPV JE&¥L, Al RES HiRiE L e .

2.2 HallM5AC WRIFAHRATERRFES
HEH R

O AR AL 2 dsHalIMBAC JESHE 24 M

43.48% (K 2: A), JET-HURGIEREY, 5
YIRZAAH I, dsHalIMSAC Ab B 5 Bk 4l BT
R FEMY (P <0.05), HAEEEBER R (LTs )
M 6.5 d4i% R 6.0d, FETZRUBSSEXTREZH Y 1.78
fi (1 2: B). JitE poly Fik skl &5 1R,
T X IR, 73 4F dsHalIMBAC [ g 4l
% poly fIZEIAHAE 24 (3.051% ) (P<0.001) F1
48h (1.48 1% ) (P<0.001) ¥ & i (&
2: C)s

2.3 HallM5AC 3 PM SE&# MR

A Hal IMBAC X A48 Bt PM S8 3Pk (1) 5%

M, S0 X it R R R 1) i A% Ll U AT T
dsEGFP Al dsHalIM5AC 43, Fifi i X A 44 Bk
TASEYI R A HE Jefa, 455K, R
PM Z59 528 | L HIEMWT, S5 aani = afr
T B 194 El 43 [H] ( Ectoperitrophic space, es )
(K 3: A); 1% dsHalMSAC &b 33 i fi BERR 425
HPM BRI . AEAAATR, L es IXIEIHE
B/ (E 3: B), UEB] HallM5AC HA 4idy

48 h, HallM5AC MRIERAMN T 54.72%F1  PM SEBEMERIhAE. EOWRet B PM H BLH4
3
A CK24 NPV24  CK48 NPV48 S
. ) § 5-B %% mm {85E CK
- HallM17-like-2 | % S e ey
HalIMC]I-like 0 ;lg\Jga 4+
HalIM17-like-1 |~ g | == xk
HalIM5AC-3 ||, 2831 *x
HalIM5AC-2 QE,|
HallM2-like-1 <8
| HalIM5AC 3 g1r
\W%b‘xb‘wb‘% IR m?o
b& B
CQ)GQQ @4(»@&@ %C%' @4@4$ 5 24 48 72 96
Y ok
PEA £ R Sampl & JERRRER A (h)
ample nlame Virus infection time (h)

B 1 WOR Hear NPV BXH) HallM EEHi%
Fig. 1 Screening of HalIM genesin response to Hear NPV infection

A. @R (CK) JBi (NPV ) 24 Jz 48 h AR Huvb i s 4 P SR vh 22 52 30K 19 Hal IM JE R 3Rk it A 5
B. J&Y: HearNPV /R [RHf[H] 5 Hall MSAC 7E{ e &% Y BEAR S B i (1 HE X ik it
A. Heatmap of differentially expressed HallM gene expression levels in the transcriptome sequencing results of healthy (CK)
and infected (NPV) H. armigera larvae midgut at 24 and 48 h; B. The relative expression level of HalIM5AC in the midgut of
healthy and infected H. armigera larvae at different time periods of infection with HearNPV.

CK24: f@#FfE 24 h; NPV24: 9% 24 h; CK48: {#FE 48 h; NPV48: 2 48 h; EIH U A I ERER, B2
SRAG R MANZERBE (*P<0.05; **P<0.01; ***P<0.001),
CK24: Healthy at 24 h; NPV24: Infected at 24 h; CK48: Healthy at 48 h; NPV48: Infected at 48 h; Data in the figure are

presented as mean+SE. The asterisks in the figure indicate significant difference between the two groups by t-test
(* P<0.05; ** P<0.01; *** P<0.001).
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A B C
2.0 rmdsEGFP _— 100 — dsEGFP 25 wm dsEGFP
W dsHalIM5AC — dsHalIM54C M dsHalIM5SAC  sexx
20+

—
W

—
W

R (%)
=

Survival rate (%)
w
S
T

S
polyAX ik E

Relative expression level of poly

W

I 0
24 48 01 2 3 4 5 6 7 8 9 10 24 48
HEATEFE] (h) Injection time (h) JRYuFAETE] (d) Virus infection time (d) ST (h) Injection time (h)
E 2 HalIM5AC FHXHB# MR HIET HERRZEM R
Fig. 2 The effect of Hal IM5AC interference on the mortality rate and viral
load of infected Helicoverpa armigera larvae

A. dsEGFP Fil dsHal IMSAC #b38 24 K 48 h 1y/8¢k 4l f1 R HallM5AC BUARRT A5 ; B. dsEGFP Fl1 dsHalIM5AC AbFH

W 4 B 77 5% C. dSEGFP Fll dsHalIMSAC 4b 3 24 % 48 h i &l Hivh poly FAHNS ik 2
A. Relative expression level of HalIM5AC in infected larvae treated with dsEGFP and dsHallM5AC for 24 and 48 h;
B. Survival rates of infected larvae treated with dsEGFP and dsHalIM5AC; C. Relative expression level of poly in infected
larvae treated with dsEGFP and dsHalIM5AC for 24 and 48 h.
s - AR DR, A FIE C B SRR 28 t IR 4L H] 22 5 35 (%% P < 0.001 ),
Kl B R 5 R SR B0 A AR A AT IR R 22 53 5 (% P < 0.05 ),
Data in the figure are presented as mean+SE. The asterisks in Fig. A and Fig. C indicate significant difference between the
two groups after t-test (¥** P < 0.001), while the asterisks in Fig. B indicate significant difference between the two survival
curves after Log-rank/Mantel-cox test (* P < 0.05).

HalIM5ACHIX ik it
Relative expression level of HalIM5AC
5

CK-dsEGFP CK-dsHalIM5AC

3 HallM5AC ¥t#a¢4 B4 REl 2% ( Peritrophic membrane, PM ) & 14898400
Fig. 3 Theeffect of HalIM5AC on the integrity of the peritrophic membrane (PM) in Helicoverpa armigera larvae

A. % dsEGFP b9 fa BEARAS dL ( CKO) &y U Y THI 95K 2 4741 ( Hematoxylin-eosin, HE )Y Al f-; B. £¢ dsHallM5AC
AP AR % 4l BB D) T HE Y8l C. 28 dSEGFP ALFRAYERARAS L (NPV ) 4§ )T HE Y@ g A
D. 2t dsHallM5AC Ab B4 i Al #% HL 4y HUBE DI HE Ze i o
A. Cross-sectional hematoxylin-eosin (HE) staining image of healthy H.armigera (CK) larvae treated with dsEGFP;
B. Cross-sectional HE staining image of healthy H. armigera larva treated with dsHalIM5AC; C. Cross-sectional

HE staining image of infected H. armigera (NPV) larva treated with dSEGFP; D. Cross-sectional HE staining
image of infected H. armigera larva treated with dsHallM5AC.

#i3k38/8 PM; PM: Peritrophic membrane, FEEJIi; es: Ectoperitrophic space, #MEE4%S[H]; no es: No ectoperitrophic
space, JCAMEIE%S[E], Arrowheads indicate the PM; PM: Peritrophic membrane;
es: Ectoperitrophic space; no es: No ectoperitrophic space.
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RIUHEERIASTESE , F8 53 BB B 5 vl g 4 i 5 2%
545, es K ARAS /NI 32 C ), IERH HearNPV
1RYLEE IR 2 B SE M 5 28 dsHalIMBAC AbFi Y
BIRHRAS L PM B i, IR TR
es XIJLFH% (K 3. D), iEW7E HearNPV
1Ry FE T, HalIMSAC 18 i 4k 15 Bl £ i 5 e 1
AL TR G

3 @itSiip

FRARIG A A REE Al R A= A% A7), L
FIAT 32 BR 28 HUGH B8 | i e it o e B 1 A B 4%
Ji# ( Moscardi, 1999; Sunetal., 2002 ). fi#dk
T B ] L) S B AE TR A B A -1 T ELAEL
il , AR T S P B W B R B R LR ER T
ARG R T B HalIMBAC LA 3 i
A (PM) 2540 58 B MEZEHLH HearNPV
BRI SCHEEME R, AR B - B U EAEBL
AL T BRI AR

AKFFEIE 3 e S 4 7 AT A QPCR BriiE, &3
HearNPV & Jt 0] H¢ 5 1 JIf +¢ &2 Wb i &
HalIM5AC 3Rk [, 7ERGLF 0 (24-48 h) AP
B 3 BE, FLEERYL R (72-96 h) {54k
FRR R A o SRR I F R B R
Hal IM5AC (1) - I8 AS J2 187 LA N SR N, 1T S A
5 U STRRE AR I —Fh = s B AR 3R ms o AAifF 5%
SER 5 ZEIRYY BmNPV 5 & IR 1 g 5 i
ik LIPIRE (2FHT, 2015) LUK R e
W JEUE 7 R oAk PM 5 B 1% 35 s 55 W R IR 1
(Hegedus etal., 2019; Liuetal., 2019 ),

Wk RNAL FARSAT SR G =, T4k
Hal IMBAC J K 53k ] 555 il £ IR 25 44 ¢ 3 PR il
N R R AT, X e R
JIHUE B T HallMBAC 3 [ 76 A 25 U4 4t
HearNPV JEYead Fi v & 5 25 / mT s il 1) 4704
Mo X—WF5E 85 R 5TEM LR Trichoplusia ni
OISR E (1 R TIM R 20 PMLB s PE AR AL
SRR IS = AL (Peng etal., 1999 ),
HTERA-BmNPV (K& & B T4 BmlIM2 [
REXEYRFRES (BT, 2015) DAIEAE/NE
1% Plutella xylostella H % B HalIM-like 5

PR AR/ N SR i 2B A7 R ) 25 R LA — Bt (Chen
et al., 2021 ), XLAFFILFE R, IM KKEE
HTEZERE PM 454 58 5 M AR 45 2R TR A 1R
WG AR . (EA R A, B 7 (g
LA PR HalIMBAC 4> S 25 Bl ik 235 #4) 45
P, FRUTIZHE TR AR R 2 AL 2548 A 4
AN TR 5, X — R BRAL T X R AU A
EHIIREMIAN,

FEFARMI LI, HallM5AC K HiE 7=
YT A Al B 1 e bR . 515
WA MFIARR, 5% HalIMSAC #%31 1) RNA 4K
25/ NIRRT S BURE S E E
XA R AR AE Y B, TR, O e AR
FesetETHE M TR/ N LB W 1E i i
WA, 5 HearNPV FL &, AHERMEHA
93 T A HUFDG R % TR v i 41 ORI R
IR 33 26 7 1) 5 A& e fb 2By i A le B A
FNIREE A, 5 U W5 iR T BORH UL
7V B [ FRLOR

gE LT, ARBEE RS E T AE R
Hal IMBAC J PR 38 128 4 45 B 13 45 1) 7 e PRI
HearNPV J&L ()50 F-HLl, &I HearNPV Ji 75
B YL ik S HallMSAC %t [ W 2 i, i
HallM5AC J& A Y LB 30 PM fedid . e &2 1
WL, fa FIET BRI, JE5Z HearNPV
1R AR S duE it 8 HalIMBAC Rk, M
AL IM 4iF5 PM 45052 50k, # iR
) HearNPV 28 11 AAR AY S B P B 5 B o X 26 &
I B B - B A ARSI TR A B A
R T & FEF M 32 PR 1) 14 3 7R B 4 R
W BEE T IR SRR . RSk YW N BU TE AT
H R L, PEAG L RN T, A
T A A4 b 5 LAY 2 €6 ] R 252 3 BB LB 1 i ke
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