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; 1, 2% 1 — g1 5 — 1,2,3 T LR 1
W ¥ M w=EHA FEE % W 7K IE 34
(L SRR AR R BITRT, SME AR EY E R R, AR AR IEY A E YR E SRR E,
NEW 1361005 2. TR KRR EBE, K& 130118; 3. HMAQLFHEEEE, FHk 132101)

B E [B#] Y#Ek7 85 Beauveria bassiana iE 58 £k Zeamays 5, TR FE R - £ ok A Ak
(FRIFRILAE AR ) X 9H F K4 Ostrinia furnacalis MR L & ARSI L HAE NI, [ ¥k ] RAEREN
A AR IR I F ORI A B, R WY FORIEXT SR | SRR R AR, (B R R E AR
TR ); GoiT A RN T YN T AR f 47 i 0 S Ak S A 56 R ek S A2 i, W S A A ) I 0 R KR g A=
APENIE, [ER ] Wl ERIE L) b Bk VR e T R IR B R B 225, WERLRm
R BB RAERN G B OB SRS . S SR AL S A ) 1M TR, SO SE
Feikm LR, BUMEAISCREN AR N, [ i ] BRI AERC M K5, b R ek, JF
3 R T R R AR AT PR ek B B e AR AR AR MR

KR MAER; YN, Pult; RaRdEE; SRR

Effects of Beauveria bassiana-maize symbionts
on the growth and development of Ostrinia furnacalis
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Abstract [Objectives] To clarify the effects of Beauveria bassiana—maize symbionts (hereafter, symbionts) on the growth
and development of the Asian corn borer (Ostrinia furnacalis). [Methods] Symbionts were constructed using the
root-irrigation method and fed to O. furnacalis larvae, after which the food consumption, body weight and cumulative survival
rate, of larvae were measured and compared. The effect of symbionts on the expression of protective enzymes and key
defensive genes was also analyzed, and the ecological mechanisms underlying the effects of symbionts on larvae were clarified.
[Results] There were significant differences in the consumption by larvae of symbionts compared to uninfected plants. The
body weight, cumulative survival rate and protective enzyme activities (SOD, POD and CAT) of larvae decreased after feeding
on symbionts, expression of immune-related genes was up-regulated, and expression of resistance-related genes was
down-regulated. [Conclusion] Maize colonized by B. bassiana can inhibit the feeding and growth of O. furnacalis larvae. B.
bassiana—maize symbionts can regulate insect development by adjusting the protective enzyme activity of insects, and the
expression of genes involved in toxin resistance.

Key words entomopathogenic fungi; endophytic; insect resistance; insect defense enzyme; resistance gene

*PEH)I5 H Supported projects: ERK A RFIAFE S (32271683 ); HAMRE LB G T AAIES (CXGC2022RCY035); A
FHUT HEERE B AL S A A CHIBO) 3TH (815 ) (20230508011RC)

*#2f —VE¥ First author, E-mail: 919186338@qq.com

ek HEF]H IHAE#H Co-corresponding authors, E-mail: suiyaoyi@163.com; zhangzhengkunl1980@126.com

kS H ) Received: 2023-05-19; %32 H ] Accepted: 2023-09-27



+ 1852 -

o B 3244 Chinese Journal of Applied Entomology 60 %

BR A9 15 % Beauveria bassiana J&—fh #
FAEYIBARAY, TLLE N TR el e A 2R
MR AR AR AR N B, NGRS 1
LSRR AR K, BRI EE m A Y AR W A AE
Y e (Vega, 20185 FEANZE, 2021 ), it
K, ENAMEIRZ IR, BRI PR TEAE
YIWNET, Ae 5 B MR T R AR AE ,
FEECEAT R PPOIAT RS, RIS A Ik R
BT 2, FEMEEFE AHE R E (Wei
etal., 2020; Yerukala et al., 2022 ). 40, Bkf
PR A7 TR N BT , RERE XTI oK
% Ostrinia furnacalis &l dt =45 i 3% 19 Sk P B
AHAE, 2020 ), 8435 EIH FOKSE A H ™ B i
IR 0 RN, AR TRAENAERKEE (15
BFFEE, 2017 ), WA, A WIFEIEN] 1Bk
AR TR 2 FEAT ) R FLAAT £ v R R R E T,
FH M4 B Bemisia tabaci ( Qayyum et al., 2021 ),
F K1 Rhopal osiphum maidis( # 2 HT4%, 2020 ).
Fi4% Bt Helicoverpa armigera( Zhou et al., 2018 ).
BkiF Myzus persicae ( Macuphe et al., 2021 ),
Hh 57 7% ik Spodoptera frugiperda ( 25 4 £ %5
2021 ). FhhvEHT i Tuta absoluta ( Giannoulakis
et al., 2023 )1 — B i Tetranychus urticagl Dash
etal,2018) %, [, BRI AEEEREY TN
A B RS (B] 42 X6 2 A v B R A AR Y
M), Ffik—0 G2 i B OW AR 0 e AR

BHRAEREE MG Z 3 20 HE R
MsZIE (FESE, 2020; ZREEFPRH 22, 2020 ),
Hh Ay SR REEEHLRN - EE
M (Noman et al., 2020 ), AHF5e AL
PR HUE FE SR L THAR . U S R E S 1 B vy H
A EESZN , R 1E FEAEREE A B o s A AR
PEAL) = Z K5 7 ( Douglas, 2015; Damodaram
etal., 2016 ), PN AE P B AR FUTRAR RE S8 1< MU A
YRR — 25 i i v R AR TR B
AR, B RN e, et
T R Y R W 4 R ) 4 A A A T B R P B
WEEE (Zhuetal., 2023 ), Hit, WA SHY
HAE, REWE A XA B R R A R
AR L O L HLAY (R 22 52 T AR R AZ B T G

L, SR, HETOCT HUAE B -EY) - R R EAENL
7T RS i T 205

BRI A EE EA S EF T (Aerial conidia ),
2 01 ( Blastospores ) FIT 278 F ( Submerged
conidia ) 3 FA[RZEBIBYHIF-, ASHTBATERT DB
R R, ANFZEA TR TEA Y Nl ,
FEA IR EEARTHE Y BT (Sui et al., 2022),
ENEN IS SN E Ly P N Bk R DR e
N AN SER , IRZ T TR Rk, A58
BRAG R R A2 VR AR 4,
SR PV AR 43 ) A A R 7L 11 88 1 - B R A A
TR MRS YN FORIE ) | R 5T A ) 8 R Bk 1 R A
PORATIIE S/ N 0:E S = I NG | = AP RN 2
M) 5 [ Fsf DA R A PAY (R il R X B o5 0 5 PR A
1) F JEE figp A 3ok A 104 R X0 I M T oK M 1) A
ADWEALIE, AR — P O A S RS
oA Y- R R Z I ER G R, ARA
298 AR L i AR S Y RE B R SRR

1 #MR5RE
1.1 ##

111 E# AU I A Bk B AR
BbOFDHI1-5 (D1-5), %A mAE H E R i
Y E AR R0 ( ACCCNo0.32726 ).

112 BH R ACH W K, SR AT
BHAE 3-4 48, HEL) R 2R ROl BH# Bl
YRR TR . IR (261 ) °C,
B 70%-75%, JEJE L16 @ DS,

1.1.3 & Ml Eokam A R R —5 (KNL),
ENTAEENGARFE, HHN PR+,
KRR R (26+1) °C, JEFMI L16 : D8, #EHL
AR E 3-5 IR D)V g A

1.2 A&t

T TE 75 A AR B2 e AE ) R 37 i 5%
REFIFRE, K E 3 M, B E
10 MEE, HAHEE 10 K40

AEFE 1 AR 2B AR TR AL R oK iR
R P T oKW (X AR, Control );
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REFR 2 BRI R I A - KRS IR AR
WELSIV M K WE ( Aerial conidia, AC );

GUSLINCRE = S{ONE N (7 2 A o i R B 2 2 Y N
WEE Y £ K 85 ( Blastospores, BS ).

13 FARXHKBEEREEKERNNEE

TR R 3-5 ], R FIBEREA Bk
FIE A — T KA R (Sui et al., 2020), #Fh T
KA ERTE B R B N 20 mL/k, A 3 d HEAR
1R, AR 3 k.

BRA U B AT B IR FH 2
HIHL PDA [R5 773 F A ERTHE 50 mL
EOEY, INAGE 7 0.05%Tween-80 £ J5 FH
TEAS% % Y% 1 min, B ICH B AU K #
Je AR P SRR B T I B 22, JETRRCAE 2
R 50 mL JCwR B O T, AR i BR TR R
PR R 0 T B R B RE N 1x10° N TF/mL,
4 °CIRAF

BRTE AR TR 2F A A T B TR R I A ST
PDA [RS8 E RS IA 2 100 mL
SDY WiIAEFRIEN, BUEARE 25 °C. il
200 r/min FIFERINEGFE 96 ho B B EIA 50 mL
B H, 4 °CTF, 12000 r/min, 250 15 min,
g bW, B IEEDHICE 50 mL B0
Hr 3] AR 0.05%Tween-80 &5 FH IR e 7%
AR 1 min, AR MLEREOBCR BR AR 48 A
T B N 1< 108N F/mL, 4 °CARAE

BRI A2 B 1%
B RAS B 5> 10*

14 HuEEAREAERITMERIELRE
KEHERORME

AT 5 ) FAS Ti) Ak 3 P ) L ST 5 KK
HIEL R, 43 00 45 AL BRAL I M FE & . 41l
PR EE A BB

7 T AR - R A T S U oK B 4
AT 24 W YUERALEE, 7F 2.0 mL 204 9 sk
TSR, AAMEE 104, B 10 REE . B
BNE 1 A 1 em x 2 cm FrEEny /o, [R B E
MR IR A (BLENTOLh A ), DAET
BRSO B BRI RR T R S 1.

3.5 F 7 d BRI iC sk AR AR 0 4y U i
ME, BUEJERNE (TEBRAHEEE ), Akl
E RO T R, R R O R R S 1
R TR

B = A E R W B R e A
FEE R AR ) /4 BRI B ROK E

P TR IR AT 5 - e PR T 4R S A
5dFREg iR, AR 3R, A5 1. 2
3R, ICSREAEE A ERE (EHRRYIHR
B RZEME ), DUETTHE LAk

o)) AR = T A 4y R a4y OO

DAV S/ 8=y AV e e S e Gl S W oo
J5 BERR 2 d 0 SR AL BEAEIE Zy B AR, I AR
15d, ghifrd Rt B AR

RN (%) =A% BB S 5L X100,

15 BB EEEREERITEMNERELDREF
PEEE R R

B 3 08 FORIE L) R T 24 h YUK,
AT AN [ A BRI F K i S} v A e 152
H3IANEE, BAEE 30 k4R, FE 240 )5
W, H 75%CBEHRE , WA TR, A - 80 °C
UKFEPRAF 2 . ALY LR (SOD ), g4
LY (POD ). %A fb &l ( CAT) fRI S
1007 BAREAES B G Ui B 45, YR TR
SEMAYAF (RELR, 2016 ).

1.6 Bk A EEEREE KM EKIELS B
MR R REE KR

P %l R AP T L T] 1.5,
16.1 EHZ RNAREEK cDNABIEHE K4
HO\ - 80 CykARELH, MW AME M AR,
B8 Trizol | & AW FE1T RNA $25¢, JFE T
- 80 “CIRAF o Fb% 54k 1% cDNA : PrimeScripTM
RT reagent Kit ( Perfect Real Time ) i5f| &4 H
TaKaRa 23], I8 R & 156 I 5 e e S o sf
1 uL RNA PRI R 151 cDNA BT - 20 °C
SMRAE , T 5 225209 AN I PR Rk
i , A NanodropLite %% /¥ (Thermo Fisher
Scientific, IK/REEM, USA)IM & % 2 1) ¥ 2 A

3-8
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162 EHRHMEHEXERqRT-PCRIGM KT
U5 T BR A 1 5 TR S FE A ) A4 5 6 R K SR BT A
KIEEHN W FRIBRE S ALM, R HSLR 96 E
i PCR BN TR A HTPEAH SCHE R (36 1) 3
1123822 7343 M7 . £ NCBI( https://www.ncbi.nlm.
nih.gov/ ) 04 e v A 4% 21 £ OKIE L3N 8 1 R A

( Actin, muscle ) 1EMNS LR, BEAME R
3WEYEER, B EYFER 3 ik, R
FH 27T (Livak and Schmittgen, 2001 ) 1%
HAXT AR, R4S Batool (2021) & TFERIE A E
PRI A R B R 175 5 6 K X SIE P 6 K I S i v
B R0 i B Y 9 M SRR 514,
AR 12 B 7 0 H A R A 3Rk S iR A T A

®1 ERSIMF7

Tablel Geneprimer sequences

SR FIF5) (5-3")
Gene name Primer sequence (5'-3")
Actin, muscle F: TACGAAGGTTACGCTCTGCC
R: ATGTCACGCACGATTTCCCT
PRPS F: TGCAGAGGTACCACAACAGC
R: GCTGACTCCGTTGGCTCTAC
PRPB F: GAAAAATGGCCCGTCTTACA

R: CGTCACGAACGGGAAGTTAT

Cytochrome P450  F: AGAGCGACTGGTGAAGGAAA
R: CCTCATCAGCTCTGACACCA

ABC transporter |  F: AACCACATGACATTGGCTCA
R: ACGCGATCGAGCTTCAGTAT

ABC transporter 2 F: TACCCCCAGAAACTCCAGTG
R: TTTGGCGGTTTCTCGTATTC

CadherinL F: CAACCAACCAGCATTTTGTG
R: TCTTTTGACAGCTCGGGTCT

UDP-glucuronosyltr F: GAGTGCCCTTCGAGACTCTG

ansferase R: AATCGAGGCCGAGTCCTTAT
HSP-70 F: AAGAACCAGGTCGCTCTCAA

R: AAGGGCCAGTGTTTCATGTC
HSP-68 F: ACATGAAACACTGGCCCTTC

R: TACGCCTCTGCAGTTTCCTT

10 XF 5149145354 SuperReal PreMix Plus
(SYBR Green) ia{5fl| &, LU EKEE cDNA Sy
Wik, SNVARZRUNT . 2xsuper-real mix 10.0 pL,
50xRox 2.0 pL, Primer F/R 0.4 puL, ddH,O
52puL, cDNA2.0 pL, JWigcfd: 95 CHUAEME
15 min; 95 °C, 10s; 63 °C, 30s (WEEFS)

40 MEF; 72 °C, 5Smin, 4 °CIRAFF.
1.7 RS

K H IBM SPSS Statistics 25 # A4t THi ik
PEGET SOy 2257 MR, B Se R P ERL R 3R T 25 43
Br bbb B a) 22 S5 00, BéJGiEad Duncan’s £
o G T i E R 22 =40 . R Kaplan-Meier
WA A2k, JF3EH Log Rank ¥: HL 45 Ab #H
Wz EFIMLRSGA 255 . FH GraphPad
8.0.2 F SigmaPlot 12.0 # /44 & .

2 HREHH

21 BAAEBEEEE KM EKIES AL
BENE

BRAO AR A A ok M A, XTI K
WA I AT B (& 1), NS 1, 5f
3 M 5 REF, 78 3 MhEdh, FAERT

( Blastospores, BS ) AbFHZH FIS A7 ( Aerial
conidia, AC) AZbHL FORIEM R iHFER KT
XTRRZH, 7E5E 1. 28 5 A% 7 KAt BS AbFE4Lnt:
FEAE R B TR (P <0.05), 20 BIFA%
31.1%. 40.7%H1 69.75%. WS 7 K, BS Zb#f
MR FE R T AC AbFEZ (P <0.05),

30 r— %} Control

@ | =K EHIF Aerial conidia a 2

E | mmZEA:HIF Blastospores I
‘o B a I
g§ 220+ L
~— 2 a
ﬂﬂg S

o a
= 2 2 ab ab
i g10 b b b
+ B
= 2

@]

0 Il I I 1

1 7

3 5
TAMEEFTE] (d) Feeding time (d)
B 1 BK7EE B - T K A AR A7) 0 3
EXRIEM R EEENZ M
Fig. 1 Effects of Beauveria-maize symbiont on
consumption of leaves of Asian corn borer

F s B ER R, ARNE FRERRES D
#(P<0.05, Duncan’s # & W21, THEIF.
Data in the figure are mean+SE, Different lowercase letters

indicate significant differences (P<0.05, Duncan’s new
multiple range test). The same below.
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22 HEAEHREEIARMEMNEKREDRE BN BS LY RBUFIG R BT RY] 3

ERRMm

BRA 5 A 2F A 7 b B R I ok
WA R T B RMEIER, e 1, 2
39410, BS AbFRZH 4y AR EE 34 1 IR T AC b3
4 (P<0.05), XHRZLFN AC AbBELH 2 [a] 4l A
HEERARE (E2), 7E4hH 2 i34, BS Zb#
21 &y A ARCER T BRI B A, X BRAT RN AC Ab3E
2H 3 A 39.86%F1 51.79%.

121 =% Control

=5 A fIF Aerial conidia
- w25 74 F Blastospores

—
(=}

[e]

(o)
©
o

N

A E (mg)

Larvae weight (mg)

N

S

b

3

i a
ﬁ D i
1 2
51 Instar of larvae

B2 Bk EER-E K A X 45T M
EREGE RN
Fig. 2 Effects of Beauveria bassiana-maize symbiont on
larvae weight of the Asian corn borer

23 BHBEAEFREEERMNEMNEXRIES)HREF
CES: A

ST T K B 4y s BB AN (] R AR R A 1 4
6l AL H ORI R, X BB R
(E 3)0 DOEYH EK IR 4y R A S 3 R ITF
f, X HRAC A RBUETE RIGLR T AC Zb3A]
1 BS AbFRAH . g HECEM R 5 RIFLR, AC

i (P < 0.05), AC Ab3iZH BRI ZR(LT BS
AbFRLH

100 c====
s 18 — %}H& Control
20 b a " S AT Aerial conidia
I by ZEH: #1-F Blastospores
e e
60l [ a

)
S
Lo
B

.

©
|
]
1
o | &

o (&

o

BRUFIER (%)
Cumulative survival rate (%)
S
)

(=}
o

01 3 5 7 9 11
TEVRAE] (d) Feeding time (d)
B 3 Bk B EE-E KA AT 40T
EREZRAEFEETENZME
Fig. 3 Effects of Beauveria bassiana-maize symbiont on
cumulative survival rate of the Asian corn borer

ns XA ZEFARE (P>0.05, Duncan’s i 2:) .
ns indicates no significant difference (P > 0.05, Duncan’s
new multiple range test).

24 KA EEEEEE K TN ERIELH HEF
PERE R RN

WP EORIE 3 4l I AN R b FRA v
24 h J5, AC AbFRZH A e Ll (SOD) i
PR TR, X BRI EAIG 5.59% (& 4: A),
i E ALY (POD ) 3G PEEE T BRZH i 2 F R (P <
0.05), F¥fi 22.50% (&l 4. B); BS 4B,
HIRRPY 3 PRGN PR RO IR ALY B3 R R
(P<0.05), 7> HIFEAE 12.82%( 1K 4. A ), 28.48%
(Kl 4. B) F127.42% (K 4. C),

13

"o
= rA — r —
2 800 a b ) o 5B 5200
~ o~ —— ] | a R a
#5600 ] I e R 8 S E —
pgs) # Za0l b Z 5150t b
g2 4z 5 3

5 400 = > £
&z & 820l 5251001
23 K3 23

200t = ©

Xa o 10f We sl

o RS
% 7] m A Jl\ﬁ_ﬁ é
P Control ~ AC BS 7 O Gommol  AC BS  x ' '

Control AC BS

%] KbFH Treatment b3 Treatment 4bF Treatment

4 IR B EE-F K AR I E KRR ERERE A R0

Fig. 4 Effects of Beauveria bassiana-maize symbiont on protective enzyme activities of the Asian corn borer

AC: KAETF Aerial conidia; BS ZEAE7fF Blastospores. T K[[A], The same below.
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25 HKBEAEFEEERIMNTMNEXRIELS AR
HERREEHNRE

5% A, AC AbFZH Fil BS ZbFHZH 2
AR BER S E T PRPB (& 5: A ) Fil PRPS (&
5: B), 21 ACB¥izfHH (K 5. D,E)

1 CAD #5 K FIEA (K] 5: C) fHXRA =Y
FI N L UDP-7 45 W e 5L A i 5L 1R (]
5: F), 4iffita P450 W (E 5. 1) fl2 4
POEAZEN (K 5. G H) WA EXEY
T

.§8>A -515- B 515 ¢
2 6l 2 i 2
ﬂg g 6 Hg 210 « £10}
WE a4t S i 5
B2 =g 5| Kz st
EE 2t EE ®E
I S S
Mool & | . BN
Control AC BS Control AC BS Control A
AbFE Treatment b3 Treatment b3 Treatment
S 2.5‘D S 4' 51-5
220" B 2 I &
a2 HE 3 K« E10}
1% 1.5F » ‘H% >
gy RS gt o
& 210r =8 K205l
=5 mE £E
s 05 S 1r 5
L Nin HiRE 1
0 Control AC BS 0 Control AC Control
AbFE Treatment AbFR Treatment 21 Ab¥E Treatment
=] 1.5 =] 1.5 'H '9 ‘5
.S - i 2
2 @ g
'ﬂggm %gl.o- @glﬂ
'Heé 5 'H‘\é 5 = 0
oo = o =
<205t mZ05t EE05¢
gs" £5 e
§ 1 nqé | 1 0 1 i
Control AC Control AC BS Control
AT Treatment A3 Treatment Ab3g Treatment
B 5 kA BEEE-ERILERITITMNEKREDEHEXERREB NG

Fig. 5 Effects of Beauveria bassiana-maize symbiont on expression of resistance-related genes of Asian corn borer

A, BREFEFRGIE A PRPB B, B, BRMHRGIE T PRPS 5K 5 C. F5AEEE LR ; D. ABC i 1 5L
E. ABC #4235 H 2 %M ; F. UDP- AR MRAL A LML 5 G. HSP IR 1 68 2N

H. HSP $# e 70 LA ;

I BRIz P450 A,

A. PRPB gene; B. PRPS gene; C. Cadherin gene; D. ABC transporterl gene; E. ABC transporter2 gene;
F. UDP-glucuronosyltransferase gene; G. HSP68 gene; H. HSP70; I. Cytochrome P450 gene.

3 itig

o ZEER S HABESE

ERAERL, BN, ZEiE

FRAE (2021) H 46 B E B A 5 KRR ] PR

ARG, HY-AEY-R R Z e
IR ZMER R, UE D REAS T 15 40
YIB B RE  E RS, U R R R
17 R AAE 53E P ( Shikano et al., 2017 ), A<HF
FEAE IR, BRI VR A A [RDE 960 F 2 5E 1) £
KT e 157 S6F 0 3 T K 8 40y e 7 A R S, SR
R I D, R IR, BBV R

MR, 4l Uk E Dy RO R K, fk
W 8 A0 O Ak R A 1 3 B AIN; Mantzoukas Al
Grammatikopoulos ( 2020 ) /5% T 3 Ff Hi A B
XTSRRI VE R, B A LR RE S A R N
YIRBET R, PR AR AR R AW 5T S
A KW, BRI R TR 27 2R 70 XY F K IR 1Y
FHRIVE R T A o A RIBAETH B9 AR,
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BA BT AR A TR BB AT
MR T BTRE (Sui et al., 2022 ), BLEHEK
F6 1 A5 P A TR 2546 7 19 AR W 2 e M TE T
R A VR IAFAE 22 5%, 2R AR T e A A ]
PE TR BE I S0, PR HC AR 25 A £ 5~ fE A ) P e
B, BENE S U A P A U, SR THE A
YIHRAE ST 38 B RE ) o SR KRR ZF AR AH T
T KRS T, S TF AN, WA
R TR 2 A AR SR — TR P I i L 7 A R A T
2 H R, ] LR BT BRI LR U
HAR 2SI i B

B IRTEW BT IIE T, BT A AR N e e i o
KM, 7 —R Y BIBERN ( Shahrestani
etal.,2018), SOD, POD Fil CAT J&E H B4
A4 5 i EE LR, 38 =3 1R A B MR
L AR AR B R — N AR T
ffi 2 A sz F & #% ( Zhu-Salzman and Zeng,
2015 ), ARFFEAIREN], WY R BR 1
PR TR E M, 4 B oy OR AP S O 1 3T
W, XGRS (2013) FIETRHRSE (2018 )
1B S5 IRAR A, A7) A 0 — A= By 7 o Al
FH AR 3 R ORI R A MHIE o DL BRI R
AR T R Z B AN R, PR P A ST 25
L0587 NN e A oA R N e EN N R Al
TEPESZ B, 2351 B oo S 5 DR 3R 3 o 7k
W, AT H A I E R AR R
PR, A BT TR R S RN
B 40 52 1 B A L o AR IR E— 20 B,
I K I IR BR A R e S B, AR
FOCHE R R A R A s, Horh 2 MORTRDEZS
5 %F Gy TR S P VR P B —E, B AUy
AR L E AT 2 B ARGk SR R . R
WAV R, BRANERE SR . ABC
e 3o AR P DR Rk SRR ) 4 1 A PR 2 RE 8 il
T O B H R A8 SO R AR I A TE R
WAt 2 EZ/EH (Heidel-Fischer and
Voge, 2015; He et al., 2019; Wang et al., 2019 ), A&
WFFE ik LA PR 3Rk 7 B R IBCR BR 7 11
- BRI E S R I A, Ui R B 4R
TR RE S 175 M Y T K M7 A RO 5 T B HL B

FERHCEE NN UDP-Hj 4 B REMR L AL ML [N | 240
MutaZ P450 Jt PRUFNH AR 11 3k R 3 5 B R it
PR fE LI AHSC ( Shahrestani et al., 2018;
Dermauw et al., 2020 ), B HEEERMAERE-T
K AEAE ARG AR OCSE P A 1 N M S R R A bt
PEREAR, AT A BRI, WY FOKIEAE B
9 SRR B 3B B 451, BB S T — ST PEAE G
BEAFRGA T (2REhE, 2016 ), AHIFESi%
S5 —F, R ERAE R E A RE 38 2o A R %
ek, I H 2 R I 52X B AU i s e i
HilEH

g LRk, ABFSRIE TR AR A P
DA FORILA RS e ot g R s, [
Hergm A AE KRR, [T I s R AR
PRAF Bl FNBT P A DG I PR 3R 38 ok 5 S L B A
REVSS , MR XA B 15 . AR IE R T
H A RO AT PR R U T AR AR
BL, SE—P428 T AR B ARSI RE, X
MRHEY - - AR R EAEEE X,
[F] Fsf B % Sy Al 2B 25 3 G vh 4 38URI 2B 7 i A
YIRS , Sy R E A SR F A
7 it A 1 B A

SE Xk (References)

Batool R, 2021. The virulence and synergistic effect of Beauveria
bassiana and Trichoderma asperellum to induce plant defense
against the Asian corn borer in maize. Doctor dissertation.
Beijing: Chinese Academy of Agricultural Sciences. [Batool R,
2021 FRA P A3 A A AR 75 0 W KR 1) B g B
B s v LI A7 18 S S N R0 TS A 3 v ot DA o e
a0 PEAOR R ]

Damodaram KJP, Ayyasamy A, Kempraj V, 2016. Commensal
bacteria aid mate-selection in the fruit fly, Bactrocera dorsalis.
Microbial Ecology, 72(3): 725-729.

Dash CK, Bamisile BS, Keppanan R, Qasim M, Lin YW, Islam SU,
Hussain M, Wang LD, 2018. Endophytic entomopathogenic
fungi enhance the growth of Phaseolus vulgaris L. (Fabaceae)
and negatively affect the development and reproduction of
Tetranychus urticae Koch (Acari: Tetranychidae). Microbial
Pathogenesis, 125: 385-392.

Dermauw W, Van Leeuwen T, Feyereisen R, 2020. Diversity and



- 1858 - o B 3244 Chinese Journal of Applied Entomology 60 %

evolution of the P450 family in arthropods. Insect Biochemistry
and Molecular Biology, 127: 103490.

Douglas AE, 2015. Multiorganismal insects: Diversity and function
of resident microorganisms. Annual Review of Entomology, 60:
17-34.

Fei HQ, 2016. The cononization of Beauveria bassiana in
corn-seedling and colonization effect on protective enzyme of
Ostrinia furnacalis. Master dissertation. Jilin: Jilin Agricultural
University. [$}5A3, 2016. BRAL R 7L 18 1 oK b i 2 A
Bt T FOR B AR B A2 . B2 A8 S0 AR AR
ll R3]

Feng SD, Li XH, Wang YZ, Zhang J, Xu WJ, Zhang ZK, Wang DL,
Li QY, 2017. Ecological control of the Asian corn borer, Ostrinia
furnacalis (Guenée) by two cloned Beauveria bassiana strains.
Acta Ecologica Sinica, 37(2): 650-658. [{H#4FF, ZIpes vt
Y, BRZE, ISR, SRIEMR, AR, AR =, 2017, RS
TSR 7 7 R T 0 S B K R Y AR SR L A SR,
37(2): 650-658.]

Giannoulakis E, Mantzoukas S, Lagogiannis I, Dervisoglou S,
Perdikis D, 2023. Efficacy of endophytic wild strains of
entomopathogenic fungi against the tomato leafminer Tuta
absoluta Meyrick) (Lepidoptera: Gelechiidae) in tomato plants.
Egyptian Journal of Biological Pest Control, 33(1): 1-9.

He QY, Yan ZT, Si FL, Zhou Y, Fu WB, Chen B, 2019. ATP-binding
cassette (ABC) transporter genes involved in pyrethroid
resistance in the malaria vector Anopheles sinensis: Genome-
wide identification, characteristics, phylogenetics, and expression
profile. International Journal of Molecular Sciences, 20(6):
1409.

Heidel-Fischer HM, Vogel H, 2015. Molecular mechanisms of insect
adaptation to plant secondary compounds. Current Opinion in
Insect Science, 8: 8—14.

Ji LZ, Wang GQ, Liu Y, Wang YX, Zhang Y, Yi XM, 2013. Effects
of asarum essential oils on protection/detoxification enzyme
activities of two agricultural pest insects. Journal of Henan
Agricultural Sciences, 42(12): 79-85. [fli2At, TH:IE, XIHs,
T, sk, By, 2013, HEAFIRT 2 Rl F m e
filg AN A B BEE LR 2. RO R E, 42(12): 79-85.]

Livak KJ, Schmittgen TD, 2001. Analysis of relative gene expression
data using real-time quantitative PCR and the 27" method.
Methods, 25(4): 402-408.

Macuphe N, Oguntibeju OO, Nchu F, 2021. Evaluating the

endophytic activities of Beauveria bassiana on the physiology,

growth, and antioxidant activities of extracts of lettuce (Lactuca
sativaL.). Plants, 10(6): 1178.

Mantzoukas S, Grammatikopoulos G, 2020. The effect of three
entomopathogenic endophytes of the sweet sorghum on the
growth and feeding performance of its pest, Sesamia nonagrioides
larvae, and their efficacy under field conditions. Crop Protection,
127: 104952.

Noman A, Ageel M, Qasim M, Haider I, Lou Y, 2020. Plant-insect-
microbe interaction: A love triangle between enemies. Science of
the Total Environment, 699: 134181.

Qayyum MA, Saeed S, Wakil W, Nawaz A, Igbal N, Yasin M,
Chaurdhry MA, Bashir MA, Ahmed N, Riaz H, Bilal H, Hashem
M, Alamri S, 2021. Diversity and correlation of entomopathogenic
and associated fungi with soil factors. Journal of King Saud
University-Science, 33(6): 101520.

Qin WH, Yao JJ, Men XY, Li C, Yu Y, Song YY, Guo WX, Li LL,
2021. Effects of corn endophytic fungi on the growth and
development of Spodoptera frugiperda. Plant Protection, 47(5):
94-97, 125. [FAefh, Bhodid, 11200, 28, TR, KE%
RICTT, AR, 2021, FARNAH RN FH SR KA H

BRI, AR, 47(5): 94-97, 125.]

Shahrestani P, Chambers M, Vandenberg J, Garcia K, Malaret G,
Chowdhury P, Estrella Y, Zhu M, Lazzaro BP, 2018. Sexual
dimorphism in Drosophila melanogaster survival of Beauveria
bassiana infection depends on core immune signaling. Scientific
Reports, 8(1): 12501.

Shikano I, Rosa C, Tan CW, Felton GW, 2017. Tritrophic interactions:
Microbe-mediated plant effects on insect herbivores. Annual
Review of Phytopathology, 55(1): 313-331.

Sui L, Lu Y, Jiang YY, Wan TY, Xu WJ, Zhang ZK, Li QY, 2021.
Advance and prospect of endophytic entomopathogenic fungi in
biological control. Journal of Maize Sciences, 29(6): 169-174,
183. (KN, Hebs, ZWelE, TTIsE, ROCH, KiEM, ZFEx
2021, WAMERVEERWEAYBIAT IR DR SRE. X
KBI2E, 29(6): 169-174, 183.]

Sui L, Lu Y, Zhu H, Wan TY, Li QY, Zhang ZK, 2022. Endophytic
blastospores of Beauveria bassiana provide high resistance
against plant disease caused by botrytis cinerea. Fungal Biology,
126(8): 528-533.

Sui L, Xu WJ, Zhu H, Zhang ZK, Fei HQ, Chen RZ, Wang YZ, Li
QY, Lu Y, 2020. Effects of Beauveria bassiana-corn endophytic
symbionts on feeding behavior of the Asian corn borer Ostrinia

furnacalis. Chinese Journal of Biological Control, 36(1): 46—51.



6 1] W BRI R - ORI AR AR I R IEANMA R B R R B AL

+ 1859 -

[FERN, #ROCHE, ACER, SKIEMR, ZRiLsg, PRE 2R, FEVE, 2
JAz, B, 20200 BRIDFRTE - T KA A Y E R R
BT R, EAIBR R, 36(1): 46-51.]

Sui L, Zhu H, Xu WJ, Guo QF, Wang L, Zhang ZK, Li QY, Wang
DL, 2020. Elevated air temperature shifts the interactions
between plants and endophytic fungal entomopathogens in an
agroecosystem. Fungal Ecology, 47: 100940.

Sun YX, Men XY, Li C, Yu Y, Lii SH, Sun TL, Ye BH, Li LL, 2020.
Effects of highly insect resistant corn endophytic fungi on
growth, reproduction and feeding preference of Rhopal osiphum
maidis. Chinese Journal of Biological Control, 36(2): 184—188.
[FhEWT, 1100, 258, T3, BRB, INEMR, it 2=
WA, 2020. RHLHREARAAEEREN ERIFERK . BIHRE
PERRRE M. T EA YNGR AL, 36(2): 184-188.]

Vega FE, 2018. The use of fungal entomopathogens as endophytes
in biological control: A review. Mycologia, 110(1): 4-30.

Wang Q, Ren MJ, Liu XY, Xia HC, Chen KP, 2019. Peptidoglycan
recognition proteins in insect immunity. Molecular Immunology,
106: 69-76.

Wei X, Chen RZ, 2020. Effects of host plants on the development
and protective enzyme activity of Ostrinia furnacalis. Chinese
Journal of Applied Entomology, 57(2): 355-362. [#12%, % H 2,
2020. 7F FALYN Y0 F R 1R T R DR B A 14
. R HUER, 57(2): 355-362.]

Wei QY, Li YY, Xu C, Wu YX, Liu H, Zhang YR, 2020. Endophytic

colonization by Beauveria bassiana increases the resistance of

tomatoes against Bemisia tabaci. Arthropod-Plant Interactions,
14(3): 289-300.

Wu HB, Gong QT, Chen ZZ, Jiang LL, Gong Y, Xu YY, Sun RH,
2018. Bioefficacy of the combined application of entomopathogenic
nematodes and thiamethoxam and its effects on the protective
and detoxification enzyme activities in Bradysia odoriphaga
(Diptera: Sciaridae) larvae. Acta Entomologica Snica, 61(7):
851-859. [ifB, HIKVE, KRR, ZHH, A, FKE,
PIMERLL, 2018, B HU 2k HURIsE He gk X 2k B Y Ak Bl
SR B A DR AP TR ARR 2 B PE RS B HUSAAR, 61(7):
851-859.]

Yerukala, S, Butler, DM, Bernard EC, Gwinn KD, Grewal PS,
Ownley BH, 2022. Colonization efficacy of the endophytic
insect-pathogenic fungus, Beauveria bassiana, across the plant
kingdom: A meta-analysis. Critical Reviews in Plant Sciences,
41(4): 241-270.

Zhou WQ, Wheeler TA, Starr JL, Valencia CU, Sword GA, 2018. A
fungal endophyte defensive symbiosis affects plant-nematode
interactions in cotton. Plant and Soil, 422(1/2): 251-266.

Zhu H, Fu J, Wang H, Bidochka MJ, Duan MY, Xu WJ, Sui L, Ren
BZ, Li QY, Zhang ZK, 2023. Fitness consequences of oviposition
choice by an herbivorous insect on a host plant colonized by an
endophytic entomopathogenic fungus. Journal of Pest Science,
96(2): 745-758.

Zhu-Salzman K, Zeng RS, 2015. Insect response to plant defensive

protease inhibitors. Annual Review of Entomology, 60: 233-252.



