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Isolation and identification of Beauveria bassiana strains and test of
their virulence to Gonocephalum mongolicum

ZHENG Nisha*', DENG Quan*?, SHI Wen', GAO Yu!, LI Xiang!, LIU Dongyang?, LIU Su"!,
LI Maoye"!

1 Key Laboratory of Agri-products Quality and Biosafety, Ministry of Education, School of Plant Protection,
Anhui Agricultural University, Hefei 230036, Anhui, China
2 Liangshan Branch of Sichuan Tobacco Company, Xichang 615000, Sichuan, China

Abstract: [Background] Entomopathogenic fungi are important regulators of insect population
dynamics in nature. However, the research of entomopathogenic fungi with high virulence to
Gonocephalum mongolicum are scarce. [Objective] To isolate and identify entomopathogenic
fungi and test the virulence of these fungi to G. mongolicum, providing ideas for the green
prevention and control of G. mongolicum. [Methods] Entomopathogenic fungi were isolated
from naturally infected G. mongolicum and identified by morphological and molecular biological
methods. The corrected mortality rate of G. mongolicum adults and the median lethal time (LTso)
of the isolates were determined by an immersion method. [Results] The three fungal isolates
were identified as Beauveria bassiana and designated Bb23, Bb24, and Bb25. The laboratory
test results showed variations in the virulence among the three B. bassiana strains against
G. mongolicum adults. Inoculation with the conidial suspension of Bb24 at a concentration of
1.0x10® CFU/mL resulted in a corrected mortality rate of 87.88% on day 20 and the LTso of
6.74 days, while the corrected mortality rates of Bb23- and Bb25-treated G. mongolicum adults
were 42.42% and 33.34%, respectively. [Conclusion] This study identifies three strains of
B. bassiana, among which Bb24 displays the highest virulence to the adults of G. mongolica and
has the potential for further development and utilization.

Keywords: Beauveria bassiana; Gonocephalum mongolicum; identification; virulence test;
biocontrol

52717 21 4b HY (Gonocephalum mongolicum))s
#5439 H (Coleoptera) il & H £l (Tenebrionidae) , j&
VEy A A 3228 s M 520 b F DA &)y HFn
B fE AR | B SE  RR SCA  AE Y 4 2R i
W, TERCEZ], e nEL E a2, B,
b2 B IR R o 52 S0 R R Y R L
SR, I A AR NS e R 5T L FEAR
VTR I Y & e iR ) | DS N ]
ESEAR AP ST, 51— R 5 11 (A R,
YT BT RS I H O R i s A, U
RO b 2= AR 25 i 5

B AU SR L IR — SRR AR R A

B W AR P I g A, il R USRI B B A
I B B I L e T AR B IR, ANXEE
AR AR R, T H B A X AR AR
W4 FERAG A AR TR R H
A SISO B U R L A R v 2 A
B, H Wb Ecoh Tz By B R
(Beauveria bassiana) . # [ 1) F BkA 71 46 1 24 7
FIRAEYIBA R L A A, 1956 4F B T ER
T 11 5 B B VA T 242 FH (Cylas formicarius) it $i
B R, BRIV R P PR R R,
FEAE I K 5 (Ostrinia furnacalis)® . T AR
1 (Dendrolimus punctatus)®! | #1424 Hi(Helicoverpa
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armigera)!'®, i 7T ik Spodoptera frugiperda)!™
S H AR MO F R B IR T O TR AT R
R, AR T RERELEMESRYS, H
A, BT —SERy LR ERTE B R, HR
RE A 1= RIS 1A 5 7 400 1 HH B BR AR P AR TR AT SR
MRz, FCH BB IR L, BRI T
St 0Lt FH AR B R R BB A R

AT DA HH ] 2R 4R % T 55 7ty 400 b, PP At ol -
XEE TR, W E ST
BOUSE AR, IR — 2B TN A
SRR SOV ST M R T, DA S U
A A P B IR SR AR O0 R B B RR B

1S

1.1 #&

ARG T FH 52 oty JL i F o e 2 2R 4 F D )1 |
AR B AN R T BB S MR, R R
WIS s, WFET ARG K 22 em,
$E 15 cm, & 7 cm)H. WA HUCHIE—)Z
2-3 em JEAY K EHEGE 40 HIR), FFucE B
fief M R (R (B 2 d B 1 0.

1.2 #EHHE

% [ (sabouraud dextrose agar with yeast
extract, SDAY) 5 F K (g/L): BB 10.0. FEH
i 10.0. #iZHE 40.0. Big#r 20.0, AR pHo
1.3 FEELFIF{EE

R B L 4H DNA Hi3il &, 4 T4
Wy T AR () Iy A BR A F] 5 2xTaq Master Mix,
Jo At 20 A W R I 0 48 BR 7 ] DL2000 DNA
marker, =ARFIRHEARAF; 5196 855
PRI Py 1A 25 2% 6 AR W (L0 A BRAS wl 58
Ao P F RS, LA R PCR (YL,
RO FHE AR A A IR, Jbatx—4
VIR A AR N AR, TR A
7 WBEIRG A, IKA AH]; Bk, dt
P RVRHMUR A BR A F
14 FHEMHBRERREREHKS S

2% Lu S, G TAEG T, 5

5% 17 0 B HUR AR 30 mL 75%TFRS R
30 s, RS R 30 mL Jop/KEGE 3 %k, FERE
RIS 4 T R K 4y o FH K B 19 85 DK
TRBYRE 3 B, Bl TE 0.1 gL HERW
SDAY #5355 |, T (25+1) °C. 90%AHX| 1EJE
JEJE I 14 L:10 D &8 T 555, frE du kR
KB 22, MR RBGL S H 22, 7 SDAY
Bk mil gk, 838 3-5 d JRaksi ke K
BT B BT SDAY ¥R b, EA R
1E 3 Ik, AR5 3 pRaifbi I w Rk,
% SDAY #HHEHFREE b, 4 CLRAF=H.
1.5 E#HPESENE
W A2 3 BRI HFI 2 SDAY Ko+
Hb, T (Q251) °C. 90%AH M BE . 6
14 L:10 D 4 FHi 3% 15d, WEHEEIE S
Bt s, gk,
1.6 BEEER. FHREMBEFHELENE
BHSR R MR T SDAY 8535 FM |, R
M2k, AR THRE 5. 10 #1154
R VR B AR RIS A (DI R RIS B .
RS 15 d, HEKEATSLAR(ER 5 mm) H #7%
HC S NGRS 12 AT 4 ANEDE, BT
R 20 mL 0.05% Tween-80 ¥ B9 &5 .0 H
FHE B RIE i ps k% 10 min, fHifT55
B, FE RO N A BRSO ST TR,
M4 A 20 (2)TH A 9 B o 5 1t 3 7R A T o
1.0x10° CFU/mL W7 F 277, WH 10 pL 7%
TEKTEREHE B |, T(25+1) °C. 90%AHXHE B |
FEJEMA 14 L:10 D A58 T 557 18 h 5, ksl 1
B RGO, B HRREALEEL 5 R, AR 2
KOIFH I AR, FERKEBLHFEERKE
—2PIC N R . DA RS 3 WA E R .
H& BAmm)=(HE MR EEND)2 (1)
P (Y em?) =il T 25/80 4% x400x10*x

R BEATEU/F T FL A 1 AR )
i 2 (%o)=(PLEF 1+0L BT 2+ 3+ T 4+
LT 5)/5%100 3)
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1.7 PAEBETFEREERSE

Z: BE K i SCAEU I 7 s R R A o 4 0L
2. ¥ 3 MR TR PRTE SDAY KisKE LT
(25+1) °C., 90%AHXT ML . JEJH M 14 L:10 D 5%
EFEFE10d, BL 0.5 cm WL 7 B9AE A T 22 il sy
AP BERE R, SERVHCA 4 °C T4 i R
B E WP E 12 h, HEREE 12 he FESBES
% 0.1 mol/L PBS (Na,HPO412H,O 2.72 g,
NaH,PO4-2H,0 0.28 g, NaC1 0.9 g, % T 1 000 mL
WEEKH, 4 CIRID)Z MR ES 3 K, Bk
20 min, 4, HEMRIKA 30%. 50%. 70%.
80%.95% . 100% £ BEZ MK AL, 4FYK 20 min,
T 100% 04 il i B35 2 K, 4K 20 min, £
CO I A5 T8 2 h )5, F 3 HE BOKE A iol F43
i T €0 = o O O ) £l - U K D B4 Y
Wi AP, AR B TR B T
ZLHHA R
1.8 EHHTFENFELEE

AR E R L4 DNA iR &R
B H PRI ILIN4 DNA, RAEASIYEE 1)
PR ERRAY ITS, B-tubulin A1 18S rRNA JE [
J¥%1, PCR A Z(50.0 pL): 2xTaq Master Mix
25.0 uL, 51%7(10.0 pmol/L)4% 2.0 uL, DNA f&
#2 1.0 pL, ddH0 20.0 pL. JZ ) 2544 : 94 °C 2 min;
94°C30s, 53°C30s, 72°C30s, 35 MEH;
72 °C 2 min, {8 FHBUIEEEE R H UK B E = K/
PCR ¥ alifb 5y, #7478 NCBI s
#47 BLAST x40, fdiH MEGA 11.0 #{=%
H 4P (neighbor-joining) LA i R 40 & B W o

*1 ALEPTANSIY

Table 1  Primers used in this study

N CIE//

Gene Primer Sequence (5'—3")

ITS ITSIF TCCGTAGGTGAACCTGCGG
ITS4R TCCTCCGCTTATTGATATGC

18S rRNA NSI GTAGTCATATGCTTGTCTC

NS2 GGCTGCTGGCACCACACTTGC
B-tubulin  Btl F  GGTCCCTTCGGTCAGCTCTTCC
Btl R CAGCCATCATGTTCTTAGGGTC

1.9 EHRHFREENRGIMENER
FHNE

FH K 3 57 . SDAY e b &I K
15 d WA= =Mmd, MAKER 0.05%
Tween-80 /KIE W, {fi i ie ¥z 7 %5 Yk 7% 15 min,
T REZ R E. H 2 J2EEaE L
22, YA TEIEW . A BRSO AT
BIFRAMEE, IR IR SR 1.0x10° CFU/mL.
BEHUAT — 5 H AR Uk 0 52t iU R, R
FHR H LIP3 BR L 190 T B VR R 2
S S, L 0.05% Tween-80 7K I & Ak
PN IR, BEAAEPE 3 REE, HIREE A
30 o fid, MIERIAOES 2 R, BR Mg Uk
A, ORI, ESME 20 d, FFHEAXG)
THEMIESET- %, X AE G FARIR R , 25 ik
R ATz, WA R F YR .

MEIEFE T =4 B AU T K X BE 4 FE 1=
F)/(A-XF A FET-H)x100% (4)
1.10 FHiEAIE

fii FH Excel #{4% 5236 Bt b AT w126 Gt
% DPS v19.05 #3155 34E H1 B (medium
lethal time, LTso){i . A Duncan [ &% 25 15 ik
TRFZERERE, BEMHKFEN P<0.05,

2 BRGAM
21 REFEEENHSHEREN

FMELER

YRR 5 iy AL R R AR A Y1 4 T B
AR M 2 AR B AR H (B 1) SE T il
H e B9 5 3 RREE HUR R LR, S5 h
Bb23. Bb24 #il Bb25. 3 NHERIE SDAY Ki3%
It FHEFE 15 d JETRAWE 2 U, RiPk Bb23 B
wREER, PRAAERALRE, MIMER
298, EIMNEA —BIRAE A RKY BIX, #E
HIHFE 6, AWRIS; Wk Bb24 RvgiEik
FERS, PRI BEAR, B, %L 25
BHCHAR, FHEERE, GHBREG; Bb2S W
RO IR E kR, AR 2 B,
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5 mm

E1 HERENFRGHIMEBLEER
Figure 1
B: Ventral view.

Bb23

Front

Back

2 ZHREBRTE SDAY EHFE LWEERS

5 mm

A: F; B: M@,

Field-collected Gonocephalum mongolicum infected by entomopathogenic fungi. A: Dorsal view;

Bb24 Bb25

Figure 2 Morphological characteristics of three fungal strains on SDAY medium.

WA IR B M, Aitif, LB,
AR FR 15 d IWRTE B2 T 34.8-40.5 mm
ZI)(F 2), HAE bk Bb23 A K, 15 d i
& EARN 405 mm; TEEK Bb24 A KEHEHRKZ,
Bb25 A K F 18 . FkE Bb24 (77 fl e Al 71 &
R EcE, 4008 (6.1120.34)x107 4 /em?® Al
(93.07+0.16)%, . & = F B kK Bb23 FIEE#E Bb25.
22 AFHHAEBREFEREINREGR
o 4 41 P 7 S0 AU LS T Bk Bb23 . Bb24
M1 Bb25 W22 . F=fsity S oA AT, S50 00

Bl 3, HE 3 AL, 3 RERMmEZHaEK . JH
02> AR A o i Rl 1 I = - 4 ) PR o
FAER A SR A TR 2 L, PR g f s e K,
A Ma o (U i = Wa o € YR (U A B 1N s o5 1 7
BITR30 B  N  Wa 1 s 7 v Ol 2 b A 1
BT FRTESSRE, WI2EHIWT R Bb23 .
Bb24 F1 Bb25 £ R BR A (AR B -
23 BEHRFREEEMNS TEYNELE
R

Bife BEEE RS UK s, TR Bb23. Bb24
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*2 Z=HHINEREE SDAY HEFE FRERMER

Table 2 Cultivation characteristics of three fungal strains on SDAY medium

PSRN FEFRAT ] Bk Strain

Cultivation characteristics Incubation time Bb23 Bb24 Bb25

W% B 5d 18.30+0.34a 17.40+0.24b 15.80+0.19¢

Colony diameter (mm) 10d 31.70+0.27a 30.40+0.64b 27.80+0.26¢
15d 40.50+0.24a 39.30+0.59b 34.80+0.67¢

F=ftl it Sporulation capacity 15d 4.24+0.24b 6.11+£0.34a 3.15+0.14¢

(x107/cm?)

i &% % Germination rate (%) 18 h 89.77+0.12b 93.07+0.16a 88.20+£0.27¢

AN FRERIRZE 5 B

Different lowercase letters indicate significant differences.

3 ZHREHRAESREE T ERHER TR SHEHE

Figure 3 Morphological characteristics of three fungal strains under scanning electron microscopy.

1 Bb25 [ ITS JPAIAP 3G =Y1K 5 5351 A
556. 560 F1 563 bp, P-tubulin ¥ MK JiF 43
Wk 633, 642 F1 629 bp, 18S rRNA JE[H 14
P4 1320, 1327 #1329 bp (Kl 4). ¥
PRI, IR 45 64T BLAST Eo Xt
M. @R EIR, XEEF5Y GenBank HE L
B ER 6L {08 B 27 8RR AR 38 3 99%

JF 188 rRNA FHIMHE T ZRE KW

(K 5A), 45 EoR, WPk Bb23 Fil Bb25 55k
FfEFE CauBb36 (MW633214.1)4b T Ak [
— 3, WMk Bb24 SERIMAMEE M2
(MW 774894 1) b F AL [R]— 4352 . itE—25 LU
B-tubulin FI 18S rRNA JF S E T RE KW,
RIL 3 A BRI 5 BRI R TR Y SR % O Rl
(K 5B. 5C). M, %5 Wk Bb23, Bb24 Fl
Bb25 ¥4 R 1 R
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El4 PCRY E3IEKEREHAIITS (A).p-tubulin (B)
#1 18S rRNA (O)F%

Figure 4 PCR amplification of ITS (A), B-tubulin
(B), and 18S rRNA (C) sequences from three fungal
strains.

i 3 AW AR KT BT E
1x10% CFU/mL)Ab B 52 1t 01 1 HH R o, 25 5 3R A
(% 3), Witk Bb24 7 i, AbFS 20 d iR
BASIESET-H A 87.88%, & & T Hikk Bb23
1 Bb25. Bk Bb24 X 52 1t Ul FH ) LTso (BN
6.74 d, FH/NT K Bb23 Fl Bb25,

WLEE T 5t 0L Y Al LB R ik Bb24 {24k
JEEREAR, RS 5 d kIR, 08 R
i, IR BRI IR A 22, RS
10 d ik REAET, EH R IEg, (ARm A
F A 22 6).

3 Wik

XA HR ) R R R BT, bR
TSR B B 22 IE 240, BT 554
TAEYEFBE, M R X A B U R A

AR o AT AT R, (] B — I [Ny 5]
Xt E AT > T A A R AT AR 22, i [

il FH 22 41> 356 TR RE 0% W 25 48 v 45 0 1 T f 42k
ITS. B-tubulin 1 18S rRNA HE R &% FH W T
FLE YRS IR A, XS E Rz
FHF Bk A R B 1 4 72 U ARSI F
ITS . p-tubulin FI 18S rRNA KN EHIME T R 58
B, IEPAERR Bb23 . Bb24 £l Bb25 1 kyEk
LR - 3 BRIARRIN A E N — 20 JF R R
1B TR B 6 5% iy J50 s FHY AR A 9 B A 7 o FH 25 5 T
Herd

& U SR BB ) A K BOR R S AR Y
VRl S R A OCE, B AR K
R 2 A A 1 7 7L o R A o e L B X R U AR
Yelis2l - P B PR R B, A IS R
(Beauveria brongniartii) Bbr1552 75 74 A5 .
[ R D Rl s o R 7 e e R 7 S S =
XIS R = B . AR 2
RPN R, FER M A,
fli 53 ) Z AR IE A OG . AR5 IE T 3 Bk
BRA P B AR R HUR | A R kR
SRR, 7E 3 BRI, TR PE Bb24 1A K
SRR, (E ™96 5 A kR 8 e
O Sy HOL b PR ) I T A 2 BRI
PR, X5 Bl E R AR 8.

BEHT, ASSCEE = TR Bk 1 1
B Bb06 X 5% vl Ul b Y g e R B e, BRI PR
Bb06 Zb 3 20 d J5 , Zé it b FH S LA AL IESE T
HN 82.97%, LTsofEH N 11.09 d, ABFFEHIE
HI TR PR Bb24 5 1 H5R, AbFLE 20 d MR IESE
T A 5] 87.88%; LTsofEHE /N, (UK 6.74 d.
PR, TR AR Bb24 7E5E L F B it vh B i —
IR AT

A5 R, HWikk Bb23 . Bb24 Fl Bb25 &
SR H A — Sl L P e e, (H 3 RREE PR A
AR EZES PRtk Bb24 RY 5
B 20 d BEIEAET %k 87.88%, T KA #k
Bb23 il Bb25 KL IEFLT %A 42.42%F1 33.34%,
ATAALARGE T 28U G, - 400 8 50T A e it
TR IR AL Ay B ARG 3 kBRI A (B Bbyn-1.
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5 ETITS (A). B-tubulin (B)F1 18S rRNA EF(O)FIMEMRZELAERN 5N NEHFEE
£ GenBank HYE 55 &3 BB RN BRI, AR 0.05 F1 0.1 AT S k1L 22 57

Figure 5 A phylogenetic tree based on gene sequences from ITS (A), B-tubulin (B) and 18S rRNA gene (C).
The numbers in parentheses represent GenBank accession numbers. The numbers in each branch point denote
the percentages supported by bootstrap. The scale bar 0.05 and 0.1 represents sequence variance.
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Table 3 Pathogenicity of three Beauveria bassiana strains against the adults of Gonocephalum mongolicum

Item Strain Bb23 Strain Bb24 Strain Bb25
& IEFET=# Corrected mortality rate (%) 42.42+5.46b 87.88+3.03a 33.34+4.04c
# 77| 5 2 Regression equation Y=2.29X+2.10  Y=2.60X+2.84 Y=2.67X+1.46
HH 2 R B Correlation coefficient (r) 0.98 0.98 0.95

LTso (d) 14.78+2.08b 6.74+0.60c 21.24+1.84a
95% & {5 X [f] 95% confidence interval 15.35-24.42 6.00-7.44 17.20-29.71
A/ NEFEFRRERBE

Different lowercase letters indicate significant differences.

5d 7d 10
o . .
5 mm 5 mm

Ventral

5 mm

d

5 mm

5 mm

6 SRl Bk R EIAR Bb24 [EAREIRTHARYER

Figure 6 Symptoms of Bb24 infected with Gonocephalum mongolicum adults at different stages.

Bbyn-2 1 Bbyn-3, iX 3 /~Bf #k X Bt 57 73 Mk 4
WA R EER . REREERT P
AR AR F) 2 BRERAE AR E YY-1 F1 HNC-1,
B G5 R, AR YY-1 X5 Hb 57 7% 1 %)y
WA B TR HNC-1, 0 r=Ax —
PG 0 D R 5 TR AR ) 2 3 R A S s R A
HAEFA KR, Juah, Ao b & LR P Bb24
UGS 5, iR ATaR S, RAZ s
b, 3K R BB A TR R PR A AR P 3
B, THFETF FEFRIFMIR RRA L T8 w2,
Sty il R BE T, HSK SR AN A0k Ak HH B £ B
22 X EEH R R YL, 78 H Al r 2k
P 0 5 0t 400t R RRORE B o S S0 T R TR AR
Bb24 X 5ty il kb HI AN ) % 1 &0y R A 25
FE , FEPEN BRI RE Bb24 X6 5 k48 s HH (%) HE ] 358
RIS W H A B T R B4 S

4 b

AT DA B ] SR £ 1) G T 52 vty 401l H AR ot
oy AR 3 MR U R L B AR AR )
THEYFYE, e 3 PRE Y ERIE R
i —2P5E 3 R A P2 SR A R TPk Bb24
PITE EARN 39.3 mm, bl ATl & 00
(6.11£0.34)x107/cm? F1(93.07+0.16)%., L5 3
W], WPk Bb24 B Jidam, ALFES 20 d BALIE
TR ik 87.88%; LTsofH N 6.74 d. Tk
Bb23 F1 Bb25 AbFRALIR HUAL IEFE TSR 5 H Ny
42.42%H1 33.34%.

(-

ek M. Sk R BRI . BE
Br. BIRGIE  ESCRS ;A3 mT . B
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RUZRPH . S8 SR mllcsR s X5 2l . ff
FERERARIC, f& 05T EREFE A, 15 H
EH M RSB

16 A 25 ¢ RATE 7= WA

P 75 W 4 JCAT AT n] BE 23 R AR SCPIr 4l

TARRE R TR AR AR
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