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Screening and compound mutagenesis of a highly pathogenic
Beauveria bassiana strain infecting silkworm
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Abstract: [Background] The bioactive substances in batryticated silkworms (Bombyx mori
larvae infected by the entomopathogenic fungus Beauveria bassiana) are widely used in
medicine, healthcare, and cosmetic industries. At present, most of strains used in the production
of batryticated silkworms are the spore powder from naturally dead batryticated silkworms
without purification, and there is no fixed application concentration, which make it difficult to
ensure the mortality of silkworms. It is an important direction in the research and development
for industrial production of batryticated silkworm to improve the pathogenicity of B. bassiana
strains and screen out highly pathogenic strains with excellent biological characteristics.
[Objective] To screen out highly pathogenic strains by ultraviolet-microwave compound
mutagenesis and provide elite strains for the factory production of batryticated silkworms.
[Methods| A strain of B. bassiana was isolated with the spore dilution method from naturally
infected domestic silkworms in Shanxi province. The strain was then mutagenized by
UV-microwave combination, and the spore production and pathogenicity of the strain were
compared before and after mutagenesis. [Results] The original strain obtained by isolation was
identified as B. bassiana and named B. bassiana Bb1003. Considering the mortality and positive
mutation rate, we optimized the mutagenesis conditions as UV (15 W) irradiation for 30 min
combined with microwave (800 W, rated microwave frequency of 2 450 MHz) treatment for 60 s.
Six mutated strains, including UMCM1, UMCM2, UMCM3, UMCM4, UMCMS, and UMCMB6,
were obtained after screening. UMCM?2 caused an infection rate of 97.64% for silkworm,
produced spores 2.48 times those of the original strain, and had significantly higher pathogenic
capacity for silkworm than the original strain. [Conclusion] A highly pathogenic strain was
produced by ultraviolet-microwave compound mutagenesis, which laid a foundation for the
mass production of batryticated silkworms.

Keywords: batryticated silkworms; Beauveria bassiana; ultraviolet-microwave compound
mutagenesis

BRT (B 74 (Beauveria bassiana)fE /32524 o WOHARHE S B AR KRNy 79.84%"; HH]
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ERESW A, REFIFEREEE, AP
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PupfERE LB T 5 BRAERE R, JEx I
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e P SR A PR I AR A R A XA EE Y 9 Bk
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1.1 ##
1.1.1 #HilEHk. =R

BRA AR Bb1003 Bk 4tk A vy
A I BRI B S B R A SR AR P H SRR
PR TR Y 5K 2 AR

RAEMFAATE X AR, 2l RsE 4
PF T i b iR 2 S iR AR
1.1.2 #HifiEHFE

FEALRE SRR (/)P R 15.0, BERERD 5.0,
FEA 2.0, Bok# 2.5, FUHE 3.0, #{8 1.0,
IfR 0.1, GREREE 1.0, HRFRMW 0.05, B &
Bf2.0, BLEREE 0.05, BIFRILER 0.05, BilR%4:
0.02, IfE 15.0.
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1.1.3  FERXFFLEE

Ezup H:X EH LN DNA HiidH & .
dNTPs, SanPrep #x DNA & [FIC 57 &,
TAEY TRE(EWR) B A PR W5 Tag™ DNA
Z KM, MBI Awl; Bilgh, EmprARA
Al WS TAEG, JURURBRE R AR il i A B
ONEl TR RA, R —TER AR A PR
Hls e WA, BARERTA AR, PCR P
4, Applied Biosystems 2 ) ; #ERC RGN,
R BB RA ] SHMT, RS
SRR B A BRA ¥ o
1.2 E#HH BIFIE

S HOBHEEECI k. FERREEANT,
HOER A A R B Tk, A 0.05%
I 7 -80 19 JC TR /K 78 43 A0S TC i 10 mL A,
W BRI T 2B R RR(1071 1072107 1074,
107, 10°°, 107, 10°f1 107°), HU#SZhs Bl
100 pL WA Frefuds st 1. 7EfEiE R 7840
PEATERFRGRE 26 °C, MXHEEE RH 75%). fF
TRV G PRECAA T, ik R A E T
26 °CHEIRIGFRAR H AT 1%, B G i 2
P B TR T SRR — B, A3 B SRl
T, BT 4 COKFEIRAER
1.3 BEHRETE
1.3.1 AEME

B 10 pL ¥k Bl 11077 (o B ik 3 Ah 5]
i A s FR S, 78 26 CHE IR K SR A 5] B by
I, MEIC T R TR TE A RE , H et B
i~ WEIZ BRI 7 255 Fl A R AP IR
132 HFEYMFLERE

K P B LK 20 DNA il 432328 70 & 52 B
DNA, FIHE @514 ITS1 (5'-TCCGTAGG
TGAACCTGCGG-3")#l ITS4 (5'-TCCTCCGCT
TATTGATATGC-3")##47 ITS J¥%1 ) PCR #4057
PCR JZ W {K % (25 uL): 10xbuffer (Mg*") 2.5 uL,

F. RS0 pmol/L)4 0.5 pL, dNTPs
(2.5 mmol/L) 1 pL, DNA (50 ng/puL) 0.5 uL,
Tag™ DNA Z % (5 U/uL) 0.2 uL, ddH,0 #h 2
25 uL. PCR JZ W {4 : 94 °C 4 min; 94 °C 45 s,
55°C 455,72 °C 1 min, 30 ME#F; 72 °C 10 min,
PCR J7W)45 1% B BHEE R R UKASHI , 7] SanPrep
FEX DNA e FIBGRGR & 2lifb 5 % 228 T4
T AR ) B A BR 2 FIEA T T o 00 7 25
32 E NCBI F:H U (www.nebi.nlm.nih.gov)
J£ 14T BLAST X437, R MEGA 6.0 # 4
H1 ) neighbor-joining (N-J): 48 R4 & B RS,
14 MAFEZHEH&

W o B Ak T bR D T A 8 R B BT
26 CIiFR B G2, SREHI N HFImA S
0.05%n31-80 M TCER K, FHRE 19 £t 1
PFEA], TE RS T A BRSO 96
P g, B R EE AR BB A 1x10° . 1x10°,
13107, 1x10° fil 1x10° 4~/mL HHF =28, ##
FETE 4 °CUKFE & -

1.5 SEEHRMNRELSBER NI NE

FI AR B A7 B VRO i A S 4
HEAT E AL B, RN R SR, R
B 3 IREEFRMR 26 °C, AHNHEEE RH 75%).
el R A, AR b S R e 1 e
WeRE . BEAAEFE 500 Sk4hh
1.6 EHRHIFE
1.6.1 £MFT

VEATIR N 15 W AT, 5 RE % L
FRES 28 cm, FHFEESMT 30 min, FREKILEF]
FE R, WH S mL HER T HAE 9 em 1Y
W BRI, TIPSR L, st dfih 550
A3, RESFESTE 3510 5. 100 20, 30, 40,
50 A1 60 min"*, g 200t 2 AR AR A B R
BIROE SRR, B 100 pL 43R0 T 7 96 [ R R 57
b, 7R 26 CCHEIR IR FRAR HROEIE IR 5 d 5l
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SRR TERCR, SRR BOERMZ ., KA
TR I 42 3 A ) L T AR SR -, B
IR BT AT, LASEUR B R 2095 728 1 T Bk
0L BRI AE A B T3 e A, DA
I EARRTIARE 1 A5 LA i 28 A8 T ARAE Ry 1E ) 28
AR R o 38 20 OO 6 I 1 58 74 I ik HH 5K M AR
P AERTIR] . BOERANE AR R ik N
FUHE 3 (Yo) =k HE 41 TR 7 B30 — Ak B9 20 11 % 550/ %k
HREH T 75 £ 100
1F 7R H8(%%)=1F 58 722 1) TR AR /6 TR AR A5 100
1.6.2 MiKIBEE

WU A U 020 5 mL TR SR Py , ik
FHZ2 800 W &€ T AT %% 2 450 MHz A7
W, ORI AR SFBF R (10, 20, 30, 40, 50,
60. 70. 80. 90 F1 100 )X}l T & vF W k1758
SIALE, RS 10 s JFAEVK BB A 10 s 5
R
1.6.3 E-HMEESFT
B 10 mL il 45 (e BE R 1x107 4~/mL 42
TEFRTIOR SR, LLE M T
VA8 T A% f AR IS 8] X0 TR O T B R
1.7 BEFRITHH

TR X A FEAR I 3 UOPA TR . 43 )
fd1 FH Microsoft Excel 2019 F1 SPSS 26.0 #cf4:4
FHOC BRI AT G R TR 0. sy
MoK Duncan 28 Heisk, 459 A E S hR i
Z(SD)FER, P<0.05 FnBEMER,

2 EREG5M

2.1 EMESHIERS TENFEEER

T AR IR IR, 7 BRI TR N
WEEGRAR, FEE, WM Z, A
W& 1), TBSFRER A (RARLEE) P
BRI R R ARRAE, BRI R R ) AP 2 E Bk
HAER.

Bl1 BEENINUEIT
Figure 1 Observation of single colony isolated in
this study.

fii ] PCR 474 H PR ITS FP8 R B,
W25 R WoR Y14 e Be ol 465 bp, GC &ty
58% K I B R Y ITS ZE K 7 51 2 28 & GenBank
I FALZF 5 (GenBank %35y OP716165.1)
% NCBI ¥E47 BLAST XJ b, KEIZE ITS
FA S 2RO BEE e E %, 5
Beauveria bassiana ARSEF 1564 (NR111594.1)
FEH—20E R 99.79% . Bt AP A R Gk
BB 2)BR, HEKSERBEAERER
o BAWE . TS EERIEMS T RS
KB, Bixwtkin e hERBOERE, mah
Beauveria bassiana Bb1003 .

22 S EEKRMRELSHBREDMNELSSR

FHERAL B Bb1003 A [H) ¢ BE Y 10 1%
TR G AL 5 IR T Ab B A R xT
AN e g oy A B i 25 S (1] 3), Bt TR VAR
P3G IR AL 2 e 5 i b a3 YT bk
W R 1x107 A~/mL BHE SRR, KE T
84.91%; MEMRIRE ML 1x10"~/mL KHEfLR
TR PRI B it FH B R R 1107 4~/mL.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



3500

E

IR R Microbiol. China

76

Beauveria bassiana Bb1003 (OP716165.1)

91 —— Beauveria bassiana ARSEF 1564 (NR111594.1)

Beauveria brongniartii ARSEF 617 (NR111595.1)
Beauveria asiatica ARSEF 4850 (NR111596.1)

Beauveria pseudobassiana ARSEF 3405 (NR111598.1)

9] Beauveria malawiensis IMI 228343 (NR136979.1)

91

89

Beauveria amorpha ARSEF 2641 (NR111601.1)

| a—
0.0050

B2 ETITS FIMEMRFLER

5y

Beauveria vermiconia ARSEF 2922 (NR151832.1)

FEAHSCHER AT GenBank 555 73 30 BT =

bootstrap > FF%; AR ZIE 0.005 0 J& 75 22 7150 XK E

Figure 2 Phylogenetic tree based on ITS sequence. The numbers in parentheses are GenBank accession
numbers of related strains; The numbers in each branch points are percentages supported by bootstrap;

Bar=0.005 0 is nucleotide divergence.

23 FMFERENBIERMERERY
0

W5 K B0 R i 8 AR BB 408 AR A e R IR 1 1)
AR, — BB SNV R HITE 70%-80%12,
AHWFFERTERAE = F Bb1003 HEFT 22 4ME AR kb

100
b g
O . ¢
Il I d

< .
= 60
Z
2
S 40+
=

20

1x10° 1x10° 1x107 1x10¥ 1=x10?

Conidia concentrations (mL™")

El3 Tk E{EE Bb1003 REIKEMEBRIETE
ARG FrEFRRTE P<0.05 KR B2
Figure 3 Mortality rate of various concentrations
of Beauveria bassiana Bb1003. Different lowercase
letters indicate significant difference at P<0.05 level.

Mo R, EAMEGETE A 5-60 min i [
N, BBERBERS 3G 0 T, IE AR R
IR TR R AMEGTES ] 30 min
mF, BRAAERE Bb1003 HIEX N 85.34%, It
B IEZRARRIR R i i, M 18.73% (&l 4). i,
EHE 30 min VE BRI AR Bb1003 MY fESE
NG

—e— Mortality
—v— Positive mutation rate
100 - 4 100
P
80 180 o
= &
> =
S 60} 160 8
E E
5 40r 140 g
= 2
20 v/v/\_’_' 120 =
=
S
[-#
0F 10

0 10 20 30 40 50 60
Time (min)

B4 ZEIMFLAETEXTEIERFLERET R FM0T
Figure 4 Effect of UV mutagenesis time on mortality
and positive mutation rate.
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24 WMKIFTEEXMBIEERFMERTER
=AU

WFSE KB, ) [B) 2 5 ) Bt 15 A8 R 1) 2
BHE, BRI RGERE, 441
AL R R T, 5748 BRI 2 0] 0 18 M T 38 K
MR OB AR, AR R RN, A
S8 X7 BR A 1118 B Bb1003 %5748 10-100 s, LA
Wi 2 SO AR B B AR ] . 25 SRR, BEH M
W BRSS9 38 0 , BOER B T, 100 s B
FALFA S 98.14%, IERAFE EIHE TR
PR YR IR 60 s B, BRI
B Bb1003 ALK N 88.85%, LI IE SRRk
FlfEr, A 17.15% (K 5). Hik, 48 60 s 1F
BRI R B Bb1003 (e 0 75 78 ]
25 EEFTEMRMNRELBIER S

SO I G X R S Bb1003
BRI f i HLAT — R IsE I, DL A B AR A
xR, AT R G TR IE R AR R
24.64%, ik H ) 6 HRIEZRAF WAk H , UMCM2
AR, R 15.19x107 /mL. BTk Y
6 PRIERAS MM BN 1x107 A~/mL #1 7=F
W, VAVEAE Z H A AR (BRA BT Bb1003)1EH
X, XRS5 WA R TRy, sk AR L

——Mortality
100 - —»— Positive mutation rate 1100 )
< 80+ 180 %
= 60t {60 2
= =
— =
g 40+ 140 E
o
20} {120 £
0Fr m—v—v 10 £

0 20 40 60 80 100
Time (s)
Bl 5 fKIE T B X B S8 A LE SR L R A 20
Figure 5 Effect of microwave mutagenesis time
on mortality and positive mutation rate.

R, ERFWTHE B 6 ¥RIE 17 A8 ik %
WE XTI, HApEkk UMCM2 fEfb % i
H97.64% (£ 1),

3 W54 #®

TEAE G B W 2RIk, IEAFHEE R
PR AR YE . B o 1A 2 KA
KB ESE, 1TS T8k H Al E i 4
U BCR BT Y AR5
A 22 WS A0 H 5 I A SR YL i) K 4 v 4
BEaifb i RO BRI R . BT RER TS
RGBT, 0B w5 58 P v ik
IAER R —3, a0 RN, TAZm R
J& F 1B 1 J BR 76 11 1 1 (Beawveria bassiana),
Jf-fir 44 - Beauveria bassiana Bb1003,

ARHIFFE X} G A F AN TR v B A BRI (1107
1x10%, 1x107, 1x10°F1 1x10°4~/mL), 4553
B , Beauveria bassiana Bb1003 &bk % & & H A
o 7, VBT AL B K A R A 252 )
ARI, HHERREEAR T — (A, 42 Rhvk B

x1 EEFT 6 RRTERNTFRERENRE
HIEm

Table 1 Conidial production of six mutant strains
by compound mutagenesis and their pathogenicities
to silkworm

e fa L
Strain Conidial production (x10”/mL) Mortality (%)
CK 6.12+0.98d 85.17+1.22d
UMCMI1 13.38+0.87bc 90.36+1.37bc
UMCM2 15.19+1.14a 97.64+1.03a
UMCM3 14.26+0.95ab 91.42+0.69b
UMCM4 13.06+0.60c 95.67+0.92a
UMCMS5  13.95+1.32bc 89.28+0.89¢
UMCM6 13.56+0.77bc 91.74+0.88b

RFEAE AR R/NG FHER 0.05 KFE FAERELES
Date with different lowercase letters in the same column
indicated significantly different at 0.05 level.
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MRS, X 5232 E I i 5 45
R—F, AR, BEEEMWERISEN, &K
ARSI R G REAL, W S R A sy
MBI R BT S, 3R & MEL
R, X 52 EI I s a5 oA e 22 5
AT R A Bk R AR T A R A R —
A5

WF5E &I B R Y i 5 A vp 43 B85 1 1 3k
6L B TR Bb1003 X 5 A BUa 84k, itk — 25
P T AR KA EOR T, RATR AR
F-BOXF IR TR UEAT T3 B MARAk . 3 A5
KB, ISR AR B B P R T AR T LR
BRI S AR LGRS R — N iR
ARTE [ RN BT ARRE . AR R R A
SO AR AR LA b X 0 e A 4
PRUEAT TR0 GRS, e A5 3 1 BRI Ak
PR R R 2.48 1%, RTEE B GE
J14 5 2 1 T R TR A B — SR AN AR
T B —fibe 5 A e R I 1) AR5 51k 18.73%
i 17.15%, BAEFHLIENRAERS 24.64%, Ui
A4 A5 58 5 B — 175 A0 A EE AT DARAS B 5 1Y I
I RAR R 5 AT B — 28 AN HE A 5
FF R R 2 A5 3 B I AR AR ZE R,
FBE e e B 18] P9 07 26 1 I B RET

AR T RN EEZURE ST TEEH
s, ikt TR R AR IR T T E
R R RS A FH (R E, FRATTHRLEA T F [
IR DB IR R AR AE SE bR AR = TR 8 . EAk,
PRUEERIE R 0 L% . R R RE
METEE, A B A ER A s . TR R A
R TR BT L 724 N Ok MR SR E A
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