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Abstract Entomopathogenic fungi have been studied to develop for biological control agents as an
alternative to chemical control agents in insect pest management. Two Lepidopteran insects, Spodoptera
exigua and Plutella xylostella, are serious insect pests infested various crops, but not effectively controlled by
commercial chemical pesticides due to its high insecticide resistance. A fungal isolate was isolated from S.
exigua larvae collected from green onion field in Andong, Korea. To identify the fungal isolate, 18srRNA
sequence for internal transcribed spacer (ITS) and B-tubulin regions were sequenced. The ITS and B-tubulin
sequence were highly matched to Beauveria bassiana and morphological characteristics also was fit to known
B. bassiana. Finally, isolated fungus has identified as B. bassiana and named B. bassiana ANUI1. The result
of bioassay, median lethal concentrations were 2.7 x 10° and 0.9 x 10° conidia/ml and medial lethal times were
65.6 and 60.8 h to S. exigua and P. xylostella, respectively. B. bassiana ANU1 showed high pathogenicity to
two insect pests from 20°C to 30°C at 50% relative humidity (RH) and more than 40% RH at 25°C with 10’
conidia/ml of concentration.

Key words Biological control agent, Entomopathogenic fungi, Beauveria bassiana, Spodoptera exigua, Plu-
tella xylostella
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Sk W54 Tld s o] 8- H]EjAo]Th(Han et al., 2013).
T3 HEAIY] =g AR 19901 ] ZHE A 20 2wl
FE el A 28] 7iA €] &3 (Tabashnik et al., 1994)°]
B o] & XA} theFst slFollA] A AA7F Has
3 Q). oo} -2 AlEEere] AR Qlal & thE AEH
WA Geee] ko] AAgh Aot

2= AA ZBolel Beauveria bassiana= AT
(Hyphomycetes)ell <56t 7153251 XA A 2F¢AA o) A
279 HEE 2Hske 98 gtk 13 Al B &, 4
Bl FallskA|nt o il = WYde 7Y
(Lacey et al., 2001).
IEO] WA o R Q) A7t AgE] o] AR, 7)1
o] A 7)zke] & IR kol WA sfFe] AEH
HAE 9l AEIAR A9et Ao2 HHITH(Lacey
et al., 2011). 2252 442l <JsiA H 2
WY vloly 29 Mt g LEHYAd FElFE 2
3] HES B8 BjdoR B9E JFe 7153 W
A28 A9} 5HED EHE Sof
(Charnley, 1997). T3+ 7+d® &% =
7 ol EAlehs s o83t dgog FAge
2H 7|3 GUEES IAAA AP o]2A gt XA}

J

F7HE AAANE F Sdle e
(Hajek and Leger, 1994). gl ¢]oX = ol2fst 2FH Y
Fole] F& AT o83l 2ATIFo] MAlE g A
Al 7ol o] &5 Ark(Shin et al., 2010). TE3F =)o)
= EF VAE AL o]&3 118 Ao dsto g EY
I} ofeloll A Y E ThFt sl Fol M AN ge] 79
FFo] o]FoiA|aL St} o] 7HU| Metarhizium anisopliae
FT83& of|ZAolM FAA H= sphpd f5o tigh
=2 HAHoR A UATHOEMN 9 753 Al
319 tH(Han et al., 2013). 3} [saria fumosorosea SDTvE
AldAENA oA A 7Y e ARl g =2 A
g3 tjEo] 22 9 UVl ek 22; kgg o ® aaARl
nAE AFAEAY &8 7RSS UERSITH(Yoon et
al,, 2013). o]2f&t AFEL T2 LFHIA FE0)E o &
v E ATA RS A 712ATEN Fo] B
I} B30l Bk Aol 2Ho] BoA AT

2 AollMs A slFe] AEH HAE Sl 9o
2 AlX % B. bassiana 5 tgt bt
| FEUgel] tisk A5E A3 ot oke] 37l
WE B. bassiana #5-2 HLY ARE SIS ol S3l
M=Zol #-JE B. bassiana 52 ©1& F dFol tgh of
SQzzolxe] aaARl WAoo} AEA WAl ARpEH
2 7R g1 Qg 7% ATE sl

2 Ao e YH|Ee] shpds) wigEuy
ez AEPEe Fdsian. Sy 452
E(Goh et al., 1990)E o]-&-3to] Foi ARS3IAT HY
W wFE ol st o ARSI 4
10% ABES HolZ FF3I9th A7 242

5+1°C, F27 16L:8D, AHEE 50 +3%= 431
o AES ARSI

o 1L e

o, “m’ rE :‘O
of\ OjN ofl oy

flo r

ZEHAMN ZTolo 22| ¥ HEHEY &
20143 99 SFEA] FAm A s 3} AujR] A AHH

g spih 58F 7HeT w8l 29 WS Beln A
ARE FRAOA EAHE A8k PDA iAol fHEsto] o
d F2UE HFsiAon, 25°Colx FHolE kst &
20% FAE ARFLEOZ ARsie] —80°Co] AT T
olgatrt. WEltTe] gy #FE 9lsted Lacey
(2012)9] slide glass culture *'4-S Wit PDA HZ ol A]
3U7F vt FAE 2% water agar 9ol £l F Fo] ¥
& W& RS 22 x 30 mm) Ale]o] EL 25°Col|A
797 Wi T SR} 388 m 7 (BX-PHD, Olympus, Tokyo,
Japan)3} FAPA2FE ] 7 (S2500, Hitachi, Tokyo, Japan)=
ol-gato] AL 9 ZALe] e E AT

(Potato Dextrose Agar)al A4 W #Fo] #AS o]&-
3lo] DNeasy Blood and Tissue Kit (Qiagen, Seoul, Korea)
2 Zesisith EeE 47 SAHESE A4S Sl
PCR primere= White et al. (1990)°] w2 ITS1 (5-TCCGT
AGGTGAACCTGCGG-3")% ITS2 (5-TCCTCCGCTTATTGA
TATGC-3") Zz}o]™ ¢} Tartar et al. (2002)°] wWE tubFP
(5-TGGGCYAARGGYCACTACACYGA-3")9} tubRP (5-
TCAGTGAACTCCATCTCRTCCAT-3")Z ©]-&3}] internal
transcribed spacer (ITS1-5.8S-1TS2) ¥4} B-tubulin gene
S PCRZ ZE313 . PCRE AmpONE™ tag DNA poly-
merase (GeneAll, Seoul, Korea)E ©]-8-3} 95°CollA 30%,
55°Coll A 30%, 72°ColA 45%2] ZACZ 35cycleS %13
&t 1% agarose gelollX S5E MEE 13 £ Gel SV
Kit (GeneAll, Seoul, Korea)& ©]-&3}o] =44 sl v}
ARAGF)NM A7IEE BT E4E A7
GenBank (NCBI, http://www.ncbi.nlm.nih.gov)2] BlastN 7
A Z2adE o]gste] fFAMdo] e F7IM L vl
A 31992H, ClustalW ZZ 73 (www.clustalw.genome.ad.jp)
< o]&std A7IME Atole] FEide] AR HU. o] &
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MEGA 6 22713 U]9] Neighbor-Joining WHS A-8-51]
AEEA B ATEE 758t Tamura et al., 2013).

HelM ZEO0| B bassiana ANU12| 453 ZA}

PDA wjR]ol|A] 2327+ wlFR B. bassiana ANUIIA E
A= F881e] 0.02%2] Tween 80°] HEd HdEH0l

ddstA Agsidieh. o] § A = hemocytometer
(Superior, Marienfeld, Germany)E ©]-&3te] 942} 43F&
17 (BX-PHD, Olympus, Tokyo, Japan)©- 2 2F1&}iT},
B. bassiana ANU1 EAFAENo| ot A5 HHL Eom
et al. (2014)9] o] w2 & Z]X]t”——i Algskadet. 9
A, IR A5 ARS S8 w=E(1 x 10, 107
10°, 10*, 105, 10°, 107, 108 comdla/ml)i FHlE ¥ E
dof] i AR x A=, 2em x 2 cm)S 10527 FAAAI
3087 371 FollA xsisiT). o] & sk v
S 2% AEES AE wiF do] Eolde six-well
Constar culture plate (Corning, Lowell, MA, USA)°l| 2zt
Ak § 24X7F A0 2 U A7) AFES FALS)
Atk 7+ Al AEEE 100y HRo 7 FAELS
o, A F 6 5 sYg ATt AEFE ARSI
N2AES B bassiana 52 BotaniGard®ES (1 x 107
conidia/ml, Laverlam International Corporation, MT, USA)
£ ol&3t 9ot s o AEHRS st A
T4 v siSit

Cist 2= =0 CHSt B. bassiana ANU12| Ab=3 XA}
2c

bassiana ANUIS T}t %L:_ZJJ(WC, 20°C, 25°C,

30°C)llM Aelste] spihbdat wisEubt 2% frsol o
ot A5ES 23U F3Fo| B bassiana ANU1S| A5
2 2ARIA 715 Hish BU% WO 2AL
Aol A4E s disE 50+£3%=2H RH/
TEMP Data Logger (EL-USB-2, Lascar Electronics Inc.,
Erie, PA, USA)E o|&35lo] Ar7te g =AH 319t 72 A
Zle Al vkl 3ukRo s FAERIoH, A F
62 9k AT A7) HESE AT

of

lo

Ex7240f CHSt B. bassiana ANU1Q| AE2 XA}
A3t 22N 107 conidiamle] FEE FHE B
bassiana ANU1S TS SE2ANEE 30%, 40%,
50%, 60%)141 AElste] shpds} w3l 2% 5
o tist A5EE fd 7IEs U2 T3t YHoE A}
SIATE. £ Aolld AAE 2reed 25CEA e
< 7171(LUH-802MW, &7, )5 ol&ste] A%
ek 2 Age AEEE 100y 3ukEo g A E e
o, A2 § 6 53 FYT Ak AEFE AT

N

FFae U A=A AF8 Abbott] ¥
2]5 o] &3 HAEH 2 (Abbott, 1925), MEHA A=
W A5 2A] arsine M3 $ SAS PROC GLME ©|&
ato] ANOVA #4 % Az 7k Hws A8t
(SAS Institute, 1989). T8t RH=AFE 29} HEFX|AA] 7
EPA Probit ¥4 X273 Ver 1.5 (U.S. Environmental
Protection Agency, Cincinnati, OH)E ©]-&-3}o] 2A|3}3t}.
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Fig. 1. Morphology of Beauveria bassiana ANU1. B. bassiana ANU1 was inoculated on PDA media and cultured at 25°C for 7 days.
B. bassiana ANU1 observed under phase contrast microscope (A). Spores and hyphae from B. bassiana ANU1 observed under SEM

(B and C).
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IANU1

| Beauveria bassiana Sc2533

Paecilomyces cicadae

Cordyceps cicadae

Isaria cicadae strain BCC19486

(8)

Beauveria bassiana ARSEF2860

ANU1

Beauveriabassiana UFI15477

Beauveriabassiana ZJ01

— Beauveria bassiana 9011

—
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Fig.

L Beauveriabassiana 9016

2. Phylogenetic analysis of Beauveria bassiana ANU1 with other fungal species based on nucleotide sequences. The tree was

constructed by the neighbor-joining method based on genetic distances calculated by the maximum composite likelihood method in
MEGA 6.0. Bootstrap values > 70% are labeled. Phylogenetic tree constructed by ITS region (A) or B-tubulin (B) of B. bassiana
ANUI with other related fungal species. GenBank Accession No. are AY532058.1 for B. bassiana Sc2533, AF368801.1 for
Paecilomyces cicadae, KF740422.1 for Cordyceps cicadae, F1765284.1 for Isaria cicadae, DQ395070.1 for B. bassiana ARSEF2860,
DQO079603.1 for B. bassiana UF15477, EF025914.1 for B. bassiana ZJ01, AY366062.1 for B. bassiana 9011, and AY366063.1 for B.

bassiana 9016.
4 1
ZSHAM ZTolo X
ofololl A AFE s §57he FFol] g o
Aoz AR AN Zgo] FFE Belsle], shahpd
2% F5S R AE 747@,3_ 4630}04 AEE S Hol=
FFE Aty AwE #52 PDA HjR|o) X433kl 7
4

s A
a7 MFIRE AL ALE et EAE B4

S 733 FARAREN A o) g3te] Al
A AL gl 5= IO H (Fig. 1A-C), A= ddo=w
3~5ume] 2712 EA & th(Fig. 1B). T3k - E #52
A E S FolA Slell PDA iAol 747 vikE
AR} AL genomic DNAZ} 25 300H, o]& 3
S =2 ITSS} B-tubulin gene®] PCRS F3Y3led 1% agarose
gelol A 22+ 600 bpet 1000 bp 2712 FZEATHAEH
AN ITS 714D 24 23 AQ¥E 238 Ld 780
= B. bassiana Sc2533 @} 99%, Pacilomyces cicadae
T N%2 Feds HERHITHFig. 24). &3 B-
tubulin G711 <€ &4 A3} B bassiana ARSEF2860 o5
©} 99%, B. bassiana UFI5477 59} 98%2] 4544
Bl 2Ath(Fig. 2B). ol213t Feists] ¥ EA=H4 54
AE Bl HeA g Aol AHE sl A
EoE HYA FFole HFHOR B bassiana® BHE
o] B. bassiana ANUI1L.Z HH 33T}

=5HAUY ZHO0| B. bassiana ANU12| 253 HH
B. bassiana ANU12] 2E8o] =) F2 dj52l v}

Wt FE £58 R ARG 2 A #

2|¥ B. bassiana ANU1 #FF= 7 52 Y| &3]30l dis]
A T 347l 50% ool AFaHE Lok thFig.
3). B. bassiana ANU13} 212 AM8-3F A998 B. bassiana
AEsoRe] A4 AN F A 4FH
zfol7F FAX LR frolg AoR FAE A Fhe
O 2 B bassiana ANU1S] 252 JQL B. bassiana
#7¢F HlaLste] 18%o1d 5] Apol7b yEben
(Fig. 3A), WP M T 14% ©1°3 B. bassiana ANU1
o] AFEo] &2 7102 A th(Fig. 3B). Hhpdst
S o] A2E B, bassiana ANU1 52| A2
A T oAl EAF] Tt STl wet FAA R
oA S7ret e (Fhi: F=146.19; dF=7, 16, P=
0.0001, ¥iE=F U F=276.57; df<7, 16; P=0.0001), 10°
conidia/ml®] ¥AFEER A A F F9 sl disl] Az
T 5UATE 80% oSl AT vrebsitt. 53] sht
B thAYC 2 B, bassiana ANU1L 10* conidia/ml ©]%
EAAE FroM A F 6dA el 60% oo A

S YehH7] Al2Hsked 107 conidia/ml ©)/4e] EAAE] i

32-'\1

FE 100%2] 28-S Jepolt =3 wjFEups o)
o2 B bassiana ANUIS spihplkst EdshA 10*

conidia/ml ©]A}e] XA E &
o)A o] A g YERNN S, 10° conidia/ml o]+ EAH
AE FEFE 100%Y 258S JeRNATE. B bassiana
ANU19| o3 spahgatbs) wjseSuple] 830 i3k wi<e
AAFEE(LDs)7F ZAFE AtH(Table 1), ThFeh H =& B,
bassiana ANU12] XAE gt & 64 <t 2AGH A5

oA A 3 6Ll 60%
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Table 1. Pathogenicity of Beauveria bassiana ANU1 against two lepidopteran insects, Spodoptera exigua (beet armyworn, BAW)
and Plutella xylostella (diamondback moth, DBM) at 6 days after treatment

Insect No. of larvae® LCs°(95% confidence limit) Slope = SE* x
BAW 270 2.7x10° (1.2 x 10°- 6.3 x 10°) 0.61 £0.06 1.853
DBM 270 0.9 x 10° (0.5 x 10°- 1.6 x 10%) 0.83£0.10 3.128

*Second instar larvae of BAW and DBM were used in this bioassay.
*The results of LCsys (with 95% confidence limits) are expressed as conidia per ml for this bioassay.
SE presents standard error.

(A) 8o gL nigoz 239 whpia MFEuY £35S dge
=1 BAW 2 747 27x 10012 x 10°-63 x 1093 0.9 x 10%(0.5 x 10°—
sl a 1.6 x 10°) conidia/ml®] EAFEEAAN 50%2] AAEAE

50 |- Bl 4 A= Ao g ZALEAT T3 108 c0n1d1a/m1«]

| ; Asol| 2EE s w5 28 fae] WA
1 AAZHLT S 2H2F 65.6(60.5 —70.6)3% 60.8(54.4 —66.6)
ol I I Al7ke 2 ZAFE Y] B. bassiana ANU12| XA}xE] & 3¢

Mortality (%) at 3 DAT

bl 50% ol/del AFE e zh= o= UEPth(Table 2).

WelM ZT0| B. bassiana ANU1S| 2= A&

Ol
i)

B. bassiana ANU1 Commercial B. bassiana

oY rH

0z of

80

os HUGE S0%e FAF FERAN TeE L
(15°C, 20°C, 25°C, 30°C)Z B. bassiana ANU12] A52
A

i , shihbish WEEPES o 2ASIe] 20°C o) ge
= L LA B AFeo] ek A& ISUCHFig. 4).
“r Falgel A 27 AHe e F 6dA 2wt
» I 27kl wek $ARCE folahAl SISk,

70 -

_4

Mortality (%) at 3 DAT

05 F=68.25; df<3, 8; P=0.0001, WlF&UY: F=101.67; df=3,
8; P=0.0001). I}E-2 20°CollAl 30°C7HA Y] =0l A]
A2 F 4QARE T0% olde] AFEL W) AR
Fie. 3. Pathogenicitv of B 5 ANUI ato] 6ROl 79% olde] AFaAE YepGi o, 15°C
ig. 3. Pathogenicity of Beauveria bassiana or o] O el 3 & 0l B A= R
commercial B. bassiana pesticide (BotaniGard®ES, Laverlam °l _""’“oﬂ 1= A F 3dARE desshh vehtr) A
International Corporation, MT, USA) against two lepidopteran 2hsto] 6ol 40% W] AFES A8k thFig. 4A).
insects, Spodoptera exigua (beet armyworm, BAW) and HlZEZUHEIE 20°ColA 30°C7ERS] LxolA 27 & 4

Plutella xylostella (diamondback moth, DBM) at 25°C. Second oA o] Al s 1 o
instar larvae of S. exgua (A) or P. xylostella (B) were exposed Al 66.6% oldel AR ASIH7] At 6544l

at 1x 107 conidia/ml. Treated insects were kept at 50% RH 86.6% °l’de] AFaxrt Yehhsloy, 15°Ce] 2&clA
incubator. Each replication used 10 larvae and was replicated = A2 5 6dA ol 45% vke] A YeR A th(Fig.

three times. Mortality was measured at 3 days after treatment . -
(DAT). Error bar indicate standard deviation and different 4B). WA B. bassiana ANU1®] 5 gl tish #2]]

E. bassiana ANU1 Commercial B. bassiana

letters above strandard deviation bar indicate significant 227t FUHESE ASEY STk TAFLE fosH
difference among means at Type I = 0.05 (LSD test). BESEE

Table 2. Median lethal times (LTs) of two lepidopteran insects, Spodoptera exigua (beet armyworm, BAW) and Plutella xylostella
(diamondback moth, DBM) with 1 x 10® conidia/ml of Beauveria bassiana ANU1

Insect No. of larvae® LTs0"(95% confidence limit) Slope + SE* a
BAW 210 65.6 (60.5 - 70.6) 11.18£1.72 1.660
DBM 210 60.8 (54.4 - 66.6) 742 +1.06 0.062

*Second instar larvae of BAW and DBM were used in this bioassay.
*The results of LTs,s (with 95% confidence limits) are expressed time (h) for this bioassay.
SE presents standard error.
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Fig. 4. Pathogenicity of Beauveria bassiana ANU1 against two
lepidopteran insects, Spodoptera exigua (beet armyworm,
BAW) and Plutella xylostella (diamondback moth, DBM) with
1 x 107 conidia/ml at different temperatures. Second instar
larvae of S. exgua (A) or P xylostella (B) were exposed at
different temperatures (15°C, 20°C, 25°C, and 30°C). Treated
insects were kept at 50% RH incubator. Each replication used
10 larvae and was replicated three times. Mortality was
measured for 6 days after treatment. Error bar indicate standard
deviation.

ClFst S X710l CHSt B. bassiana ANU12| &E8 XA}
U LEF(25°C)NA TEEH AFTHEEE (30%, 40%,
50%, 60%)Z B. bassiana ANU19| %S stz
HEE2 RS o s AR 30%01A 60%7FK ] A
EEolr B A5aat UYelkthFig. 5). 7 siZel
A #50 AFE2 AP T Gl FE7F STl
w2t FAXCE oAl F7sIThEh g F=18.22;
df=3, 8; P=0.0006, ¥jFEwd: F=11.57; df3, 8; P=
0.0028). B. bassiana ANU1= -4-‘%“4—‘3} 2% 52 gge
2 AT F 4R 40~60%2] FHFZNA 66.7%2] 25
o] et 1A, 30%2] AisEdlME 45%2] A%E o]
UERSTHFig. SA). Est BHZ*—»}% 28§ eE
30%, 40%, 50, 60%°] FHFEA A & 3dA ] 22}
35%, 50%, 70%, 70%2] %%?‘aﬂ Uepon, A2l T 6
Aol 100%] 253 o] UErstth(Fig. 5B).
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Fig. 5. Pathogenicity of Beauveria bassiana ANUI1 against
two lepidopteran insects, Spodoptera exigua (beet armyworm,
BAW) and Plutella xylostella (diamondback moth, DBM) with
1 x 107 conidia/ml at different relative humidities (RH). Second
instar larvae of S. exgua (A) or P. xylostella (B) were exposed
at different RHs (30%, 40%, 50%, and 60%). Treated insects
were kept at 25°C incubator. Each replication used 10 larvae
and was replicated three times. Mortality was measured for 6
days after treatment. Error bar indicate standard deviation.
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LEHAA TEole FAEAY XA BARIARA
8% AEAd FA AL LHOW% oFe 259
WA 2o Fofgitt 5’31 F2olle A aiF 7Hevl
M 554 352 THeE 244 rile AsAlE 2
Y w7 o yhlM A7 gL e 2
ot} XEHYAA wdole A AAK LR FHAa 9059 700

oJFo)| o]EH(Goettel et al., 2005). 22| 3L A Oomycetes,
Chitridiomycetes, Zygomycetes, Ascomycetes®] 4712] £-7F
O 2 o]t Hwang et al., 2009). ©] 7Fed 7P
HEK o 2 o] 87 e EZEWYUA FEole Beauveria,
Entomophthora, Isaria, Metarhizium, Lecanicillium, Neozygites,
Nomuraea 5-°] 3)tH(Hajek et al., 1994; Supakdamrongkul
et al., 2010; Han et al., 2013). 2 IHolA Ea=H= &
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A FBol= Metarhizium anisopliae (Han et al,
2013)9} Nomuraea rileyi (Hwang et al., 2009)S. 24 1]
5 FAE BAoR o5 #Fo] M 1Sl

AR} o] F0fA| 3L Qi —F_’— U ol om}ﬂ?l €

o ofl bN

5719 ”% ‘&‘i‘é‘ e

& Fo ol Aol o]FolA dA) o]2A Hrt
(Hwang et al., 2009). €70l Hdg A EA = D74 Wl
EABlE FELE ol8sted FFo] FAE AlFsH, o
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