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Analysis of Genetic Relationship of Entomogenous Fungi in Korea by
Morphological Characteristics and RAPD
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ABSTRACT: RAPD test and the observation of morphological, eultural characteristics of fourteen selected ento-
mogenous fungi were conducted to investigate the analysis of their internal relationships. Paecilomyces tenuipes
showed snow flower form attached to numerous white conidiophores, produced globular and semi-egg types on the
club types of phialides. Cordyceps militaris formed globosely conidiophores, dark yellow fruiting body on pupa. The
phialide as on Acremonium-type in global conidiophores. Beauveria bassiana covered with conidia was not formed
fruiting body and adhered conidia on conidiephore of zigzag type. The PDA and SDAY medium were confirmed
as an optimum growth of them. B renuipes showed to velvet and plane types in several media whereas C. militaris
was belong to centrally raised and floccose in the morphelogical type. In conirast, B. bassiana covered with conidia
on velvet shape. The size of amplified products were analyzed by RAPD using URP primer and were from 100
hp to 2.0kb with 10~14 genomic DNA. Total similarities of two groups were by dendrogram of UPGMA analysis.
The homology of P fenuipes proups was 94.8 to 100%. It also showed 70.1 to 96.6% in C. militaris group and
B. bassiana was higher similarity than any other. The internal change of C. militaris, produced telemorph fruiting
body, was higher seperated in species than P fenuipes and B. bassiana in the RAPD.
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=F5E 7152 AAE 3Ashs entomogenous fungi
oA gl A" S0 st f%e] odAFe]
7} S5 21 o4 9 JFAvel #3E d7) @
& ABEI Ut 2T Cordyceps sinensiss L2 AR
Hlefoe g #7]F Aol S2] XBe o]-&5(Sung, 1996),
C. militaris'= 42184 529 cordyceping F-3le] &
A7t 9 kA2 ALE-Ee] gloh Yamanaka er al, 1998).

alF el Hsle] &, G, Hw] 5o FEujx]F
ol 88y C militaris AHAA AA=HChol et al., 1999b; Pen,
1995), 7oAl & ©| 48 Paecilomyces tenuipes S1EA i 7)
R TR rell 2 WA Au)sree] Yolbag) dks
3L ICHCho er al., 1999).

Entomogenous fungit> 2 W28l &8l Comdveeps
£ BelAF Paecilomyces, Podonectria, Torrubiclla,
Beauveria % %5°| $lc}, Entomogenous fungi'= ApFsEapc}
FAEAL A2 SRl Qo 2wt 22 6-9Y0
LY EF), 23], v o FeEE BuE A4s)
of Fate] Al Ak Fof of RS AFslHA wAAE
2 F AAr 2598 B3 vk} Aok (Sung, 1996).
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Entomogenous fungi®] ¥-fi= 7|5l 243 Al 2]
zeok, AR gk dgt BbAM e slely B
2 FHEe] feh(Kobayasi, 1982). Jevh £ FujefA
= ARG xziel wieh ARAA dHel 2 A, fels
o} wjekoll vy FEA, TARIAEGE o] A xe)
2 vlepHclSung er al, 1999).

FH o protein banding pattern®] W] Ao 23 F
Feb isozyme Aol EIEG o™ (Sung er al, 1995,
1998), ribosomal DNAW ) ITS$} IGRS H4ke 23 PCR,
PCR-RFLP, RAPD 714 5ol 5ol - 8H 3 glvKSung
er al., 1999).

a2t ARG Z2)EH 93271 2 el A=
el] dIgr HelA -vjoks 5Aa o] BAEEH 7
B2 o83 A wolel ok Ha nlmpMes
TEEEETY Ehel e ATl Zasler B 4T
£ st

g R U

NEF

E gl AMRF 538 2ET - Paccilomyces tenuipes
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Table 1. Fungal isolates used in this study

Formation of

No. Straing Species Origing Hosts fruiting body
1 C240 Paecilomyces tenuipes EFCC' pupa F
20660 P tenuipes EFCC  pupa F
3 IB200 P tenuipes Iinan  pupa F
4 IB30) P renuipes Tinan  pupa E
5C18 Cordyceps militaris ~ BFCC  pupa F
6 C738 C. militariy EFCC  pupa F
7T KACCSR C. miliraris Jinan  pupa NF
8 KACCS9 C. militaris Jinan  pupa F
9 IB2 C. militariy Jinan  pupa F
10 JBL00 € militaris Jinan  pupa F
11 JB3 C. militaris Jinan  pupa NF
12 C252 C. scarabaeicnia EFCC  pupa F
13 RDAl  Beauveria hassigng ~ RDA"  pupa NF
14 JB4 B. bassiana Jinan  adulk NF

‘EFCC; Entomopathogenic Fungal Culwre Collection in Kangwon
National UniversiLy.

"RDA; Rural Development Administration in Korea.

°F; formation, NF; non formation.

(TE5F3LE), Cordyeeps militrisCE5381%), Cordyceps
scamba(a'xcoic;{(&E o] 555t E), Beawveria bassiana(™73-1)
ojuf, FAITFE 19989 #5 ek obabell M A7 sl
A A 2 HE T?—lﬁl‘ hEaleln] WlEds= duEE
TEERIYERCO) ¥ wdHAETIE] SSvd RS
FEl S A THTable 1)

YEAMCH = SeHEMoy 2

R e %‘ ghdAldiel A e] =l R sjeH 5
! 54"9:— %iﬂfﬂﬂ%‘ W FabA A e A SEMME o] 451

, Setsl FeldEn|Ro g g Edo) AAA o

°c}, A, 279} ﬂ@"ﬂ o] Frzhd g, ApdEape| makst
27] & ZAPslE o

43N] HefA EAL2 pDA(potato dextrose agar)
Aol eolu] wiskxl wEe] MHE-ZE cork-borer No.o 6
(P12 mm)2 % Hrhate] FFTF F 25+1°C, g8 FAolA
wiefste] Faslact. 129 St wioksr 7 7o S8 g

0E B, LA BAEA] wop 2AAAe] e
W FARARNA S o) fatel TAEY
G AN FRAESTEE YL o mr el 52

o] 1982 Kobayasi®] “Keys to the taxa of the genera
Cordyceps and Torrubiella®] ¥h.o2 FAsig

HHRIY A i

FEeeSdo) FAbiekel R WXET gtz
vjA[H colony Z7)E Sty en] pHel] o2 colony?)
M=} morphological typed £AWE}GTH colony?] 2742
AFds A2 AFsled 2521°CE 395 wjekr el
10987 haiskgl F &35} morphological types-
PDA 2|l 1047} sF vioksl #5-2 Puisd S Al

FE2E K01997) Hhiel wet s

RAPDY| 2§t CteEY H|12

Genomic DNA &2|. F53la%+e DNA Fele
Zolan®} Pukkila(1986)2] vh& A5 wi§]sle] Alhgalied
o}, AR SF-S PDB(potato dextrose broth) ##]elA] 154
7b AR epekgt EARAE viSte] 23 SRR AAH G F
A Azstdch Ad=d Al A} s foted
Wi sk 248 T8 02-1.0g¥ FHEked 04mi lysis
bufferS F3L, 65°Col| Al 1417 9R&A1Z] 5= 12,000 rpmel)
A} 1587} °—]",‘:]—T—146]-‘ﬁff]- A=Al L 04 md Bk phenol -
chloroform : isoamylaleohol(25 : 24 : T) 282 1 volume &
7]-%]—::1 1087 ZdagA &5 F 12000mpmel A 155

3 Qa1 eeistel EeS sk Phenol 432 A7)
?5}-7] £]30, chloroform : iscamylalcohol(24 : 1) -£-<-& Fa
Hrpsked 1537 B2 F 12,000 rpmol| A 182k ¢4 B
ZlglE e DNAZE o sl A5 3 5 Omg]ml
of HEH RNased HIL 37°ColA 1A1ZF A2 -
ZrE 2ofER] absolute FIOHE Yo] DNAS AR Al
70% FtOHZ DNAZ 33 42 & TE buffer(pH 8.0), 1 mM
EDTA(pH 8.0 =%y, =3 %% DNAZ HITE
20 ng/ui7t E15E B4 Eked template DNAR ARg-skad ).

Primer. DNA %4 518 PCR siocky A5 $3F
£ 100p! 71523 Elej template DNA 100 ng®} primer
15 ng, MgCl, 25 mM, dNPT 1.5mM, Taq polymerase 1
unitiTakara Biochemicals, Jupan)® wheo] B4-p5 H7}
stedel ) Primer(20 menys MAFELZ SRILS UniPrimer
Kit T{Seoulin Co)S F3ske] A-&aledv).

PCR =2, PCRE 94°CellM 4584} pre-heating” 7] o
&, 04°C 1% denaturation, 55°Cel]+ 4057+ anncaling, 72'C
oA 23 Eak extensionZ | cycle® Bod, & 40 cycles®
E2 ¥ 40 FA3kdEh PCR AR 12% agarose
gelell A 00 volt2  loading3t ¥ ethidium bromides)] 553t
dAsled | UV ansilluminator lamp ArellA] v) =5 2-3ks)
ol Dendrograms T3] FALRE AR UPGMA
(unweighted paired group methods with arithmetic average)
£ o)&ale] Fcluster) ¥4-% Fteleh w8 A=l
dendrogram@] =M -2 NTSYS-pc program Ver. 1708 |4
sled cH(Rohlf, 1988).

g # 1F

Entomogenous fungi®l SEf

TEeRE 7-887 AAdst AAAIH FYEo] HA
FoEelA 2 nbAs, Fal ARalAle] v 25
)7} gl GFe] FF ol Fuo. pulel B N 24
¥} x}-ft—lz‘-}](synnemata)ﬂ] o] FERGES vEhie
Paecilomyees tenuipess AFAA 7F 20.0~114.5 x 0.5~1.1 mm
A& RrEA el =g el wldl 7)ol <lTA)F )
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Table 2. Morphotogical characteristics of fruiting body and anamorph of entomogencus fungi

Morphological characteristics Paecilomyces tenuipes

Cordyceps militaris

C. scarabaeicola Beauveria bassiana
Sung (1996), Kobayasi (1940

Fruiting body

Synnemata

Stroma
Shape snow-flower clavate, club, stick clavate, club B
Color white intensive yellow, orange vellow -
Size (mm) 20.0~1145x0.5~1.1 20.3~150.0 x 1.5~6.0 10.0~35.0 x 3.0-4.0 -
Perithecia
Shape - semi-egg, club semi-egg -
Size (pm) - 30.0~151.0x 90.0~161.0 275.0~400.0 x 180.0~200.0 -
Asci
Shape - cylindrical narrow cylindrical narrow -
Size {zm) . 357.0~700.0 x 3.0~6.3 130.0~155.0 x 4.0~4.5 -
Ascospore
Shape - filifonn, multiseptate filiform, multiseptate -
Size (um) - 2.0~50x 1.0~-2.3 3.0-1.0x1.0~15 -
Anamorph
Phialides conidiogenous cell conidiogenous cell
Shape clavate, club Verticillium like phialides - -

Size (um) 7.5~20.3 % 1.2-4.0 0.59-1.47 x 4.41~18.82 2.0~5.0 % 3.0~4.0 3.0~6.0%3.0~5.0
Conidia chains Eroups groups, zigzag type groups, zigzag type
Shape ellipsoidal, obovoid  globose, lemon, long-clavate globose, oval lemon, globose

Form Paccilomyces-type Acremonium-type Acremonium-1ype Acremonium-type
Size (um) 35~79x1.5-25 [.5~30x 1.5~8.8 16~20x1.0~2.2 0.9-12x 1.5~1.7
Length : Width 5:2,1:1 1:1, 3:1 1:1 1:1

*Fruiting body of P tenuipes was formed in the anamorph.
"Fruiting body of B. bassiona was not formed in the sexual stage.

of wjepel Al PR QAR AT ARV 8-170Z of
oM Aygt BEEC @ow ArE 254 dAstEo}
PDAM Aol A wlSkEl P tenuipes BBl Paecilomyces-type
e= Ty mr walRe) TAEAL ARG o)$w,
phialidest= T%-8 o3l ch(Table 2, Fig 1.

Cordyceps militarist= A 52 W 7| 2~572 2
By AAAE Hadsie], wWde] wekew F7]y 203~
1500 x L.5~6.0 mme[giet. ApdAlel]l FA Apgzhes i
FrEmefe|n, Wil AFake] aAbdE #HAsle C
militaris®] EAM N Verticillium o2 T3 B & 23
FAZ 77} phiatidesel] 3= o] 4127 Acremonium-type

ol vh(Table 2, Fig 2).

Beauveria bassiana= AN 2] BAPFR7} 515 4e) FHE
o FHejz AAAE PAEA) Wtk 38| BAlEA
Al A B S g o o gl 52 Eeke=a
moke] 22 AeE gAgshy, 2R ARl o7 uirrt
olo} AL, 7} mielmielel 17|¥ FAEA}L G FHEE
w7k £l zigrag¥olglch. ¥AFEAE ¥ Ex
HZ g2 =71 0.9~1.2x1.5~1.7 pme] K Table 2,
Fig. 3).

o]2} Z+& Entomogenous fungi®] el A 2(1995,
19973 3 E(1999a, bye] Brgk U85 g2 Hslz p

[ = -~

Fig. 1. Natural, artificial fruiting body (A), phialide and conidia (B) of Paecilomyces tenuipes (JB200).
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kW K3, 500
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Fig. 3. Infected Cerambycidae (A), conidiophore, conidia (BY of Bewmeria bassiana (YB4).

tenuipess A A7} LA F AT A o] 9l7] wFe] 7
=2 44 FAEAL v)AEb, 12208 42 )
A wlAlga o2 nje] HBo] FZe] gle Wyl ofg)

b kel 2la AR FAEAR ellipsoidal el o],
SR8 2] 5AL zh=vsr B sl =3 O miliariss
8wy AFEe 3 AAASE A Fe wid )
TollA 2-3Fo] vpowm] whiAdel pdabuel) slFale] At
@3 eucodyceps® o] AlFEAS Ay Rusiguh
A FAEA gefe] dsled Liang(1990y C.
TAXER 7Y B Tl FAHUE Acremo-
nium-typeel™, C. mifitaris?] 2N B omiliarisi
TAEATL B el Ao w dEEo] Paeci-
lomyce-type2.2 X373l ups]l gle] 2 AydelMm 12 3
HZ AAFHRI € militaris AN Y= A2 phi-
alide?} conidiophore $lef] ASisl, Hoz A4S 715
232, HZol vt T BPAERE AsHs 102 oln
Hug &3 z2h2 AzgdclGvans and Samson, 1982;
Sung, 1999). IEEF Sung S (1997V%. Cordyceps 35 553k
9 ApFEalzEE Pejgd F5Z o)fste] waer agart)
oA BN =S 23 A3 © milirarists Vemicilium
Zeo] RAEzLe] dry conidia®t slime conidia® 25 &4

militarise

3o Verricillium sp. 2 343 v} 9Jc} Hodge %(1998)4
Shimazo 51983y Cordyceps2) 2R HNE Akantho-

myces. Beauwveria, Hirsutella, Hymenostibe, Mariannaea,
Metarhrizium, Nomuraea, Paraisaria, Paecilomvees, Tolypo-
cladium, Verticillium 5017, Hywel-Jones([9935a, b, cy=
Al el FEE C bruaneapunctata®] S8
2 Hirsutella sp., Hemipteradll ZX9% C. nutanss Hyme-
nostilbe mirans, "355859 C. sphecocephale’= H. sphe-
cocephala® BRFRGA, ATl WD O ovlindrice’s
Normuraea atvpicola{Hywel-Jones and Sivichai, 1995)% X
e,

Fea L Y)FE P, 715 A A5 44
Frie] =24 %}"ﬁiﬂ-g HA &M B bassiona= T &
ghrz mofe] 2d Aol 2|22 2oke] ofe| mid
o 1 BAEATE B Helol, MEAY BoE
WE YZAE YR U T AN 2
7Jﬂ ﬁia‘s‘pg_ ‘d‘»—";.‘] k3 7’]%7} e = E_vtx\--q_ 7\-0 J\E ) 3
Aol A AEsR 9 —"]2] F73 7] (unspecialized
facuitative parasite}o]c}, o] =2 B3] ge] EAE A

3] wlfel AR ol &3k siFe| ASWAlr} rleEhd

A Shimazo E-(1988)2- R syt

HHHE £7

%735]—34% o] wjekd Eale b wiofu|efA2] 7
A8 A x, pHE cotony® = 2 morphological type 54
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Table 3. Colony growth and color of entomogencus fungi grown on various media at 25°C'

Size of colony on medium

Colony characteristics on PDA

NoJ/Strain (mm/days) Color of colony on pH Motphological type
PDA SDAY YM MEA 4 6 7 9  velvet floccose powdery plane ey centrally
sulcate raised
1 C240 182 204 213 185 WY® WY WY Y + - . + - -
2 Cé60 121 213 140 120 W WY WY DY - - - - + -
3 JB20D 194 243 83 194 W WY wy Y + - - + - -
4 IB300 17 79 125 176 WY Y Y DY + - - + - -
5 Cl18 301 205 273 194 W WY WY WY - + - + - -
6 C738 232 215 214 175 W W WY DY - + - * - +
7 KACCS8 255 205 215 200 WY Y DY - + - + - +
8 KACC39 204 214 2035 150 wWY WY Y DY - + - - - +
9 IB2 294 205 254 185 WY WY WY WY - + - - - +
10 JB10OO 223 203 200 164 W WYy WY DY - + - - - +
11 IB3 257 176 136 184 W W WY WY * + . - - +
12 C252 175 245 195 100 WY WO WO YO - + - - - +
13 RDAI 107 98 76 74 WY WY DY + - + + - .
14 IB4 .98 87 80 80 W WY WY DY + - + + - -

“The colony color and morphological type were abserved after 10 days incubation.

"W: white, Y; yellow, D: dark, O orange.

Hate] ZAlElgIvh A S FEakadate] w) ool
sk wlAl= PDA, SDAY, YM jA]2 FARE &) of3.
T P opel AL =, 2 o] wiloRE
EA 4]l morphological types -FAI8HT glgich =8t A}
A Ake. Cordyeceps militaris, Paecilomyces tenuipes, Beau-
veria bassiong =22 dAFF AAEbdd

PDAM A pHHE colony M=% Paecilomyces, Cordy-
ceps. Beauverigd|~ B5 742 7o 2 pHrL 71845
wjz]e] Aol Mol FHA o7 =3 WFgct, =8
morphological type® 2 Paecilomycesy Frio] wWH) 3 om
g dwrE meke s woksgl o, Cee0 dEe
Fo] WgNG giateln, walte s Agslaid,
militariss: FRAFeE AFsRgon, sl e Folgrs=
e 2 AP33le] Cordyceps?] worERlor FalE¢c)
T8 B. bassiana’e T-T3 W A A XA o)
7HE o] W ®oko® Agslgrh

oo} - wioky BEAlL FEulxsdY Hidl 71z
Aae AeFe], Cudll WAS B9 C miliariss} B
bassiana 5-(Baath, 1991)7}, 52| pHelA M-go] 7}%
3l CuCLe} e el WAE vehls B bas-
siana®] SN EAL o) el Tk AdA Hele] ez
th(Shimazu and Sato, 1996). 3t colony*! 4} colony ¥
+ entomogenous fungi® &7+ ¥ 3 5AS shotshid|
43 ALE 2 Wang(1989)2- Cordyeeps?] WFEA 2 7
4, 439, ¥ AREE, 7|5 BAEARE £
of Fsted M Tl w} 9let

RAPDG| 2|8t C}E4 v
AYF 382277 IDNA®] RAPD HAML. 37)9]

URP(universal rice primer)E AM4-3}E DNA dio] F3l
3 AfEAe)l 7HF RAPD patternd “FE}Hi> primerE
RAPD profile™4e]] AREEIIc). DNA template, primer,
INTP 352 218 band}S Hehl| 25 GElage 5
ale] FAsloict.

A8 pimersE 53329 43}, F4F Pl 4o
slglom, 385 AHES 371 100 bpellM 2.0kbp Abe]
2zt 75 % 449 genomic DNA fragmenti> 4~147 o}
oleh. A4l primerdl] 3t FHARE-E primerd 2 555
W o] 3ol viehlieh FAIE TollM AR s
= & 2627001612, URP primer 1A 157702 713
weksl, URP prmer 2004 45702 713 =9]d,

FTEstasds & 05 bandy FAFAI P tenuipes

Fig. 4. Representative random amplified polymerphic DNA
fingerprints wsing URP primer 1 of 14 isolates in en-
tomogenous fungi. lane 1: C240; lane 2: C660; lane 3:
IB200; lane 4; JB300; lane 5: C18; lane 6: C738; lane
7: KACCS8, lane 8: KACCS9: lane 9: [B2; lane 10:
IBIOG; lane 11:; JB3; lane 12: C252; lane 13: RDAL;
lane 14: JB4.
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Fig. 5. Representative random amplified polymorphic DNA fin-
gerprints using URP primer 2 of 14 isolates in ento-
mogenows fungl. The designation of isolates was the
same as in Fig. 4.

Fig. 6. Representative random amplified polymorphic DNA fin-
gerprints using URP primer 6 of 14 isolates in ento-
mogenous {ungi. The designation of isolates was the
same 4s in Fig, 4.

2} B bassigno2] 7= AFEE URP primer 1, 2, 6 25
olA AMZ FAFSE bandAE BT}, et C omilitaris if
FLe 4579 TERE NS sl n =] dns)
7} o)Fe]d £71 o2 wl=AbE Bl dtH ¢ seara-
baeicla C. militorisS) B, bassiana®] EA% =2 )
=ARS YehdEHFig. 4, 5, 6).

gl band -F5ol W2 data matrixE 71323 NTSYS-
pce]l UPGMA programg of-83led dendrograms 2H43)
HelFig. 7). L A3k FEetasde] 4FTEL ohorst

(240 Pienuipes

— R0 Plremipes

_[: TR0 Prenuipes

IR0 Prendipes

———Cl& Crlitaris

B2 C.militaris

———KACUSY Crnilitaris

JBI00  Cmiliraris

L E—— —CT8 Cmilitarts

KACCSR Comilitoris

- —— 83

0262 Usegrabaeicola
ROA Bbassiang
——]B4 I3 hassiana

Cmilitaris

[
.

Fig. 7. UPGMA dendrogram derived from RAPD profiles of
genomic DNA in the 14 isolates of entomogenous [ungi
with three URP primers.

H REE el i, 2789 e FEEUG A
'".*ZH T2 P otenuipesE 948~ 10092 AEAS Bodend
W ZL- ¢ milioris?t C. scarabaeicola, B. bassrana’:']m]
¢ militaris7lE 70.1-96.6%2] 4E5AE R0, Pe-
cilomvees 1EE 36.9%9] -2 4AE igdr;]— G EEHE SIS
A5 FEelzLdate] RAPD 2473 2739 254
Z7b A BE7) e)Felyonm B3] p ren'mpesﬂ B
bassiana Wl C. militariso| &) Ff H3Zhe] FHe] 2} o
3 RS Paecilomyces®t Beauveria®) L7 7] 8} = 3
#7187 )5 79 F2E DAYEA|TE 9% o] Fof
= OnAEs flale ol el AA@Ae ARdA S HAE
= Codycepset RILste] A AT 517 dAde] 73
Ao FAech weba A We] AAAS e
¢ militarise BU9HANE AZHE P tenuipesst B
bassiang B} RAPDel A FEuje] A E3r) o] Fei7] 718
oAzl =gk genomic DNA2] RAPD profiles 3%
A @z} 750 g w2 2oy THEIA FAH 2o
A} el BAST e g b B AsEE 47
Ht,

Hyuns? Park{1996 Kim S-(1998)3 Koh S(1998)2 2]
el fARE pEelle] E5W 5 RAPD 2AM S
2 Alernaria®y Phomopsis citri, Fusarium oxysporum f.
sp. fragariae®] 713 opekd BAL 23 wigow ARg
seeel, ns% ARgel EAde] Qe shAe gl
402 el A il Ul FEAe
%3 Cho %(1999)% AHste FeskE & AA
%l C militaris, C. kyushuenisi, C. scarabaeicola T
RAPD BAoNA ¢ milirariss Y ¢F §2%2] AHEA
dom O mifirarist) WA 22 FAMEL € kvushu-
ensisi= W 0% o|Ate] AMEAE XA, O scarabaei-
cola®} T5%8) e -‘i'-‘)’ddr-l— Sarskedc,

A

Sﬂi&
L i

Mo Lo g

l-m

¥ e

Entomogenous fungi?] $3% 14055 ez 34
a9 A4S FAddAE BMstal Apda) 2 BebaA
el Held, shekA 54 s} RAPD RS A A5
b, Paecilomyces tenuipes> T80 W2 3 R T xs)
A Aol o] TEESE vlEhles, 253 phialides
Hol 73 mx eRlde] AT dAGS ol et
Cordyceps militaris= 34 2pAA7 dbate] meofo =z
WE 7oA B, FeHANe VericillionF.
9] phialidesell &2 £ EA7} Acremonium-type2.
. H-AE ?\}“ﬂ‘:} Beauveria bassiong= Aol A )3
nhelzh ooz, 2k wiElel A 7)Y AR FATE Eelols
dgzag typetlgloh, g olFel wicke] Aral wixl=
PDA. SDAYe]H, Hmal W22 Paccilomycess W

I wel, Comdycepss FEAT Folgv|E A&l al
Beauverig= 1¥lel WUrLRE Bie) wekalylcl URP
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primerE ©| &3} DNAS] RAPDEA Az £Z3 A
2713 100 bpell A 2.0kb Ate)2 genomic DNA fragment
= [0~147Y9)1gic}. UPGMA 4] 2%} dendrogram 2}
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