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ABSTRACT : This study was carried out to identify the genetic characteristics among isolates of Paecilomyces
spp.and Cordyceps spp. by URP-PCR analysis. Twenty URP (universal rice primer) primers of 20 mer which were
designed from repetitive sequence of rice, were used for producing PCR DNA fingerprints of the mushrooms. Of
them, 5 URP primers, URP2F, URP2R, URPIF, URP4R, and URP17R amplified genomic DNA of the mushrooms
with polymorphic PCR patterns. On isolates of Cordyceps militaris, primers URP1F, URP2R, URP6R and URP17R
produced PCR polymorphic bands of 4 types. Isolates of Cordypces sp. that are isolated from different area of
Korea were identical to isolate of C. militaris, while other species of Cordypces were different to the PCR profiles.
However, the URP primers did not identify the polymorphism of PCR profile on isolates of P japonica.
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stAL SAIflol TAE F43 gk AA7EA] 8004F0]
A AR BEsk= A0E B th (F 5 1999; Sung
et al., 1993). 754 5%53l2E AP (Ascomyces)2]
W75 (Clavicipitales), 533} (Corddycipitea)el] <3HH
Y EH OS2 Cordyceps &, TorrrubiellaZ:, Paecilomyces
%, Hirsutella <501 224} 9101 30001F<] T/ Bl Hof
UTH F EHe 7IF50l18E dEste] FEA gl
=WM<= Cordyceps 2548%, Hirsutella <5, Paecilomyces
So| A 7099F0] BAE A JTH(E 5, 1999; Sung et al.,
1993).
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JTHE &, 2009; 41 5, 2000; Ohmori et al., 1986; Shin
et al, 2001). TZ5%F3% (Paecilomyces japonica.)2t

WU 755312 (Cordypees militaris)’} =] 7]l 2] 5le]
A=Al Adgsted AREA B A O] 7= i
I okge -8 o] Aol WA oy A 2
AGA AN A3t AF7F s HAE Y (H T
1999). T3t A3t 7= <lale] F5at2e] -9
Aol AR A7) ol FHA L o T EF,
Asol T83 AR Q14 Ha . 53], A2
EAFEFRSEY (UPOV)H Haleofelga Fo] dagos
Q=rollM = F59 XA A dE] FEE S 2
87 5 AA7YE AP HaL dek oo, ] 55EE] A

4 542 2Al3le] o2 PO Sul nh FEY 5HS

HEehl 5 S48 I 71RARR o838 flste
Ao FFEel & HaL Ao

FFoIRe ERe 7IF5, A, 24k 4 59
Fel A S v Fdellmat 73k vl 121t (Burgess
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et al, 1995; Sung et al., 1995) 3734 Q213 A2 F
Zeluet Fejz], Be)d 54 wst Aste] Heet F
ol A ] Tt

A ESHA 7 o] a2 SRR H(DNA fingerprint-
ing)e] 7Wd=]o] $732 FIS wiAISHAL genome’doll LE}
U= BlolE 88402 AF & F o] MRS T v
AR 971421 715 nhdsith. 53], THasd
HE-g-(Polymerase Chain Reaction, PCR)H-2 & &L:-23
H|g0 2 ohke] MES A&, st 248 F e
Aol EAolt}. rDNA] ITS ¥ IGRYY S ©]84-3 DN
O g4 o] Xtk MAlRS] F2F, W Al 2A
2 fABAe] del o8 FH3 k7, 2003; Hibbit,
1992; White et al., 1990) WX FF3742 Fo] 443
o= -] Utk wEbA], RAPD (random amplified
polymorphic DNA)H 53} 7-& PCRILEAZH 0] 245 o]
nAEe] T AS Ee F57F 5013 DNA 38
AEsh=t] o€ 3ITh (3, 2003; Welsh and McClelland,
1990; Williams ef al., 1990). 2L}, RAPDHFE-S 2|
o] Al AF L Qlof o]F 7WMetarAt Kang &
(20022 B} HHEH|E DNARYE 2%, 55 2 vdE 5
o] PCR LA FAo thH9I= o8& & = U= 20 mer
o] ¥7]12 FA% URP (universal rice primer)S 7]eHs}t
ATt URP-PCR W& thdst /5 E3sto] =gt
eI A, Phellinus spp2] SH F5, A2 704 28l 4
FH o2 o] # vt Utt (Kang er al., 2003; Kang er
al., 2001; Kang ef al., 2002; Park ef al., 2003). 2= URP
primerE W3 9t ste] WA, go] F21, T H A 2
o f23+ PCRIAHAE Kit7F 283} (JK BioTech) =o] Al
o =3 Qlrt.
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S55I% °F % genomic DNAEZ|
FEolRdTe AAEETHIEY, FEHAANGA,

LS HZRY 3E 1652 Cordypees spp2t 2% 8d
Paecilomyces spp= =% ol FA] 3}t (Table 1) Genomic
DNAZE #2] 31719181 787+ PDA (potato dextrose agar)
of| Al wiksttle 27 5 mme] FAE 50mle] PD broth
HiR|ol A 2715 ZE)oF (120 pm)O-E FFol w2} 20°C
o A 3047t vl 3t FAAIE ARl At 52
AxE &6t 54 123 dAHAIE olFAAIR 3 v
Sk TR 100 g =5 1.5 ml9] test tubedl] &713 F&5&
=N (200 mM Tris-HCL, pH 8.0; 200 mM NaCl; 25 mM

Table 1. Isolates of Cordypces spp. and Paecilomyces spp. used

in this study

Species Isolates Source
Cordypces militaris JBARES 100  Cheonbuk ARE
Cordypces militaris JBARES 401  Cheonbuk ARE
Cordypces militaris JBARES 402  Cheonbuk ARE
Cordypces militaris KEFC-C738 Cheonbuk ARE
Cordypces militaris KME 47006 Cheonbuk ARE
Cordypces scarabaeicola KEFC-C252 Kangwon Uni.
Cordypces sinerisis KdM-1 NAAS
Cordypces sp. KME 47001 Kwang-Joo IMR
Cordypces sp. KME 47002 Kwang-Joo IMR
Cordypces sp. KME 47003 Kwang-Joo IMR
Cordypces sp KME 47004 Kwang-Joo IMR
Cordypces sp. KME 47007 Kwang-Joo IMR
Cordypces sp. KME 47009 Kwang-Joo IMR
Paecilomyces japonica KEFC-C660 Kangwon Uni.
Paecilomyces japonica 40530 NAAS
Paecilomyces japonica KME47009 Kwang-Joo IMR
Paecilomyces sp. JBARES 200  Cheonbuk ARE
Paecilomyces sp. JBARES 200  Cheonbuk ARE
Paecilomyces farinosa 40504 NAAS

ARE : Agricultural research & extention service, IMR : Institute of
Mushroom research, NAAS : National Academy of Agricultural Science

EDTA; 0.5% SDS) 4002} Proteinase K (20 mg/ml)E 3
7kl FrElB- o= buffer’dollr] 2 Hof F tha 37°CollA
IA7E FQE 32 sliet. o] E9telol] 2 X CTAB buffers
FEH7F dked 65°ColA 1587F W8 chloroform :
isoamylalcohol (24 : 1)2 ¥ FA3] &3 - 12,000 rpm
A A4 s s M= FH %713 0.7
volume®] isopropanol F7FetaL A-2olA] 1077+ WA
12,000 rpmel| A 57F A4lE2]sted DNAE A3ttt
70%°] ethanol= DNAH=S A& ot W3 X3 &
TE buffer(10 mM Tris-HCI pH 8.0, 1 mM EDTA) 100 plo]
23] 319tk 10mg/ml RNase 2 plE g0} 37°CollA] 30 A
2Jsle] 1 §ol&o] EHiE RNAS AlA 31Tt DNAGHFS
=A317]1¢151] DNAS 10082 3]43} spectrophotometer
9] 260 nm®] gl A AAIEAT

PCREIS
PCR Ak E2]o URP-PCR HAHAE Kit (JK
BioTech)ollA] 4ate] #Al5-€ Wl Fate] Attt

PCR F2EAE 492 URP -PCR 2HARE Kit(JK BioTech.)
oA QJeted AlgE ZREZ k] £33tk PCR
S 89le [0mM Tris-HCI (pH 8.0), 50mM KCI,



182 EdES

1.5 mM MgClL2, 0.01% gelatin, 100 ng prime, 50 ng template
DNA, 200 dNTP(dCTP, dTTP, dATP, dGTP), & 2.5 unit
Taq polymerase(Promega)s ¥l A ¥H-&-8H-2 50 pl
7} =A SkATE PTC-200(MJ. ReasearchAh)e] PCR7]71E
o-g-3lo] A DNAWAS flsto] 94°CollM 581, 1 %
cycleol|A] DNAMZZ-S 94°CollA] 13, annealing 55°COllA]
13 = DNASHI-S 72°CollA] 2B 2 & 36 cycles AA]
atom, 2 DNAPA LS 5%02 3igich $3€ PCR
2H=-S TBE $59(45mM Tris-borate, 1 mM EDTA pH 8.0)
of =91 1.8%9] agarose geldll loadingdh% 5 vol/cmZ
A719% 392, Ethidium bromide&2jo] FA 3}
UV lampslol A DNAHIEE 32 319

FHHFALAEN

URP-PCR t+3/dW =S 72 3loq database & 5 FAK:
(similarity coefficientyg AF&3FaL 8}aL, Dendrogram 9]<]
A=) 3S 2AHZ UPGA (unweighted paired group
methods with arithmatic average)¥-= ©]-& 2 33t}
FABAEA S I3 programS Nisys (numerical taxonomy
system using multivariate statiscal programs Ver. 1.60)2
°o]-& 3FiTh.
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URP-PCREAM0]| o8t Bzt S FTH Ciy

#79 & F7l rDNAoHHo] Wol ARE- Hof gkt
= A 2 WAFE 5.8S (DNAYYGS 7Hedl 5 18S 9}
23S IDNA% Y] Yo Wol7} B-e 1TSS IGRES S &
o]Z o2 PCRFH st @A7WiES WA = PCR
S AFtE AR A H7]|YFCE DNATHRIAES AF
sk WOt 5, 2003). ZElvt o] WS Z9F e
Sl #57ke] DNATE/ AEolle a&4olx] Zsitt.

B A= Paecilomyces spp.2] genomic DNAW ] Fu)
o] w7k FHAQ 54 | HF o] U7] wiEell
IDNAZA R #5577 DNATHIAS SR1E 4= 9l= PCR
SR S A S F|S{Th PCRIAAE B Sl A
RAPD #49] ©]&== PCR primer= % 10 mer2]
oligonucleotide® 74 random arbitrary primerS ©]-&3F
RAPDW O] 52 o|F™ 1 primers A3} Ho] gA
T A& Aok 2efut 228 7 primers 36°C
olale] vre annealing %9 DNAEEAE, = HF
2ol wel 1 A AT hE2A Yehe B Al ol
& BAFSE AH=o] gt} (Kang et al., 2002). %o
75 2002y A=, & 2 vAES] PCRILEAZ TheF
SHA o8 & 4= 3= URP primer7} H2] WHEu|E DNAZ
F-E 7k = bl ok (Kang et al., 2002). URP primers
55°ColA19] annealing%=9} 20 merZ7/d ¥ primerZ ]
TOoE AAUA PCRIAE Aol 88207 A8 7Fs3h

i

oft

Aoz LA Utk URP-PCRILAIFH L 2] S AR
T= A F1 WA 548 A7 Hl8l tdsil
olg Fo] It} (H =, 2007; A =, 2009; FH =, 2009;
Kang et al., 2003; Kang et al., 2001; Park et al., Kim et al.,
2002; Seo et al., 2002).

R B A A= URP primers ©|-8-3t Cordypees
spp. @} Paecilomyces spp.2] PCRIYLAIE A& 3
stk A ohkel AEFY] AR A8 7S
127°] URP primer®] -84 o7& ¢olrr] 9|5t
P. japonicait5-2] genomic DNAE ©]8-3}] PCRTZ&
AA &t 2 A7} URPIF, URP2R, URP17R, URP6R
2.0 kbellA] 0.3 kbAto]57HollA 10497H2] PCR TR dWHEE
ZZ 3190 B Ao §-8 primerzA ©]8 FHAT} 45
F¢] URP primer (URP1, URP2R, URP6R, URP17)&
1642] Cordypces spp.2t 8d52] Paecilomyces spp.2]
genomic DNAE Z-33}o] F7F #57F PCR profileS H]iL
ST}, Cordypees sppolME 02kbellA] 3.0kbe] 1 9lollA
primerv}tl 53¢l PCR o] &2 FQom F7ko
513 PCR ME=X10)E BT Cordypees militaris T5
71l 47H4] typee] PCR profileo] 2= AT} (Fig. 1). TE3H
Zo] AHEA] o} Cordypees sp.2 BHI 4FES BF
C. militaris®) PCR profile®] 4714 typeol]l 431o] E PCR
profile & T4 71ZAERE o] &4 F IS E A}
5 =AUt

I3 Paecilomyces spp./a-+-= S7rl<= W8] &

Paecilomyces spp.
8 90 1011121314151617M 12 3 4 5 6 7

Cordycep spp.
12 34567
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Fig. 1. URP-PCR fingerprinting of Paecilomyces spp.and
Cordypces spp. lanes 1-5 : Cordyceps militarisJBARES100,
JBARES401, JBARES402, KEFEC-C738, KME 47006),
6. Cordyceps scarabaeicola (KEFC-C252); lanes 7-11:
Cordyceps sp. (KME47001, KME47002, KME47003,
KME47004, KME47007); lanes 12-13 : Paecilomyces
japonica (KEFC660, KEFC40503); lanes 14-16:
Paecilomyces sp. (JBARES200, JBARES300); lane 17 :
Paecilomyces farinosa.
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PCRUFEA o] AEFUo w571l 54720 PCR profile
o] AFEA| ot #F7F FHAIE U= 7 jlUh o=
=Flell ERS= Paecilomyces japonica a7} SISO E
FreEaL EA B A5 3 "ozt vl YRt
=AE 2R & F glo] O B #5E FHEsl] AR sh=
ol Big & Ao g AR 5]»\‘:}.

Fig. 19| Paecilomyces spp.2} Cordypces spp.2] PCR
T e 2Abslal $7F, B S A1S7) band f7-el
w2} NTSYS-pe2] UPGMA program= ©]-8-31] dendrogram
< 2P ST} (Fig. 2). =L A3} Cordyceps militarisd 552
90%C1 el 4 ZABAE HolWA 1l groupS =
EF H92e™ C scarabaeicola$} P farinosa= 9 AZA ]
side group® 2 T EHUTE. A, Paecilomyces japonica
e BT 95%013e] FAMIGCE 7 =HATh URP-
PCRAFNA C. militarisSt P japonica d-F+= W 534
! PCR T+ =S 4] $ho.24] PCR profiled ©1-8-3
Z ZH-o] 715 dRo 7 A7t 5%lom E3] URP2R primer
= 2 RgN=E JAste] F37F strain typingdl] §F
707 AR H Stk URP-PCR profiles o83t 553k%
w7 FHE testsl?] f15to] SIS AN 7
2192 331¢] genomic DNAE &332 URP2R primer
2 PCRSE3I C. militaris®t P japonica®] URP2R-PCR
oA Wl=et v SFTE (Fig. 3). 7AsA1ellA =3k
Footxe 2 A¥AQA C militaris$t P japonica®;
AR PCR T WA= 34 3l C militaris?}t P
JjaponicaZ 7 & F 9}«01 oot & 8% A%
PCR profileZ ©]& 75 & o2 AlE FH}h

Ribosomal DNA2] ITSE 71X 8-S o83l Cordyceps
spp-2t Paecilomyces spp.2l 32 A TAE AR vt

ATt (& 5., 1999). 23y 7 = 70| §A3A7E
s 7)4\—3 HIou T Aleitle s A5 &

Cordyceps spp. Paecilomyces spp.

345678 9101112131415161718192021222324 M

Fig. 3. Identification of Cordyceps and Paecilomyces strains
using URP-PCR profile. Arrowheads indicates PCR types
of C. militaris. lanes 1-5:C. militaris(JBARES100,
JBARES401, JBARES402, KEFEC-C738, KME 47006),
6-7 : Cordyceps sp. collected from Kyeongdong market,
8. C. scarabaeicola, 9. C. smerisis, 10-15 : Cordyceps sp
(KME47001, KME47002, KME47003, KME47004,
KME47007, KME47009) 16: P. japonica (KEFC-C660),
17-19 : Paecilomyces sp.collected from Kyeongdong
market, 20-21 : P japonica(40530, KME47005), 22-23
Paecilomyces sp. (KEFC660, KEFC40503), 24 : P farinosa.

T AAJTh B3 =it U7 ESe R (Comilitaris)©l
RAPDEH o 2 F f71% Oob‘ép— B 3igl=d =24
2 IF0E FHARAIAE ol F= A eE Bk vt gt}
4 %, 1999). A7EA] HAF ,\017\1 Pleurotus. sajar-
caju, P. florida, P. ostreatus 52 =E}2|HA Z—ﬂi’} =
HiellA de] A=Al A= P oostreatus FE2 el
%S URP-PCR th3gwi== 4 ¢t uf 9}5} A 5,
2007; A &, 2009; Kang et al., 2002). 523+ URP-PCR
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Fig. 2. Genetic relationship among different strains in Paecilomyces spp.and Cordypces spp.
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primerE 7Sk B} Itk (Kang et al., 2002).

AEH o7 B AFolx A8-5t F53% Cordhpees sppet
Paecilomyces sppi= URP-PCRZ &7+, T So]Z<l
PCRU}EAS 7E & = 402 PCR profileS C. militaris
o} P. japonica®l & 8-S f15te] 28207 A& ks
g Zlo = Azt HUrt.

¥ 2

£ A= URP-PCR LIRS ©]&3t Paecilomyces
spp2+ Cordyceps spp.2l E7F, TH F2 Tt <
2] BT 12572 20mere] URP primer/F2-&% 1}
URP2F, URP2R, URPYF, URP4R, URP17RE Ml &
o]& 9l PCRUFHAME=E BA3199.2™ Cordypees militaris
a5l 4714 typee]l PCR thdAo] #&H At 2
A Paecilomyces japonica®]l dFWolE= 543 PCR
434S JehHItE. URP-PCR profileS ©]&-3to] 35
AA 8% 1] B4 5FRE 58 T AT
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