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Abstract - The phylogenetic relationships among thirty-two strains (P1~P32; including Cordyceps sp., Paecilomyces sp.,
Beauveria sp., Aranthomyces sp., Isaria sp. and Himenostilbe sp.) in Miryang region located in the southern part of Korea,
were investigated based on internal transcribed spacer (ITS) sequences of ribosomal DNA. A fragment of ITS region was
amplified by polymerase chain reaction (PCR) using the specific primer pairs ITS1 and ITS4. After obtained same size of
PCR products from various strains, we cloned them into a pGEM-T easy vector to determine their sequences. BLAST
analyses of the nucleotide sequence ITS1, 5.8S and ITS2 gene fragments revealed the identity and their phylogenetic
relationship. Among 32 strains isolated from Miryang region, Cordyceps militaris was shared 100% sequences with
Genbank (AY49191, EU825999, AY491992), while some species are not shared perfectly with reported sequences. For
example, strain P17 (P. tenuipes in Ulju-gun Gaji Mountain) has some differences among the other strains of P. tenuipes
(Miryang-si Jocheon-eup, Miryang-si Gaji Mountain) and those of gene bank. We conclude that ITS analyses with strains
in the suburbs of Miryang in this study can be effectively used as a tool for classification, evaluation and collection of the

natural eco-type genetic resources.

Key words — Cordyceps sp., Genetic resource, Internal transcribed spacer, Phylogenetic analysis

Moo
FHARHITNEE oS AL 239 B9 et
7k ol gl BAT Eohtt: mgelH AR A0, 535}
o] 5] B Aelsto] 717:9] GRS o} g 1ol g
2 UE O, o A o*éf?}%tﬂ, ol
553

i% Zie) Aololt 17 4 %«l%%om;qq]
A 2020-733.(2020,08,25) || wie} 55125 Aok
% “Cordyceps’ 2 31w “o] Ohe FF IR XML

*W AKX} : E-mail hepark@pusan.ac.kr
Tel. +82-55-350-5547

© 2 o2x]o] MEHE2 (ANT=IASoRIXO] /1o, ole] 2

Cordyceps sinensis Sacc(MZr3} Hypocreaceae)©] B3|t
23 HHepialidae) 115-] 530l 7|A85}0] ARk AP A| (1HHS)
oF §50] BAlolet ek Aojska oleh. AeiAe] AMAFsHe

i R ENPES P IR I CET S
Apgat7H(Ascomycetes), MZr-E(Clavicipitales), MZ+1t
(Clavicipitaceae) 2] E%38}2<E(Cordyceps)E 87l &of &3}

W, g ulEslel $3, QR 5 AAH 0z de) el
o ShAl WA RS MR BAEE, 2R, Bl DFAE
o] B2 ol 7|t TR 5He BE FRE §e ol
A A zeka 51, o} FolA TEE 452 e 555}
8 AAE.0.2 oF 8000] Fo] UBA 9L, TFoA] A4
A% HASH A0 Seldl AL ALT AdERY 555}

¥

FEENU SHE SYUH.

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



Korean J. Plant Res. 34(1) : 1~16(2021)

= 87l|1&0 £3= F=2A] 2F 300 ~ 40097
-’—0] H1%]9) 37(Shimizu, 1997; Song et al., 1998; Sung et al.,
1993; Sung et al, 1995), T3} ol A T35t 2 A, E5
H Ax 706{Z20] o] 2rH(Sung, 1996; Sung et al., 1997).
F50] A5 olsiul BEoEL oask 7Has Hd
WAE 2317] A8 AR SheH Sof et FalE

2(Cordyceps)s

3

i,

Urehd ek ofuet, A d8goftlols HE ), melajepd
THIES NI, BfefAl 55 A|mRbThal LpEhE 9l 2o
L 2 oAl go] 83%2 =& FYAI} U njefEE] §EA)

ZAE g} Q= Ao g ’iEo] 9lof(Bok et al,, 1999;
Kinjo et al., 1996; Song et al., 1998), oef| tjgt IHilo] Z7}x]
11 Itk (Furuya et al,, 1983; Kiho et al, 1999), E3] $-2|u=}
9] Q- Paecilomyces japonica/P. tenuipes(w2-5-E3}%),
Cordyceps militaris(fH)7| 3=5l% = dejgg A 523}
Z)7FAIES] (R, O sinensis (553)%)7} AJoFo & 38

Eo] o] =87 A S71EAL s FAloItHBan et al,
1998; Moon et al,, 1997), T3t Wi7}1<0] 252 o|u] Ayl
=7, 17| 59 85 WAl Z8sal )L, A7) datt %

o @:]—.9.3].0:] 3

5129] F2 7157450] 0T ofelet B2 98
YRS BB OE0 2A] o[ 747} 11
= 7 7FA) 7 =kal & 4= QItH(Cho et al., 2006; Lee et al.,
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rDNA T 9] PCR

rDNA T 9] ZZ-3- 9310 primer+ ITS-F (forward), 5'—
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Table 1. The list of the Cordyceps strains (samples) collected from Miryang region in the study

izr;zlse Species of Cordyceps Insect hosts Stagiﬁsgishost No.cglflesca;;ples L;)Zfr:;)(;?ngof
P1 Cordyceps nutans Hemiptera adult 1 Jaeyak Mt.,
P2 Cordyceps militaris Lepidoptera pupae 1 Miryang
P3 Cordyceps sphecocephala Hymenoptera adult 1 .
P4 Paecilomyces tenuipes Lepidoptera pupae 1 i/l?ll'yal\fg,
P5 Isaria sp. Lepidoptera pupae 1
P6 Beauveria sp. Lepidoptera adult 1
P7 Paecilomyces sp. Lepidoptera larvae 1
P8 Paecilomyces sp. Arachnida adult 1
P9 Paecilomyces sp. Lepidoptera larvae 1
P10 Aranthomyces aculeatus Lepidoptera adult 1 Jocheon ti
P11 Paecilomyces tenuipes Unknown unknown 1 Valley, Miryang
P12 Paecilomyces tenuipes Lepidoptera pupae 1
P13 Paecilomyces tenuipes Unknown unknown 1
P14 Cordyceps sp. Mantodea adult 1
P15 Beauveria sp. Coleoptera adult 1
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Table 1. Continued

Snzrrrlllpelse Species of Cordyceps Insect hosts Stagist;ShOSt No.czlflescizrzlples L;);:;a;;(;?n;)f
P16 Paecilomyces tenuipes Unknown unknown 1
P17 Paecilomyces tenuipes Lepidoptera larvae 1
P18 Himenostibe odonatae Odonata adult 1
P19 Beauveria sp. Culicidae adult 1 .

: Gaji Mt., Ulsan
P20 Beauveria sp. Arachnida adult 1
P21 Beauveria sp. Lepidoptera larvae 1
P22 Beauveria sp. Mantodea adult 1
P23 Beauveria sp. Homoptera adult 1
P24 Isaria takamizusanensis Homoptera adult 1
P25 Beauveria sp. Lepidoptera larvae 1 Jaﬁ/iak Mt
P26 Paecilomyces fumosoroseus Lepidoptera larvae 1 e
P27 Beauveria sp. Mantodea adult 1
P28 Beauveria sp. Mantodea adult 1
P29 Beauveria sp. Mantodea adult 1 Sungjin Ri,
P30 Beauveria sp. Mantodea adult 1 Miryang
P31 Beauveria sp. Coccinellidae adult 1
P32 Paecilomyces fumosoroseus Cocoidea larvae 1
5 -TCCGTAGGTGAACCTGCGG-3'
\ITS-F —
—
185 rDNA 5.8s rDNA 265 rDNA
ITS 1 ITS 2 <
ITS-R

TN

5 -TCCTCCGCTTATTGATATGC-3'

Fig. 1. A map of the ribosomal DNA region containing ITS1, 2 and the 5.8S rDNA. Arrows indicate the position of the primers used
for PCR and sequence analysis.
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Fig. 2. Agarose gel electrophoresis of PCR-amplified nuclear
rDNA ITS regions of P1 ~ P32.
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Table 2. Sizes of ITS1, 5.8S, ITS2 regions of ribosomal DNA from isolates

Species ITS1 5.8S ITS2 Total
Beauveria sp. -P19 162 157 161 480
Beauveria sp. -P28 162 157 161 480
Beauveria sp. -P31 162 157 161 480
Beauveria sp. -P30 162 157 161 480
Beauveria sp. -P29 162 157 161 480
Beauveria sp. -P27 162 157 161 480
Beauveria sp. -P22 162 157 161 480
Beauveria sp. -P15 162 157 161 480
Beauveria sp. -P6 162 157 161 480
Beauveria sp. -P23 162 157 161 480
Beauveria sp. -P25 162 157 161 480
Beauveria sp. -P20 162 157 161 480
Beauveria sp. -P21 162 157 161 480

C. militaris -P2 161 157 160 478
Cordyceps sp. -P14 181 157 161 499
Paecilomyces sp. -P7 183 157 158 498
Paecilomyces sp. -P8 183 157 158 498
Paecilomyces sp. -P9 183 157 158 498
P. tenuipes -P11 183 157 158 498

P. tenuipes -P12 183 157 158 498

P. tenuipes -P13 183 157 158 498

P. tenuipes -P16 183 157 158 498
P. tenuipes -P4 183 157 158 498

P. tenuipes -P17 183 157 158 498

P. fumosoroseus -P26 184 157 158 499
P. fumosoroseus -P32 184 157 158 499
1. takamizusanensis -P24 187 157 161 505
C. nutans -P1 148 157 164 469
Isaria sp. -P5 156 157 166 479

A. aculeatus -P10 157 157 166 480
C. sphecocephala -P3 195 157 165 517
H. odonatae -P18 195 157 165 517

militaris —P2(HY| 7| 555}%) 160 bp, Cordyceps sp — P14(A}
0} E25}2) 161 bp, C nutans(=HAAE238}2) — Pl 164
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— PI8(FA} 2] 5531%)2 S(genus) T} F(species) 0] Tl =
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Fig. 3. Sequence alignment of ITS1, 5.8S, ITS2 regions in P1 ~ P32.
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ITS2 4 5, 8S DNA ¥
ez AR
A3t Cordyceps militaris (P2)&=

ol A oPY FHE

EREE

A&} PCR bzl 273 A 8]

GenBank]| 554 3F w52 471

EU825999, AY491913} 100%2] AF5-A)-S
% 99 8%9] =o A=A S

o wmolrh

o EA B THFig. 4). Dk A eRaltol A
Gene Banko] 5%
Uehi o, AY49191

A=A BA Paecilomyces 43 9 0552 Gene Bank©]| 555 AB086224
HFA| QI 327 A 553t MERTE S5 TS, O} 5 /de vl Ak 97 9] W= =, P4, T, P8, P9, PlI,
No. Fungus 1 2 3 4 5 6 7 & 9 10 11 12 13 14 15 16
1. . militari - AY49191 100
2. €. militaris - P2 100
3. & mulitari - EVB25999 100 100
4. C. milfitari - AY491992 99.8 99.8 99.8
5. F. tenuipes - P4 9.8 91.8 9.8 9.8
6. P. tenuipes - P17 91.6 91.6 9.6 91.6 99.8
7. P. tenuipes - PT 91.8 91.8 9.8 91.8 100 99.8
8. P. tenuipes - P8 91.8 91.8 9.8 9.8 100 99.8 100
9. F. tenuipes - P9 9.8 9E N8 9NE 100 99.8 100 100
10. P. tenuipes - P11 a91.8 91.8 9.8 91.8 100 99.8 100 100 100
11. P. tenuipes - P12 91.8 91.8 91.8 91.8 100 99.8 100 100 100 100
12. P. tenuipes - P13 N8 9NE N8 9NE 100 99.6 100 100 100 100 100
13. P. tenuipes - P16 91.8 91.8 9.8 9.8 100 99.8 100 100 100 100 100 100
14. P. tenuipes - AB086224 9.8 91.8 9.8 91.8 100 99.8 100 100 100 100 100 100 100
15. P. fumosoroseus - P26 92.2 92.2 922 92.0 971 96.7 971 971 971 971 971 a7 971 97
16. P. fumosoroseus - AJGO8982 92.2 92.2 922 92.0 a71 96.7 971 971 a7 ara 971 ara TR a7 100
17. P. fumosoroseus - P32 92.2 92.2 92.2 92.0 971 96.9 971 a7 ETA ) ara TR ara TR a7 100 100
18. B. bassiana - P20 929 92.9 929 9.7 90.3 90.1 90.3 90.3 90.3 90.3 90.3 90.3 90.3 90.3 20.7 0.7
19. B. bassiana - P21 929 92.9 929 927 90.3 90.1 90.3 90.3 90.3 90.3 90.3 90.3 90.3 90.3 90.7 90.7
20. B. bassiana - KCT53394 92.7 92.7 927 927 90.3 0.1 90.3 0.3 90.3 90.3 90.3 90.3 90.3 90.3 90.5 90.5
21. B. bassiana - P19 931 931 931 92.9 91.0 90.8 91.0 91.0 9.0 91.0 91.0 9.0 91.0 a1.0 92.2 92.2
22. 8 .bassiana - P28 931 931 931 929 91.0 90.8 9.0 91.0 9.0 81.0 9.0 91.0 91.0 91.0 92.2 92.2
23. B. bassiana - P31 93.3 933 933 931 91.2 9.0 91.2 91.2 9.2 a.2 9.2 a.2 91.2 a1.2 92.4 92.4
24. B. bassiana - P30 93.3 933 933 931 91.2 91.0 91.2 91.2 9.2 9.2 9.2 9.2 91.2 9.2 92.4 924
25, B. bassiana - P29 93.3 93.3 933 931 91.2 91.0 9.2 91.2 ".2 9.2 9.2 0.2 91.2 a1.2 92.4 924
26. B. bassiana - P21 93.3 93.3 933 931 9.2 9.0 9.2 91.2 9.2 0.2 9.2 0.2 91.2 0.2 92.4 92.4
27. B. bassiana - P22 93.3 93.3 933 931 9.2 9.0 9.2 91.2 9.2 a.2 9.2 0.2 9.2 a2 92.4 924
28. B. bassiana - P15 93.3 93.3 933 931 91.2 9.0 91.2 91.2 91.2 9.2 91.2 9.2 91.2 9.2 92.4 924
29. B. bassiana - Pé 93.3 93.3 933 931 91.2 91.0 91.2 91.2 1.2 a1.2 91.2 1.2 91.2 a1.2 92.4 924
30. B. bassiana - P23 931 931 931 92.9 91.0 90.8 91.0 91.0 91.0 1.0 91.0 1.0 91.0 1.0 92.2 922
31. 8 .bassiana - P25 93.3 93.3 933 931 9.2 9.0 9.2 91.2 ".2 9.2 9.2 a.2 91.2 a2 92.4 924
32. I takamnizusanensis - P24 B34 83.4 834 836 B2.8 2.6 828 82.8 82.8 G2.8 2.8 G2.8 a2.8 62.8 83.0 B3.0
33. [ t - GU9B0039 83.2 83.2 83.2 83.4 82.4 82.2 82.4 82.4 82.4 82.4 82.4 824 82.4 824 82.6 82.6
No. Funsus 17 18 19 Z_I) 21 2_2 23 24 25 26 27 @ 29 30 31 32
1. C. milfitaris - AY49191
2. C. militaris - P2
3. C. militaris - EUB25999
4. C. militaris - AY491992
5. P. tenuipes - P4
6. P. tenuipes - P17
7. P. tenujpes - PT
8. F. tenuipes - P8
9. P. tenuipes - P9
10. P. tenuipes - P11
11. P. tenuipes - P12
12. P. tenuipes - P13
13. P. tenuipes - P16
14. P. tenuipes - AB0B6224
15. P. fumosoroseus - P26
16. P. fumosoroseus - AJGOBIB2
17. P. fumosoroseus - P32
18. 8. bassiana - P20 90.7
19. 8. bassiana - P21 90.7 100
20. B. bassiana - KC153394 90.5 98.9 98.9
21. B. bassiana - P19 92.2 98.3 98.3 97.7
22. B .bassiana - P28 92.2 98.3 98.3 a7.7 99.6
23. B. bassiana - P31 92.4 98.5 98.5 98.0 99.8 99.8
24. B. bassiana - P30 92.4 98.5 98.5 98.0 99.8 99.8 100
25. 8. bassiana - P29 92.4 98.5 98.5 98.0 99.8 99.8 100 100
26. B. bassiana - P27 92.4 985 985 980 998 998 100 100 100
27. B. bassiana - P22 92.4 98.5 98.5 98.0 99.8 99.8 100 100 100 100
28. B. bassiana - P15 92.4 98.5 98.5 98.0 99.8 99.8 100 100 100 100 100
29. B. bassiana - Pb 92.4 98.3 98.3 98.0 99.6 99.6 99.8 99.8 99.8 99.8 99.8 99.8
30. 8. bassiana - P23 92.2 98.1 a8 97.7 99.4 99.4 99.6 99.6 99.6 99.6 99.6 99.6 99.8
31. 8 .bassiana - P25 92.4 98.3 98.3 98.0 99.6 99.6 99.8 99.8 99.8 99.8 99.8 99.8 100 99.8
32. I takamizusanensis - P24 83.0 84.0 84.0 83.6 84.5 B84.5 84.7 84.7 847 84.7 84.7 84.7 84.7 84.5 B84.7
33. L r - GU9E0039 82.6 83.8 3.8 &3.4 4.3 &4.3 84.5 84.5 84.5 §4.5 4.5 &4.5 84.5 84.3 84.5 99.6

Fig. 4. Level of similarity based on the sequences of ITS regions of P1 ~ P32.
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Fig. 5. Phylogenetic tree based on a comparison of ITS1, 5.8S and ITS2 region sequences of P1 ~ P32. The branching pattern was

generated by neighbor-joining method.
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(Fig. 5). 1HY B bassiana 13 75—
3t E S WAS Bluwd A, &5t 7P| B bassiana
P203} P21& AFS. 7ol = 100% Y R|5H= #5911, Gene Bank

=2 g% KOT533949HE 98,9%9) SATAPT Qgon] e
11532 7,19 o4 Sl B4R Qo] mlla Sl
Hsb7} Aolhe S FET 5 UrkFigs. 4, 5)

YA oWy T=3t2 AF P fumosoroseus w5 —
Banko|| 555 AJ6089829] A71H B} A5/ HlaL
Az}, 2ok zfekAke] P26, WoF AFekxl o] P31a} AFS. 7Holl 100%
O] 4 ol 222U AN o] AT B3
HEZo] 7HEA e ]|2F0R 25 A7} 7|dEn
(Figs. 4, 5). T3t YA ol 5231 A% [ takakumizu—
sanensis 75 Gene Banko] 525 GU9800392] H7]A4 <
I AFEALS v BA3E AT} 99, 6%2) w2 AFEAS UERY
T, o] S35 A o] wsER0] 7| g e v]7|e
Z0 2 (Seok et al, 2013) ALRETHFigs. 4, 5). ©] 2 AE2] 1]
71E(E5) ol thofAl= 35 dAIgE A7t H3)E et 7]
tigtc}, ool Aol A Fa=gt F579] opY 55520 E4t
AESH 5ol rDNAQ] ITSY 92 o]-8-oh= "’ o] 436l

Fad Aos AAE, E3ujER e v S5 2l
o= FFs] 710 Aoz AlrE,

A, opdEE st Aot
o] t‘iﬂEH?ﬁ, lf’_%_t‘g _T_X]-}xg%ﬁ-}(% 7]1:H
Zolg} Al En, 53] oF2] A} 5o Aol AR-E=
oA ehaA o= 6] AsER7t ool &

ol g3to] Aaera At AFd A At O]‘I‘O1X:‘
2 2}, EFHTS A B& o83 555t29 &
B SR R £2 BAISll B
=2z

FAPSHE o] wt5=2] JaPgEst] Wrlo] 24 7ofg

= Gene Bank=ZHE| 3h&

= Gene
A

54

R

* “110 vl

K
el

3]

w5l
A

<
= =T
AZ A og Holn] T3k A oA AFA ARFE #olFE
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A AL
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(Cordyceps sp., Paecilomyces sp,, Beauveriasp,, Arantho—
w5t
rDNA % internal transcribed spacer (ITS) 5¢]9] 7| €S
H| w3}Lh ITS F o] EXZ Q] eto|m Q] ITS1Y} ITS4E
cYgsIed FORg £Tel SIS, ST A
3719 PCR Ahas d= 4= AL, o5 AEEA = 913t
o] pGEM—T easy HEjo] 2 5‘]—3‘1 , ITSI, 5.8, ITS2 4
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