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Cordyceps sinensis (Berk.) Sacc. is a treasured herb in Chinese medicine, a tonic for the lung and
kidney. The anamorph of C. sinensis was identified as Hirsutella sinensis. But the identification of C. sinensis
at the species level or below the species level using the traditional method based upon morphological
observation is difficult. The phylogenetic relationship between C. sinensis samples was analyzed based on
internal transcribed spacers 1 (ITS 1), 5.8S, and ITS 2 rRNA gene region sequences in this study. The
results revealed that C. sinensis was divided into two clusters. The sequence identities of cluster I and H.
sinensis (HMAS55469) were around 98.9%. However, the sequence identity of cluster Il and H. sinensis
(HMAS55469) was around 61.8%. The C. sinensis samples identified in the 18S rRNA gene NS3/NS6
regions at the species level could be further divided into two groups by using ITS 1, 5.8S, and ITS 2 rRNA
gene sequences.
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Table 1. The Cordyceps spp. used in this study
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Tissue used to

Species Specimen No. Source Location Collected date Accession No.
prepare DNA

Cordyceps sinensis  Cs824af Sclerotium Sze Chuan, China A Oct. 1995 AJ488272
Cs824b Sclerotium Sze Chuan, China A Oct. 1995 AJ488267
W1023f Stroma Sze Chuan, China B Sep. 1996 AJ488260
W1023t Sclerotium (tail) Sze Chuan, China B Sep. 1996 AJ488259
Cs1014Cb Sclerotium Tibet, China C May 1997 AJ488268
Cs7528A1 Sclerotium Tibet, China C May 1997 AJ488252
Cs7528A2 Stroma Tibet, China C May 1997 AJ488253
Cs7528I1f Stroma - A May 1997 AJA88273
Cs7528]t Sclerotium (tail) - A May 1997 AJ488239
Cs7528Hf Stroma - A May 1997 AJ488245
Cs7528Ht Sclerotium (tail) - A May 1997 AJ488250
RSCsIf Stroma - A May 1997 AJ488236
RSCslh Sclerotium (head) - A May 1997 AJA88237
RSCslt Sclerotium (tail) - A May 1997 AJ488238
RSCsKf Stroma - A May 1997 AJ488249.
RSCsKh Sclerotium (head) - A May 1997 AJ488248
RSCsKt Sclerotium (tail) - A May 1997 AJ488247
RSCsLf Stroma - A May 1997 A)488240
RSCsLh Stroma - A May 1997 AJ488246
RSCsLt Sclerotium (tail) - A May 1997 AJ488241
RSCsMf Stroma - A May 1997 AJ488242
RSCsMh Sclerotium (head) - A May 1997 AJ488243
RSCsMt Sclerotium (tail) - A May 1997 AJ488244
csdf Sclerotium - A May 1997 AJ488269
csdb Sclerotium - A May 1997 AJ488270
Cs824df Stroma - A May 1997 AJ488271
S1023f Stroma Tibet, China A Oct. 1998 AJ488257
$1023h Sclerotium (head) Tibet, China A Oct. 1998 AJA88256
S1023t Sclerotium (tail) Tibet, China A Oct. 1998 AJ488258
T1023f Stroma Qinghai, China A Oct. 1998 AJ488263
T1023h Sclerotium (head) Qinghai, China A Oct. 1998 AJ488261
T1023t Sclerotium (tail) Qinghai, China A Oct. 1998 AJ488262
H1023f Stroma Qinghai, China D Oct. 1998 AJ488254
H1023t Sclerotium (tail) Qinghai, China D Oct. 1998 AJ488255
K1023f Stroma - A Oct. 1998 AJ488264
K1023h Sclerotium (head) - A Oct. 1998 AJ488265
K1023t Sclerotium (tail) - A Oct. 1998 AJ488266
CsRSbH1 Mycelia Tibet E May. 1997 AJ488273
RS2 Mycelia Tibet E May. 1997 AJAB8275
RS3 Mycelia Tibet E May. 1997 AJA88274

C. militaris CMC2 Stroma China B May 1997 AJ48R277

C. memorabilis ATCC 36743 Mycelia - CCRC - AJA88276

A: Purchased at Chinese drug store in Taipei.

B: Purchased at Chinese drug store in Beijing.
C: Collected in Tibet, China.
D: Purchased at Chinese drug store in Qinghai, China.

E: Isolated from C. sinensis specimen.
CCRC: Culture Collection & Research Center, Hsinchu, Taiwan.

AT CC: American Type Culture Collection, USA.
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Table 2. List of primers used in this study

Primer designation Primer sequences (5° 3°)

NS 3 GCAAGTCTGGTGCCAGCAGCC
NS 6 GCATCACAGACCTGTTATTGCCTC
ITS 1 TCCGTAGGTGAACCTGCGG
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ITS 3 GCATCGATGAAGAACGCAGC
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Fig. 1. Phylogenetic relationships of C.sinensis in this
study inferred from nucleotide sequences of rRNA
gene ITS region.
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Fig. 2. Phylogenetic relationships of C.sinensis in this
study and sequences from EMBL databank inferred
from nucleotide sequences of rRNA gene ITS
region.
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Table 3. The sequences from EMBL databank used in this study
Species Specimen or strain Tissue Location Collector/Author Accession No.
Cordyceps sinensis  Specimen L95D03(BM) - Beima Snow Mountain, Z.Y. Liuet al. AJ309361
Yunnan, China
Specimen L95D04(RZ) - Renzhi Snow Mountain, Z.Y. Liu et al. AJ309354
Yunnan, China
Specimen L95D05(5137) - Beima Snow Mountain, Z.Y. Liu ez al. AJ309355
Yunnan, China
- - - S.C.Chouand L. W.Li  AF122026
- - - S.C.Chouand L. W.Li  AF122027
- - - S.C.Chouand L. W.Li  AF122028
- - - S.C.Chouand L. W. Li AF122029
Strain CCRC 36421 Mycelia - S.C.Chouand L. W.Li  AF122030
Strain CCRC 36421 Mycelia - S.C.Chouand L. W.Li  AF122031
- - - J.C. Kang AF139926
- - - J.C. Kang AF056582
Strain MPNU 8002 Mycelia J.E.Park et al. AF291749
Strain WNS03 Mycelia  Sichuan province, China Y. Q. Chen et al. AJ413183
Strain LCY9902 Mycelia ~ Qinghai provice, China Y. Q. Chen et al. AJ413181
Strain LCY 9902 ‘Mycelia  Qinghai provice, China Y. Q. Chen ef al. AJ413182
Strain WNS04 Mycelia Sichuan province, China Y. Q. Chen et al. AJ413184
- - Tibet, China Y. Q. Chen et al. AJ413178
- - Tibet, China Y. Q. Chen et al. AJ413179
Strain LiT9807 Mycelia  Tibet, China Y. Q. Chen et al. AJ413180
- Stroma Tibet, China J. Zhao et al. AJ243778
- Sclerotium Tibet, China J. Zhao et al. AJ243775
- Ascospore  Tibet, China J. Zhao et al. A)243776
] Strain LiT9704 Mycelia  Tibet, China J. Zhao et al. AJ245559
C. heteropoda - - - N. Nikoh and T. Fukatsu =~ AB027373
C. militaris - - Guangdong, China Q. Y. Chen et al. AJ242923
Strain N1 Mycelia  Beijing, China J. Zhao et al. AJ243774
Hirsutella sinensis  Strain Zhw01 Mycelia  Guangdong, China J. Zhao et al. AJ243979
Strain HMAS 55469 Mycelia  Beijing, China J. Zhao et al. AJ243980

heteropoda 7%\ AB027373 ~ C. sinensis MPNU 8002
FF %l AF291749 ~ C. sinensis CCRC 36421 FF %l
AF122031 ~ C. sinensis CCRC 36421 75! AF122030 -
MEBEE C. sinensis CCRC 36421 #& 18S rRNA E K
FIEELIELBEETY 5 111 BEE R
C. sinensis iy B ERFI AL g B EEES -

7 A ik B B i B B[R 3 R) R IR B Y rRNA
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ETE - RSB HERTTRABREES BW
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AJ413181 ~ AJ413182 ~ AJ413184 ~ AJ243788 -
AJ413178 ~ AJA13179 ~ AJ413180 ~ AF122028 -
AF122026 ~ AJ243979 ~ AJ245559 ~ AF122027 -
AF122029 ~ AJ243775 ~ AJ243776 B AJ243980 (&
B EF B R R H. sinensis HMAS55469) 5 25
Il HEEERERBERSFNLBEERFY
AF139926 ~ AF056582 -

Chen Z A"V 828 11S 1+5.85~ ITS 2 &%
FolRefE 48 E 5 > WEkET5(F# (probe 1/
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(1) Froit - ALEBEREFEB L MERAEAHYZHK
57 BRI e AR B LB ELR Y - &8t &
# (1984) -

(2) B/kARH  FEXSFHEE - POCEFER  HiE
HA (1994) -
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g:lt%%ﬁﬁﬁﬂ@&ﬁ?&%ﬁﬁ%ﬁﬁiéiéﬁi /b B
¥ (1998) -

(4) FEZRUT -~ JNBEE - BEA - BEE - ¥R - pEEA
HEFZE - B8 diEnt > 46T > B (1987) -

(5) ErHanE BRESA - BEUR : X8 E ¥ (Cordyceps sinensis)
MO TR - £HE 2 13: 474-480 (2002) -

(6) BRFH SERHEMERGLEYEEN - EEE5% 12
51-57 (1997)

(7) BESH - It FA 18S R ERIRGIRE K L7
MBS AL BE EEA R - HEEE S
37: 533-545 (1999) -

(8) R. A. Jorgensen and P. D. Cluster: Modes and tempos in
the evolution of nuclear ribosomal DNA: New characters
for evolutionary studies and new markers for genetic
and population studies. Anna. Missouri Botanical Garden,
75: 1238-1247 (1989).

(9) - T -RAE 2RE - ERE  LAB8FEEN
ST EE - FUALELE > 38: 121-123 (1999) »

(10) =% -~ HH) - FFN - B8 L BEE MW
BR - BHFA 0 19: 60-64 (2000) -

(1) Y. Q. Chen, N. Wang, L. H. Qu, T. H. Li. and W. M.
Zhang: Determination of the ananorph of Cordyceps
sinensis inferred from the analysis of the ribosomal
DNA internal transcribed spacer and 5.8S rDNA.
Biochem. Syst. Ecol., 29: 597-607 (2001).

(12) Z. Y. Liy, Y. J. Yao, Z. Q. Liang, A. Y. Liu, D. N. Pegler
and M. W. Chase: Molecular evidence for the anamorph-
teleomorph connection in Cordyceps sinensis. Mycol.
Res., 105: 827-832 (2001).

(13) N. Kinjo and M. Zang: Morphological and phylogenetic
studies on Cordyceps sinensis distributed in southwestern
China. Mycoscience, 42: 567-574 (2001).

(14) Y. Q. Chen, N. Wang, H. Zhou and L. H. Qu: Differentia-
tion of mechicinal Cordyceps sinensis by rDNA ITS
sequence analysis. Planta Med., 68: 635-639 (2002).

(15) =FR - =R - RAZ - BRIE - SR -REY 8
A R E R RIS TR BRI - EEIR 29
54-58 (2002) -

(16) BERES - EFEAFE © R 18S rRNA ERFSIENARE
HIZWE - 6BREFLLEZHRFFZ  40: 219-225
(2002) -

(17) T.J. White, T. Bruns, S. Lee and J. Taylor: Amplification
and direct sequencing of fungal ribosomal RNA genes
for phylogenetics. In: PCR Protocols (Innis, M. A.,
Gelfand, D. H. Sninsky, J. J. and White, T. J. eds.), pp.
315-322. Academic Press, Inc., New York, USA (1990).



