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Cordyceps sinensis, the caterpillar fungus in traditional Chinese medicine, has been intensively collected from nature in recent years. As

a result, the establishment of the anamorph of this species has become important for large-scale culture to meet increasing demand

for medicinal use and to ease exploitation of natural populations. To establish a reliable connection between the teleomorph and

anamorph stages, the ITS nrDNA sequences were sequenced from both the stroma of the telemorph and cultures of the anamorph.

Observations of microcyclic conidiation were also made on germinated ascospores and compared with the anamorph in culture.

Hirsutella sinensis was confirmed as the anamorph of C. sinensis by both DNA sequences and microcyclic conidiation. Two recently

described species, C. multiaxialis and C. nepalensis, were shown to share identical or almost identical ITS sequences with C. sinensis.

These minor variations were considered to be within the range of variation exhibited within a species, but representing different

populations. Sequences from other Cordyceps species included in this study exhibited considerable differences from each other.

Therefore, these three entities are probably conspecific, and the names should be regarded as synonymous. The morphological

characters used in the description of the two new species are discussed. It is suggested that ITS sequences provided useful

information on establishing the anamorph–telemorph connection and assisting in the delimitation of species within Cordyceps.

INTRODUCTION

Cordyceps sinensis (Berk.) Sacc. 1878, the caterpillar fungus, is

referred to as ‘Dong Chong Xia Cao ’ (meaning ‘a herb in

winter and a worm in summer ’) in China and ‘Tostu Kaso ’ in

Japan (Kobayasi 1941). As a traditional Chinese medicine, it is

said C. sinensis was recognised 2000 years ago and formerly

recorded as early as 1578 (Li 1975 : 2975). In the West, the

species had a number of common spellings, such as ‘Hia Tsao

Tong Tchong ’ from the Chinese by Reaumur in 1726

(Berkeley 1843) and mentioned ten years later by Du halde

(1736 : 41), and ‘Hea Tsaon Tsong Chung ’ (Westwood 1842).

Its scientific name Sphaeria sinensis, however, was first given in

1843 (Berkeley 1843, Pegler et al. 1994). Saccardo (1878)

transferred the species to Cordyceps as C. sinensis.

Cordyceps sinensis is widely distributed in the alpine regions

of south-west China including Yunnan, Gansu, Qinghai, Tibet

and Sichan. Some specimens maintained in the herbarium of

the Royal Botanic Gardens at Kew, were collected from Nepal

and Bhutan. A few recently described species from China,

similar to C. sinensis in appearance, include C. gansuensis

(Zhang, Wang & Yan 1989), C. crassispora (Zang, Yang & Li

1990) and C. kangdingensis, C. nepalensis and C. multiaxialis

(Zang & Kinjo 1998).

At a time when teleomorph resources are seriously

declining, many mycologists are studying the isolation and

culture of the anamorph of C. sinensis because of its economic

value as a Chinese medicine. Kobayasi (1982) reported the

first culture, Stachybotrys sp., that he considered to be the

anamorph of C. sinensis. Several conidial forms have

subsequently been reported as possible anamorphs of C.

sinensis. These include Paecilomyces sinensis (Chen & Xiao

1984), Scytalidium hepiali (Li & Ling, 1988), Tolypocladium

sinensis (Li 1988), Chrysosporium sinensis (Liang 1991a),

Hirsutella sinensis (Liu et al. 1989), Synnematium sinensis (Yin &

Shen 1990) and Cephalosporium sp. (Shen, Ceng & Zhang

1983). However, it may be improbable that a species such as

C. sinensis can have so many different anamorphs belonging to

such taxonomically different genera. Liang (1991b) reviewed

several methods available to establish anamorph–teleomorph

connections in Cordyceps. He considered microcycle coni-

diation, or short life-cycle, based on the direct observation of

teleomorphic states developing into anamorphic states or vice

versa as the most effective. Although this approach can be

applied to C. sinensis, its use is very limited for other species.

The development of molecular biological techniques has

made it possible to extract and analyse fungal DNA even from

dead fungi and to infer reliable anamorph–teleomorph

connections (Egger & Sigler 1992). Vogler & Bruns (1992)

resolved anamorph–teleomorph relationships in Cronartium

by using internal transcribed spacers (ITS) sequence analysis.

Some molecular studies have also been applied to Cordyceps
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species (Ito & Hirano 1996, Glenn et al. 1996, Kuldau et al.

1997, Landvik 1996). In C. sinensis, only 18S ribosomal DNA

sequences have been reported (Ito & Hirano 1997), and no

attempts have been made to link the teleomorph with

anamorph by ITS sequence analysis. Ribosomal genes include

regions coding for the 18S, 5±8S and 28S rRNA, which

evolves slowly and are highly conserved and can be used for

comparing distantly related organisms for example between

different species and genera. They also contain variable

regions, two internal transcribed spacers (ITS1 and ITS2) and

an external transcribed spacer (ETS), which evolve rapidly and

can be used for comparison of closely related species and

subspecies (Black, McLain & Rai 1989, Chen, Hoy & Schneider

1992). In this study, both ascosporal microcyclic conidiation

and investigations of ITS, including 5±8S sequences of nuclear

ribosomal DNA (nrDNA), were undertaken to demonstrate

the relationship between species similar to C. sinensis and

anamorph–teleomorph connections. The former was carried

out by observing the ascospore germination of C. sinensis to

produce phialides and conidia. The latter was achieved by

comparing ITS nucleotide sequences of rDNA of specimens

from different geographic locations.

MATERIALS AND METHODS

Collection of specimens, isolation and cultivation of

strains

The specimens of Cordyceps sinensis examined in this study

were collected from Baima Show Mountain and Ranzhi Snow

Mountain in the Deqin region, Yunnan Province, China in

July 1995. The samples of C. nepalensis and C. multiaxialis

came from Professor Zang who described these two species.

C. militaris collected from Surrey, UK and C. robertsii from

Australia were used as outgroups. The details of herbarium

material and cultures investigated are given in Table 1.

Mature specimens were wrapped in moist tissue after

collection to allow release of ascospores onto sterile glass

slides. The majority of ascospores were transferred to potato

dextrose agar (PDA) slopes while some were used to observe

microcyclic conidiation. Pieces of abdominal hyphal body

(sclerotia) and stromal tissue were also transferred to PDA

slopes. Colonies from three separate isolations were checked

for purity under the microscope following incubation at 15 °C

Table 1. Herbarium specimens and cultures investigated.

Species Voucher Location Collector Collecting date

C. sinensis L95D05(5137) Beima Snow Mountain, Yunnan, China Z. Y. Liu et al. 1995

L95D04(RZ) Renzhi Snow Mountain, Yunnan, China Z. Y. Liu et al. 1995

L95D03(BM) Beima Snow Mountain, Ynnnan, China Z. Y. Liu et al. 1995

C. multiaxialis HKAS30258* Kangding, Sichuan, China M. Zang 1996

C. nepalensis HKAS28095* Kangchenjunga mountain, Nepal N. Kinjo 1992

C. militaris K(M) Surrey, UK 1986

C. robertsii K(M)27083 Toolangi State Forest, Australia 1994

Hirsutella sinensis L95DRN-7 Culture of L95D04(RZ) Z. Y. Liu et al. 1995

L95D5137-7 Culture of L95D05(5137) Z. Y. Liu et al. 1995

L95DBM-1 Culture of L95D03(BM) Z. Y. Liu et al. 1995

* Type material by courtesy of Prof. M. Zang.

for 60 d (Liu et al. 1989). Specimens were air dried and kept

at 4°. Unique morphological features were photographed. For

microscopic observation of microcyclic conidiation, slides with

ascospores of C. sinensis were inverted and placed in a 12 cm

diam Petri dishes resting on two glass supporting rods over

two layers of wet filter paper. The cultures were maintained at

room temperature and microscopically examined for up to a

month. Sometimes it was necessary to add a drop of liquid

medium (potato dextrose broth) to the slide to supply

nutrients to encourage germination of the ascospores.

DNA extraction, amplification and sequencing

Dried specimens of Cordyceps robertsii and C. militaris from

K(M) and of C. sinensis from China were examined under a

dissecting microscope. Contaminating debris was removed

with a fine brush and dissecting knife. Samples (0±002–0±01 g)

placed in a 1±5 ml Eppendorf tubes with fine sterile sand were

mixed by shaking and ground into a powder with a glass

micro-pestle. Dry mycelium was obtained by scraping the

culture from the surface of PDA slopes which had been

incubated at 15° for 60 d followed by storage at 4°. Samples

of approximately 0±05 g, including some agar, were transferred

to 1±5 ml Eppendorf tubes containing sterile sand. The

mycelium was then ground with a glass micropestle. DNA

was extracted from stromal tissue of dried specimens and from

dried mycelium of cultivated strains. CTAB buffer (600 µl)

was added to each tube and incubated in a 65° water bath for

1 h. The same volume of chloroform: isoamyl alcohol (24 :1)

was pipetted in the tube, mixed by shaking and centrifuged at

12000 g for 10 min. The supernatant was transferred to a

fresh tube. The chloroform-isoamyl alcohol extraction was

repeated, and 250 µl isopropanol then added to the super-

natant, mixed by shaking and stored at ®20° overnight to

allow the DNA to precipitate. The precipitate was centrifuged

for 15 min, the liquid drained off and the tube dried at 65° for

20 min. Fifty µl of double distilled water was then added to

the DNA preparation.

The PCR reaction mixtures contained 10 µl of 10¬buffer

(10 m Tris}HCl, pH 8±3), 10 µl of 25 m MgCl
#

solution,

0±5 µl of 10 m solutions of each of the four deoxyribo-

nucleotide triphosphates (dNTP), 1 µl each of 100 ng µl−"

stocks of the primers ITS4 (5«-TCCTCCGCTTATTGATA-

TGC-3«) and ITS5 (5«-GGAAGTAAAAGTCGTAACAAGG-



Z. Y. Liu and others 829

3«) (White et al., 1990), 0±5 µl of a 250 U}ml solution of Taq

polymerase, 1 µl of DNA template and 74±5 µl double

distilled water. PCR products were amplified in a Perkin–Elmer

DNA Thermal Cycler using the following regime : 97° pre-

melt for 1 min, 30 cycles at 97° for 1 min, 48° for 1 min, and

72° for 3 min, and a 7 min extension at 72°. Products were

purified using the QIAquick PCR Purification Kit (Quiagen,

Ltd). Cycle sequence reactions was performed on the Gene

amp PCR system 9600 (Perkin–Elmer) by the cyclic reaction

termination method using fluorescently labelled dideoxyribo-

nucleotide triphosphates according to the manufacturer’s

protocols. The sequencing products were purified according

to the instructions for the sequencing kit (Prism
tm

Ready

Reaction Dyedodeoxy Terminator Cycle Sequencing Kit,

ABI).

DNA sequence analysis

Electrophoresis and data collection were performed on an

ABI
tm

377 DNA Sequencer (Perkin–Elmer) and the data

transferred to a Power Macintosh 7200}90. Raw data were

edited with Sequence Navigator and the contigs assembled

with AutoAssembler (ABI). Sequences were analysed using

PAUP 3.1.1 (Swofford 1993), with nucleotide substitutions

treated as unordered and equally weighted (Fitch parsimony ;

Fitch, 1971) and alignment gaps treated as missing information.

Phylogenetic trees were produced using Branch and Bound

method (Felsenstein 1985). Internal support for each branching

point was determined by a bootstrapping method with 1000

replications.

RESULTS

Cultural characteristics

Colonies grey, floss, protruding, hard inside, 1–1±5 cm diam

on PDA at 15° for 60 d. Conidiophores simple or branching

with 2–4 phialides in verticils, 40–300¬3±8–8±0 µm. Phialides

awl-shaped, occasionally proliferating, septate or lacking,

20–90¬6±9–9±0 µm (base) tapering at the tip. Conidia ovoid,

ellipsoid, or sausage-shaped, 6±0–9±4¬2±5–3±0 µm, with two

to three or occasionally up to 6–7 conidia aggregating

together in a slime head (Fig. 1).

A

B

C

D

Fig. 1. Features of the anamorph of Cordyceps sinensis. A, Branched

conidiophores ; B, Proliferous phialides ; C, Single phialide ; D,

Conidia in slime head. Bar¯ 10 µm.

A
B

E

C

D

Fig. 2. Ascosporal microcyclic conidiation of Cordyceps sinensis A,

Branched conidiophores ; B, Proliferous phialides ; C, Single phialide ;

D, Conidia in slime head ; E, Ascospore. Bar¯ 10 µm.

Fig. 3. The phylogenetic tree of the ITS4–ITS5 regions of C. sinensis,

its anamorph Hirsutella sinensis and outgroups C. militaris and

C. robertsii obtained using branch and bound analysis.

Microcyclic conidiation of ascospores

The accessions of Cordyceps sinensis differentially released

ascospores from a few days to 20 d. For the most part,

ascospores were germinated to produce hyphae or conidio-

genous phialides. In general, one spore fragment produced

one phialide, but sometimes branching conidiophores were

formed (Fig. 2). The phialides were awl-shaped, or swollen

slightly at the base, 45–90¬6–9 µm (base) and tapering

apically. Two or three conidia on phialides were integrated

together into a slime head. Conidia were ovoid, ellipsoid,

hemispherical or cylindrical, 6–7±5¬2±5–3 µm (Fig. 2).

Parsimony analysis

The aligned sequences matrix for all accessions comprised 615

base pairs (bp). There were no differences between the

teleomorph samples L95D05 (5137), L95D04 (RZ) and
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Fig. 4. For legend see facing page.
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Fig. 4. The ITS sequences of Cordyceps sinensis, its anamorph Hirsutella sinensis and outgroup C. militaris and C. robertsi.

L95D03 (BM) (Fig. 4). These samples of Cordyceps sinensis

were collected from different locations in Yunnan province,

China, and had similar teleomorph appearances. No differences

were found between teleomorphs and their cultures (Hirsutella

sinensis) (L95DRN-7, L95D5137-7 and L95DBM-1) which

showed that the sexual stage and conidial stage shared

identical ITS sequences (Fig. 3). Two recently described

species, C. nepalensis and C. multiaxialis were found to possess

identical or almost identical ITS sequences with C. sinensis.

The former had the same ITS sequences with C. sinensis, while

the latter had similar ITS sequences with C. sinensis, in which

the minor variations were considered to be within the range

of variation within a species, but representing different

populations. Sequences from other Cordyceps species included

in this tree exhibited considerable differences from each other.

These three entities are probably con-specific. Based on the

sequence data, there were 5 substitutions, which were

insufficient to distinguish species C. sinensis from C. multiaxialis

(Fig. 4).

DISCUSSION

In the genus Cordyceps only a few anamorphs have been

successfully connected with their teleomorphs by directly

observing microcyclic conidiation (Liang 1991b, Liu, Liang &

Liu 1996, Liu, Liang & Liu 1997). Microcyclic conidiation is,

however, a direct, simple and accurate method to determine

anamorph–teleomorph connections (Liang 1991b). In this

study, the whole process in which ascospores were released

and germinated to produce conidiogenous cells and conidia

was observed microscopically. The results of microcyclic

conidiation observation indicated that the ascospores of

specimens of C. sinensis from different localities produce the

same conidiogenous structures and that these were similar to

Hirsutella sinensis. Similarly cultures isolated from stromata,

ascospores and abdominal hyphae produce the same conidio-

genous structures as those observed during microcyclic

conidiation. Consequently, evidence offered by microcyclic

conidiation proved indirectly that the cultures were of C.

sinensis. The cultural and microscopical characteristics of the

cultures were similar to those of H. sinensis, although there

were slight differences. Although approximately ten conidial

states have been reported it is strongly indicated that H.

sinensis (Liu et al. 1989) is the genuine anamorph of C. sinensis.

Species of Synnematium have been combined into the genus

Hirsutella (Evans & Samson 1982), and species of Cephalo-

sporium into Acremonium, Verticillium, or other genera (Domsch

& Gams 1980, Gams 1971). According to Liang (1991b),

Synnematium sinensis (Yin & Shen 1990) and the ‘Cephalo-

sporium sp. ’ of Shen et al. (1983) can be considered as

synonyms of H. sinensis.

To compare the species which are similar to Cordyceps

sinensis in appearance, we sequenced ITS rnDNA, which is a

particularly promising region for comparison with congeneric

species because it is more variable than the highly conserved

flanking ribosomal RNA genes (White et al. 1990). In this

study, the molecular systematic evidence showed all of the

experimental samples, except those of C. robertsii and

C. militaris, to have almost the same ITS sequences, which

indicates that the teleomorph samples from three different

resources including C. nepalensis and C. multiaxialis are

possibly the same taxon and that the three isolates with the

same morphological features are a single species H. sinensis.

The results of both molecular patterns and microcyclic

conidiation strongly support H. sinensis as the anamorph of

C. sinensis. It is also concluded that C. nepalensis M. Zang &

Kinjo 1998 (HKAS28095-holotype) and C. multiaxialis M.

Zang & Kinjo 1998 (HKAS30258-holotype) are synonyms of

C. sinensis.
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