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Abstract We collected Cordyceps brongniartii from the
wild associated with coleopteran larvae for the first time in
Japan. Morphological comparisons of C. brongniartii with
the type specimen showed slight morphological difference,
whereas it showed considerable differences from those col-
lected in the wild in China. PCR-RFLP and ITS sequence
analyses corroborated the teleomorph—anamorph relation-
ship between C. brongniartii and Beauveria brongniartii.
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Cordyceps brongniartii Shimazu is the only Cordyceps
species originally described from artificially induced fruit
bodies (Shimazu et al. 1988). Cordyceps brongniartii from
the wild has only been reported in China (Liu and Liang
1993), although its anamorph Beauveria brongniartii (Sacc.)
Petch has been found in many regions of the world (Piatti
et al. 1998; Choo et al. 2002; Dolci et al. 2006; Hadapad
et al. 2006).

The Chinese material differs morphologically from the
specimen described by Shimazu et al. (1988) in perithecial
arrangement, sizes of perithecia and asci, and host species.
Yahagi et al. (2004) reported that the morphological char-
acteristics of cultivated C. militaris fruit bodies differ from
those of the wild type in perithecial arrangement. Thus, it
is possible that wild specimens and cultured C. brongniartii
may also differ morphologically.

In August 2004, we collected C. brongniartii fruit bodies
associated with coleopteran larvae in a forest. This is the
first report of wild C. brongniartii in Japan. In the present
article, we describe the environmental remarks for fruit
body formation and compare our fungus with the holotype
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specimen morphologically. Based on molecular data, we
corroborate an anamorph-teleomorph relationship.

Twenty-one fruit bodies were collected in Toyoura-cho,
Abuta-gun, Hokkaido, Japan. Of these 21 fruit bodies, 8
were not associated with insect carcasses and 8 were imma-
ture or damaged. Therefore, the remaining 5 intact fruit
bodies were used for isolation and observation. Isolates
were obtained from fruit body tissues using the surface-
sterilization method of Sasaki et al. (2004). To observe the
anamorph, isolates were incubated on Sabouraud glucose
agar medium [SGA: 20g agar, 10g peptone, 20¢g glucose,
and 11 distilled water (pH 6.5]) at 25°C in the dark for
approximately 1 month.

Macroscopic features of the fruit bodies were examined
by naked eye and under a dissecting microscope. Colors of
fruit bodies were assessed according to Munsell (1990). Col-
lected specimens were then oven-dried for 72h at 60°C. For
microscopic observation, the dried samples were rehydrated
in 0.05% Triton X-100 solution (Hywel-Jones 1995). Twenty
perithecia and asci, 30 partspores,and conidia were observed
under a differential interference microscope. The holotype
of C. brongniartii (I-22-N-3) was borrowed from Dr.
Shimazu of the Forestry and Forest Products Research
Institute, Ibaraki, Japan.

The polymerase chain reaction-restriction fragment
length polymorphism (PCR-RFLP) and internal tran-
scribed spacer (ITS) sequence data were used to supple-
ment the morphological identifications. Samples for
analyses were obtained from each dried stipe sample
(approximately 3mm long) and each piece of cultured
mycelium (approximately 3 x 3 x 3mm). DNA was
extracted using a DNeasy Plant Mini Kit (Qiagen, Hilden,
Germany). For the PCR-RFLP analysis, the ITS region
was amplified with the primer pair PN3 and PN16 (Neu-
véglise et al. 1994) and digested with Accll enzyme accord-
ing to Wada et al. (2003). For sequencing, the ITS region
was amplified with the primer pair ITS1f (Gardes and
Bruns 1993) and ITS4 (White et al. 1990). After amplifica-
tion, samples were purified with a LaboPass PCR purifica-
tion Kit (Cosmo Genetech, Seoul, Korea). These ITS1{/4
primers were also used for sequencing reactions with an
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Table 1. Morphological comparisons of Cordyceps brongniartii
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Part Specimen of Shimazu et al. (1988) Liu and Liang (1993) Specimens of present study
Host Coleoptera Lepidoptera Coleoptera
Perithecium
Arrangement Semi-immersed Superficial Semi-immersed
Shape Obovoid to clavate Ovoid to obpyriform Obovoid to clavate
Dimension (1m) 334-534 x 168-318 562-837 x 310-500 394-580 x 163-310
Ascus

170-375 long®
34-43

Dimension (im)
Cap breadth (um)
Partspore

Dimension (im) 2.6-6.0 X 0.8-1.4

250-350 long 180412 x 2.3-4.0
4548 24-43
2.5-8.4 % 0.7-1.2 4.0-159 x 0.9-1.4

*Ascus dimension is quoted from Shimazu et al. (1988)

ABI Big Dye Terminator Cycle Sequencing Ready Reac-
tion Kit (Applied Biosystems, Foster City, CA, USA).
Sequences were detected using an ABI autosequencer 3730
(Applied Biosystems) and aligned using CLUSTAL W
(Thompson et al. 1994). The resulting sequence was com-
pared to database sequences in DDBJ using the BLAST
program. All specimens and cultures were deposited in the
Laboratory of Forest Resource Biology (FORB), Hok-
kaido University, Hokkaido, Japan.

The morphology of the examined fungus agreed with the
original description (Shimazu et al. 1988). The morphology
of all isolates agreed to the description by de Hoog (1972).
Nevertheless, our samples showed slight morphological dif-
ferences compared to the holotype. The lengths of the peri-
thecia, asci, and partspores of the fruit bodies showed
slightly wider ranges than the holotype specimen (Table 1).
In particular, the maximum sizes of the partspores in our
samples were more than twice longer than those of Shimazu
et al. (1988). Yahagi et al. (2004) reported that the perithe-
cia of C. militaris shifted from semi-immersed to superficial
with cultivation. This phenomenon was not recognized in
C. brongniartii. To clarify the morphology of the specimen
obtained from the wild, description is given for the C.
brongniartii specimens obtained in the present study.

Cordyceps brongniartii Shimazu, Trans. Mycol. Soc. Japan
29: 328, 1988.

Anamorph: Beauveria brongniartii (Sacc.) Petch, Trans.
Br. mycol. Soc. 10: 249, 1924.

Stromata clavate, furrowing on basal part, fleshy, 16—
42mm long, 1.4-3.7mm wide (mean, 29 x 3.4mm), protrud-
ing from the ground and connecting the host insect to the
soil with whitish mycelial strands (Figs. 1, 2). Whitish soft
mycelia covering the host (Fig. 2). Perithecial head slightly
fertile or not, becoming attenuate from fertile part, yellow
(10YR7/8-10YRS8/8), 7-21mm long, 2.2-4.5mm wide
(mean, 15 x 3.7mm). Color of the stalk yellow to olive-
yellow (2.5Y8/8-10YR7/8). Perithecia semi-immersed,
translucent-walled, obovoid to clavate, and 394-580 x 163—
310um (mean, 455 x 232um) (Fig. 3). Ostioles prominent,
visible on the outer surface. Asci cylindrical, hyaline, 180—
412 x 2.3-4.0um (mean, 324 x 3.1 um), with hemispheric cap
2.4-43um in diameter (mean, 3.6um) (Fig. 4). Ascospores
filiform, multiseptate, and easily disarticulated to part-

Figs. 1-8. Cordyceps brongniartii. 1 A stroma protruding from litter
layer. 2 Stromata growing from coleopteran larva. 3 Perithecia. 4 Ascus
with a semispheric cap. 5-8 Partspores. Bars 2 10mm; 3 50um; 4 5Spum;
5-8 Sum

spores. Partspores cylindrical, truncate at both ends, 4.0—
15.9 x 0.9-1.4pum (mean, 6.9 x 1.2um) (Figs. 5-8).
Anamorph: Mycelium hyaline. Conidium arrangement
sympodial (Figs. 9, 10). Conidia produced along zigzag
elongations of flask-shaped or subcylindrical conidiogenous
cells, often in clusters, hyaline, ellipsoidal (FORBc04002
and FORBc04005) or oval (all other isolates), 2.3-3.2 X
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Figs. 9, 10. Beauveria brongniartii isolated from tissue of Cordyceps
brongniartii. 9 Conidiogenous structures. 10 Conidia with conidioge-
nous cell. Bars 9 40um; 10 Sum

0.8-2.2um (mean, 2.7 x 1.8um) and 2.7-3.8 x 1.1-1.7um
(mean, 3.2 x 1.4um), respectively.

All isolates grew well and formed conidia on SGA
medium. Colonies appeared lanose to velvety or powdery
with red pigment. Production of red pigment in culture was
congruent with previous reports (Kawakami 1978; Wada
et al. 2003).

Habitat: Solitary or gregarious in small groups on thick
litter layer in Abies sachalinensis (Fr. Schm.) Masters plan-
tation forest in association with carcasses of coleopteran
larva. Located on a gentle slope at approximately 250 m
elevation. The annual average temperature is approximately
7°C, and the annual average precipitation is approximately
1200mm (Japan Meteorological Agency; http://www.jma.
go.jp/jma/index.html).

Fungal materials examined: Toyoura-cho, Abuta-gun,
Hokkaido, Japan, August 22, 2004, collected by F. Sasaki
and Y. Nishihara, FORBs04001 (isolate FORBc04001),
FORBs04006 (isolate FORBc04002), FORBs04007 (iso-
late FORBc04003), FORBs04008 (isolate FORBc04004),
FORBs04010 (isolate FORBc04005).

In contrast to the slight differences observed between
the type specimen and our samples, considerable differ-
ences were noted in comparison with Liu and Liang (1993;
see Table 1). The samples in Liu and Liang (1993) exhibited
superficial perithecia that were considerably larger than
those of our samples. The ascus cup widths in Liu and Liang
(1993) were also markedly larger than our samples. In addi-
tion, the host was lepidopteran pupae in bamboo groves.

From the PCR-RFLP analysis, identical patterns repre-
senting four bands of approximately <100, 120, 330, and

Fig. 11. Restriction patterns of internal transcribed spacer (ITS)
regions of Cordyceps brongniartii fruit bodies and their isolates digested
by Accll. Lanes 1, 3, 5, 7, and 9 are C. brongniartii fruit bodies (1,
FORBs04001; 3, FORBs04006; 5, FORBs04007; 7, FORBs04008; 9,
FORBs04010). Lanes 2, 4, 6, 8, and 10 are isolates (2, FORBc04001; 4,
FORBc04002; 6, FORBc04003; 8, FORBc04004; 10, FORBc04005).
Lane M is a 100-bp ladder DNA marker

470bp were obtained in all isolates and all fruit body samples
(Fig. 11). Wada et al. (2003) found that PCR-RFLP analysis
with Accll of three Beauveria species showed four patterns
for the following fungal groups or species: B. brongniartii
on scarab beetles, B. brongniartii on longicorn beetles, B.
bassiana, and B. amorpha. Our PCR-RFLP pattern was
identical to that of B. brongniartii on scarab beetles (Wada
et al. 2003).

One selected isolate (FORBc4005) was used for sequenc-
ing. Our resulting sequence (accession no. AB235200)
exhibited 100% homology with the sequences of B.
brongniartii in GenBank (accession nos. AB027381,
AB106649, AB237659, AB258367, AB258368, AY245628,
and AY336941). The rDNA analyses corroborated the
teleomorph—anamorph relationship of C. brongniartii and
B. brongniartii.

Acknowledgments We thank Mr. Yoichi Nishihara for collecting spec-
imens and Dr. Hiroki Sato of the Forestry and Forest Products
Research Institute for his kind advice. We also thank Dr. Mitsuaki
Shimazu of the Forestry and Forest Products Research Institute for
lending us the holotype specimen of C. brongniartii. This research was
supported by Research Fellowships for Young Scientists (No. 17-9011)
from the Japan Society for the Promotion of Science (JSPS).

References

Choo HY, Kaya HK, Huh J, Lee DW, Kim HH, Lee SM, Choo YM
(2002) Entomopathogenic nematodes (Steinernema spp. and Heter-
orhabditis bacteriophora) and a fungus Beauveria brongniartii for
biological control of the white grubs, Ectinohoplia rufipes and
Exomala orientalis, in Korean golf courses. Biocontrol 47:177-192

de Hoog GS (1972) The genera Beauveria, Isaria, Tritirachium, and
Acrodontium, gen. nov. Stud Mycol 1:1-41

Dolci P, Guglielmo F, Secchi F, Ozino OI (2006) Persistence and effi-
cacy of Beauveria brongniartii strains applied as biological control
agents against Melolontha melolontha in the Valley of Aosta (north-
west Italy). J Appl Microbiol 100:1063-1072



Gardes M, Bruns TD (1993) ITS primers with enhanced specificity for
basidiomycetes: application to the identification of mycorrhizae and
rusts. Mol Ecol 2:113-118

Hadapad A, Reineke A, Zebitz CPW (2006) Genetic variability among
Beauveria brongniartii (Saccardo) Petch isolates from various geo-
graphical and host origins based on AFLP analysis. Mitt Dtsch Ges
Allg Angew Entomol 15:71-76

Hywel-Jones N (1995) Notes on Cordyceps nutans and its anamorph,
a pathogen of hemipteran bugs in Thailand. Mycol Res 99:724-726

Kawakami K (1978) On an entomogenous fungus, Beauveria tenella
(Delacroix) Siemaszko, isolated from the yellow-spotted longicorn
beetle, Psacothea hilaris PASCOE (in Japanese). Bull Seric Exp Sta
(Tokyo) 27:445-467

Liu AY, Liang ZQ (1993) A new record of the genus Cordyceps in
China (in Chinese). Acta Mycol Sin 12:248-250

Munsell AH (1990) Munsell soil color charts, revised edn. Macbeth
Division of Kollmorgen Instruments, Baltimore

Neuvéglise C, Brygoo Y, Vercambre B, Riba G (1994) Comparative
analysis of molecular and biological characteristics of strains of
Beauveria brongniartii isolated from insects. Mycol Res 98:322-328

Piatti P, Cravanzola F, Bridge PD, Ozino OI (1998) Molecular charac-
terization of Beauveria brongniartii isolates obtained from Melolon-
tha melolontha in Valle d’Aosta (Italy) by RAPD-PCR. Lett Appl
Microbiol 26:317-324

315

Sasaki F, Miyamoto T, Tamai Y, Yajima T (2004) Isolation of vegeta-
ble wasps and plant worms, Cordyceps nutans, from fruit body tissue.
J Invertebr Pathol 85:70-73

Shimazu M, Mitsuhashi W, Hashimoto H (1988) Cordyceps brongniar-
tii sp. nov., the teleomorph of Beauveria brongniartii. Trans Mycol
Soc Jpn 29:323-330

Thompson JD, Higgins DG, Gibson TJ (1994) Clustal W: improving
the sensitivity of progressive multiple sequence alignment through
sequence weighting, position specific gap penalties and weight matrix
choice. Nucleic Acids Res 22:4673-4680

Wada S, Horita M, Hirayae K, Shimazu M (2003) Discrimination of
Japanese isolates of Beauveria brongniartii (Deuteromycotina:
Hyphomycetes) by RFLP of the rDNA-ITS regions. Appl Entomol
Zool 38:551-557

White TJ, Bruns T, Lee S, Taylor J (1990) Amplification and direct
sequencing of fungal ribosomal RNA genes for phylogenics. In: Innis
MA, Gelfand DH, Sninsky JJ, White TJ (eds) PCR protocols. Aca-
demic Press, San Diego, pp 315-322

Yahagi N, Yahagi R, Takano F, Fushiya S, Tanaka T, Murakami K,
Ohta T (2004) Growth of ascocarps from cultured Cordyceps mili-
taris (L.: Fr.) Fr. and Cordyceps formicarum Kobayasi in an agar
medium (in Japanese). Nippon Kingakukai Kaiho 45:15-19



