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Abstract Sclerotia were formed in agar culture by a

fungus with clamp connections isolated from rice husks at

Tsukuba, Japan. The sclerotia were brown, globose to

ellipsoidal, small, up to 200 lm in diameter, and composed

of external rind tissue and internal medulla tissue. Such

tiny sclerotia have not been commonly reported among

basidiomycetous fungi in the literature. The fungus was

identified as Coprinopsis cinerea on the basis of morpho-

logical characteristics together with molecular analyses.

Three reference strains of C. cinerea formed sclerotia

similarly under identical cultural conditions.

Keywords Basidiomycota � Coprinoid fungus �
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During studies on biodegradation of rice husks, brown glo-

bose to ellipsoidal tiny sclerotia (Fig. 1a, b) and hyphae with

clamp connections were observed on 2% water agar (WA;

Wako Pure Chemical Industries, Osaka, Japan) plated with

rice husks. These sclerotia ranged from 65 to 180 lm in

diameter. Basidiomes were also formed nearly 1 month later

on Difco potato dextrose agar (PDA). The fungus was

identified as one of the coprinoid fungi on the basis of deli-

quesced basidiomes with inky spore prints. However, most

coprinoid fungi were reclassified into at least four genera and

two families, i.e., Coprinus s. str. (Agaricaceae), Coprin-

opsis (Psathyrellaceae), Coprinellus (Psathyrellaceae), and

Parasola (Psathyrellaceae) on the basis of molecular data

(Hopple and Vilgalys 1999; Kirk et al. 2008; Redhead et al.

2001). Sclerotia formed by coprinoid fungi on agar cultures

are not commonly reported, although there are some refer-

ences on coprinoid fungi associated with rice plants in cul-

ture collection catalogues (ATCC 2010; NBRC 2010)

including Coprinus fimentarius Fr. (ATCC36567) from rice

straw, Coprinopsis cinerea (Schaeff.: Fr.) Redhead, Vilgalys

& Moncalvo (ATCC42723 and ATCC42729) from rice

compost and C. cinerea (NBRC 30628) from rice

straw treated with urea, and Coprinus patouillardii Quél.

(ATCC42762) from rice straw mat. Sclerotia of this fungus

are comparatively studied with three reference strains

from NBRC (2010), National Institute of Technology and

Evaluation, Japan, in agar cultures.

Husks of rice (cv. Koshihikari) collected at Akatsuka,

Tsukuba, Ibaraki, Japan, in September 2005 were used as

samples. After washing samples under running tap water

for more than 30 min and air-drying, they were plated onto

2% WA (5 husks/plate). The plates in plastic cases were

placed on an open shelf and incubated under laboratory

condition with constant temperature at 258C and aeration,

but light was not precisely controlled. Sclerotia (Fig. 1a, b)

were noted in some plates within 30 days of incubation.

The three type strains (NBRC 30628, 31333, 100011) of

C. cinerea from NBRC (2010) were comparatively tested

for sclerotium formation.

Genomic DNA was extracted from mycelia in Difco

potato dextrose broth (PDB) culture using the FastDNA

SPIN Kit (Qbiogene, Carlsbad, CA, USA) following the

manufacture’s instruction. The internal transcribed spacer

(ITS) regions and 5.8S rRNA gene were amplified with the

primers NS1 (White et al. 1990; Kowalchuk et al. 1997) and

NL4 (O’Donnell 1993). Polymerase chain reaction (PCR)

cycling conditions were as follows: 2 min preheating at

958C, followed by 40 cycles consisting of denaturation at
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958C for 10 s, annealing at 558C for 15 s, extension at 728C
for 150 s, and a final 2 min extension at 728C. The PCR

product was sequenced with the DTCS-Quick Start kit

(Beckman Coulter, Fullerton, CA, USA) and the CEQ

2000XL genetic analysis system (Beckman Coulter), using

the primers 5.8S-F (50-CATCGATGAAGAACGCAGC-30,
a modification of ITS3 (White et al. 1990), and 5.8S-R

(50-KRTGCGTTCAAAGATTCGAT-30), designed in this

study. A phylogenetic tree was constructed by the neighbor-

joining method using CLUSTAL W on the basis of ITS and

5.8S rRNA gene sequences that were determined in this

study, and sequences of other species collected from the

public databases. Bootstrap resampling analysis for 1,000

replicates was performed, and the nucleotide sequence data

in this study were deposited in the DDBJ/EMBL/GenBank

databases (AB499044).

The culture (TW 06-150) (=AIST06150) derived from

sclerotia was deposited at National Institute of Advanced

Industrial Science and Technology, Ministry of Economy,

Trade and Industry, Tsukuba, Ibaraki, Japan, and living

subcultures were also deposited at NIAS Genebank,

National Institute of Agrobiological Sciences, Ministry of

Agriculture, Forestry and Fisheries (=MAFF 240343),

Tsukuba, Japan.

Morphology of the fungus is as follows. Pileus columnar

to bell-shaped, floccose, white to grayish, 3.5–8 mm long,

3–4 mm wide, then becoming flattened up to 18 mm wide,

finally uplifted marginally or turning over and splitting with

deliquescence after expansion. Lamellae 40–50 in number,

straight or branched, pale brown, mostly 40–100 lm broad.

Universal veils composed of chained hyaline cylindrical or

ellipsoidal cells, 125–175 9 17.5–30 lm. Pleurocystidia

hyaline, clavate, cylindrical or ellipsoidal, rarely horned,

(60–)70–96(–106) 9 22–30 lm. Cheilocystidia clavate to

ellipsoidal, 96–130 9 77 lm, globose 16–26 lm in diam-

eter. Basidia hyaline, globose, 20–25 9 8–8.5 lm in

diameter, 4-spored, sterigmata 2–2.4 lm long. Spores dark

brown, ellipsoidal to ovoid, apiculate and inflated apically,

truncate basally, 8–11 9 5–6 lm, with central germ pores,

nearly 2 lm wide, rarely cylindrical in side view. Stipes

floccose, white to pale brown, up to 80 mm long, tapering

from base towards apex, 1.5–3 mm wide basally, 0.8–1 mm

wide apically, composed of cylindrical, often clamped, cells,

18–21(–24) lm broad. Sclerotia (Fig. 1a, b) often covered

by hyphae, brown, smooth, spherical to ellipsoidal,

70–180(–200) lm in diameter, composed of external yel-

lowish to dark brown pseudochymatous rind tissue (textual

angularis, mostly 10 lm in diameter) and internal pale

brown prosenchymatous medulla tissue (Fig. 1c). Hyphae

clamped, 2–5.6 lm broad.

Colonies on PDA after incubation for 7 days at 25�C

were 44–54 mm in diameter, slightly aerial, white, brown

and slightly raised partially and locally because of sclero-

tium formation; reverse pale brown.

In the molecular analysis, 688 bp of the sequences of the

fungus were determined. It showed high sequence simi-

larity (99.9%) to three C. cinerea strains (NBRC 31333,

AB097562, AB097563) (Fig. 2). Thus, the fungus was

identified as C. cinerea (Schaeff.: Fr.) Redhead, Vilgalys &

Moncalvo (Redhead et al. 2001) on the basis of the BLAST

analysis of the ITS sequences together with morphological

characteristics (Buller 1924; Kües 2000; Uljé 2009). The

phylogenetic analyses (Fig. 2) also support this result.

Sclerotia of Coprinopsis cinerea or Coprinus lagopus

(Fr.) Fr. (syn.: Coprinopsis cinerea) were described by Moor

and Jirjis (1976), and Waters et al. (1972, 1975a,b) (Table 1).

Fig. 1 Sclerotium morphology of Coprinopsis cinerea TW 06-150.

a Globose sclerotium formed on water agar. b Ellipsoidal sclerotium

crushed, composed of rind and medulla tissue. c Sclerotium composed

of pseudoparenchymatous rind (lower part) and prosenchymatous

medulla tissue (upper part). Bars a 50 lm; b 30 lm; c 10 lm

Mycoscience (2011) 52:152–156 153

123



Sclerotia were formed by the three reference strains

(NBRC 30628, NBRC 31333, and NBRC 100011) of

C. cinerea from NBRC (2010) aerially or embedded in

aerial hyphae in 8 days on both WA and PDA media,

although NBRC 31333 formed sclerotia 36–46 days after

start of culture (Table 2). These sclerotia were morpho-

logically identical to one another, and ranged 75–200 lm

in diameter of globose sclerotia or largest length of ellip-

soidal sclerotia. The respective 50 sclerotia randomly

selected were 114.4–126.0 lm on average on WA and

115.7–135.4 lm on PDA.

Basidiome formation on agar cultures was often too

erratic in each strain, but all the fungi tested formed ba-

sidiomes within 30–37 days on PDA, or sometimes on

WA, except the NBRC 100011 strain. Mature basidiosp-

ores of these fungi are almost similar in shape and size.

Fungi are traditionally described on the basis of field-

collected materials. Therefore, sclerotia, rhizoids, or other

morphology formed in vitro have often been neglected or

overlooked. However, this work started from sclerotia,

and the fungus was almost impossible to identify before

the basidiomes were observed, but it was identified

0.1
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Coprinus bellulus SZMC-NL-2341 FM163176

Coprinopsis stercorea SFSU-DEH2074A AY461828
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100
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25
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Fig. 2 A phylogenetic tree

showing relationships of four

strains of Coprinopsis cinerea,

i.e., TW 06-150 (=MAFF

240343), NBRC 31333, NBRC

30628, and NBRC 100011, and

related species of Copinopsis
and Coprinus on the basis of

internal transcribed spacer (ITS)

regions and 5.8 S rRNA gene

sequences, constructed using the

neighbor-joining method. Scale
bar indicates 0.1 substitutions

per nucleotide position.

Bootstrap values are shown at

the branch points. Parasola
conopila (DQ389725) was used

as an outgroup

Table 1 Sclerotia of Coprinopsis cinerea or Coprinopsis lagopus (syn: C. cinerea) in culture

Taxona Color Shape Size Remarks

Coprinopsis cinereab Black Globose *250 lm in diameter Rind and medulla separated

Coprinopsis cinereac Black Globose or ellipsoidal <180 lm in diameter Rind and medulla separated

Coprinopsis lagopusd Pale brown to black Globose <1 mm in diameter Rind and medulla separated

Coprinopsis lagopuse Pale brown to black Globose 100–250 lm in diameter Aerial sclerotia composed of three basic

tissue types: hyphal cells, rind, and medulla

a Names of taxon based on Redhead et al. 2001; b Moor and Jirjis 1976; c this study; d Waters et al. 1972, 1975a; e Waters et al. 1975b
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morphologically, and also confirmed by the molecular

data.

In the classical work on Coprinus lagopus (syn. Co-

prinopsis cinerea) (Buller 1924), the basidiomes formed in

both light and complete dark conditions were observed, and

they were various in size and shape, but no sclerotia

described.

Sclerotia formed by C. cinerea or C. lagopus as

reported in the literature (see Table 1) are 100–200 lm

or more in diameter, but the rice husks fungus and three

NBRC reference strains formed slightly smaller sclerotia

65–190(–200) lm in diameter in culture (see Table 2).

Formation of two anatomically distinct types of sclero-

tum, a loosely organized form that arises in the sub-

merged mycelium and a compact highly organized

structure which was developed in the aerial mycelium by

C. lagopus (syn. C. cinereus), were described by Waters

et al. (1975a,b), and the aerial sclerotia, 100–250 lm in

diameter, consist of three basic tissue types arranged

concentrically: the outermost layer of thin-walled dead

hyphal cells, the second layer of the rind, and the central

medullary region. However, sclerotia in our study

(Fig. 1c) were composed of two layers, i.e., external rind

and internal medulla tissues.

Some coprinoid species are known to be associated with

plants, causing damage to the plants (Traquair and Smith

1982), or parasitizing them without any injurious effects

(Hanna 1939). Coprinopsis cinerea from rice husks was not

pathogenic to rice plants in the preliminary inoculation test

(data not shown), although the nature of the association has

not been studied. The ecological implications of the fungus

are interesting to note for future work.
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