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Abstract Tricholoma matsutake isolates IFO6933 and
IFO30604 have been maintained on slants for 46 and 26
years, respectively, and widely used for studies of matsutake
in vitro without any contact with potential host plants. In
the present study, we demonstrate that both isolates are
able to form a typical ectomycorrhiza in association with
Pinus densiflora. The result shows that T. matsutake is
hardly attenuated in its symbiotic potential and that the
fungal cultures maintained for years are useful in further
analysis in vitro.
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Tricholoma matsutake (S. Ito et Imai) Singer is one of the
well-studied edible ectomycorrhizal mushrooms in the
world because of its economic importance (Hosford et al.
1997; Yamada et al. 1999a). Some T. matsutake isolates
have been cultured on nutrient media over the past 60
years, and such isolates, without proof of their symbiotic
behavior, have been widely used in elucidation of the basic
biology of this fungal species (Hamada 1940, 1950, 1964;
Kawai and Abe 1976; Kawai and Ogawa 1976, 1977; Kawai
and Terada 1976; Matsumoto et al. 1999; Ogawa 1964;

Ogawa and Hamada 1975; Ogawa and Kawai 1976; Ohta
1986, 1990; Terashita and Kono 1987; Terashita et al. 1991,
1995). Although all the studies were conducted with cul-
tures grown in nutrient media, those data greatly contrib-
uted to our understanding of matsutake, such as physiology
involved in vegetative growth, karyotypes, and chemistry of
compounds produced by the fungus. Recently, methods
that allow symbiotic fungi to form ectomycorrhizas in vitro
were established, and such methods with newly isolated T.
matsutake enabled us to demonstrate that the fungus is a
typical ectomycorrhizal symbiont (Gill et al. 1999; Guerin-
Laguette et al. 2000; Vaario et al. 2000; Yamada et al.
1999b).

To prove that T. matsutake isolates that have been
widely used for decades retain their potential in plant–
microbe interactions, we explored whether such authentic
isolates can associate with Pinus densiflora Sieb. et Zucc. as
an ectomycorrhizal symbiont. Two T. matsutake isolates
were chosen from the collection of Institute for Fermenta-
tion, Osaka, Japan (IFO). The isolate IFO6933 (original
number: M-141S) was purified as a single mycelial culture
from the basidiospores collected in Nagano Prefecture, Ja-
pan, in 1952, and the isolate IFO30604 (original number:
Tm 3) was purified in Shiga Prefecture, Japan, in 1973 (IFO
1996; Ogawa and Hamada 1975; Ohta 1990). Characteristics
of both isolates, such as the mycelial growth rate and
dikaryotic status of the mycelium, as examined on nutrient
media have been described elsewhere as standard chara-
cteristics of T. matsutake (Ogawa and Hamada 1964; Ohta
1990; Yamada and Terasaki 1998). These isolates were also
systematically analyzed by polymerase chain reaction-
restriction fragment length polymorphism (PCR-RFLP) of
the internal transcribed spacer (ITS) region of rDNA
(Yamada et al. 2001).

Mycorrhizal association with P. densiflora was examined
in vitro after Yamada et al. (1999b) with slight modifica-
tions. Inocula were prepared by culturing the fungal myce-
lia in the MNC liquid medium after regeneration of the
cultures stored on slants of Hamada’s agar medium (IFO
1996) by allowing them to grow on Modified Norkrans’s
“C” (MNC) agar plates (Yamada and Katsuya 1995;
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Yamada et al. 1999b). Colony morphology and growth rate
of both IFO6933 and IFO30604 on the MNC agar plate
were essentially the same as those of Y1 (�IFO33136), Y4,
and F (�IFO33137), the T. matsutake isolates that were
isolated during the period from 1993 to 1996, and proven to
behave as ectomycorrhizal symbionts in vitro (Yamada et
al. 1999b). The culture of each fungal isolate and two axeni-
cally germinated seedlings of P. densiflora were placed in a
450-ml culture substrate composed of vermiculite, sphag-
num, and the MNC liquid medium in a 900-ml polycarbon-
ate bottle to allow the association. The experiment was
conducted with five replications. The result consistently
observed throughout the replications was as follows.

Six months after inoculation, the root system of the host
plants was observed microscopically. Sections of lateral
roots colonized by the fungal mycelia showed typical struc-
tures of the ectomycorrhiza such as thin fungal sheath and
the Hartig net (Figs. 1, 2). The mycorrhizal morphology and
the section anatomy were the same as those of Y1, Y4, and
F (Yamada et al. 1999b). All mycorrhizas examined thus far
were formed on 1-year-old pine seedlings, and healthy plant
growth was sustained throughout the incubation period, the
phenomena consistent with observations in Y1, Y4, and F
(Yamada et al. 1999b). However, no primordium formation
was observed during the incubation period.

Plant pathogenic fungi as well as other infectious mi-
crobes are apt to attenuate in their parasitic or symbiotic
behaviors during a prolonged in vitro preservations (Agrios
1997; Davis et al. 1980). Instability of such important char-
acters in a given isolate often causes serious problems in
reproduction of past experimental results as well as in gen-
eration of new data on the same standardized genetic back-
ground. Similar phenomena have also been reported in
ectomycorrhizal fungi, and most of such phenomena have
been ascribed to the attenuation of symbionts during a long-
term vegetative growth state in vitro (Brundrett et al. 1996;
Heinonen-Tanski and Holopainen 1991; Marx and Daniels
1976; Molina and Palmer 1982; Thomson et al. 1993). In the

present study, however, we demonstrated that T. matsutake
isolates subcultured on slants for so long as half a century
were able to form a typical symbiotic organ in association
with P. densiflora. We speculate that the symbiotic pheno-
type markedly stable in T. matsutake may be attributed in
part to its tremendously slow growth in vitro even under
optimum nutrient medium conditions, such as mycelial
growth at most 2 cm/month in Hamada’s or MNC agar
at 20°–25°C (Hamada 1950; Yamada and Terasaki 1998).
Further analysis in the process of colonization of the
fungus in association with host plants and its effect on plant
growth may provide us with a clue to the mechanisms
involved in the genetic stability of T. matsutake (Thomson
et al. 1993).

It is interesting to note that the isolate IFO6933 was
reported not to form an ectomycorrhizal association with
pine seedlings under any synthetic conditions (Ogawa
1978). Previously, we suggested that the mycorrhiza forma-
tion in vitro using T. matsutake isolates Y1, Y4, and F might
be an isolate-specific event, and that genetic variations
among the T. matsutake isolates used by Yamada et al.
(1999b) and Ogawa (1978) might have conferred the contra-
dictory results. However, the demonstration of mycorrhiza
formation by IFO6933 in the present study clarified that
the contradiction between Yamada et al. (1999b) and
Ogawa (1978) should be attributed principally to different
experimental conditions and not to genetic variation among
the fungal isolates. According to Ogawa (1978), IFO6933
was the most efficient in all the tested isolates in primor-
dium formation on nutrient media without a host plant
(Kawai and Ogawa 1976; Ogawa and Hamada 1964, 1975).
Although such morphogenesis was not observed in the
present study, it is the only isolate that has been shown
to achieve both mycorrhization and the development of a
distinct, but immature, fruiting structure. This character set
should be the key selection markers in exploring fungal
isolates for the artificial cultivation of the matsutake
mushroom.

Fig. 1. Dissecting micrograph of a pine ectomycorrhiza synthesized
with Tricholoma matsutake isolate IFO6933. Arrows indicate fungal
sheath

Fig. 2. Differential interference micrograph of the mycorrhiza showing
labyrinthine Hartig net mycelium at the root cortex. A whole-mounted
mycorrhizal tip is observed. Bar 20 µm
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