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Introduction
Tricholoma bakamatsutake  i s  an  ec tomycorrh iza l 

agaricomycete with fruiting bodies resembling those of 
Tricholoma matsutake, the prized mushroom known as 
matsutake, in Fagaceae forests (Ogawa 1978, Yamada et al. 
2014, Herrera et al. 2022). Certain T. bakamatsutake isolates 

change their mycelial morphology in the course of mycelial 
transplantation to agar media, generally from “slow-growing 
brown” to “fast-growing white” mycelia, the latter being 
phenotypically stable on agar media, and do not become the 
brown ones in general. Brown mycelia display numerous 
chlamydospores generated asexually from hyphae (Fig. 1; Kües 
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Fig. 1.  Trichloma bakamatsutake hyphae and chlamydospores observed under a light microscope. A. 
Brown mycelia of SF-Tf08 with numerous chlamydospores. These brown mycelia were regenerated 
from the white mycelia using MMN+V8+0.3% SeaKem® GTG agarose™. B. White mycelia of SF-
Tf08 without chlamydospores. C. Brown mycelia of SF-Tf09. D. Chlamydospores present in fast 
growing hyphal sector area of SF-Tf09.
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2000). In this study, we developed an agar culture method that 
allows for distinguishing brown and white mycelial colonies in 
a single white mycelium of T. bakamatsutake. This approach 
allowed for reisolating strains with the original phenotype, i.e., 
slow-growing brown mycelia, from spontaneously occurring 
variants, the fast-growing white mycelia, of T. bakamatsutake.  

Materials and methods
We used T. bakamatsutake strains SF-Tf05, SF-Tf08, and 

SF-Tf09 as described previously (Murata et al. 2013a, b). 
Unless stated otherwise, these fungal strains were cultured 
in the MMN+V8 liquid medium or on MMN+V8 containing 
1.5% agar at 23°C (Murata et al. 1999). Semisolid agar 
plates to differentiate the original strains from phenotypic 
T. bakamatsutake variants were made of the following 

components: MMN+V8 medium or the half-strength version of 
the medium, and 0.3% SeaKem® GTG agarose™.

T. bakamatsutake variants were isolated as follows. The 
mycelia were cultured in MMN+V8+0.3% SeaKem® GTG 
agarose™ medium at 23°C until reaching a decent size, i.e., 
a diameter of 15 mm. The mycelia were then cut into pieces 
with a sterile surgical scalpel (Feather No. 21) and observable 
mycelial pieces were removed from the agar medium. The 
medium was then supplemented with fresh MMN+V8+0.3% 
SeaKem® GTG agarose™ to fill the agar plate and incubated 
further at 23°C until mycelial colonies appeared.
The	DNA	analysis-based	taxon	identification	was	performed	

using an rRNA gene internal transcribed spacer region (ITS1-
5.8S-ITS2) as described previously (Gardes and Bruns 1993, 
Murata et al. 2013a, Aoki et al. 2022).

Results and discussion
T. bakamatsutake SF-Tf05 grew in the form of fully brown 

mycelia, exhibiting the same apparent colony morphology as 
that	of	the	first	fruiting	body	isolate	in	the	MMN+V8	agar.	In	
contrast, SF-TF08 and SF-Tf09 grew as white mycelia and 
brown mycelia with white aerial hyphae, which had originally 
grown in the form of totally brown mycelia (Fig. 2, 3A, 
4A). T. bakamatsutake SF-Tf08 formed white mycelia with 
uniform appearance and has never formed brown mycelia 
either on MMN+V8+1.5% agar slants or plates (Fig. 2, 3A). 
Therefore, the original strain SF-Tf08 exhibiting brown 
colony morphology isolated from the fruiting body of SF-

Fig. 2.  Trichloma bakamatsutake mycelial 
morphology grown in the 
MMN+V8+1.5% agar slants.

Fig. 3.  Trichloma bakamatsutake SF-Tf08 
mycelial morphology. A. SF-Tf08 strain 
grown in the MMN+V8+1.5% agar 
plate. B. SF-Tf08 strain grown in the 
MMN+V8+0.3% SeaKem® GTG agarose™ 
plate. Note the appearance of brown 
(yellow arrows) and white (white arrows) 
colonies. C-D. Strain SF-Tf08 reisolated 
from the MMN+V8+0.3% SeaKem® GTG 
agarose™ plate; stable growth of brown 
(C) and white (D) mycelia. 

Fig. 4.  Trichloma bakamatsutake SF-Tf09 
mycelial morphology. A. SF-Tf09 
strain grown in the MMN+V8+1.5% 
agar plate. B. SF-Tf09 strain grown in 
the MMN+V8+0.3% SeaKem® GTG 
agarose™ plate. Note the appearance 
of brown (yellow arrows) and white 
(white arrows) colonies. C-D. Growth of 
strain SF-Tf09 in the MMN+V8+0.3% 
SeaKem® GTG agarose™ plate.
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Tf08 has no longer exists (Fig. 2). However, when culturing 
MMN+V8+0.3% SeaKem® GTG agarose™ as described in the 
materials and methods section, SF-Tf08 generated various 
mycelial colonies that appeared to grow from chlamydospores 
(Fig. 3B). Both brown and white mycelia isolated from 
MMN+V8+0.3% SeaKem® GTG agarose™ stably grew on the 
standard MMN+V8 with 1.5% agar with seldom generating 
variants (Fig. 3C, D). 

Microscopic observations did not allow for detecting 
any chlamydospores in the white mycelia unlike the brown 
ones (Fig. 1). However, based on variant isolation from T. 
bakamatsutake SF-Tf08 mycelia using MMN+V8+0.3% 
SeaKem® GTG agarose™, a small number of chlamydospores 
could have potentially scattered in the white mycelia, giving 
rise to both brown and white mycelial colonies. Notably, the 
hyphae of T. bakamatsutake SF-Tf08 with brown mycelial 
colony are quite thicker than that with white mycelial colony 

(Fig. 5). 
When T. bakamatsutake SF-Tf05 was cultured on the 

MMN+V8+0.3% SeaKem® GTG agarose™ plate, the brown 
mycelial colonies predominantly appeared with a few white 
colonies (Fig. 6). T. bakamatsutake SF-Tf09 exhibited the 
same trend as SF-Tf08 by culturing MMN+V8+0.3% SeaKem® 
GTG agarose™	 (Fig.	4B–D).	DNA	analysis	confirmed	that	all	
representing isolates with the above-described traits were T. 
bakamatsutake. 

When isolating mycelial colonies in 0.3% SeaKem® 
GTG agarose™, the various observed T. bakamatsutake 
morphological phenotypes could be attributed to an agar plate 
with	pure	agar	that	loosely	solidified	the	medium,	allowing	the	
fungus to better form chlamydospores that spread that medium. 
The described protocol is thus useful in isolating variants from 
T. bakamatsutake strains and reisolating the original isolate 
from a subculture that changed its phenotypic trait. Henceforth, 
the semisolid agar culture method may be useful in reisolating 
T. bakamatsutake strains from the single mycelial colony that 
might	behave	differently	among	the	population	 in	association	
with host plants and substrate cultivation for fruiting. In 
fact, we are currently examining the difference between T. 
bakamatsutake strains exhibiting brown mycelial colonies 
and those exhibiting white ones on agar plate culture in terms 
of mycorrhiza synthesis and spawn cultivation for fruiting. 
Furthermore, we isolated and characterized Tricholoma 
matsutake mutants generated by irradiation mutagenesis 
(Murata et al. 2019, 2021). The agar plate screening system 
could also be useful in such analyses.
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