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Two isolates of Tricholoma matsutake T-008 and T-034, preserved in Entomopathogenic Fungal Culture Collection (EFCC)
of Korea, were used in the present study. The isolates had 100% Bootstrap homology with Tricholoma matsutake U62964
and T. matsutake AB188557 and AF309538 preserved in Gene Bank of NCBI. Mycelial growth of 1. matsutake was highest
in TMM and MYA at 25°C. The highest dry wt. of mycelium was obtained after 65 days of culture, when 6 mycelial discs
were inoculated in 100 m!/ of broth in 250 ml shaking flask. Mycelial mats were observed in clumped condition at the inoc-
ulation sites of pine forest after two weeks of inoculation. After S months of inoculation, mycelia mats were observed growing
inside soil and walls of a few inoculation sites, while mycelial mats growth up to 5~8 cm were observed in the roots of pine
tree after 6 months. The survival rate of the inoculum was about 40% of the total inoculation sites. The survival rate was
found below 20% when the mycelium was inoculated in the summer. The reasons for low survival rates of the mycelium
were mainly due to dry season and the soil-borne small animals such as earthworm and mole. After one year of inoculation,
no external difference was observed between the artificially inoculated mycelia and the naturally existing mycelia of 7. mar-
sutake. The present study showed that fruiting bodies of T. matsutake could be produced by artificial inoculation under the
appropriate environmental conditions.
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Tricholoma matsutake forms ectomycorrhizae in the roots forest area also dominates the ectomycorrhizal growth of
of pine tree and is distributed in East Asian countries the fungus in the soil.
including Korea, China and Japan. In general, 7 mat- In Korea, research has been going on since 1960s for

sutake mushroom is big and strong in texture. Due to its the production and artificial cultivation of 7. matsutake
fragrance and peculiar taste, it has been regarded as the (Ryoo ef al., 1980; Na and Ryu, 1992). Specially, a large
most prized mushroom. It is difficult to derive its isolates amount of results have been obtained about the environ-
from the fruiting body and culture them in vifro. The tech- mental factors governing the fruiting body production of
nique for its artificial cultivation included the fruiting body the mushroom and the ecological conditions of pine for-
is still not developed. However, a lot of researches have been est (Kang et al., 1989; Lee, 1991; Cho and Lee, 1995;
going on in Korea, Japan and China to develop the tech- Park et al., 1995, 1997; Koo and Bilek, 1998). Besides
niques for its artificial cultivation (Yamada et al., 2001). them, researches have been conducted on the ectomycor-
The economic importance of 7. matsutake is believed rhizal growth of 7. matsutake since 1980s (Lee et al.,
to have started in the late 1960s when its export started. 1997, 1998). Different methods for management of pine
Despite the hardship, the local farmers could develop the forest for the production of the mushroom have been uti-
mushroom as a good economic source in the autumn. But, lized (Lee et al., 1986; Song and Min, 1991; Park ef al.,
the natural production of 7. matsutake could not be main- 1998; Hur et al., 2001). Recently, molecular techniques
tained and its production decreased after 1980s. Past have been reported for the production of mushroom (Lee
researches have shown that changes in the climate during and Hong, 1998; Lee ef al., 1999; Lian et al., 2003; Cha-
the fruiting period and in the surrounding areas greatly pela and Garbelotto, 2004).
affect the productivity of 7. matsutake. Besides that, dam- However, it is very necessary to adjust the environmen-
age in the pine forest due to fire and attack by Theco- tal factors of the forest where 7. matsutake mushroom
diplosis japonensis also cause the low production of the grows. It is very necessary to introduce new mycelia of 7.
mushroom. Furthermore, thick growth of vegetation in the matsutake in the pine forest. Among them, the hurdle is
the production of mycelial isolates of 7. matsutake. A lot
*Corresponding author <E-mail: jmsung@kangwon.ac.kr> of researches are going on but still the success is very low
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(Kim, 1984; Min et al., 1998). Hence, it is very neces-
sary to prepare mycelial cultures of 7. matsutake and to
find the optimum conditions for the mass mycelial cultures.
The mycelia of T matsutake, identified by the DNA anal-
ysis, can be directly inoculated in the pine forest. In the
mean time, the roots of pine tree can be observed for the
growth of ectomycorrhizae and once again make certain
that the mycelia are the inoculated ones by the DNA analysis.

Materials and Methods

Preparation of 7. matsutake isolates. It was necessary
to make isolates from fresh 7 matsutake mushrooms col-
lected from the pine forest and proliferate them before
doing any further culture work. 7. matsutake mushrooms
were collected from the forest and recorded for their mor-
phological characters. Spores, mycelia and the ectomycor-
rhizal growths were observed using the light microscope.
It is comparatively difficult to culture 7. matsutake as it is
an obligatory symbiotic fungus with pine roots Isolates of
T. matsutake were prepared from tissues and spores in the
Entomopathogenic Fungal Culture Collection (EFCC) of
Kangwon National University, Chuncheon, Korea. The
tissue from 7. matsutake fruiting body was inoculated in
Water agar and TMM. After the growth from tissue
periphery, it was again transferred to TMM. For spore iso-
lation, the spores were discharged on Water agar from the
mature fruiting body. The agar blocks with spores were
transferred to TMM.

Optimal conditions for mass culture of 7. matsutake.
Two isolates T-008 and T-034, preserved in EFCC, Kang-

won National University, were used in the present study.

Table 1. Composition of media used in this experiment
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T-008 was collected from Bonghwa and T-034 was col-
lected from Yangyang regions of Korea in October 2001
and October 2004, respectively. The isolates were inocu-
lated in TMM and incubated at 25°C for 35 days and used
as primary inoculum for further medium experiment.

Selection of optimum medium. Ten different agar media
including PDA were used to observe the mycelial growth
of T matsutake (Table 1). The media were sterilized at
121°C for 20 min and poured in 85 mm Petri dish, 20 m/
per each plate. Mycelial discs were cut from colonies of
T. matsutake with the help of 6 mm cork borer and inocu-
lated in the center of agar plates. After inoculation, the
plates were incubated at 25°C for 25 days and 90 days
and measured for the colony diameter.

Optimum temperature. TMM was prepared in 250 ml/
Erlenmeyer flasks by pouring 150 m/ of liquid medium
with adjusted pH of 5.2 and sterilized at 121°C for
20 min. Mycelial discs, cut with the help of 6 mm cork
borer, were inoculated in TMM broths, three in each flask
and incubated at 10°C, 15°C, 20°C, 25°C and 30°C for 60
days. The mycelial growth were filtered with the help of
Whatman No. 2 and dried at 60°C for 24 hr and weighed
for the dry wt.

Liquid culture of isolates. The liquid media were pre-
pared with 100 m/ per each 250 m/ Erlenmeyer flasks
(Table 2), with adjusted pH of 5.2. After sterilization at
121°C for 60 min, mycelial discs from the Petri dish cul-
ture were inoculated and cultured for 35 days. After that,
the flask cultures were transferred to 2/ and 8 / ferment-
ers and cultured for 60 days. The liquid cultures were

. Media (g//)
Composition
HA PDA MMM PDMP CDY YMM TMM GP MYA BM
Potato 200 200
Dextrose 20 20 10 30
Glucose 20 10 10 20 30
Malt extract 3 3 3 3 20
Yeast extract 3 3 3 1.5 2 3
Peptone 1 5 3
MgSO, 0.5 0.15 0.5 0.5 1 1 1
KH,PO, 1 0.5 1 1 1 1
K,HPO, 1
KClI 0.5
NaNO, 2 2
FeSO, 0.01 0.01
CaCl, 0.05 0.5
NaCl 0.025
(NH,),HPO, 0.25
Thiamine HCI 0.1 (mg)
Soytone 1.5 1.5
Agar 20 20 20 20 20 20 20 20 20 20
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Table 2. Media composition of liquid culture used in this ex-

Table 3. Inoculated time and quantity of inoculum cultured 90

periment days at 8 bottles
Medi i Al f
- edia concentration (g//) Date of inoculation . mour.lt o
Composition 100 ml 217 liquid 87 liquid inoculation (/)
(Flask culture) culture culture First inoculation April 26, 2005 50
Glucose 2¢ Se?ond. inocul?tion May 6, 2005 200
Yeast extract 0.15g Third n}oculatpn July 7, 2005 100
Yellow sugar 40g 160 g Ff)u@ 1nocul?1t10n July 25, 2005 100
Soybean powder 6g 2g F¥fth 1.noculat1_on September 7, 2005 50
Comn oil 3 ml 5 ml Sixth 1noculat10n. September 14, 2005 20
Seventh Inoculation  September 28, 2005 20
Eighth inoculation November 2, 2005 20
Small subunit rONA Large subunit DNA

o]

Internal transcribed spacer (ITS) region

Fig. 1. ITS region used for identification of species.

then used as an inoculum in pine forests.

DNA analysis of 7. matsutake and ITS region of rDNA
sequenced using PCR. DNA analysis was performed to
make certain that the in vifro mycelial culture is truly pure
when compared with the specimens of 7. matsutake
mushrooms. DNA was isolated from the mycelial culture
of T matsutake. The sequence was matched with the

sequences available in GenBank using maximum parsi-

mony. Bootstrap value above 70% could be considered as
same (Fig. 1).

Inoculation of liquid inoculum of 7. matsutake in pine
forest. The liquid culture of 7. matsutake, cultured for
90 days were inoculated in pine forest from 2005 April 26 to
2005 November 2 for 8 times (Table 3). During inocula-
tion, a lot of care was taken not to damage the roots of pine
tree. For inoculation, 20/ of liquid inoculum was pre-
pared. During inoculation, the liquid inocula were poured
in inoculum tank and sprayed in pine root, 100~150 m/ per
site. In order to observe the ectomycorrhizal formation,
the inoculation sites were marked with the colored tapes.

(b)

Fig. 2. Life cycle of Tricholoma matsutake. a, fruit body in nature; b, basidiospores; ¢, mycelia and d, mycorrhizae on pine root-

hairs.
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Observation of ectomycorrhizal formation. In order to
observe the mycelial growth of 7. matsutake in the inocu-
lation sites, the pine roots were brought to the lab and
observed under the light microscope.

DNA analysis of ectomycorrhizae of 1. matsutake col-
lected from the forest. The inoculated mycelia of 7.
matsutake formed the ectomycorrhizae inside the soil in
pine forest, which was also confirmed by the DNA analy-
sis. For DNA analysis, ITS region was sequenced. ITS2t
primer was prepared and used to detect 7. matsutake and
other mushrooms belonging to genus 7richoloma.

Primers used: ITS2t 5'-“TGCACGCCTGACGCCAATC-3'
ITS4 5'-TCCTCCGCTTATTGATATGC-3'

Maximum parsimony method was used with the
sequences deposited in GeneBank. If the Bootstrap value
is higher than 70%, the isolates were regarded as a single
one (Fig. 1). ITS region of DNA was sequenced to iden-
tify the sample of 7. matsutake. Specific primer was pre-
pared for the sequencing. The primer thus prepared, ITS2t,
could be applied to other species of Tricholoma genus.

Results

Collection of Tricholoma matsutake: Its identification
and isolation. There are 44 isolates of 7. matsutake

Fig. 3. Procedure of Tricholoma matsutake fruit bodies iso-
lation using WA and TMM. a, preparation of a pieces
of fruit bodies in WA and b, inoculation of agar
blocks with fruit bodies in TMM.

being preserved in EFCC, Kangwon National University.
The isolates were collected from 2000~2005 from Bonghwa
and Yangyang. Photographs were taken of 7 matsutake
before collection and were brought to lab. Spores were dis-
charged and observed with the help of microscope and
taken photographs at the same time. Photographs were
also taken of the mycelial growth of 7 matsutake and its
ectomycorrhizal formation in pine roots (Fig. 2).

For isolation, the outer layer of the 7. matsutake mush-
room was peeled off and the inner part of the tissue of 5 x
5 mm size was inoculated in Water agar. For spore isola-
tion, the pileus region of the mushroom of 10 X 10 mm
size was kept over the water agar and waited until the
spore discharge. The agar blocks with discharged spores
were inoculated in TMM (Fig. 3).

Basic medium experiment of 7. matsutake mycelium.
Selection of optimum medium: For the selection of opti-
mum medium, isolates T-008 and T-034 were grown in 10
different media including PDA. Both isolates T-008 and
T-034 showed the highest growth in TMM, 70 mm and
65 mm colony diameter for 90 days, respectively (Fig. 4).
MYA also showed better growth based on colony diame-
ter and mycelial density.

]
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Colony diameter(mm/90days)
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YMM PDA GP BM MYA HA CDYA TMM MMN PDMP

Medium

Fig. 4. Effects on various media on mycelial growth of
Tricholoma matsutake T-008 and T-034 after 90 days.
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Fig. 5. Effects of various temperature on mycelial growth by
Tricholoma matsutake T-034 after 60 days.
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Fig. 6. Liquid culture of Tricholoma matsutake. a, flask culture; b, 2 [ bottle culture and c, 8 / air-lift fermenter culture.

Selection of optimal temperature: Mycelia of 7 mat-
sutake showed growth at 10~25°C, but no growth at 30°C.
The highest growth was observed at 25°C (Fig. 5). The
lower the temperature, the less the growth was.

Mass culture of 7. matsutake. The mycelial growth of
T matsutake depended on the type of conical flask and
amount of liquid medium. The highest growth was ob-
served when grown in 100 m/ of liquid medium in flask
with baffles in a shaker. Among different carbon sources
such as brown sugar, white sugar, starch syrup, potato,
brown sugar gave the satisfactory results. After the
medium was prepared in 8L bottle, it was sterilized for
60 min. The mycelial discs were cut using the homoge-
nizer and transferred to 8/ bottle and connected to fil-
tered air and cultured for 60 days (Fig. 6).

DNA analysis of liquid mycelium of 7. matsutake. A
total of 28 samples were tested for phylogenetic analysis.

Trichofwna pardnum
'"“"":1::’0'“:" 28 samples
T m:’ e m(nal trascnped spacer (ITS) region
. m‘ res imum parsimony

Tichioma scapheany BOOISTP SUPport >70% = Strong support

Frichofoma mongolicawr

Trichofona focate

Trchofoma subanmsaism

Trichofoa vac cinur

Trichofome imbvicaben

Trichoboma poptektn

Trichalom fubamm

Trichokoma ustafoides

Trichafours sufpherenmm

Tricholotia dutoikam

Trichotuma postaniostm

, | Tricholorna robusaam

Fricholora robusbus

Trichofoma subaurewn

Trichatorma bakamalsutaie

Tricholoma magnivelare
Tricholoma matsutake (M S ¢ 2)

Tricholuma matsutake
Tricholoma matsiiake
Tricholom matsutake (BHI 22 :5t5)

Fricfiofotia inatsutake

S04
10 steps

Fig. 7. Bootstrap analysis of Tricholoma matsutake.

DNA was isolated from EFCC T-008 (collected from
Bonghwa) and T-002 (collected from Japan). Bootstrap
analysis was done with two isolates deposited in GeneBank
T matsutake U62964 and T matsutake AB188557 and
made sure that the liquid cultures are pure 7. matsutake

(Fig. 7).

Periodic Monitoring of ectomycorrhizal formation and
growth. After 2 weeks of inoculation, pellet formation
or thin ectomycorrhizal formation were observed in the
inoculation sites. After 4 weeks the cottony mycelium
grew into white mycelium. But, due to earthworm and
mole, there was loss due to no growth of mycelium. After
five months, the mycelium was observed growing on the
walls as well as inside soil pores of inoculated holes in
the forest. Mycelium of 7. matsutake was also observed
growing with roots of pine trees. After six months, the
mycelium was observed growing up to 5~8 cm from pine
roots.

After eight months, the mycelia were found not grow-
ing due to high temperature and hot weather, and also due
to earthworm and mole. The mycelium could not grow
due the low moisture content of soil between the spring
season and the rainy season. Due to heavy rain, the myce-
lium lost its viability as the growing mycelia were dipped
in rainy water for a long time. Since 7. matsutake myce-
lium grows on ridges of soil particles, so during rainy sea-
son, it will grow well under good drainage condition.
After fourteen months, the mycelia were observed to be
growing. After the hot rainy season, the mycelia start
growing with more vitality and grow up to 8~13 cm.

The survival rate of inoculated mycelia in the pine for-
est depended upon the temperature during the time of
inoculation. About 40% of the inoculated sites were sur-
vived by the mycelia of T matsutake when inoculated
during the low temperature season, while less than 20%
of the inoculated sites were survived by mycelia when
inoculated in the hot summer. The reason may be due to
less existence of harmful microorganisms and insects in
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Fig. 8. Mycelial mats formation of Tricholoma matsutake in
pine forest. a, after 14 months of inoculation with
liquid culture and b, natural mycelial mats.

soil during the cool season (Fig. 8).

DNA analysis of mycelial mats of T matsutake ob-
tained from liquid inoculum. The site inoculated with
liquid inoculum on 8 May 2005 was collected on differ-
ent days such as 7 samples on 11 June, 3 samples on 27
June and 2 samples on 10 July. In DNA analysis of all
samples using ITS region, the 6 samples of mycelial mats

2 3 456 FRIBSZI2IC
I I I

Fig. 9. DNA of Tricholoma matsutake using Tricholoma specific
primers.

AY750166 Tricholoma atroviolaceum
AF455529 Tricholoma robustum
AF455480 Tricholoma robustum
AF357014 Tricholoma pardinum
_: AY462039 Tricholoma sulphurenm
AY462030 Tricholorma bufonium

AY573542 Tricholoma lascivum
AYS573540 Tricholoma terreum
AY032607 Tricholoma myomyces

100 - AF349697 Tricholoma cingulatum
__{——A}1573536 Tricholoma scalpturatum

98 AB121014 Tricholoma mongolicum

AY573539 Tricholoma ustaloides
AY573543 Tricholoma fulvum
A 272072 Tricholoma populinum
AF309535 Tricholoma focale
AYS573541 Tricholoma subannulatum
AY573538 Tricholoma vaccinum
AYS573537 Tricholoma imbricatum
AF357015 Tricholoma portentosum
AF357016 Tricholoma subaureum
AY484515 Tricholoma bakamatsutake
AF3095471 Tricholoma magnivelare
AB188557 Tricholoma matsutake
Sample 1
Sample 4
Sample 5

Sample 6
U62984 Tricholoma matsutake

AF309538 Tricholoma matsutake
Sample B2
Sample 2-1

100

A0

Fig. 10. Tree showing six out of twelve Tricholoma matsutake
mycelial mats with 99 homology with Tricholoma
matsutake.

(1, 4, 5, 6, B2 and 2-1) were shown by PCR band (Fig. 9).

Although we used Tricholoma specific primer, for fur-
ther identification, we tried DNA sequencing analysis.
The analysis used Maximum parsimony method and sta-
tistical significance level was followed by bootstrap
method. In bootstrap method, if the value is over 70% it
means strong affinity. The Fig. 10 showed that all 6 sam-
ples formed bands in PCR analysis were true 7. mat-
sutake due to their 99% bootstrap support value.

Discussion

An obligatory symbiotic ectomycorrhizae of 7. matsutake
is produced mainly on root of pine tree (Vaario et al.,
2002; Gill et al., 1999). Although 7. matsutake uses sym-
biotic nutrition, its growth is very slow on agar plates. So
it is very difficult to isolate and culture it. For above rea-
sons, artificial fruiting body formation has not been
reported recently, except on root of pine tree in vivo. In
Korea, research for culture and sustainable yield of T
matsutake was started in late 1960s. Especially, climatic
and ecological conditions in pine forests could affect 7.
matsutake growth (Park et al., 1995). Beside T mat-
sutake, mycelial mats was important to produce fruiting
bodies under ground and sustainable management meth-
ods of mycelial mats have been researched since 1980s.
These days, yield management of 7. matsutake by using
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genetical methods was reported (Hitoshi Murata ef al.,
2005). Current researches about 7. matsutake are carried
out in the field of cultivation, ecological condition, enzy-
mological view, substrate movement in mycelial mats and
molecular biological method.

For cultivation of T matsutake, it is very important to
produce inoculum of 7. matsutake for inoculation in pine
forest. In this new research, we could obtain 7. matsutake
isolates from tissue and spore and showed the potentiality
of cultivation in pine forest. So this study can help to
understand about other mycorrhizae not isolated, such as
Amanita hemibapha and Sarcodon aspratus.

We analyzed the DNA of cultivated pellets of 7 mar-
sutake to prove T matsutake isolation and to compare
with others belonging to Tricholoma, before inoculation.
Due to demonstration using liquid inoculum, mycelial
mats produced on test field in Yangyang was identified as
the real T matsutake. 1f any researcher or farmer harvests
T matsutake from inoculated mycelial mats, he could
prove the mushroom same as the natural specimens.

In study of optimal medium and temperature, T-008
and T-034, both isolates showed good growth on TMM
medium followed by MYA media at 25°C. The optimal
medium depends on species, but optimal temperature does
not. Due to these optimal conditions reported already by
Kim et al. (2005), T. matsutake grows well under above
conditions.

When the pellets of 7. matsutake were inoculated in
pine forest using 8/ liquid inoculum, some pellets were
observed growing in the soil in clod shape. Although
some pellets made symbiotic relation with pine tree and
their hyphae followed the root of pine tree, a lot of pel-
lets inoculated were shown weakly growing or dying.
Although there is previous report that two 7. matsutake
mushrooms were grown when suspension was inoculated
in pine forest and four 7. matsutake were grown when the
soil was inoculated with artificial mycelial mats (Park and
Park, 1980), it was not clear due to discontinuous results.
Also in the pine seedling inoculum project in cooperation
with Japan for production of artificial 7 matsutake from
1980 to 1984, it was reported that although a lot of pine
seedling inoculum had high survival rate, 7. matsutake
died after plantation and the period of artificial inocula-
tion took long time. The results of artificial 7. matsutake
production have not been reported recently but we think
that using liquid inoculum of 7. matsutake, used in our
research, are new technique to obtain artificial 7. mat-
sutake. As a result of morphological characteristics com-
pared to natural 7. matsutake, the mycelial mats and
rootlets were covered by hyphae of 7. matsutake and they
produced black color in natural 7. matsutake. External
characters showed rigid epidermis and shape like branches.
It showed T. matsutake was more close to parasitic than
symbiotic mushroom in only morphological characteris-

tics. There were thin rootlets of pine tree on the external
rigid epidermis. In artificial 7. matsutake mycelial mats,
they showed that white or brownish colors and if myce-
lial mats branches spread, the shape was similar to natural
T matsutake mycelial mats. Because external epidermis
was little covered by hyphae and soft epidermis, we
thought it as the initial stage of 7. matsutake.

After T matsutake isolates were identified by DNA
analysis, they were mass cultured and the liquid inocu-
lum was inoculated in pine tree. They could form 7. mat-
sutake mycelial mats and their DNA was same as that of
natural 7 matsutake. Hereafter for sustainable yielding of
T matsutake, it is necessary to develop mass cultivation
techniques of 7 matsutake and the environment monitor-
ing of pine forest to produce 7. matsutake mycelial mats.
Although we have not been able to produce artificial T’
matsutake fruit bodies, it needs further researches to
approach the problem.
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