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SUMMARY

I . Title of the Research

Development of cultivation methods for improving productivity of

pine-mushroom

II Objectives and Significance of the Research

For the cultivation of pine-mushroom, the study for the physiolological
characteristics of host tree (Pinus densiflora) and mycorrhizal mushroom
(Tricholoma matsutake) is a fundamental step. In addition, we have to
understand the mechanism of symbiotic relationships between the two
organisms, and that of fruiting-body formation. In this study, we tried to
enlarge the knowledge about the ecophysiology of 7. matsutake, and to find
the solutions to overcome the barriers of past studies for making new

mycelial clusters of the mushroom.

Ill. Contents and Scope of the Research

1. Mass Propagation of Tricholoma matsutake

As the first step for the cultivation of pine-mushroom, we developed a
method for the mass propagation of 7. matsutake by use of bioreactor. In
addition, we also tried to make a scheme for culturing the fungus on solid
maftrix.

The amount of seed for culturing T. matsutake in bioreactor was at least
0.14g/ ¢ in dry weight to get stable mass propagation. Much amount of seed
resulted faster growth of the mycelium, which results in rapid production.
Mycelial growth was good when the starch was supplied more than 20g/ ¢ as
the carbon source, and addition of small amount of glucose made a promotion
of the growth with rapid growth in early stage. As the nitrogen source, yeast
extract with the amount of 3g/# resulted in best as a sole source, but

additional treatments with peptone or soytone showed better results.

_Xi_



Phosphorus addition resulted little promotion of mycelial growth, but it made a
buffering effects for the pH of liquid medium.

Mycelial growth in an air bubble bioreactor started from 5 days after
inoculation, and reached stationary stage around 20 days after the inoculation.
It reduced about 10 days for culturing in comparison to the culture in an
erlenmeyer flask which took about 30 days to reach the stationary stage. The
balloon type of air bubble bioreactor produced the largest amount of mycelia
with 12g in average followed by the external-loop type air-lift bioreactor with
11.4g, and the column type of air bubble bioreactor with 9.5g. The balloon
type also showed the shortest time for culturing with 16 days to reach the
stationary stage while the other types took 20 days.

For the culturing in a solid matrix, the powder of barley made a good
result, and the larger amount of it resulted better production of mycelia. As a
solid matrix, sandy soil and perlite showed the best results for the culturing,
while the sawdust of pines or peatmoss resulted poor growth. It took about
7~8 weeks to reach stationary stage for the growth of 7. matsutake in a
solid matrix. Therefore, the method for culturing 7T. matsutake in a solid
matrix based on sandy soils or perlite with barley flour addition is a good
way for further study such as inoculant, fruiting mechanism, or environmental
control. Suitable moisture for the solid culture ranged from 30 to70% and

humus addition with 10% resulted good growth of the mycelia.

2. Environmental Control for the Promotion of Fruiting
The ultimate objective of pine-mushroom related study is making
fruiting body artificially. Thus, we also put our efforts to get a way to
promote fruiting body formation. First, we studied a way to control the
environment of pine-mushroom productive forest artificially. To get an idea
we made a simulation study within a laboratory to apply the result in situ
later. But we couldn’t accomplish the field application.
We planned to apply ceramic materials and microbial mixture on the fairy

rings of 7. matsutake to promote primordium formation. As a first step, we
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made an assay for the microbial flora in the pine-mushroom productive area.
We collected soils to compare the microbial flora of the ceramic applied
region and that of control. We could identified several microorganisms from
the fairy-rings of 7. matsutake; the bacteria were dominated by
Tsukamurella inchonensis, Bacillus cereus, Bacillus halodurans, and the fungi
were mainly Aspergillus niger, and we also found Saccharomyces cerevisiae,
Rhodotoruula glutinis, Dipodascus capitatus as the dominant species of yeast.
We found several microorganisms from the ceramic-applied region; the
bacteria were Bacillus cereus, Acinetobacter johnsonii/genospecies 7, and
Bacillus alcalophilus were dominated ones, while Mucor racemosus and
Aspergillus tarmarii were the main fungi, and Saccharomyces cerevisiae,
Crypococcus albidus were major yeast.

By the way, the key microorganism should be considered for the
application of microbial mixture. Since Mortierellar spp. are reported as a key
microorganism in the fairy ring of 7. matsutake, the species should be
isolated from the study. But, we could get the species. Thus, we couldn’t

make further research from the viewpoint of microbial ecology.

3. Mycorrhizal Synthesis for Making New Mycelial Cluster
Cultivation of 7. matsutake means promotion of pine-mushroom
productivity by making a new fairy rings in pine-mushroom non-productive
area. To accomplish the objectives, we tried to make a mycorrhizal synthesis
in vivo and to make a mycorrhizae-infected tree in situ. We transplanted the
mycorrhizal trees on pine-mushroom non-productive sites to make a new
fairy ring of T. matsutake.

We could make a mycorrhiza synthesized tree with 7. matsutake by use
of Pinus densiflora seedling on sandy soils with addition of PDMP in vitro.
Both of T. matsutake and T. magnivelare made a good mycorrhizal
synthesis although their effectiveness was somewhat different. The pine roots
showed no hair roots with rod type as they infected by T. matsutake. The

roots showed very thin fungal mantle and hartig net, which were the typical
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feature of ectomycorrhiza. The feature was quite similar to that of
mycorrhizal roots in situ. In addition, the mycorrhizal roots with large amount
of T. matsutake made an aroma of pine-mushroom very strongly.

The effectiveness of mycorrhizal synthesis was the best when we used
1/4 PDMP media. It took at least 4 months to make a stabilized mycorrhizal
synthesis. We couldn’t find significant relationships between the effectiveness
of mycorrhizal synthesis and amylase activity. The activity of the strain used

for this study, KFRI 421, showed 1.3 umol of amylase activity.

4. Transplanting of Mycorrhiza-Infected Seedling

Transplanting of mycorrhiza-infected seedling is the technique to make a
new fairy rings of T. matsutake In pine-mushroom non-productive area. The
survival rate of 7. matsutake showed the best when the infection rate ranged
from 50 to 60%. Natural trees for making mycorrhiza-infected seedling should
be used taller than 1m in healthy condition. The planting for the preparation
of mycorrhiza-infected seedling was better when applied in fall compare to
spring due to drought. By the way, transplanting of the seedling was better
in spring than fall because the mycorrhiza can be stabilized easily during
spring. Thus, the preparation of mycorrhiza—infected seedling need to be
applied in fall and sustained one and half years to get the infection rates up
to 40~50%. If the preparation was applied during spring, then the tree need
to be sustained 2 years, and transplant during spring.

The mycorrhiza infected in a pot showed a dimensional characteristics,
which perished about a year after the transplanting. Thus, it is important to
make an own development of the mycorrhiza with indigenous trees on new
area. Environmental control such as thinning and pruning should be applied to
provide a good condition for the transplanted pine trees. In addition, the
transplanted trees should be sustained safely at least 2 years. The rice bag
trier could be a good option to be used for checking the condition of
mycorrhiza. With these conclusions, we could make a scheme for the

transplanting technique of mycorrhiza-infected seedling.
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Examination of fairy rings in pine—-mushroom site

(considering the points of fruiting)

J

Planting trees to make mycorrhiza-infected seedlings

(fall, net-pots, natural or mycorrhiza—free pine trees)
U (keep 1.5 years)
Confirm the infection and prepare of transplanting

(509 of infection rate, keep the soils)

2

Transplanting the trees on non—productive area

(spring, environmental control)

<Scheme for making mycorrhiza-infected seedling>

5. Formation of Mycelial Cluster using Solid Matrix
We also tried to use the mycelia cultured on solid matrix to make a
new fairy ring of T. matsutake. We not only applied the culture directly on
soils but also tried to use a seedling as a vector. We tried the technique of
layering to make a mycorrhiza-free seedling. For the direct inoculation, we
made a root-cutting before the treatments.

From the layering we could get only 2 trees over 144 trees (1.49%), which
refrain us from further study due to the lack of mycorrhiza—free seedling. In
addition, the roots of seedling obtained from layering were grown one spot,
which was not suitiable to be used as a vector. To use this method for
transplanting of mycorrhizal cluster, the layering technique of Pinus densiflora
should be prepared first.

Direct inoculation of the mycelia cultured on solid matrix was done with
root-cutting and soil fumigation. Soil fumigation resulted in good sterilization
of other contaminants, but it made a harmful effect of the pesticide on root
development. Thus, the concentration of pesticide used for the fumigation
should be reallocated. As an another way, the fumigation need to be applied
before the root-cutting.

The control{without fumigation) showed good feature of root development.

But, the mycelia inoculated in the soil were decomposed easily. The inoculant
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applied during spring with 5 blocks showed good root development and fine
condition for mycelial development. The mycelia was expected to be
developed as a mycorrhizal root, but we couldn’t confirm the result since this

project is finished on July.

6. Ecological Characteristics of T. matsutake

Ecological characteristics of T. matsutake with soil moisture may take a
good role for the wunderstanding of changes in the productivity of
pine-mushroom. Major species of pine-mushroom productive site were
Rhododendron mucronulatum, Rhododendron schlippenbachii, Quercus mongolica,
and Fraxinus rhynchophylla. . mongolica kept photosynthesis and
transpiration until late October, which made a strong competition for soil
moisture with Pinus densiflora or T. matsutake. By the way, F. rhynchophylla
littered mid- October, which might make little competition for soil moisture
with P. densiflora or T. matsutake.

The fruiting body of T. matsutake is composed 90% of water, and the
water is obtained from soil. So, in this study, we monitored the temporal and
spatial changes in soil moisture within the fairy ring of T. matsutake. Soil
moisture in the pine-mushroom productive before the irrigation was 12.8% at
the region far from fairy ring of 7T. matsutake, region, 8.0% at the region 0~
5cm from the fairy ring, 6.2% at the region 10~15cm from the fairy ring
(mushroom produced point); soil moisture inside of the fairy ring was lower
in 48~6.4% than that of outside. Soil moisture at the region apart 20~40cm
from the fairy ring was 6.5~7.5%, and that at the region apart 80cm from the
fairy ring was similar to that at the outside of fairy ring(12.1%)

Ergosterol contents showed negative correlations to soil moisture. It was
the lowest at the outside of fairy ring with 0.4ug/g soil, and the highest at
the region O~5cm from the fairy ring with 4.9u¢/g soil, followed by 10~15cm
(3.8¢g/g soil), 20cm (1.1pg/g soil) and 40cm (0.4ug/g soil).

The changes in soil moisture at the fairy ring from August to October

was 135~23.0%, which was 1.0~3.0% lower than control(14.5~26.0%). The
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results indicated that the fairy ring consume much water than general soils
without the mycelial cluster. Especially, the water consumption was the
largest at the region of fairy ring and up to 30cm from the region. The lower
moisture within the fairy ring than that of outside was thought to be resulted
from the consumption by P. densiflora and T. matsutake. This phenomenon
indicated that the water supply on the fairy ring was very important for the
fairy ring. It is need to be hypothesized and validated for the role of
interception, photosynthesis and other eco-physiological activity of vegetation
to soil moisture and the growth of T. matsutake.

Mycorrhiza of 7. matsutake was quite different from other mycorrhizal
roots from the viewpoint of morphology. The surface of the mycelium was
covered by small particles, which resulted in bright color. The cell wall of the
mycelium showed very thin membranous feature and had no clamp
connection. Although general mycorrhial roots show Y-type or coral shape
due to branching activity, T. matsutake showed rod shape. It showed hartig
nets in the mycorrhizal roots, but the mycelium did not penetrate into the
cell. The hemispheric amyloplast granules lined in epidermal and cortical cell
walls of mycorrhiza with very thin mantle. We couldn’t acknowledge the
reason why the mycelium of T. matsutake showed hydrophobic feature. But,
it was thought that the buffering capacity might result in the slow respond
to the moisture change.

The role of T. matsutake in the symbiotic relationships with P. densiflora
should be studied more in detail. After mushroom production, the mycelium
perishes and becomes a granule. Although T. matsutake is not a germ, the
fungus is a special mycorrhiza which demands much carbohydrates from host

trees.

IV. Prospects for the utilization of results

It is very meaningful for this project that a fundamental tools for the
cultivation of pine mushroom is prepared. Mass propagation of 7. matsutake

by use of liquid bioreactor and solid matrix. The technique can be used for
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further studies in relation to 7. matsutake. In addition, we thoroughly
analyzed the problem in transplanting of mycorrhiza-infected tree and
provided another option for making a new fairy ring in pine-mushroom
non—productive area. Especially the molecular biological technique for the
validation of mycorrhizal synthesis is an important technique for further use
of mycorrhiza synthesizing tool in industry. The culturing method of T.
matsutake in a solid matrix and the provision of clue for direct inoculation of
the solid matrix are epoch-making events for pine-mushroom study. But we
are sorry that we couldn’t manifest the fruiting of the mushroom from the
transplanted trees since the project has been finished in July while the
mushroom is produced during September.

The pine-mushroom productive forests are older than 30 years in general.
At the same way, the outcome of pine-mushroom study can’t be obtained
within short time. Thus, we hope that the study for monitoring the effects of
previous treatments for the promotion of pine—mushroom productivity can be

supported continuously.

— xviil —



Chapter 1. Outline of the Study

CONTENTS

Chapter 2. Recent Trend of Research & Development -

Chapter 3. Contents of the Research

Section 1. Mass Propagation of Tricholoma matsutake -+

1. Introduction

2' Methods and Mateﬁals .............................................................................

A_ Preparation ..............................................................................................

T O T m 9 O W

. Methods for Mycelial Culture - wsresersreremmemsseiinmnsssessesseasens
. Culture of Myceliun in Various Bioreactors -« wereesemmmmmenann
. Mycelial Growth and Medium Composition = ssessessemnseenes
Mass—-Culture of T. matsutake in Solid Matrix -
. Composition of Solid Matrix for the Culture --ssweesrmservsreenns
. Amount of Seed for the Solid CUILULE -+ -rrrrereremrmresssnssmssssrsseserens

. Mycelial Growth of T. matsutake in Solid Matrix «-s=---sseeseeees

L. Moisture Condition for the Solid Culture =i

J' Effects of Humus on 7. INALSUEQIE v rrermmeerrsrersemiiinenie

K. Ergosterol Contents in Mycelium of 7T, matsutake -+

3. Results and DiSCUSSION w-wrwesererrermmmrrmsessmamstessersestessetssessasteasasassersssnennas

A. Composition of Medium for Mass Culture in Liquid -

B. Optlmlzatlon Of Bioreactor’s Condltion ............................................

C. Mycelial Growth of T. matsutake in Various Bioreactors -

D. Propagation of T. matsutake in Solid Matrix ----e-sweeeeersmesessene

4. Conclusions

- Xix —

O O © O oW oo



Chapter 3. Contents of the Research 8

Section 2. Environmental Control for the Promotion of Fruiting 36

1‘ Introduction .................................................................................................. 36
2. Approaches ................................................................................................... 36
A. Technique for the Control of Environment in Sify «oeeeeeeeeeeese 36
B. Technique for Stimulating Fruiting Body Formation s 37
3' ReSultS and DiSCllSSiOH ............................................................................. 38
A. Artificial Control of Environment i Sifuy = 38

B. Application of Ceramic Composite for Stimulation of Fruiting 53

C. Stimulation of Fruiting by Artificial Control ==:--seeressmeresseeann 61

Section 3. Mycorrhizal Synthesis for Making New Mycelial Cluster

.......................................................................................................... 63

1. Mycorrhizal Synthesis of Tricholoma matsutaie e 63
A TEFOAUCHION -++erreereererssrserssmsssssasssssssnssssssssassssssssssssssssssnssssssssssssssssssssssnsas 63
B. Methods and MAaterials - ---errrmssessimsassssssssssesssnssssssssssssssssssnsss 64
C. ReSUIS ANd DIiSCUSSION - -srrrserserserserimssmsiessersessessssssssssssssessssssssssssssssos 65
D). CONCIUSIONS #+eresrrerersrrssessmssrssesssnsssssessssssssssssssssssassassssessssassssssassesenssesns 71
2. Validation Technique for Mycorrhizal Synthesis «eeeesessionmienes 72
A TAEFOAUCHON w++veeerrsressersressmssssssnsssesssasrssrssssissssssssssssesssssssssssssssssesssscssnsas 79
B. Methods and Materials - -s-rrererssessssinssesssnssssssssssssssassssssssssseaseens 74
C. Results and DISCUSSION w+w wsrwsseesseessrssesssmsssesssssssssisssssssssssesssesisesese 76
3. Transplanting of Mycorrhiza-Synthesized Seedling w«weesesereeeeees 91
A_ IntrOdUCtiorl ............................................................................................. 91
B. Methods and IMALErials «swswsswssesseesseessmsrsssessssserssassisesinssessessesssenss 91
C. Restlts and DISCUSSION -wrwrrerseressssssmsssmssssssssssssssssssssssssssesssessssserssenss 92
D, CONCIISIONS w+ererersresrssessrmsssesssesssnsss s ssssssemsse b 93

— XX -



4. Another Approach for the Acclimation of Synthesized Seedling - 94

A TITEEOAUCTIOIY «ev+evereeseersseessererssessresseessarases e esssssesssnssassssnssnssssssasssans s 94
B. Methods and MAaterials - - ecsseesecsssesemsessrmessrssssssssssrssnsanns 94

C. ReSUIS AN DISCUSSION w+vrrererserersrersressresermsssersserssasmsessnmsssessssssssnnssas 97
Section 4. Transplanting of Mycorrhiza-Infected Seedling - 103
1 TETEEOQUCEIQIL -++rererreeseeesrerserressarseseasessssissssseseessaesssessssssansssssssssessessessssnssasnes 103
2. Methods And MALELIalS - -sswssereressersereeseesssssresssessssssmssssssssnsssrsssessasnes 104

A. Production and Transplanting of Mycorrhiza-Infected Trees - 104

B. Identification of T. matsutake on the Infected Trees oo 105
3' ReSUltS and DiSCHSSiOH ............................................................................. 106
A. Production of Mycorrhiza-Infected Trees - rsrerersamerinacnannas 106
B. Transplanting of Mycorrhiza-Infected Trees s eereresnienns 109
C. Methods for Transplanting « e 112
D. Identification of T. matsutake on the Infected Trees - 113
E. Function of Infection Rates on AccHmation « s werersenennaes 1156
F. Mechanism for the Stabilization of T. matsutake ---sees 115
G. Places for Production and Transplanting - - essseeeserseesesscanianin. 116
4‘ COHC]uSionS .................................................................................................. 117

Section 5. Formation of Mycelial Cluster using Solid Matrix --- 118

1. TOEFOAUCHIOEL #+verseerererreresrermsremsasssssscescuseseesesesenssessss et s sessesssssesesss s eens oo 118
2. Production of Mycorrhiza—free Seedling by Layering - wseer 118
A. Methods and Materials - -« ---rseereserseerserrsmssessrmssssssessersersssesessmemoseses 118
B. Results and DiSCUSSION -ewerrerrererereermremsesssercrcrresssseasssnnsssnsesssessssesens 119

- Xxi —



3. Direct Inoculation of 7. matsutake Cultured on Solid Matrix -+ 121

A. Methods and MAterials - - --rssrermsssressrmsresesssreseasmsssessssssesssssses 121
B. ReSUlts and DiSCUSSION s trrresresermerarssrcsresereressmsmssserasossrseseessneses 123
C. CONCIUSIONS eererrrereresrensesrensmmsssrssmsssesessssssmsssssssssssassasssesnssssssssssssessns 125

Section 6. Ecological Characteristics of T. matsutake - 126

1. Relationships between Vegetation and Soil Moisture - 126
AL INErOAUCTION sremseeemerrreremmrer ettt e 126
B. Methods and MAterials « - sresrrsrrerrsmesrsesssssesmssesaressmssessssssssassans 126
G RESUILS weeesressersresrersessresssssssassssssssssssssssssssssssessssssssssss s sssssesssesssssassanesns 127
D). DiISCUSSION -wereerresressesmsssmsesssssesasessssssssssesssssssssassssssssssssssssasssssnssesassssesanns 131

2. Temporal and Spatial Changes in Soil Moisture - eeseseseserereeeenee: 132
A TEFOQUCKIQN #+ereeerreereessressmesssessssssassssssssssassssssssssssssssssss s sssssssssssssassssans 132
B. Methods and MAaterialg - - - rrsersmsismsssssssssssssssssssssssssssssassssssens 133
G RESUIES w+rereerereesersseessessmmssmssesssnssrsssesssssbessstessssssssssss s s s e s ssss s sssnssins 135
D). DISCUSSION --ereerressresresressressmssesssesssnesssssrsssssssnssssssss s s sss s sssessssssssasssses 138
B CONCHISIONS wereseererssressresersressmsssssssmssasssiasssssssssesssssssssssesassssssasssssssssasesss 141

3. Morphological Characteristics of T. matsutake e 142
AL TEOGQIGHOR -+ 142
B. Methods and Materials ........................................................................ 143
O RESUIES #rerrerressmsssesssssssssasssssssssesssssess st sesssssssse st ss s 144
D). DiSCUSSION wressrsssserrssmrsssresssrmssssssssssssssssssssasssssasssssasss s ssssssssssssssssssssssees 150
B, CONCHISIONS w-vsrrssssressrssssrsssreesssesssssssssssesssasssssessssassssesssssesssses o ossenes 154

— xxii —



Chapter 4. Achievements and Contributions 155

1. AChieVementS Of Ongmal Objectives ................................................... 155
2_ TeChnical Contﬁbuﬁons ............................................................................ 156
3. Economical and Industrial Contributions -« ssesesssseomenennesnnninn 160
Chapter 5. Prospects for the utilization of results ---------se-ee- 161
1. Mass Propagation of Tricholoma matsutake - -wsssseesmrsvseronnns 161
2. Seeds for Making New Myecelial Cluster of T. matsutake - 161

3. Artificial Control of Environment in situ for Promoting Fruiting

BOdy Formation .......................................................................................... 162
Chapter 6. Related information in abroad 163
1. Mycorrhizal Synthesis of Tricholoma matsutqike -+ ----erereseeeens 163

2_ Studies on TriChOlOma matsutake ......................................................... 164

3' Studies on ECtomYCOIThiZaI Mushrooms .............................................. 169
Chapter 7. Literature Cited 179

— xXxill —



i
Y

A1 ATFAEHAL A2 1
A2 U9 ZleAd 43 6
A3 AT Ao g 2 29 8
A1A Lo] TAF WEHJCET] L vt 8
L A B coreeeressssss s ssss s ennnanas 8

0 AP EL D HFHL o 9

Th KL T ZR]| reresrreesesssssesseesi st 9

Ub, TEAFHIGE HEH oorereeemmeceeminsesmtsissse sttt 9

Th AEEES 7] BB FAFA] HJQE creereemriseseseesesens e 9

2F, FAF AR AR G OHIR] B A e 10

vl TR e A A E o) T B GFHFE e 11

vh, Aol T HlEE TAUPE A e 11

A} A e Ao A FO)| T B FEE REA e 11

ob. AW ANA WoF 7]7HE S0] T AT ZAF oo 12

2 pAANA Eoli AFE 9F FEEZ FA} e 12

2. BAES Lol A WA E B FAF e 12

7}, ol FAFA Q] B LAEE FFEE B A] e, 192

AT TG TLE e 13

7 Fol Al BN AT AR WARA TG o 13

U A E R o Al TFAFHIGE F A B e 15

Th S 7] FEE E O] TFAFA] B OF e 29

gh, Al QoA Q] Z0] TAFR] HEGE e 28

4, LB coreeeeeisesis e R 34

— XXIv —



36

36

36

37

33

:AE

3. 4234 4 31

38

7F 4

53

61

o

Nd
T
o
Ho

63

@

o

0

o
i

4o
o

alo
i

Mo

A3d Fo] 4

63

oé]
Mo
&a

)
Ao

63

64

G
7o
K

e

65

o
™
K
T
gl

o

71
72

=)
TR
Ll
oy
it

Ho

0

PN
mowE
T
oo

72

74

76

;AE

1= < = U
3 _%O:o] %{3—15—5'_9] o]/}}

91

91

91

92

93

- XXV —

i
i



94

H
N

B
7
o

]
o
A

T
o

e

)
o

94

94

97

o
=
BK
‘_lryl
o

103

el
o
)

olo

i
m
BAR
N2

A4 F o]

103

104

104

mK

2

et
BR
~n

7F &0]

105

106

106

109

112

113

—

o
hd
el

4o
o
o

B
A

o
o

115

115

ol o] AE 4 [

116

117

118

&

o
ao

B
b=

)
o
o

118

118

5
o)
ifo
ojy

oo

at)
e
%ﬂ

118

119

1;.; _]‘17:_3_}

. A

— xxvi



121

121

123

)

=

wK

gl

125

126

126

126

126

ot
T
K
i
=3

I

127
131

oo
w

T

132

4o

132

133

R
jng

K
il

=

x

135
138

111

142

wir

142

143

s
pri
K
s
X

F

144
150

w
TOw

154

o)
pul

_
jut

— Xxvil —



155

L=
i

¥ Hofd 9 7)o

® gdx =

A4d 5

155

n

0

2]
M

156

160

161

A54 AN At #&A4 9

161

161

1o

ie]
4o

162

- 163

A6F AFARAAON A FHF A HHTE FR

163

1 %0] T A AT AFH] oo

164

169

179

A7F FaEd

— XXVill —



==

[<)

501

& o]FolA= wAer deld Joev 1 JpeH oF 309F 0]

=

™, °]
Firh) wAe=A o

=

&l °]
3 (8§

=

H AL ok 20009

AFMEA L] AL

A1 %

=3

o] g

3

A7 £

[e)

L

Q)
=

= B,
o] A7 E Fotd o

bo] 2obst

3|

of 4B FAGHE)

5o U

3

pilg
e

oF
o}

=

==

o}
Z}A]

=

=

stol e AbgEe] gAY

RS

A] ol A

L=

[€]

nkeke] H = E e 40%

3

5ol A

$-2]fehol 4

L

Az wRA Add. webd olH g WAl o

2AD YA SEGere F3, B, =

PEL2 A7F 3000= ol4el FolE

o]

E xx35t3L

Yol 87%

R

A
< 252 v a2, ol

)
—_

A4r

1
A A

4]
o) AW By A7)

i
8¢

it

o) 7} A5tel

@A %ol

L

.

)l A

79 WR

e

|

o] Wzt uheh A s bell A

o

A

7l =2 gk (ad 1-1).

&7

oA EUTH

=
=



1ol o7} B @o] i 9lofA

ol

op

<29 1-1> 94

1985 €]

AAdHoz Fols

)
i
W

1R

7]

Lol
el
o

X
o}

| AL
g1

[e]

PN
<

Zaet Yool =)

2). whehA

FAll Ao (=

o

shef

A

g, 29 7]

wl
k3

< °f

<

o

4o

iy

5

Al el

A

1

il
Bl

o

gl

T7F vl FobA WA 1980

g, =

L
AA

(2]

.

RE
1 7]

tel A7 AR
o] ol A A== givh 1990 el o

I



14000

aﬁ XWX M i
How oo m
#edT & o
—~— 0 OM Lt | =0
R < -
) R ) °
il ) " r Mo
o il Co
o om B = W e me
P = O —_
O R e x
T P wp <O = o
io ‘I,_yl —_— a; ‘mW
o B= — ol T
% A = W )
< Jut B A 1 & oF upy
=0 X o . o e
_— L 0 —_ H.t N R
o T =] éo N JL ﬂL
o K% = ) N ]
&o = iy e —_
=) fite) ™ 1o N X
o by Mo FF % M
= st s o g Zo
= R g o © = s
Ay < XN T = =
Oy S w2 E B w X
TR R x Gl
o e <o p <y
N < =T Mv_n il oy
n\M o d.oﬂ_ a =] x -
! o M oT ©F ) =
— 0| T ol w 4o o
e MOROR oo T o)/
S I T A R R
v L e N = i N
£ & <
o o Wy B B g ol _
WO W M o
T ) vk
LR 4o
BB B o R ome R
T W o Koo 7
T o e N L
G A A

WAe] A gAts)

d o

H

o w2

A o]

=

pu

Ash, FAre] A

A%, 012 7}7)



= 8 FelA

obel %ol A

Apoll A
ol 4%

7
/)

3L
fn 4

g(2g 1-4),

s

z 4%

HA =, o

)

o
=

]
J

T

o

il
—_

i
il

Al
él

b

A @AY dA oj2A 2

Al
=

ko)
I

o]

= )

3|

& o4 AU o

)
2]

2

s}

48}

e

A gk ofol of

ot

@AH2n).

SHAFE AN

ZRPEOHIRFRAD

A

<O 1-4> Fole] A

e
o

o
ofp

il

&

=
=

aHEZE Fo] A

2o 7y

F3e)

|24

7

o
oF

Ho

)
o

o

$-as

A

=
=

o] AAA

4

01.9«‘3%,

ol

I}

B
o

0

Folee 4

T
o

Aol A

=

o] giFolx AU ofel we}

ate, 71

Jo) %2 g

o] 3|

i3

R R

AE7E A

E

=
o

tgom, H171%¢

S

=)
=



p—

0
o
o

jm]
=

<

Fol 9]

§1—y

3

FA ok

k)

| 8 e

Zg 3

0
do
o

o

)
F<

e

I~
e}

Gl

e}
4o

gl

Faap 40 7)) o)

S

0
4

o] Al s

10

T
=

}7 A%

==

[€)

—_—
o

o

il

gl

)
o

!

)

o
o
o

fie)

Hskd

o
T
B
itk

wK

ofy
A]E

M

A

0
ofp

i

BR
o

1

——
fi%e)

oy
14
oj

=K
G

o

KA

0
4

¥

—~
"o

Ay}

=
ATEA NS 5= 2

i3

EEE

1

B
L_

o

1

A2k A
IAY A2 53 Fo] &

3.

9

=

b

fua

Fol FHe AAdA TATA o
=]

7]

)
i3

_([)4

=

Edz dAs Fo] di#e g

= Fo] Auj
2 A7

=
=

O

HH, o1&

3
o
=

=
©

of A7t

b7

AO

g sta o, B A7dA e gob

H

= A

o



of HEHH(HA 5, 1975). Z¥H,
FEATE 1980 FE AAE Fo]

A2 =ue st A3

P
-

el

]

A

s

=

or.o.
k&

el

o
K
N
o
i

<

Q)
=

3

71 e

=
=

[e]

o] dj

shetet.

e
1984a; 1984b;

& vha

=
Oy

Zl
=

gl (<]

T

o 2 A%
Hh =

I

5?4

)l A

:]1

2 AYNBH@A ddAT

=)

AFR AFAEIE el Az

of AFAM A Fol

-

B

on

.

0
"

1981; 1984), F-#uhel Fo] A3 e

’

& X] gl

<

H QBT o} &7 9l =] 9

-
ik

ur
=

il

@ o)

o] 100%

1970 o) o= AE Al

N
A+

A

ol

A}

Skl

2=
=

of o3 &3]

L

=

A dz

gk
=

, 1998). &

E

)

1995 o] F ‘Fo]

ol @R AT IAl
Hdd T

Lo

tRem, 71&

2~
T

9

=

51

=

=

2B

T
A Al

7
Q) AHE

=

u

ojp

B

s
a

1997). vrol7b Folike] 2 F

1999; Park %,

A~ =
s 6,

1995; 1996, 1998;



i
B
o

O
rkﬂ
1o
2
-
2
o

x
N
N
rr(
e
o
2
A

fr
by
"o
r2
-
1o,
o
=
it
P}
o
rir

A7 7F A ekar Azhgi

e As Folvk o 2R AdHL glenz Qs AT =82 o
AEE AT Fole AudTFE 1974340 QB FFYH AAAHAS FA
o2 Fo] 7HE AVt FHEA ol FAMT =y Xy PRI, 1983). 1 A
A2 1983 B ZAInl AGAIEFNA & ddlel AT FA A7 oHE o
ol FHE AT O R, 1989). 185 19903 el BolA Fo] #Em o
TE A& o2 WANAATHKazuyuki, 1992), 7R ol&rid AT A7)
ATt

Fol Aul A7F Fol FAHAA 19909 TREE Fo] HFEE AFRHA
H(Yamada &, 1999). o] Aol e Folds T4 Told 2y fHE HE
M7l ZleR AFEAUAdAM des H2d2 ddAle A7t AdHa

g o] 7ed AFAM & Aol dFAL & £ de Az=" )
2R AdHn i 4, Fo] HFE A 71 okl & AUFEdA A
fa= 7= ALdn vk Guerin- Laguette 5 (2005) oFe]e 2 AnpE

Fo] IAE o]&s W2 Ao FEXWAM 1994dd AuE HA P
A Fol =
1999), & 744 AEE 71&=2 B7] oJ¥rh Ohta(1986)% %o XAk wopzzid
A n-butyric acidol A 23%7tA] Wol&S A F Qe AFAAE L wIg).
Yo Fo] XAE LY Ve 9 2L dyZEAFAE EUR o LHHE F
A= 71387 S Aoz v,
Fole] FAAIE 83 7|ee ofr JMEEA &Ur) e Hoyozns
Uf-r’] Hiuoﬂ ofghk EAMR] FHdA E WALl AEFsPtts Bavt
Kol

Fold Bgatual dh= A Zolr),



ol et =3 o] 1]
Q.

4 3 &
2000
7 vk A
=, ‘%4:77_, la]__’

Lo #F
A} o] 2kl ok 7] &
=

A12

I3
W s o -
= NN oo T
Beow Mﬂwrez l
e
S EELE srT
iy ﬂ_hw - = = zﬂ X o © Mm MM G
T || o T = = e 0 .
E oy R g S LY
o © e 5 = ol K — Sy o s " = o T
L) = & | E o o T - =4
) oA <] X0 — AR m.. " o T T o gl
o T o B B B o w0 s G = @ ®
B 90 oo - = o o H 0 ? o — T = Mo =
0 ~ — OH urwa nvmo = i Lt% od X = @ Ho 70
) a2 o 7o = N do X T o = © oy B
— K 10 X e e = o 1o Fn
B W R R %o B ~< M T T =
o T S z N %Li%mo;
— ~ ﬁl = = al A~ ~ oo by :u
° z or K = X 9 x v ol T !
- T % ! T L9 = = 4 -, of = W=
o = T ﬁa o % < = J,l ? =y = Mu = w X = o5 S
mﬁaﬂoﬂooAﬁﬂWWﬂE%ﬂ%ﬂ:oﬂ?A%
@tfawmﬂm.iuwmowomqmommw@@éﬁLTﬁ
%uoioﬂﬁﬁogﬂéaﬂ@w ﬂaoﬁg_@;o
- ol = I 50 do = gy 90 o < ° 5 so o
oxmoaoxrﬁgﬂyimoﬂqéugxEiﬂaﬂ
L—uE s MnL X - = ml ﬂAlL = K [l Juw_ ° wml O#E
2o NN = Hh N T - i T x T T o o do
A T =o o= <R - = T S T = o
v lﬂﬂmﬂﬁA Iaﬁ&osﬂgnﬂmmé
3 T E 5 T ! ,}o do - = - M,_ o S R e
0 — 0 o . G
w9 M = T o o o o m — N q o m N o = o=
s 3 o oD X J o X AR = "
= T T o ¥ W oo P ST _ g A
1a.,ga1rlaumﬂk;|]+x%wuoll )
omﬂ%}u%} 5 7E&Hlmﬂdxl -
do = ,A}@Hgafnn@% HﬂL}%O,EA
° ﬂr jys] e B il = L, T iy — o = 0 X Y E =
® o O ﬂA?maoéaémm xRt T
?ﬂé%ﬁ %ogmz,%x W%Mpr__o v 5
7 B W TR ) Fo M T % B o ] R
% oy wgmr B oo oA 5 P o o W
o ,Dr . e o ny go o ‘P T 3 5 °° T M- do
1 o BT W 5 X - & T B 5w W
S Y = iy B = Yo do =
xﬁ:llmhat 0#214,1%1roﬂﬂ.
~ A ,_ﬂou 3 EL o) N =
<2 > T % o o = = W
1 = o W B B =
ol d = B
o Mo

&5510h

2



Ao A" Fo] FFEE AEA TPAFAT AN Fo] A
BE FALE ZEste] A WA A wjFata 9lE %] #F FRI 91028(%F %)
9] 2%& Ap&SkArh

AlEAYE 3171 98 dAbE A WA wlkEd FARAE 500me S
g ZA Ao g, 1€ A" 7oA 110rpme2 SYP HjAE o] &3k
HA e Fe T3 FHIHAT QA wigE FAAE TR 7]IZ 13,000rpmel A 2

2 BASE 4 SEE F ARG s AR AR

(@)

v FAR G By
AaEetaa gAY AA Wiz A9e 250m AEEtsa

of HiAIY 100meE N AAstnh Fo] FAF HETHL EHHE 5% &L
457 110rpme| A& 7]l A ul a3t

REWNE7IE o] &sto] Fol TALE widstr] A8 52 2 104+ F48 &
7] F-oF2l A E4H-8-7](balloon-type air bubble bioreactor)E A-&3}¢lar
Fe ATk WY 2EE 24T, 7] WYY pHE 542 2HE QAL air FF 2
£ 0.06-0.12vvme.E sttt A AFE 5 2897 wlgsty

Hj Fu 2] 24 (SYP n}A])2 starch 15 g/ ¢, glucose 5 g/ ¢, yeast extract 2
g/ 4, peptone 1 g/ ¢, KHoPO4 1g/ ¢, MgSO4 05 g/ ¢ 2 3Gt & a8
A5t A 7171 98 A3eA o8 i o] WHEE FUAv = starch®E A
2= 0, 5, 10, 20, 30, 40, 50, 60 g/ ¢ ¥&, yeast extract F% A== 0, 1, 3, 5, 7,
9,12 g/¢¥, KH:POs 3= 0, 0.3, 06, 09, 12, 15 g//¢ ¥ =2 Xasle] 289 7F
vl Fate] AFEg wausty

(Son¥ Lee, 19972 Y8 o2 ANE Tom, Eo] 350mel T Try] Rk
a7, A 2 sd#e A Eo] 40moli, =ol7F 300me 9% 358 )

] 4
Eo14 AEUE] 5 IERE ASHAHLY 311



N

Fol Fo] #AF dFujds s A EH-S-7] (bioreactor).
A FXE FrEEA (balloon type), B: 238 & (column type),
C: 9% &

gts 7] E %7] 4 (external-loop type)

7y A o] ©AYe starch(16g/2)9 glucose(bg/ 2 )Z Al A 2led ).
Seed AEFL 0.85g(AF)/4¢ 2 ATstgon, 2847 sjgst & Azxy wA =

& Hla

2. AP AZF A R A A
AR g A7 fE AERESVC FAF AF F 2-39vt
b &4 AlEE3F(Packed cell volume)E %‘7‘33}9?\51 HAE 589 dAAE =
2e B2 AFHsa 70C Adx7]dA 3Y =
th Fo] wA Mg T WA AR HEE
3o A 045 um filter®2 o3 ¢ o K& -40Ce ¥F R3]

R2Yg AR A,

ri
\l
FN
ot
=}
>
lo
N

Glucose =& HPLCE carhohydrate column (waters, 4.6x250mm)& ©] &3}
o] RI detector? AF3tgch DL ekl 2 o $HA2S HAA FLF

— =,

o vjFeale AbERE Fo FUFL Modified DNS 2% (Miller, 1959)¢] 913}



ke BAsgr), dasae widdAe A Aoz ARSI horic acid

ubh, LAl oA Folt wl Fy
2ANE Qg v E, o] E(Pamix, Korea), ¥ E R *(Acadian,
Canada), @4 283 AuF Frlelirh A EE 7ol BAZA 2m A&
943 AL AL nAdd 2AE 60cr A oA BEIE 188 £
gt FFE(FH 719 40~50%= 22 F A4 AFWG 35 x 15em)el
Y31 membrane ¥ B (Gelman, @ 3cm, pore size 0.2mm)7} F23 AaZ alAgz
92 5 121Col A 3081 a5 Eoekdoh Fo] dAF HES AA wdE o)
TAHAIE 0.12g/60cn (57 71)e] v &= stom, FF dAA A o2
= o2 zgsigith
A wiE el FELLe HEVEE ARSI S, B3R Ak 10, 30, 50,
70g/400cr = A 2lstdom A 3w oz HA3sido. u4 mjde viatE:
A daolE AV S 1L DS 2o vEE E83 AL Abgstct
o] A AGFE 24Tl =

Abatsitt.

Fol FAA vlYe] AFF vhde] FHE Golur] a) WBERE

=
ALE, HetelE, A4, JERs R 2UF FUe gaoz Agaun. @ u
DA dm AE A AL AEHAG Aetsl WAL 94 A9 e 2
om zAde] Foli#e WY dEurHE Yoz Folwe AFEL

2 A 3

Ab. s u| o)A Folat HAEFF 2}
zAE 2 A nAEE AP AL AT wpEsrA R b
APED FetolEr FA 2uF BES 1D 1L 19 R g2 339 Aot} 7t
Al ol Fojde]l HFTH 7 100ard Fo] FAAZE 0.1, 0.2,

=]
9 T
0.3, 04, 0.5, 0.6g(A5 =)ol FFHAES Mzt on A o 349l



Fach wg7IEe 1575 13F7tA 2

©

h3

=] 7],

AN A fol

of. LAV A NA uiF 71k Fold BFF XA
aA o] BBI7FE 3.6g/60c-e

of o] gt

Yol 2000d 1098 =

ol A4

bl el

)

S

S

1

15
1l

-

do] B

K3

55 |

A e

&
AUE FRHE 101, v/

tach g d

S

A% FEEA A

bl o,

5
E:

vtz -70C

2ol

oz}
=

+od

T

(5]

A

TA AL PRARE:

Z. wAv AN Fo] 4 BF
i, K735 1.8g/60cr

i

A7t

a4
o]

&
=

A

A

g

&
pun

Z A}

13

%

%

-
L.

OB 1, v/v)

o]
=

T

AEI} Fold AFol wl A
FA| AL wALE:

H

5

105TC oA 244

A

ik

B

—~
fite)
ol

o
el

A 24 Aepds sRkRo R

S|

=
=

2.
T

10, 30, 50, 70, 100% = =2
F}. Fo] #AAl U9 ¢

r
TH
o

ToR

_g]

Fo] d2aAHE

3]

gstol HA] -40Te ¥F B

&
e

2 A3

I
=

. 7 Az

A

¥ E(ergosterol) A& 3 Blus}

Fiol, zA ujAe] o) FALY] A

=)

= AbE

H AR

[¢]

i
o

o

i



AL, AYEE o)F AR ABRE ATHFE SASAY. dFEFE 16T T2
7)ol A 24413 A xst & ol

FAA e o= 5(1998)¢ WS 4 wFgstd
A8t & TARA Bg(*ﬁ%)% MeOH 100meefl %o} 387 sonication
(Branson, 8210)3}31 Et KOH 10g€ ¥3 80T &FWzaga o] 14]
Tzt & Aiste dA ARE B35t HexaneloZ 33 #3, Ax
F w2 5o JR2u2HE §F S4E AEEZ AMEEUY dEaseHE
shike HPLC(TSP operating system)oll 4] LiChrospher 100RP-18S(5um, 46 x
250mm) 2 & o] 43}, o]FF R MeOH: HO = 98 29 E3gHe A}&3iH
F42 2m/minE 3ol UV Z7]1(TSP 3000HR) 282mell A =3, A =k}t

L
)
of
rlo
=
o
&
o
=
0]
jn}

£

‘Iil- =~ ==
7b. ol A dFAALS % AEwA|Y v AxA g
1 ax] 54 FAF A
T4 ¥V 42 AENSIIGLE)E o) wix F=FHE TAF A
Mg wwe A3 YMM, B3 Hamana, TMM %2 SYP uwix|7} wjekal L
AN AE% 10g W E At 53 w12 ddyArHE 3-1-1).
<FE 3-1-1> A A" Fo] TAF AFFCEANE FT7) A wgr)
q
¥ = 10) A A
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o oxtract PP extract 5% extract extract 7 HdA g
YMM 3 5 3 - - - - 10.38
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B i ~ B _ NOs, K, Mg,
CDY 1 ClL Fe. Na 5.36
Hyg B B B
Hamada 5 - - K, P 10.84
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MMN - - 3 - - - Ca, Fe, Na, 477
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PDMP - 1 3 - - 24 - 6.31
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3-1-2).
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. Residual Overall
. . Cell concentration Stagnant . Overall cell
Bioreactor (/2 time(day) Reducing eld Yx/st growth rate
g ime(day ield, Yx/s
sugar(g/ ¢ ) v Rx(g/d/ ¢ )*
BTBB 12 16 2.7 0.62 0.50
ETAB 114 20 3 0.60 0.48
CTBB 95 24 29 0.50 0.40
* BTBB : %48 (balloon type of air bubble bioreactor), CTBB: Z & 8 (column

type of air bubble bioreactor), ETAB: 2]%438(external-loop type of

air-lift bioreactor)
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U ZAse dx vAE FEHE B4 A7 E o]fste] Fo] WA A 52
AHAA AL Aot EAw B A3 = d@5AFd"o] 20043

FEA T 2004

3
d4od 4 9T AALE HIRE AXAR AUEE% . A5 HFm
2004 03 01 2.5 -0.4 a1 7.6 30.1 0.0
2004 03 02 -1 -3.5 3.1 85 25.3 0.0
2004 03 03 -1.2 -3.5 3.1 2.9 26.5 0.0
2004 03 04 -0.9 -5 2.6 3.1 38.8 0.0
2004 03 05 -0.6 -2.4 1.7 1.2 66 15
2004 03 06 -1.2 -34 3.1 8.5 38 0.0
2004 03 07 -0.1 5.7 46 9.2 29.9 0.0
2004 03 08 0.4 -0.7 9.2 7.1 29.8 0.0
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<E 3-2-2>v AZg A4 =
FE UrEhﬂ_ A o]},

Z
F7
oTF7

o

% Lactose

E 3-2-2> AldH A EXAG N EE oA BEd 7F
NUT LB YM PDA | MRS 2l
+E 9 5 2 6 1 23
HEZAY | F= 24 12 5 4 1 46
Cine 2 46 3 4 - 55
& 6 5 4 1 1 17
T¥AY T 2 2 2 1 - 7
= - 4 6 3 - 13

(MRS : Lactobacili MRS broth, LB : Lactose broth, YM : Yeast Malted broth,

NB : Nutrient broth, PDA : Potato dextrose agar, - :

AE %)

<E 3-2-3> Ak A HEE A9 3 450 nAE 54
) o 3 =24

o ik 5 AR
Tsukamurella inchonensis GP-ROD 4 4.38
Brevibacterium mcbrellneri GP-ROD 2 1.21
Vibrio tubiashij GN-NENT 2 0.96
Bacillus amyloliquefaciens GP-ROD SB 1 0.82
Aquaspirillum dispar GN-NENT 1 047
Bacillus cereus GP-ROD SB 1 3.04
A Brevibacterium mcbhrellneri GP-ROD 1 2.25
Brevibacterium otitidis GP-ROD 1 0.20
Brevibzacterium mcbrellneri GP-ROD 1 0.82
Corynebacterium jeikeium GP-ROD 1 0.31
Corynebaterium urealyticum GP-ROD 1 0.31
Gordona sputi GP-ROD 1 0.20
Haemophilus paragallinarum GN-FAS 1 0.21
o5 Aspergillus niger FG 3 3.19
s Sterigmatimyces elviae N/A 1 0.10
" Saccharomyces cerevisiae N/A 1 1.13

o6 —



N

<]

125
o

AgE AAE =¥35x e A
<E 3-2-3>°] JEeERAT. FAE o

B o5 F4A M-S Tsukamurella inchonensis, &% °|& Aspergillus niger,

= Edoziy 49 MAEES
2 F 15%0on, oo EddA T4
& R ¥ Saccharomyces cerevisiae’7} $-38%5<Q Aoz el

<E 3-2-4>% AHE AAE xR e AY F FFY EdA 94

o2 A2 Bacillus

43E ded Relth $49 T 5 26

o

St
cereus, %%01-9] A= Aspergillus niger, 852 Rhodotoruula glutinis7t -

<E 3-2-4> AEgE AA NEE NG T FFY AE 54

] o EER

il TS g
Bacillus cereus GP-ROD SB 5 1.22
Taukamurella inchonesis GP-ROD 4 1.18
Brevibacterium mcbrellneri GP-ROD 3 0.48
Corynebacterium lipophiloflavum GP-ROD 2 0.34
Acinetoacter johnsonii/genospecies 7 GN-NENT 2 2.33
Paenibacillus macerans GP-ROD 2 0.49
Aureobacterium terregens GP-ROD 2 0.24
Bacillus amyloliquefaciens GP-ROD SB 2 0.52
AT Deinococcus radiopugnans GP-COC 2 0.70
= Dermacoccus nishinomiyaensis GP-COCCUS 2 0.48
Rhodococcus rhodochrous GP-ROD 2 0.35
Vibrio tubiashij GN-NENT 2 0.57
Aeromonas schuertii dna group 12 GN-NENT 1 0.14
Allopococcus oiitis GP-COCCUS 1 1.13
Aureobacterium terregens GP-ROD 1 0.22
Bacillus amylouquefaciens GP-ROD 1 0.58
Kytococcus sedentarius GP-COCCUS 1 0.34
Leuconosyoc meesnteroides GP-COC 1 0.25
w5 Aspergillus niger FG 3 3.20
Aspregillus tarmarii FG 2 1.30
Candida maris N/A 1 0.20
Clavispora lusitaniae N/A 1 057
BX  Rhodotoruula glutinis N/A 1 0.82
Sterigmatimyces elviae N/A 1 0.67
Saccharomyces cerevisiae N/A 1 0.82




Alehe]
3-2-5>) et $49

AANE =xzstA 2 AY F
T F 24T

HEZYEH FAH9

o] <]

A $-Aspergillus niger, &%

1

Y E S

o2 ML Bacillus halodurans

’

= Dipodascus capitatus?} colony W% 3.8

x

F,

ro Rl

SolH $4%FA Aoz vy,
<E 3-2-5> AlgtE AA HEE G F AEY uAE FA
; o - EER
ik R F As@
Bacillus halodurans GP-ROD SB 6 2.25
Corynebacterium diphtheriae GP-ROD CAT+ 6 2.05
Bacillus amyloliquefaciens GP-ROD SB 5 1.86
Breuvibacterium Mcbrellneri GP-ROD 3 1.44
Rhodococcus rhodochrous GP-ROD 3 1.10
Aureobacterium terregens GP-ROD 3 0.60
Deinococcus radiopugnans GP-COCCUS 3 0.77
Taukamurella inchonesis GP-ROD 3 0.86
Corynedacterium Jeikeium GP-ROD 2 0.64
A= Strepococcus oralis GP-COC CAT- 2 0.26
Streptococcus pneumoniae GP-COC CAT+ 2 0.22
Streptococcus sanguinis GP-COC CAT- 2 0.84
Bacillus alcalophilus GP-ROD SB 1 0.71
Bacillus cereus GP-ROD SB 1 0.33
Bacillus cereusithuringiensis GP-ROD SB 1 0.21
Bacillus mycoides GP-ROD SB 1 0.36
Brevibacterium mcbrellneri GP-ROD 1 0.27
Paeniacillus larvae ss larvae GP-ROD SB 1 0.12
Paenibacillus macerans GP-ROD 1 0.19
Aspergillus niger FG 3 474
o Mucor racemosus FG 2 0.45
Penicillun citroeoviride FG 1 0.34
- Dipodascus capitatus N/A 1 0.21
- Gvilliermonodella selenospora N/A 1 0.20
AgE AAE “x2d A9 F 4Fe ESoziyg FAHE AES <%

3-2-6>o JERSTH

_L_J]'O]

cereus,
2] T4 53

=g

A o

Mucor racemosus,

At

accharomyces cerevisiae %Ho)

= A= Bacillus

1=}
Rl



¥ 3-2-6> At AA ExAY F AFe] AE 2954
F2Y
s o &
T 0 T s “/|: x]%(cm)
Allotococcus otitis GP-COCCUS 1 2.25
Aquaspirillum dispar GN-NENT 1 0.47
Bacillus amyloliquefaciens GP-ROD SB 1 0.82
Bacillus cereus GP-ROD SB 1 3.04
Bacillus fastidiosus GP-ROD SB 1 1.19
Bacillus halodurans GP-ROD SB 1 2.25
Me  Brevibacterium Mchrellneri GP-ROD 1 2.25
Corynebacterium afermentans GP-ROD CAT+ 1 0.21
Corynebacterium ulcerans GP-ROD CAT+ 1 2.25
Gordona sputi GP-ROD 0.20
Pseudomonas syrigae pv tabaci A GN-NENT 1 0.10
Rhodococcus equi GP-ROD CAT 1 0.20
Rhodococcus ruber GP-ROD CAT 1 0.14
TF  Mucor racemosus FG 1 2.14
8% Saccharomyces cerevisiae N/A 1 1.13
<E 3-2-7>2 AgH AME EEXEG A F T EJo2RY 549
fAES YeElW Aotk FAHE oL F TFoR FAY FF FAdAE
Acinetobacter johnsonii/genospecies 7 7} colony WA ojA A&l Ao 1}
Elytom FFole= & Hx g
<E 327> AlEE AR ExAY F FE AR 2 BA
2y
& o &
o e & A E(em)
Acinetobacter johnsonii/genospecies 7 GN-NENT 1 191
Aeromonas schuertii dna group 12 GN-NENT 1 0.14
Allopococcus oiitis GP-COCCUS 1 1.13
Clavibacter michigenense ss michiganense GP-ROB 1 0.58
Clavibacter michigenense ss tessellarius GP-ROD 1 0.34
Corynebacterium hoagii GP-ROD CAT+ 1 0.25
Pediococcus pentosaceus GP-COC CAT- 1 0.22




AgE AAE =X /Y F AEZREEH FA4Y 94E5S <I 3-2-8>9
et AR Te F 12F08 EAHIE #F FAdAE  Bacillus

alcalophilus7} colonyg™ 9 WA A HEQd Aog Yeiyte Fo

rr

o =
2, of

o\

o

Aspergillus tarmarii, 35+ Crypococcus albidus?} colony W% o)Al

Aox UEsit

< 3-2-8> Al AA ExAY F AES WAE BEFd

, - 22y
&l o &)
- e = AS(w)
Bacillus alcalophilus GP—-ROD SB 2 0.71
Bacillus cereus GP—ROD SB 1 0.33
Bacillus halodurans GP—-ROD SB 1 0.12
Claribacter michigenense  GP—ROD 1 0.19
i Fis Corynebacterium flavescens GP—ROD CAT + 1 0.36
Corynedacterium Jeikeium GP—ROD 1 0.47
Kocuria keristinae GP—-COC CAT+ 1 0.27
Rhodococcu equi GP—-ROD CAT + 1 0.21
Strepococcus oralis GP—-COC CAT- 1 0.18
o Aspergillus tarmarii FG 1 1.28
5w Clavispora lusitaniae N/A 1 0.14
- Crypococcus albidus N/A 1 0.22
4) 2&
Fol WA AL Adtel A AANEG XD A WEEAY
o WAE REE A st 4 Aay AAE =xd 93 =xex
B Aol EFE ANste] B BAsGh 1 A, AAl wEEA e

d
B FAHE oF FAAM M Tsukamurella inchonensis, Bacillus
cereus, Bacillus halodurans?} colony o+ %2 X EA $+H4EQ Aow vElyto
W, FZolE  Aspergillus niger’t, B.EYE  Saccharomyces cerevisiae,
Rhodotoruula glutinis, Dipodascus capitatus’} colony A EdA $HdFed AL
2 Uewth 28 AlgY AAd SEx2A o] EXAA FZE d4F FAA Ald
2 Bacillus cereus, Acinetobacter johnsonii/genospecies 1, Bacillus
alcalophilus?} colony HA oA $-HF ojom FFole Mucor racemosus,

Aspergillus tarmarii’}, 5.5 Saccharomyces cerevisiae, Crypococcus albidus
7} colony WA A $HE Ao vebgr
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2 A 19 5 e J5T gSd dAHE AU F
HAshA X AL AWsiArh 1AM FA = 30% Hydrogen peroxideo] 20

AR e e wFSe 35 A F PDA iAol §7A 23CoIA wolA AT,
B

EFAE 1220 A dH] 600me] vIAIEE 93 PDMP H] A
(24g potato dextrose broth, 3g malt extract, lg peptone, 1,000m¢ distilled
water, pll 55)% 1/2% 48] ®ok Rulule] 1/10& 2ok FulE WA=
121CTAA 6023 Rddds STt FitAor oty vy fuE F=HlE

el 2704 &4 H .

HAETE Fold& MMN RAluAlelA 270 A= 71, v #o] 59
Z 2 2N e Fold e od 2T FH ES S ams FI A
Folie HEHR AL 2~-25TA 2HuFAAA 497 10 (Figure 1). W
Fol Bt 2AMEY L 2o BEGE BEsta 2u4F P Foldd I
A HEg 2AMY ‘

3) Fol w2 A& =4

4) Fol ¥ A4S 9% A4 PDMP A& FA}
el A v AR FE A, PDMP w4 o 5525 1/2, 1/4,
1/8, 1/16, 1/322 gAste] EoF K9 1/10S WAtk 2SS 474143
670 wjkst o 3wEA zAlsTh o] ¥ A H5FE o 438 v
= o

ZH7hA] A Aul AT 2A& FEvo]ZZE(Leica CM 1900)2 ©] &3}
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65%
2.5%
0%
13.8%
12.5%
10%
10%
12.5%
20%

o)A
9] A2

o) A o+
I
QA=
At
QAT
Ay

2] 4

4(0)
1(3)
4(0)
22)
3(1)
1(3)
3(1)
2(2)
2(2)
1(3)
2(2)
2(2)

1995
1995
1995
1996
1996
1996
1996
1997
1997
1997
1997
1996

d
1

Z

3l

Bl
e
)
e

o

3-3-1> 4714

KFRI 421
KFRI 431
KFRI 432
KFRI 435
KIRI 439
KFRI 440
KFRI 445
KFRI 457
KFRI 458
KFRI 459
KFRI 461
KFRI 462

3T
an

<




<A 3-3-1> 47087 vWjFH A 719 Fo] HE AYUF BE

o] e EF HEXAE(simple type) 2 ZA, AU Bgda A A
o deAst HAa, #2e] o 2dE AeE ALAst o FEEde,
oE 993 23t Hol JUATHH 3-3-25 3-3-4). dAHA S Bt R E
A3 B 2, 5SS FG-25m) Bl ZHe oA Bo AT 92
stEl 2 g AL, =RFoE TAF Aol gl (g 3-3-3; 3-3-5). ©
A3 BEE U] FoUT. matsutake) TTFE AFES F 9 mjIoA B
28 (T, magnivelare)E AF&3 o oA B84 JeUr] F @571 v

o
B 9ee % 5 Al

<1¥ 3-3-2> %o] ¥ KFRI 421, <219 3-3-3> #H=A7 Az 9] By

Tricholoma matsutake.
M: &) A+, Bar=0.5mm

Y5 2<5 Bar=50um

F: Fungal mantle, H: Hartig net



_ _§ , »
<% 3-3-4> %o] #Z KFRI 459, <% 3-35> #H=A3 A g9 ¥y
Tricholoma magnivelare. W5 2. Bar=50im
M: AT, Bar=05mm F: Fungal mantle, - Hartig net

<3¥ 336> F%] SO <29 337> AHAA AR He)

AFHT Fo] w72 EF 5 545 Bar=50um
M: &] A+, Bar=0.5mn F: Fungal mantle, H: Hartig net
BE Fo] 2 A= A YB HnA A}%}g— 8 A = cotton blue A

=22 A W7 o
Yamada 5(1999) MNC WA & o] &8} HA HH%“%‘ Well A davftel] Folat
]

Tl B
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A7y @A 7
2 F=7F 1/8

HAo
o1}, PDMP 1/408) ] o]
a¥ 3-3-8, 9).

J

A
e}

3-3-2;

3z

S Wtk 6712 AN =

PDMP 1/23 1/4 314 ujRjo 4] o] F
=

3= AT

] 2
J2] H2 PDMP #l= % ZA}
A & B
kA Go] o] AR g9ttt
TS5 AR .

3 WA == gl

At E RE ujA 3

A7
PDMP 1/28} =] o} A



¥ 3-3-2> PDMP wj#¢] 3 Auj-g-d

47
PDMP 31 41] & AU ENE 6714 4413
1/2 67% 33%

1/4 67% 100%
1/8 0 67%
1/16 67%
1/32 67%

(a) (b)

(c)
<Y 3-3-8> Fol7t AFE LT 159 ad A3 25 (PDMP 1/4WA])
(a) W, (b) Fol7t AT 2uF, (0 Fo] #2

(b)
<AE 3-3-9> Fo7t HFHEH AUF 259 671€ Ald 25 (PDMP /44 #))
(a) Asd

>
A=l
Fo] w2, (b) Fo] #2o] gt Wo] YAH B



s Aol 2 gAY AVE 997 5 glon, okl 48 A B nARe
299 2L Aot e FA Hnz o T Pyolf AFaAn.
HHH, Yamada 5(1999)2 o] 7T FAAA dido] gl wiAgAE $o)

i

A& BYoen wax FF(KFRI 458)7F 71 #& S etz
3-3-10, 11). Fol9 FAF A4 obdetolA =
vehlidth @3, g4 <E 3-3-1>9A JEUE 421, 431, 435, 439,
440, 457, 459, 461, 462 TFE Fo) #T L AHETHoR JAI FFolH, e
T 28 AN B #5olnh a9, o) ¥ g4I otdekAlas
o] B#AE H¥rW, KFRI 4629} 435% ofdelolAl &Alo] =3, KFRI
Zrolm, KFRI 4317 439% wolxl oWl dagdE& 7= o8

o
2
=Y

©
(]
o%,
2
o
Ir
©
o
)
rlr
oY
)
2,

.

ik
>
1

22|

M R R A A A AR R R A R A R
M7 45 AR 4T o ) 2 2 49 P 44 43 M 4B

R R R R AR R
55 M 4 B B B

<2 3-3-10> 50m¢ PDMP iAo A 27143k 2k Fo] dAte] A=k (mg).
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2. %0 AF BeAF &

i3
N
%
e
-

7k A

2001; Paolocci %, 1999).
de A4 AXNAED B4 A
Zu e wAle] FEata Bgo] A3 vleHA du ey 54
ToRE J|FAEY A A" dA@sie gdd BF 2

& H o] tH(Comandini®} Pacioni 1997: Zambonelli 5, 1997; 1999).

H Lo
=)
>,
"y
0,
Cﬁﬂ
=)
o
a
At
o,
o
il
uic)
o
il
=
e
fut
2
2,
e

ofl

F ol DNA & 71xg BEF Wil go] WA= e A3
ribosormal DNA regiong A EE slo] o]Fo]A &= BF wdo] da Al45 9]
A3 dvh. o7]e = RFLP(Restriction fragment Length Polymorphism) 714,
Species specific primers ©]&, conserved rDNAS] @7|A4d ZAA 93 BFH
W Eo]  ti(Horton® Bruns 2001; Hotron 2002, Landeweert %, 2003;
Kaldorf &, 2004; Karen 5, 1997; Paolocci &, 1995).

T2 rDNA units <23 3-3-12>¢} 20| small size unitell &= 1857} 9131,
58S DNA, ¥ il large size unit, 5S unit® TFAHo| vt F= F#Z&

o

ITS(Internat transcribed spacer) 9 93} IGS(Intergenic spacer)®] conserved
qom o]Folx] 3lo] Fof primerd] ¢ J9 FFom FIE HRT FFo
o] BF Al Wol AlEH A3 QI (White 5, 1990). 2 Sl XZ ITSH Gl o
3k specific primere] 3 5 (White %, 1990; Gardes®} Bruns, 1993)7F % o]

[

Hof 9o} rDNA2l H& driAde] Qs #S g3 AT EFole
&3h( ¥ 3-3-13, ¥ 3-3-3).
T3l 7 5(1998)& o7 #F59 185 rDNA ¥714<gS vjwstn o] F4k

o] 7}Al& 54 DNA =% o]&3le 2709 specific primer, § TMF(AAGGT
GCCGTTTCCGGCTCC)st  TMR(GCTTTTGCTGGCCGCTGGCTTCTTAO)E

AFstel ATF A% Fo] TA e L FRA A F Uk



major tEMA franscript 38 PMA gene
T A
lnzrnal Inblenic’ . .
transcribed spacer (1G3) =
spacer (ITS) regions .
regions - "
_:, 1 rDHA repeatunit S .
EeRl Ecl Bd I N
| | 1631 T2
I B ]
SSUIBS)RNA 585  L5U(25-285) RNA 55
RNA RNA

<% 3-3-12> AT DNA A7

ITS primers

ITSIF
ITSS
nmsi TS
S55URMA  SReB s'.ssa LS BHA

: —5 — '

—g—— -
5 85 LR 1
/ sz \ 54
ITS4R
200 bp 585

Pritn ers for rowtine sequencing are shown in bl d

<2¥ 3-3-13> rDNA9 ITS 94



<33-3-3> ITS 9494 Eo] =Zgko]¥(primers)

primer ©]& sequence (5'->3) FHaEd
ITS1 TCCGTAGGTGAACCTGCGG White &, 1990
ITS2 GCTGCGTTCTTCATCGATGC White &, 1990
ITS3 GCATCGATGAAGAACGCAGC White 5, 1990
ITS4 TCCTCCGCTTATTGATATGC White -&, 1990
ITSH GGAAGTAAAAGTCGTAACAAGG White 5, 1990

ITS1-F CTTGGTCATTTAGAGGAAGTAA Gardes ¢t Bruns, 1993
ITS4-B CAGGAGACTTGTACACGGTCCAG  Gardes$ Bruns, 1993

0.85 CGCTGCGTTCTTCATCG Vilgalys lab
3.85R TCGATGAAGAACGCAGCG Vilgalys lab
SR6R AAGWAAAAGTCGTAACAAGG Vilgalys lab

A WA A8 TMF/TMR, MK56/MK57 2 ITS primer pair 7F2|
Bl E E3to] A primer set2 ARSI Yste] $ZuEl $ol(Tricholoma

matsutake, KFRI 689)% w| =4 0|(T. magnivelare, KFRI 457)2 2 A8} H ).
T ®A 4382 AAE primer paird] 93 FF Az AL AN E AA

0% AFE U9 U Bl Fol#o] AARYEA RS ojriA 3
I
w

FTE W AYUF B s AFse EAE

mixeto g Folg ¢ 2 F2e RAPD vluE ¢85 Rl EulA,
=ETdaEu A, dudagEd, s, FavdaEs A, ey
A, FH=FEEA, dudlotgn], =78 A, Fo], =FFIHA, Hd1EH
A, FEolH A, AR F 2371 MR AT

2 AAAE lysis buffers ©9x2 & HE& T 65T 1AF #85A1A 39
= o
Nl ]

phenol : chloroforme 23 YAE &3] DNAE 3¢ FSHE A



A1}t 3M NaOAcE A A 7] 3 isopropanolZ A2 3le] genomic DNAE 3|48}
Ah(lee & Taylor, 1990). ##3 KFAAE FFstr] st TME/TMR
primer; AAGGTGCCGTTTCCGGCTCC/GCTTTTGCTGGCCGCTGGCTTCTTAC
= 94T A 283 one cycle, 94T A 137F, 63ColA 30x3F, 72TolA 2#-3F
set2 35 cycles® 3dtx, 72TColA 1087 1 cycle®Z PCRE 33333
MK56/MK57 primer; GTAGGTGAACCTGCGGAAGGA/GTTTCTTTCCTCCGCT=
YUTAA 1#7F 1 cycle, 45CoA 3037, 72CoA 283IF set2 35 cycles® s}
L, 72Tl A 1087 1 cycleZ PCRE $-33Ath. ITS primer sete <&
3-3-3>0 "HAE dZ ITSI/ITS2, ITS1/ITS4, 2 ITSI/ITS 5.8 primer set2 &2
Bto] 94T ol A 487F 1 cycle, 94Coll Al 183F, 58TCAA 183 72CAA 1&3
setS 35 cycles® st 72ColA 7E7F 1 cycle® PCRE 3314

W) FE d7IAdE 24

pGEM~-T Easy Vector System< ©]&38}o] ligationd}il, o
A dolA competent cellS 42TCoNA 9% %<t heat shock® QS 5EZQ
w2183 LB brothE #7138 37CAA 1A7F wjkst & spin siA] 100z 4&
=9 & wlAld ZEale] white colonyE Aestgct. Aw3E cononyES w4t
o] lysis buffer®} fresh lysozyme®. 2 XAidH3&5L %9 phenol/chloroform/
iscamylalcohol(25/24/1)& 7}8Fe] YA E T e 43S wdll & NaOAcE 715
I EtOHE H7bete] Fopxv= AA AAE AF 749 2AHE sz
BLAST search 7412 $35l9 GenBank database(http://www.ncbi.nlm.nih.gov/
BLAST/)el A #5%& &4, &7
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th) RAPD(Random Amplified polymorphic DNA)e] 28 2=
oln] &2} Operon Technologies primers o4 OPA4 primer;
AATCGGGCTG, OPA7 primer; GAAACGGGTG, OPAS8 primer; GTGACGTAGG
2 3l 92ToA 183 one cycle, 35CelA 183, 72CAA 287 setE 45
cyclesZ PCRS 4339 L (Maki 5 2001; Zhang & Molina, 1995), Wl =.o] Ab%=

A AL Fingerprinting II Informatix Software(Bio-Rad) programel] &3] 4

A3hsih.



o 4% 2 nF
1) o] #AA A 2y
71 Genomic DNA <]

& F23e] FAsy) Ao fEF F Yx
DNA bandE #<¢l&}7] 98te] WA &o] FAA UoA] DNAS 3= 9y
& AAA. 2 TN 25 Assud e vy 73 2 s #5
g ZH7h dAdste]l DNA 25 AEF 47, $-gvel $ol(KFRI 639) %

o

154 o](KFRI 457) 7 E% genomic DNA 37} & I3 3-3-14).

M 1 2 3 4 b 6  M(100bp)

<I¥ 3-3-14> 2% AT genomic DNA.
Lane 1-3 : Tricholoma magnivelare(KFRI 457),
Lane 4-6 : T. matsutake(KFRI 689).

) TMF/TMR, MK56/MK57 primerell 2]& PCR

2 Age VY vHR 54 dAdz dAE sYsiuA zdY
gigtael 7 Arst APt FEAF)} B A9 43 EsbA e 9
T ABRE Fato] FHE o2 7FA primers © PCR %719 AAL E3td A
gt A et Al Fo] 7 AEE Y S + g HAe primer pairg
HA ZAsdux Ry kAR, FEE genomic DNAE wlg o=
TMF/TMR primer ¥ MK56/MK57 primere] €% PCR 4AFE& 2ol DNA
band”’} thE o2 v Ay s-guet Fo] #F9 vw T#FE FEI] AHA



g 3-3-15). PCR 71F3 45 =719 Aol 710 & ot 73] 7]
=1}

A9 549 AAd 2 FEgel @l Jyoletn wesle] Ee AT
Asg AFHoE Fgdtel BET & vk AES Arh

M 1 2 3 4 5 6  M00bp)

<71¥ 3-3-15> TMF/TMR % MKS6/MKS7S o]-83 2% 9Ad<+2] PCR T4},
Lane 1 : Tricholoma magnivelare(KFRI 457), TMF/TMR
Lane 2 : T. matsutake(KFRI 689), TMF/TMR
Lane 3-4 : T. magnivelare(KFRI 457), MK56/MK57
Lane 5-6 : T. matsutake(XFRI 639), MK56/MK57

t}) ITS primere] <%+ PCR

sto] AREE & (e AR ZES JEA HAoEz, wAF EFAHo
conserveddHAl 7FA 3 &= ITS 99 primerE ©]€3 PCRES AAsA I Yo}
ITS primere] Z3o] <3 PCRE EE 9o uwlz= = al
primer set®] ZJol| webAd fEutEt Fo] FFe wF Fo] dFE HFET F
At

g, o] Fo dHetA 2 Fol JF AT wEo i o g
A ITS primeroll 93 PCR 7]

W
H
o] ¥+ primer pair2 A4 £ A
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ofy
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M 1 2 3 4 5 6 7 8 9 10 11 12 M(100bp)

<% 3-3-16> ITS primer seto] ¢/ PCR FZ 23
Lanes 1-2 @ Tricholoma magnivelare(KFRI 457), ITS1/ITS2;
Lanes 3-4, Tricholoma magnivelare(KFRI 457), ITS1/ITS4;
Lanes 5-6, Tricholoma magnivelare(KFRI 457), ITS1/ITS5.8s;
Lanes 7-8, Tricholoma matsutake(XFRI 689), ITS1/ITS2;
Lanes 9-10, Tricholoma matsutake(KFRI 6389), ITS1/1TS4;
Lanes 11-12, Tricholoma matsutake(KFRI 689), ITS1/ITS5.8s.

<I¥ 3-3-17> & oA & genomic DNA.
Lanes 1-2 : Fol7} FFH A &2 e
Lanes 3-4 @ oh& ol 9Jsld 99 H
Lanes 5-6 : &o|(Tricholoma matsutake, KFRI 689)7} #=d g



2) HETH oA gl
71 Genomic DNA £¢
AAE primer pairel 2% FZ A

2z d
o] Aug o] Fojdo] APHAJEA AFE dolrRiuz HITH

H4EHE W
W AuE e s AFste AAs g T A B, Sl AF Ay B
g % @iel o9y AuF PeAsdA DNA & 2 #02 et
3-3-17), t& ol 9stel 2 9E Bee Fo] H4F AuF AU AN A
d RAozA g dANA oW #EAA Fst 5 AT
) ITS primerdl] 23 PCR

s E83E B = sequencing 23 Penicillium A% ToE

22l

Hm, Fo] AE T = sequencing 23 Tricholoma matsutake
(o]

(FEvE Fohe EFeaL AEFS @Ast] T Wl 7Y FE ddd=
H

M 1 2 3 4 5 6 7 8 9  M(100bp)

<29 3-3-18> &y oA %% genomic DNAC] PCR % 43}
Lanes 1-3 : &ol7F HEH A &2 88 ITSIATS2, ITS1/ITS4, ITSI/ITS5.85
Lanes 4-6 @ th& ol o3t o€l He], ITSIATS?, ITSI/ITS4, ITSI/ITS5.8s
Lanes 7-9 : o](KFRI 689)7} ¥ ¥¥], ITSIATS?, ITSI/ATS4, ITS1/ITS5.85



ol 9 thE 3ol RAPD ¥|ZE 93 2P ed y
TF FEANEA FUET FFY 2504 ST T FoA WA 2 gl
Z37 7 d AEAAY e T

2}
g 15709 34 Al F 1, 11, 12, 15, 18, 19 lanes
E A3 16719 e 759 genomic DNAE WAA oz 2 Baggt}. oy
oA & FEEA @& 671X #FE o] 7}x] PCR 2AL 9o 7bdA

®E A% Axsigort & 2elgA %o} of FFSL Aslaln 1 dr]A

<29 3-3-19> 9] 79 AT genomic DNA &2}
Lanes 1-7 : &2 ANdgoA 39 JAFZ F5
Lanes 8 : SFoFa A ES

| 5
Lanes 9-23 : £33 A @A A ¢HA JAFZ 73

(i

) F& dAVIMd 98 54
GenBank database(http//www.nchi.nlm.nih.gov/BLAST/ )& %3t
BLAST A4 (Index Fa)Ax, AMEA A&+ A% 2% g 43r4

FEFBANA FHY 619 FTE <E 33454 wi vhsh o] FEA o]
W = et 39 295 F9 AYARAE F47 W el
=



<E 3-3-4> FEF ANgEAA £FE JATE o579 AdAH
we| BHFY S (FA o] F BLAST A} 54 (%)
2 |2 A Pisolithus tinctorius | Pisolithus tinctorius | 611/626(97%)
3 WA | Chroogomphus rutilus| Chroogomphus rutilus | 480/487(98%)
w7zl Leucogyrophana
4 ° ™\ Phylloporus bellus gyrop 173/176(98%)
JEHA pinastri
Atk
5 Suillus granulatus Suillus granulatus 623/637(97%)
aEHA
6 | ¥R WA Lactarius laeticolorus | Lactarius laeticolorus | 427/435((98%)
g
7 Suillus bovinus Suillus bovinus 650/641(99%)
JEHA
E 3-3-5> T AFAAA FHE AT dFe AEAn
W 51 g3 (F4 ol &) BLAST A3} AEA (%)
9 |3e# mel v Al | Craterellus lutescens|Craterellus lutescens| 110/121(90%)
Thelephoroid
10 | =549 A | Sarcodon scabrosus P o 610/620(98%)
mycorrhizal
13 | W AotAw | Lactarius hatsudake | Lactarius quieticolor | 595/612(97%)
Tricholoma Tricholoma
14 4 o] 502/505(99%6)
matsutake matsutake
Lactarius Lactarius
16 A A 633/681(92%)
chrysorrheus chrysorrheus
17 9] Sarcodon aspratus | Sarcodon aspratus | 485/493(98%%)
20 | =5 A Russula flavida Russula versicolor | 155/185(83%)
21 | "2 EHA Suillus luteus Suillus luteus 625/633(98%)
22 4= o] Tricholoma terreum | Tricholoma terreum | 637/642(99%)
23 Ak A Amanita vaginata Amanita vaginata | 399/420(95%)

RAPD &4

th) RAPD 7] 93k &

1)

OPA primerol] 2] 3t

& 7}4] Operon primer
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=

FolA OPA 4,7 4 8% FHo=z
= 3 2 A7 OPA 7(1§ 3-3-22, 23)9] 9% di= w=rh U



A @& AE] Holi, OPA 8(2¥ 3-3-24, 25)% o|£3 A= m=rl Ho)
7% s WEE e wolx @itk ey OPA 49(7% 3-3-20, 20 A

T F de FEoE Uy g2 7599 " OPA 4
primere] 9J3 AF %

H. = o
LT ] .
AR o H(Maki &, 2001), &|ATFT] FHF ABPS HAY o AFaAAE &
o A7t 2o Fiolw, AFZe] HFe marker 7fure] o]Fojxof &
Ao 2 Rojxt
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<% 3-3-20> OPA4 primerE ©]&3to] 92 &A= PAPD A&,
Lanes 1-6 : &% AlgddlA =4
Lanes 7 : %% AR =14
Lanes 8-17 : &3 A A g A
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©
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8 5 § ® § 8

Lactarius quieticolor(hatsudake)

Lactarius chrysorrheus

Latarius deliciosus(laeticolorus)

Russula versicolor(flavida)

Thelephoroid mycorrhizal(Sarcodon scabrosus)
Suillus luteus

- ﬂAmanita vaginata

Craterellus litescens

__,WM{ Tricholoma matsutake

Tricholoma matsutake
WNW”_LE” cogyrophana pinastri{Phyloporus bellus)
Tricholoma terreum

Chroogomphues rutilus

Suillus granulatus

Sullius bovines

Sarcodon aspatus

<% 3-3-21> OPA4 primers °]&3te] A& JAFZY AES



OPAY Primer0ll @I58t &5

M12 34 567M 8

9 10 11 121314 1516 17 M

<Y 3-3-22> OPA7 primerE ©|-&3}le] |2 Aol PAPD Al
Lanes 1-6 : % Algd&oA =4 AT o5
Lanes 7 @ 9ok Aol 3% $o] o

=
Lanes 8-17 : & AlgA oA £38 JATE o

Y
g3
0
453
g2%4
LR
v
g+
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Rz <)

<29 3-3-23> OPA7 primers

Latarins deliciosus(laeticolorus)

Lactarius quieticolor(hatsudake)
Leucogyrophana pinastri(Phylloporus bellus)
Suillus granulatus

. Craterellus lutescens

Thelephoroid mycorrhizal{Sarcodon scabrosus)

Lactarins chrysorrheus

Sullians bovines

Chroogomphus rutilus

Tricholoma matsutake

Tricholoma matsutake

o) g3te]

rlo

el ATT



OPAS8 PrimerOff 2ot 25

M 12 3 4 56 7

M 8 9 101112 13 1415 16 17 M

IRl
Lanes 7 : &% MWoA =49 Fo] 75
Lanes 8-17 : 33 AlgdXoA F=RE JAHFZL oF

s 8 B $ B 8 8 8B 3 8

. Chroogomphus rutilus
”‘“‘{:w:: Leucogyrophana pinastri(Phylloporus bellus)
Sarcodon aspatus
Tricholoma matsutake
M{::: Tricheloma matsutake

Lactarius quieticolor{hatsudake)

L

Craterellus lutescens
Thelephoroid mycorrhizal(Sarcodon scabrosus)

'E::: Latarius deliciosus(laeticoloriis)
= Russula versicolor(flavida)

Lactarius chrysorrheus

f Suillus granulatus

Sullius bovines
joe Suiltlus luteus

Tricholoma terreum
Amanita vaginata

<1¥ 3-3-25> OPAS primerZE ©o]-£38to] 9& JAFZ9 A

of
al



N

<Fs> 7hg AdE & A714E 93 INDEX

1. 22 &w A (Pisolithus tinctorius Coker et Couch)

Pisolithus tinctorius

Identities = 611/626 (97%), Gaps = 12/626 (1%)

16 AGGGTGCAGAGGGGGN-CGGAGAGATCCGTTCCTCCGAAGOCCTTCGTTTTTACTCTTTG 74
22 AGGGTGCAGAGGGGGATCGGAGAGATCCGTTCCTCCGAAGCCCTTCGTTTTTACTCTTTG 81
75 ACACACCCGCGTGCACCCCATTCGCAAGGGTCCCTTCGGGACCTGTGCGTTTCGTCTCTG 134
82 ACACACCCGCGTGCACCCCATTCGCAAGGGTCCCTTCGGGACCTGTGCGTTTCGTICTICTG 141
135 ACTCGCATGTCTACAGAATGTCGATAGCATTTGATATATATATAAAAATACAACTTTCAG 1A
142 ACTCGCATGTCTACAGAATGTCGATAGCATTTGATATATATATAAAAATACAACTTTCAG 201
195 CAACGGATCTCTTGGCTCTUGCATCGATGAAGAACGCAGOGAATOGOGATAAGTAATGTG 24
A2 CAACGGATCTCTTGGCTCTUGCATCGATGAAGAACGCAGCGAATCGCGATAAGTAATGIG 261
26 AATTGCAGATTTTCCGTGAATCATCGAATCTTTGAACGCACCTTGCGCTCCTTGGTATTC 314
262 AATTGCAGATTTTCCGTGAATCATCOGAATCTTTGAACGCACCTTGOGCTCCTTGGTATTC 321
315 CGAGGAGCATGCCTGTTTGAGTGTCATCGAAATCTCAAACCAAGCCT TChnnnnnnGACT 374
322 CGAGGAGCATGOCTGTTTGAGTGTCATCGAAATCTCAAACCAAGCCTTCTTTTTTTGACT 31
3 TCGGTCGAAGGCTCGGGTTTGGATCGTTGGNAGTCTGCGGGCGACGCACGTCGTCGGCTC 434
382 TCGGTCGAAGGCTCGGGTTTGGATCGTTGGGAGTCTGOGGGOGACGCACGTCGTCGGCTC 441
435 TCCTGAAATGCATTAGOGGTGGGCATGCAAGTCTTGCTTGGCACCAGCCTCTCCCGGCGT 494
442 TCCTGAAATGCATTAGOGGTGGGCATGCAAGTCTTGCTTGGCACCAGCCTCTCOOGGCGT 501
4% CATAATGATCGTCGCGGGCTTGCCAGCTGCAAAGGGACGTGTOCCATGCTTCTCCAACTT 564
502 CATAATGATCGTCGCGGGCTTGCCAGCTGC-AAGGGACGTGICCCATGCTTCTCCAACTT 560
555 TGCGAGCCC————————— CCTCTCCTGGGOCGCTCTGCATTCGAAGGCTTGACCTCAAAT 604
561 TGCGAGCCCCOCCACCCCTCCTCTCCTGGGCGCTCTGCATTCGAAGGCTTGACCTCAAAT 620
605 CAGGTAGGGCTACCCGCTGAACTTAA 630

621 CAGGTAGGACTACCCGCTGAACTTAA 646

2. W A (Chroogomphus rutilus (Schaeff.) O. K. Miller)

Chroogomphus rutilus

Identities = 480/487 (98%), Gaps = 3/487 (0%)

18 CTGATTTGAGGTCAA-CATAAAGAAGGAAGACATCGAAGGCGATGTCGACGTGTTGGAGG 76
606 CTGATTTGAGGTCAAACATAAAGAAGGAAGACATCGAAGGCGATGTCGACGTGTTGGAGG 597
77 CACGAGACCTTCTGTCATGOGCT TCAGAAGACGGCGATCATTATCACGCCGAAAGCCTTG 136



3% CACGAGACCTTCTGTCATGCGCTTCAGAAGACGGCGATCAT TATCACGCCGAAAGCCTTG 537
137 TCGCGCAAAGTOGAAAGTCGATCGCAAGCCGATGCATTTCAGGAGAGCCCAAGTCCCAGA 196

536 TOGOGCAAAGTCGAAAGTCGATCGCAAGCOGATGCATTTCAGGAGAGCCCAAGTCCCAGA 477

197 CGCAAAGGTCCAGGTCTCTGGCAGCCOCCACTATCCAAGCTCOCCCTCGAAGCTAATOGA 256

476 CGCAAAGGTCCAGGTCTCTGGCAGCCCCCACTATOCAAGCTCOCCCTCGAAGCTAATCGA 417

257 GAGGGGTTGAGAATTTACTGACACTCAAACAGGCATGCTCCTCGGAACACCOGAGGAGCGC 316

416 GAGGGGTTGAGAATTTACTGACACTCAAACAGGCATGCTCCTCGGAACACCGAGGAGCGC 3857

317 AATGTGCGTTCAAAGATTCGATGATTCACTGTAGATCTGCAATTCACAT TACATATCGCA 376

36 AATGTGOGTTCAAAGATTOGATGATTCACTGTAGATCTGCAATTCACATTACATATCGCA 207

377 ATTOGCTGCGT TCT TCATCGATGOGAGAGCCAAGAGATCCATTGCTGAAAG I TGTAATAA 436
296 ATTCGCTGOGTTCTTCATCGATGOGAGAGOCAAGAGATCCATTGCTGAAAGT TGTAATAA 237
437 CTTTTTATCTCGCCGANCCNNCGTCGTGGGNTCGACGANAGTAAACATTCAGAGACTTTC 4%

236 C-TTTTATCTCGCOGA-CCCACGTCGTGGGCTOGACGATAGTAAACATTCAGAGACTTTC 179
497 TAAACTG 503

178 TAAACTG 172

3. =342 x 39 A (Phylloporus bellus (Mass.) Corner)

Leucogyrophana pinastri(e] &8 Al4) 22

Identities = 173/176 (98%), Gaps = 0/176 (0%)

353 TGGTTGAGAATTAATTGACACTCAAACAGGCATGCTCCTCGGAATACCAAGGAGCGCAAG 412
44 TGGTTGAGAATTAAATGACACTCAAACAGGCATGCTCCTCGGAATACCAAGGAGCGCAAG 385
413 ATGCGTTCAAAGATTCGATGATTCACTGGAAATCTGCAATTCACATTACTTATCGCAATT 472
34 GTCOGTTCAAAGATTCGATGATTCACTGAAAATCTGCAATTCACATTACTTATCGCAATT 325
473 CGCTGOGTTCTTCATCGATGCGAGAGCCAAGAGATCCGTTGCTGAAAGTTGTAATA 528
324 OGCTGOGTTCTTCATCGATGCGAGAGCCAAGAGATCCGTTGCTGAAAGTTGTAATA 269

9-FwH mE W Al (Cantharellus luteocomus Bigelow”)

Craterellus lutescens

Identities = 110/121 (90%), Gaps = 1/121 (0%)

334 GAGAGATTCAAATGACCCTCNANN-GATGTACCCCCTATGAGTCAACCCCCAATTGGAAG 392

422 GAGAGATTCAAATGACCCTCAAACAGATGTACCOCCTATGAGTCAACCCCCAATTGGAAG 363
333 CGANCGAGAGGGCGCAATTGCGTTCNAAGATTCNATGAATCACTTGGGGTTATTCGTAAA 452
362 CAACCGAGAGGGOGCAATTGCGTTCAAAGACTCGATGATTCACTTGGTGTTATTCGTAAA 303
453 T 453

302 T 302



10-5 =F2 | A (Sarcodon scabrosus Karst.)

Thelephoroid mycorrhizal

Identities = 610/620 (98%), Gaps = 7/620 (1%)

16 TGATTTGAGGTCGAAGGGTCAAAGAAATACTTTAACAAGCCCCCTCTAGGCTTICTCTIGE %
625 TGATTTGAGGTCGAAAGGTCMAAGAAATACTTTAACAAGCCCCCTCTAGGCTTTCTCTGC 5656
76 GACGTAGATAATTATCACGTCAAAGATACT TTGCGCCGAGATAACAAAAGGCTTGGAATG 135
566 GACOGTAGATAATTATCACOGTCAAAGATACTTTGCGCUGAGATAACAAAAGGCTTGGAATG 96
136 CTTTTAGGAGCAGCCGGTAACAAAAGGCCAGCAAAGCGCTCCAAATCCAACTTCACCCTC 1%
56 CTTTTAGGAGCAGOCGGTAACAAAAGGCCAGCAAAGCGCTCCAAATCCAACTTCACCCTC 446
196 TT-AAGAAAAGAGGGCAGTTGAGAATTTCATGACACTCAAACAGGCATGCTCCTCGGAAT 24
44 TTTAAGAAAAGAGGGCAGTTGAGAATTTCATGACACTCAAACAGGCATCCTCCTOGGAAT 36
26 ACCAAGGAGOGCAAGGTGCGTTCAAAGATTCGATGATTCACTGAATTCTGCAATTCACAT 314
3% ACCAAGGAGCGCAAGGTGCGTTCAAAGATTCGATGATTCACTGAATTCTGCAATTCACAT 326
315 TACTTATCGCATTTCGCTGCGTTCTTCATCGATGCGAGAGCCAAGAGATCCGTTGCTGAA 374
325 TACTTATCGCATTTCGCTGCGT TCTTCATCGATGCGAGAGCCAAGAGATCCGTTGCTGAA 266
3B AGTTGTATTCAATTCGCGTCAGACGCGGTTACAAACGTTCTAATAGACTTTAACAAAGCG 434
26 AGTTGTATTCAATTOGCGTCAGACGCGGTTACAAACGTTCTAATAGACTTTAACAAAGCG 206
43 TTOGTAAAAACTTCATAGOCGAGGCATTCGAAACCAAAAGGCTTCGTGATCATCCCCAGC 44
26 TTCGT-AAAACTTCATAGCCGAGGCATTCGAAACCAAAAGGCTTCGTGATCATCCCCAGC 147
4% TACAGTTGGTGCACAAGGTGTGAAGAAAGGACTGAAACGCCAGGGGTCAAGGCGTGCACA 5A
146 TACAGTTGGTGCACAAGGTGTGAAGAAAGGACTGAAACGCCAGGGGTCAAGGOGTGCAC- &
556 TATACCTCAACGAAGAGGGOCAGCAACAACCCGGACGATTCOCCAAACGTTCGGTGTTTC 614
87 ~ATACCTCAACGAAGA-GGCCAGCAACAACCCAGACGATT-CCCAAACGTTCGGTGTTTC 31
615 ATTAATGATCCTTCCGCAGT 634

30 A-TAATGATCCTTCCGCAGT 12

13-& W] Al o} Al 8] (Lactarius hatsudake Tanaka)

Lactarius quieticolor sporocarp

Identities = 595/612 (97%), Gaps = 3/612 (0%)

18 CGATTTGAGGTCA-GGGTTCGTGGGGTCGAGAGAGTCTCCOGAGAAGGGAGACACTCOCCA 76
630 CGATTTGAGGTCAAGGGT TOGTGGGGTCGAGAGAGTCTCCOGAGAAGGGAGACACGCCCA 630
71 AACNTCGTCTCGTCGAGACGGT TAGAAGCAGGTOCCAAATGCAACAGAGCCAGAAACCGA 136
629 AACGTCGTCTCGTCGAGACGGTTAGAAGCAGGTCCCAAATGCAACAGAGCCAGAAACCGA 570
137 GTCATGGAAACATCTTATCACATGTCAAGGATCGGCAAAGAGGACCCCGCTAATTCATTT 1%



B GTCATGGAAACATCTTATCACATGTCAAGGATCGGCAAAGAGGACCOCGCTAATTCATTT 510
197 AAGAGGAGCTGGCTCTAGAGAGANGCCAGCAAAGGCCTCCAAAGTCCAAGOCTCCTTCGG 26
A9 AAGAGGAGCTGGCTCTAGAGAGACGCCAGCAAAGGCCTCCAAAGTOCAAGOCTCCTTCGG 450
257 TGTCCAGAAGAAAACCGAGAAGGTTGAGATTTTCACGACACTCAAACGGGTGTGCCCCTC 316
49 TGTCCAGAAGAAAACCGAGAAGGTTGAGAT TTTCACGACACTCAAACGGGTGTGCCCCTC 390
317 GGAATACCAAGGGGCGCAAGGTGCGTTCAAAGATTCGATGATTCACTGAATTCTGCAATT 376
339 GGAATACCAAGGGGCGCAAGGTGOGTTCAAAGATTCGATGATTCACTGAATTCTGCAATT 330
377 CACATTACGTATCGCATTTOGCTGOGT TCTTCATCGATGOGAGAGOCAAGAGATCCGTTG 4%
329 CACATTACGTATOGCATTTOGCTGOGTICT TCATOGATGOGAGAGOCAAGAGATCCGTTG 270
437 TIGAAAGTTGTATTGATTGCGTGTCATCGCAAAGTGGGGTCATTCTACACTTTTTTAAAA 496
200 TIGAAAGTTGTATTGATTGOGTGTCATCGCAAAGTGGGGTCATTCTACACTTTTTTAAAA 210
497 GGGGTTTGIGTGAAAACGCANGCATCOCAAAGGGTGNCCGCGCGGNGGTGCAC-AAANNG 556
29 GGGGTTTGTGTGAAAACGCAAGCATCOCAAAGGGTGCOCGCGOGGTGGTGCACAAAAGGG 150
56 NGAGATGGNTTTTATGTGAGAGAGAGGACGTGCTCC-GNNTGCACGACTTTTGNNTCAAA 614
149 TGAGATGGATTTTATGTGAGAGAGAGGACGTGCTCCGGOGTGCACGACTTTTGIGTCAAA 0
615 AAGTCAGCGACA 626
89 AAGTCAGCGACA 78

14-%9]

Tricholoma matsutake

Identities = 502/505 (99%), Gaps = 2/505 (0%)

15 CTGATTTGAGGTCAAA-TGTCAGAGATTGTCTCTTTACGAGACGATTAGAAGCCGACCTA 73
630 CIGATTTGAGGTCAAAATGTCAGAGATTGTCTCTTTACGAGACGATTAGAAGCCGACCTA 571
74 TTACATTGTTCACAATGGOGTAGATAATTATCACACCAAATGCTAGACAACAAGGGCCCC 133
570 TTACATTGTTCACAATGGCGTAGATAATTATCACACCAAATGCTAGACAACAAGGGCCCC 511
134 GCTAATACATTTAAGGAGAGCAGACTTCTGAGCAGCCTGCAACAACTCCCAAAATCCAAG 193
510 GCTAATACATTTAAGGAGAGCAGACTTCTGAGCAGCCTGCAACAACTCCCAAAATCCAAG 451
19 CCTATTCAACAAAAAGCTGAAAAGGTTGAGAATTTCATGACACTCAAACAGGCATGCTCC 253
450 CCTATTCAACAAAAAGCTGAAAAGGTTGAGAATTTCATGACACTCAAACAGGCATGCTCC 391
24 TOGGAATACCAAGGAGOGCAAGGTGCGTTCAAAGATTCGATGATTCACTGAATTCTGCAA 313
390 TCGGAATACCAAGGAGCGCAAGGTGCGTTCAAAGATTCGATGATTCACTGAATTCTGCAA 331
314 TTCACATTACTTATCGCATTTCGCTGCGTTCTTCATCGATGCGAGAGOCAAGAGATCOGT 373
330 TTCACATTACTTATCGCATTTCGCTGCGTTCTTCATCGATGCGAGAGCCAAGAGATCOGT 271

374 TGTTGAAAGTTGTATAAGGTTTACTGGCAATTAAGCCAACCAAATAACATTCOCATGACAT 433



270 TGTTGAAAGTTGTATAAGGTTTACTGGCAATTAAGCCAACCAAATAACATTCCATGACAT 211
434 ACCGAGTGTATAATAAAATGCATAGGCTGGmnmCAAGCGAAAGCCTGGCTTTTGCAG 493
210 ACOGAGTGTATAATAAAATCCATAGGCTGGAAAAATACAAGGAAAGCCTGGCTTTTGCAG 151
494 CACGGCAATCCCTCAAACCGAGCTT 518
150 CACGGCAAT-CCTCAAACCGAGCTT 127

16-=#A A
Lactarius chrysorrheus

Identities = 633/631 (92%), Gaps = 8/681 (1%)

175 | (Sarcodon aspratus S. Ito)

Sarcodon aspratus

Identities = 485/493 (98%), Gaps = 3/493 (0%)

23 AGGGTTGTTGCTGGCCTCCTCTCTAGAGGGGGTATGTGCACGCCTGAATCGTTTATCCTC &
26 AGGGTTGTTGCTGGCCTCCTCTCTAGAGGGGGTATGTGCACGCCTGAATCGTTTATCCIC &
83 CCTTTCTTTACACCCTGTGCACAACCTGTAGCTTGGGATGATCACGGAGCGTGCCACTTG 142
& CCTTTCTTTACACCCTGTGCACAACCTGTAGCTTGGGATGATCACGGAGCGTGCCACTTG 146
143 TGTGGCCGCCTCGAATGCCCTCGCTATGAACGCT TTTATATAAACCCCTTATAAAGTCTT 202
146 TGTGGCCGCCTCGAATGCCCTCGCTATGAACGCTTTTATATAAACCCCTTATAAAGTCTT 26
203 GTAGAATGTCAA-TAAGCGTGTAACAGCGCGAAAAATAATACAACTTTCAGCAACGGATC 261
206 GTAGAATGNCAAATAAGOGTGTAACAGCCGCGAAAAATAATACAACTTTCAGCAACGGATC X6
2602 TCTTGGCTCTCGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGA 321
266 TCTTGGCTCTCGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGIGAATTGCAGA 325
322 ATTCAGTGAATCATCGAATCTTTGAACGCACCTTGCGCTCCTTGGTATTCCGAGGAGCAT 331
326 ATTCAGTGAATCATCGAATCTTTGAACGCACCTTGCGCTCCTTGGTATTCCGAGGAGCAT 356
322 GCCTGTTTGAGTGTCATGAAGTTCTCAACTGCTTTGACT TIGTIGTTGAAGTGAAGTTGG 441
336 GCCTGTTTGAGTGTCATGAAGTTCTCAACTGCT TTGACT TTGTTGTTGAAGTGAAGT TGG 445
442 AGTTGGA-GGGTCTTTCCTGGOGTGGGCTTGTTGTGT-GGTTTTGCTACATGCTTGCTTG 49
46 AGTTGGAGGGGTCTTTGCTGGCGTGGGCTTGGTGTGNGGGGT TTGCTACATGCTTGCTTG 96
500 CTTGTCGGCTCCT 512

506 CTTGNCGGCTCCT 518

20-=F 3 X (Russula flavida Frost et Peck)

Russula versicolor



Identities = 155/185 (83%), Gaps = 1/185 (0%)

256 AGAAANGGACTTTGAGAATTTCANGACNCTCAAACGGGTGNGOCCCTCGGAATGCCAAGG 315
A4 AGAAAAGGATTTTGAGAATTTCACGACACTCAAACGGGTGTGCCCCTCGGAATGCCAACG 356
316 GGCGCACGANGOGNNCAANGATTCGANGANTNNCTGNANTCTGNAATTCACAATACGNAT 375
34 GGOGCAAGGTGCGT TCAAAGATTCGATGATTCACTGAATTCTGCAATTCACATTACGTAT 2%
376 CGCATTTCONTGNGINTCT TCATCGATGONANAGCCNNNAGATOCGTTGTTGNAAGNTGN 435
24 CGCATTTCGCTGCGT-TCTTCATCGATGOGAGAGCCAAGAGATCOGTIGT TGAAAGTTGT 236
436 ATTGA 440

235 ATTGA 231

219l 3189 A (Suillus lutens(L.) S. F. Gray
Suillus luteus
Identities = 625/633 (98%), Gaps = 2/633 (0%)
21 TTTGAGGTCAA-CGTCAATGAGGAAGACGOUCCTAGAGGCGTCGACGCATTAGAGGCACG 79
663 TTTGAGGTCAAACGTCAATGAGGAAGACGOCCCTAGAGGCGTCGACGCATTAGAGGCACG 54
80 GGACCATTCTGTCTTGCACTTOGGCGAACGGCGATCATTATCACGCCAAAGGCCTTGICA 139
593 GGACCATTCTGTCTTGCACT TCGGOGAACGGCGATCATTATCACGOCAAAGGOCTTGTCA 534
140 TGCAAAGTCGAAAGTUGACOGCNAGOCGAT TCATTTAAGAGGAGCCOGAGTCCTGGACGA 19
533 TGCAAAGTCOGAAAGTCGACCGOGAGOOGATTCATTTAAGAGGAGCCCGAGTCCTGGACGA 474
20 AATCCAGTGTCTCOGGCAGCOCOCAACATOCAAGCACOCGCTCGAAGCAAATCGAGAGGG 299
473 A-TCCAGTGTCTCCGGCAGCCOCCAACATOCAAGCACCCGCTCGAAGCAAATCGAGAGGG 415
200 GTTGAGAATTTACTGACACTCAAACAGGCATGCTCCTCGGAACACOGAGGAGCGCAAGGT 319
14 mGAGAATTFACIGACAClCAAACAGGCAmImGAACAmAGGAG(ECAAGGF R55)
320 GCGTTCAAAGATTCGATGATTCACTGTAGATCTGCAATTCACATTACATATCGCGATTCOG 379
354 GCGTTCAAAGATTCGATGAT TCACTGTAGATCTGCAATTCACATTACATATCGCGATTCG 295
330 CTGCGTTCTTCATCGATGOGAGAGCCAAGAGATCOGTTGCTGAAAGTTGTAATAACTTTT 439
2 CTGOGTTCTTCATCGATGCGAGAGCCAAGAGATOCGTTGCTGAAAGTTGTAATAACTTTT 235
440 TTCTCAAAGAATCGCGTCTCCTAGAAGTCGCGACTCGATGATGGTAAAACATTCAAAGAC 49
24 TTCTCAAAGAATCGOGTCTCCTAGAAGTCGCGACTOGATGATGGTAAAACATTCAAAGAC 175
50 TTTCTACACGAAGAGGTATATGAAGACGOGGGTCGOCCCACGCCCATACGGCGAAAGGTC 559
174 TTTCTACACGAAGAGGTATATGAAGACGCGGGTUGOCCCGOGCCCATACGGCGAAAGGTC 115
50 CGGAAGAGAGCGTGCACATGCCCCTAGAGGCCAGCTACANCTCTCCGCCTTTCCCCTOGT 619
114 CGGAAGAGAGCGTGCACATGCOCCTAGAGGCCAGCTACAACTCTCCGCCTTTCCCCTCGC %6
620 NGGATTATAATTTCATTAATGATCCNNCCGCAG 652

54 CGGATTATAATTTCATTAATGATCCTTCCGCAG 22
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golt ol A8aN e gloz AGHth Folo WA Pk 29lW A
AR FFA 2 U YR s AL ot FaA Aol u

1998-20004F0) ol 29l %07} fDNA ITS B o)A $ajvetel AR89 &
olg} & Aox FHelw Y d(Bergius and Danell, 2000). =d9 Fol= &
galol o FRaA Sags s, 299 AFe] 200000km7E Fol AAAR #E A
th 29| Fol AF RAMA ] FolE 1995-1997:d0] 1-1070/ha, 11-307H/ha,
31-20070/ha2 ABAEE 151, 1988dol& vl w2 "l& 31-2007H/ha”} A4, 1-2

S3E 30-50g P s 2 AL 186g oIATh 47lA Fol ARAE TF
Agoz st 10-16m, FH o] 120-15094 olith Fo] AL 89 1097
AAstel 98 17979 Bykeh ABNAE Feol7k 5-508/ke 71 el F Rk,
3. 4ol gAR=A A AT
7. a8

Quel gy wAe ANAFE APAUN Fool F4H BE
% sl &7 BAE AA/T Yrk(Yamada F, 2001). o AT AHEH
MATE mAZusbgEA, GAwbRuA, Sel, FHA, ¥HFl, T

E=1
g EE A, 3l

portentosum, AAGITEHA, FavltTEH A, Alobajn],
A, dHMolz olE HAFE FiF 2uFolA 2-4719 Stol T EAS
sdvh Zrzbe] gYues e EYS EYRT 800m dEo &AM £3hA g
A el A 7 2 HARAS Fdh FolE AT e HES 91E
FF AR TS wEAF T dWAle ASE olAF 57hdol AL o
HAS wEo] AT o]AF 97149 Hele H AWM, T, portentosum, ]
Fole HAE UEJG. Fo] e YRE 1€ otol =FF o] vEeytm
o] FolgTol Aojm 4749 A AEFAT. FujFole FFole 354H
o] A 1d Fo WAl ATE V2R IRHA, dHA,

T. portentosum, &u]Fo|7} AAAQ WA Auje] TRFoz Adrr)

S
F34 QoL 19004 2o AgoR fHoR +2HUT, 4
ol thete] Holw o] fRow 525 k. FZA GoluAe] Eix=
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Yunnan# Sichuane|th. F3oA = Fo @oluAle TRy $ete] e A
A=A A+E ot vk Yunnan? Sichuand| A AHE golw AL FHE
2 EF ITS FEEdoz 137 2EH Qo] 67] 28 o7 FREAT. 139
T. chineseexcavatum¥™ T. pseudoborchii= A Fo|i, T. aestivum, T
uncinatum, T. sinense, T. himalaynesew #*-& T o & X3¢t

golu o] AAA] DongchuanA o] AVE|ZA oA, & £&  Pinus
armandii Franch.©] 3, 27§14 Keteleeria evelyniana Mast., Cyclobalanopsis
glaucoides Schottky, Alnus nepalensis D. Don. Tado 2 wazc Ee
pH 68-6.9, it Bz 4(36-46%)°] AEHAT =& Ba23 oy 7R

macronutrient®] % ¥ Ao}

2 7 Lo R = 2 e
A BCFAA 71 S ofd AFHAL wZ
Huaa|AF, 7AXHA, 2EHA, 2o A, g5dualeltt e
Hog Fagh A ofAWAL 993 10¥80 AF A &, FEBAFE 597
6€o AFAC dlFGF Humelw A 53k 60-80 Al western hemlock 2F&
oA FHFEA HAeI ATk
ekl ool A 1990-2003 71%F &<, B 104,665 kgo] AWA £ W%
HAe]l fFos FEEJoH, oL At $1.79% g} 2 Hu
AF7F FEAA, FEHARFe 22 02 Fo] 3= I, =3 B F
BHAF7E BCF 2
BCFol Al vl &ALt AE] g A

3%

Roads Umver51ty°ﬂ/‘1” dHHe® Fad WA A E
£ 3t3L vk Royal Roads thetallAle= vl &) AddEd dist A+ =229}
AAZ Z2ao] dar, 2004d¢ = v EA AFAEY] AHEZ
ool stefA e Wl vl EA LGRS A& Al o) & g ﬁ?oﬂ 2t ATt
BCHFol= 494 oz Fa3 opgu Al A, A, FEdAE dxst
v A g@Irt glvh 49 HAEYe] Vancouver, Victoria, Kelowna, and
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Roberts Creek A old] Q1w o5 FHE 4= WAl 53¢ gz 02 A
Aok AL oI, AREo] WA B A4S Wt AL AesE Gl
9 WA 29 UEEe FU9A MR %49 fge Faue ¥

g5k 9l

BCHF & Truffle Association of BC(TABC) 7} 5550 200415H &5&
stk o] @gdAE F2 A2 AUT. melanosporum)©l AAFAA &
XS 34 southern interior and south western BC 7} A &3 Aoz ot

3L gl

S

]x

S

oft
-

1980t Zeofl W52 FH oA wgdA FdE HFE el AA
Fo, o5 HolwA virE #HEFow Y& Henr 28y =

AR Eobe] B2, wos B delA 10887 19931] @olW A Aate] 7

4-10d7ke] Ha AR A Ag, BE o #20] TR AAseE X
b FFAE T AE B2 FHGPP), U #2d wle] AdstdA
ol &% F gt wF @AYNPP) o2 FAsA. W/l NPPE GPPY 47%

NPPe] ¢F 25% & Az, 2 WA= Al 38 o8t Aot
Morchella®] ZAHEA T s A A Ed2 = 2T ofddA 244 &
Aol A zH I, ZF¢-F2 Aol® 10mm o]deo] Hojof sttt A3E AUTh 1
2 HAAh

g A5 s FRUAFE HAEo] FXETE A=
Zokde] HumElwl g FAMSE Cantharellus formosus$s #WAS o= ¢

subalbidus = Douglas—fir®} western hemlock X o|lA F2 AAEz 9o}

A Asfel WAl A FAska, e olg wAle] AL 2t

of AbetAch. 7 EIE FAEL AAS Ad HHed Ak BaFE
1o® WaHdnh

%okl %kl g FH WA AT
b TN E olzehda ol A FEA WA BE AW

T 9HEE YUY o)lAad A2 T melanosporum WA o|ggo}} oA
A& AT} hazel suckersol HEsIAth TAHE £ 3o T A B4
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ol ARHJT & FEAZ 1284 BEL ok AFAo) A F 4
dol Ak ol 55 oM T melanosporum o] AEHYL, e
HA GAAE 20000 el 2AFTE S A A sk T

ol Yol Al FeHA F AEHY AFE, WAE FE ALHE FH-x2
53] 1-38 AFstn vk FoMA L 23/, dEFHE A7 $€27], &
W A4, e WA & 2-10m ol EkdlA ZAHAh YA s
Fe 27 2 #AA A7), ¥82 =781 9598 238 /XY g4 5-10cn o}
o A s}

v 8 S7HA R EE WA AT
2l 90ddle]  AolA "olw AR T aestivum, T

mesentericum©] L7 AT7F EiatA o] Foirh o] HAFY rFHEL
F2 Corylus avellana®) i, =3+ Quercus roburZ% ZAFE Q. A ggulH o
She] 2000-20010] HEA o2 wEAR Holm A FAEE 30007 AAES
o oobge dEAA TZAWAF el HaEwAe A3 2 7154
e gahdY A7E S h

Z g ojggole tgFd FFY WMAFE AFEn v ZFaE
Burgundy truffle(Tuber uncinatum)® o] WAL T BRAAo ] 2 whalsla
T melanosporum Bt} 21X 9] g4 o] t}ekdir} o] Wolw AL #7]E o] 1
G FHeHL, CO/N&o] =3, etk zdsd s57F 27 X9 ¢la, pH
oliolt}, 7154 &EL  Quercus petraea, Q. pubescens, Carpinus betulus,
Ostrya carpinifolia, Corylus avellana, C. colurna, Tilia spp., Pinus nigra
austriaca, Cedrus atlantica ©1th. T. uncinatuma 7AFo) ofstmg AR =
PELE7L A 875 0] 800-1200/hasdsl, -2 7HAA7 e A48

T. uncinatum-e obrte FHAA 7B FE5AQ AL QoA on Azhsy,
AdHew FEFH(EFS, =, BAF, HHAHE, 295 ME LB},

b, BobEol, Bas, we s

Y
K

ot
N

Foll HF, 3) AdA 7HE 4G FF o, 4) F5d4 Fyoint
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T. uncinatum® AW+ T melanosporumB.or B 2 Lol 19803 ol A A
R 7} s o

1. N8R AAL 715 xA0 FAstc) 2. EGEL ol tdsta, 9
A EAL u]$ st JE-AMHEZ g w3} FREERTEE F8

elz}ole}. T melanosporum- EFEA 0] AlgX] AA A BgA ey s,

o] ¥ Edxol | ¥itste pHy > 7o ezt B frETHES
20% &, C/N&2 9-1201A % 207t A= & 5 Qdr) A2 gz &2 #Hela

z E 22 HoAME LAHAY 3 7FAES v AEe #EH, §
E2 0 2 hazel(Corylus avellana), white hornbeam (Ostrya carpinifolia, ©] 2 ¥
oh), cedar(Cedrus atlantica) ©Jt}. dH T2 ALFHE2 pines(Pinus nigra
austriaca), white hornbeam(Carpinus betulus), Byzantium hazel(Corylus
colurna), oaks(Quercus robur, Q. petraea, Q. pubescens) ©] &3t}

AR AALEE B2 A o) 457 v, E¢Fo] v S35k #
AR O] A, 7152 Ee] wMEA Agtes et EGol zlod AES o W
w3k A A=t T melanosporum=- 40070/ha &L =1 w|2elA vt T, uncinatum
2 800-120070/ha o]},

Foly A Al 2AE Sourzat’t T. melanosporum& 98] #Arer 2714 &

-

K}
o

AdE o7t =AY T uncinatumo] 243 4 3t} "Pallier model”’2 3454 vj
WS QoW Aol A8 Aor F#IHE Yot EY A, #exd,
TARAQ Ek#Y, A% 15& Hstv] st A5 AAAANE sk o] @
He d] o] @o] EXuF dutxlo g £2 AnE de Aoz dEAd gy 2
Hup A5 YFEo 2d9HUE W, o8 54 T brumaleol 23] dolv]A UF
il o] AT “Tanguy model’ #HEEE 4o 2

hus

o
Y

Oft
o

-\
B2
o

Ao FEAAY A wee aglEz )
| Pallier 2R A Al=stAwt Qi
T2 Holth, EGFAY Fxxde A4 A et T 1 %
o= FolFEAY Ao E AAY oo i AxAE AF AL
T. uncinatum2 Z# 29 5529 (Lorraine)oll A 19743 Bof 2] A1g 2270
A FYE  hazels AAZ FeA 19799FE  ALE7] AFedd. T
uncinatum 7FH ¥ black hornbeams, hazels, pubescent oaks7} 198813 7}-8-¢j)

Parma A 99 2 A3t} black hornbeams FWojAl 1992413 199513 7}-S 3}

>
o
o
=
2 o

oy

= o
ol

ol
S
j?_,

7N 5=

ns
=
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1997 o] == hornbeamsdlA] Wo

J¥ Aol ABAkE vk 199639 800m ol A o]
Ml 1kgol A= o] 12.5kg/hac] 3l x

Stk A% MR FRe AAF 590 2
A 10de] Aok GolM A TEe R 152 BEUY. 15160 Fol
S0ke/ha o o] T, RE YRE % o4

= A2 = 9d o] wAoe] AAE
ZF2E 1597IF wid 1000hae] Weolw A AYHE AAlstm L5
Federation francaise des trufficulteurs(FFT)= WolM A Ajujo] ojs =
7V, &4, Rt 52 AMEste] Bastn ok Hell ZEagl ojgg ol AY
Al aAFEZd HAAA dgd Z2AEEZ F ysiu Yy o] TEAHEE
VERCHAMP ©°]& 3afoll QoW AF, AAF
HAD(Hautes Alpes Developpement):= o}
Add BEES Fdsi, 4 v Holw

FE
&

12709} A9 5%

3 AR 7ledel A8 AuiA A AJAL Jow, ojHEd d& F AF
Zpop FAApA] ofe o] FoiAa Uk HAR ZEso M= 247049 AFA T}
olv] wEAR I, ojgeiotll = 1574 AFAIF s AT of AFE T, 159

St NFAES WAl i AAFE Stof, NEZE A e 2 RFe
7] A% AdHA ARE ATT ot Egk o] T2 AEE YolwAl APl
Zerel std 2 =9} Piemonte phenotypes EF & A &shaL 9t}
olggjotoll = T. borchii AME A=A o] F HAA WA7F G
T maculatum, T. foetidum, T. dryophilum, T. puberulum=t Hej& oz u]$-
Hlzato] EFE ol FulH ek o] BAE bianchetto(white truffle)@hil ¥-=1
olgzlote] white truffle(T. magnatum)¥ F-H3t7] 9%t Aolrh dAl= Jeis
A A=A e o WA Y FET FRo] shesty, dAAE 2

A
HdEE A F e TlE AEE ofy Ade]l HHo] vl wEA o
HALS e & vk o] B 271 AYDAY FFHol ol =& BEEy
&8, E& 7IF504, &Y 8, TXRE EJC EAg 9 FEFFY
#4, o 2w AT BAAEE MR YU o] HAY AV 4FF A7
A Gdzk=7] 7R ohkela, peridiumS FA-HAME wo] T magnatum™

Zk 2
- vl 5AE JHA L Ak F s AARele] M & Aol T borchii®l
gleba7l © o531, B Y- veins& 7FA3 31, A& Fo AT w-dd
T. magnatum-< 7Vl A Ao T magnatum-e A 2Fo] 15ke/ha/year ©] 31,
E< pHe= 80 oltf. o HAlel sk ESSA, AA, 7IF5G Fo] dF=HATh
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Adow Fag wd, 53 GolMAF U T2 A4l 4 P

RAPD, ITS #4J(RFLP, PCR, multiplex PCR), MP-PCR (microsatellite- primed

of

PCR), PAMPO(random amplification microsatellite polymorphism)2} #7248 & 8}
2 JleR QALY ofHAZldv A8 Jhestar, wEa, mizsta, 9e 5 9l
v BA4VEs AT Ase WA, dARRA, T2EE AR, ol
EAFF, FolHA sRdA 7t SdHY AR TR/ A FF W, AFE
A FolHA gele] 7hsstrl.

2991 Zapag ojgdgolet A AR WolH AR e ATE JTH
o7 3ta ok Tuber nigrume 23202 Soria A9 A 3| A EF A 19794
600ha A A&At. ojwf AFE3F AT E holm-oak(Quercus ilex L. subsp.
ballota (Desf.) Samp)E o] &3tAth WolHA2 1\do] 2500kg AAsta ow,
20% o]l Welw Aol ojnl AAg FoA Aibgrh 23 vl 500ha o]
of QoA Fol 2HddA wEAL vk 2y HolwA FRE Ty
100,00078 o189 HEH7F A=A o

A A FolmAF 7HA L $150-$550/kge] i AL F o)A 3
of 9% AR AAvIEol MEHAY. 7152422 holm oak, oak, hazelnut,
Quercus ilex F°] AHE&EA ZARE AAF vHeo]l BAH7] 7AAE 6-123 0]
Ao, gdRe] AEd Hote #2384 A E I ddsta ik =g
e A "WolHAFe A TAYE & o, oMol T

=
2o QAT TS TS A FEE] ofHy &

L O

had

A%

o

hymalayensis, T. indicu

A& 52 o]

A& 7]%€ Agg Fd #E HEI} drvh V)

(Quercus faginea)™ Holm oak(@ ilex)E T2 |43 gu} HEHe =

B2 o] 20-30cm, & 30-40cm 31, FFL2> HAS A3 E2 4o AH&3

i

v‘i’—fﬂ B2 T de"oinideY #2¥Ad F5E 1-2de] AdE Fo #AF
239l AGoA Holua ALt

b ]
j= -1 =
& FE A9 24, G913 4s) AL Sl sl WEE Apel 49
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Hegolu Aol AufA A burn sizedt BolWA Aatakute] #A ZAbo|A
4337} burnso] 871 & AEAAA AN 63 o) :ALEATLE V|FHES
Quercus faginea, Q. ilex subsp. ballota, Corylus avellana, Cistus laurifolius,
Tilia platyphyllose) vt A& olyA AujA e Atekxjgd oz &) 1000m ©)
A F2 EEsAT a2 FFFFES 800mm, AW TV 10T W

ol ALL wg F& Fojtl Bun Z7E AedolwA AAE wHo)g
A

&

Hole FE4d 248 WAL H23uAd Oid AF= NSt &
AW A& Pinus pinaster Ait$} Quercus pyrenaica Willd.] £33 &£3F o
Al AL Adbel digk AElEALE 3ol A X(2002-2004) 337F 150m* plotsel] A
stk MAAEe F-elA 113kg/ha, TEAHAA 230kg/ha o113, 11€9)
pure zone°l A 64%, mixed zoneol Al 81% AAF AT AR} FAEI FE
Stal gl ol ¢HETE 28] oo AMNEES ZHAG flo] vFe Aol

BeguA AN £ Ao tebdth 295 fEdel mAgnT Ago]
=

ojggol, AuQl, TFs AtgHEo] EFFZ opRA AF o #AS At

=
A4 AAGET] AAA AAE A AASAL AT obgEAS Bol
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O

Fogel oF $1800 £9& 3 Ak FL MA

A slo] sfFatar gl

rlo
K
i
R
L,
i
o
AC)
I
S,
Y
flo

¢

v, A= AT HA AT
FAM== New Zealand Institute for Crop & Food Research
Limited& $4o 2 1980 d =58 ol o224 Ao Az A gk A

TE BEEHA A =dgm, 1987A T melanosporum A9 E7F A AFdA0h
o] HAlY AHIZ Y3 HHxAL WA o4EF F& AL wFUds, EFIE

[e]
75014 A2 pH 79, BV T2 HIygAdelrt. M AAHI MHES

= PAEE 49 83 9
Aegolma AuiAE 80 oo 3000070 FALE ATt B
%ot 55 MW T 40E M/ FUSHAT o7 AN 47 F 54

1599 "WolWAe w4718 02 US$HL522/kgoll E#TE o] AL WolA A4k
A7) 7R 9] oF 2ufolth
AT F23A L oot auF g A A A 4 gl ofe]
AZe T. borchii, T. uncinatum, %°ji°o] 98 UFEo] AEHYTY £33
HAL FHoA ==L, e FRA=NA A Aok, =3 1990
T grfoletavtFo] TEWAL 1998 3] Aol At AFET £

= A
Mo drlobgaky, AUR, ARHUTL AF AR A%, AL 8
A

Nge AFS. A4 AFe HEo

i~y
=
Q.
>
Q
g
3
~
5
Q
g
3
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=
S
o
ol
il
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ol
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A wAAEE Sl EAE o)fte] Az T2 HAY A
FTHEE st o ASHH-E T borchiics Q. robur?t C avellana®| A,
T. melanosporum-2 Corylus avellana$t Quercus pubescenso A, T. rufum@ T.
aestivum Ostrya carpinifolia®} ¥} 81 calcareous E%< o] &3] HEZ 5
NEAel #2 HES AJY. T, borchii, T. melanosporum, T. macrosporum,

T. maculatum, T. rufum, T. brumale, T. aestivumZo] A& Fo| 9t}

AL driA o JAFE WA A+

A= 715xdo] AFE 2u71Fol7] Wi X Fs] Ak=rto
A AR ez AnEe FolARe AmMAAR Hjste, dolu A Aujs
o] 2002l A& AlZHATE 20047 8ol Agrobiotruf S.A. BALE o] A
dA Folu A AHEE ANT F dv FEFE A, A 44007 A

e 2 45 ZtEv dA o] FAbE Wolw Al A
Ahell ik ez zas A Fol A5l 10,000 HelHA T Aakste 20063
9ol th=f 35ha J

ET?\)\L\:—;A]

v

il
BN
O>“
]
£
o,
©
o
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