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1. 3LHIC

< 2 (Tricholoma matsutake) &AM TIE T 1=
JLETIE N RYRT7 T Y Y EORE DR O
HRICHAE LU TEET 2N EFIEK TH % (Yamanaka et al.
2020), AVEBARE E. BIARDMAREO X H Z HR D EIC
o lHIROME (2 M)V mantle) &, ZOWHAID
PR MEBRICFE R AMRA L TekhE OV T r ey B
Hartig net) THRMOWI 5N 5. HVERR] ZEKT % E
FADOKFITH % (Smith and Read 2010), T DIV ERFHRIC
BT 2 EOMME & BRI Z MM TED - K7D
DELD DMThN. ZORME. EEMY &SV EFERE O
FHOWEIFREEHEETNS (Smith and Read 2010), %
LT, O ENHEEFERZE T, SMVERRE X
BHEATH S TFHIK (F2DT) ZREIES, @H, &
FHY) OIFAE U\ EF SV EREE THOVE R DS 7 52k 2 58
EERB RN, ZDD, VEEREIE TIAD
RIS B RRAE T OWR 2, EHEBARNSB/ LN
BEREMFICHEIKFL TR EEZLNTVS (eg,
Last et al. 1979), XV 27 &5 Tld7x <. B/ TldrE
FRIARDOHICHEFEIRZEK L., EHICHERPICERE
FARADEELEHTH S Tom ] LN s Rsm
HHAMEZFRETI YT, FREZFEAESES UM

RIS B2 6 H 16 0 JERIZEL - a1 24 10 H 8 H
1) BRI DT - ARMBENITTE iR
2) BMAREWIZET W8T « Lo X —

1975), ZDzd, IV EZTDNITHEOFRBEDOAF L%
ZENO—DE LT, WMERIBE DK - FEMN %
Fon, 7RV EDHIEB ORI Y X2 N TH
AR EEE (FERE) OFF (Yamada et al. 1999, /)
5 2007) . EAREOHFKIC X 2 HHNDO <Y 2 7 E
DEZ DA KEA < JIE 1985, /KD 2015) K E, 15
FEMAR L~V 2T ORI T - MR - IERE S
72D DB FRERMITE N ED 5N TV 5 (Yamanaka et al.
2020)

—fRIIC, SVERERE O - AERE IR R, [F
—HNTH > TEMMEEEE (FE  H—DREEZ T
BELZED) MTRELEZZIEMHIENTVS
(Cairney 1999), <V 2 DIFEEEMIC, FAKRER
(Kusuda et al., 2008, Yamada et al. 2019) . #VEFEOE
AES) (FEIRIERRAE) (Saito et al. 2018) AVAFKM THix
HTEMMEEINTVD, THIC, HIHEETIIRES
DB 2 ATE LI BRET N T <Y X7 O 1 FAKJF 5L
5UEREZER LIz WS HE ONI - W 1975 5 )11
B NI1976) EH BT NS, FWHRICEK > T, EHRIK
ERPEHREKAES & FIAROREICE ST 5 BHEIEK
ELERDEEZOND, THLEZDIHEIIB VT
BREEZONZEEZRE LItk ER GG, 20

* RO DT - HRMBCEIISEEEEL T 305-8687 IR D IETHMDH 1
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BB % T &5 XD I B ZOENICHE M Z (R T
LFIHT % T &, BB KU & D TS
DISAWEZ BT % FTEE xRS,

CDERDREFESEE LT—RNICHVWEN TV D
MR (52 LR IR O — 8208 L L EF NS
THIE) THB, L L. AFER. CHHNICEEZ
TFiabRI R a5, TN S, Fiz, ME#E
IKHES EB DAL, 2RI K B 8IEMNE AL (eg.,
Sakurai et al. 2019) DMLY FEDEAIC X B 1ERK
E. BERFEKZBZ I RATZY AN ERENTY
% (Homolka 2014), X7z, RLBENTIRIF/TED—DT
H B WHGTIRIE. AT (FERIRDIER S % HEPEAY 7l
T) M. K RICEN DS ORISR KT B FEE
DIRFEICEE TH 2D, ZD XD ARIRE 2 LITE K
LBV Y 27k EOMEFEEOZ <, BRI EREIC
FERMLTLEX S E, RFHEDBEHICHE L TWaEL (Tan
et al. 1991, Nakasone et al. 2004), 1, HFEHIIOWV
T, T4 =T 7V —P—=5 5 XA EREEH T
FARTEDFERO EIFICEY L X NTH D, HAKR
2 R RICZOEMIENBE TN TE R (e.g., Homolka
2014, Linde et al. 2018, Sato et al. 2019, 2020), XV X7 iC
BILTIE. 74 —7 7V —%— (-80°C) IC X% HAERT7
I & o T 26 WkKH 20 BRRIE 1 4ER, 2D 5 B D 15 1#
PRI 15 FERRER B AR L TV #Midihd 2 (to
and Nakagiri 1996), —/i. NV X T EREZEMEE Tz
IN—FA b, T4—T TV —H— (-80°C) THHKRF
L7eifgeTid, HEAL 72 26 BitAD 5 B 1 EtkZBR< 2T
M 1ERFHR S @OEIE (70-100%) THEERLTZE DD,
ZDS5BD 10 W TIE 2 A HBIRFZIC LT 1 ERR
FHROBEREDERMENE RIS Ao Tc v ) i
(Sato et al. 2019) HH B, TNHICH L. BHFEICELT
FRIRDIEI E 72 1328 5T 2 EK T H % IK DA f DK
. BV T C 2 IE O - MY T a
ZADNEIFEIET B -139°C LU N TIRIFE A BERTRIAZEAIC
XDWHERIFE, T —T 7V =P =X 0 BN RTF
HiEEEZ SN TWS (e.g., Nakasone et al. 2004), L
L. 27U TEAFEZA URUEmid b 7a <,
SYRTNET 2T AVNE 8 EKD 5 B 83 HHAD 1
ERRFERBER L TV S e (Nagai et al. 2005)
L. RRERMEEME N LIZEDDF T AT 1 WD
LAERERFIR S 100% DERFRZ R LI &0 5 i (Sato
etal. 2020) M BICT TR, FLRIFLEIAN Y 2 77 [
DERNERCERE KGR E. D DREICES L
[BERHEICKET w2 HE LA E, ZT0fH
SPEEHS TRV,

KAWL T, MAERBHRAIC K > T ERER L
HWIRIE R EEZ 7R 5 T &R < <Y X 7 Witk 7z 2@ BN (R
17T &EBDMGE L T,

2. Jiik
2.1 &

BRI Lz~ 27 OFIZ, PlEHEAEICSNT
THRYHRICERZ KT S L 2R LI YL (=
IFO33136 Fk. EREGM ; IR, £RIUAE 5 1993, HKk 5 &
D ORWAHKK . S2T1 (BREUM ; EFFIR, ERINAE ; 2016,
Hok: EDCORM). S1 (BREUH ; BB IR, R
52016, HIK ; 5. S9 (BREUH ; EBFIR, HEUE
2016, HH3K ; FE+) D4 FkE Uiz, Bk, HBRIC
AVWSNDE T, BEE, 23°C OB N T, KHZEREE MM
(Ohta 1990) 72 W THERR T L7z, DIRE. HRROR#E
SIS DOV T ER R GRS XTI,
23°C)] OEMN TR TIiro7dDE T 5,

22 HEEFREFOFIE
221 FHHOHREE

AR TE O F L&, A (2014). Sato et al. (2020)
%% & Lz, 1.8 mL D Nunc Cryotube vial (377267 ;
Thermo Scientific, Rosklide, Denmark) (DA%, 734 77 )L &
9%) I, 121°C T30 A —F 7 L—TWE L7z 2-3
mmfADN—=IF 2 T4 M(GS30L. =y XA ESH A,
WE U 7o KRR % 0.2 mL i U7z, RIS, K%
KEGH T 2 RS E Ly 2 o aa ——dgash 5.
3-5mm ADXY ZTERFZYIDIRE . N1 7 IR
LT, 3R #E L,

BURS CRAERNCIE, Fef T 28 CHH 7 1 1 O BRS (R 17 1
B fEEN T3 Y AFIVAIVKRF Y R (DMSO)
(043-07216 ; Wako) & b L-/y1& — X (Hayashibara) @
B E KA Z Wiz (Delalibera Jr et al. 2004, Sato et al.
2019, 2020), FI. 12.8% b Lba—ZKIAKR (wiv) 7
121°C T 15 A — 7 L—7WE Uiztgic, FEHE O
DMSO Z 6% (wiv) &722 K2l ize Y 2T H
MEBEEIN TV B ENA T IUSE T8 0.2 mL OKHEEK
BHHEMWRINE N TV B 720, RAKIRED DMSO X 5%,
Fma—RF 10% &% % X5, EGERZ | mL &
HUTz,

222 S

RE OB Z 2 DD FEOVWT N E AWV, F
9 1D H &, Cryo I °C Freezing Container (5100-0001 ;
NALGENE) (DI, #fEAeRed2) &7 04—7 7V —
Y— (-80°C) ZHW\ Iz, HASAEMRDO T H N 2)HE->T
AV TR = VEFHELNL T VLY RULT, T« —
TI7V)—HP—NT2HHFHEL, COLE, Trta
I K NUXIR A X758 -1°C DSEAET -80°C £ T
HBHIENS, RC2DHOFEE T 0TS LT ) —H—
(PDF-150 ; Nepa Gene) %MW\ 7z, 05 -1°C DI EN#
JET -80°CICIET B X Tl LTc, LU, WifsA#RZ M
We—#HORB 2R A, TSI LT Y=Y —ZH»
Fe—HORB R B £ 9%, il Al Y1 kOB E,
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kbR B I3 2T OEMZMIA L 7z,

223 177

BO°CETHHILIEENA T I EFTIERL TV =Ry
JACB L, REREZARBLO—FT—2—7F A
(CY50925-70 ; Thermo Scientific) @ & #H &K 73 (-180°C)
ICHHE UTee PRIFHARIE, ABR A TId 10 3. 6. 12, 24,
36 7 AL BB BIX 6. 12, 18, 24 ¥ ARl & L7z, R
LTeSA TIVORE. il SO S RAZ IR O L
MX &5 & LTz,

224 FHHORR

O—7—X—=TIZAMEWMOHULIENAT IV E, B
¥ % EiG (1 40°C) OFRICHEG IR U TRl 217>
Too RIT, NATIVAEN—ZF 254 MNrEEOH L.
NHFEER B FICHE LT, M1 7y AREE L, <Y
RO UTeNA 7 IVEUR RS & UCadik L
7zo

23 BERERHEER

FatlR, SRR OFSRELILX D 1 DDINA T IV S
FAELUBERARO—E8%Z RO KRS T 1 7 A
BELE, E8mm DIV T R—T—EH\WTau
——HEE T bR E. Bo T s DO (DR,
WAR7TT7L95%) TNENE, Wiz mRKHEREHO
FULERICERE LTz, 2 LT, B5ER 30 HiRlIcan = —
DERZFL Tz, SIEXKIGHERFIIOI0=—h5
B2 5 DOERT T TRV,

24 NEERORALEER
241 BREOHEE

IR ZERS % H &, Kifk 3-6 mm O ik HAl
+ UKL 2 8Y) &L, HutiinTuwa/ha
MRk 2 B D BR < 728, KEKHICIR L TIFWTE
HmtoHzHE 2 mm OFFTHII Lz, ZL T, 60
°C DR IR AR TEE Mz U CRtBRIC (i A
L7z 450 mL D SM 5> 7))V (= T o— XD (85-1944;
Sansyo) I, 250 mL D H A1 & 100 mL 0K FHik AALS Hh
EHRIMUTz. HOZFERZHEHDONNHE TPX Fv v (85-
2699;Sansyo) 72\, 7XDERS) 2 MilliSeal (FWMS01800;
Merck) THEZ, 121°C T 15 0MA— b7 L—T7HE L.
IV =Y RVFNTERETHEIL,

BRI, 23 THART SV 2ER LIcan=—h 5 j
DEARTZ 7 ZYIOED . 2 mL OKHEEE AT 2 #
Mg LIZEDEA WV, I Z—ZAM 1 AH7=0.
RIS Tm2DBMU, 1 7 HfRGE LTz, MR IE R
WEREMOIn =B lEWMR T I T Ve, K&
I U Te~ I 32— MO BUE, il SHEKO SR
FICDEs L LT,
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242 EREFIREEHOIER

7A=Y OfT 72 30% g kok3E (081-04215 5 Wako)
T30 MEmMBEL, TOHA—FT L—TWE L
A F KT NEHIC, F[EEREH (EXR 1.0%. 010-
15815 ; Wako) _LICHRE L7z, MIHNMNE AV F 2 X —&—
(FLI-2010A ; EYELA) WT. HHI 23°C. 16 IKF[f. W5 HA
20°C, 8 WFIDEAT 10-14 HEREE L, FIF L =K
F 2 % ORI U Tz,

243 SNEERORZRK

241 THRAZEERE LI =1 A 472010,
3RDT ARV MEFAEZBM LTz, TORKIC, ¥ *x—
ZHEND XY 27 FROEEZET T2, MFAFEEDOR
MHERTIC, KRBHE LI CTIY X T ERKE Hm
TR LT B LT, MRFLEZBM LI~ I *—
A, R & CElE O Hin LA FREE N5k n &
TIVIHRAOVTHEOLL, IS & A > F 2 X=X —NT,
BHHA 23°C. 16 HiRY, W5 20°C, S BERIDSMT 5 » AR
i LTz,

244 NEERORZAIRIR

THRVHZY I 32— XA SID LT, R
Bt (SZX12 5 Olympus) F CIRFRZHIZ L /2. Yamada
et al. (1999) % Yamanaka et al. (2014) THRH5NZ K5 K&~
W 27 ONWEBRDIE R E N TRz gl Uiz, 2T
DIHEN 3T 2 S A FEAR D M E O B 72 RARE 1%
& L. MWEREROE BRI 2 77 L 72,

25 F—afE

TR O #2752 LK [ CHRR T E R 2 ik 9 % 72
&, —ILhE T BT 21T > 7o HBRMUE L Tukey's test
FW Tz, HATRMTIE PAST 3.01 (Hammer et al. 2001) 7%
iz,

3. A
3.0 HRSEE
B A Tid. 24 7 ARRERX T 1 SR OBERIEDIE
L7Mild . &2 TONA T IV S Y1 MROBESRIADHE Lz,
R B T Y1 HED 12 7 ARHRIZEX T 4 BRI O BRSR AN
FEW LU Teh, ZFOMDERTDINA T IV SIEERIEDH
L7z (Fig Do

32 BREER

bR A Tl YLHRD 24 7 HRMRFR O am = —ERE
DX KD e FRICEL, FET36 mmDAETH >
7z (Table Do #BEB Tld. YI KB I U SI D6 7 A
MEREFER OO0 ——EERMWMBX XD EFEICEL, %
NFNPEY T 5.7 mm, 52 mm DETH >, S2TI T
24 7 ARMREER O a0 —EEAHRX X b & HEIC
EL, FHET38mm DAETH >, S9 FETIEULERX
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THEABRNS A>T,

33 EIRFAE

B A Tl HMEXOFE 7.9% 05 3 7 HBERFX
D273 % F THREERICEDN RS N/TzE DD, &
WIRX DETDT 7= Y HEBHI AV ERBRZ R L Tz
(Fig. 2, Table 2), sl B Tld. S2T1 FkoD X T H AR
BRICKIBL T2 LIME, AR A & [ARRIC LB X ] C AR
FEHCRICIEDH -T2 DD, 2T (5/5) FhkiZiFerl
4/5) OT H=YHEHINEFARZ L L Tz,

4. B¢
WAL ERE R EDEROIEEIC IETHEICONT

Fig. 1. Tricholoma matsutake strain S2T1 recovered after 2
years storage with liquid nitrogen. A bar indicates 1
cm.

F. INFXTICERMERE, HEEM (Homolka et al.
2006, 2010, Eichlerova and Homolka 2014, Sato et al. 2020).
BEAR (Homolka et al. 2010, Crahay et al. 2017), ¥
FIRDF A E (Singh et al. 2004), HEAJEAAE (Crahay et
al. 2013, Piattoni et al. 2017) 72 &, kA MEIRZ MG
BMTONTE T, ZOWVTNE BRI RGFOFEIT N,
FREBMEMEEINTVS, AL TE, WK BX
s RFAR O R 2 WX Ttan ——ERICHE
BEDPHERESNIZE OO, ZTOZEIGE mm FRJE T HIERK
INEIN Tz e, YR T BRI K B EIROE KR,
WMBRX I THEICKERIEND D RO RENE L <
BV, 52 WVIEEROIEERA RS N> 127 1< Vit
LDBE SN, B TOMMXIC IO T EHE THRAR
DIEMTERE NIz, S2T1 HROMIRX THMEMTE R E N
o e, Pl E TREROE R ZiEE L T\a T

Ehb, ABICBO T SOOI, Bz XN
T U7 K BiH5, WEHMMIC BT % EREDIER.
FRIKR BN TR T E A>Tz, BREDNEZLN
%, mRIC, MEHMOEZICRU T, MR O-REE
PEARMER, EEREEME T 5 &5 ZmiE RS
Nixh-ofee LLEDSEIICH S &, AL THW
AR, ERIES KU HEIREGE
RELHES T LBV 2T 2 ZERNIC IR
FI2DICARhEEZ BN,

ARG TRIFIC LR U 723 D 5 B — BB A SEI 9 5 il 1.
T RMNICR 5N S (eg., Sato et al. 2019), AFKERIC
BOTEH, BB D Y1 HED 12 7 ABRIFX DA T, &
BEEE (5 RARR 4 50RD THEPRIADIER L Tz, 7dBi B
TIEEARIOFRE, wikh, fRald 2 TRIKHCIHE TSt o
TWa, Tz, YIHD 12 r HRRER D/NN—IF 25
A PRI, BERICHE L & b 5 ERIAD iR
ENTzD T, FROFEEIREIC R X D HERAIC < Y
2 DEARDIER L Tz L 1dE 2TV, T LIHERIR
REABRHNC K B3Rk DL Z < Tedicid, Bl E

Table 1. The diameter of the mycelial colonies of Tricholoma matsutake strains, which were recovered after frozen strorage
with liquid nitrogen for various durations (1-36 months) and incubated on modified Melin-Norkrans agar media for 1

month.

Starin Control 1 mo 3 mo 6 mo 12 mo 18 mo 24 mo 36 mo
Experiment A

Y1 36.0 = 1.2a 382 1.0 389 + 1.8 37.8 = 1.8 39.4 & 1.4 - 39.6 = 2.0 38.6 *+ 1.8®
Experiment B

Y1 40.2 = 2.7 345+ 1.3b 38.7 = 1.1* 382 +3.0® 402 +2.2° -

S2T1 29.2 + 1.5® 32.2 £ 1.3% 30.8 = 1.1 27.4 +2.9* 33.0 £ 1.2° -

S1 28.5 +2.3¢ 233 2.8 280 +2.0° 282+ 20" 28.6 L 1.6° -

S9 25.4 + 1.6 24.6 =2.0° 233+ 1.2® 23,6 £ 1.3 247 £ 1.8 -

-, not determined.
Average T standard deviation are indicated.

Different letters indicate significant differences among treatments with different frozen storage duration at P < 0.05 (Tukey's test).
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Boetiod (0LLE) BREDFTCZELZRNEND S
7259,

AL T AW B R A G1E &, A (2014) 0
KROMEZIICHKELIZEDEDT, EFIEIIOVTIE
SHISIKIVEATHRERICHB LT T ENEEL
W, BIZIE. REOME Q2.1 8) TRNA—3IFaT5A
b 2 R ORISR U7z AY, Sato et al. (2019) I &
% -80°C DL ERERTIX, /=T 4 b EHVTREY
BAERMEENT WS, —J7. XY X7 ORGSR
THWIHmIEROmENE L mLaxD T, N1
IVNTSY 2T OREROSIENHEE LT WERE, Hfn
RFTWHEND Do Tl Tld H i Lz kI vz

ETA MMF 1 HRICSY 2T ER DO LR ZHEZE L T
5DT UhEA £RE). EMOBERFICLMEATE
HAReEN D %, KT, Wk A TR Z MRS 2 DI
LA SRS ARRZ M Lz, @iz a s L7770 —
P—Z2 A L 72iER B &A% O BRI AR RS 5 Nz,
AR OHERSE aliz ey S L7 ) —— (B
¥ Oz el U 7z Wr2eidic & 1 3] (Eichlerovéa and
Homolka 2014) & b, WiFEIC KB HERIZIFIFEDS K
Mo EWMEETNT WS, RIFSE &ML U T2 BiAs T 7%
FWTW % Sato et al. (2020) THHMEAIBRMEH TN T
Bo., SMHAEKN 1 FRERB AR L TOW MG L
TV, 7077 L7V —P—3HH 7T 0t Az L

Fig. 2. Ectomycorrhizas formed in the roots of Pinus densiflora by Tricholoma matsutake strain Y1 that was recovered after
3 years of frozen storage with liquid nitrogen (A). The presence of mantle (M) and Hartigs net (H) was validated
using a cross section of the ectomycorrhizal root tip (B). Bars indicate 1 mm (A) and 50 pm (B), respectively.

Table 2. Ectomycorrhizal colonization in the roots of Pinus densiflora seedlings by Tricholoma matsutake strains, which were
recovered after frozen storage with liquid nitrogen for various durations (1-36 months).

Starin Control 1 mo 3 mo 6 mo 12 mo 18 mo 24 mo 36 mo
Experiment A
79464 252471 2734213 13970 235+ 7.1 91457 248472
Yl (4/4)' (5/5) (5/5) (5/5) (5/5) ' (5/5) (5/5)
Experiment B
16.3 + 8.8 34445 31+£30 13.6+122 214+58
i (5/5) i i (4/5) (5/5) (5/5) (5/5) i
11 0 ] ] 157+ 127 1.1+£09 61+19 55+37 ]
(0/5) (4/5) (4/5) (5/5) (4/5)
07+ 06 03403 61+£32 8180 11.0=+12.0
51 (4/5) i ) (3/5) (5/5) (4/5) (4/4)! i
3.5+ 4.1 934100 32441 68452 28407
59 (4/5) i i (4/5) (5/5) (5/5) (5/5)

-, not determined.

Average T standard deviation of the percentage of ectomycorrhizal colonization are indicated. The ratios of frequencies of pine
seedlings which formed ectomycorrhizas are indicated in parentheses.
" One replicate was lost due to contamination by other saprophytic fungi.
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ROE Uy R OmAIRAZE= 2 V7 TE 50Tl
DFBME « FEREEEVD, REEDIFFICED, Y
2 DG, ZiEEMASETIRE L TE, ARo4:5%
ROM TR EOZHFORRNZMEIEC Sx0nER
bbb,

AWFETIE Y1 HRiG IR 3 . Z DD 3 FEkkid
B2 HMBRZ LD, REHIROR IS X > TEKRDOE
HAMWHT 2 K5 GHEEHEIIER S NED > T, T
F. ARERETFEOFAME, I7&0 5 KO RO EKR
AN TH B NS MMTT B 7, FIZIE 10 FELL ELR
17 LTZEARIC DWW TR DAER 217 5 ED B BHTE5 56

B

KR ZTHICHIED. HOEKO -, RER
MERG LY 2= bRV 2, o, HMRES
JeHT EDT - AN EE  HEY AR R
DEED TN ZTHEN T, LD SHEHLHE L T %, At
FFEMKEARFL 0 Y 2 7 Mgt [ E R 2 i
ICHIHS 2 e DR BT DItaE [kt E o
CREEEAN DR I X DR LTz,
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Effect of frozen storage with liquid nitrogen on the abilities of mycelial
growth and ectomycorrhizal formation of the strains of
Tricholoma matsutake

Keisuke OBASE"" and Takashi YAMANAKA?

Abstract

Cryopreservation using liquid nitrogen is among the most useful and efficient methods for long-term storage
of basidiomycetes fungal strains. However, there are still a limited number of reports on its efficiency in terms
of the stability of intrinsic habits of the fungal strains. This study aims to understand the effects of frozen storage
using liquid nitrogen on mycelial growth as well as the mycorrhization ability of 7richoloma matsutake strains.
The mycelia of four strains of 7. matsutake were preincubated on particles of autoclaved vermiculite immersed in
nutrient liquid media in cryovials. The cryovials were filled with a cryoprotectant (to a final concentration of 5%
DMSO and 10% trehalose) and then frozen to —80°C at a cooling speed of —1°C/min using a freezing container or a
program freezer. They were then stored in gaseous liquid nitrogen at approximately —180°C in a locator cryogenic
storage system for up to 3 years for one strain (Y1, identical to IFO33136) and 2 years for the other three strains.
Following frozen storage, the regenerated mycelia were subjected to tests to investigate the hyphal extension rate
on culture plates and mycorrhization abilities with red pine seedlings in vitro. All strains were viable after frozen
storage with high survival rate, and formed ectomycorrhizal roots with the pine seedlings. The results indicate that
frozen storage using liquid nitrogen can be an efficient method for the long-term stable preservation of 7. matsutake
and does not compromise both their mycelial growth and ectomycorrhization abilities.

Key words : edible mushroom, preservation, symbiosis, trehalose, vermiculite
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