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Ascotremella faginea (Helotiales, Helotiaceae)

new to Japan *

Eiji Nacasawa, Tomoko Yonezawa, and Akira NAKAGIRI *

*

Abstract

Ascotremella faginea is reported for the first time from Japan and is also the first record of
the genus from Japan. The specimen was collected in October on a fallen branch of an
unidentified broad-leaved deciduous tree in a beech forest of Tottori Prefecture, western
Japan. A brief description of the Japanese specimen is given along with illustrations
including a color photograph of the fruiting-body, a SEM photograph of ascospores, and line

drawings of salient microstructures.

Key words: biogeography, beech forest, discomycetes, Ascomycota.

Ascotremella faginea (Peck) Seaver is the type and
the only species of the genus which belongs to
Helotiaceae of Helotiales in Leotiomycetes (Kirl et al.
2008, Korf 1973). This inoperculate discomycete
species is well characterized by forming purpulish
brown to dull reddish purple, cerebriform, gelatinous
fruiting-bodies reminiscent of those of the tremelloid
jelly fungi on dead branches and trunks of broad-
leaved deciduous trees, particularly Fagus, and
microscopically by possessing relatively small, elliptic,
non-septate, hyaline ascospores finely and
longitudinally ribbed on the wall (Beaton and Weste
1976, Bessette 1997, Breitenbach and Kranzlin 1984,
Dennis 1981, Gamundi and Dennis 1969, Korf 1973,
Peck 1890, Seaver 1930).

So far it has been know from North America (USA
— from New York State the species was originally
described, and Canada) and Europe (Nordic countries,
England, Switzerland, Slovakia) in Northern

Hemisphere, and also in Southern Hemisphere, from
South America (Brazil and Argentine) and Australia
(Bessette 1997, Breitenbach and Krinzlin 1984,
Dennis 1981, Gamundi and Dennis 1969, Dissing
2000, Ripkova et al. 2007, Seaver 1951). In Asia we
have two records, one from Far East Asia (Kurile
Islands, on Alnus maximowiczii Callier; Gamundi and
Dennis 1969) and the other from West Asia (Turky,
on beech branch; Akata et al., 2016)

In October of 2018 an usual fungus (Fig.1) forming
a soft-gelatinous, cerebriform fruiting-body colored
more or less purpulish brown on a fallen branch of
broad-leaved deciduous tree was collected by one of
us (TY) in a beech forest (dominated by Fagus
crenata Blume) at Mt. Daisen (1,729 m above sea
level) in Tottori prefecture, western Japan. Later the
specimen was identified as 4. faginea after
microscopical observation and subsequent research of
the literature. A. faginea has been hitherto unknown

* Contribution No.412 of the Tottori Mycological Institute, 211 Kokoge, Tottori 689-1125, Japan.
**Fungus/Mushroom Resource and Research Center, Faculty of Agriculture, Tottori University, 4-101 Koyama, Tottori

680-8553, Japan.
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from Japan (Katumoto, 2010); hence it is reported
here with a description and illustrations.

In the following description, the color codes given
in parentheses (ex., 8ES to 9F4-5) are from Kornerup
and Wanscher (1967) . Microscopic examinations
were based on both fresh and dried specimen using
Melzer’s reagent and KOH (2.5% aqueous solution).
The examined specimen was deposited in the
herbarium of the Tottori Mycological Institute (TMI),

Tottori, Japan.

Ascotremella faginea (Peck) Seaver, Mycologia 22:
53, 1930. (Figs. 1-6)

= Haematomyces fagineus Peck, Annu. Rep. New
York State Mus. Nat. Hist.43: 79, 1890.

= Neobulgaria faginea (Peck) Raitv., Izv. Akad.
Nauk Estonsk. SSR: 302, 1963.

Ascocarp (Fig. 1) soft-gelatinous, a cerebriform
mass or somewhat like a bunch of grapes, up to 55 X
33 mm wide and 30 mm high, comparatively easily
detached from the substrate; consisting of irregularly
rounded to lobed apothecia growing crowded together;
hymenial surface shiny, smooth or wrinkled, dull to
dark purpulish brown (8E5 to 9F4-5), paler (near
8D4) in the sterile undersurface; flesh more or less
translucent, subhyaline with a slightly purpulish hue.

Ascospores (Figs. 2, 3) 7.2-9.0 X 3.3-3.6 um (in
Melzer's reagent, n=22: mean, 8.0 £ 0.7 X 3.5 £ 0.1

Fig. 1. Habit of Ascotremella faginea. TMI-37387.
Photo by T. Yonezawa (20 Oct. 2018).

Fig. 2. SEM photograph of ascospores of
Ascotremella faginea. TMI-37387. Note: This
photograph was taken from dried spore deposits on
malt agar medium and observed under a scanning
electron microscope (SU1510, Hitachi High Technol.,
Japan) after coating with platinum. (Scale bar, 5 um)

pm), length/width= 2.0-2.7 (in Melzer's reagent, n=
22: mean, 2.3 * 0.2) [6.6-9.0 X 3.6-4.2 um (in
KOH, n= 14; mean, 7.8 = 0.6 X 3.9 * 0.3)], one-
celled, elliptic to elliptic-fusoid, at times pointed or
truncated at the one end, or more or less truncated at
the both ends, usually 2-guttulate, hyaline, moderately
thick-walled; walls longitudinally striate, with 6-8 (in
side-view), thin and narrow ridges which are often
forked and occasionally anastomosed. Asci (Fig. 4)
72.0-86.4 % 6.0-8.4 pm (spore bearing portion
29.4-42.0 um long), cylindric-clavate, 8-spored,
uniseriate to biseriate, inoperculate, with an amyloid
apical pore. Paraphyses (Figs. 4, 5) filiform, nearly
equal or somewhat shorter than asci in length, 2.4-3.0
pm wide, equal or somewhat enlarged at the apex
(-3.6 um), poorly septate (mostly in the lower
portion), sometimes branched near the base.
Medullary excipulum composed of loosely interwoven
hyphae embedded in a gelatinous matrix; hyphae
3.2-9.6 um wide, hyaline, filamentous to irregularly
inflated, often crooked intricately, moderately
branching. Ectal excipulum (Fig. 6) 88-112 um thick,
a palisade of catenulate hyphae vertically oriented to
the surface, not gelatinous; element cells hyaline, thin-
walled, 6.4-17.4 pm wide and usually widest at the

terminal ones which are broadly clavate to obovate,
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Figs. 3-6. Microstructures of 4scotremella faginea. TM1-37387. Fig. 3. Ascospores. (Scale bar, 10 um) Fig.
4. Asci containing ascospores and paraphyses. (Scale bar, 10 um) Fig. 5. Paraphyses. (Scale bar, 10um) Fig. 6.

Portions of an ectal excipulum. (Scale bar, 20 um)

occasionally broadly elliptic to subglobose, 12.6-31.8
%X 9.6-17.4 um, at times with a shortly prolonged apex,

Specimen examined: on fallen branch of
broadleaved deciduous tree, in the beech forest of Mt.
Daisen, above the sea level about 800-850 m, Daisen-
cho, Saihaku-gun, Tottori Prefecuture, Japan, 20 Oct.
2018, Coll. by TomokoYonezawa, EN 18-102 (TMI
-37387)

Remarks: The Japanese specimen would be safely
identified as this species, having characters described
above, particularly the cerebriform, gelatinous
ascocarp colored purpulish brown, the striated
ascospores measuring about 7-9 X 3.5-4 pm, and the
ectall exciplum consisting of a non-gelatinous palisade
layer of catenulate hyphae.The longitudinally ridged-
striate ornamentation of the ascospores is so fine that it
would be often easily overlooked in the observation
with a light microscope. Our SEM observation of the
ascospores clearly shows that the wall is ornamented
by thin and narrow, more or less longitudinally
oriented ridges like dosal fins that are occasionally
branching and anastomosing.

In the literature the apical pore of the asci is often
described as not staining blue by iodine reagent (often

as “J—"or inamyloid) (Breitenbach and Krénzlin 1984,

Bessette et al. 1997, Dennis 1978, Dissing 2000). In
the Japanese specimen the amyloid reaction was very
weak or little observed when Melzer's reagent was
directly applied to the asci, but a blue-staining reaction
to the reagent was clearly observed with pretreatment
with an aqueous 2.5 % KOH solution.

Due to its habit and habitat 4. faginea may be easily
mistaken in the field for Neobulgaria pura (Fr.: Fr.)
Petrak (= Ascotremela turbinate Seaver) (Dennis
1978, Gamundi and Dennis 1969, Korf 1973) or a
member of the jelly fungi, such as Tremella and
Exidia. However, N. pura is distinctive in having
smooth ascospores and a two-layered, differently
organized ectal excipulum, and the jelly fungi are also

distinctive in having basidia.
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Development of a new Auricularia polytricha cultivar, and cultivar
identification markers based on intergenic spacer 1 *

Yasuhito Okuba, Akiko TasucHIi, and Emi Sakuno

Abstract

Cloud ear mushroom (Auricularia polytricha: aragekikurage in Japanese) is known as an excellent
edible mushroom in Japan. Most domestically distributed cloud ear mushroom is imported. Recently,
clarification of risks of imported edible mushrooms has raised consumer awareness about food safety.
Consequently, domestic production is attracting attention, although breeding of new cultivars has
stagnated. In Tottori prefecture, cultivation of this mushroom is being promoted mainly by the Japan
Kinoko Research Center Foundation. Several reasons improvement of conventionally used cultivars is
needed include light color and low yield. Cultivars No. 1 (TMIC 36441) was selected from five candidates
in this study as a new cultivar that improved these traits. This cultivar was given the final designation
“KinjinAP1”. For the purpose of protecting breeder’s rights, we developed cultivar identification markers
CI-1 and CI-2, which distinguish the new cultivar selected in this study from 3 domestic cultivars, and 39
dried mushrooms on the market (13 domestic and 26 foreign products).

Keywords: Auricularia polytricha, new cultivar, cultivar identification markers.
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* Contribution No.413 of the Tottori Mycological Institute, 211 Kokoge, Tottori 689-1125, Japan.
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Table 1. Candidate strains and the origins for a
new cultivar of 4. polytricha used in this study.

Strain .

number Origin

No. 1 36043-12 x 36042—-3
No. 2 36043-11 x 36042-11
No. 3 36043 multispore isolate
No. 4 36043-8 x 36042-11
No. 5 304591 x 36043-7

EHERES

B RBRICH W A (ERL) (3 Table 3
R L7z, EMEREMITIS 2 CTRALL. %
LIRS A (7 -+ - B ERA S
#, BIRIR) EAFA I Q r AU EEREA, K
BL200  HIRSHEARS, BHIUR) %6:4 T
A L7z, HEMIZ7 A~ (HiFmktatt
WHAR) &k (hERBEMSH, BRI,
BERCREEM TV N v 7 (e, TEBIE) %4:1:5
THAL, HAK GEARFERSSH, WILE)
B R 1000 720 13 kg IR L 72, FRAE,
RERIMU TEKF65% ICHEL, EE12em M
fEAR D PP 412K 1200 g 558, BEZE R L 7.



Table 2. Samples and their marker types for intergenic spacer 1 of 4. polytricha.

T I ® T T HR L R~ — 7 —

Sample Cultivated Sample Primer set
name area condition CI-F1, R1 CI-F2, R2
No. 1 Selected strain Mycelia + +

TMIC 36043 Cultivar, Japan Mycelia +
TMIC 36042 Cultivar, Japan Mycelia
TMIC 30459 Cultivar, Japan Mycelia
0-2 Oita pref., Japan Dried food +
0-3 Kumamoto pref., Japan Dried food
0-4 China Dried food
0O-5 China Dried food
0-6 Kumamoto pref., Japan Dried food
0-7 Kumamoto pref., Japan Dried food +
0-9 Japan Dried food +
0-10 China Dried food
0O-11 China Dried food
0-12 China Dried food +
0-13 China Dried food
0-14 China Dried food
0O-15 China Dried food
0-16 China Dried food +
0-17 China Dried food +
0-18 China Dried food +
0-19 China Dried food +
0-20 China Dried food
Ac-1 China Dried food
Ac-4 China Dried food
Ac5 China Dried food
Ac-8 China Dried food +
Ac-11 Fujian prov., China Dried food +

Ac-12 Fujian prov., China Dried food +
Ac-14 Fuyjian prov., China Dried food +
Ac-21 Fujian prov., China Dried food
Ac-30 China Dried food
Ac-42 China Dried food +
Ac-43 China Dried food
Ac-45 China Dried food +
Ac-46 China Dried food
Aj-4 Gifu pref., Japan Dried food
Aj-15 Fukuoka pref., Japan Dried food +




BT - HRRET - R 2 A
Table 2. continued
Aj-17 Japan Dried food
Aj-18 Kumamoto pref., Japan Dried food
Aj-19 Japan Dried food +
Aj-21 Kumamoto pref., Japan Dried food
Aj-22 Kumamoto pref., Japan Dried food
Aj-23 Kumamoto pref., Japan Dried food

Table 3. Composition of medium for culture bags used in this study.

Whole materials:

Base materials 80%

Nutritional materials 20%

Base materials:
Cedar 40%
Wheat bran 40%
Rice bran 10%

Nutritional materials:

Beech and oak 60%

Ready-made material 50%

Other material:

Calcium hydroxide (13 kg/1000 culture bags)

All rations mean weight ratio.

BEE EHIERG
REERIZH W72 RIE 2017 4E 12 A 18 HIZH
B, BHICHEMEE2ITo 2. WEH 23T, BE
80% ﬁwao HRER L WK B = /\%%

PREEICH v & — %)ﬂwfwaﬁ i

ﬂﬁ%)\ﬂ% L TCTH AWM E 4T 5 72 (mf&f
23C (ML 20C), B 80%, HRNLT CTEE
oK% MEAT > 72, AN 384 s %

24 AR E L7

INE M & FERAEEDOTE

P L - FHEMRIRN TR (22s) 28kl
7otk AE=ELAFRIIL72. WIZRFICLBHERR
R EORMERET L7-OWEEIT o725, &
Mo ME L, WEREAEIEY (%) BIUTIEKD
720 OREEFE L2 FEEBIZOWTIRED
JRRECRHS Large Colour Chart Sixth Revised Edition
(Royal Horticultural Society, London, UK) % F\»TC
AL 7.

4/ I DNA A&l

ek S TMIC 30459, TMIC 36042, TMIC 36043
BLUNo. 1 % MA 55#th (2% malt extract, 2% agar)
IS 72RE T 7 7 VELET25C, 2 AR
%, BSRIRE R - SREEzE L7z, SRR R R
10 mg % # ¢ L 7z %, DNeasy Plant Mini Kit
(Qiagen, Hilden, Germany) % Fi\»T7% / 2 DNA
RIEL L7, F 7o, 82 (Table 2: EINEE 13 B,
HVEIEE 26 Tadh) D4/ 2 DNA VIEZET-F24K 20 mg
WP LC RS RIS L 22,

IGS1 f##7

FABLL 727 A DNA D95, No.1, TMIC 36042,
TMIC 36043, TMIC 30459, 0-2, 0-3, O-7,
0-9, Ac-11, Ac-21, Ac-42 D 11 ¥ T |ZDWn
TIE IGS1 DA & B3 72 D IS FLH BT 1 AR
L7z, 77/ 2 DNA % 8812 IGS1 ¥EH 79 1 ~—
LRI2R (5-GAACGCCTCTAAGTCAGAATCC-3')
B X " 5SRNA (5-ATCAGACGGGATGCGGT-3')
ZHWT PCR KIS % 1T o 72, §&013 94T T
BEME 2517 o 72, 94T - 10 B 0 B 1,
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56C - 107 =—1 7, 12C - 3 55OMER
5% 30 A ZVERL, &EMERIGE 72T -
1047 & L7, & T®PCR XIS X Ex Tag DNA
polymerase (Takara Biomedicals, Inc., Shiga, Japan)
& T100™ Thermal Cycler (Bio-Rad Laboratories,
Inc., CA, USA) & H\WTHT-o 72, MIREDIL 2.0%
T AU —AF NV TI00V, 30 FESKE) L7z ~—
/1 — 1% A HindIll digest (Takara Biomedicals, Inc.)
% a7z 2O, Ethidium bromide T 15 57 4%
BEITV, UV AV I % — 8 — TIkER & T2
TrUpHE ) L7 ) L7 1GS1 B4 iREET
Fr & MinElute Gel Extraction Kit (Qiagen, Hilden,
Germany) % Fi\>CTHlili L, DynaExpress TA PCR
cloning kit (BioDynamics Laboratory Inc., Tokyo,
Japan) ZHWC o/ U—=V 7 %4172 77 R
I I DNA [ FastGene Plasmid Mini kit (NIPPON
Genetics Co.Ltd., Tokyo, Japan) % F\>CER# L 72,
Ko —=r DYy =7 VA= N=H )T T A
~ — T7 (5-TAATACGACTCACTATAGGG-3) B
L U°SP6 (5-ATTTAGGTGACACTATAG-3"), f#A#T
##E BigDye Terminator ver. 3.1 cycle sequencing kit
(Thermo Fisher Scientific, Inc., MA, USA) % HI\»C,
ABI PRISM 3130 genetic analyzer (Thermo Fisher
Scientific, Inc.) CH#MT % 47> 72. Sequence Scanner
Software version 2.0 (Thermo Fisher Scientific, Inc.)
TY—FVAT=5DMN) IV T ERIToH, &
Wb L OHWICHET 5 %1GS1 7 — % 1&
BioEdit Sequence Alignment Editor version 7.1.3.0
(Ibis Therapeutics, CA, USA) = HWT7 I 1 » A
Y hEAT) 2L TRBIOMES E R L7

BRI —H—DT oA v -kt & &G

M = — DD T A< — I
BioEdit Sequence Alignment Editor version 7.1.3.0
OHAERICED X, BEEL 2 CLFL (5
-AGGGCTCTGGCTGTGTTATTT-3") B & U' CI-R1
(5-ATCCCCTCGCCGTTTAA-3) D 7 F 4 < —
v b T 94T THMIBEN % 2 55317 - 7214,
94T - 10 BB ZEYE, 66C- 1007 =—1) v 7,
72C - 30 BoMERSE 304 2 VERL, &%
AR5 X 72C - 1045 & L7z, 72 CI-F2
(5-GTGTACAGTTTGTTATTCTCCGT-3) B L O
CI-R2 (5-GCCTTCTTCCTAGGCCCC-3) 7 5
A~v—tvy " CREROEHFDHI L, 7=—1
JimEEE 67C, MERIS% 40 FIZZHE LT
L7z BEEEWIE 2.0% 7 HH—A5)VT 100V,
30 S EAIKE L 72, ~— % — 13 Gene Ladder 100
(NIPPON GENE Co.Ltd., Tokyo, Japan) % H\ 7z,
% @ #, Ethidium bromide T 15 47 4¢ & % 47 \»,
UV A )V 2 % — % — CTEEB X O HHREETR
FEY) D UKEN S A HERR L 7.

BREER

TITX 0T HaEORR

TIrXs IR gz X s 0L, BENE
BWED934% PHEEELZ->TEBY, ThidE
BELREXOZHIIBOWTUHFIZSZWEETH L (KB
¥ 2018). 4R MMEFEEZ DO ZICBITHY XY (1@
FH2010) PSR DBICON, ENET 77
X7 I TFORENEHET>TNDL, TI75¥097
OFERALSHEST L T2 BRURClt, AEEo®

Table 4. Comparison of yield among candidate strains.

Yield . . Dry weight
. Number of Drying yield
Strain name Raw weight  Dry weight per culture
culture bags (%)
(g (g bag (g)
No. 1 79 29387.6 3964.4 13.5 50.2
No. 2 104 40262.7 4319.0 10.7 41.5
No. 3 82 25937.2 3080.8 11.9 37.6
No. 4 44 6648.9 739.3 11.1 16.8
No. 5 63 9977.2 1023.4 10.3 16.2
TMIC 36043 106 33406.0 3618.7 10.8 34.1
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Fig. 1. Fruiting bodies of TMIC 30459 and No. 1.

The color of TMIC 30459 (A)is Dark Reddish Orange (RHS No.173A) according to the RHS Large Colour
Chart Sixth Revised Edition. By contrast, No. 1(B)is darker than TMIC 30459 and was classified as Greyish

Brown (RHS No.166A)

A, TMIC 30459 represents a conventional strain. B, Newly selected cultivar No. 1. Scale bars =5 cm.

WT TR SO B E A
LbNTWwa, ZZTERBIETIE 1K -2 KEK
HERICBWT, WEB X OIEMIZHE W TR
L7z 5 Witk Et L€, WAYHRE®RIET 5720
DFIFEHEEZ AT o 72, FHIEEHERIZIE Table 1 127K
L7z 5 Bkk & ot BE SRR & L C B R TMIC
36043 = vy, WaEMhe THEMRE, AT
RHA L. TORE, WIKRH72 ) ORIEIET
1ENo. 1 D502 g kb %<, No.5HmbI%w

162 g Tdh o7z (Table 4). HMpEE / AFEREPD
B U2 F 0 120 TRINE & AR, No.
1H3135% E DB o7, FHLTIITE
OO LDOPIFENDD, HERBHEENTE
72 TMIC 30459 (% f57%° Dark Reddish Orange (RHS
No. 173A) L #HolZxt L, No. 1 1 Greyish Brown
(RHSNo. 166A) i< (Fig 1), #¥# 1L T No. 1
DFFEEIZLEL Tz, 22T, N, i
BHFEY, TEELOIEEIIBVTENRS No. 1

CI-F1/R1

Cl-F2/R2

MN1234567891WM|MN123456728910

Fig. 2. Validation of developed cultivar identification markers, CI-F1/R1 and CI-F2/R2.

Electrophoretic images of PCR reactions using CI-F1/R1 (Left) and CI-F2/R2 (Right) indicated product
amplification with templates from No. 1 and O-9, and No. 1, TMIC 36043, O-2, O-7 and Ac-11, respectively. M,
100 bp ladder marker (Gene Ladder 100). N, No. 1 as a new cultivar. The numbers from 1 through 10 represent,
respectively, TMIC 36043, TMIC 36042, TMIC 30459, O-2, O-3, O-7, O-9, Ac-11, Ac-21 and Ac-42. Details of
these samples are listed in Table 2.
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L, EINET7 75X 7 5712 o00nTHFDEER
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No. 1 B &£ O3 #H R WA (TMIC 36042, TMIC
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2 DNA Z HWCHREZIT o 72, £ O#E%, Table
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FF 7 T EAVERE & EINE T 5 SR O itk
BB DD, WEEFENE L L TRER
RFE SN LB—ND D 5. EMBEOLHIE LT
¥4 % Tl 2000 4£A12 2,000 — 3,000 > b
ONEFENFENEE LTl SNz fEESNT
W5 (FEARS2017). 79 7%7 97 13MAED
Z oo o ZEY EicFoRretizonT
HELWHEDPITSNTEY, BREEORESRE
WA T I 7% 7 I 75 OEMNICBI LAES X

11

OB DOIRIKEZTENSD L. B, EN
FETI7% 0 77 3EEMERICH S SO0, FHE
BE L T B LG T TS IR A, F2E
MNEDSEEINS 2 2 & THFPBILL T Hh, B
WEOT7 7% 7 I 7 EEOILRIZIANT CTEE L
LHDONEE - BB TITHR I I T7TOEETH
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5.
wm =

TITX I IEFREREOITH B 0E
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EXOZIO) A7 0@ Lc XY, ENET 77
X7 IMERENTVDED, EWNICBIFST 5
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M EEAABREDZ L ¥ =S E o
CT 975X 7 7 OEMEIHEESIN TS, L
2 LI S LT 2 $ih5 Al AR v
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7oA A R L, I e - R
L7zfER, No. 1l 2 mfEe LCEL, [HE
APl 5] L& L7z, I BREERES X O
OB OB S, S AERICB W TRE L
M EO SE# ~— 7 — & LTCL, CI2
L7
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The taste and the component contents of freezer stored shiitake, Lentinula edodes *

Emi Sakuno, Akiko TasucHI, Kazuhisa TERASHIMA

Abstract

Shiitake log cultivation in the woodlands near villages results in production of mushrooms
from winter to spring; these mushrooms are of high-quality and taste good. If shiitake
mushrooms could be stored for a long time while maintaining the high-quality and good
taste, consumption of log-cultivated shiitake would expand. In this study, quantitative
analysis of components related to taste or functionality, as well as sensory evaluation tests,
were performed in order to reveal the usefulness of freezer storage of log-cultivated fresh
shiitake.

Fresh and frozen shiitake mushrooms of the Kinko 115 or Kinko N115 variety that were
log-cultivated in the woodlands were used for analysis of various components. Hot water
extract of frozen shiitake samples exhibited higher glucose and fructose content than the hot
water extract of fresh shiitake. As for free amino acids, glutamic acid and glutamine were
more abundant in the fresh sample extracts, while alanine, leucine, phenylalanine were more
abundant in the frozen sample extracts. There was no significant difference between both
samples with respect to the 5’-guanosine monophosphate (GMP), ergothioneine, and
eritadenine content.

The taste of fresh or frozen shiitake mushrooms was compared by sensory evaluation test
using Kinko 702 and Kinko 706. We found that the flavor and smell of cooked frozen
shiitake were slightly stronger than those of cooked fresh shiitake, but the comprehensive
tastes of the two samples were not different.

Key words: amino acids, free carbohydrates, frozen shiitake, 5’-guanosine
monophosphate (GMP), sensory evaluation.

TWERIEITIIZEERE, B 4145, (—) HREOI LU s — - WEBIZEHT, T 689-1125 BT HERE 211.
* Contribution No. 414 of the Tottori Mycological Institute, 211 Kokoge, Tottori 689-1125, Japan.
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HINE R L 72R8ARREE > A 5 r OFB 5
BWTC, VA ¥ PBERIZEAET HEIER > S
H(—MIZIL 2540, sH) 2Tt
HY, RIS WHFEIIPIT T (— &2 12
ATaA»56 3 A E0IT%) FRIEPEL, TEE
DEBNVRER L 7 5 72 OERATHDH E - 7&K
BNV A rHPRITE L (HREDZ v
5 —1985). A ¥ ORAREHNETH SHH
B 115 FIEERICENTY S ) 2, BEn L mE
WOTEERKZHEST S 2 LS Kt L, &
SAZTELTOT T Y MMEBEHTHD SN T
W5 (B4 2017, BME2017). —KHT, EARY
15 r OFMFRFETIE, FBER R LPE
BV R R LV R VHIET L2 &
L <, EHRIsAE LA Eva vl
To e - M dehv b3, REFUIEERL,
WAyl L CiRBsEsZeRbh. LD2L
LG, VA Y roilgidizs A5 r L b—
Mgz (R 1,048 M/ kg 2 1 AHRSE 680 Y /
A kg, 4,763 M/ kg) (BREFIT 2018), JRART A
57 DEBEZEDORESTEEDIZOIZET A 57k
LCOMMALENS.

—7J5, BERBLTWAEY A 575 D%ITH
R Tdh ) ENAEER TR &, FiE 29 4
TILE AR 1349 6,393 t TH 25 DI LHERK
BB L F 10D 63245t TH D (FREFT
2018). F7-, WEAMIEICLE2RFFED 1
472 ) OEMBEA R (2016~2018 42 [EF
MWL DL VA7 OFARIL 1,574 g,
oAy ridstg (BHR357g) THY, £
45 OFPERNICE CHESNL TS (B
BRETR).

FARBRE SN EB LS A & r T BRI
n, A8 i3S o IIHEFO AR R BRI
D, MAEXLIZER PR RVWEMNTH L. Ll
BING, Foo A Z KR LIS 205 2 &
R, BYHTHL LI A A—TIPHRNZ &R L
Mo, BRICBW I IS ETH L. —,
— I EZ O ZHIIE R L CO BER TR bR
W EDPTRBEANTB Y, G T 55
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LfibhTwd (FES 2006 £AES5 2008 FH
5 2015). ZOHFT, WDOPDEDIITDOWN
TIRSEHA RS BARAE L C b 2 ORERF I3 RS &
EbbawekEshTtws (FES 2008).
R ENTZET A 77 QEWIC L > TERNY
L) R ERMRE T ENTER
13, BEEICENZHNCERET B4 ¥ 7 klif
MESELIENTE, HERKLHFTELL
B, EEEOREDEEILEL I ENTED.
&30 OEATHIgE (S 2018) Tik, &M
O WFEINHE S N FAREE > A4 7 B 115
SR 1AL L ERERIIGHEF L TOEY
A5 r b AEORKAETHI L xR L. RIf
28TIE, AR SN EY A ¥ 7 OB FEAFD
HRAMEAWEEY 5 7201872 70 FAHES A S
Z, BRICED OGN B L R E RERER
i1 7.

MR ERE

HElEH

Barairicid, (=) HEREDZkryy—o
AREEFY (BIUHIL R, &4 80 m, L HE/HRA)
THE SN PRI AR GEEiRE STLUT)
DO JFEARFIE M FERE R 1155 (201941 A 11 H,
25 HB XU 2 H 8 HIZIHE) BIUREINIIS &
(20194 1 H2s HB X U2 A8 HICUUHE) % H
W7 ARERREBRICE, () BHAXZoZk
v & —WEZEITN (BEGH R, 4 50 m,
RN A) TIRIKFEE S - 702 58 &
UH #1706 5 (2019 45 6 H 10 H~ 27 HIZIU#)
Wz WIS ERSEER (FEEIRE 20T
D) oRETH 5.

AR A X BB O

20194E 1 H 11 HERELOBEEL 115 54 > 7id,
2B Bpva7z 3 HOFFEE 2 ORI 2 ful
W45, WA LB 7, IR 2 1%
TN, R 3 IEEGEEET TV, U 41
S0CIRERZIERY > Tk L7z, S 528 L 2w
ALOGE, SRR, SOCIRREZE o v e L
T, FNEN3EET O8N L7 SHICIIRE
FE SR 2 vy, SUERCIR I AURE g o
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(FDU-2200, HFEHE LMk &H) 2 A7,
S0C IR ~ TV id, BEAW S (TABAI
PS-112) =Hwv, MR EEA L R2T5 50T T 24
MR S 872, 2 ToY r Iz FN N
EEHEL, Sk, S0CIREEEY » i
DV, ERBEREOHIE L.

ETER D AR

50C IR TIIZOWTHESRE T Y %
ko, BB XOGEY 7V OPHEE A S R E
»EBLERERYN )OS SERERD
7o, 1 A 25 HERELE 2 A 8 HERIUIZDW T,
TR 7T, W, 50CIREEZED 3 MLp
X& L, 50CIREEES > FIVIdizgEsE s o
BHOBRIZHW LB T IZOWTIE,
HHH D T0CITHNR L 72HEEED 10 R0
BAKICYR F2@ k% AN, Z0FF 70CT
30 RN L 72 IHiEEH I F 7L v & —
(¥WF 27 4277 Braun) (Z&0HL 7.
NzZWH AL GEMEAH No. 2, ADVANTEC),
B E BAER G ANz, HAEEES 1 57
& SOCIREEZEE Y 4 % 7 id 3 v — (IFM-800,
FREERASH) OB LR R & AR
iAW, BT oBEREREE LT, T
TF 4 %4 » (Sigma-Aldrich), T ¥ 7=~
(Toronto Research Chemicals Inc.), 77/ > v 5-
JUB—F b )7L DH) -7 Va—A,D (-)
STV F—A, D H) - bLna—A (WTFh
L AP 2 W

1) WD
EBLUHHY A 57 OB 1.5 mL %
2mL 79 AF v 7 Fa—TICBLEOTEEL 7
(14,000 X g, 10 min, CFI5RXII, Hi7). i 950
WL EZHLWITIRAF v s Fa—Tlm) &,
WNERRERE 2 L C 1 mg/mL O F ¥ 10— AKEWE L
50 puL MA A > 7L 7 4 )V — (Dismic 25HP,
ADVANTEC) ([Z#L7:. TheaE#iEks o<
N5 74— (HPLC) TH M L7z, HPLC IZ X
LR TCHE D ML, RA NS LY V-
Tk RSV UEICLDITo 72 HPLC I,
Hiy@E#gfks o< » 75 7 L-7000 &) — X (H
YNATIHA T R) AW, MBI
L-7400 S5 lidgs 2 -\ 72, 71 7 413 Asahipak
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NH2P-50 (4.0 mm LD. X250 mm L., Shodex) %

W, BT A 40T, i 1 mL/min & L7z,
BB, B A 90% 7 M=~V /95%

BRI /0.5% V) YEREVE B: 75% 7T P =RV
V[ 24.5% FBAEIK 1 0.5% U U EEE LLT 04Tl
A L7720 D% V72 0 0-20 min, A 100%; 25 min, A
75%; 42 min, A 10%; 45-50 min; A 0%; 51— 70 min,
A 100%. Hri 9% &1 0-25 min 1% 365 nm, 25-65
min (X410 nm & L7z, KX b H T L5EMELIE,
i (FEfg/ 7=V RIJ 2 /) =90/
3/110mL) % i 0.4 mL/min Tt L, Mn=
F L-5050 (&2 A )V 0.5 mmID X 7m, 150C)
TiTo 7z, WHEZEB X OS0CIRREZEY 14
TIZOWTIL, BEIRF K 0.10 g 125 K 20 mL
I I5C DY + — & — N AT 30 4B LkE
i L7z IIBVED Y A & r By R BB O —
Z2mL 79 AF v s Fa—TICBLEOTHEL
72 (14,000 xg, 10 min, CF15RXII, Hi). Ei&
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h, EEERBRICAIERE L LT 1 mgmL O F
20— ZAIKIEW % 50 pL 2 HPLC 34T 2 v 7.
2) T I BN
EBIOGH Y A5 r OBIKHHT 25 mL %
50mL 79 AF—F7Fa—TICBL n-~NFH
10mL A X <HBEELZE EO08E (900X g,
10 min, CF15RXII, H37Z) L, n- ~F4 Vg% HL
DRwWiz, 2O ~NFHF X BBIREEE 2
YR L7z BiBE L7z 4 500 uL % 1.5 mL
DTIFTAFy 7 Fa—TI2m) &), 3% A)F
) FOUBRIKET 500 pL 2Nz, KIVTF v 7 A
IFG—CROHEEL 2. BEENIC—BE L
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CFI5SRXII, HiL) EEZ A TL YT 4 VT —
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I AT (R ESES & > 7 — & B SE T
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L EE SO 2M YR L, EbETH
30 mL O _EiEE TNVRL — & — % v CUEfEavz E
L7z BB T I VBREESTH = Vi) T
LR pH 22 (B 7 1 Vv oGRS
) % 2mL Nz T ICEmE I RE S
INEZ2mMLDTIFIAF Yy 7 F2—TICHEL, &
L3 8E (14,000X g, 10 min, 4°C, CF15RXII, H7)
L7z, EEI3mLEZH LV 2mL 7T AF v 7
F =TI L, 500 uL @ n- NFH T3 EH
FRALER L 7=, Bl L72KE% 045 um DA 7L
>~ 7 4 )% — (Dismic 25HP, ADVANTEC) T5A
WL, AiE 7T T LRRE pH 22 &
AT 50 fBEAML 7 3 /BT,
3) INIFARAY, J7ZIER, TURTZ
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neNFF LB L 2EB LY A
Zr OBOKMEH 15mL # T NNRKL—F—%
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L7z, Sk alariE (14,000 X g, 10 min, 4T,
CFISRXII, Hi7) L, EiE%045um DA VT L
> 7 4 )v% — (Dismic 25HP, ADVANTEC) T5%
WL, A¥5ul % HPLC T4 #7 L 72. HPLC 4
#T1& H 32 LaChrom D-2000 Elite HPLC ¥ A 7 A
(L-2455 %I DAD M1 2%, L-2300 84 7 &4 — 7
¥, L2200 4 — b 75, L2130 RS TF)
FHWTITo 72, SEMHIUT oM@ & L7z
715 A, Asahipak GS-320HQ (7.6 mm LD. X 300
mm L., Shodex) ; {&#ER , 0.1 M V) Y ERZKFKF
UYL H T A, Eil; iE, 0.4 mL/min;
Mg | 254 nm. 2B & OY 50T iRz 5
AT TIZOoWTIE, HK050 g E 50 mL O
YV Y B o 72, SHICEE K 10 mL %

hnz 70C T 30 - MmESh T L7, Ok B2 5 40
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DRE, o110 5K EIZEW: IhtE
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AHW10mL & F A7 5 ATIZHD &0 FE EE
L7z, SEAZHE S 720 OIZEBEK 2 mL #110
ATICEREIIRESE, 2mL DT T AF v
s Fa—TIB L. InERLSEEL (14,000
X g, 10min, 4C, CFI5RXII, H), ki 1.2mL
EHLWT S ATy 7 Fa—TICB L.
F4 500 uL T3 MPEFL, F D% 045 pm D
X7V Y74 )V%— (Dismic 25HP, ADVANTEC)
TH#L, A 5L # HPLC THAHT L 72

n -\

WRETRRART
WRTAT IZIE = 7 R VfERT 2 vy, —JoBeiE )
WAt B & 0% EME % (Dunnett D J71) 17 - 72,

BB

AR, WEMZEITIREIC L D ITVY,
2 MR EVETED, B AK Bw
LS % 5Hm L 7.

YIS IEEOIRETHET 2D L, H5
PLOY o THETLIOD 28 D&HY 7
WEEM L. EETOHERITES A8 7 &2k
THREG L7725, WEzOYVRY CELL20ELRLR
WEIIZYy FRIZE L O TANFKEE TGS
FECH R L7z, YR COHHIZERBRZ SR
Wad), AEHEHORFRZE IR 4
~8ESIZEIY, Ty TR ANEEREE L7
WEHOEY A iz FnF T - VEIIANR
BEMAFLTBE, HHERICPELNEZDY &
D, ESIZYRGEY > 7k BRI REHIRIC

Table 1.  Shiitake sample using sensory evaluation test and cooking methods.
Harvest period Cultivar Storage Cooking methods
period shape
2019/6/10-12  Kinko 702 overnight piece pan-fry
4 days whole steam
2019/6/24-26  Kinko 702 4 days  piece, whole pan-fry
2019/6/24-26  Kinko 706 5days  piece, whole boil
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Yoo, PEGHEIBE S, A LM #icH
HoO3@Y) THRE L. &V 7L efifgz
Table 1 I2F & &7z, BEX AL 200C 128 L 72
Ry T = MIHITFHWEAN, G TG
BIEE L2V AZ roe ¥ ill%E I LTER, £
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720 B BTy IV BXF1045T
WLz 20k, KDEED 5 5HMEL 7.
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BATL-0 1 ERT 455 L, ZNENE,
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TEHEPLR L, YR Y TV TIEEENRD
LNz (p<0.01). F72, AEEITREOON Do
7=hs, EAR, IR & QIS L T T
WIZHAR T ) O — A G @& WEMDSE S 7.
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Fig. 1. Free sugar content of fresh, frozen, freeze-dried, or heat-dried shiitake Kinko 115.
Each histogram represents mean = SE. Different letters indicate significant differences using the Tukey-Kramer

test (p <0.05).
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Table 2. Free amino acid content of fresh, frozen, freeze-dried, or heat-dried shiitake Kinko 115.

fresh frozen freeze dried heat-dried
whole
Gln 11.17 =+ 2.68 11.81 +1.67 6.59 +£0.30 7.00 +0.58
Glu 7.85 +£0.91 9.14 +1.07 6.60 +0.28 3.04 +0.30**
Asn 1.55 +0.26 1.77 +0.14 1.10 =+ 0.06 0.87 +0.05*
Asp 0.41 =+0.06 1.19 =+ 0.06** 2.33 £0.12%* 1.05 +£0.12%*
Ala 1.79 +0.16 4.79 +£0.61** 1.30 +0.16 1.83 +0.04
Gly 0.80 +£0.12 1.14 +0.22 0.53 +£0.02 0.61 =+0.01
Ser 1.30 =+0.16 1.52 =+ 0.06 0.76 £ 0.10** 0.75 +£0.06**
Thr 1.35 +0.22 1.58 +0.07 0.93 +0.13 1.02 =+ 0.07
Pro 0.30 +0.03 0.40 +0.08 0.19 +£0.02 0.20 +£0.03
Val 1.04 +0.18 1.58 =+ 0.04* 0.64 +£0.11%* 0.65 =+0.07
Cys 0.27 +£0.04 0.46 +0.16 0.34 +0.05 0.26 +0.02
Met 0.15 +0.02 0.34 +0.03** 0.09 =+0.01 0.06 =+ 0.00%*
Leu 0.99 =+0.12 2.01 +£0.11** 0.64 =+ 0.09* 0.51 =+0.06%*
Ile 0.71 +£0.10 1.07 =+ 0.06** 0.41 +£0.07* 0.33 £ 0.04*%*
Phe 1.10 +£0.19 1.75 +0.08 0.71 =£0.06 0.76 +0.04
Trp 0.13 +0.06 0.22 +0.06 0.16 +0.05 0.23 +£0.02
HIs 0.89 +£0.21 0.92 +£0.05 0.70 +£0.12 0.67 +£0.04
Lys 1.89 +0.40 2.31 +£0.18 0.77 £ 0.03** 0.80 +0.01**
Arg 1.27 +0.56 1.65 +0.37 0.53 £0.20 0.51 +£0.17
GABA 0.24 +0.02 1.26 +0.48* 0.07 +£0.01 0.11 +£0.01
Orn 4.37 +1.01 2.79 +0.56 0.85 =+ 0.04** 0.94 =+£0.12**
piece
Gln 7.86 +1.14 6.18 +1.20 8.55 +2.60 10.58 + 3.44
Glu 7.14 £0.69 598 +0.6 6.34 +0.70 2.53 +£0.46**
Asn 1.16 +0.12 1.14 +0.07 1.34 +0.18 1.06 +0.16
Asp 0.38 +0.07 0.62 =+0.09 2.66 =+ 0.26** 0.86 £ 0.08
Ala 1.75 £0.19 3.24 =+ 0.25*%* 1.34 +0.23 1.66 +0.12
Gly 0.66 =+ 0.06 0.73 +£0.02 0.61 +0.09 0.81 +0.06
Ser 1.01 +0.17 1.17 +0.13 0.86 =+0.11 0.97 +£0.14
Thr 1.13 +0.16 1.25 +0.16 0.95 +£0.13 1.32 +0.13
Pro 0.25 +£0.03 0.27 +£0.01 0.18 +£0.04 0.21 +£0.02
Val 0.85 =£0.20 1.13 +0.16 0.68 +0.11 0.91 +0.09
Cys 0.41 +£0.08 0.38 +£0.06 0.28 +£0.03 0.23 £0.02
Met 0.14 =+0.01 0.24 +£0.02** 0.09 =+0.01 0.06 =+ 0.00**
Leu 0.86 =+0.1 1.43 =+ 0.16** 0.65 =+0.09 0.65 =+0.05
Ile 0.57 +£0.07 0.74 +0.09 0.44 +0.07 0.52 +£0.05
Phe 0.82 =+ 0.06 1.24 +0.14* 0.82 =+0.1 0.95 +0.04
Trp 0.09 =+0.01 0.15 +0.03 0.18 +0.02* 0.30 +0.03**
HIs 0.79 +0.14 0.76 +0.09 0.68 +0.1 0.73 +£0.13
Lys 1.34 +0.12 1.42 +0.1 0.97 +£0.17 1.04 +0.14
Arg 0.71 +£0.20 0.92 +0.18 0.72 +£0.12 0.66 +0.18
GABA 0.35 +0.04 0.88 +£0.12** 0.06 =+0.01%* 0.17 +£0.03
Orn 1.80 +£0.10 2.01 =£0.16 1.42 +0.45 1.26 +0.27

mean (mg/g of dried weight) = SE
Asterisks indicate significant differences using the Dunnett test (*: p < 0.05, **: p <0.01).
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WRED L7z (p<0.01). EEREEMESRE S
TWATI/MTH5y -7 3/ EEE(GABA) I,
HELX DB TIVOFDBERDNSL L, FE
YH & B ICHEBEEMRD SN (HE : p <0.05,
YH:p<001)). Zof, 75=>, AFF =V
043y ELDBHEY > TVOFRERENS
< EfR, YR & BICHEREDTRD SNz (p<0.01).
TANTEUERE, ALY LG, sEEE R
JEZRE D T D%, ORI~ 7OV CILEE
YH & BIABEIRBOLNT (p<0.01).

3) J7ZIBEE

77 ZIVERE R % Fig. 2 (IR, K, IR 4&
TOH Y TNIZBWT, GEICKEE R, AR
ELROOLNL o7z

mg/g of dried weight

freez dried
warm air dried

whole

‘ piece ‘

Fig. 2. 5'-GMP content of fresh, frozen, freeze-
dried, or heat-dried shiitake Kinko 115.

No significant differences were observed up on
using the Tukey-Kramer test (p < 0.05).
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Fig. 3. Ergothioneine and eritadenine contents
of fresh, frozen, freeze-dried, or heat-dried shiitake
Kinko 115.

Asterisks indicate significant differences using the
Tukey-Kramer test (*: p<0.05, **: p<0.01).
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BrPRF Il Leb OB EWI EATRKE SN
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7o WHEL115 5 L HEL NS 502 Bk z v,
W 115 522V CTEI#ED 072 % 3 3EBRIX
B NLII5 T2V 2 REBE o5 %17 - 72,
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Fig. 4. Free sugar content of fresh or frozen shiitake
Kinko 115 and Kinko N115.

Each histogram represents mean of all data for each
strain * SE. Asterisks indicate a significant difference
between fresh and frozen samples using the Tukey-
Kramer test (*: p <0.05, **: p <0.01).
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Table 3. Free sugar content of fresh or frozen shiitake Kinko 115 and Kinko N115.

Harvested on 11-Jan

Harvested on 25-Jan

Harvested on 8-Feb

fresh frozen fresh frozen fresh frozen
Kinko 115
Trehalose  97.53 +3.20 82.47 +5.22 69.73 +17.17 73.08 +15.75 55.25 +4.63 52.84 +5.13
Glucose 1.75 +0.06 2.26 +0.24 1.21 +£0.38 2.94 +0.56 2.62 +0.41 6.49 +1.03**
Kinko N115
Trehalose 57.98 +20.15 53.53 +22.44 65.64 +7.72 63.42 +6.12
Glucose 0.98 +0.21 1.10 £0.10 1.52 £0.12 5.57 +1.39%*

mean (mg/g of dried weight) = SE

Asterisks indicate significant differences using the Tukey-Kramer test (¥*: p <0.01)
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Table 4. Free amino acid contents of fresh or frozen shiitake Kinko 115.

Harvested on 11-Jan Harvested on 25-Jan Harvested on 8-Feb
fresh frozen fresh frozen fresh frozen
Gln 7.86 +0.66 6.18 +0.70 13.67 +2.37 7.43 +1.23% 9.31 +1.50 7.03 +1.28
Glu 7.14 +0.69 5.98 +0.60 7.89 +0.55 5.44 +1.14% 7.43 +0.65 5.46 = 0.50*
Asn 1.16 +0.12 1.14 +0.07 1.61 +0.12 1.26 +0.22 1.10 +0.16 1.11 +0.18
Asp 0.38 +0.07 0.62 +0.09 0.71 +0.16 0.99 +0.22 0.52 +0.07 0.86 +0.14
Ala 1.75 +0.19 3.24 +0.25% 3.05 +0.42 3.61 +0.83 2.02 +0.21 3.17 +0.33*
Gly 0.66 +0.06 0.73 +0.02 1.11 +0.05 1.10 +0.19 0.80 +0.13 0.86 +0.14
Ser 1.01 +£0.17 1.17 +£0.13 0.88 +0.07 0.95 +0.18 0.71 +0.08 0.81 +0.08
Thr 1.13 +0.16 1.25 +0.16 0.91 +0.45 0.61 +0.59 1.00 +0.15 0.83 +0.24
Pro 0.25 +0.03 0.27 +0.01 0.36 +0.01 0.37 +0.06 0.32 +0.04 0.33 +0.04
Val 0.85 +0.20 1.13 +£0.16 0.92 +0.03 1.14 +£0.12 0.85 +0.16 1.04 +0.15
Cys 0.41 +0.08 0.38 +0.06 0.41 +0.07 0.36 +0.07 0.29 +0.03 0.26 +0.02
Met 0.14 +0.01 0.24 +0.02* 0.15 +0.01 0.23 +0.05 0.12 +0.02 0.20 +0.02*
Leu 0.86 +0.10 1.43 +0.16% 1.05 +0.06 1.65 +0.32% 0.85 +0.12 1.27 +0.14*
Ile 0.57 +0.07 0.74 +0.09 0.80 +0.05 0.97 +0.16 0.66 +0.10 0.79 +0.10
Phe 0.82 +0.06 1.24 +0.14 1.02 +0.09 1.37 +0.28 0.70 +0.10 0.72 +0.26
Trp 0.09 +0.01 0.15 +0.03 0.20 +0.02 0.17 +0.02 0.20 +0.06 0.26 +0.06
HIs 0.79 +0.14 0.76 +0.09 0.90 +0.04 0.67 +0.13 0.60 +0.15 0.51 +0.11
Lys 1.34 +0.12 1.42 £0.10 1.76 +0.17 1.51 +0.31 1.23 £0.22 1.17 £0.18
Arg 0.71 +0.20 0.92 +0.18 2.19 +0.29 1.73 +£0.40 1.38 +0.28 1.35 +0.25
GABA 0.35 +0.04 0.88 +0.12 1.57 +0.27 1.82 +0.27 0.68 +0.10 1.18 +0.23
Orn 1.80 +0.10 2.01 +0.16 2.42 +0.84 2.13 +£0.78 3.34 +0.41 2.73 +0.26

mean (mg/g of dried weight) = SE
Asterisks indicate a significant difference using the Tukey-Kramer test (*: p < 0.05)
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Fig. 5. Free amino acid contents of fresh or frozen shiitake Kinko 115 and Kinko N115.

A: Kinko 115, B: Kinko N115

Each histogram represents the mean of all data for each strain = SE. Asterisks indicate a significanct difference
between fresh and frozen samples using the Tukey-Kramer test (*: p < 0.05, **: p <0.01).

21



TE¥F 2 & - HikEEF - <SP A1

Table 5. Free amino acid contents of fresh or frozen shiitake Kinko N115.

Harvested on 25-Jan

Harvested on 8-Feb

fresh frozen fresh frozen
Gln 25.80 +9.57 14.41 +2.93 9.13 +1.16 7.03 +0.87
Glu 14.36 +5.09 877 +1.39 6.97 +0.58 5.33 +£0.35
Asn 2.68 +0.95 2.18 +0.38 1.20 +£0.17 1.11 +0.12
Asp 0.89 +0.31 1.21 +0.02 0.48 +0.07 0.78 +0.09
Ala 5.09 +2.02 6.58 +0.71 1.55 +£0.15 3.30 +0.19
Gly 1.40 +0.45 1.52 +0.27 0.72 +0.11 0.79 +0.08
Ser 1.30 +0.45 1.40 +0.34 0.67 +0.07 0.81 +0.06
Thr 1.62 +0.92 0.02 4+ 0.00* 1.05 +£0.17 1.00 +0.09
Pro 0.49 +0.17 0.50 +0.10 0.24 +0.04 0.28 +0.03
Val 1.44 +0.45 1.59 +0.29 0.81 +0.16 0.93 +0.10
Cys 0.83 +0.35 0.59 +0.12 0.29 +0.02 0.25 +0.02
Met 0.26 +0.10 0.34 +0.08 0.11 +0.02 0.20 +0.02
Leu 1.52 +£0.50 2.17 +£0.61 0.71 +0.12 1.20 +£0.12
Ile 1.08 +0.34 1.29 +0.32 0.55 +0.09 0.70 +0.06
Phe 1.47 +0.48 1.83 +£0.54 0.69 +0.10 0.88 +0.22
Trp 0.28 +0.10 0.29 +0.06 0.16 +0.04 0.22 +0.03
Hls 1.08 +£0.31 1.03 +£0.21 0.58 +0.12 0.49 +0.07
Lys 2.64 +0.98 2.61 +0.46 1.25 +0.21 1.25 +£0.16
Arg 2.93 +1.29 2.65 +0.55 1.52 +£0.33 1.35 +£0.24
GABA 256 +1.17 2.76 +0.18 0.57 +0.08 0.79 +0.08
Orn 2.18 +0.70 2.63 +£0.94 2.84 +0.32 2.69 +0.29

mean (mg/g of dried weight) = SE (*: p <0.05)

mg/g of dried weight

fresh mfrozen

N115

Fig. 6. 5-GMP content of fresh or frozen shiitake
Kinko 115 and Kinko N115.
Each histogram represents the mean of all data
+ SE. No significant difference was
observed using the Tukey-Kramer test (p < 0.05).

for each strain

22

JEEEERLE (Fig. 5) W 11575 & N115 5
T, EOFBLMEMOT I VB, GHOB IS
WEEO T I BOMEEIZIZIZ—F L T
3) J7PZIBEEE

TTZIVEBIZOWTIE, LB TERICAE
HEX e h o7 (Fig. 6).

4) HReMRTSE

A TICEEN DTS TH L VT T
FAAEIY) T T IOV, HEXITO
HE LGRS TV OER% Table 6 1278 L, dh
RN 2RERX % SF3 L 72 {6 % Fig. 7 2R L7z,
INITFF AL, EEEHETERICEER
EEIRBOONL o7z T) ¥ T IO TIE
BHE 115501 H 11 HIU#EY > 7 ve2H8H



WE S A ¥ OB E R

Table 6. GMP, ergothioneine, and eritadenine content of fresh or frozen shiitake Kinko 115 and Kinko N115.

11-Jan 25-Jan 8-Feb
fresh frozen fresh frozen fresh frozen
Kinko 115

Ergothioneine  1.35 +0.13 1.42 +0.10 1.84 +£0.12 1.72 +0.07 1.48 +0.15 1.60 +0.27
GMP 1.56 +0.09 1.52 +0.04 1.69 +0.03 1.69 +0.04 1.68 +0.07 1.68 +0.08
Eritadenine 0.75 +0.04 0.87 +0.04 1.14 +0.30 1.06 +0.13 0.82 +0.05 1.15 +0.16

Kinko N115
Ergothioneine 0.92 +0.32 0.95 +0.28 1.59 +0.13 1.52 +0.10
GMP 0.97 +0.10 0.96 +£0.17 1.72 +0.12 1.74 +£0.10
Eritadenine 0.62 +0.29 0.61 +0.27 1.04 +0.13 1.06 +0.07

mean (mg/g of dried weight) = SE

Ergothioneine
Bfresh mfrozen

Ny
|

’

R

mg/g of dried weight

7
.
_

N115

Eritadenine

Afresh Wfrozen
1.6

0.8 - vy

mg/g of dried weight

Aok

-

15 N115

Fig. 7. Ergothioneine and eritadenine contents of
fresh or frozen shiitake Kinko 115 and Kinko N115.

Each histogram represents the mean of all data
for each strain % SE. No significant difference was
observed using the Tukey-Kramer test (p < 0.05).
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A

pan-fried (pieces)

mfrozen storage @refrigerated storage

Comprehensive taste

B

steamed (whole)
mfrozen storage  @refrigerated storage

Comprehensive taste

Texture Texture
Flavor Flavor
Smell *% Smell
0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
C D
pan-fried (whole / piece) boiled (whole / pieces)
m1ist B2nd 0O3rd mist @2nd 0O3rd
G o frozen (whole) = S < frozen (whole)
@ @ ; (piece) ; ‘g S frozen (piece) ]
+  frozen (piece a8 %*
g Q P = fresh |
52
o fresh % £ frozen (whole)
v @©
o frozen (whole) g‘;, frozen (piece)
g o .
% frozen (piece) 3@ fresh :,;1
= fresh o frozen (whole) |
frozen (whole) % frozen (piece) :
5] - = fresh 2|
=z frozen (piece) ;
™ . frozen (whole)
o
fresh . & frozen (piece) :
frozen (whole) 3 - fresh 71
qé frozen (piece) . _ frozen (whole) ;
) © .
fresh (% frozen (piece) _ _ _ 7 ]*
' ! f ! ! fresh [Z 7]
0% 20% 40% 60% 80% 100% T T ; 7 T

0% 20% 40% 60% 80% 100%

Fig. 8. Sensory evaluation tests for fresh or frozen shiitake mushroom.
Total panelists: A:n =11, B:n= 11, C: n= 12, D: n = 12. Asterisks indicate statistically significant differences

(*: p <0.05, **: p < 0.01).
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Determination of the geographic origin of log-cultivated shiitake mushroom, Lentinula
edodes, using comparative analysis of Sr isotope, C-N-O isotopes, and levels of trace
elements*

Keisuke Tokimoto, Akiko TaBucHI, Emi Sakuno, Yaeko Suzuki**, Akira KAwAsakI™**,
and Takafumi HIraTaA****

Abstract

Dried mushrooms of shiitake (Lentinula edodes) cultivated on logs in Japan, China, and
Korea were used. Strontium isotope ratio (37Sr/36Sr), carbon, nitrogen, and oxygen
isotope ratios (013C, 015N, and J'80, respectively), and the levels of trace elements were
analyzed to identify the geographic origin of the mushrooms. 37Sr/86Sr was shown to be a
key factor that distinguished Japanese shiitake from Chinese and Korean shiitake,
although J13C, 015N, and 6180, and levels of trace elements were also useful for the distinction
among the three countries. Combination of the isotope ratios and the element levels provided
clear discrimination, e.g. “37Sr/%6Sr and the levels of nine elements” or “ 613C, 015N, and
0130, and the levels of 14 elements” led to 99.3% (139/140) hitting ratio between Japanese
and Chinese shiitake.

Key words: discriminant analysis, dried shiitake, minor element, stable isotopes.

MR R, £ 4155 (—8) BAZOZ LYy — - WEIET, T 689-1125 BEUHHEE 211.

* Contribution No. 415 of the Tottori Mycological Institute, 211 Kokoge, Tottori 689-1125, Japan.
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Table 1. Origin of shiitake samples used in this study.

Area Number
China
Shanxi sheng RFEH 18
Henan sheng A[@#% 11
Anhui sheng L##& 6
Hubei sheng #dt#& 6
Sichuan sheng MJI1|% 6
Jiangxi sheng ;T4 5
Fujian sheng {24 3
Non-identified 8
Total 63
Japan
Ohita K% 16
Ehime EiF 9
Miyazaki &= & 9
Iwate &F 11
Shizuoka &% 11
Ishikawa AJI| 9
Kumamoto HER 6
Hiroshima K& 2
Tottori BHR 2
Yamaguchi A 1
Total 77
Korea
Jeollanam-do & 11
Chung cheong buk-do Hi&EJL#E 10
Chung cheong nam-do H;ERE 4
Gyeong sang nam-do BEi&FE 4
Jejudo FINE 2
Jeolla buk-do £#dit&E 1
Gang won-do ;I[FE 1
Non-identified 7
Total 40
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TTHRRED

SR RE O\ Ba, Ca, K, Mg, Mn, Na,
Sr 3 & OF Zn 1Z ICP-AES # HI\W T L (KA S
2016), Z DAoL Kawasaki 5 (2000)
(2 U C ICP-MS TH#T L 7-.

GRS - I

st
HEERESB L OH ST IIZ T 7 2 IVHEE
2012 ((E&EEHF—EYRA) 2HWz

BREER

AR, FEB L OEEEOFRAFERE S A ¥ 713
A by AFAAR (97Sr/6Sr, Fig. 1), &
F (68C) - 8F (65N) OFNEIL (Figs.2,3),
BLULL OILHKIEE (Table 2) IZBWTT IV —
THTHEEEPEO LN, BE (61%0) [
ikt (Fig. 4) \ZIZAEEZEE 0o 72,

B A B D RERST % 00 B EIRE & HARE & 0¥
BIRY FR L 87Sr/36Sr AT 96.4%, O13C, ON,
680 @ 3 D O MR L DF A A D E T 90.0%,
As, Ca, Cd 72 &N HEEHDOTTRIREDMA A D
BTl 96.4% TH o7z (Table 3). HEGEL HA
B L DI T Y, S7S/6Sr 1d 94.9%, 513C, OLN,
0180 DRLAEHHET 79.5%, 7HEEDICHEIRE T
93.2% DHETaH Y, 87SrA6Sr idm WA %
FoZ Lo s N —), hERESBEED
35 A T 87Sr/36Sr 1 74.8%, S13C, SBN, 510
D T77.7% EHEICE R L, As, CaZz & 10 fEHH
DICFIEE T 98.1% DE VIR FRPE S L7z

Table 2. Statistical basic data on the element levels of dried shiitake used for discriminant analyses.

Japan (n =77) China (n = 63)

Difference in mean values at 1%

Korea (n = 40) significance on Tukey-Kramer method

Al 21.2 + 38.3 39.6 + 27.9 23.2 + 17.0 China > Japan

As 0.061 + 0.028 0.168 + 0.060 0.108 + 0.041 China > Japan, Korea; Korea > Japan
Ba 0.501 + 0.282 0.932 + 0.611 0.543 + 0.314 China > Japan, Korea

Ca 78.9 + 40.3 149.2 + 68.3 90.9 + 61.3 China > Japan, Korea

Cd 0.652 + 0.492 0.889 + 0.603 0.451 + 0.403 China > Korea

Cu 5.01 + 3.69 461 + 1.39 3.42 + 1.27 Japan > Korea

Co 0.025 + 0.022 0.055 + 0.028 0.042 + 0.022 China > Japan, Korea > Japan
Eu 0.001 + 0.001 0.002 + 0.001 0.002 + 0.001 China > Japan; Korea > Japan

K 16000 + 2930 14600 + 1440 13900 + 2130 Japan > China, Korea

La 0.011 + 0.015 0.032 + 0.030 0.020 + 0.016 China > Japan, Korea

Li 0.019 + 0.017 0.079 + 0.048 0.027 + 0.015 China > Japan, Korea

Mg 894 + 171 1258 + 304 1032 + 110 China > Japan, Korea; Korea>Japan
Mn 12.39 £+ 3.52 12.68 = 2.76 14.60 = 17.59 Korea > Japan

Mo 0.055 + 0.106 0.113 + 0.162 0.037 + 0.025 China >Korea

Na 1094 + 62.6 59.3 + 17.6 91.0 £ 77.1 Japan > China

Ni 0.220 + 0.221 0.295 + 0.238 0.183 + 0.116 China > Korea

Pb 0.114 = 0.117 0.190 + 0.129 0.119 + 0.107 China > Japan,Korea

Rb 66.8 + 32.3 385 + 26.2 52.7 + 20.0 Japan > China

Sr 0.369 + 0.221 0.502 + 0.261 0.371 + 0.220 China > Japan

Zn 23.11 + 7.72 19.53 + 4.84 2759 + 12.39 Korea > China
mg/kg, mean * SD
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YSr/ASr I K B HAFE L MEED 5\ WIZHEEE L 25N 5. WERE & #HERE & Tid $7Sr/8Sr DR
OHBNFRPEHCOIEHATS L) SPERE IR SR, EPEIZBIT 2215 7 EERE
LB OT BT N LSRR T S EF HBIOEMIEIC BT HAE LS ERE (T ERE

Table 3. Discriminant analyses of dried shiitake samples between two countries.

Combination Facters used for analyses

Hitting ratio (%)*

Japan : China 87Sr/86Sr
&13C, &8N, 6180
As, Ca, Cd, Li, Mg, Mn, Mo, Na, Nd, Rb, Zn
87Sr/86Sr, As, Ca, Li, Mg, Mn, Na, P, Rb, Sr
N3C, O5N, &80, As, Ca, Cd, K, La, Li, Mg, Mn, Mo, Na, Nd, Ni, Pb, Rb
87Sr/86Syr, §13C, §15N, §180, As, Ca, K, Li, Mg, Mn, Na, Rb

Japan : Korea 87Sr/86Sy
83C, 015N, 6180
As, Cu, Cd, K, Mg, Na, Pb
87Sr/86Sr, As, Cu, Eu, K, Mg, Pb
a3C, §5N, As, Cu, Eu, K, Mg, Ni, Pb, Sr
87Sr/86Sr, S13C, 615N, 6180, As, Eu, Mg, Na, Rb

China : Korea 87Sr/86Sy
&13C, &8N, 6180
As, Ca, Cu, Li, Mg, Mn, Mo, Na, Rb, Zn
87Sr/86Sr, As, Ca, Co, Cu, Li, Mg, Mn, Mo, Na, Ni, Pb, Zn
N3C, O5N, Ca, Cu, Li, Mg, Mn, Mo, Na, Ni, Pb, Ti, Zn
87Sr/86Sr, §13C, 015N, Ca, Ce, Cu, K, Li, Mg, Mn, Mo, Na, Nd, Ni, Pb, Pr, Zn

96.4 (135/140)
90.0 (126/140)
96.4 (135/140)
99.3 (139/140)
99.3 (139/140)
99.3 (139/140)

94.9 (111/117)
79.5 (93/117)

93.2 (109/117)
95.7 (112/117)
93.2 (109/117)
96.6 (113/117)

74.8 (77/103)
77.7 (80/103)
98.1 (101/103)
99.0 (102/103)
99.0 (102/103)
99.0 (102/103)

* In parenthesis: hitting sample number / tested sample number

0.725 -21
0.720 A 99
. 0.715 - -23 -
£ 2
& 0.710 - O 24 -
% %
0.705 4 -25 A
0.700 4 -26 A
0.695 =27 -
China Japan Korea China Japan Korea
Fig. 1. Comparison of 87Sr/3¢Sr among shiitake Fig. 2. Comparison of §3C (%o) among shiitake from
from Japan, China, and Korea. Japan, China, and Korea.
Each histogram represents mean = SD. Difference in Each histogram represents mean = SD. Difference

mean values at 1% significance was determined by the ~ in mean values at 1% significance was determined by
Tukey-Kramer method: China > Japan; Korea > China  the Tukey-Kramer method: China > Japan and Korea;

and Japan. Korea > Japan.
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Fig. 3. Comparison of & SN ( %,) among shiitake
from Japan, China, and Korea.

Each histogram represents mean + SD. Difference
in mean values at 1% significance was determined by
the Tukey-Kramer method: Japan > China and Korea;
Korea > China.

Japan Korea

REEE) L OMGIFAKITHY, FOEKT
87Sr/36Sr DFE LB .

THEIIL L OFEHEEZWET A LATE, Eb
HHNZEHTH L. L, TNHOREIZIA
5 ERORETH L EAOBE, EFIRE,
W I K o T 2558 05H 5. —TF, JiHE
OFRMARIIZIN S OFERTREZITT, FAN
AEBFLHSICKREIRET A2 S, EiER
FRERANIEFSTLEEZ6NSL. £2TC, T
KB L RN 2 MAGDEL I LICL A
FEOEMH RIS SN 5.

HERE & HARREE & D HIIZ BT 87Sr/86Sr &
As, Ca, Li7Zc & 9QFHOTTELE, &5\ T 55C,
OBN, B0 & As, Ca, Cd 7% & 14 D ILHEE
ErllatbEsl, 55 L 1HERIZ99.3% |
L7z, ¥SeeSr, 913C, ON, 680 B X UIrHE
BEYETHAEDLETD 993% %i8 2 5 HH
ReBLIENTELRh o7, HEEEAAEL
DR FRIL R R, $7S1/36Sr & 6 DD TERIEE
HDHWIEOBC, N L 8 ODTTHIEE 2 HAE
HETH 95.7% B LU 93.2% DIHFHETH - /2.

Fig. 5 & 6 ICHA, HEL L EED 3 7V —
TR EDREIHB G ARG 2 IR T 7Sr/8Sr
L Ca K, Mgh&ENRBHEOTLERRE, H5n
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Fig. 4. Comparison of 680 ( %) among shiitake

from Japan, China, and Korea.
Each histogram represents mean * SD.
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I3 61C, 6N, 680 & Ca, Cu, K7 & 15
DICHEBRE 2 HAEDLEZLDTH L, sty
YTNIIBWT, HARRE, WEE, BEEOWVT
NTHLox T LHREIZNEN 95.6%
BLU928% &7oTb. 81Sr/88r & HV 5 )5
MOBC, SBN, SBOEHWL LD LRREEE
THY, [LEIRIEOMEME S R 54T OB o HE
EH5HDODTSeASr T L Y ENLHBEZTH
LEEZD. 7212, 6BC, OON EILEBREED
MAE DT Y TIVEIME D THED D 250
B ILEMACHBELTBY, ZOERTOER
PiEEmweEZSNDL. B, YSsSr, 6C,
0N, B0 BIUTHRREDOET— 8 Wi
Yt o 3 B ORI FREIL 96.7% Tdh - 7-.
B AW D —EBI, BMOKES (377 5
MIKEBOR % 5 2 AP EE, 4
5 OFEFEEREEH BE OS] (2008 ~ 2010
ERE) 12X AT 7.
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10

Function 2

O Korea
® China

X Japan

Function 1

Fig. 5. Scattering graph in three shiitake groups after a discriminant analysis using the data of 3Sr/#’Sr and the
levels of elements, As, Ca, Cd, K, Li, Mg, Mn, Mo, Na, Pb, Rb, and Zn.
Total hitting ratio = 95.6% (172/180).

Function 2
o
(e}

@ China

X Japan

Function 1

Fig. 6. Scattering graph in three shiitake groups after a discriminant analysis using the data of ¢'*C, J" N,
080 and the levels of elements, As, Ca, Cd, Cu, K, Li, Mg, Mn, Mo, Na, Rb, and Zn.
Total hitting ratio = 92.8% (167/180).
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Yield-related properties of Kinko N115, a new shiitake cultivar for wood-log
cultivation*
Kazuhisa TerasHIMA, Akimasa Sasaki, Makoto Kuroba, and Kozaburo Hasese

Abstract

We have developed Kinko N115, a new shiitake cultivar for log cultivation. In this study,
we have compared the yields of Kinko N115 and Kinko 115 (a shiitake cultivar that has been
used for cultivation of premium products). Three forest cultivation plots (42 sawdust plug
spawns per log, 30 sawdust plug spawns per log, and 42 or 48 wood plug spawns per log) and
one greenhouse cultivation plot (42 sawdust plug spawns per log), in which harvest after the
first year was performed in a greenhouse and harvest after the second year was carried out
in an experimental forest, were established. As a result, four-years yields of Kinko N115
developed in forest cultivation plots were higher than those of Kinko 115; especially in the
experimental plot of wood plug spawn, the difference between the mean values of Kinko
N115 and Kinko 115 was statistically significant. In addition, the yield of Kinko N115 after
the first year in the greenhouse cultivation plot was greater than that of Kinko 115.
Therefore, it is suggested that Kinko N115 is also useful for greenhouse cultivation of fresh
shiitake in winter as well as cultivation in the outdoors, such as, forest.

Key words: new shiitake cultivar, Kinko N115, Kinko 115, wood log cultivation, yield of
fruiting bodies.

& o O AR OIS E IO 2 <, i
(&M & 1961, EAEB1991), AR (BARS
1985, fEHI S 1987, RIS 2016), A[HRE&M (1§

A TIIFEPEERELETLIEAEOZO— S 1961, KD 1968), FFEBHESEICRE L
DTHY, TNETIZ203 MHEAEGZEINTEL  ELHERN, L)bITWEORENEARY A 57
(BMIKFERZ 2019). F72, 4 & r OFEKRFERE, K- BEOBRGICKRELEEY 525, T00,
FICHIEHE TITbN DL 2 e 05, HgHEo  HEERTIE Y 1 & 7 OIEARIE 1% 15
B EIGEHALICEE R REZ R L TS, Y14 WIZHERLTBY (BES 1961, EAEE1991),

%

i

TWERIEITIIZEER, B4165, (—H) HREOI L s — - WEBIZEH, T 689-1125 BIHTHERE 211.
* Contribution No. 416 of the Tottori Mycological Institute, 211 Kokoge, Tottori 689-1125, Japan.
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Fig. 1. Fruiting body of Kinko N115.

BAEFCIZ39 MEZ B L CE . ZOFRTY,
JEARD A & i [ 115 5] 1%, WAEN RS
TIEL, ARICERE#SE oD, ZodE
DT T ¥ FALIZIF 72000 MAAE#TIT LT
W5 (K 2012, HHHE 2014, 255 2015, E4H
2017, BEfE 2017). —J5C, BUE, BEMZEHT CIE,
W 115 5OoBEN -0 (WER, B&EK) 2%
JHEE, NEME, FEERSERESE B0
A, TEEOEENEYE M oRmiER)
FUBELBEKTT S Y FHOMWH GO
FEEERLTWD., REEFETIC, W 1155 &
D HNEEOBVREENIIS 5 (Fig. 1) OB %
SETL720T, LG MEONERMEIZ DWW TR
T5.

MBI ERE

AIFZECHEMG L 72 W E N115 5 & HHE 115 50
HHAREBROME% Table 1 1”9, Bl 42 K - 5
HEER X (B RUAE TR 42 8 % FORISHEER L, #kA
O BRI TR L7 BRIX), B 30 X - SRt
SAERIX (BB E 30 82 BURICHER L, A
BRI CTHE L - BRIX) B L UEy - R
X (BOfEwE 42 82> 48 i % JFEARICHEE L, #NO
BRI TR L 7o BRIX) @ 4 FEoET —
& B 42 K - Ny A - B HERBRIX (B A B
D EEFERICHEEL, 1EHIZE=Z—T A
T, 2 4F B AR O SR B T I L 72 SR IX)

Table 1. Experimental plots for cultivation of Kinko N115 and Kinko 115.

Spawn per Cultivation Number of
Type of spawn Location for cultivation . Years of Inoculation ” |  cultivation
log period trials
Sawdust plu 2000-2002(10)
If g 42 Experimental forest Four years 2004-2006(10) 12
Spaw 2010-2015(10)
2010( 50)
Savs;dt;itslug 30 Experimental forest Four years 2011( 50) 3
P 2015(100)
2000-2002(20)
Wood plug . Four years 2004-2006(20)
spawn 42 or 48 Experimental forest 2010-2014(20) 12
2015(10)
Sawdust plug Greenhouse (first year) 2015-2016(10)
42 Experimental forest Two years 3
spawn 2017(30)
(Second year)

1) Number in parenthesis is number of logs used for cultivation.
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D2EMONET— 7 # T, HENIIS 5 &
W 115 5oNEROEK T 72, B, 14
HMoOWNEIZOA»SBE4H FTCONREZERL,
MOl m Bz ITHWE LR vz 72,
RIFFRICBVTIE, aFTEARZMHL, —
FEAHAEZDZ £ ¥ — ORI B W TEITE
(HREZDZ k5 —1986) IIfit-> CHEHL 7.
FHHERX 1T 2000 4E2> 5 2008 £ F T, BEUT
RS D ABREY (S 120 m), 2009 4
DI BT A i o BRI Y (B - %9 80m) T
HERBE ERL2. Ny R - BHFREEX (2015
F~20174F) 1, BRI AR OWEN R (F
50 m) BN OMH TR S RE B L 721,
10 H EAIZE == oy AL, TR
T ANTTELRZIHEEL, 208, FIREOR
BRIBIS SR B S, 2 4F HIIAR IR 17 5 72,
WEINE, TEMKEE WENE /e
¥ UTF, | EEZE) oFSEoEomE Ghs
OH 5 tHE) &, FEFY 7 b Rver. 3.5.1 2 fliH]
L7,

(g)

w R

REREBZEDNE (BHhFITHERX)

BeHY 42 9 - FRHEBRIX, B 30 T - R EUER
X, By - BHIEERXICBIT S, WE NS 5 & W
B 115 BOFR ARG L OBEIE (0.1 md 47
D) OFIHfE% Fig. 2, Fig.3, Fig. 4 1IR L7z,

A 42 % - BHLEAERIX (Fig. 2) 1I2BWT, W
EINIIS e HE 11558 DI 1 FHNED KD
%<, FORIEBAL L. 1EB2S34EH, 4
EHINEICBWT, WHE NS 5 OLE 2 H#
1555004, BIC2EBTIIEEEDHED
Lz (p<0.05). A 30 K - BHIEERX (Fig.
3) 1BV, HENIIS 5T LERNEE 2
SEHNEIRIZIZFAS Q4EH - 1EHNERS
12%) T, WE 1155 T, 2FEENEIRL S
< QEH- 1EARNEES 71%), ZoOkIE
WEnfE & I L7z, F72, X TOR YKl
&4 EHIEIZ B VTR NS 5 Ol 25T B

1800 gkinko N115
OKinko 115
1600 -
1400 .
1200
1000
800
585¢ «
(38. 6%) 515¢
600 (38. 2%) 450g
(30. 1%) 348¢g
(28. 4%)
100 287g 235¢
(19. 4%) (18.8%) 179g 186g
200 (11_8ﬁ (14. 6%)
0
first year second year third year fourth year 4 years

Fig. 2. The mean value of harvest year yield per 0.1 m? of the log in cultivation with 42 sawdust plug
spawns per log.
The number in parentheses is the rate of harvest year yield to the total yield. t-test, *: p <0.05.
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(g)
1800  mKinko N115

. OKinko 115

1442g
1400

1198
1200 I

1000

800

484¢g 504g
600 5y gn) (35.1%) 131
<369%y) (36. 4%) 281g 244
29. 3% g
400 (19. 6%)(20. 3%)

173g  1b4g
200 ' m (12. 4%)(14 0%)
0 L

first year second year third year fourth year 4 years

Fig. 3. The mean value of harvest year yield per 0.1m? of the log in cultivation with 30 sawdust plug
spawns per log.
The number in parentheses is the rate of harvest year yield to the total yield.

(g)
1800 mKinko N115

1600 OKinko 115 ok

1400 1332

1200
1065g

1000

800 676g
(51. 0%

520g

600
(48. 6%) 101g %

(30. 3%) 329¢g
400 1. 1%)
200g
(18. 8%)
200 e1g* 17
(4. ov‘ (1. 5%)

first year second year thlrd year fourth year 4 years

Fig. 4. The mean value of harvest year yield per 0.1 m? of the log in cultivation with wood plug
spawn.
The number in parentheses is the rate of harvest year yield to the total yield. t-test; **: p <0.01,
*:p<0.05.
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5 F5 LD Loy, AEAFREDLNL
oz By - B EERIX (Fig. 4) 2B W T,
B N115 5 & W 115 5 & 312 2 F HINED K
4L, FoRIEEAL Lz T2, MEREBIXT
W I1EE»S 34FH, 4EMEZENEICBNT,
WH NS 5ONENHWE 1155 L ) %<, HEt
W HEENRO LN (24 H, 44 p<0.01;
146H, 34EH 1 p<0.05)

ARIRE (BEHFHIEZHERX)

BCHY 42 o - FEHEABRIX, B 30 X - B AR
X, By - @EHHERIXIZBIT S, HENIS 5 LW
W15 50 AEZEINE (0.1 m347-0)) OFH
fili % Fig.5, Fig. 6, Fig. 7 2R L7z

BCEL 42 7% - B ERX o HBE (Fig. 5) 12
BT, MAEEDLIC3IANRDL L,
NS FIEHEE 155 X0 L 0o7 BERIEF
e 23.5% (BEHEFE164) & 22.0% (FEHE(R
#17.6) THY, ZIZFAETH-7z. HKA 30 %
TERIX (Fig. 6) I2BWThH, MamAEe b2
SHDP®RL %, HENIS FIEHE 1155 X0
DL Mmooz EITENEN5.1% (R 1.9)

(g)

1400 ®mKinko N115
OKinko 115
1200
1000
800
600
Rate of yield of Sep.— Dec. to total yield
Kinko N115 @ 23.5 %
Kinko 115 @ 22.0 %
400

200

Sep Oct Nov Dec

1264 |117g 110 |110g
0g 1 g 3g 29 31 65% ’—HM
g g g g g g
0 B - = & I

L 49% (MR 17) THY, ZIZRASTH-
72 By FHERBXICBWTY, WmEE D23
AA b4 <, WENIS ZIZHE 115550 b
%<, BEEIEDON (p<005). ZLT,
12 AUBEOZHOABIETY, WHENIIS 50
E)VHE 15 B LD L EHE» DY, 128
DOEBEINE CIEEEIZADLNL (p<0.05)
(Fig. 7). KRz Z N 2N 54% (FEHERZE5.6)
&£ 40% (EHEFZE27) THY, IZIZFASTH -
7z.

FEE1EHEDOEZE (BHhEIEHERX)

L 42 % - BEHEERIX, BCAN 30 T - SEHLEER
X, By @EHEBRXICB 5, HELNIS 5 & W
11550 1 R EOFIE & FEHE{F 72 % Table
2R L7

BRI 42 9% - B HERERIX & T 30 X - T EER
Xo 148 T, WHENIS 5O 1 HE) HEE
155 &0 /RS <, 42 % - EHEERIXIC
BWTHEEDPROLNT (p<001). LHL%
Ao, 24FEHMEIE WmRBRXE DI,
N115 5o | EFZEIZHE 115 5 £ FED», LY

799g

63

369g

265g

Jan Feb Mar Apr

Fig. 5. The mean value of monthly yield in cultivation with 42 sawdust plug spawns per log.
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Fig. 6. The mean value of monthly yield in cultivation with 30 sawdust plug spawns per log.
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KEWEMTH D, FICHRE 42 ] - BHbEERIX
4FEHTIE, HENIS 5DIE) PHE 1155 X
DHEZICKREDPo7 (p<005). T2, B - &
WEBXICBWTIE, 2FH E3FEETHM
NS 5O 1 HEEPEH 1S 7LD /S ho
oW, 4EHTIIHENIS SAHE 1155 XY
LEHEICKE o7 (p<0.05).

INT AR

BRI 42 5% - Ny R - BHIERERIX B L OV 42
K- BHEERIX (2015 ~ 2017 4EAEE) 2 £
Dz EIE (3 FHEOTH) % Fig. 8 IR L 7.
] — BRI CARFE R 2 JLie L 7234, makBRIX &
LICHENIS FAHE 1155 L ) Lo 7205,
HEZIBO LN o7z, F72, F—ahfE T
BRX M2 g4 &, WML b2 A - il
HERBRX 2% <, BE 11550 14FEHIZBWT
BEEENROSNT (p<0.05).

N A - EHERERIX D 1 £ H O H Bl ENE %
Fig. 91Z/R L7z, WFhomiEd 1 FEHIINT R
TS DL, 2ABIO 1 AONEDFEHI
BINLEL, sEAVRET oA T/, 14EH
DOFKEII T A - BHRBRX CHENIIS 5B &
OHE 115 513 Z N ZN31.1%, 298% TH D,
FHERBRIX ClE, ZNZE1 7.8%, 8.6% Tdh 7=

z =

ARWFFETIE, HENIIS 5 & WE 1155 %
T, BeHL 42 9% - FEHEBRIX, B 30 0T - FRHLEA
BRIX, By - BHIGERX, MR 42 K- Ny A&
WRBRX BT 5, &y A EIGE, A
ENEB LU HEZEEOLEZIT- 7.

4 EMEENE T, BHRBRX TN CCHE
NS FAWE NS5 L0 L, FFICh - &b
REBX TN AEZE (p<001) PRDOL
N7z, ZoZeh»s, WHENIS ZIEHEM 115 5
I LUNEMEDEN EDS IR o7,

A2 TlE, WE N115 512 BV TR B R o
MR 570 2 R ONEL /R L7 (Fig. 2,
Fig.3). WHINI15 5O 42 7T - TR &
BT 30 % - BHIEREBRX 0 4 EFINE T ZNEN
1,502 g/0.1m? JiEAR (Fig. 2) B & U 1,442 g/0.1m3 i
K (Fig. 3), BAEIZZ N 2N 235% B L U5.1%
ThY), FMRENFLNFED, WEmd% <, N
EmW@Ems R S, —F T, |l EY T
LHE 2EADPS 4ERIIBWT, B30 K - &
WX DT A51.0 g DL K& (Table 1), 2
FEHIZBWTIE, MEMMWAREEE (<005 2
RO bNTz. MRERX TORAMEIHE2 A
BEPRD LN o7-0T, 44EBINE, k=
BIO1VEEZEZ, FIEAIAD ) MR
WCRRNT L EEZONDL. RFFEOHKENS, H

Table 2. The mean value of dry weight per fruiting body in forest cultivation plots of Kinko N115 and Kinko115.

Type of spawn Cultivar first year second year third year fourth year 4 years
Sawdust plug spawn Kinko N115 4.2 (1.0) 4.9 (1.2) 4.8 (1.0 4.7(1.2) * 4.3 (0.6)
(42 spawn per log) Kinko 115 5.2 (1.5) ** 5.1(2.7) 4.4(1.2) 3.6 (1.0) 4.3(0.5)
Sawdust plug spawn Kinko N115 4.3 (0.8) 6.2 (2.0) 5.9 (1.2) 5.7(0.6) 5.2 (0.5)
(30 spawn per log) Kinko 115 6.2 (1.6) 5.3 (2.2) 5.2 (0.9) 4.7(1.3) 4.9(0.8)
Wood plug spawn  Kinko N115  11.7 (8.0) 4.3(1.2) 4.4(0.7) 4.9 (0.9* 4.4 (0.6)
Kinko 115 11.5 (2.3) 4.7(1.2) 4.7(1.1) 4.2 (1.0) 4.5(0.8)

ttest, ™ p<0.01,” p<0.05
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Fig. 8. The mean value of two years cultivation yield in greenhouse and experimental forest from
2015 to 2017.
Harvest of Kinko N115-H and Kinko 115-H was performed in greenhouse and that of Kinko N115 and
Kinko 115 was carried out in the experimental forest.

250 ,
BKinkoN115-H
. Rate of yield of Sep.- Dec. to total yield
OKinkol15-H Kinko NI15-H : 31.1 %
. Kinko 115-H : 29.8 % I
200 - ®KinkoN115 Kinko NI15— 7.8 %
OKinkol15 Kinko 115 © 8.6 %
[ X 164g
150 o 55
131g
100 89g s8¢ 2
\ “ “ i |
52
50 T35 T T 455
34g 0g|31¢g 28g ) 37g
20g " 18|22
g
o —f e I ||
Oct Nov Dec Jan Feb Mar Apr

Fig. 9. The mean value of monthly yields in the first year of cultivation in greenhouse and forest
from 2015 to 2017.
Harvest of Kinko N115-H and Kinko 115-H was performed in greenhouse and that of Kinko N115 and
Kinko 115 was carried out in the experimental forest.
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e (AT, £ 2 WIEEE Y A & 7 i,
TEEOKEE, VAT AT —FRHHETI ~
FLMIEOF#EZ &) 1B 0T, 1 K7y off
Wz T B LEAVRIBE N2 S0, BEAR
R AR DO BERI T 2 A M T2 %
& LM S ERROREPLETH S,
¥z, FES (2018) 1, HWEL 11550 1 FHIL
HIZBWT, I 30 REEBRIX & 42 RGBT
HEEPHDLNDL L 2HE L. KT
B N5 FI2BWT, AR EmIZASN DL —
HT WA EEEIRO N o7z 514,
30 RERBRX & ERRICEBL T EI2L D,
MR X B OIEEDECTHS IR b L2
55,
AWFFETIZ2015-2017 4R IZHER L 72, B 42 0%
Ny A - T EERIX & R 42 % - B EERIX
2 EM OWEME % WBRET L7z (Fig. 7, Fig. 8).
N A - BB IZB W T, N115 5 D%
IHWE N5 5 L) b EIEEI RSN, W
FINIIS o N AN X 4ok 1 57
HERIGELTWLZ ERMFENG. /2, Ny
ABEICBITLZ 1R2ABLC 1 HoONE D HH#H
155 &y bEros (Fig.8) T enb, F3K
FEWBEOFEM CoOLEIFINL. 20152017
EDOWEL 1155 ORI 42 7% - B RER X D IE 1L,
12 BEREOTFIE L T4 &, 14EHYAFR
70.9%, 24EH~<A F A 37.1% & IEFIE D - 72
25, WHELNIS S TR 1EHE~ A F A 37.8%, 2
ERYA T A129% TH Y, FPRIZNS o7
20152019 FF DRGSR FHAR D il D3I &= 9 4
L7706 L2 L FREEINA, WELNILS 5
DWPVIEINE P oizZ Eh s, FEPLIEARIIH
T HEIGIEA N ERFEHENSL. T2, Wi
& b7 A - BHRBRX DI ) DLW HAD D
H, 1AEBEBIIA S LNy A THOKE S
LZZETIHERONETEEL T TR, 24
HOWEEZMR T Z LAVR SNz, 5%, &

FEZEHRTHEICED, 1FEEKELID Y
G 4 EHINEICH- 2 A B2 HL ML T

WS FETH 5.
AROFZEAERA S, W N115 53 HE 115 5 &
D HNEMICEN, BT TRL, N A

HIANZHDBELTWDHZ EAUREN. —F, B
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N115 5D 1 4 HOFEME 1 HEZESHE 115 5
Ly, 2FHDBEIZSICEENLS 553
FEPLIDRELRD, SHICHENIS FIZB
WC IR OFEHBOV R \NITHHS, FFEK
MR E L R BMEIADEED /2720, HELNIS
e T A, A OEEE O FIETE K
B - BRI LR A R A 2 L AEET
HoH. T2, KR TIE, FEEEEIZOVWTIE
MRET L o725, WHENIS 5D ) MHHE
1155 £ ) DBEATHLAZ TN HAELTFE- T
VBRI EMBIEIN TS (Fig 1). ML
PEZ AR & DX BIMEAE L, 79 v MMRZE T
LEMTH L. LoLids, BMEROREAEIIK
BN EELRL RN TE, AREETSE5
ZENEHEENDEDT, BHEESETASAE, ¥
S VBB RSN A EMT 5 & & D ICHFITER
WA CEHT2LEN’H L. WENIS 5, 20
I BBEREMES A ECHETAZET, K
RKIAZTrDTT Y FIMET L% % AEET
LI EexRWEEE L, VA7 rOREABEORHA -
WRIZEGT L s n s,

wm =

AWZETIE, WEN1IS 5 & WE 115 5% v
T, BRI 42 ] - BEHbEABRIX, A 30 0% - BEHbER
BRIX, B - SEahEBRIX, BBl 42 9T - N R - R
WERERX 2B 5, Ry AkEEoOZRERNE, A7l
WENEB LY BZEORKY T2, %
DGR, TFERIX 4 FERIGETIE, FHH NS
BOHE 1155 X ) HIEEIE C, FFICERER
EH L7235 I3METICEEESRO b7,
AFRIIWH 115 5FLFEFETHo 72, —F, W
N115 5 O F-Fk | HZEIx, FSEOREH Tk
REL 1155 X ) /NS, ENRDBEITEE 115 5
ERIEDP LD REVEHEIPRO N T/, 1
FEHOXMEC Z— LNy ANTERL, HEL
HATY, WENNS ZIZHE 1155 X0 b5
WIREEPTRE S, LMOES A& rEEICD
WL TWBLZ EDTRENT.
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Culture collection at the Tottori Mycological Institute (TMI)*

Shuji UsHuima and Eiji Nacasawa

Abstract

The Tottori Mycological Institute (TMI) was established in 1959. Over the last 60 years,
TMI has been collecting fungal cultures of mainly commercially important edible
mushrooms, unutilized edible mushrooms, and species that requires taxonomical
consideration. Currently, 9,567 strains of 1,009 species are cryopreserved in the liquid phase
at -196 °C in liquid nitrogen tanks. These strains are used for the development of commercial
strains and in basic and applied studies. Since the fiscal year of 2017, 21 strains have been
distributed to the universities. Recently, we introduced a new strain management system
and a high-security tube (Cryo Bio System) made with resin materials for efficient
cryopreservation in LN2 liquid phase. In the fiscal year of 2018, 64 mushroom strains were

newly collected; these are listed in Table 1.

Key words: culture collection, genetic resources, liquid nitrogen cryopreservation.

WEERIFERT (TMD 13— M BEIEAR AR EDZ
Yy —OWFFEHEIM & LT 1959 12 BT &%
:&iéﬂ Z D1 1972 £ IZHIE O BHUHT AR

BB L, AIRATEARY A 5 7rEo
E%&ﬁ%ﬁﬁé@*@ﬁi% SHER 2 B DN
BRUTEE B, RABAHEZOZR5EFN
ICEEREXOD Cﬁ@ﬁﬁiﬁ%, TMIC %+ (Tottori
Mycological Institute Culture Collection) % {35 L

WU - R S - EINYL O BIAR I, 2018 4£3]
ETIE 1,000 F, 9,567 #RIZZE L, #77- 7% fmiER
BaIT U, - S, Mg & o3RI
ZEE AR IE I ST b, EFED T i
HIERFETH Y, 2017 EEDPSKREFE T TIC
KEFEZISS5, 200 &0 2 Wk E 5L 72
2018 4 4 HIZIX B AHE % /N — T — FEH
THIHLVHEEEH Y A7 L2 EA L, $hRN%

f%ﬁLTVx (Fig. 1A). 25 OBk 1987 %@ﬁw“’&ot.&ﬁ BEOHFIAT VT
FAEA SN 4 OWEERRAF Y 7 O INEUEARIRAF 1T e 2 FEBRBHIR B DN A L =
$K,W7X7/7w~iofﬁﬁ%ﬁéﬂfw 074—%1 7" (Cryo Bio System) 128110 %z
% (Fig. 1B, C). LUK 60 EOMICK I T FETH S (Fig ID).

Til“i”;ﬁﬁ T ZeERE, 4175, (—) BAZDOZ by — - BHEHZEHT, T 689-1125 BRI &EF 211.

* Contribution No. 417 of the Tottori Mycological Institute, 211 Kokoge, Tottori 689-1125, Japan.
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Fig. 1. A: Laboratory of cryopreservation. B: Liquid nitrogen tanks. C: Grass ampules (1.2 ml, Wheaton
Science Co.) under the liquid phase, -196°C . D: SYMS II sealer and high-security sterile tube (1.2 ml, Cryo Bio
System). E: Cordyceps militaris. F: Sclerotium of Wolfiporia extensa. G: Urnula craterium. H: Ponticulomyces
orientalis. 1: Auricularia polytricha. J: Grifola frondosa.
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N L7 &0 23RBSO NIRRT # % 5l
L7z, BEER M0 T ¥ B (Eclipse Ni-U,
=ay) MR L, 400 f5d 5\ i 1000 5 GHR)
TTRTZIILO LTI EZBE L. Bl
I MA B [ZFEXAHEK (F) Ty Vv
BERRRSH) 2%, MRER RARFER MK
Stt) 2%] AFERAL, B (HAEDZ vy —,
2004) wHIC, FMROHELD D\ IZ LT Rk
THOEHEE T Ei L7z, MBI FERONE
W%, WME LY I V) RAWTHEBR 29
WL CEBICBIEL .. ZRTo T TEEDOD
PO—%E A AEZHWTY Y HL, Yv—1 oD
ZONANEA L7727 &) SIZBE AT T, BT
Y —LOMARH EICHRET S/ B
Rl L 72408k 5 WIEE T S 87l F o HmAe L
LENES H?Et,c%(}“ CHAMMSE Y CHERE L 2%,
LW MA B IC# R I L, 25C, BT T

Table 1. Mushroom strains collected in 2018.

A % R & O ZBIZER

BRI BB, BMROOBEHEE LR, o
ﬁ%@ﬁ%t&é%&%$(mﬂwc)%ﬁm
L7,
REFEIEPEOIHLNIIHFEEDZ,
D ZRIFERED 64 Bk %E 1572 (Table 1).
LB RRD 9 & BRI WRSH IS
7z.

IS
b,
DWTLTFIZRL

Cordyceps militaris (L.) Fr.
Ma:YFr¥as

BROBEHOWRA SFEE L, OB ERT
FERERT HHERTHD. INT Y o FEA
G E A EET 5 2 L THLNTE Y TR
HENZ2EDZITHA. $®%i%ﬁ%@7+-
I XF THTERE L7 Oh SRR HERT I
n#7e.

[Fig. 1E]

Scientific name Japanese name Numb.er of
strains

Aleurodiscus sp. 2
Auricularia auriculajudae (Bull.) Quél. s.l. Kikurage 5
Auricularia polytricha Mont.) Sacc. s.1. Aragekikurage 8
Chlorociboria sp. 1
Clitocybe sp. 1
Cordyceps militaris (L.) Fr. Sanagitake 1
Cordyceps sp. 2
Corticioid fungi 1
Dactylosporina sp. 1
Dasyscyphella longistipitata Hosoya Bunano-shirohinano-chawantake 1
Dendrothele sp. 1
Exidia glandulosa (Bull.) Fr. Himekikurage 1
Exidia sp. 2
FExidia uvapassa Lloyd Tamakikurage 1
Flammulina velutipes (Curtis) Singer Enokitake 4
Grifola frondosa (Dicks.) Gray Maitake 3
Gymnopillus sp. 1
Hericium erinaceus (Bull.) Pers. Yamabushitake 2
Hymenopellis amygdaliformis (Zhu L. Yang & M. Zang) R.H. Okinatsuetake 1
Petersen

Hypholoma lateritium (Schaeff.) P. Kumm. Kuritake 3
Hypocrea peltata Berk. Oobotantake 1
Hypomyces sp. 1
Morchella conica Krombh. s.1. Togari-amigasatake 4
Panellus serotinus (Pers.) Kithner Mukitake 1
Pholiota nameko (T. It6) S. Ito & S. Imai Nameko 3
Pleurotus cystidiosus O.K. Mill. Ohiratake 1
Pleurotus ostreatus (Jacq.) P. Kumm. Hiratake 4
Podostoma sp. 1
Ponticulomyces orientalis (Zhu L. Yang) R.H. Petersen Tsubaki-kinobori-tsuetake 3
Tricholoma fulvocastaneum Hongo Nise-matsutake 1
Urnula craterium (Schwein.) Fr Etsuki-kurokopputake 1
Wolfiporia extensa (Peck) Ginns Bukuryou 1
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Wolfiporia extensa (Peck) Ginns. [Fig. 1F)
Me:7o03w

y<Fal Ay rBORBEHRTHY, WK
7= ESEEH OIS 5. EEOL
TmTHY, HEONIBIZEEL? SRR ET
YB35, BIGHAOE I OBIAELICES T
7o TRA% O R & o0 L CRIBR 2 1572,
Urnula craterium (Schwein.) Fr. [Fig. 1G]
fMa:ITV+o/0av 74T

FRNFEETHEETH Y, LMD H
BEoay TRYFEFRZERT S, DADOKIIH
B2 8RR T, D ADOIMINC b B %2 S HIER T
b, 4 BB L7224 8 r OKRTRI SHEIFE
HEL72bDD LT AR L o THRkESE.
BERETIIMD TOREHTH 5.

Ponticulomyces orientalis (Zhu L. Yang) R.H.
Petersen. [Fig. 1H]
M INFF I/ RIYIRYT

RAN YNNG EFFEZLSBTRS75, 4
EHRICEA AL, Pt Ok, I
YNERE, BTRBERETHE L SHL IS
NSV, AP ETHRE SNEETHY, F0
BARIETH ED3E % 5 L7z (Ushijima et al.,
2012). 5~6 HEH, EIIYTINFOMEGEDS
FBET L. HAGIM, WN(BAE)), HE (Yang,
2000), #[E (Parketal,2017) 254§ 5. BH
7 & WICIR BT TR b - T34k 5 LR 145
HELC & o T3 Rtk R
Auricularia polytricha (Mont.) Sacc.s.l.  [Fig. 11)
MN&:7275%055 (L&)

F7 77U PFERIIRNEETTZAL
HORELR T2 nhbEHEDZTHY, H
WAL CIL CREE SN, REEFEIIBIBL L UBR
Bhs 8 Witkz 37
Grifola frondosa (Dicks.) Gray. [Fig. 1J]
e ~v1875
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No. 411

A new species of the genus Tubulicium
collected from living Pieris japonica

Shuji Ushijima, Nitaro Maekawa, and Kozue Sotome
Mycoscience 60: 137-140. 2019.

Tubulicium curvisporum sp. nov. frequently grows
on the Japanese andromeda Pieris japonica on Honshu
Island, Japan. Molecular phylogenetic analysis
revealed that this species belongs to the genus
Tubulicium, of the family Hydnodontaceae
(Trechisporales). The present species is
morphologically distinguishable from the other
Tubulicium species, because of its strongly curved,
sickle-shaped basidiospores, measuring 16.5—
25.5 X4.5=7um. In this study, the morphological
descriptions, illustrations, and cultural characteristics
of T. curvisporum are provided, as well as a key to the

species of this genus.

Key words: basidiomycota, corticioid fungi,

morphology, phylogenetic information.

Contribution No. 411 of the Tottori Mycological Institute.
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Isolation of 6-hydroxy-L-tryptophan from the
fruiting body of Lyophyllum decastes for use
as a tyrosinase inhibitor

Atsushi Ishihara, Naomi Sugai, Tomohiro Bito, Naoki
Ube, Kotomi Ueno,Yasuhito Okuda and Emi
Fukushima-Sakuno

Bioscience, Biotechnology, and Biochemistry. 83 (10):
1800-1806. 2018.

St

Tyrosinase is the key enzyme that controls melanin
formation. We found that a hot water extract of the
lyophilized fruiting body of the fungus Lyophyllum
decastes inhibited tyrosinase from Agaricus bisporus.
The extract was fractionated by ODS column
chromatography, and an active compound was
obtained by purification through successive preparative
HPLC using an ODS and a HILIC column. Using
spectroscopic data, the compound was identified to be
an uncommon amino acid, 6-hydroxytryptophan.
6-Hydroxy-i -tryptophan and 6-hydroxy-p-tryptophan
were prepared through a Fenton reaction from
L-tryptophan and p-tryptophan, respectively. The active
compound was determined to be 6-hydroxy-r-
tryptophan by comparison of their circular dichroism
spectra and retention time on HPLC analysis of the
N@-(5-fluoro-2,4-dinitrophenyl)--leuciamide
derivative with those of 6-hydroxy-i-tryptophan and
6-hydroxy-p-tryptophan. A Lineweaver—Burk plot of
the enzyme reaction in the presence of 6-hydroxy-i-
tryptophan indicated that this compound was a
competitive inhibitor. The ICs values of 6-hydroxy--

tryptophan was 0.23 mM.

Key Words: mushroom, tyrosinase, inhibitor,
Lyophyllum decastes, 6-hydroxy-L-tryptophan.

Antifungal activity of the volatile compound
isovelleral produced by ectomycorrhizal
Russula fungi against plant-pathogenic fungi
Kumiko Osaki-Oka, Sayaka Suyama, Emi Sakuno,
Shuji Ushijima, Eiji Nagasawa, Nitaro Maekawa, and
Atsushi Ishihara

Journal of General Plant Pathology. 2019. DOI: https://
doi.org/10.1007/s10327-019-00872-8

Fruiting bodies of ectomycorrhizal fungi were

collected from different areas of Tottori Prefecture,



Japan, during 2011-2015, and 18 species were
identified by morphological characteristics and
molecular analysis. Volatile compounds were extracted
with acetone from fruiting bodies, and after
concentration, the aqueous residue was extracted
with n-hexane. The antifungal activities of the volatile
extracts were assayed by inhibition of conidial
germination of a phytopathogenic fungus, Alternaria
brassicicola; the volatiles from Russula aff.
anthracina, R. chloroides and R. senecis completely
inhibited conidial at 1 ppm (w/v), the maximum
concentration diffused as vapor. In addition, volatile
compounds from R. aff. anthracina had remarkable
antifungal activity against seven phytopathogenic
fungi when tested at vapor concentrations of 0.2 ppm

(w/v). The conidia of A. brassicicola did not germinate

S2

even after the removal of the volatile compounds,
indicating that the active compound had fungicidal
activity. The volatile compounds were isolated from
the extracts of R. aff. anthracina, and isovelleral was
identified as the major antifungal compound.
Isovelleral was also detected in the extracts of R.
chloroides and R. senecis and had significant
antifungal activity against conidial germination of 4.
brassicicola at a vapor concentration as low as 0.05
ppm (w/v). This is the first report that isovelleral, the
volatile compound produced by Russula spp., has
antifungal activity against phytopathogenic fungi.

Key words:antifungal activity, isovelleral, Alternaria

brassicicola, Russula spp., volatile compound.



