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Influence of growing and storage conditions of Lentinula edodes fruiting
bodies on the content of some functional components”*

Emi Sakuno, Akiko TasucHi, Kazuhisa TERAsHIMA, Asa MaepA, and Keisuke Tokimoto™

Abstract

Ergothioneine, guanosine monophosphate (GMP), and eritadenine are important
components of shiitake (Lentinula edodes) in terms of the taste or health benefits. The
influence of humidity and temperature on the content of the three compounds was
investigated. Fruiting was induced by soaking the bed logs (Quercus serrata) in water for
approximately 16 hours. The content of those compounds in fruiting bodies were more
abundant in the third flush than in the second flush. The ergothioneine content of fruiting
bodies showed no significant variation with changes in the temperature and humidity, but
decreased with increasing duration of the preservation period at 5C was observed. High
humidity conditions resulted in a much higher GMP content than low humidity conditions.
However, the GMP content decreased with increasing duration of the storage period at 5C
and with increasing storage temperature. Under the temperature range from 10°C to 30°C,
higher temperature generally led to greater eritadenine content. Particularly at 30°C,
although fruiting bodies barely developed, they produced more eritadenine, significantly
higher than those of any other temperature.

Key words: ergothioneine, eritadenine, guanosine monphosphate (GMP), shiitake.
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T, TIVIFFRAL Y, FT7=VER, )5 T7=
vEaEmwlE LKL (Fig. 2). TV IF 4%
A2, FTZVEE, )7y 7= 2TORGICE
W, 2EESEES YTV ED D 3EBEREEY S
TVDOHEPEEIIEGER THo7/2. I, 3D
DEFTIEVITN O EFEFILEMTH L. 2157
DJFEARFEE 2B W TETE OMHNTO BRER T
SERTIFIIELZADER VY, AUTLD
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Fig. 2. The amount of ergothioneine, GMP, and
eritadenine in the fruiting bodies obtained from 2™ or
3" flush.
average * standard error
The asterisk ** indicates the statistically difference at
the 1% level.



A Y FEIROBREIER S AT

THETEIWER IRV OEGEAEEETHERK L g
SV OGEEY T L E THROFTIZER,
o )T AD3TEENIEZEARATRELRT L,
TFAEOIE % HIRS 2 ZHTH 5 EEED mW»
NG D (AR, 2010). SSAMEAHE 2 5
BEETEAROBEREENWAS LEZONDD, T
UK L CTHEFILAMTH 5 3 a0 TEEE
X2 EEFREY VLY S 3MEBESRLEY S
NVOFHBENE W) FERE o7z F—I132AKD
EI2 DT FEHRDOINTFH A E20ETT
SVBREEOFEEE L TY, 18KETH
Z7ZRIZOWT2RBEFEEY TV LD S 3MHE
A TN R DERED ST (FT—FRA
F)., By ELIEICLY, EFEAT0EE
ERIFEILSFATELLNICRLZELEZON
L0, IZPEAREHOR S RCBEESR S &I
WEL-ZEbEZONDL. ZOERZEWATS
720121E, LV EE M S TH B8, T
UL CO R CIFZERHREDFHEMETH > TH I
AR £ 723 SRR O R B L DTS E R
LRELSBALT B 2 LAURIBE N2,

2. £EEEERDEE
WMT-FEEDS OEFEEL, ERESE (BE
99%) DN MRS QBFE 59 ~63%) L1

LOMER - 2. FRFNOERETHEEIZD
W, TVIFF AR Ay, Y7oV, )55
—vEEallE L (Fig.3). TAVIFF A~
RS THET L2 T X ) @i st©
B LT EEROINERLL EA S N7
», AEEIROSNR»ro7 (Fig. 3-A). 77T
ZOVERIKIREE SR CAETE Lo TER X 0 EilE
S CHEB L TERO T PEEICEEDEH -
72 (Fig. 3-B). T ¥ F= 2OV TIZEFIRE
LB EROEITED SN o 72 (Fig. 3-C).

3. £EBRELHDESE

ARWFFEIC V72 702 51%, 10, 20, 30C T
X, 20C THRDL TEEROABTNEL, BAKH?S
7~8 HZIZ S EEDOAE L 7r 572, 10C T8
SREE DA e o 7o DIXRKE 25 10 ~ 14 H
HBThotz 30C—ELMTIEFEMBRIIYFFESE
DIRFEDP ST L A LEFT T, KW ER IR
EX N/ BAKHD?S 11 HEIZ30CH > 7T
ERIR SN TV RWE O Z I L 54T v
72,20, 25, 20-30C AT, 20C & 25C Tl
EHREIITE A ST R o72. 20-30C LR
M Tid 20, 25T SMbIcEND &1 ~2 HARRE
HEE DD o 7o FEBIIPIER T CICHZR S,
INIFFAA Y, FTZVEE, L)y F=rE

A B c
05 - 3 2 -
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0.4 25 5
203 2 2 2
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0.1 - 05 - 05 1
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Fig. 3. The amount of 3 kinds of components in the fruiting bodies growing in the high humidity condition
(HH) or low humidity condition (LH). A: Ergothioneine, B: GMP, C: Eritadenine.

average * standard error

The asterisk ** indicates the statistically difference at the 1% level.



TEEF 2 & - GRS - SR RAIAF - T -

BEMWELL (Fig. 4). TLVIFF A VIZREL
WCHEEFY Y7 VThe Az iro720 0
GEE2mHE) X, 10 HiciBEzir-o7200 (38
A3 EH) OFPFHMETH S BEEEN L o7z
(Fig. 4-A). IR O S E R & By &/
ABRIZBWCEEA 3 M HY Y TV S )35sA: 2 M)
HY > 7LD QG EENE Do 7280 ) R
L

2B HEEEY TN E 3EIESEAEY VT IVOLR
WWEHEEEDPRO S NH, 3 EREREBETO
20, 25, 20-30CHEXENENL LML N~
TIVORICITAERZIIED NG o7z, 21 H
SRR T, TERENPTZEALEF Lo/
30C—EBSMOH » IV TIRINVITFF 44 V1
M En$, 10, 20, 30C L AEFRENEL 5
B ERMPD T e AR SNz, 10T L
20CH v TIVOMICEREAEITFRD SN h o7z,
T ZVEELFEEFIEIEALEFT Loz
30C — B4ty IV TRME SN r o 72
(Fig. 4-B). 3 HZAERBTO 20, 25, 20-30C
BIREMTIE, 20CH > T VDA 25CTH 7
NVEDLEZICEGEDV S o1

LY ¥ FZ o nTIE, 30C—ELot v
TN THMOTRTORERDODD LY S FEIE
wA% o7z (Fig. 4-C). L2 L, 30C—E5M
TEHTFEEPITZEALEET L W2 DERANTIE

1 S 3

October

June June

HEA SRS

TV, L) ¥ T VIIAFRE SRV E SR
W27 b v hd 5 (B - ki, 2003). 3
M H 745 BT o 20, 25, 20-30C 2R E LM
T, 2030CEREHTRIEGENSZ LD
20CH v TNV EITFEEEDRO LN, ZOMER
MOEARZEIZBNTH EFREN SV AT ¥
TV EENE L R AHEAEFEO SN L L,
[FIRE L AT (ol 20 IR BE 2 S/ LB L 4DV E
B EFIIEL Ro T

4. RIEEARERDEEDREF

TIAEIESL T CICBfFizRE L 72b o, 50T
TUMMEZELZbD, BXUS5CTI~T7H
MR L7205 50C T 24 BEEEZIR L 72 b DD
W, TNENDINTFF 3 A ¥, 77 =V,
BIozy s r=rageallE Lz (Fig 5). =
WIFF A 2O TIE, UER T CICERE S
H72bDLENB5CTIHECZLDOHFNEE
IZERDE L I T2 il & 7 - 72 (Fig.
5-A). BRETILSCOEHENTH > THHFEL IS
SRV L, THRIZIZLHEBEOY Y FILof
L ETEA L.

T ZIVEES TV IF A R A RIS
B2 b w4 ICEEDEAT A EMDSH S
7z (Fig. 5-B). 7 HREFY > TNVD 77 = VikE
X1 HIREY > 7o 6 EIfEETH - 72,

mg/g. D.W.
O=_2NWhrhoIONO©

October October

June

Fig. 4. The amount of 3 kinds of components in the fruiting bodies growing in the various temperature

conditions. A: Ergothioneine, B: GMP, C: Eritadenine.
average * standard error

The asterisks™ and™" indicate the statistically difference at the 5% and 1% level, respectively.
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Fig. 6. The amount of 3 kinds of components in the fruiting bodies which varies in the storage temperature. A:

Ergothioneine, B: GMP, C: Eritadenine.
average * standard error
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indicate the statistically difference at the 5% and 1% level, respectively.
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IVCTIHEWZDDODDEFBEHEEDN S D572
(Fig. 6-A). —7J5, 15, 20, 25T T 24 BRI L
72bDTE, 5, I0CTRELZDDICH~EE
BL B EEAR SN, 10CHREY > Tk
20CHRAEY ~ 7V OB IEHEEAED D b7z,
L2L, 30C TR LA DiE, 10CTHRFL -
LOLFEREOIVIFF A, VERTH722
EhS, FREEILVIFF AL L EROBG
BEMETHLEEZOND. MBHFEIZOWT L[
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12OV, ZOREHCIIMEFREICL Y %
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BEICL AT % Fo U EEOEILIZOWTIL,
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ADR EOBFPUETH 5.
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Comparative analyses of anatomical, physical, and chemical properties of dried
shiitake mushrooms (Lentinula edodes) cultivated on logs and sawdust media*

Keisuke Tokimoto, Akiko TaBucHi, Emi Sakuno, and Hiroshi KosHirani**

Abstract

Most of the dried mushrooms of shiitake (Lentinula edodes) produced in Japan consist
of fruiting bodies cultivated on logs, while the greater part of Chinese shiitake fruiting
bodies are cultured in sawdust-medium. In this study, we investigated the anatomical,
physical, and chemical properties of dried shiitake from 2 different methods of cultivation
(log cultivation and sawdust-medium cultivation) and from 2 countries (Japan and China).
In anatomical analysis, more than 50% of log-cultured shiitake had a sclerenchyma tissue, a
component of the inner bark of logs, at the stipe base, but this tissue was not observed in
sawdust-medium cultured shiitake. The increase rate of cap thickness after soaking a dried
fruiting body in water was larger in log-cultured shiitake as compared to sawdust-medium
cultured shiitake. In remoistened fruiting bodies, the energy necessary to pierce the cap flesh
with a needle tended to be larger in sawdust-medium cultured shiitake than in log-cultured
shiitake. ICP-AES analyses, using 0.15 g of the dried cap tissue, revealed that sawdust-
medium cultured shiitake had much more Cu, K, P, and Zn content in comparison with log-
cultured shiitake. The difference in element contents between log-cultured shiitake and
sawdust-medium cultured shiitake appeared to depend on the quantity of the elements in the
logs or sawdust-media, and on their own transition rate from substrates to fruiting bodies.
Based on the results, a method was proposed to distinguish the 2 types of dried shiitake (log
cultivation and sawdust-medium cultivation) , with an accuracy of more than 99%.

Key words: cultivation method, discriminant analysis, fruiting body, geographic origin,
ICP-AES, minor element.

R IEATI SRR, 5399 5, (B DRSO vy — - WEESERT, T 689-1125 BEHETR 211
Contribution No. 399 of the Tottori Mycological Institute, 211 Kokoge, Tottori 689-1125, Japan.
*EERE 21 4F 11 A 6 Hifi%. Passed away on 6 November 2009

12



JEARD X CHIRIEET R > A 5 o DB

L

(]

VAR, AECHREINDLE YA 5 idi3Ee
THEARFER M TH L0, FEIOMESEZIZL S &,
WETEESNDIE S A 57D 97 ~ 98% I WK
M ThHLESONTWE, EAENCEA S
T B HRERERE S A ¥ 7 OJEARIRRE G & WIRERE
ih & DIFRIZOWTIIHED 2 BRI 0 WA, HiE
WZBU B A 77 EEOBURD & A CH R R
A% B 5O D OILEE D . B,
[EE Oy A= AZENT, ETHAEEMEEZEZS
s (BREFFT 2015).

AT A 5 O—HAHARRE & L CAEGE
ENDHZEOFMEREEIIAHTH S D5, 2000
FE M2 2,000 ~ 3,000 b > OB A S E EE
ELTHFEENTW S EAHEE S, ZOfHE
DR E S EFFOBLUITEHIN TS (FEif
2000). HEEEZBET L LIXEBEEOBEY

T B 7207 T , BAEOWIEHiE 2 AL T
HRED, WAy oERLREFE T
HDH10, FTOEENENSNIUIIIDO N4 D
ISR A IR AL, IWHOTREICL BN L. &
HZHIZ 15 FEU LDz T A ¥ 7 DIEFERE
HIREORE R D TETBY (FA S 2000,
AR 2002, FAH 5 2003, BEA 2005, A 2011
#BAS 2015), B (2001) RMAES (2006) b
FBEDORSEIZE 21T > T\WAh, ZOFEE, FEiEHE
BT BRI RE (R L7, Aric s
LHNREEEZNSLCTHIEPLET L Wi Y
FEUEOSMA D B

KIETIE, WL <R L TwaEEZ v
T, fEEEOH RIS e Am o v TV THA
BB & BIRERES e 2 S B P AR L
7o F 70, RFECHEERZH T MWD N
THERE L 72

Table 1. Origin of shiitake samples used in this study

Produced on logs

China Number Japan Number
Anhui prov. Z4 42 Ohita pref. K%y 44
Shaanxi prov. B4 36 Ehime pref. %5 30
Henan prov. {iFd%& 26 Miyazaki pref. & I&F 28
Jiangxi prov. {LV§%4 24 Iwate pref. AT 28
Fujian prov. f@d4 20 Shizuoka pref. #fi] 26
Hubei prov. b4 12 Ishikawa pref. f1)I| 18
Unknown 40 Kumamoto pref. fEA 14
Total 200 Others 22
Total 210
Produced on sawdust based media
China Japan
Fujian prov. f@dt4 58 Iwate pref. =F 10
Zhejiang prov. #riT4 52 Mie pref. =& 10
Henan prov. {AlF%4 32 Hyogo pref. Itfi 8
Unknown 68 Tottori pref. FHL 4
Total 210 Hokkaido ALiffiiE 2
Unknown 8
Total 42
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AR RIE -
MEERIE

(1) BIARTYTILDOIRE
HABEDEAREI > A 7 r 3EEE 6 %
WAL, HAREORKRER MmIZIZEAEDPEY
A7 L THmENTWAED, FHTHEAL
72tET A % 40~ 50C CREREZIE L CHEEN L 72,
HEREICB VT, R T HAROAES
EOMANOB I 5 TIEL, MEtE Lz F72,
WRIERT dh O —E0 T HARENO/NFEE THEA L 72
bOL MW WEA TR LD, BEEDs
MaElmE Lz7z0, 48570 2 k%A TE
neEnzhr s 7k LCifko7z (Table1).
(2) BAMEREAE
WO IEE D e | FRPE O IEBERRR (R 2
LLYd<) PNEIN TV DL IEG) & SRR
i N CHeE L7z KR (1991) I3 FFEAROTE S
FAFEMICEIZ L, 1372k (BR) 2»038E L7
FEEROFEIRIIZAZ L L UV FIPNLENL S
EEBEL TS, AT ERICBW TR
HIZAZ L L RV 3FEAL TR EEZ LN,
ZNDHER S NATFEARFEE i Th 2 LT 2
ZENTES (Fig 1). B, WREEHL B
% F O 7R OFRETL A SRS L 72 JFARR
FAZ B O TN OZES ORI BA DN 75
LTWwWbZedhsb (AR 2005).

Fig. 1. Inner bark tissue showing sclerenchyma
(arrows) attached to the stipe base of a dried shiitake.

HERT - E5F 2 & - B4

14

it
(3) MMRE

WA rOFFEEREMOMITIRE L mE LT
FRRICYI L, OAFI IR & 45f% & o o4
JE&HE L7z, DT 5T OKIZS BRI TR
KEH, ZEBLUVEROMINIELZ RO S5
(PRI E SR EZ1 (BEERUERT) % v Cllv
HROBE (£ 02mm) % WKMLEL L 72420 v
SIS E#E S, FRUIETLIIALFE—%
g L7z (Fig. 2).

(4) A1 BTOFE

RERILE L FOIE D S LT HEEE DT
FHREYET A0, aFSERICVA 5 i
B O(WAE R 697 5) AL, MNT 1R
EEARER L. S0 KR%E 16 BRIE K QLI
L, 20CETEDZ &5, WEIE B L
T FEEREZRIL, 50C CHRMEEELZ. —F
BAMBLET OIE 2R S DM O—EEE ) H L
THEMEEL &EDITTRITIHE L 72,

t el o s
Fig. 2. Needle insertion test with EZ-Test.
The energy necessary to penetrate a remoistened
shiitake cap with a needle (0.2mm in diameter) was
determined.
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(5) TTHREEDM
ATy IV ERE T Ty LT
DOELEOFEHKTHRE L. DT, ¥ EgE
FHWINIERAE AT L AR 3 ) CHIT
L, PPEEICANTHIRTIHERILL 72, 1372KD
BMEENCOWTIZT 70 v SR A 55 78
4% (HEIKO T1-100) % VT RIL L 72
75 Tml O 7 7 U~ PFA B IC R L 28K
Y7V 0.15g, HEAEEE 3ml, HEER 0.3ml, EMEHERE
0.3ml, 7 vALKFEEE 0.15ml # A, EFL VY
WA/ (1992) OFEIZHE U CTIE N2
L7z Ry T L — M ETHEEEIE/-0L,
Ve o 2 % 15g O 0.1M BT FER 12 A E L,
TEEAHIME L7z, ATEiE & L Tl LimL <
AT LT\ b ICP-AES (B35 1Y2000-2S) % v
7o, RFFEIC L2 E2MoOBEIME GRnmE:)
290% UL ETHY, FHLRXVEEZ LN
(Table 2).

(6) HrEtoth
HEEBED L OHBSHTIZIE T 7 VR
2012 (FE&IEHr—EA) & Hw,

BREER

(1) RILL>FTOHER

H ARG & ] RE O TR AR B i & TR E B o, 2
NZEN2HTOORER LKL Table 3 1I/RF.
OEIRO I % FRBEMGETBIR L2 25, |
K DD 50 ~ 70% DK TRIEEMIZAZ L L
YXIHRRO O NI, RIRFRE I3 A R
TELDo72. Lo T, SEREEMA IZEAR
Fodh & WRHER ah & OHINCHERTH D 2 & & i
AL

(2) YRR

VA Y r ORI 2KELLCE S, WK
(2 & 2% BRI ISR o ] A PROR % i L
ARF A LD &, HAREF AR ah 1o E TR

Table 2. Operating conditions of ICP-AES for the analysis of shiitake samples

Content determination (mean and SE of five

Element  Wave  Detection L Recovery
repetitions)
length  Timit  Withoutadditive O™ With additive  rate (%)
added
(nm) (mg/kg) (mg/kg)
Al 396.152 1.0 54.79+3.07 50 104.54+4.05 99.5
Ba 455.403 0.02 0.793+0.037 1 1.761+0.034 96.9
Ca 393.366 1 110.19+1.40 50 160.54+1.56 100.7
Cd 226.502 0.2 2.15+0.05 3.07+0.04 91.8
Cu 324.754 0.2 5.57+0.33 2 7.23+0.38 82.8
Fe 238.204 0.3 43.39+6.91 20 63.34+1.94 99.8
K 766.490 9 15.08+0.13 3 18.01+0.15 97.9
Mg 279.553 0.1 0.737+0.011 0.2 0.931+0.008 97.3
Mn 257.610 0.05 10.34+0.18 10 19.92+0.11 95.8
Na 588.995 8 177.40+1.47 500 651.95+2.18 94.9
P 213.618 6 2.44+0.02 0.5 3.01+0.04 112.6
Sr 407.771 0.02 0.503+0.016 1 1.434+0.015 93.1
Ti 334.941 0.08 2.93+0.18 2 4.74+0.33 90.5
Zn 213.856 0.2 18.68+3.50 20 36.98+4.37 91.5
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Table 3. Detection of sclerenchyma at the stipe base of dried shiitake samples under a binocular microscope

Sclerenchyma

Number of

Detection rate (%)

Samples not
detected

samples observed Samples detected

Origin

Cultivation method

53.6

15 13

28

Ohita pref., Japan

Log

72.2

10

26

Ehime pref.,
36

Japan

Log
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0.0

33
36

33
36

Iwate pref., Japan

Sawdust

0.0

Mie pref., Japan

Sawdust

0.0

42

42

Fujian prov.,

China

Sawdust

16

0.0

44

44

Zhejiang prov.,

China

Sawdust

VRS 2 A - A

i

HEALE D b N EN 1% KEET
HEIZKE -7z (Fig.3). F72,
WK & % AEIE OB NER 13 R AH
B WIREE & ) b FEICK
EWZ EEBD (Fig 4). Wk
BORWAIEEEIFAT L L &
CESTLZIZANNF— (JEX lmm
W70 ) A E E R RS Y
KT, E*%%mﬂifi¢lﬁ
DFPHRELY EREH o7
(Fig. 5). RS i 23 A 3
mE ) BHEEFAICKE T AL
F—2HWTH-HE LT, WK
B i D WKIZ & B AR RN
BAPRNINWZ EPPBRLTVWD L
EZHND.

(3) BEEEOTHRMEREEED
548 (FFEEK) NOtHk
2R ES
JEAR & R IRES H OB EHZ DN T

TCHRE®E TN L7z, HIREHIC

Mz %2 EDnLVRkahe 7 A~

13255 (Quercus serrata Thunb.),

7 2 F (Q. acutissima Carruth) 73

EDJEARR 7 F (Fagus crenata

Blume) B2 & 0 3 K, Zn A5 10

BELLE, PId 100 f5HTA% < & A

TWw/z, —F, Bad X)) IZHEAK

DML CERT HILHEDL A

57z (Table 4).

BB b FEENOTED
BATH (FIEEORE / LEOR
FE) K7L A (Table 5),
ZOMITK P TR E L, KIZ
Al, Cu, Fe, Mg, Ti, Zn %1 &
DREL, EHLIY DO FEEDOT
WEIEETH 7. LBICHRS
(1982), MAA - BEA (1987) B &
CRAS (1990) 133145 7ol
IR & FHARE DICHA & HLig
GHTL, KR PIZIFZANSTE
BEANOBRITEIEHNZ L, 20
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8 -
87 OMean
£6 -Mean+SD
w
g6 - Mean+SE
4 4
g, - Mean-SE
=g
TE" 2 - - Mean-SD
)
B
0 T T T ,
China, China, Japan, Japan,
Sawdust Log Sawdust Log

Fig. 3. Weight increase after soaking a
dried shiitake fruiting body in water. The ratio of
after soaking to before soaking was shown. China
sawdu)st>Chir1a log; Japan log> China log (significant
at 1%).

25 -
2 OMean

2 =Mean+SD
g 15 - - Mean+SE
3 - Mean-SE
B o1
5 =Mean-SD

0.5 -

China, China, Japan, Japan,
Sawdust Log Sawdust Log

Fig. 4. Increase rate of cap thickness after
soaking a dried shiitake fruiting body in water.
The rate of after soakinig to before soaking was
determined. China log>China sawdust, Japan sawdust;
Japan>10g>China sawdust, Japan sawdust (significant
at 1%).

0.4

o
o
.

China, ' China, ' Janan, ' Japan, ‘
Sawdust Log Sawdust Log

_ 14 4

é 12 - UMean

E 1 -Mean+SD
g 0.8 - Mean+SE
g 0.6 - - Mean-SE
S -Mean-SD
B

3

<1

o

:

&

Fig. 5. The energy necessary to pierce a
remoistened cap of dried shiitake with a needle. Total
energy per cap thickness (mm) was shown. China
sawdust>China log, Japan sawdust, Japan log; China
log>Japan log (significant at 1%).
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Table 4. Content of several elements in logs and sawdust medium materials used in shiitake cultivation

Mean of several samples (mg/kg) in dry base

Cd

Ti Zn

Sr
1,788 41.70 0.69

Mn Na
4,723 2,258.0

Fe Mg

Ba Ca Cu
3,650

1,440.0

Al

6.90
2.42
1.58
2.00
2.00
5.10
67.50
62.00

69.2

2,601

18.6

0.290
0.190
0.090
0.035

2.72
1.85
1.21
1.00
0.50
1.50

6.70
11.30 0.185

32.3

Quercus serrata, inner bark

88 3.20 1.89

110
110

1,360 43.4 56.7

1,323
1,004
1,365
1,190
2,900

26,350

10
21.5

608
1,341

217.0

38.8

Quercus serrata, sapwood

8.53 0.32
3.98

24.4
743.0
516.0

33.6

351
2,120

4.2
155.0
155.0

14.8
768.0

Quercus acutissima, sapwood

1.80

24.5

24

591
422
4,480

Quercus liaotungensis, sapwood

3.64 0.40

6.63

88
188
29,860

12.2
115.0
168.0
148.0

1,490

10
184
164
144

0.015

67.5
191.0
130.0

Quercus mongolica, sapwood

9.40

71.0
115.0
624.0

534
13,400

0.085

51.0

Fagus crenata, sawdust

2.56 2.70

8.54

0.075

729
1,000

7.0
183.0

Rice bran

1.90

9,599

5,340

15,403

67.2

Wheat bran
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Table 6. Statistical analyses on the element contentsa of the cap tissue of dried shiitake

Log shiitake Sawdust shiitake
Element Japan China Japan China
Al 24 £1.6 59.1 £5.0 25.3 £6.1 53 £5.9
Ba 0.68 +0.06 1.35 +0.1 0.35 £0.06 0.8 +0.09
Ca 86.8 +£3.5 173.8 +8.3 75.4 £10.0 99 +6.4
Cd 0.7 £0.1 1.1 +0.1 0.5 £0.1 0.9 £0.1
Cu 4.2 £0.2 5.2 £0.2 6.5 £0.4 6.8 £0.2
Fe 20.3 0.9 42.6 £2.6 28.3 £3.2 34 £1.9
K 16200 +233 14000 +198 22900 +1016 19500 +253
Mg 923 +16.6 1133 £18.0 1124 +43.9 1005 £13.3
Mn 13.4 +0.4 15.9 0.9 15.5 0.8 13.8 0.5
Na 102 +13.0 49.1 £2.6 100.6 +8.4 56.2 £1.9
P 2331 +52 2125 +45 6730 +245 5310 +66
Sr 0.41 +0.03 0.6 +0.03 0.38 +£0.09 0.34 £0.02
Ti 1.47 £0.12 3.5 +0.31 0.83 +£0.29 2.56 +£0.28
Zn 23.1 £1.18 20.6 £0.58 65.9 £3.52 55 +0.97

Comparison on Fisher's LSD

Element JPN log:CN sawdt JPNlog:CNlog CN log:CN sawdt JPN sawdt:CN sawdt

Al <%H <~k~k <%H
Ba <%F <*~k <*
Ca <*% Skk

cd <

Cu <%k <ER% <%k

Fe <~k~k <%F Sk

K <*H >%k <*H Sk
Mg <*R <*xE >kk >Skk
Mn <ER >%

Na Sk >~k* >*
P <*H >% <*H Sk
Sr <*xH >Skk

Tl <ER% S <%k
Zn <*HR <*R Skk

a

mg/kg in dry base.
Sample numbers: CN log 200, CN sawdust 210, JPN log 210, JPN sawdust 42
*% % Significant at 1% and 5%, respectively.
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Table 7. Discriminant analyses of dried shiitake samples

i

Combination

Facters used for analyses

Hitting ratio (%)

Total log : Total sawdust

Japan log : China sawdust

Japan log : Japan sawdust
China log : Japan sawdust
China log : China sawdust

Japan log : China log

Ca, Cd, Cu, Fe, K, Mg, Na, P, 99.7
Sr, Ti, Zn, Cap enlargement, Energy/mm

Al, Ca, Cu, K, Mn, Na, P, Sr, Zn, 99.8
Cap enlargement

Al, Cd, Cu, K, Mg, Na, P, Zn, Weight increase 100
Al, Cd, Cu, Mg, P, Ti, Zn 100
Ba, Cd, Cu, Mg, P, Zn, Cap enlargement 99.3
Al, Ca, Cd, Cu, Fe, K, Mg, Mn, Na, Sr, 95.4
Weight increase, Cap enlargement

Al, Ba, Ca, Cu, Na, P, Zn, Cap enlargement, 88.8

Japan sawdust : China sawdust

Energy/mm

MERE LTINS TTERENIELZRIIRZ LG W L
G L CWE S, SROMREIEENE/FE L7
W2, Ba, Ca, Mn, Na, SridZ&E X1 T4
REO I, TERISEIT LN L2 IHS
Mmool F72, Al Ba, Fe, Ti, & ERIA®
FHELY D ERETH 72, DL IKTLHE
XENENFEFEOBTELFOZ LS, THEK
DICHIE L THFHEC FRE I B OTRIZE L 72 0 15
LEEZLND.

() A BRTTREEOEER, HIBHEROLE
H A RE R AR i & LR RGBS df & o JEg
TlE, KRG OTLETHEEO FPEEI S E=
THY, HEREDHFDPL VWOILK, Na, P7EIFT
Holz. HREFEAEPEREREKE T, HARE
FEARDFPEEIZEREDNL VDIENa 7T TH Y,
Cu, Fe, K, Mg, P, ZnZH EENZ » - 7.
AEREENC B 697, FEARIRE G & D b WIRFRE
X Cu, K, P, Zn %% < & AT/ (Table 6).
COHBE LT, HARLHEEOIIERSG O
WS A BN B EARSLE R R ot R
GEEYIEAT AL, WRHR CIIEARHRDO S
H3E OMNZTE 2 0 3B 2545 R i 2 S 2= A3 H
WHENLZENEZLND.

20

# China, SD
O China, Log

Japan, Log

-6
Functionl

Fig. 6. Scattering graph in three shiitake groups
after a discriminant analysis. SD: sawdust medium
cultivation, Log: log cultivation

(5) RIS

WA L TCE O T — & # T, A
20 (HARRE, WERE), k28 (RARR
Bedh, BRERERG) 0070 T 2 B R B4
Wr&47 o7z (Table 7). ZOAER, FARFKE: &

WIRERE & OHFIFE I L oM AR DE T
99% Dl LD R Z IR L7z, HAREL fEE®
B FEARE W E WK M E OHFTY
99.7% OWHEETH V), BEMEEFHLT SO
99.9% 2] L35, L7z25o T, LA < K
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L T\ 5 ICP-AES & Witt B &k N TA %
HAEDE B I & THRARIE W & WIRFE W & & F
FR LB CEREHR TCELZ ENHEL P E >
7z.

HAREANCHLM L CTWAEEY A % 7 i3 EER
PRAREE i, H ARRE JEORSRES i 3 & OV [ SRR
BEMPFEARTH L (FREFIT 2015). b 3HD
oA & 4 & R IH BT L 7250 4i [ % Fig. 6
WZRTDS, EHL O BIRERE LKW TE 5.
B, RFFEICE D HREFEAES & P ERER
RAREE & OH B HERIL 954% TH Y, HE
FE & HARFE O R IRAKE: ih [ 42T ld 88.8% T TIK
T35 (Table 7). U5 HlAEHEOHBIKE
ZELIZHET B 720121388 HE L CWAET
FRWGCEORMAKLEINZ S 2 & THRILT X,
H AR & ] O JE AR B i A L O 1 HP R 99%
Dllic%e 52 L 2R L T 5 (AR 2013,
A5 2013).

i =

FAETHRENTWBE Y 4 Z 7128\,
HAE LI T4 THEARREE M TH 2205, PEET
ZLDHREREMmEEZ NS, T 2 TIEFEARR
R & BURBEE & 2B oY v TV CHIBIT 5
FHEAPRL, FOMMAEEZR L2 FAREE W
1 50% UL EDOT-ERIZBWT, WOETOIHE
IS OERERRE (A2 L L vy F~) 2NE
LCAIERBIE L. T2, FAREEMIIKRE
LIRE O AERE O HEINE AR IRF R fh & D b K& W
Zk, RLVAY ISR EEE S & X2
T D T A F —HRIRFE & D b/ S E[A]
Wbl xRl ZEROKE0.15g %
T ICP-AES TIOHFEAME T 2179 &, FA
BEL LD DWRHEEMIE Cu, K, P, Zn% %
CEATW, COBEE LT, FARERR LW
PRAkE: & TR BN ORI R AR L 2k
&, BIUFEIIHEELED S VA ¥ 7 FEEADE
FEOBATHEZ LD ENEZ LN BN
B SHBIGHEAT ) &, JBRIEE T & W RS
i &3 99.9% OB ERTHB T 5 Z L3 TE
7z.
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Hypomyces pseudocorticiicola \C X327 ZT5x7 27
fmEm (FFR) ([CDWT

PR - R - Hilgke ™" - B — N LE®

Cottony leak on cultivated Auricularia nigricans caused by Hypomyces
pseudocorticiicola®

Yasuhito Okupa, Eiji Nacasawa, Toshiyuki Tokiwa™* , Koichi Hase and
Shigeyuki Murakami

Abstract

A wood ear mushroom, Auricularia nigricans (syn. Auricularia polytricha) is well
known as a good edible species in Japan. However, 97% of the Auricularia mushrooms
consumed in Japan are imported. Japanese food-service industries are beginning to use
domestically produced wood ear mushrooms in an attempt to reduce the risk related to food
safety of the imported mushrooms. Thus, the production of A. nigricans in Japan appears to
be increasing gradually. Recently a hitherto-unknown mold disease attacking the fruiting
bodies of the species has become a problem in its cultivation in Japan. The diseased
Auricularia fruiting bodies are covered by a white, cottony mycelium bearing conidia at first
both on the inner hymenial and outer hair-bearing sterile surfaces. Later, numerous orange
to reddish-orange colored, pyriform perithecia half-buried in a thin, whitish subiculum are
produced on the hymenial surface of the diseased mushroom. The causal fungus of the
disease is identified here as an ascomycete Hypomyces pseudocorticiicola, based on
morphological observations of the fungus found on the diseased fruiting bodies and that
isolated and cultured on a malt extract medium, and by inoculation experiments. We
propose that this new disease caused by H. pseudocorticiicola be called a cottony leak
disease. A method of disease control is also briefly discussed.

Key words: ascomycetes, fungus disease, fungicolous fungi, mushroom cultivation.

“HEF R AT TR, 4400 5, (—H) AAREOZ LYy — - BEIEN, T 689-1125 BT IR 211.
Contribution No. 400 of the Tottori Mycological Institute, 211 Kokoge, Tottori 689-1125, Japan.
RS AR R VY —, T 188-0012 HETHRVE HLEUTI RS 3-9-6. Environmental Hygiene Inspection Center Co., Ltd.
3-9-6 Minamicho, Nishitokyo, Tokyo 188-0012, Japan.
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Jil[]

7 9 7% 27 F 7 [Auricularia nigricans (Fr.)
Birkebak, Looney & Sanchez-Garcia; A. polytricha
(Mont.) Sacc.]lE ¥ 2 J 7 (A. auricula-judae (Bull.)
Quél) LIIZF 7 I B OBH LM SO
THAH7, BUE, HAENTHBEINA TSI
5F 7 T O 97% I FITHE D S O A
Thb. FOKRE 5B EREA GO
HiZhh, ZoREMzEmARICHIN, ENTO
X7 I EOEREIIBD TY R (H AR A
PRI 2011). JEAF, T A EObF O jE 1A R0 TR
B CORESSEE 2, ARERCIVEESE
TREROEIINT 2% 4 - LONOHIRFIZIS 2
B 72O\ EM RS S B SRR B &
HERE > T2, KBS EAICHEH > TWbF
I TFIIBWTHZoRUIH Y, EWNIZBT
B A IR A IO MEINI S 5.

ARBHE EOZOREIZOVTEHINETILS
COMEDNDY, RELFITTHEICEIZbDE
HRRENZ LD DODH 5. WiEZE Pseudomonas

Jluorescens (Trevisan) Migula 12 & %5 > A4 % 7 D
BRI - 2P 1986) X° Pseudomonas tolaasii
Paine 12 & B 7 ¥ FOEBGaELyE (K - &
Ui 1986), HB#H CTld Trichoderma B2 L A ¥ A
§ o Ofke e b a TR IEE UMM 1976) R
Lecanicillium fungicola (Preuss) Zare & W. Gams
&2V 208 DRI ANT VR (FF1982)
LEDBHL . TITXR I TFORELLTEIIN
FCUTERPBEHRL AR LZRNERET S
Pseudomonas sp. 1= & 2 JEHOHE (F1l - ¥Fik 1986)
X° Scytalidium lignicola Pesante |2 & % Slippery Scar
RS S TWwb  (Sun and Bian 2012). ¥T4F,
JEARIE: B 2 VIFIRBRBRE BT T I 7% s
T T OFERITHEROFE 2 R TH LVWIEED
FEENHOOENDL LI o> TETWA, Khifge
T, 7I77% 7 77 8BEOEMNIIBITHHRIC
WLTHEEL YD 5 ZOREOFERE % HET
BEEDIT, ZTOEBEIFEICE DT
iR 7z
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MRE KUHE

BAE KUOBEREREZNRR
B e R ARE I E SN TV LU T O

SIERZME L.

1) TMI-26304: BRI SN2 T7 9 7% 27 77
FFEE L, BHURAELZET, 2009 4F7 H 29 H,
[ERE/NG

2) TMI-26305: EARRE ST 7% 7 275
FHEMEE, JRBRZREEART, 2009 45 11 A
16 H, BHIEAT

3) TMI-26306: Wk A AL L 727 7 7 % 7
71 FEA L, BT HEEZ, 2010 4F 3 H 2 H,
i@y (1 H 12 H#EfE)

4) TMI-26307: ARFKE: (/%) shizT 7
TR I rFEER, BREKNTEE, 2010
£10 A T, 8L

5) TMI-26308: $R/g#EE ST I 75* 2 77
Tk, BIUEBIGTEARR, 2010 45 10 A
26 0~ 11 H 10 A, EE¥h  Eoas—
WHIRAGE L, BIm L7 57 %27 57191k

BLOREEEA AT WIRE L AN (=2

¥ SMZ10, wARMEHE x40) T CHEEL 2. SEM

FIIERLE, TEAEEB IO IR SN

WO —EBdH 5 VIR FEEAH O % 65

PEfMSE T OB Lz RBHE AR, 2.5% Wt

BV IKEH, HHNET T N T I

FLTEIZL, KEEOWFEIZRER~ A 70

A= EHz BT OHETIZZEREY B L O

HEBRIAL, ZNo2onTIER@ENEL 7.
WL, 1) BRTI5F7 55 FEREKLEICE

B E N F IR R MR TR, ATA K

T A L OWHEAKR T AT 25 % v CRlA AR

LoXsL, ZOBEEEY MAR EIZEA LTI

~2HM 23CHIZIZIR D, BFLFE RS,

FLRBEMSE T TRV T2 7 MA Bt (3% A

2%, FER2%) \BW, 2) BHETISX TS

TFEAR IR S 25T % SEARBAMEE T C#

g% MWL MARIZEBIEO 220k

HETHEEL7:. F72 FOMIZENREFEAIZE

TSI AgEt v ¥ — (HEH) »o5iEr %

\F 72 Hypomyces pseudocorticiicola Tokiwa & Okuda

TAMA24 B L U TAMAG4 (ZNZENH T T 57 &



TIT X T IER G

LI X5 TFEAERLDL 58 O 2 FkE
L7,

R R

BIRT 7 7% 7 775 FHEMEDO5HEL 7 2 Wk
(TMIC-36025 3 X OF TMIC-36026), =E)II K% H
b ArRE % 9 72 2 W Bk (H pseudocorticiicola
TAMA24 B X UF TAMAG64) % MA ¥4t |- T 20°C,
2 MR LR SN E T 2 EE e Lt
L7z FREMERERE 10° il /ml \ZFRE L 2004
TFHBERPSIE LT I75F 7 775 DK THEK
FICHEGEIE T L, 25°C - B 95% OFKFENT
6 HM, 1R - B35 2 L TiTo7. JEBMKX
TR TEEE O D D IZEB KT L7

EERER MR

H. pseudocorticiicola DI FE R H A IZDOWT
X 15, 20, 258 X UV30°C @ 4 Xl TAT - 7=
MA ¥ FICERE 7 mm O 3V 7 R— 5 — THI

L7-BME 2 M L, 2N 2N OEET 2 H S
#L7ctk, S HHORAERZWEL .

BRELVUER

AREDRE
RIFELIICOAKRTEE Fig. 1) BLOE
WTOREKRHEEE»H38E L (Fig.2) 797 %
7 I 75FERETHSREEN TS, ERE LTIE

Fig. 1. Symptoms of the disease on Auricularia
nigricans fruiting bodies cultivated on a log under
natural environment.

WA EIROW S (Fig. 2) 7 I975% 2757
TEEEMEET L. Z0H, LD TFEE

32 L (Fig. 3), W7 I75% 272975 DT
FREEHED L LB 5.

Fig. 2. Healthy (left) and diseased (right)
fruiting bodies of Auricularia nigricans in sawdust
bag culture. Note that the diseased fruiting bodies
are entirely covered by white, cottony mycelium of
the pathogen, showing a symptom of the disease in
its early stage.
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Fig. 3. Symptom of the disease in its later stage.
The white cottony mycelium seen in the early stage
of the disease disappears and thin hyphal layer tinted
yellow to orangish covers over hymenial surfaces of
the diseased fruiting bodies, where many ascocarps
(perithecia) are formed.
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BE
N

REH KOEDOH R
BRTEE LAV EEROEE L R, £
CACHEA T A, AR OMEEW ST B
7o, ENSHIENEICEBOFEEZERLTEY
TFEXTHLZEAHH L, ZOTERIIRE
~HERE TR E & 151-189 X 132-180um (FFEE L
JE& 16-24um), #F L {22 & M7z SR O FLO
(F % 94-126, FEEEDEE 70-80pm) F A L, LI
¥ ARG EENINDY NS N R EN | AT P
(J2 & 189-280um, % % 4bism R MMk 52 0,
BRI BT 4-13um, HFETE & 2128 D83k
) I LK &L, KOH KT (2.5%)
TTERRIEC TAZE S, FEEERESREILIT
2mfn 208 L7z (KOH FatE). T2 (Fig. 4A) &
KEE109-120 X = 6um, EHEBTEWIEE D
B, THEBIC BV CTEEDSR R JLIE 3 2 3 ) 7 2
Wx R <. NEC 8 EOFRIED 5 i3 R0
(MBS ) o 2 Ml F 28R T2 1FICH T 5.
T-2ER37 (Fig. 4B) 1T K& & 12.6-18.6 X 3.3-5.4um
(n=71: *FIYfi 144 = 1.5 X 43 * 04pm), £/
MEEE (Uw) 3-4.7 (n=71: FHMiE 3.2 + 0.3), A
FROLT 1 RERREE AR U [REEE TSRS (375,
FIMA 2 IFIROZGE (7 S 0.6pum, TEIZHE
#C0.9-12um) THEDIL, MIGIZHL & AT 72

Fig. 4. Asci and ascospores of Hypomyces
pseudocorticiicola produced on MA medium. A: Asci. B:
Ascospores. Scale bars: 10pum.
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i LS

CBIFLIRDZE#R (£ & 1.2-1.8um, TRIZELT
1.2-1.8um) % 4.

TERDME (75 75% 27 57) OTEMEKLEC
TEREEHBERE L TR ENS 2 & (Fig
5A), TEEDPEMGEIECIHEIIZ B W CRED T TR
&5 23455 s e K28, £/, TFER
THRRIAEY ) & & B 2 Mg TWIIRO 2
WCEDLCHIE, &5 ICTICHROZERE o
LB EORENS, WRT T X 77 THER
FICRESD &N T2 W X S 52 Hypomyces &

— R

Fig. 5. Morphological characters of Hypomyces
pseudocorticiicola and its anamorph. A: Perithecia
on the diseased Auricularia nigricans fruiting body.
B: Part of colony of the anamorph produced on MA
medium (enlarged). C: Conidia of the anamorph
(Cladobotryum sp.) on MA medium. D: Perithecia
produced on MA medium (in Lactofuchsin). E and
F: Clamydospores observed on MA medium (in
Lactofuchsin). Scale bars: for perithecia in fig. D
=100pm; for conidia and clamydospores in Figs. C, E
and F= 10um.
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D1EEZEZ BN,

WIRT 77 % 7 775 FEE I, FERIER
T & 5\ IE R b D2 BT Trichothecium
D5 T IR % & D Cladobotryum sp. D5E
HESFRD S L72A, Hypomyces JBH I Z D X 9 72
Cladobotryum JE& % 7 FEI 7IZH DT A5
L THBY (Rogerson and Samuels, 1993), KT 7
rX 7T ELKLE TS S Lz Cladobotryum
sp. lE A U FEREEICTFREBREZTIRKT S
Hypomyces sp. DT FENVT L EZ N/, 2
T, IR T 9K L0 Hypomyces sp. 7> & T- 5T
EFHWTEIT B LR a7 T L
TR OAMEZ A L7z 5 BERR T MA B H
(2%) THi#E (2023C) L2k, #18H
Ffe, MW TEARTEEIN-OLHEKED
Cladobotryum sp. 7355 # 121 & 41 (Fig. 5B),
Z D45 HET (Fig. 5C) 1323 @EEx & 5 3-4 #llg
P, K E X 21-432 X 7.2-11.4um (n=51: *FIg
323 £50 X 9.4 % 1.0um), & /MRILE 2347
(n=57: *FIf 3.4 £ 05) TH o7z, LT 58k

L7-WHR IR 1 4 AR, B B2 9K (7
SRS

FEik) M SN (Fig 5D), F 72,

VI8 0 2 AR I O TRERL T D TERL b 726 & L7z
(Figs. SE, F).

X7 7B\ HAET D Hypomyces J& & | CIE H.
auriculariicola K. Poldmaa & Samuels 23515 11 CH
D, 7% 27 5% (Auricularia delicata (Mont. ex
Fr.) Henn.) %% 3 & 3 % (Poldmaa and Samuels,
2004). SR T 77 % 7 775 FEEKEICBW
TR SNBIIEICER L - RN B L Ok
MEICBWT, ¥ Ty rflcHEET LI L
Ak LT W % H. polypolynus Peck (Rogerson
and Samuels, 1993; Poldmaa and Samuels, 1999) 3
TR AR HMEE LGS N A
pseudocorticiicola Tokiwa & Okuda (Tokiwa and
Okuda, 2005) (ZHL5 5.

M B ® 9 % H polypolynus 1%, Rogerson and
Samuels (1993) (2 XU HEE AT 7 & 7 I25E
L, 7THFEVTORDF Y 77 L TRidk S nizfl
W1BIH L EHMESINTLY, TETHTIT
X2 Z % L@ Hypomyces sp. L JLE L TL D /&
W (15-) 18-28 (-40) X (4-) 6-8 (-12) pm]. F 7z,
FOTEMTORESE—HEBETLH, ES/
MEOEIZB VT (3.8-) 4.5-5.9 (-6.2) (Poldmaa

Fig. 6. Pathogenicity test of Hypomyces pseudocorticiicola on Auricularia nigricans fruiting bodies. Upper lane:

inoculated. Lower lane: non-inoculated. A, B: 0 day. C, D: 3 days later.

E, F: 6 days later. Symptoms were observed

on the inoculated fruiting bodies. The white cottony mycelium appeared 3 days later and covered up the fruiting bodies
6 days after the inoculation. Arrows indicate that the white cottony mycelium has begun to appear 3 days later (Fig,

6C).
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and Samuels, 1999) &5 2 ZHiEE <, Hypomyces
sp. L ¥7%:% . —F, H. pseudocorticiicola \%, 1%
fa %% (14-) 16.0-19.0 (-21.0) x (4.0-) 4.5-5.0 (-6)
pum (Tokiwa and Okuda, 2005) & % T K & W25,
T EN T O R AT E OO B\ TR
WWT T X7 T IR LD Hypomyces sp. 1213
T—ET 5. o, WIRT 77 %0 775 F5EK
ETRWZE N/ % H. pseudocorticiicola & [7)7E
L7,

R IR MR BR

H. pseudocorticiicola 37 7 7% 7 7 7 12xf LT
WEM A RT I E 2 MRS L0, TI5%0 5
T EAR D S 4 BE L 72 TMIC-36025 B & U8 TMIC-
36026, N T LI )XY ALFEERDP S
#E L 72 TAMA24 B £ U TAMA64 D455 ET-% F v
THRIEMERER 21T o 72, ZN2 N 10l /ml 1I2FR
LI ETERRDPOEE LT I5X 797
DEFFEERIEEHE T T2 L THRELZE S
5, R LS TORHKTREDSHR S, AHF
HIEEE S L7z (Fig. 6). PLEORERE RS H.
pseudocorticiicola % 95 E O K H & JoE L 72,
F AR E R CORBIBOBM N T I 7% 7 5
TR AT AL ERET S,

H. pseudocorticiicola DFEHEIZI I NF TIZ T/
Xy rREITVIOAY S, HTTYTENS T
HTHHEOTHEE LD 558 S N TV D (Tokiwa
and Okuda 2005). Tokiwa and Okuda (2005) 2 &

70
60 /
" —==25°C
—-20C
30
——15"C
20
10
o —
1 2 3 4 5 (days)

Fig. 7. Mycelial growth rate of Hypomyces
pseudocorticiicola in 4 temperature sections (15-30°C).
The mycelial growth is the fastest in 25°C and the slowest
in 30°C.

% & H. pseudocorticiicola \Z ¥ E 7 & K IZ 21T T
L7z BRLo &) PR EA L TR S
. ZO&) RBEBNED H0F 7 T SEICHT
ZIREMEZ D W TEARGTG LN O TOHETH
5.

BRI EBRBRIE DR ET

WE 2 X % H. pseudocorticiicola O W 5 £
ERERR T A 728, 15, 20, 25 B L U30°C D 4 [X
HCTEERAELZEZA, WMEHEIL 25>20>
15>30°C &V IHIZZ2 1), HFIZ 30°C Tldsh &
ELZdo7 (Fig 7). 20O X9 iRzt
Tokiwa and Okuda (2005) & % #E 7 5FKIZ 20T
TOMBRFBEHICBHEINL L) R L —3
LTWwh, 7975 F7 5750k HRETlX
BOKRL MRS & 0 8IS T EARRL WA - 72 IR
WKWhDRTWw 2059 EETTIERA
pseudocorticiicola DH R IIM LI L, SH
DHET R, &5 LFEOILRIRE S
(Fig. 8). — #2797 %7 7 OFEEHiRIZ
1530°C & &N TBY (KFEWHH- PMHHEE
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Fig. 8. Spread of the symptom under high
humidity condition. Arrow indicates the mycelium
of Hypomyces pseudocorticiicola extends on the wet
shelves, and spreads over the other fruiting bodies
on the lower shelves. Brightness of this picture was
changed for visibility of the extension.
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2001), AWEEOEFTHEREEHT LI 00
BN X B BEBRIEEE L vas, BRI E i <) 2
THEHENRZBRETE T EPET L. T
X7 T ORI L CIEZER AT S,
FAZIRIEDS 100% T 127> TV B fligE L D b
70-100% O [H THERZEA B % 1l 5y i 3% D 75 34X
EIEFR W E V) #il (B4 2015) 285755, K
WEOBROBLENE ST 7% 7 77 OB
fSRMRICE L THB Y, EREZ D235 %0
I ENEETH .

TAEDEFIR ALY, WIRY A & r R oL
FEHIZE o THFIZB T 2 IREEHOAEI K E
{2 )o2H 5. TOHTERIEEILD 15-30°C &
<, WIRY A s & RRRGE 5) 7 i3 C ks
PR T 77 % 7 7 3B 3l O 5L I
SHEIL7zamHTH Y, BEFIZBIFLEKRI A5
WOT IR T NOEEOB) X 3MNHET 5 &
EZONL. G, TITX 0 T RIS
WL T ST 7% 7 97 OENERR
ROMEELM EIZO%RNbEEbNS.

wo =

7 5 7% 7 5 7 (Auricularia nigricans; A. polytricha)
BEHEZOZE LT HAILGNTWSD, HARE
NTHE SN X7 T 7HOFEIZ 97% 25 A b
THOLN TS, —T, EEOWMARMOLE
PECBT %) A7 OFEEALIC XL D, R4 IZHMERE
¥TRT ISR I S OERNEERICAET 58
EVRMIBOTBY, WETLEAICH L. 2
DT I 7% 77 ORI BWTFHEE RIS
FRODEDPFEL, DI FEREZERLC
LEIVMENFMEL 2o TETND, 20720,
AWMETIEZOWEOHFNEEZFFETL L LD
12, REDFREERRMAZIONMITH LI
LY 20BN EERRE L. CoMEROAE
DAGEAMA L e tR O TEREF- 7 BIEHE £ )
5, D71 ¥ % Hypomyces pseudocorticiicola Tokiwa
& Okuda & [F5E L7z, F-ARWOGAT % HWT
R F AT o 72 & 25, MTBIRONREA B
SN2 WS, H pseudocorticiicola 73787 5E- D
JFRRWCTH B & PE Lz, MEROBED S A9
EX2TITXIIIMBRE MG LT SHITK
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Effects of wood-log characteristics (place of origin, tree species and log
diameter) and inoculation methods (spawn types and depth of
inoculation hole) upon fruiting body yields in wood-log cultivation
of Kinko115, a cultivar of Lentinula edodes

Asa Maepa*, Chisato Funato**, Makoto Kuropa, Kazuhisa TErasHIMA, Kozaburo HAseBe

Abstract

Branding of "Kinko 115", a cultivar of shiitake mushroom (Lentinula edodes) , is being carried
out in several regions in Japan because it produces large and very thick-fleshed fruiting bodies with an
excellent taste and good flavor. In this study, we investigated the effects of the wood-log differences in
terms of place of origin, tree species (Quercus serrata and Q. acutissima), and diameter, and of
inoculation methods (spawn types and depth of inoculation hole) on the fruiting body yields in log
cultivation of Kinko 115. The results were as follows: (1) the origin of the logs used for the cultivation
affected mushroom yields; (2) Q. acutissima logs gave higher total yields in the 4-year cultivation period
than Q. serrata logs in all of the experiments, while the yields in the first year were higher in Q. serrata
logs than in Q. acutissima logs when sawdust plug spawns were used; (3) in the yields per unit volume,
the small-diameter logs (5 to 7 cm) gave higher yields in dry-weight than the middle- (7 to 13 cm) and
very small-diameter (below 5 cm) logs; (4) for the total yield per log, the middle-diameter logs gave
higher yields in dry-weight than the small- and very small-diameter logs; (5) for yield per spawn, the
very small-diameter logs tended to give higher yields than the middle- and small-diameter logs in Q.
serrata; (6) the average dry-weight of fruiting bodies produced on the middle-diameter logs tended to be
larger than those on the logs of the small- and very small-diameter; (7) the inoculation methods, in which
the effect of the deep hole (80 mm) with the wooden-plug spawn, and the standard depth hole (25 mm)
with the sawdust and wooden-plug spawn were compared, did not significantly influence yields.

Key words: fruiting body yields, Kinko 115, Lentinula edodes, Quercus acutissima, Quercus
serrata, shiitake mushroom, wood-log cultivation.

*HEF ISR, 4015, (—B) HAZOZ LY ¥y — - WERIEH, T 689-1125 BIHHEEK 211.
Contribution No. 4010f the Tottori Mycological Institute, 211 Kokoge, Tottori 689-1125, Japan.
FEHERT  BIURAIGEREESE, T 680-0061 ESHUHTAZ)IIHT 6-176, Present address: Tottori Prefectural Government, 6-176,
Tachikawa, Tottori 680-0061.
BT MRS, T 680-0845 ESHUHTE % 1-84, Present address: Kinko Shiitake Cooperative Association,
Tomiyasu, Tottori, 680-0845
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JEAFSEEH > A & ahfE THEL 115 5] 1%, K
HI-CHsd CRIE 7 IR ICEN U5 E 3 D720,
ZOMIED T T FALIZIT 7200 D LA A5 H T
fThnTwad (LK, 2012 HEH, 2014). —7,
il (bkdh) I2BWTER SRR 1570
TERCafE, EAROIEE, SEEHFEO®E N
BIUOREEM R EICE ) KECE#T LM
MHENTBY, TEEAOBERZHEA RESHE
BH72I2iE, TNHOZEREFFEEIFEAR L DR
BERETLILENHL. ZNETIZ, wWoh
DOFEERIENZ DV CTEARDOIY & T-FE RIS L7 -
OMFRETREINTEY (BARS, 1985 MG,
1987 ; HEAS, 2010), WE 115 5122w TiE, 7
5 MDA SN T B H)INEICBWTAEDS
(2015) 12 & 1) THEMAEFEA R & FROERO R
ZDOWTOHRE SN TN D,

ARWfFECld, HEL 115 5O TEARSAEEICEE
T 5 LEZ LN DREFENICEE Y 2 AR A
HEAET 572012, BEOROEH, BHE & WE
BEORT L5 TFICBUT B HEEL 115 5 0T IR
mEEPHEL.

-,

MRROFE

M ERIZEN O 3 EH (A, B, C) »5H A
F L7227 2 ¥ (Quercus acutissima Carruth.) B X
a5 7 (Q. serrata Murray) = i L7z, #EH A,
EHB B LOEN C oI 7 EARDYME R IRE
ix, enEnA IH»rs 7y I, 7Y s
70, 7V VITHY), EHBADIS T
AOBIZEMB OZN LD QL NIIED o
7o IS OEARIMERIZRROREHEI, & - Ih
M (1983) I2fto7z . A L2 EAROE 1309
m (B) ¥F/2idk1m (A, C) THorz, FHADE
DX5E, EEDK T~ 13 cm OFEARE FHEAR, 5
~7cm Z/MER, Sem LT A M/NMERE L, #
BiEmEROBEZEZ 10cm, IMEROBERE% 6
cm, W/NMEROBEZEZE S5em & LTHEHM LA
FIEH I 115 5O R H 5 \VIZIHE 2 HH L,
1HNZD&E 658, HIMIA 3 em &b L) IZZEAL
LCHER L7 %8B, Lo SIS RERX
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TIE 2.5 em, BuffE aBR X Tl 3 om, Bufd R o %
WA RERIXCTlE8em & L7z, JBUKEH, HHE
B, MREEOENIZ L) X L7 BaX (22 3
BRIX, 20 A/ 3BRIX) % 3% L (Table 1), B
WL H 2 — M EEADREDOZ 2 5 —H
Y (b M) IZBWTIETE (HREDZ 2y
Z—. 1986) IZGto CHEHLL 72, &HBRIX O
[ZB L CId Table 1 12 7% 3. 2010 4F (2 F 1 1%,
2013 4E L TO 4EBDOITEAR 1 AT o0lE (5
AL i ER) AL
FEMLEZIE, Excel #2012 2 L, £HE
I (Tukey-Kramer i) 12 & O AT 2175 7z

BREER

1) BEADEMIC K DINED

FEHA LEMBOIFIEAEMHLGA
O, 1w’ B2 ollE (FEEw) 2Lz
MR A Fig 1R L7z, TERFE 2 Al L 72 1 4F
WEZARD2SDIEIZOWTIE, EH B OFEAD
%o 7205, 4 EMOIEIZOWTIE, DMEK -
AR X% &, EHADEKDO T ELB
DFEARLD &L EEDH S 7

FEL 241 FZBWTHAREOE NI LY 752
KOPEIZEDBDOLNDL Z LB ENTEBY
(B 5, 1987), BH#L 115 B12B VT H [ {E

SRR 7z, RIFZE TR L7223 I HAD
MR IERE S LT, EH A OFEKIZA TS

7y, EHB OFEAKRIT T Y P57 T,
FEHCDOFERIZTZTY IILTHY, EHADOITS
FIEROBEZIEIZERB OZF N L) LS
JEr o7z AMEEZE G & FIEARE RO A
EENWEMETTLIEAREEN TS (E
At &7 1978 RS, 1987). L2 L%ads
4AEBDOIEIZ BV TIE, JMEEZIEDE W A JFR
R L7 T, IEAL ME[AED S
72 RISV ) I T 7272012,
S8 R IE DS NI RO AR E 2 ), T
FEREEOFEABLE SN2 WEENEZ 5L
L. Stk AMERIE LK EFOBRE XD EEL
CHETT 2 LEMEARIZ S 7z,
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Fig. 1. The yields (dry weight/m®) of 4 years cultivation using the wood-logs of different localities.
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Suillus glandulosus, a bolete species new to Japan®

Eiji Nacasawa and Seikichi Sato*

Abstract

A North American bolete species, Suillus glandulosus is newly recorded from Japan
based on collections made in mixed Picea-Abies forests of Hokkaido (September) .
Morphological description and photographs of basidiomata in the habitat, basidiospores,
and cystidia of the Japanese material are given for comparison.

Key words: boletes, fungi, Fuscoboletinus, morphology, mycogeography.

This brief note records a bolete species, Suillus
glandulosus (Peck) Singer from Japan for the first
time based on collections made in Hokkaido in Picea-
Abies forests (September) . The species was originally
reported from New Brunswick, Canada (Peck, 1909)
and since then has been known throughout
northeastern North America growing under conifers,
such as Abies, Picea,Tsuga, and Thuja (Both, 1993;
Bessette, Roody and Bessette, 2000, Grund and
Harrison, 1976; Pomerleau and Smith, 1962; Smith
and Thiers, 1971; Snell and Dick, 1970). Outside
North America S. grandulosus has been recorded in
China (Ding and Wen, 2003) and Taiwan (Cheng and
Yeh, 2000).

In the following description color names and
notations, such as “7E8-henna and 4A5-butter yellow”
are from Kornerup and Wanscher (1967); color names
in double quotation marks, such as “Dark Vinaceous”
and “Dark Brick” from Rayner (1970). All specimens
examined are deposited in the herbarium of the Tottori
Mycological Institute (TMI).

Suillus glandulosus (Peck) Singer, Lilloa 22: 657.
1951 ('1949").
Figs. 1-3.
Boletinus glandulosus Peck, Bull. New York State
Mus. 131: 34. 1909.
Fuscoboletinus glandulosus (Peck) Pomerleau &
Smith, Brittonia 14: 162, pls. 3, 4. 1962.

Selected icones: Snell and Dick (1970: Pl. 12-above
right).

Selected descriptions and illustrations: Bessette,
Rody and Bessette (2000: 176, 318 (color photos in
the middle row) as F. glandulosus); Grund and
Harrison (1976: 132-134; fig. 43 & pl. 34 as F.
glandulosus) Pomerleau and Smith (1962: 162, pls. 3,
4 (upper figure) as F. glandulosus) ; Snell and Dick
(1970: 26, pl. 75, fig. 5).

Pileus up to 90 mm broad, convex to conico-

convex, finally nearly plane, dull subconic umbonate

* Contribution No. 402 of the Tottori Mycological Institute, 211 Kokoge, Tottori 689-1125, Japan.
**58-4, Asahimachi, Kamikawa-cho, Kamikawa-gun, Hokkaido 078-1761, Japan.
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Figs. 1-3. Basidiomata, basidiospores, and hymenial cystidia of Suillus glandulosus. Fig. 1. Basidiomata in
the habitat (TMI-26310). Fig.2. Basidiospores in KOH (TMI-26311). Fig. 3. Hymenial cystidia in KOH (TMI-
26311). Scale bar: 1 cm for Fig. 1; 10 um for Figs. 2 and 3.
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Suillus glandulosus new to Japan

at times; surface glutinous to viscid when wet,
(brown) to reddish brown (7E7 to 7E8-henna, 8E7-
mahogany brown to 8E8-reddish brown); context
light yellow (4A5-butter yellow), unchanging.
Hymenophore clearly boletinoid when mature,
decurrent; tubes up to 5 mm long, brownish orange
(5C6) to yellowish brown (5E7-linoleum brown,
5E8-yellowish brown) to brown (6E7-cognac, 6ES-
rust brown) when mature, bright yellow when very
young; pores angular, comparatively large (up to 3
mm long in radial directions, up to 2.5 mm wide),
subcompound. Stipe 60-95 X 11-14 mm (at apex), up
to 18 mm broad at base, equal or somewhat enlarged
downward, often flexuous, annulate apically, solid;
surface viscid when wet, light yellow above the
annulus, more or less concolorous with the pileus
below it, with appressed scaly patches, base light
yellow (3A4, 5), annulus menmranous, becoming
gelatinized with age; context yellow (3A7-genet),
unchanging when sectioned. Basidiospore deposit
“Dark Vinaceous” when fresh, fading to "Dark Brick"
(near 8D4 to 8E4) as drying.

Basidiospores 8.5-12 X 4.0-5.0 um (n=61: 10.2 *
0.8X4.3 0.3 um), /w=2.0-2.7 (n=61:2.4 £ 0.1),
in profile inequilateral with a slight suprahilar
depression, at times obscurely so and appearing nearly
elliptical, elliptical to elliptic-fusiform to oblong-
elliptical in the front, thin-walled, nearly hyaline in
KOH, yellowish or purplish brown (dextrinoid) in
Melzer's. Basidia 27.2-40.0 X 7.2-9.6 um (n=35: 32.1
* 3.0 X 8.3 £ 0.8 um), 4-spored,. Hymenial cystidia
48-120 X 4.8-8.0 um (n=139: 80 = 19.1 X 6.4 = 0.8
um), mostly in bundles, frequent both in the insides
and edges of tubes, protruding up to 50 um beyond the
hymenium, cylindrical to narrowly cylindric-fusiform,
at times narrowly cylindric-clavate, tapering toward
the base, (reddish) brown with oleiferous homogenous
content in KOH, or at times hyaline with granular
content, with brown encrustting material surrounding
the basal portion in KOH. Caulocystidia similar to
hymenial cystidia and frequent above the annulus, but
absent below it. Pileipellis a collapsed ixotricho-

dermium, consisting of hyphae 3-6 (-8) um broad,
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tubular, thin-walled, hyaline, Hyphae of stipe surface
similar, often gelatinized. Clamp connections absent in
all tissues.

Habit, habitat and distribution: Gregarious in
mixed coniferous forests of Picea glehnii (Fr. Schm.)
Masters. and Abies sachalinensis (Fr. Schm.) Masters.
Hokkaido (Sounkyo, Kamikawa-cho). September.

General distribution: North America (Canada and
U.S.A.). Asia (China and Taiwan; new to Japan) .

Collections examined: HOKKAIDO: Kamikawa-
gun, Kamikawa-cho, 14 Sept. 1985, S. Sato (TMI-
26309) ; Kamikawa-cho, Peitora, 15 Sept. 1989, S.
Sato et al. (E.N 89-107; TMI-26310) ; Kamikawa-cho,
Uni-Ishikari, 14 Sept. 1995. E. Nagasawa et al. (TMI-
26311).

Remarks: The glutinous to viscid, reddish brown
pileus, viscid stipe, membranous annulus becoming
gelatinized, boletinoid hymenophore, and the spore
deposit with a purplish tint are good field characters of
this species separating it from similar species. The
Japanese bolete described above agrees well in its
essential characters with previous descriptions and
illustrations of S. glandulosus cited above. In Japan it
may be confused with S. grevillei (Klotzsch: Fr.)
Singer in its appearance, but the latter grows in Larix
forests, have a hymenophore not boletinoid, and bears
a bwonish yellow to light brown spore print lacking
purplish tints. It is interesting that Grund and Harrison
(1976) observed in Nova Scotia, Canada that S.
glandulosus often grew with or near Gomphidius
gultinosus (Schaeff.: Fr.) Fr. and suggested a close
association of the two species. We observed once such
a case, when the collection TMI-26310 was collected

in a Picea-Abies forest in Kamikawa-cho, Hokkaido.
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Papers with TMI contribution numbers

No. 391
Intersterility between populations of Lentinula
edodes from Papua New Guinea

Norihiro Shimomura, Kazuhisa Terashima, and

Kozaburo Hasebe
Mycosciense 50: 240-243, 20009.

Mating tests among strains of Lentinula edodes
distributed in Asia-Australasia were conducted. As a
result, 26 strains were classified into three groups: 2
strains from Mt. Wilhelm in Papua New Guinea (PN1
group) showed intersterility with 7 strains from Mt.
Albert Edward and Mt. Kaisenik in Papua New Guinea
(PN2 group) and semicompatibility (clamp formation
restricted to contact zone between paired mono-
karyons) with 17 strains from Asia-Australasia (AA
group), whereas the strains of the PN2 group showed
compatibility with the AA group. These results suggest
that the shiitake populations distributed in Asia-
Australasia including Papua New Guinea are in the

process of speciation.

Key words: geographic lineage, intersterility,
Lentinula edodes, mating compatibility.

Contribution No.391 of the Tottori Mycological Institute. T
BERFTERTIIFTESEAT 5 391

No. 392

Possibility of three loci for B incompatibility
factor in Lentinula edodes

Norihiro Shimomura, Yoshitaka Shimohiro, Tadanori
Aimi and Kozaburo Hasebe

Mushroom Science and Biotechnology 19: 22-24,
2011.

St

The genetic constitution of B incompatibility factors
in Lentinula edodes was estimated by a recombination
test. We isolated B factor recombinants in
monosporous isolates from a cultivated strain from
Japan and a wild strain from Papua New Guinea. By
an intrastrain mating test between B factor
recombinants, these recombinants were classified into
two groups in a cultivated strain from Japan and at
least four groups in a wild strain from Papua New
Guinea. These results suggest that the third mating
type locus, By, is linked to Ba or Bf in a wild strain
from Papua New Guinea and imply that a putative By
locus is the same in allelic specificity or absent in the
two component homokaryons in a cultivated strain
from Japan.

Key words: B incompatibility factor, Lentinula

edodes, mating test, recombination.
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No. 393

PCR-based gene marker with a high efficiency
genome scanning (HEGS) system:
application for distinguishing among cultivars
in Lentinula edodes

Kazuhisa Terashima, Chisato Funato, Teruyuki

Matsumoto, Asa Maeda, and Kozaburo Hasebe
World J Microbiol Biotechnol 28: 1315-1319, 2012.

To establish a high throughput and cost-efficiency
procedure for distinguishing among cultivars in
Lentinula edodes, the polymorphism in the genes
reported previously in this fungus was examined using
PCR or PCR-RFLP techniques with a high-efficiency
genome scanning (HEGS) system. As a result, PCR-
based markers derived from eight genes (&y7; cap, ppa,
IGS-RFLP, pri B-RFLP, mfb C-RFLP, gla-RFLP, xy-
RFLP) showed polymorphisms among cultivars in this
fungus and consequently, enabled to distinguish

seventy-nine cultivars used in this study.

Key words: the shiitake mushroom, HEGS gene

marker, breeder’s right, premium production.
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Intraspecific comparison of three complete
mitochondrial genome sequences from the
oyster mushroom, Pleurotus ostreatus

Mai Morinaga, Yasuhito Okuda, Rika Takagi, Teruyuki
Matsumoto and Yukitaka Fukumasa-Nakai

Mushroom Science 18: 293-299, 2012. Proceedings of
the 18th Congress of the International Society for

Mushroom Science.

Mitochondria, ATP-producing organelles in cells,
have their own independent genomes called the
mitochondrial (mt) genome. The effects of the mt
genome structure on cellular phenotype during the

fruiting body formation of basidiomycetes are
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presumably important; however, these effects have not
been eluciadated. Intraspecific variation of mt genome
structures, which is indispensable information for
assessing the effects of mt genome structure, has been
assessed mainly by using restriction fragment length
polymorphism (RFLP) patterns. Here, we used
complete mt genome sequences of Pleurotus ostreatus
isolates to examine intraspecific variation among mt
genome structure among three genome types, |
(accession number: AB573642), II (accession
number: AB573692), and III (NC_009905>, and
compared this variation with that determined using
RFLP patterns.

The mt genome of each P. ostreatus type was a
circular DNA molecule ranging in size from 71 947 bp
(type I) to 73 242 bp (type III). Each of the genomes
contained 14 common mt genes, one ribosomal small
subunit protein 3 gene, one RNA polymerase gene
(only in type III), two DNA polymerase genes, and
two rRNA genes. Twenty-four tRNA genes were
determined to form a common set among the three
types of mt genomes. The type I mt genome had two
additional tRNA genes. The gene orders in each mt
genome were almost identical, but each had different
open reading frames (ORFs) and introns. Comparison
of nucleotide sequences showed that there were many
substitutions and indels in the intergenic regions.
Futhermore, nucleotide sequence differences were
observed in gene-coding regions, the majority of
which were related to polymorphisms in amino-acid
coding sequences. These results indicated both
conservation of mt genome primary structure in P.
ostreatus species and sequence polymorphisms that
corresponded to the mtDNA RFLPs.

Key words: comparative genomics, genome
organization, mitochondrial genome (mtDNA),
Pleurotus ostreatus.
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Characterization of vitamin B,, compounds in
the fruiting bodies of shiitake mushroom
(Lentinula edodes) and bed logs after fruiting
of the mushroom

Tomohiro Bito, Fei Teng, Noriharu Ohishi, Shigeo

Takenaka, Emi Miyamoto, Emi Sakuno, Kazuhisa

Terashima, Yukinori Yabuta, Fumio Watanabe
Mycoscience 55: 462-468, 2014. DOI: 10.1016/j.
myc.2014.01.008

This study determined the vitamin B,, content in
commercially available dried fruiting bodies of
shiitake mushroom, Lentinula edodes. The vitamin B,
contents in dried donko-type fruiting bodies with
closed caps (5.61 = 3.90 ug/100 g dry weight), did
not significantly differ from those of dried koushin-
type fruiting bodies with open caps (4.23 + 2.42 ug/
100 g dry weight). The bed logs after fruiting of the
mushroom also contained the vitamin B, levels
similar to that in the dried shiitake fruiting bodies. To
determine whether the dried shiitake fruiting bodies
and their bed logs contained vitamin B, or other
corrinoid compounds that are inactive in humans, we
purified corrinoid compounds using an immunoaffinity
column and identified vitamin B, using vitamin B,-
dependent Escherichia coli 215 bioautograms and
liquid chromatography-electrospray ionization tandem
mass spectrometry (LC/ESI-MS/MS) chromatograms.
Dried shiitake fruiting bodies rarely contained an
unnatural corrinoid vitamin B,,[c-lactone] that is
inactive in humans. Given that shiitake mushroom
lacks the ability to synthesize vitamin B,, de novo, the
vitamin B, found in dried shiitake fruiting bodies

must have been derived from the bed logs.

Key words: chloramine-T, cobalamin,

pseudovitamin B,,, vegetarians, vitamin B,,[c-lactone].
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Development of the specific rDNA-ITS and
SSR primers to detect the ectomycorrhizal
fungus Rhizopogon roseolus (In Japanese)

Yasuhito Okuda, Chisato Funato, Norihiro Shimomura

and Teruyuki Matsumoto
Japanese Journal of Mycology 55: 29-34, 2014.

By the comparison of sequences of rDNA-ITS
(internal transcribed spacer) region and SSR (simple
sequence repeat) loci from 45 isolates of Rhizopogon
roseolus, the five specific primer sets, one rDNA-ITS
primer and four SSR primers, were designed for
detection of R. roseolus. All these primer sets amplified
the specific PCR products for the total DNAs from
mycelia of 45 R. roseolus isolates, respectively, but no
amplified product was detected for the DNAs from
host plant (Pinus thunbergii) and 16 ectomycorrhizal
isolates consist of 13 species including two
Rhizopogon species, R. luteolus and R. superiorensis.
Furthermore, target regions of these primer sets were
also specifically amplified using by DNA templates
from ectomycorrhizas of this fungus. Thus, the five
sets of primer pair represent a potent tool for the
monitoring of introduced isolates of R. roseolus and

for molecular ecology applications.

Key words: ectomycorrhiza, molecular marker,
multiplex PCR, Shoro.
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No. 397

Development of a method for rapid strain-
typing of a shiitake cultivar, Kinko 115, by
high-resolution melting (HRM) analysis (In
Japanese)

Asa Maeda, Kazuhisa Terashima and Kozaburo
Hasebe

Mushroom Science and Biotechnology 23: 114-119,
2015.

High-resolution melting (HRM) analysis is a
closed-tube method for detecting nucleotide
polymorphisms, enabling rapid genotyping. In this
study, we have developed a rapid strain-typing method
for Kinko 115, a premium shiitake cultivar, by HRM
analysis. When HRM analyses of fyrosinase (tyr)
genes of 64 shiitake cultivars were carried out, 3
cultivars including Kinko 115 could be distinguished
from another 61 cultivars. After that, HRM analyses of
the ribosomal intergenic spacer (IGS) region in these
3 cultivars revealed that Kinko 115 was distinguished
from the other 2 cultivars. Consequently, Kinko 115
could be distinguished from other cultivars by HRM
analyses of the fyr gene and the IGS region.
Furthermore, Kinko 115 could be distinguished from
the others by HRM analyses using not only purified
DNA, but also crude DNA extracts from mycelia or
gills of dried fruiting bodies. Thus, the HRM analyses
developed in this study would be useful for rapidly
and easily identifying Kinko 115.

Key words: high-resolution melting (HRM)
analysis, Lentinula edodes, premium shiitake cultivar,

strain-typing.
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Luminescent Mycena: new and noteworthy
species

Dennis E. Desjardin, Brian A. Perry, D. Jean Lodge,
Cassius V. Stevani and Eiji Nagasawa

Mycologia 102: 459-477, 2010. DOI: 10.3852/09-
197.

Seven species of Mycena are reported as luminescent,
representing specimens collected in Belize, Brazil,
Dominican Republic, Jamaica, Japan (Bonin Islands),
Malaysia (Borneo) and Puerto Rico. Four of them
represent new species (Mycena luxaeterna, M.

luxarboricola, M. luxperpetua, M. silvaelucens) and



three represent new reports of luminescence in
previously described species (M. aff. abieticola, M.
aspratilis, M. margarita). Mycena subepipterygia is
synonymized with M. margarita, and M. chlorinosma
is proposed as a possible synonym. Comprehensive
descriptions, illustrations, photographs and
comparisons with phenetically similar species are
provided. A redescription of M. chlorophos, based on
analyses of type specimens and recently collected
topotypical material, is provided. The addition of these
seven new or newly reported luminescent species of
Mycena brings the total to 71 known bioluminescent
species of fungi.

Key words: Agaricales, bioluminescence,

Mycenaceae, mycenoid fungi, taxonomy.

Molecular phylogenetics of porcini
mushrooms (Boletus section Boletus)

Bryn T.M. Dentinger, Joseph F. Ammirati, Ernst E.
Both, Dennis E. Desjardin, Roy E. Halling, Terry W.
Henkel, Pierre-Arthur Moreau, Eiji Nagasawa, Kasem
Soytong, Andy F. Taylor, Roy Watling, Jean-Marc
Moncalvo and David J. McLaughlin

Molecular Phylogenetics and Evolution 57: 1276—
1292, 2010.

Porcini (Boletus section Boletus: Boletaceae:
Boletineae: Boletales) are a conspicuous group of
wild, edible mushrooms characterized by fleshy
fruiting bodies with a poroid hymenophore that is
“stuffed” with white hyphae when young. Their
reported distribution is with ectomycorrhizal plants
throughout the Northern Hemisphere. Little progress
has been made on the systematics of this group using
modern molecular phylogenetic tools because
sampling has been limited primarily to European
species and the genes employed were insufficient to
resolve the phylogeny. We examined the evolutionary
history of porcini by using a global geographic
sampling of most known species, new discoveries

from little explored areas, and multiple genes. We used
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78 sequences from the fast-evolving nuclear internal
transcribed spacers and are able to recognize 18
reciprocally monophyletic species. To address whether
or not porcini form a monophyletic group, we
compiled a broadly sampled dataset of 41 taxa,
including other members of the Boletineae, and used
separate and combined phylogenetic analysis of
sequences from the nuclear large subunit ribosomal
DNA, the largest subunit of RNA polymerase II, and
the mitochondrial ATPase subunit six gene. Contrary
to previous studies, our separate and combined
phylogenetic analyses support the monophyly of
porcini. We also report the discovery of two taxa that
expand the known distribution of porcini to Australia
and Thailand and have ancient phylogenetic
connections to the rest of the group. A relaxed
molecular clock analysis with these new taxa dates the
origin of porcini to between 42 and 54 million years
ago, coinciding with the initial diversification of
angiosperms, during the Eocene epoch when the
climate was warm and humid. These results reveal an
unexpected diversity, distribution, and ancient origin
of a group of commercially valuable mushrooms that
may provide an economic incentive for conservation
and support the hypothesis of a tropical origin of the

ectomycorrhizal symbiosis.

Key words: molecular systematics, molecular clock,
biogeography, Boletales, evolution, synapomorphy,
partial veil, ITS, RPB1, ATP6, stuffed pores,

sustainable non-timber forest product, conservation.

Taxonomic reevaluation of a fungus described
as “Mucidula mucida” in Japan

Shuji Ushijima, Norihiro Shimomura, Eiji Nagasawa
and Nitaro Mackawa

Mushroom Science and Biotechnology 20: 22-30,
2012.

In Japan, a fungus described as Mucidula mucida
(“Japanese M. mucida”, Japanese name: “Numeritsuba-

take”) was identified as M. mucida var. asiatica based



on morphological features and phylogenetic analysis
of the internal transcribed spacer (ITS) region of
nuclear ribosomal DNA. This variety differs
macromorphologically from M. mucida var. venosolamellata
(Japanese name: “Numeritsubatakemodoki”) mainly in
that the latter possesses reticulate, anastomosed veins
on the lamellae. However, mating compatibility tests
between M. mucida var. asiatica (= “Japanese M. mucida”)
and var. venosolamellata appeared compatible in all
pairings. Furthermore, the basidiomata derived from
the mating-compatible mycelia possessed intermediate
macro- and micromorphological features between M.
mucida var. asiatica and var. venosolamellata. Tn our
molecular phylogenetic tree, the two fungi formed a
clade of “Japanese M. mucida”/M. mucida var.
asiatica/M. mucida var. venosolamellata, and
specimens of the two fungi were randomly scattered
within this clade. These results strongly suggest that
fungi belonging to the clade should not be divided into
intraspecific taxa. Mucidula mucida var.
venosolamellata (= var. asiatica) differed from M. mucida
var. mucida in their pileipellis structure, basidiospore
size and ITS-based phylogenetic analysis. These
differences indicate that M. mucida var. venosolamellata

and var. mucida are different at the specific level.

Key words: mating compatibility, molecular
phylogenetic analysis, morphology, Mucidula
venosolamellata, taxonomy.
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The genus Ponticulomyces (Physalacriaceae,
Agaricales) from Japan

Shuji Ushijima, Eiji Nagasawa, Hiroto Suhara, Nitaro
Mackawa

Mycoscience 53: 156-160, 2012. DOI:10.1007/
S10267-011-0147-Y

Two species of the genus Ponticulomyces collected
from Japan for the first time are described and
illustrated. Ponticulomyces kedrovayae is characterized
by its lamellae staining yellow when bruised and in
age, stipe lacking an annulus and a pseudorhiza,
scattered pileal hairs, and large amygdaliform
basidiospores. It mainly occurs on dead wood of
Fagus crenata. Ponticulomyces orientalis is
characterized by its scattered pileal hairs and broadly
ellipsoid to ellipsoid basidiospores. It was collected

mostly on dead wood of Cameria japonica.

Key words: Agaricomycetidae, new geographic
distribution, Oudemansiella, taxonomy, Xerula.

Productivity of the toxic substance, fasciculol
E, in fruiting bodies of Hypholoma fasciculare
and some other members of Strophariaceae
(In Japanese)

Kumiko Oka, Marina Nishida, Eiji Nagasawa, Shuji
Ushijima, Atsushi Ishihara and Nitaro Maekawa
Mushroom Science and Biotechnology 22: 147-152,
2015.



The poisonous mushroom Hypholoma fasciculare
(Japanese name: Nigakuritake), belonging to the
family Strophariaceae (Basidiomycota, Agaricales),
produces fasciculol E as a major toxic agent.
Fasciculol E has also been reported from a few related
species, but the range of species producing it is not
clear. In the present study, the content of fasciculol E
in fruiting bodies of H. fasciculare and related species
in the family Strophariaceac was analyzed by UPLC/
MS/MS. The results revealed that all species of
Hypholoma examined in this study stably produce
fasciculol E. Moreover, a very small amount of the
toxin was detected from several species belonging to
the genera Pholiota and Stropharia. Of these, some
species are known as edible mushrooms, but the
amount contained in their fruiting bodies was much
lower than the LDs, values of fasciculol E.
Phylogenetic analysis using the internal transcribed
spacer (ITS) region sequences suggests that the
productivity of fasciculol E is correlated with
phylogenetic distance from H. fasciculare within the
family Strophariaceae.

Key words: fasciculol E, Hypholoma fasciculare,
phylogenetic analysis, Strophariaceae, UPLC/MS/MS.
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A new species of Dactylosporina
(Physalacriaceae, Agaricales) from Japan
Shuji Ushijima, Eiji Nagasawa, Shiro Kigawa, Nitaro
Macekawa

Mycoscience 56: 10-13, 2015. DOI: 10.1016/j.
myc.2014.01.012

Dactylosporina brunneomarginata sp. nov.,
belonging to the family Physalacriaceae (Agaricales)
is described and illustrated. This fungus differs from
previously described species of Dactylosporina
macroscopically by its viscid pileus and stipe surface
when wet, the lamellae with dark brown edges, and
microscopically by its gloeocystidioid pileo-, cheilo-,
and caulocystidia with olive to yellow-brown oily
content. This is the first report on Dactylosporina from
Asia.

Key words: Agaricomycetidae, echinulate
basidiospores, taxonomy, Xerula/Oudemansiella

complex.

Relationship between Panus lecomtei and P.
strigellus inferred from their morphological,
molecular and biological characteristics

Ruby Vargas-Isla, Marina Capelari, Nelson Menolli
Jr., Eiji Nagasawa, Keisuke Tokimoto, Noemia Kazue

Ishikawa
Mycoscience 56: 561-571, 2015. DOI: 10.1016/j.
myc.2015.05.004

Panus strigellus was first recorded in Amazonas
State of Brazil. This edible mushroom has macroscopic

characteristics similar to those of P. lecomtei. In this



study, we used evidence obtained from a
morphological comparison, molecular analyses and
mating tests to clarify the taxonomic status of P.
strigellus and show differences compared to the
sympatric species of Panus. In addition, this paper
discusses and reports some morphological
characteristics of P. strigellus. The tetrapolar mating
system of P. strigellus and the incompatibility between
P. lecomtei and P. strigellus was confirmed. The
geographical distributions of both species in the

Americas are presented.

Key words: edible mushroom, Lentinus strigellus,

Lentinus strigosus, Panus rudis.

Identification and symbiotic ability of
Psathyrellaceae fungi isolated from a
photosynthetic orchid, Cremastra
appendiculata (Orchidaceae)

Takahiro Yagame, Eriko Funabiki, Eiji Nagasawa,
Toshimitsu Fukiharu and Koji Iwase

Am. J. Bot. 100(9): 1823-1830, 2013. DOI: 10.3732/
ajb.1300099

* Premise of the study: Photosynthetic orchids found
in highly shaded forests are often mixotrophic,
receiving part of their carbon energy via
ectomycorrhizal fungi that had originally received
carbohydrate from trees. A photosynthetic orchid,
Cremastra appendiculata, is also found under highly
shaded forest, but our preliminary data suggested that
its associated fungi were not ectomycorrhizal. We
tested whether their relation is an unusual example of
a mixotrophic orchid associating with saprotrophic
fungi by direct detection of fungal DNAs in
conjunction with isolation of the fungus in pure culture
and experimental inoculation of orchid seeds with the
fungus.

* Methods: For isolated mycobionts of C.
appendiculata plants, two regions of nuclear ribosomal
DNA, the internal transcribed spacer (ITS) and the

large subunit (LSU), were sequenced, and fruiting
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bodies of the one isolate, SI1-1 were induced. In
addition, two fungal isolates, SI1-1 and KI1-1, were
grown in symbiotic cultures with C. appendiculata to
verify their status as mycobionts.

» Key results: In phylogenetic analyses, all isolates
clustered with fungi belonging to Coprinellus in
Psathyrellaceae of Agaricales. Phylogenetic analyses
of these DNA sequences showed that five fungal
isolates from C. appendiculata, including SI1-1 and
two mycobionts isolated from the mycoheterotrophic
orchid Epipogium roseum, have very similar ITS
sequences. Isolate SI1-1 was identified as Coprinellus
domesticus based on the morphological characteristics
of the fruiting body. Isolates SI1-1 and KI1-1 induced
seed germination of C. appendiculata as mycobionts.

* Conclusions: This report is the first of a mycorrhizal
symbiosis between a fungus in Psathyrellaceae and a
photosynthetic orchid, revealing a new pathway to full
mycoheterotrophy and contributing to our

understanding of the evolution of mycoheterotrophy.

Key words: Coprinellus domesticus, mycorrhizal
symbiosis, Orchidaceae, photosynthetic orchids,

saprobic fungi.

A comparison of dried shiitake mushroom in
log cultivation and mycelial cultivation from
different geographical origins using stable
carbon and nitrogen isotope analysis (In
Japanese)

Yaeko Suzuki, Rumiko Nakashita, Noemia Kazue
Ishikawa, Akiko Tabuchi, Emi Sakuno and Keisuke
Tokimoto

Bunseki Kagaku 64 (12) : 859-866, 2015.

We determined carbon and nitrogen isotopic
compositions ( §”°C and 6°N) of dried shiitake mushroom
(Lentinula edodes) samples from Japan, China, South
Korea and Brazil in order to discriminate their
geographical origins. In log cultivation, the 5"C values
of Japanese dried shiitake samples were lower than

those of Chinese samples, depending on the 6"C values



of log and their growth conditions. In mycelial
cultivation, the 6"°C and &"°N values of Japanese dried
shiitake samples were higher than those of Chinese
samples. By using the §"°C and 6N values, 87.4% of
Japanese dried shiitake samples (7 = 95) and 87.9%
of Chinese dried shiitake samples (n = 66) in log
cultivation, 90.0% of the Japanese dried shiitake
samples (n=50) and 93.9% of Chinese dried shiitake
samples (n = 114) in mycelial cultivation, were
correctly classified according to the production site.
These results suggested that the §"”C and 6'"°N values
will be potentially useful for tracing their geographical
origin of dried shiitake samples.

Key words: geographical origin, stable isotope
ratio, Lentinula edodes, Mushroom.
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