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1. Phylloporia lonicerae (Hymenochaetales, Basidiomycota), a new species on Lonicera
japonica from Japan and an identification key to worldwide species of Phylloporia.; W.M.
Qin, X.W. Wang, T. Sawahata, L. Zhou; MycoKeys 30:17-30 (2018)
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1. Taxonomy of actinomycetes in the deep—sea Calyptogena communities and the
antibacterial compound produced by Actinomadura sp. DS—-MS—-114, Biotechnology &
Biotechnological Equipment, (2017) 31:5, 1000-1006.; Kurata A, Minamino S, Sugiura M,
Kokoda K, Tsujimoto H, Numata T, Kato C, Nakasone K, Kishimoto N.

2. Degradation of ionic liquids by UV/H202 process and CMCase from novel ionic
liquid—tolerant alkaliphilic Nocardiopsis sp. SSC4, Biotechnology & Biotechnological
Equipment, (2017) 31:4, 749-755.; Kurata A, Shimizu S, Shiraishi Y, Abe M, Naito N,
Shimada M, Kishimoto N.

3. Antifungal peptidic compound from the deep—sea bacterium Aneurinibacillus sp. YR247.
World Journal of Microbiology and Biotechnology, (2017) 33:73, 1-8.; Kurata A, Yamaura Y,
Tanaka T, Kato C, Nakasone K, Kishimoto N.

4. ** Draft Genome Sequence of the Basidiomycetous Fungus Flammulina velutipes TR19.;
Genome Announc (2016) 4: e00505-16; Kurata A, Fukuta Y, Mori M, Kishimoto N,
Shirasaka N.

5. A high-molecular-weight, alkaline, and thermostable /3 —1,4-xylanase of a subseafloor
Microcella alkaljphila, Extremophiles (2016), 20, 471-478.; Kuramochi K, Uchimura K,
Kurata A, Kobayashi T, Hirose Y, Miura T, Kishimoto N, Usami R, Horikoshi K.

6. Properties of an ionic liquid—tolerant Bacillus amyloliquefaciens CMW1 and its extracellular
protease. Extremophiles, (2016), 20, 415-424.; Kurata A, Senoo H, lkeda Y, Kaida H,
Matsuhara C, Kishimoto N.

7. Complete genome sequence of the xylan—degrading subseafloor bacterium Microcella
alkaliphila JAM—-ACO0309, Journal of Biotechnology. (2016) 221, 32-33.; Kurata A, Hirose Y,
Misawa N, Wakazuki S, Kishimoto N, Kobayashi T.
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8. Antimicrobial properties and mechanism of volatile isoamyl acetate, a main flavour
component of Japanese sake (Ginjo-shu). Journal of Applied Microbiology 118.4 (2015):
873-880.; Ando, H., Kurata, A., Kishimoto, N.
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1L AA—D T BEERTOBREEADEA: ARBE - LAEE-FUES-MRER;
J. Mass Spectrom. Soc. Jpn. 64, 11-15(2016)

2. BENWMAA—DUTERICKEDBEDARIL: ARMBER-IUAEE-FILEN-MEE
B, ALAYAIUR 16:225-231.(2016)

3. Significant advancement of mass spectrometry imaging for food chemistry.; Y. Yoshimura,
N. Goto—Inoue, T. Moriyama, N. Zaima; Food Chemistry 210: 200-211 (2016)

4. *'* Anti—osteoporotic activity of syringic acid diet in ovariectomized mice.; T. Tanaka, N.
Kawaguchi, N. Zaima, T. Moriyama, Y. Fukuta, N Shirasaka; J. Nat. Med. 71:632-641 (2017)
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FEH1T

<FRER>

2015 &

1. Fukuta Y, Iwanaga T, Terashita T, Shirasaka N, Characterization and gene cloning of
poroteases from Lentinula edodes, 2015 International Chemical Congress of Pacific Basin
Societies, Honolulu, Dec 19, 2015

2. Onuma H, Fukuta Y, Kusuda M, Terashita T, Shirasaka N, cDNA cloning of [ —glucosidase
gene from Tricholoma matsutake, 2015 International Chemical Congress of Pacific Basin
Societies, Honolulu, Dec 19, 2015

3. Fuji Y, Fukuta Y, Shirasaka N, Internal amino acid sequence of pigment from Pleurotus
salmoneostramineus, 2015 International Chemical Congress of Pacific Basin Societies,
Honolulu, Dec 19, 2015

4. Shirasaka N, Iwamoto K, Fukuta Y, Enzymes for GABA formation in edible mushroom, RGJ
congress, June 12, 2015

5 BABAN-WLWOBM-BIREEZE-EHRA, hX480EF 424 (Pleurotus
salmoneostramineus) BRBRAV/N\IDBEREN, BARAEERE 59 BXE, HiE,
20155817 H

6. EARA-MTHM-FTHEX -BIREE, Lentinula edodes HEBARNEEETOTT7—
TOEEFI/O—=2), BREFERE 59 BA%, & 201545 8 178

1. EXRNF-EARA-BREE, BRAEOIFERICZEITS GABA ARICETHERIC
DWT, BARZDIZSE 19E K%, OKIX, 20159 A5 H

8. RKABLE -EHRA B -FTEX-BIREE, Y247 (Tricholoma matsutake)i
ERABRBENBBEREGCFHORRAN, F15BRRKEFIFEMFILTFLY
R, $Afm, 2015 11 B 19 H

9. BHERA-BREFE, VMV EERANTOT7—EECFHOREMBT, BAEE
ILF22016FEXE, #LIE, 2016 3 A 29 H
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10, KEFRR - EBHRA-AREE, JFHIACHBIRIZBITAT7I/RTFI—FEHDE
HNEE), BAEZLFER2015FEFE K%, #Li1R, 2016 ££3 A 29 B
M. KIBLE-EHRA-E8HEES -AREE, 7‘/’5"7‘(77’/0/70/oma matsutake)tEEE A H

XEEHBBRECFHORIRGH, BAE S2015FE KL, fLIR, 2016 £ 3
A 29 H
UEEESHT26H
2016 £ E

1. Kamei K, Shirasaka N, Purification and Characterization of Xylan Degrading Enzyme from
Mycelium of Tricholoma matsutake, ISMS 2016, Amsterdam, June 1, 2016

2. Fukuta Y, Shirasaka N, Enzymatic characterization and gene expression analysis of
proteases from Lentinula edodes ISMS 2016, Amsterdam, June 1, 2016

3. Onuma H, Fukuta Y, Shirasaka N, Expression analysis of polysaccharide hydrolyzing
enzyme genes from Tricholoma matsutake. ISMS 2016, Amsterdam, June 1, 2016

4. % RERX-EARA-BREE, JFIAVHEKTI/IRTIFI—FORERVERLRF
ya—=27, Exéw_—*?%’%zo@jc%, §f), 2016 £ 9 A 8 H

5. KBILE - f@HERA-BIREE, Tricholoma matsutake NBRC30605 #£® De novo fEHT
BUBBESBEZEOEE, F68EAAEYIFEEXRE, B, 2016 F 9 A 29 H

6. fBHRBA-KBLE-AREE, Pleurotus ssa/moneostram/neusL Vass NBRC31859 ¥
@ Whole genome shotgun BEEFIRTE, £16EIARKRELSFEYWEIT7LUR, A,
2016 £ 11 H 17 H

7. BIREE, ¥/3} Eﬁ:"ﬂlﬂi%@?%%ﬁiﬂi#ﬁk*ﬁo)ﬁ@ﬂﬂé‘E?EL,T_’T“/J_\?-“ AR—ZDIE
FEURDOLER), B16EAKES FEMFILT7LUX, AR, 2016 £ 11 A 18
H

8. REAN-KBLE-8HRBEE-BARA-BIREFEE, ¥V3% (Tricholoma matsutake)H
BAENTILATIS—EOREHELME, BAESEFR2017EEKRE, REB, 2017 F 3
A 18 H

9. "XKBLE-RBA-EHBE-ERARA-BIREE, I VYR7(Tricholoma matsutake)
REBENT IIVLATIS—E D Pichia pastris |IZEBH /Z\%Iﬁ HAEZILFE2017FE
K&, H#B, 20174 3 A 18 H

10. KESX-2EBEA-BIREE, Hypsizvgus marmoreus AETI/RTFE—EIZET
SR, BARZRILFER2017HEE KRS, =EB, 2017 £ 3 A 19 H

. BFRBE-JNIDEA-BEERE-FLUERK-BHRA-BREE, ¥/3I28FEN5V)
‘/ﬁﬁﬁlilxhI:I'7*>I/t7°’5!—3|513k?$E‘Jl:%*ﬂ%ﬁﬁ%v‘“)b?’bxd)%‘E‘ﬁ"‘ ERC Rk
95 BAERZRILFER2017EEKRS, =#M, 2017FE3 A 19 H

12 "M KREEH- Eli)i E-EHRA, AIRETYATICHT SEEE &I, MERES
22016 FMEXE, B1R. 2016 F 11 A 12 H

UEZEDHTI7H
2017 E[E

1. Shirasaka N, Kamei K, Onuma H, Fukuta Y, Purification and characterization of a
Xylan—degrading enzyme from 7Tricholoma matsutake, IUMS 2017, Singapore, July 18, 2017
2. Onuma, H., Uchiyama, H., Fukuta, Y., Shirasaka, N., Purification and characterization of a
glycoside hydrolase family 15 protein, glucoamylase from ectomycorrhizal fungus,

Tricholoma matsutake and secretory expression in Pichia pastoris, IUMS 2017, Singapore,
July 18, 2017
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3. Fukuta, Y., Oba, M., Fuji, K., Shirasaka, N., Studies on functional analysis of metalloprotease
and aminopeptidase from Hypsizygus marmoreus, IUMS 2017, Singapore, July 18, 2017

4 BEBHRF RBAMX-PEH - -FIURAE-EHRA-BIREFEE, Plurotus
salmoneostramineus NBRC31859 HIEA4OTOT7—XIZET A, BAZNDIFE
F21@KXK=, =5, 201798 7H

5. My FZE- KA -1EHRA-BIRFEE, Pleurotus salmoneostramineus N\ TiIEIZH 1T
BRIV ELFREEDHFENEIL, BAZDELFE21EKXE, B, 2017 F
9A7H

6. CBINEE-EHEM-)IFHES-EREDE-HERE-EHRA-BIREE, Pleurotus
salmoneostramineus |ZHITAMBEERMRADEHE |, F17ERAKES FEYEILT7L
VR, EE, 2007 11 B 17 H

7. k- DT R -EHRA-BIREZE, Pleurotus salmoneostramineus L. Vass
NBRC31859 kD HEZADESIFMBRUVT —IN—ADEE, F17ERRKEDFEY
FAVI7LUR, EE, 201759 A 17 H

8. M A -ENER-REE—HE E-F = FFTEFRICHILEMBEEROHR
REEEYEORER, BAME#FRE 4 BX=, KBk, 201769 A 27H

9. XELEMEF WA M- RES—-WE E-F £ SOHXROEREEZTEYE
DIFHR, BABEH#FRE 4 BX%, Kk, 2017F9 A 27 H

10. P AXEEF-MEER-BIREE -BHRA, TOHEQTIKREEEEE~DHARE, #
EREFE 2017 EMFEXE, &M, 2017 F 11 A 11 H

N EEHRA-RINES-EEM- Iz - BREME-FEETRE - BIREE, Pleurotus
salmoneostramineus |ZH 1T AR BEREDRARKETDICH, BAE=ZLFER 2018 F£E
K&, B50, 2018 3 A 17

ULEEEHTI5H

<HAERRD AT > (EFELSY)

DURTD L EREDEBIRR, 12—V TORRIKRE
<BREIZEELTLDED>

O HREAIEERIZ . http://www.nara.kindai.ac.jp/mext/mext—kinoko/index.htm| % BH &%
L.COFTTODIIMDRAR., AN— EE. FERELEEZDYR-TVS,

<IMDBRETHFEDHLD >
&L
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1. BIREE, ¥/2EMEYVOFEREBBBEORERAEZBIELIZY /LT —3X—XDE
FE(OURDOLER), F16ERKESFEYWFEIVT7FLUX, HAB, 2016 &£ 11 B
18 H

2. BREE, TUATHR&AIRR, TEREILIEYE SOZJ—ILK, 2017 % 11 A 23 8,
FERITEYE

3. BIREE, ICAMEMNRE X /OME —IVYITIEAIHIETESh—, EEXE
MEHISRE— BEISRAI—HHEIF— 2017F 12 81 8, EEXF

4 BHBER - RAEL-BREBE-FILESR, BRAFICHE TS MSI T—2FERIZKT D
—HEBEEODEHRRAE), BESWAA—2 T35 —2018, 2018 F 2 A 28 H, BiF
R

ATAT-TLRY)—R%E

1. NHK THvT> 12016 £ 4 B 27 H
TFHER | BORANZARICEPhoNEREF ! ]
AT E o= ITDNNTHRER
2. FEFE ThnLE Fhhsin] 2016 9 A 28 H(YF))
TYAT NIERHEIZDOWTarvk
3. AETLE By r=f 2017 &£ 6 A 21 BHuE
B v —coMAEREIE ; i BT (XDD LUV =ITIEitxt 2Bzl TIAAVE
4. BARTLER RvyxY 20174511 B 108
FEXFR(vs REK) TDIEKIVATHE
5. HiocHE FAHANR TKREOREHN EHKRF4, EFEEEDRR] 2018528 25H
YR NIEE(ZDULNTaAV L

Fraf

1. BIREBE. BHRA. AFEE, JIOEA.BEHRI
ERHENEFERMRUVERBHNERER
HFEES 78 2017-040722
HEEER:FER 2953 38

2. AREE. FHRA. HREBREJIOEA.BHFEL
EERHNERERYRVEEKSNERE S
HFEE S 158 2017-040682
HEER: T 29%E3A3H
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[& D Z DOFFEIKEEAEME DA L Z 0~y X g HaH & 0 28O N TR
~DOISHZ Hfg LT RVERE R ORIz > T o=z A b

1. FRESHREE - AFEREHit e 7 v — 7

B ORISR A RIC LD N THIE T, WS KRED~ Y X 7 E AR 218 TE D005 &
5. Tbb, FREREOBEICRE SEAREEEZATLIRUEREEDL Z LN~ & N TR OH—
HThD. FORT, REEIIRITLEO SR OBENIRMEROER AL RICLIZENZD.
RIAE IR OVERUTIE, FebE RO Bt CLRHAE) SORFEIROMRFHT L > TR ERUEN K Sz, #@H,
E D ZHERDOE R FASERREEITH LT LB C& 3, FRETERUC LB IR E R A B OA FR 7 1 E
EOBENRRDONTETZ., A7a V27 MTBWT, <Y X 7 HEKE T OE R EREOF R E BIES ST
SNz, BORIRERICEK Y, HEHEMPOREROM S, WKHEZE, BREE LR 2 RBIICGHE T2 2 &
WAREL 720, <~V B N THEE O KOFMETH D KIUEK ORI ERL & 2 OFMmIE &2 e L= 2
LI TE B, B, vV A AICoNTIE, S BICENAOEBRIEIC D & ST,

2. BEF - FURNIERBTIN—T

HFEE O Z OBEFHNT 2B R VEROT — 2 R— 255 L. M A nt T4 7Otk
R DUWMAG S — 4 =\ K DG TFINT (27 DT 2362780, HBERA 5 OF E R A
LOWEMAIES . 70, FEEEE OO & 2 WEEHRAABIR S, Bk ~0 B
BETOEA L REERRSI L2 L, N EA RS Z 0L LT, HTHEXD - OF-ERKREH
WA DA N = ALERAT 25 ZCTHML 5 5ETH .

3. AVl FORERDOYUELSTF IR XIFTHRE

<Y B ORKENOIRMOERIERIE, ~ Y % 7 OHFEEREARERIC KD A THEHTI O TS O
NARVIEChH -7, £, HEOKEULEZ DI LTY, EHKO b OEREESMEETE Tt iE~
VB REIRREAEDARENET S TIRICX ARV, ~ Y 7 7 HRERENT, sk 2 At 5 = &
Tk, BRI OERECRRUE N TR L e o 7. EIROE SRR AT LT~y 2 &7 T HEERAEDH)
L YE & 92 FIEEMAIRI R CTH 0, MBI TR R 2t L7, BIREREREDS
B - BRI EREIIY Y 2 OB L TIESHEFEEOZ, L0 bIFREE O ZOHEKN SO ES
HOREIC T2 e LCABEERICHIALY 250 LEMicE 5. %77, 0O HEHHOEANRK
T PR O KA D0 72 (R % FTREIC L2013 5 £ TH AR,

¥ A TR THTDOTERFBRIED S D EBD A7 ) — = /R0, WEEHRERIEOML, T FIKF
JR AR 2 B Do B ST ORI X B WOE G2 A0MNT, B E TREUC K B & 80 EREDO RN 72 813,
EDZDOFEEIGRA B =X L& TEDFNIRIT 558 H S 2 mAEZRIEL, ZoNBFO#E
CRE B EBRETLO LIS,

201845 A 8 H
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RN R FERME AT SE R X R
[& D ZOFEIREHBEE DR & 2 D~ > 2 7 SA R & 0 2O N LRI
NSO Z B U7 FE AR TR

THNET, EMMTITMMEE L LTHED-S>TXE LER, 203 EMICBITAKREIZH
WTaAy MW LET. ZEPOZLOMRENKE SN >2oH5H, FRZLLTFD 3 858
<A TE D LY LE L.

. E D RGN DOEEAR

KB D& O Z3IEMIEOREL, SO ZAFEBSGICHE U -AERIEN 2V ETH
0E Lz, BRI, ST ofE, SHERDGE, S5I1E, MEERGER SN
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WE L. L LD, REETEMINRRERMIT, &0 IAESRSGICREICH -
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. XY B OREE W%&ﬁ@ﬁi
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%%T%Ui?.%m,vy5ﬁ@i9;,ﬁ£@ﬁ AT DHNVERIRE A, 18 F O
ST CEIESE D Z L3O CTREETHY 3. LrL, AFEEICBWT, BHIZER
N9 % R BHICHEKR S ORI TR A A ER, AEEEZERL COhET. 5%, #Hi
R S T- & 0 THEER 2 7 VIER L C, =Y ¥ 7 O RBIBERIERSIN O RS E L
AR OHE R A KL, vV 27O NTHIGEOREENEE D & EbivET.

F¥A vt T X780 D B R R BERE O 5B

KFEEIZBWT XA v T 27 OHEFRFBERTE b FEIRZ BT 2 ERR D o #f
WL TWET. ZOZ b, BIENANY Y 7700 RNKREREKE AWV TTHFEEK
TERUZRET 2 ERNAIRE L R D720, FEEEKREGEIZTFOBMAES IR ET. 4
%1, KEHKZFINT 2 2 & THERIERIERMIZBT 2 50 PRI T8 R INE
ToEEbnET.

201845 H 15 H
IR R R BB
IR FE & O Z BRI e o 2 —

S Pt 5

MYER SMERRHiZRE T X > b
14



RTEHMS
RS RO R EB AL BEE (&0 0T RETHREEOMRR & £ 0
~ Y& SR E O EO N LTRSS CEITHSL~ DI A% B LR ERT
PRl AR

KEZIX, OXDOIHREEDOT ) MMEROF VANV ET X BEIIERIZ
BT 57 —Z_N—20OBEQNAKOH L E D ZHREROE L FHEBRZET
NOBIFE@F /) aREREOEMEICMVMAAR, HRRRELZELDLH I LITLY,
EOZTREEN (02 ZEAEHEAZMEAL, BRI YZTDAN
THEALENBRA~LIEAT AL ZEELLELOTHD. 3 VEDHET 1Y
=7 FOFRERE L TUTOFEENFMETE LD L LTET LN D.

XOZEREEDOEY /) A de novo fENTIE b NTT — Z "B Tricholoma
matsutake, Flammulina veltipes, Hysizygus marmoreus, Pleurotus
salmoneostramines\Z O\ TEY ) MEFR LT v v T AEEEAT
VN, DDBJIZE & LT, RKFATEZFIZ L. T TIZABESNTWVWSHIE
DY) LEREEDETCARAT B Y27 FTHLDIZENTEERIT, 4%, &
BREZR S D WV ITEERSEOMBAR &, O ZHAEBEOISAEICBWTE
THEZANZWNEFHMMTE 5.

Pleurotus salmoneostramines (F XA 1t 7 4 /47) ZRAWI=0FEWFERNFIE
BRONCERRERE A7V MZBW TS/ vk 747 OBEETA
FoBEREEH, A7V —=v7 L, TEEERELZE T 2 BEEREAKRESE
. SbIT, TNOBEEAKEEE L L OREERERFIEORS 21T
STW5., —RICETHEIR, TZ0Z) Bk (FEEFER) KITERLK (2
BHEAER) BDULETHY, Hii~T ey ) XLEFOEKTIE, FIEr7R
QERNDMERAR THD. TEAERICEMRCALERERTIE, BRE
B DVIIEBETOWE L2 TEBRERHEN B CTRETH L. HED
HFEICB W T FERTEREETT IS OEE SRR 2EBILZ ZICER L, #f
FOEBIIZ ORMEZ R CEXLRONEERBICL>TOHRBTEHENT
W5, A7V NTELNLEERERKIL, AFEERO ) —F A
77Ty A=A BAREEEMO TRY, BEFFX 72 a0eHER
REBRMREIEN, BITT5Z 8128, ZoMEEEEZ Y — K52 L3+

ARTEHM SNMEFEEEIA T F
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N2 9N EERNCE L DD TH Y, TOZ OFIGEAMIIMKA L L TR /
TATICH> T2 DRBIRTH 5, 2Dk, RE]D D CEEBBIGICHT 2 /v v %
MEICERTRICh2 e, RECBT2 20 ZHEEMIMETLTwE, BETREREZD
bDETERLZ>TETN5,
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T, B3P 7mnd o OMEIEECHII L Tk Y, Sk, TR OB %217 9 BUCiEH <
FHLEZTC0DE, T, P F AR T2 B TRBIEHICTREZ2To2b 000
fa+ 2B L, QB - BRI R - 77 LT 78 EICHI 3 5 7230 O B IR D B % E o
7ot d. BURCHEN 68 thD LA D HEE SRR CT & T 5, IR DIURIC O W TIXER
DHNEERIC X 2 P OMREDPLETH 5 -0, BEMG L CHERIEEA2TToTwd &
ATHY ., SHREIIIEML T FETH D,

3) =V NITHKE L% Big L - BRFAEITE O

KRG 72~ 2 7 O N TRIEWFEIE. 1970 FRICTFE AR O oM EE L S h T
LIk 50 4FiE e d T 2 23, FEN 2 FREREBEICOWCToWmEITH 2 b Do, fFHE
DB LREHEDHEIT I E > Ty, 1970 FRo~ v 2 riffZeo it & L <, MikEE
CX V&L D=y 2 rERPHETL SN, IR DD 7 TR akh ¥ CTEBFREE R
XD LR L 20D EEGRE I T3, Ll 208k, e s - R
ICY 7 P TR, BRI e L CIRIRREHIC X 2R~ LB L L T & ZoBRIcE»
T eV X7 3EEPIEFICGEL, FIATE 2AEFREEICHIB2H % & v ) HARNLRE 2T
DIERK XN B ICE > 7=, AFRHEICECTIE, =Y 27 OFIEZA[REICT 2 -0 ITIT KR
DE AR % LI AR CHER 32 £ L 3B TH % L F 2, 1970 FR1%F~1980 (LR
PO T RRFETR O 35 - I RHHOWI S # S5 10, vV 27 OREBERFFEIC
DWW CHBREE 2T VRO KB EEOM . % HIE L 7.

3—1) ¥V &7 OREERRHE O

<Y XD X ICHIARE ARG ERECCTEET S, WY 2ERE D% < X ALK
DBHREECTH2 L INTHY, L ALDHBREIEILTE T, ZohT, Ky
CRARET VTV EELZLRERLE L THEEAREL o T Wb, £ 2T, RifFETIR, ~
VRTDORERLLCOT VI VAR ARGEL 72 2 A, TV 7V ERRERE L THER
BB L~y ZTER TV a—2AREEICHRTT v 7 v BT O RRIRIE D 82552
otz (K 2A), 7=, FkkDSEECT v 7V RIHORERL 2 72T I 7 —¥DiE
By RiFcHELEZZE LY (K2B), v 7 v aRERELTHWAZ LIk F v
vORMHEBKIFICH LT 5 EBHL L TR,
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— ARLREREEEE —— BYIILaTFTIS—HEEE —

150 o= o250 Lo
10 W77 200 W77~
S 150
100
rl . o I

NBRC30605 J-1 Z-1 NBRC30605

(o)}
o

Mycelial dry weight (mg/flask)
©
o

w
o

Glucoamylase activity (mU/flask

o

K2 ~YXTEEKDT v 7 vHHEE
BEHRIEZva—20 LLRT Y 7Y RCHUESREY L20b T v 7 v 2 SbibcEBT S 872

COERIY, =Y X7 IIEROHEICH 2 X9 KT v 7 VRIAEL 2Rz k0o
TlRAELVEERFCL sl T v 7Rl ZR LS oNE Z e ALt kot &
NI, vV R TRHR Y AV LAROEER TR CEX 2A[REELZ R B LT, RER L
DFVvI7VvEBRCEDEEYRERICHCS Z & T, K vy AP EFRBRICATHRE A
AE & 7 5 AlREME 2 RIR 3 B G R3S & Tz,

—Ji. ® VX7 OEERENCE W TH FERRT, 2 E CRERINE Z RG220 id, IE
BEWCREAITOMLELD Y, WHRNEZ BT 2 2 EREBENICTEA» o722 L BE X
bd, 2T, WAKNEDR L2 HIET 20 I ZFEREcoEERNA0LELE 2D C
BRI NI,

3 —2) AR ICE T 5 RARERIERIE RO

INETO-Y XTFEICE T 2 BEEICHAREERI N TE 20k, kIR
e FRRICEER 2 IR —IccE 228, 72, BAZABIC K > TEHITX 272 DK
ARERNEEZBAICHETE L L Vo AP O TH o7z, L L, VX7 IKRLT, ¥D

CHZREET2ICE, BOEBEER—R LT IRKEH L ZER—RINTH L0, WARD
SIERAB I HA OGRS 2 LK. IELRFAORZIET 2 5L hE CThr oz,
KFETIE~Y 2 FRARDEFREEICE T 22 HE L, k32 7201c, BWETH
WHNTWREESHEICK 3 IR T EIC X DRAREONETIEEZERLL 72,
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TEECHRIEOHELEIC S H v H T 58 (Aspergillus oryzae) 2158 L, FEEICHHT %
e DD W DOIRFEICT 27D I1CE, HHICEALZSLEI L 20EDDH 5, MEITZ DX S 7
HABEREICADL L TCBREOT VT v o2 v N R NIRRT IR Z W TE DL X STk
ZZEPHONT WD, MHOEB2E=2— L, MOTEWREZ ST 213, 250votz
REDKREOWERLZIET 2HERH Y, ZOoHFIEE LTHALEENE XF VO h
BE=42—423HEMIHAINTHE, 2olEEZSEICLT, K 3 ITRLZAEREEK
BHIEEE LTERL 2,

FARRENE 13 ARSI TR O N2 RARE W CORERZER L . EiREEEE 2 o fii
ENEN-TEFAILaSIVEEZERS TS & CHIELL 72,

I
E ‘ . matsutake 30605#k @ [ | . matsutake 73
;—E; "j'./-j}l/ T tsutake NBRC : iti’ﬂ_:‘, .’ .t:ﬁk’ I:I.BCSO
- I ) -
24°C, BEFR, N :m%&ﬁm%é
E#&3B5HE ‘ | 14,21,28,35H B
12 [E4R 1 IZEYR
|
|
|
RF FTFHRR bO—XREAEE | BE:N—SFa54F=2:1(Ww)
RIGRZIR - R
(BHRNOEERZH—1E) BRAR
* Yatalase 1.0%
— BEFRRIG: 37°C, 1,500rpm, 1h . Cellulase “ONOZUKA’ RS 0.5%
N7
( E%ﬁ'(a)'%mﬂ@% ’E'ﬁ'ﬁ* ) 50mM Sodium Phosphate buffer (pH 7.0)IZ ;A2

v
N-ZEFILTILAY I EFE* 4Abs. 585nmTHIEL. BRAEZEH

M3 FFvEAEICX2ZEEEONE

ZONEEMCSE I LICX Y, =Y 27 OREORIEICE T 3 HEIC X 2 FARSIE
DH WA KFEROHEFE L HBIT 2 2 L AT & (M 4),
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Ho
K%

300

mycelial dry weight
(mg/flask)
- A NN
g © U1 © O,
o © O O o

o

1

14 21 28 35
Cultivation (day)

M4 FFvicXawiRREAEE BEIC X 2T OB

3—-3) REZREBKL T =Y 2 HEEMEFREIORGE AT —AT v 7

Z 2 COMET, BEAREE CORMRIKDZILE 2 HH{LCF 2 7KL CTE 72720,
~ YV A TEEOOOEEE L LT, RERERE, SHHEEZ N —IF2 74 b e L7

At T o7, FOfER, B3I HEICEWT, HARIEME, HEic X 2 Hkiitic
P N—=IFa2T4 b=2: 1 OFHTRIBOEASESERZINZ (K 5), /-

COEMEERCT 2O~y 2 FEKROREERN 21T/ 25, TNETOMWME LD D
SR (30 H) T, BVEARERINEERSS 2 EAHHRE (F3),

300
250
200
150
100

mycelial dry weight
(mg/flask)

50

B:V=2:1 B:V=1:1 B:V=1:2 r—s%a54 b

*B:KE V:I—ZFa5q4F

6 EEEHICETZRE N—IFa T4 FERDOMES
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K3 =V RTREAREEICE T B RS OB

EEREFEINE B 4 15 3 RIS E
(mg/flask) (30 days) (80 days)
200-250 2 & —
150—-200 13 # 2 %
100—-150 17 #% 15 #%
100 > — 1 #

* Kusuda et al., Mycoscience, 49, 291-297, (2008)

INGDFEREZIF T, TERERECHELBORAREZ TS 2 720 ICE kR ED 2
=Ty ZICHY AT,

FHEELTE, KE:AN—3F254 =2 1CHELAEZL4EAD T FRaH% 4 XD
R (25g/ 7 7 2 3) %, HIE OUN) 4 X (500g/48%) ICHER L. H4 D ST R
TE5%T (K30 H) ¥Ex2To7%, ZoREKEE0EELZ, FIHERE (K ¥4 X
(2500g/%%) DM LS E B Tk o 72, #4935 H CHHBRICE R © St % iR+
52 Entkz (K7), £/ OHKPIFET 2HAKORIZ, ¥FFVvARICXZHE
KREHPEEIC X Y, BiHh 2.5kg 720 | HZERER 19.5g LHIE X . 2 1 AR CTRARME
DIREE & L TIEH 200g & 227 Y REORAKRZ T T 2 Hik % C % 72,

7 BEAREHIC X 2~V 2T HEAREEBOR T —AT v T
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4) ¥fE

AFEICHBWTIL, FiRCHKB L2 SR AENT 2L ICXy, SEHEZD
TEREMCHRISE CE 2B AT 5 2 Lk, 72, AlEk 2 E T 2 © & TS
RIS 220 Z OLEMICHEFGTE 2K 2L Lz L dic, FiHlicHiL 22D
HROBFHET AT A 2 BRIE A B2 72, RE LT, Y 27 25 0HA ¥R 2t % /-
D DI LB A 2 5 2 LR vz B,

72 FRICHRAT 2ER T A 77 ) DRFEL W) Hr b, Hizia~ v 27 FHRORUSG
DHRBLT, TIHNVFRT, ava, dvi AP Yx A AP L 0o H- I8k
a0 Ok, TEBEHRELZET LI RS oe 727 BBKEDEET 22 L1
B L7z,

oI, =Y R 7 OFIEICBI L TR, BRI CERR B2 BUEL T 2 k28T
FICBERT 3 & &b, BRI Z VB 2 & CRER X D b EEE D 4 DS IEATER T
% 2 WK DOVERUT 5% AL C &% 72,

3. SBOEHH

D & Y R 7 BB e Ex o 3#

QBItk74 77 VD3 bk d37%E Ko<=y 2 TEkD )

OWKRD I LB AR —NT v 7l TREFERIMDIREK

4. BT

JREE R - AR

Phylloporia lonicerae (Hymenochaetales, Basidiomycota), a new species on Lonicera japonica
from Japan and an identification key to worldwide species of Phylloporia.; W.M. Qin, X.W.
Wang, T. Sawahata, L. Zhou; MycoKeys 30:17-30 (2018)

BrFRE - 2 I —
2015 4EfF
=L

2016
16 BRRES TEYYa vy 7 7L v R GRED) s Y VRV T LA

2017 FJF

TEEVEYME o7 —LF [~y 2 7igeiaig] - B
EERAMIE 7 AL — f/EZ 7 A X =Kl I —GfiH © ARSI
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FRRH
2015 4R
=L

2016 FLE
=L

2017 4 E
17 BARRESTEMEa vy 7 7L v R (B ) —MEEEER 2 48
AR LY S 2018 FFE RS (BHE) 5 — Gl 14

FERFER
=L

Zoftt (Hol - HE%

1. 2o o4k L ICHRFORY ; B LOXXF (S&T Hihk)
(O -~ x5) 2017 4EFIFT

2. HAHFHE [dotxr znnrb] 201649 H28 H (¥1)
<=V X7 NITFEEICOWwWTa Xy b

3. HATLve% ZvxV 2017411 H10H
FENR (s HER) XoRE&YYV X TIE

4. ook PEHARM 2018 42 H 25 H
[K¥ORRET) EERF4 ; EEEEY 2 2

2V AT ANTREICOWTa Xk
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FANT K- Wt (R TF 90 AR T R S 1 3
[% Dz OFEFEEREO M L 2 D<=y 2 7 SEF AR % © 2o N TEIECHiTE
VA~DIGH%E Big L 725 AR R
CPRR 27 R EE~FRK 29 L)
W oE R AR s

WEFeHe « Efn v - & v o2 T o — 7
WrgeiieE : OF o CHMEY oL ) LSO RIE
QT FERTE ARSI % B 5 U 7285 1S B RE R
QT EREHHEREMEIA % B L 72861 - X v o 7 B fEHT
WFFCHRYE « BU% - BRAREWH, #E80% - BHEE, HERIT - FE0, 80 - mERA
WHoetm &« ERFIRE « A2 HER, iR
FERHIBD  RIBILH, BB, KERE, R, sk

1. WsEEm

21 fdic Ao T 7 LEHEIDKE T L, Z0%oXMRT 7 Ly —F v —0EFEHIC
L0, EVoBLEROMHIZAY vy FCHEATE 2, ) o BEoh T, 2 E Cif
FTNRE RO CEREYORT ) LOIERPHO» &Y, T—2X—= L LTHHTE
5X51Co T Be, MMREDHKIIKE (E(LL, T—2xX—X DT/ LffHE b LI,
AL L BRI ORE e, BAERM OB TR ORI R &~ BoTE
EWVoTXW, ZHWotfT, HFEEFIED KRE S L, EHEERED T D 72 0 1R
WKL XV XIELZDR VAN EE - FT 5B FEFEL T L wo ek
LOFETIERL, 72— FIch 2 HRICBEST 2 [0 H 2 BIETF 2P
L, RN E%ITS e RMEDRIIDORAT Yy Tl 7o TETWBE I 5% L, ED
VV)a—vavd, 20T EEIR—-FTE250~EE{LLTALY, L22L, 2D
—7i, K7m 27 b 2o ZHEMAEDICE, EEEOSVEETT -2 XR—XDER
HOSHIICAR L TEBY, T—ER=—ABZL2o T LAY L EFEOIHEY ) 2 —va vk
M4 2 & IZREECH 3, AIFICHETIE, & D ZHEMAEY O T RIKE R % 5 5
7 DMFREB IR T 2720, IR E L2 &0 JHTH) HoRT ) LB X URHE
BT —2_X—2%EHE L, DDB] R EDRMT — X X—ZA~DEFEED 5 L LI,
WL 72T — 2 _X—R AL 72 2 v X7 EOFE, @in T DOREEMNT O FiEMAE L ED
726
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1) 20 EMEYOLS ) LEFIORE & 7 — X X — 25K

REEFBEEC©H 3 2015 FHFAICBWT, 2o HEMEYOMEICHATE 257 ) L7
—ZAR—Z2%BR 1IN LT,
K1 7 LEBRBEABI N TV X0 ZHEBEY) (2016 4F 3 HRES)

S8 P 4 YA+ FRE&R AL
HER Tricholoma matsutake Eok JGI —
ForestGEN
Boletus edulis R L. JGI —
(RLF—=)
BHEBE  Lentinula edodes S A85 ForestGEN HBE
NCBI
Agaricus bisporus W) R JGI A gE
(Ryirab—L) NCBI
Coprinopsis cinerea - = E Lo g JGI A &E
NCBI
Pleurotus ostreatus ES54 JGl A HE
NCBI
Flammulina velutipes I/F349 NCBI Al RE

LAL, ThUbDT—ZR—2IcH0TlE, FHTE 294+ ZLic ORF & & OEH
BbhTPICEEoTnshE, EEICRITIZHEDE LR oN2 R EOMERZIIZ Tw»
Teo &7 LMEROWEFEICH T 2 XIER — 7 v I —fi#fTic s T, 2ificiviEs
NIeT—2DT 2V 7VORRICRER R 2 AHEMERH 2 L BAONT W E720, T
AREEICTHEH L2/ ¥ 27 (Flammulina velutipes) ®27%7 /7 MERE, T TICERRX
NTVBIERPESEZFREOD D TH 202 MAEL 72455, BIHOM & FtkOBEZ R L
TEY, RFEECTRHRONIENT —2TH, BIETEREERZ 2D S TH L T LR T
%7 (£2),

K 2 F velutipes D7/ Lfigwe, EnT T HITERD HEL
F. velutipes (L/X3T)

Assembly statistics TR19 KACC4780
Geome size (Mbp) 349 3503((%?:_;)
Sequence read coverage depth (fold) 114 37.7
Number of contigs 5,130 500
Contig N50 150,115 252,700
Number of protein—coding genes 13,843 12,218
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CORREZY, EBRKFCTIRELTCWAIBHZOIKD I B, =Y 27 Ek%E
E LTIy =7 v 3 —Ic X % denovo T ERIT\, NI T7 V7 DT —X %L
7= (£3), B, &7 MERELNT —2_X—2TH % DDB] ~EKES, NBH%ZT
S>TW5,

#£3 BHEFREEDOSLT /7 L de novo fENT
S [k Assembly  DDBJZ £

Tricholoma matsutake ATCC64715, Hiroshima, Ichikawa, Okayama, Done *NBRC30605 5ET
NBR(C6933, 30604, 30605, 30773, No. 101,
No. 114, KMI-J-1, w-1, N-5, Z-1 (§t15%)

Tricholoma bakamatsutake NBRC30663, 33138, 107031, 107036, Done
1070338, 108265, 108266 (517%#k)

Flammuina velutipes TR19 Done T

Hysizygus marmoreus NN12 Done T

Grifora frondosa Sy Bk Done

Pleurotus cornucopiae MK Done

Pleurotus salmoneostramineus NBRC31859, Done T
E#HE % No. 4, No. 60 (513#)

Lyohyllum shimeji B Done

2) T=2R=ZZHE L2 v X7 EBRE, BisTHEEERTFEOREL
B, KA -FIHEIN TV E T —2R—=20% 1L, Bknz v 28, BT
RO RICZDEEEEA XA ONTVW L, HIXIE, 7/ o LICHEET X2 v 7k a—
N3 28IcBAL Cit, 4 v bevyolthefila FryofiEx Lizx v o7 Bofddls
—ﬂaa%m%%®%%%~ﬂ%&~x WL - R I N DTH B 2 L%\, Lo L,
O EMEYIOT ) MERICEWTIE, ) ol T — X ZHELL - EEEO BYIEH
%ﬁ% LT7AT) XL K o CERIEFTFHAI NS OBRMINTHE D DA% L
FHET 570, BRICEX Yy X2 a— VY3380 R o720 575—AbBAING,
¥/, BT ) FE2T7 DT 2B Z5THLLEIIC, L DEDTICENTE, EDZD
R 2 ERECH 2 iR (—oOMIlIC R 284208 2 OFTET 5IEHE. ZhZhokk
I n k) TOfNTT —2TH Y, FHIERPIEMICKMI L7 d D TIEAR Ve » ) FEDIE
i, AERECIE, KERICTEALEZXMNRT ) Ly =7 v -2 X7 LI
KOS L-E o cHMEYOT ) nERED LIC, TR L Y 7 EEa—FT
% BR TR R - [FE J71E D REZIC D W TR 21T 2 72,

2—1) =V &re7 ) LMEREZFIH L7 MASCOT I X 3 &% v 7 E[EE
705 F— LR FEROESR I, T—ERXR—ZABKEL T I3EYFBICB T 2%
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SNUEREEIE, Zvoro M) Ty viEbET R o 8RS, $7%bH PMF (7T
FTT4 V=TIV VTA4VT) CEoTRETEL LS IChoT05E, LrL, EOZH
MEMICEVCTEFHATE 27 -2 XR=XDIFEME =01, ZhETIREALCHAT
XETCHWARVOREIRTH B, 22T, KBEECBWCT 2 {Toz~Y 2704y ) LMER
ZRHALC, v~ 27 HROEER L v 37 OFFEIC PMF I X % #2358 < % % 2> % WGE
L7z,

fEfT3 2 2N EE LT, Ty 7 v R AFHE L LT~ Y 25 Tricholoma matsutake

NBRC30605 %553 L 72 [RICiEEOBHE & LR PZZE O b - R FRIMNER & L THE
WHAOEHL, MEORF»r LI/ AaT I 7—¥ThIETFHLE KX v 28R Y T
v Vit L MALDI-TOF/MS IZ X % PMF fiffi 211 ->7c & &5, R4 ITRNT =TT Pk
DIFIEDPTER I NIz, T o DM OF#HIE NCBInr ¥ X O JGI T.matsutake genome
database |23 \»T NBRC30773 ¥k v 27 3 5 —+% (accession no. AB604354) & —
L, K2y 7 HEa— 587D Z PMFETRETE 5 2 LR TE L
bIT, TRETRYATHE L TOFREDSHERTE Twind > 7 NBRC30773 @ EitiEfs
FRINaATIT7—Fe LTOEREEFOC L 2R T 5 2 LT,

K4 wVERFIANATIT—KDO M) T VNEBDT T T AV

Peptide fragments Predicted mass

(Da)
VNLLANIGPSGSK 1269.45
FNIDETAFTGPWGR 1610.70
DANTVLASIHTFDAAAGCDATTFQPCSDR 2999.21
ALANLLTYVDAFR 1466.69
NIYAINSGIATNQGSATGR 1908.04
DNGSPLSAVDLSWSYAALITAFDR 2569.79

The peptide mass spectrometric analysis was performed on
MALDI-TOF-MS system; autoflex speed KN2 (Bruker Daltonics).

¥ 7z, NBRC30605 Hik D 7'V a7 1 7 —¥i#E T (TmGlul) O¥RE % RS 5 7= D1,
7 v —=v 7% Pichia pastris \C CHRFXE7-0b, VaveF v b xyv 7 oRHFEZEIC
BWTE, b TV LBEOBR 2 MS/MS b4 2 2 Eic X b NI T 3 BRECHIICH
B shdvtEEcE R (K1),
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Internal amino acid sequence of recombinant TmGlu 1

B ALANLLTYV-D-AF-R

Identified the amino acid sequence of
TmGlu 1 from T. matsutake NBRC 30605

Mass spectrum of tryptic digested peptide fragments from
recombinant TmGlu 1 (peptide mass finger printing)

1 MS/MS Hric X 2 W& T </ BRIECH D PEiE

INLDRERLY, 7 LA DT — 2 R—2Z RS2 LIk, BIfE e 74— 4

bt D FB e LCIL A & T 3 PMF i MS/MS fi#ht 2 % o ZHMAEY e < &
% A[REME DR E Lz,

2—2) THFIAVHET I )T F X —ELETOHRE

7' F v A (Hypsizygus marmoreus) %, HEARDEIER 7 v T 7 —EHEHTH 3 o-
Phenanthroline Z¥z#ilcisins s 2 & ick vV, TEEDIEEAHEINZ Z LM LN T
Wb, ThiE, TaTT7—E¥nTF Y AYOFREHEREICBERL Tnwa 2 L 2R L
W53, ZZT, 7TFvAYOTRIRFRIZKEFICFHEIT T % o-Phenanthroline &Z D 7 2
I RTF XL, 207 I KESIEHR%Z b LI BLAST iR 211772 2 5,
TFIRAVHFKO AL VT I ) RTFE—FE 100%DHFAIELZBD SNz, XoT, T
— 2 X=X FOFERIIEREZ D L IC 774 ~— %2 FEF LA D cDNA 7 v —=v 7
#RH 7225, PCRICK 28T OMIERZD bR o7, LA L, 7/ L DNA %§HH
L7286, L7 74~—CPCRICKZMWIFBRD N ehb, T—2_—Z L1
DEHNEHRIZ A ~ b o v FHIEE > T 2 AJREEA R X iz,

22T, RACEHE#HWT cDNA 7 0 —= v Z %17\, HERGZRELS- L A,
NCBI & k%] & DAHE M 1E 98% L ETH - 72 b DD, 3 Kimiill o3 HEH] o 1 [F) 1 55
LW Z et e ns (K1),
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cDNAYO—=24 L1-EH) f " AGCTGGTACA AAGCTGGCTT CCCTAGCTCC TTCCCATACG AGGCTATCAC TGGAAACGAC AACCCCAACG TTCACTCQ
961

NCBIZ §RACH) “ AGCTGGTACA AAGCTGGCTT CGCTAGCTCC TTCCCATACG AGGCTATCAC TGGAAACGAC AACGCCAACG TTCAGTCGTC

1041 CACTGATACT ACCAGTGTTA ATGGATTCTC TTGGGC—-GCA CTCCATAGAG TTTGCGAAGA TTGGTGTTGC TTTTGTTTAT

sk oRkkk oKk Kk Kk K kK K ok Kk *  ekk dok

BRES OHERMES.5% 10417 CAGTGATACT ACCAAGCAAG ATAGAGT-TC TAGAGCTTGA ATCCGTATTC AAATTGGCGG TTGTCAGCAA GGTTGGAGAG

1120° GAGCTCGCTA TTTAA

1120” CTGACCGCCC TACTCAACGT TCCGTCCGTG TTGTGA /

2 TFUAVHERT I R_TF X — R O & BRI & O HER

CORRERZT T, REETHNTEIT o7 %4 7520085 ) LEEH

77 b7 LS (R 4) L7z b 25, iy Asembly st H. marmoreus strain NN12
= o T _ " . Raw reads 71,166,130

A J: @Eizgl ‘j— % ﬁlgéj\@ 3 ﬂ{ﬂﬂﬁ{,ﬁ“ ic ?‘E%;k@ﬁé{ﬂ: = Genome size(Mbp) 59.4

F Y AR S N, NCBLICEFHIN TV BEIID  coverage X257

IEKIGMORINEA ~ b o v OFsyTH B b Pueivepotensequence 17,263
AHI LA, S, NCBLOF— 415, TFy oo O
AYDEZ7 M7 LMMERE S &I MiGAP 7 (max 1,481,398, mini 200)
EDBEIETTFHlY =it X 5T cDNA BX A v b o v ol B3l &, EERICx w3
7EL LRI N T RWT —2BARINTWwE720Ths, ZZTHHIN T, S,
BRTTHlY — VXS IR A O EVEORLS 2 S L IC T AT Y XA T
279, HkZDb OBV vED T 2T T2 EEMERS W L2V L
726

DEDRERIY, o HEMEYICECTT ) MEREZEHL T& v o7 [FE AR
Mt o Bic b, RERCEEEOKEEZ THIL, 2 v 28R EH L5 2 CT 3/ BcY|
D, RACE A & %#H\7- ¢cDNA 70 —= v 27 Vil 2 TR X 2B £ 77 %
FRETH B L HHERINT,

2-3) b¥Ame I xR E VNI EOMEE

F* 4 vvF x4 (Pleurotus salmoneostramineus) Iz y 7 BDOF+EAEZE
BT 22 EDHONTEY, ZOBERERORIRITIZ VXIETH LT EPMEINT S, K
BFEX AT IR SN, W7 37 BRSO W TH IRIE T LT % 23, BLAST
BB CHREEOEmCESIZe v M 2T, - FF 2 #EFESORE 2R O RE ICiE
EoTwawn, 22T, AFEEICBWTITo72 RNA-seq fBITO T —2 D5 b, AEDEK
DR Ron 2 FERFEEESIHO T -2 X W BERE% 1T o7 & 2 AKX 3 1R S 1L ELHA
MR X, 72, KXY S2 12 BLAST #i%% (BLASTp) I\ CHIFM 2R T X v o<
JEMBey bET, FHlRE N IETH ST,
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10 20 30 40 50 60 70 80
MSLTLSPLPP LSNDIYPIGR NSLGNIMTAT EKAKELPQED KSARQFQATS QESYKSAVSQ TTKESPSASL AKFCKEAETA

90 100 110 120 130 140 150 160
YPALYKAIQA NDSASAKELA KSIASKLTEV ATKAGNVAQA YNQGAAKAQE GQKLMKSALP GSHPVKDSVD DALQYLSPAA
170 180 190 200 210 220 230 240

QVETSMQSSL NESARNVVAA ADKVGKVPAN QIASEDSGEA IANAWAKLGV KATAQAEAYN KWQGNQ

M3 rxAveyxrtaiizy 707 7 BHK
(RFRTa T4 vy =7 vy —CRESNENERT 2 7 BRI

T, RE VAU EEa— VT 58RI, OROERIE T 2 FE SR I %
BT 2857 (contigld7 : TR T) TH2 I LpERTER (K4), £/, FEKIC
JRILTE R IC IR B 2SN 238G T odhic, L v 378G T & [FEkIC BLAST % ©
HHEEA R TE 20 b OBMEEIFET 2 2 L bR S Nz,

Culture condition

Medium
Sawdust - Rice bran =3: 1
(Water coc. 60%)

Moisture = 85 %
Temperature =22 °C

mRNA contigs Fruit-body (30 days)  Primordia (26 days) Mycelia (21 days)

RE_S8_L001_R1_001_(paired)_contg_3747
R8_S8_L001_R1_001_(paired)_contg_108
RS_S8_L001_R1_001_(paired)_contg_2891

RS_S8_L001_R1_001_(paked)_contg_3583

R8_S8_L001_R1_001_(paired)_contig_565
RS_S8_L001_R1_001_(paied)_contig 341
RS_S8_L0O1_R1_001_{pawed)_contig 912

R8_S8_L0O01_R1_001_(paired) contg_4807

Ilu $8_L001_R1_001_(paired)_contg_1047

R8_S8_L001_R1_001_(pawed) contig 145
R8_S8_L001_R1_001_(pawed)_conlig_258
R8_S8_L001_R1_001_(pawed)_contig_502
RS_S8_L00!_R1_001_(paired)_contg_1170
R8_S8_L001_R1_001_(paired)_contig_509
R3_S8_L001_R1_001_(paired)_contg_1081
RB_S8_L0O01_R1_001_(paired)_contig_758
R3_S8_LO01_R1_001_(psired)_contg_1927

R8_S8_L001_R1_001_(paired)_contg_3755

RE_S8_L001_R1_001_(paired)_contig_182

R8_S8_L001_R1_001_(paired) contg_1202

X 4 RNA-seq iC X 3 #IGELT DT GRCBE Nz b DBEFER v 7 H)

DEDRERI Y, &7 7 MERCRIVELR T —2XR—AZWET LI LiIcL->T, &
RETHRVUANRIERFHLELDTH o THENZRETE 5 & BERTE /-,
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3) F¥ A v 7 xRV RERES X CRERE TRER O

— RIS, R T OFROWREZ RT3 256, X =7 v Ve 3 28IETE /v I TV T
27 EOFEPAH I NS, O ZHBMEY O TREETERE O fITIC BT, TEBE
RICBIG 32 2 L BRBINIBETFHEL CMEI N T2, WINDRERNTIE A
Vo T Vo iR e HEE R WO —0IC, ¥ O ZEMEY) 0BG TR IC 5
BIVEEHR R OO0 L 32, B TFHIES FREREKIC KT T RE 2 EES 2 o FIE
DEMETH L RDHToND, K5 IGEETHIES FREEERIC KT THE 2GS 5
72D AF —L %R LT,

B F IR

1~ 258/ 1HhA8 FEHK
HER EETRERORR

F1AX #k 1 I
Fg\imlﬂxﬁz 1 ~ 2 B 1 5A FEK

5 EDIICHT BELETHREMNT O XA R

W, XD ZORAIIERR S 2 20K EMIENICHE T 3 “KEADIRETIFEST 5729, |
THHEADRECIRERETHARZIEER T2 LT, EHLDTIRENREZ -7
DEFET S22 LIETE RV, 2D, fATHKOHEBKEEZ W GEEFRIEZITS 2 &
BRI TH 5, Lo L, @ 20 THEBEORERA T TEERZERT 2 LiFTE R0
EINT 270, R THIEE & th oo T H R ER (B4R & %280 & & “KE A
ELDbITEBRERRE 2, ZORNTEATOKIC L PESEAI N THARY
72%, BIETOWEER ER T TE 21Tl v, Xic, ML = TFEEkdkolat %
L, JCOBIEFHIER & AR OB FIIEIEAIN T2 HBEAEZ R 7 ) —= v
7L, Fons Fl R OB FBIERAE L2 RS2 2 L iIc XY, ZHEROMm T O
SRR EA S NIRABMEN NG, ZORMMRDO FEREZBR L LITL 5T,
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W L 72 B F ORREMER TE 2 2 L1k b, LAL, ZORF—LI3REZD S DHH
YIEMETH Y, EBICra ) o zE T 5, £72, FF A4 v T 27Ol HRBEALR
HROET ) LENTOFER X 0, F1 RO BEZERICHWTIE, SNPs 2 Tid7r {, contig
ZDOLDBRIBT 2% Y, ) OLREPEDONL ZEBHL2 LY (K 5), &
FHCIEK X B 7= FREERDOBENLL L7z LTh, ToBELRTFHERERIRIRINZD D
2, BIRTHEIED IR D> DHWI A0 H 7e 0,

£5 FFAve 72Tl iRERE R OBG TSN

I I N e

No.4¥k No.13# No.60¥k No.21#k No.4¥k No.13$# No.60¥k No.21$#k
26/285 rDNA N.F 100%—8 N.F 99.1%— 8 (_L 555,000bp, F7&3,800bp)
PsPCP 100%—3 99.8%— B 100%— B 98.7%—
Contig108 100%— 8 100%—H
Contig2891 N.F 100%— B N.F N.F m'gﬁgggﬁﬁtz‘;}mbp‘ N.F
Contig3583 100%— 8 100%—H
Contig2882 99.6%— B 100%—8  99.3% B N-F N.F 99.3%— B
Contigl1132 N.F N.F N.F 99.8%— B N.F N.F N.F _
Contig3747 100%—H 100%—H

oWV -MEEZRT 272010, KREEITEBWTITHEAETTERZIEK ST 246% H
WA Z LT, B TED FRATERA~DOFELEENAECE 2 E 2, A7V —=Vv 7%k
fToredic, P4 ve 7 xRt EfoZIEEERERSR ORREICO W THEESR DM
iED 7=,

3-1) FEEERELA T 2 HEKOIE

NBRC31859 ¥kolg7 X v FHH L 7= AR 2 N RICTF RN REEZ BT oHkEe 22 Y
— =V 7 L7, R 61N L7z 4 IROBIKAZ IS 5 2 & AHEk 7, BRIk C I8tk
&L T contig D¥23 10 770 1 REICHIZ b Th Y, HIRBEOE T £ v 7%
TETCWRILERLTWD, 2L, K EHEKOENTHY, K THITEZIT & T+
VINDIGEMELS B T L RRBL T b, 7, TR 2 FHEIERDIZHE b Bk iR ICK
XHERY, 22 THEEBETFOERESRD bz,
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#6 FFAur Tz NBRC31859 thds & U T HIkD BithikD 227 ) g

?tsast?s”t“izy NBRC31859 No.4 No.13 No.21 No.60

Raw reads 27,492,104 88,630,996 28,433,104 28,831,030 81,135,974

IT;:;'&?(”I&I‘E ) 659 39.8 38.5 39.5 39.1

Coverage X 61.5 X 144.4 X 148.9 148.3 X 145.9

Putative protein 5, 547 11,316 11,021 11,216 11,188

sequence ! ! ! ! !

No. of contigs 15,548 1,597 1,227 1,402 1,372 |

ﬁa‘g;ge contig 22:1; 1,481,398, 22&%25725,831, 3(1'n'1?a5x6581,101, Z?r#a7><0443,425, 2?6%??531,472,
mini 1,000) mini 1,016) mini 1,003) mini 1,014) mini 1,002)

No.4k No.13#k No.21%k No.60%k

Lo ki, BEkoF T CTEARZER T 2R 2EEIE -2tk by, X5
DAF—LICBWT, WEREZIERT 2 2 & CHEoBE2RITL <, BESEEFIEO
BLWEET 5 2 L A[REL T o 7,

3-2) FF¥Ame TR HKERE O BE IR O

HMEADT T TERERCE 2HEIECELCL XY, IO OEKERVZEE
HEHa % DREST % 3\ 72 TIWE LA D /51413 Nakazawa 512 & % v 7 & 7 (Pleurotus ostreatus)
DIERIE & Rk D FETIT o7z, 70 b 77 X b oFfSIIMIlaRE S fRlER & LT &
7%, BT —¥, RELEFEA L LCHilk~ A 7L EHWTEBI Ry, V7V
FE A THRD B-tubulin T RE—X —, X — I 4 =X —FHWERI T T R I FIcEEA
BT (N T a~ A v ViR T hph) ZHBZIAATZR T 2 — (K 6) Z T PEG
BT o 72,

[pPHT1 vector]

~hph gene from E.coli

*B-tubulin promoter
B-tubulin terminator
from Coprinus cineria

Nakazawa et al. Fungal Genetics and
Biology, 48, 939-946 (2011)

393bp 1026bp 427bp
B-tubulin hph B—tulfulin
promoter terminator . B
M6 BHEHROODRT X —
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HEEOBRIE 21T o 72 4%, HAEScERRNE L 2illldz, ~M e~ f v veaf
T FEREEHICREME L, ERRICEAEBTOR N b D&Mk E L TREFEL7Z(KT7),

M7 WEkoOZ 7Y —=v 7

EIROMR, £ 6D Nodtkz#itke 37 2MEKZ 21 #k, No.13 Z Bk & 3 2 Mk 41
ARG T 2 2 L 3k z, 2 DRI~ D AphBIG T DEADOHERIZ PCR B L O ¥
VNATYV XA =Y a VICEDITY, WTIRLHBEETOEANRHE R (X8),

23130bp

23130bp

9416bp 9416bp
6557bp 6557bp
4361bp
o 4361bp
2322bp il
2027bp .
2322bp
2027bp
s £ 3 % 3% = T 5 7 7
= o > & 2 o o = @ @,
o -+ < -} @« = ] o @ 7
= 5 o o o 3 < - & o
°» 5 3 2 S8 3 2 2
To1 2 g ° 12
PCRIZ& D hph ;&I FIEME YHoNA(T)F(E—3>
393bp 1026bp 427bp
B-tubulin promoter _ B-tubulin terminator
Jo—J

M8 FAZNIEET DM

39



3-3) F¥A v I RTIEERSZ M7 GFP EIET OFEH

b A m e 2T RS OERIEERFOBEABFRETH S L BMHRETE 2720,
B~ —h— & U CEAMMEEE T2 &4, dtx v o8 Th b GFP oFHl %%, b ¥
Ave 7 27HROGPD 7t —%—, X—I4—X—L L CHOTHELEZR X%
v zZAA (K9),

1010 1020 1030 1040 1050 1060 1070 1080 1090 1100

P ‘GtPD promoter| 1eanccoaTA G(iTATATMA CCCTGCTCAC CTCCTCTTCT TTCCGCAATC TCGACTCTTC ACCACCACCA CCACCACCAA TTCCTTCCTC TTCCATCATC
upstream

1110 1120 1130 1140 1150 1160 1170
N First intron vV KAV S K eGFP
ATGgtgageo tgctgctoga cacgttottg agcaatgttg acatcgtttt ttgctcaasG TCAAAGCTGT GAGCAAG «-----------

» »
» >

<
<
Ma et al. Appl. Environ. Microbiol, 67, 948-955 (2001)
GFP cassette Burnset al. FG and B, 42, 191-199 (2005)
7

Cc B-tubuli Cc B-tubulin
1168 bp EGFP t:rg'\irl:att:):’n hph promoter \p/MItDZO
ector
PsGPD PsGPD PsGPD hph cassette - (Takara)
promoter intron-exon terminator
region [PsGPD] Accession No. BEWE01000664

[glyceraldehyde-3-phosphate dehydrogenase gene from P. salmoneostramineus]

X9 eGFPELTDIFAnb I X7 TORMNT X —

eGFP #EinFoRHIcix, YuvE'—% -5 L eGFP EnFORICK 9 IRLZX D %
Aviav-2x7 vORHIOFADBBETH > 7-53, IWEHIREZEO R AR ZHOLBE T 5 C
&, WAPHOLZHAT 2 LRSI N, BREELR ORISR TH 2 2 LRI
7= (X 10),

Optical microscope Fluorescence microscope

10 eGFP E{nFEAIC X 2 A DHEOLFL

4) KHE

AWFFEHBEICBNT, ¥V ET, T7FL AV, ) F R, bFAuesxrkhkeE, 2h
FCIRT —ER=ADB o7 7 LMERCRIERLR TIER R &% DDB] /& & 0Nk
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T—=RN—AICHRT LT, DCFHTE L X0tz T, HilzCHELZT—
AR=2%FHAL T 20 ZHEMAEMO PMFIEIC X 2 2 VN EFED A ¥ — L% L,
RVRTDINAT IT—X, TFUAVDT I ) _TFE—F, rF Lo I x750MmE
RYNTREDRERITI T EBHKZ, 51T, P ¥4 v T X7 oHRa 7o BRI Bk
ROE FFEEZER T IEBEETE 2 2L ICT R L &I, Hlktkoes /) 4
Rt 7 — 255 fdFHROBERICE VT, 7/ LBETFOXREIROLNE Z L AL
ETrol, AT, FFA v TR HERE 7z BEER T 08 A K O FEHIE % T
T% 7,

3. St&OgHE

DT A KBSk T — 2 © DDB] 7 — 2 X — 2~ D &%

@% o CHEHAYIRk % v %7 D PMF SWRSEE o1 -

QEETE—7 v T4 v 7DD Ku70, Ku80 250 IHH [FA bk & BhEE (5 1 % e
L 72 kR O B,

4. WFFERER

JREE R - AR

1. Taxonomy of actinomycetes in the deep-sea Calyptogena communities and the
antibacterial compound produced by Actinomadura sp. DS-MS-114, Biotechnology &
Biotechnological Equipment, (2017) 31:5, 1000-1006.; Kurata A, Minamino S, Sugiura M,
Kokoda K, Tsujimoto H, Numata T, Kato C, Nakasone K, Kishimoto N.

2. Degradation of ionic liquids by UV/H202 process and CMCase from novel ionic liquid-
tolerant alkaliphilic Nocardiopsis sp. SSC4, Biotechnology & Biotechnological Equipment,
(2017) 31:4, 749-755.; Kurata A, Shimizu S, Shiraishi Y, Abe M, Naito N, Shimada M,
Kishimoto N.

3. Antifungal peptidic compound from the deep-sea bacterium Aneurinibacillus sp. YR247.
World Journal of Microbiology and Biotechnology, (2017) 33:73, 1-8.; Kurata A, Yamaura
Y, Tanaka T, Kato C, Nakasone K, Kishimoto N.

4. Draft Genome Sequence of the Basidiomycetous Fungus Flammulina velutipes TR19.;
Genome Announc (2016) 4: e00505-16; Kurata A, Fukuta Y, Mori M, Kishimoto N,
Shirasaka N.

5. A high-molecular-weight, alkaline, and thermostable [ -1,4-xylanase of a subseafloor
Microcella alkaliphila, Extremophiles (2016), 20, 471-478.; Kuramochi K, Uchimura K,
Kurata A, Kobayashi T, Hirose Y, Miura T, Kishimoto N, Usami R, Horikoshi K.
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6. Properties of an ionic liquid-tolerant Bacillus amyloliquefaciens CMW1 and its extracellular
protease. Extremophiles, (2016), 20, 415-424.; Kurata A, Senoo H, Tkeda Y, Kaida H,
Matsuhara C, Kishimoto N.

7. Complete genome sequence of the xylan-degrading subseafloor bacterium Microcella
alkaliphila JAM-AC0309, Journal of Biotechnology. (2016) 221, 32-33.; Kurata A, Hirose
Y, Misawa N, Wakazuki S, Kishimoto N, Kobayashi T.

8. Antimicrobial properties and mechanism of volatile isoamyl acetate, a main flavour
component of Japanese sake (Ginjo - shu). Journal of Applied Microbiology 118.4 (2015):
873-880.; Ando, H., Kurata, A., Kishimoto, N.

BAFRE - & 35—
2015 F
RG] congress (Pataya, Thailand) ; A
Kasetsart University Department of Microbiology (Bangkok, Thailand) : & I 7-—

2016 4FFF
¥16 [MRIINES TEYFay 7L v R GRED) s v v RV Y L

2017 4FFF
TEESEYE X0V —A 8 [ 2 7R ERE « BEEE
EERFHR Y T A X — 8EZ T A X —Filw I F—Fm : g

2015 4F
RG] congress (Pataya, Thailand) 5 —f&&#E 1 £
Pacifichem 2015 (Honolulu, USA) ; CISEFHE 3, RRAX—FF 34
5515 MRIRE D FEYFEay 7 7L vy R (BR) 5 HEERER 14
Meeting for Asia Mushroom Science (CK¥) ; ¥EFEK 11
FH20M HAZD ¥ (0LF) s —fiGHE 11F
HARZLYES 2016 FERES (BLIR) + —fika#E 314
HARY2 559 BIRke (i) » R &2 —FEL 31
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2016
19th ISMS congress (Amsterdam, Netherland) ; & 2 % —34i# 3 {F
2016 £ HARYFAHHALIARS (RR)  —ikaE 34
21k HAZO ¥R (Fk)  —fiaHEE 14
g o8l HAEY T2 (Bl 5 —ikeksE 2 7
516 BRRE S TEYYay 7 7L v R GRLHER) 5 —MGE#E 2 1
HARZ Y2 2017 FERS O ke 4 1F

2017 fFFE
19th TUMS congress (Singapore) ; &% & —ifiH 3 £
F22lm HAZzOZ¥E (B —fiGHEH 24
HARZEREREY 2 Qh)  —ikGeHEE 2 7
BT RIRE S FEYEay 7 7L v R (BEE) s —GEE 2 4
HARZ LY 2018 FEE RS (R 5 — ke 11
HAB R Per a5 44 MR CRBR) 5 —fikGEE 2 £

T — RN — 2k
DDBJ/EMBL/GenBank Accesion No.
~ v %7 ; BDDP00000001-BDDP00088884
7'F v A 5 BDDV01000001-BDDV01010694
x/ ¥ %7 ; BDAN01000001-BDANO01005130
F¥A4me 72 () s BDGN01000001-BDGN01026934
FEAve 727 (Hf%AN4) BEWE01000001-BEWE01001597
FEAme 72 (H%EN60) BEWF01000001-BEWF01001372

R H G
=L

Z oft (Rl - FEE

1. BUREBERHE B ) 2016 ETI4T

2. BRI T o CEhr) (O - 2o 258) 2016 4EFIAT

3. ¥ LMK L ICHMKORY  BE L (S&T HiR) (i -~ % 7)
2017 EFIAT
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. NHK [#vy7v] 20164 4 H 27 HiGE

(R BORRRZARICDRDO b LT ]
~ A R o 2o TITO TR

CHHFE ot Ed zhnrb] 201649 A28 H (1)

~Y 20 NILERicowTa A v b

DRI LY Yy Y e = 2017 4 6 H 21 HFGE

(B ¥ —cc DHMENE ; A TIE2 D L Wiz Fidfoficbhz] TaA VUL
HAF7L % Ay *U 2017411 H 10 H

PR (s HER) ZoIE&YY XTI
. woHE PEHARR  [RFEORE)) IHAY 4 EREET A X
20184F2 H25 H —~v a7 ALK IC>wTax vt
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FANT K- Wt (R TF 90 AR T R S 1 3
[% Dz OFEFEEREO M L 2 D<=y 2 7 SEF AR % © 2o N TEIECHiTE
VA~DIGH%E Big L 725 AR R
CPRR 27 R EE~FRK 29 L)
W oE R AR s

FrFEif : e A RET AN =T

IHE : QE D DT 7V T4 v IR —7 7 4 v 7
@F D ZIEF I N HRRS DT

RFFEtHLE - A% - R, e - WhifE s

Wrgetn i - HLRTIEE - e

1. WIEER

B, BHEZO 0% BEERFER 2P0 LTATRICEE S n, miicftiiins b
DHRIFLAETH LD, HHRZHLIC, BEDOEZD ZZRIL CTRT 2HED RKZJAVHE
PTH->TWw3, LL, vV 27 hBATEEESHELINTELT, KADD D%
HL 723 O0WE L TWw b 720Ic, LERPFAD LZEE~Y 27 offifgizEE L, SlkE
MehhoT&iblbic, HEEDO~Y 27 BENGEED 9 L% 5O 3ICE > T
%,

INHLEHERIC, T TS D~y 27 NTEEMEAREINTE T05 5, ¥
7R AH2H 5 b DD, ZE L 7-HREDH 2 N THISEDHETICIZE > Thiawv, L
L, bito k> CEEOA L LFTHEED =Y 27X 20, FHOWH & LTk
2O XD b EWlifgE RGN T BREEZ 2L, AT~y 2 7icd b3
FEE ORI = — XA 5 & &b, RICALEEBSERLINGE, vV X 7O
W HBICOEERDLLEZLND,

—7, LicoXR7ZX5CHETGICHIET 2 2004 QI ALERE LI N D D2
(EHD D2, ZOME, FRCE o JICHREFE N2 BEREVEIC D W TIZES K O 232
KINTVR b 2rbbd, EDZIFERFICIV] L) X )aFEARL LERL
BINTHRW,

INOLORMAEZDOZEZWMY ERAEZEIET 2720, KRIFFGHRETIZ Z D Z OFEERE
ZHEL5 2T, O= Y 27 NIEE~OMff 2 ET 2 L L bic, O 0 Z OBREME~
OHIFFZIIEL, @F D Z OBWEEMEZFIH L 72 HEE ~D PR HiEICOWTHRIEZ 1T - 7=,

45



1) ¥0ZOWEBEEOITEL ATRE~Y 2 7 ~OHifF

NLBH =Y 27 cnt 3 2 B EIF 2 03 5720, HEEdEcH 1 B EoSEE
TRMOBAZHOIT>T W57 500 B2 NRICA v 2 -3y MicksaTvr—rilkz
fTo72 CERL284E2 H), v i3ERl (B4 LHER (20 m&R~60 /i) <HEICE Y
fFF2fTo7, TARENRLLTCUL, TTE0C (V27 %280) OA - HEDERE
ICOWTHEZITo 72t vV AT 2EMEeRML, 2ok, vV 2 7icid a4 4
—VEMS L bic, AT~y 27103 2 340 W EEEHIC O W T CVM (IRAEGHTE)
% FH TR L 72,

1—-1) A - HEDFERE

EDOZEANDHEE (NE - PR, AR iconTid, NE-FRTIER, TX{AR3
GH 2~3 [EIFEEE) (36.8%) | 23 b % <, KTl F i~ 3 (H 2~3 ) (31.8%) |
DL 72 o7 (H—EEHX) (KD, —FH, SAETIE, [HFhEXZHRW (A1BEMUT,
FERRIFREE) (50.4%) ] AR d %<, KT [2FicEx% (H 2~3 [fEE) (31.4%) ]
[EEXTHRY (11.6%) ] DliEL -7z (H—RZEHFX) (K1), KENCE T2 E0
COMEEMEERE N LD,

0% 20% 40% 60% 80% 100%
e« BZZ0INMME
6.4% 13.8% 31.8% 36. 8% 11.2%
B {BEATVEL

BHFEVESLZL (AIELT. £HEERE)
Di-FIZEARD (A2~3EFEE)
Ok<{BE~S (EH2~3EFEME)
EEFEIZE{(BAS ((FIFEH)

1 20Z2B~2HE (W& - & - S n=500)
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xic, &zl (ERIEE (1A~567)) iIcowTly, 1ioF&RRdEL Lok
DIFT 4 27 (27.4%) 1T, [=4 247 (14.8%) [ 7F 2 A (13.0%) [TV v ¥ (11.4%) |

[/ %7 (108%)] I~> x5 (10.0%) ] 23fiva7- (K12), 16i~5 (0@ REGOE
FHAk#EICOWTIE, To 4 27 (Ii~5 0T 77.2%) | DiRdEL otz AfoE/2
SRR TH 2~ Z7iconTiE, 1Hi~5 M OBRESE D AFHKETAH B &AL (14
~5 fiLFT 30.6%, ko 8 HH) TH 325, 1 oOEREAOARICEHTSE, [=4 %
7 (14.8%) | [7F 2 AY (13.0%) ] Ty v¥ (114%) ]| T= /7 ¥ x4 (10.8%)] %, A
THREPERL I B cfia T3 i H &G RVvKEL > TS, D
Hh b, BETH —EHO~Y 2T BUWRPFET 5 LM g n s,

0% 20% 40% 60% 80%

ezl - BIO 7/ la.z%mml 1 [l oo Foozed
/%5 ImB%Plzumdﬂ]ﬂ]]nd%ﬂﬂm] 1025 F 8.6 §
+oxs [uoflaa g o] oss Fioay

<o5 BieB e ALl oo ]

zuvx fuapeadaa]] o fea]

ES%%

1.0%1.8% 2.0% 2.0% 3.0%

Ty a)l—A IEEqIBﬁ"n | ?.85&.E8.6‘?ﬁ§

2.7% 6.4%

wvay Do A 72]

4. 0fd. 6% 4. 8%

S RLEIE
1.2%0. 6% 0.0% 0. 4%1. 0%

miff @2 m3fE D4 o5

2 &Rz o (142~517 5 n=500)
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Kic, EDOZREZHE (B conwTiE, MEBICELRHEE S 5o (HEE
WCH ) (K3), FEFICLSBERS (1213HH) | X KERS (GH2~3 BIFEE) |
DEEGHEL hol=DiE, [T F A GF31.9%) ] T/ %24 (GF29.2%) ] [+ 4 &4
(1233%) ] =4 %27 (G+207%) | =) v ¥ (5+20.6%)] THo7z, —f7, [BL K
RXCTwhwn] [BEVEAEWv (H1TEETY, FHERE) | odlarEm hokzoid, [+
&y (51973%) ) [2oftioxoz (5194.6%)] Te o427 (31824%)| =y an
— 2 (GF75.9%) ] [+ 2= (G150.5%)] TH 7=,

75 772N g°~]|I\II|||]]]|]]]I[||I

9. 03'1
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Draft Genome Sequence of the Basidiomycetous Fungus Flammulina

velutipes TR19

Atsushi Kurata, Yasuhisa Fukuta, Miho Mori, Noriaki Kishimoto, Norifumi Shirasaka

Faculty of Agriculture, Kindai University, Nakamachi, Nara City, Nara, Japan
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Here, we report the draft genome sequence of Flammulina velutipes TR19, which was newly isolated from commercial strains in
Japan. The genes related to fruiting body formation in the basidiomycete were identified by whole-genome analysis.
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ruiting bodies of basidiomycetous fungi are referred to as mush-

rooms. The production of mushrooms is important in the food,
pharmaceutical, and biotechnological industries (1). Although the
demand for mushrooms has expanded all over the world, it is difficult
to constitutively develop fruiting bodies in many basidiomycetes (2).
Fruiting body formation is proposed to start with the formation of an
aggregate from mycelium, the formation of a primordium, and the
outgrowth of the mature fruiting body (3). Although insights into
fruiting body development have been provided in several basidiomy-
cetes (4-6), the complex molecular mechanism in each developmen-
tal stage remains to be revealed.

We newly isolated Flammulina velutipes TR19 by mating.
F. velutipes, which belongs to the order Agaricales, is known as
winter mushroom. Strain TR19 stably forms a fruiting body using
potato dextrose agar (PDA) liquid medium. In order to elucidate
the molecular mechanisms in formation of fruiting body, we se-
quenced the whole genome of strain TR19 using the Illumina
HiSeq (Hokkaido System Science Co., Ltd., Japan). The genomic
DNA of dikaryotic TR19 cells was prepared using Isoplant IT (Nip-
pon Gene Co., Ltd., Japan). Paired-end libraries of 100-bp frag-
ments were prepared, and the genome sequencing generated
45,722,056 raw reads covering a total of 4,618 Mbp (Phred >Q30,
92.52%). Quality-trimmed DNA reads conferring 132-fold cover-
age were assembled de novo by Velvet 1.2.08. As a result, the ge-
nome sequence comprised 5,130 contigs totaling 34,792,959 bp,
with an average length of 6,782 bp (largest, 792,880 bp; smallest,
169 bp). An N5, contig length of 150,115 bp and a Ny, contig
length of 8,389 bp were obtained. The G+C content was 49.6%.
All assembly data were deposited in the DDBJ/EMBL/GenBank
nucleotide sequence database.

The gene prediction and annotation were carried out using an
Augustus tool (7) and the Microbial Genome Annotation Pipeline
(MiGAP, http://www.migap.org) (8, 9). A total of 13,843 protein-
coding genes were predicted. As a result, we identified six genes
encoding proteins involved in the fruiting body development by
MiGAP and local blast program with Geneious R9 (Biomatters
Ltd., Auckland, New Zealand), namely, two hydrophobin genes
(hydl and hyd2), one mitochondrial ATP-synthase gene (atp),

May/June 2016 Volume 4 Issue 3 e00505-16
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one fruiting body-specific gene (fds), and two transcription factor
genes (fst and gat). The nucleotide sequences of hydl, hyd2, and
atp from strain TR19 were similar to those of the hydrophobin
gene fvhl (GenBank accession no. AB026721.1) from F. velutipes,
the hydrophobin gene Fv-hydl (GenBank accession no.
AB126686.1) from F. velutipes, and the mitochondrial ATP-
synthase gene afp9 (GenBank accession no. NC_021373.1
[83400.83621]) from F. velutipes, respectively, with 100% identi-
ties. The nucleotide sequences of fds, fst, and gat from strain TR19
exhibited the closest similarities to those of the fruiting body-
specific gene fds (GenBank accession no. D83658.1) from F. ve-
lutipes with 81% identity, the transcription factor gene fst3
(GenBank accession no. XM_003031274) from Schizophyl-
lum commune with 80% identity (10), and the transcription factor
gene gatl (GenBank accession no. XM_003036543) from S. com-
mune with 71% identity (10), respectively. We plan to analyze the
functions of the genes and detect other genes involved in fruiting
body development in the genome of F. velutipes TR19.

Nucleotide sequence accession number. The genome se-
quence of F. velutipes TR19 is available in DDBJ/EMBL/GenBank
under the accession no. BDAN00000000.
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Abstract In recent years, the number of patients with  suggest that a SA diet suppresses bone loss by downregu-
osteoporosis has risen with the increase in average long-  lating bone resorption and upregulating bone formation
evity. Therefore, the chemoprevention of osteoporosis  without affecting the uterus in OVX mice. Although further
using food materials or food components has become an  studies are needed, SA may be a compound that can be
increasingly important target. Syringic acid (SA) is a  used to prevent or retard osteoporosis.

phenolic compound present in the fruit of the agai palm

Euterpe oleracea and the mycelium of the shiitake mush-  Keywords Syringic acid - Ovariectomized mice -

room Lentinula edodes. This compound has no affinity for ~ Osteoclast - Osteoblast

estrogen receptors and is potentially useful for disease

prevention. However, little is known about the effects of a ~ Abbreviations

SA diet on bone metabolism, particularly bone resorption ~ SA Syringic acid
in vivo. Here, we demonstrated the effects of a SA diet on OVX  Ovariectomized
bone loss and uterine weight loss in ovariectomized (OVX)  ER Estrogen receptor

mice. Ten-week-old OVX mice were fed SA-containing DPD  Deoxypyridinoline

diets (100 mg/kg body weight/day) for 10 weeks. After  Cre Creatinine

10 weeks of dietary SA, the body weight, food intake, and =~ TRAP  Tartrate-resistant acid phosphatase
uterine weight of the OVX mice were unaffected; however, = ALP Alkaline phosphatase

femoral bone mineral density (cortical bone density, can- BAP  Bone-specific alkaline phosphatase
cellous bone density, and total bone density) was higherin  CT Computed tomography

the SA-fed groups than in the OVX-control group. Fur-  SD Standard deviation

thermore, histomorphometric analysis revealed that the

number of osteoclasts and osteoblasts was decreased and

increased, respectively, in the SA-fed groups. These results  Introduction

53 Norifumi Shirasaka Osteoporosis is characterized by bone mass reduction and

sirasaka@nara kindai.ac.jp microarchitectural deterioration of the bone tissue, with
subsequent increases in bone fragility and susceptibility to
' Department of Applied Biological Chemistry, Graduate fracture. The decrease in bone mass is caused by an

School of Agriculture, Kindai University, 3327-204, Naka-

machi, Nara 631-8505, Japan imbalance between bone formation by osteoblasts and bone

resorption by osteoclasts, especially following estrogen

Present Address: Department of Biomolecular Science, deﬁciency in menopausal women. which induces an
9

Fukushima Medical University School of Medicine, 1

Hikarigaoka, Fukushima 960-1295, Japan increase in bone turnover due to excess osteoclast activity.
3 Laboratory, Biological Business Department, Ichimasa In recent years, the number of pagents with QSteopor051s in

Kamaboko Co., Ltd, 77-1 Junishin Agano, Niigata 959-1936, the world has increased as the aging population has grown,

Japan and bone health issues are becoming a serious problem.
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Soybean isoflavones including daidzein and genistein have
been shown to exert antiosteoporotic activity in ovariec-
tomized (OVX) postmenopausal animal models [1-3]. These
isoflavones have an affinity for estrogen receptors (ERs),
specifically ERP [4, 5], which is the predominant receptor in
trabecular bone, but not in cortical bone [6]. However, these
compounds also cause the proliferation of ER-positive human
breast cancer cells (MCF-7) [5, 7, 8] and promote hyperplasia
of the uterus [2, 9]. Hence, a diet with an excess of these
isoflavones can have adverse effects on breast cancer and
uterine cancer via ERs. Therefore, the identification of com-
pounds that have antiosteoporotic activity independent of ER-
mediated pathways is very important.

Syringic acid (SA) (Fig. 1) is a phenolic compound natu-
rally present in many edible plants, such as the fruit of the agai
palm Euterpe oleracea [10] and the mycelium of the shiitake
mushroom Lentinula edodes [11]. Importantly, this com-
pound has no affinity for ERs [12] and possesses radical
scavenging [13, 14], antioxidative [13, 14], and anti-inflam-
matory [11, 15, 16] activities. A study by Kang et al. reported
the effects of Drynariae rhizoma extracts containing small
amounts of SA on the antioxidant activity, proliferation, and
differentiation of cultured mouse osteoblastic cells in vitro
[17]. However, little is known about the effects of SA on bone
metabolism, particularly bone resorption in vivo.

In the present study, we investigated whether a SA diet
in OVX mice could prevent bone mass and microarchi-
tectural deterioration of the femur caused by ovariectomy.
We found that a SA diet in OVX mice improved post-
menopausal bone metabolism by downregulating the dif-
ferentiation of osteoclasts and upregulating that of
osteoblasts in the bone marrow.

Materials and methods
Materials
SA (>97% purity) was purchased from Tokyo Chemical

Industry (Tokyo, Japan). All other chemicals used in this
study were of the highest purity available.

O~ __OH

H,CO OCH;

OH

Fig. 1 Chemical structure of syringic acid (SA)

Animals and diets

Slc:ddY female mice were purchased from Japan SLC
(Shizuoka, Japan). They had been either OVX or sham-
operated (Sham) at 9 weeks of age. After 1 week, the
sham and OVX mice were divided into the following
four groups: sham-control group, sham-SA group, OVX-
control group, and OVX-SA group. Each control group
was fed a normal diet (Table 1), whereas each SA group
received a SA-containing diet (100 mg/kg body
weight/day, corresponding to 3 mg of SA/day/30 g
mouse in 4.5 g of diet) for 10 weeks. The efficacy of this
dosage was determined beforehand based on the eleva-
tion of urinary deoxypyridinoline/creatinine (DPD/Cre)
following administration to five OVX mice for 4 weeks
(data not shown). The mice were housed in individual
cages under a 12 h/12 h light/dark cycle at 20 + 2 °C.
The diet and tap water were supplied ad libitum. During
the experimental period, body weight and food intake
were measured once a week. After 10 weeks, the mice
were sacrificed and the uterus was harvested and
weighed. The right and left humeri were isolated to
determine tartrate-resistant acid phosphatase (TRAP) and
alkaline phosphatase (ALP) activity in the bone marrow
cells. The left femur was collected and ground to ana-
lyze the bone microstructure. The distal area of the right
femur was TRAP or ALP stained. All animal experi-
ments were approved by the Kindai University Animal
Care and Use Committee.

Collection of urine and blood samples

Urine and blood samples were collected at 0, 4, and
10 weeks. Urine was collected directly from the bladder.
Blood samples were taken from the tail vein and then
centrifuged to collect the serum. Both urine and blood
samples were stored at —80 °C until further analysis.

Table 1 Experimental diet components

Component Weight (%)
o-Cornstarch 50.58
Casein 22.22
Sucrose 10
Safflower oil 5

Cellulose 7.5

Mineral mix (AIN93) 3.5
Vitamin mix (AIN93) 1
Cholesterol 0.2
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Protein extraction from bone marrow cells

Both ends of the excised right and left humeri of mice were
cut, and the bone marrow cells were flushed with saline.
The collected bone marrow cells were recovered by cen-
trifugation (1500x g, 10 min, 4 °C) and then resuspended
in saline and centrifuged (1800xg, 3 min, 4 °C). This
washing procedure was repeated three times. Collected
samples were resuspended in 200 pL of lysis buffer (pH
7.2; 10 mM HEPES, 1 mM EDTA, 10 mM EGTA, 0.05%
Triton X-100, 10% sucrose, 1 mM DTT, 1 mM AEBSF,
and 0.1 mM ALLN), sonicated (Sonifier 450; Branson,
Danbury, CT, USA) for 30 s, and centrifuged (8000x g,
5 min, 4 °C). The supernatants containing the protein
extracts of bone marrow cells were collected and stored at
—80 °C until further analysis.

Bone resorption marker assessment

The DPD level in urine was measured using a commercial
kit (DS Pharma Biomedical, Osaka, Japan). Urinary Cre
was measured by the picric acid method using a commer-
cial kit from R&D Systems (Minneapolis, MN, USA). DPD
levels were expressed as the ratio of urinary DPD to Cre
levels (DPD/Cre, nM/mM Cre).

TRAP activity in both the serum and protein extracts of
bone marrow cells was measured by the colorimetric method.
Briefly, 10 pL. of serum or bone marrow cell extract were
added to 40 pL of citric acid buffer containing para-nitro-
phenylphosphoric acid disodium salt and incubated for
30 minat 37 °C. The reaction was stopped by adding 80 pL of
0.1 N NaOH, and the absorbance at 405 nm was measured
with a microplate reader (model 680; Bio-Rad Laboratories,
Hercules, CA, USA). TRAP activity in bone marrow cells was
normalized to the bone marrow protein level (U/pg protein).
The protein levels in each sample were determined by Brad-
ford assay using a commercial protein assay kit (Bio-Rad
Laboratories). One unit is defined as the activity that hydro-
lyzes 1 pmol of substrate per min at 37 °C.

Bone formation marker assessment

Serum bone-specific alkaline phosphatase (BAP) activity
was measured by the colorimetric method in the presence
of L-phenylalanine (an inhibitor of intestinal ALP) as
reported by Dimai et al. [18]. The absorbance at 405 nm
was measured with a microplate reader (model 680, Bio-
Rad Laboratories).

Histomorphometric analysis

The femur of the distal area was collected and fixed in
3.7% formaldehyde in phosphate-buffered saline. The bone
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tissue was then embedded in Tissue-Tek (Sakura
Finetechnical, Tokyo, Japan) and rapidly frozen in liquid
nitrogen. The samples were stored at —80 °C until further
analysis. Subsequently, the tissues were sectioned with a
cryostat and stained with a TRAP staining kit (Primary
Cell, Hokkaido, Japan) and Mayer’s hematoxylin to
observe osteoclasts or with an ALP staining kit (Primary
Cell, Hokkaido, Japan) to observe osteoblasts. The stained
tissue sections were then examined with a BX53 micro-
scope (Olympus, Tokyo, Japan).

Computed tomography (CT) analysis

Both the right and left femurs were scanned with an X-ray
CT system (LCT-100; ALOCA, Tokyo, Japan). Tomo-
grams were taken at 0.1-mm intervals, and 60 slices from
the end of the distal femoral area were analyzed. The bone
mineral densities (cortical bone density, cancellous bone
density, and total bone density) and bone mechanical
parameters (minimum second moment of area and polar
moment of inertia) of each femur were measured. The
results for the bone mineral densities and bone mechanical
parameters are expressed as the mean of values for the right
and left bones.

3D imaging of the spine

The spines of the mice were scanned at 0.5-mm inter-
vals with an X-ray CT system, and tomograms were
constructed with 3D imaging software (VGStudio
MAX1.2; Nihon Visual Science, Tokyo, Japan). Cross-
sections of the constructed images were compared with
each other.

Stereoscopic observation of the femoral trabeculae

The distal portions of the isolated left femur were ground
with a whetstone. The pulverized preparation was observed
with a stereoscopic microscope (SZ61; Olympus, Tokyo,
Japan).

Statistical analysis

Data are presented as the mean + standard deviation (SD).
For statistical analyses, the Mann—Whitney rank sum test
was used to calculate P values for highly skewed distri-
butions. For Gaussian-like distributions, two-tailed z-tests
were used. To test two samples from the same population,
the Wilcoxon rank sum test was used. P < 0.05 was con-
sidered statistically significant.
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Results

Effects of the SA diet on body weight and food
intake

The effects of the SA diet on bone metabolism were investi-
gated in sham and OVX mice. The 10-week-old sham-SA
(n = 6)and OVX-SA (n = 7) groups were fed SA-containing
diets (100 mg/kg body weight/day) for 10 weeks. Body
weight and food intake changes were measured once a week
during the experimental period. Dietary SA did not affect the
body weights of the sham and OVX mice (Fig. 2a). The final
body weights in the sham-control, sham-SA, OVX-control,
and OVX-SA groups were 35.1 £ 1.5, 345+ 24,
39.1 £ 3.4,and 38.6 £ 2.4 g, respectively. In addition, food
intake did not differ among the groups in this study (Fig. 2b).

Effects of the SA diet on bone metabolic markers
in urine and serum

To determine the effects of SA on the bone metabolic state in
mice, bone metabolic markers were measured: urinary DPD
level was used as a marker of bone absorption, serum TRAP
activity was used as a marker of osteoclast differentiation, and
serum BAP activity was used as a marker of bone formation.
When OVX mice were fed the SA-containing diet for 4 and
8 weeks, urinary DPD levels significantly declined (Fig. 3a).
There was no significant difference in urinary DPD levels in
sham mice. Serum TRAP activity in the OVX-SA group was
significantly reduced compared with that in the OVX-control
group throughout the experimental period (Fig. 3b). Dietary
SA increased serum BAP activity in sham and OV X mice after
4 and 8 weeks (Fig. 3c).
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Next, we measured TRAP activity and BAP activity in
the bone marrow protein. Dietary SA significantly reduced
elevated TRAP activity in OVX mice; however, there was
no significant difference in activity in sham mice (Fig. 4a).
On the other hand, dietary SA significantly increased BAP
activity in OVX mice and sham mice (Fig. 4b). These
results suggest that the SA diet not only improved
ovariectomy-induced incremental bone resorption but also
promoted bone formation.

Changes in the localization of TRAP-positive
osteoclasts and ALP-positive osteoblasts in SA-fed
mice

We stained tissues to examine the changes in osteoclast and
osteoblast status caused by ovariectomy and the SA diet.
Microscopic images of osteoclasts in the distal femoral
area are shown in Fig. 5. TRAP-positive osteoclasts were
found to localize in the cortical bone area by co-staining
with TRAP and hematoxylin. OVX was observed to
facilitate the differentiation of preosteoclasts to TRAP-
positive osteoclasts and increase the number of mature
osteoclasts. Dietary SA decreased the number of TRAP-
positive osteoclasts in OVX mice, suggesting that SA
downregulated osteoclast differentiation.

Figure 6 shows microscopic images of osteoblasts in
the distal femoral area. ALP-positive osteoblasts were
mostly observed around the growth plates. Although
there was no distinct difference between the sham-con-
trol and OVX-control mice, dietary SA increased ALP-
positive osteoblasts in sham and OVX mice, suggesting
that SA upregulated osteoblast differentiation.
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Fig. 2 Effects of the SA diet on a body weight and b food intake in
the sham-control group (n = 6, open circles), sham-SA group
(100 mg/kg body weight/day, n = 6, closed circles), OVX-control
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group (n = 7, open triangles), and OVX-SA group (100 mg/kg body
weight/day, n = 7, closed triangles). All data are presented as the
mean + SD
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Fig. 4 Effects of the SA diet on a TRAP activity and b BAP activity in bone marrow. The white and black bars represent the control and SA

groups, respectively. All data are presented as mean + SD. *P < 0.05
Effects of the SA diet on bone mineral density

The bone mineral density in the SA-fed mice was
examined by X-ray CT. Table 2 shows the time-depen-
dent changes in the femoral bone densities of the SA-fed
mice. The values of all parameters (cortical bone density,
cancellous bone density, and total bone density) in the
OVX-SA group were higher than those in the OVX-
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control group at 10 weeks, whereas there was no signif-
icant difference between the groups at 4 weeks. In addi-
tion, there were no significant changes in bone density in
sham mice.

At 10 weeks, the relative cortical bone densities, can-
cellous bone densities, and total bone densities of the
OVX-control and OVX-SA groups were 84% and 88, 70
and 77%, and 81 and 85%, respectively, compared to the
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Fig. 5 Effects of the SA diet on
TRAP-positive osteoclasts in
the sham-control group, sham-
SA group, OVX-control group,
and OVX-SA group.
Representative images are
shown. The images were taken
at 100-fold and 1000-fold
magnification, with the scale

Sham-control

Sham-SA

OVX-control

f»&

bars indicating 100 and 20 pm,
respectively

Control

Fig. 6 Effects of the SA diet on ALP-positive osteoblasts in the
sham-control group, sham-SA group, OVX-control group, and OVX-
SA group. Representative images are shown. The images were taken
at 400-fold magnification. White arrows indicate osteoblasts. Each
scale bar represents 100 pm

values of the sham-control group. Thus, dietary SA effec-
tively improved bone mineral densities by 4—7%.

Effects of the SA diet on spine mass

We determined the effects of the SA diet on the back-
bones of the mice by examining their spines using CT-
3D imaging software. CT images of the spine are shown
in Fig. 7. These images revealed that the spinal column
in OVX-control mice was hollower than that in sham-
control mice, as indicated by a decrease in density.
Dietary SA improved the spinal structure of OVX mice
compared with that of sham mice according to the
overall densitometric estimation. These results are con-
sistent with the bone mineral density results from CT
analysis (Table 2).
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Table 2 Effects of the syringic acid diet on bone mineral densities in
mice

Group n 0 week 4 weeks 10 weeks
Cortical bone density
Sham- 6 624 + 18 659 + 23 654 £+ 43
control
Sham-SA 6 631 + 14 648 + 11 653 £+ 39
OVX- 7 616 + 17 546 £+ 20 549 £ 8
control
OVX-SA 7 620 £+ 21 568 + 25 574 £ 17*
Cancellous bone density
Sham- 6 356 + 24 367 + 34 367 + 46
control
Sham-SA 6 362 £+ 32 395 + 35 379 £+ 58
OVX- 7 344 £+ 25 267 + 16 256 + 21
control
OVX-SA 7 342 £ 19 275 + 28 283 + 21*
Total bone density
Sham- 6 518 £ 28 556 + 29 547 + 47
control
Sham-SA 6 523 £ 25 550 £ 19 547 £ 36
OVX- 7 514 £ 18 445 £ 15 443 £ 10
control
OVX-SA 7 521 £ 23 464 + 25 466 + 20*

All data are presented as mean + SD. * P < 0.05 compared with the
OVX-control group

Effects of the SA diet on bone mechanical
parameters

The bone mechanical parameters (minimum second
moment of area and polar moment of inertia) of the SA-fed
mice were determined by X-ray CT. The values of the
femoral bone mechanical parameters of the SA-fed mice
are shown in Table 3. The values of the parameters in the
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Sham-SA

Sham-control

OVX-control OVX-SA

Fig. 7 Effects of the SA diet on the skeletal bone mass in the sham-control group, sham-SA group, OVX-control group, and OVX-SA group.

Representative images are shown

OVX-SA group were higher than those in the OVX-control
group at 10 weeks; however, these parameters did not
increase in sham mice.

Effects of the SA diet on the trabeculae of the femur

We examined the femoral trabecular microstructure, which
contributes to bone strength, using a stereoscopic micro-
scope. Isolated left femurs were ground with a whetstone.
The ground femur samples are shown in Fig. 8. The
number of trabeculae in femurs in the OVX-control group
was less than the number in femurs in the sham-control
group. The degree of trabecular destruction in OVX-SA
mice was improved compared with that in OVX-control
mice; however, there was no change in sham mice.

The trabecular lengths in the sham-control, sham-SA,
OVX-control, and OVX-SA groups were 5.1 & 1.4,
54+ 18,25 £ 0.7, and 3.2 + 0.8 mm, respectively. The
trabecular length in the OVX-SA group was approximately
0.7 mm longer than that in the OVX-control group, which
was not a significant difference. Therefore, these observa-
tions indicated that dietary SA can protect the trabecular
structure from degradation by osteoclasts. These results are
consistent with the bone mechanical parameter results from
CT analysis (Table 3).

Effects of the SA diet on uterine weight
and morphology

A uterine hypertrophy test was performed to examine
whether SA exerts estrogenic activity in vivo. The effects
of consuming the SA-containing diet on uterine weight and
morphology are shown in Fig. 9. The results demonstrated
that 10 weeks of the SA diet did not affect the uterine
weights of sham and OVX mice (Fig. 9a). Also, no
hypertrophic change in morphology was observed in the
uterus (Fig. 9b). The data indicated that SA at this dose did
not show any estrogenic activity in vivo.

Discussion

In the present study, we demonstrated that a SA diet
improved the bone resorption markers (urinary DPD and
TRAP activity) and the number of TRAP-positive osteo-
clasts in OVX mice. Therefore, SA may suppress the dif-
ferentiation of osteoclasts in the bone marrow. Interestingly,
BAP activity in the serum and bone marrow, which is a
marker of bone formation, was increased in OVX mice,
suggesting that a SA diet can affect not only osteoclasts but
also osteoblasts. Consistent with these results, the bone
mineral densities in the OVX-SA group were significantly

Table 3 Effects of the syringic
acid diet on bone mechanical

Sham-control Sham-SA OVX-control OVX-SA

parameters in mice

Polar moment of inertia

Minimum second moment of area

0.100 &£ 0.010  0.106 + 0.013
0.26 £ 0.02 0.28 &+ 0.03

0.072 4+ 0.004  0.082 +£ 0.006*
0.19 £+ 0.01 0.23 £ 0.02%*

All data are presented as the mean & SD. * P < 0.05 compared with the OVX-control group
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Fig. 8 Effects of the SA diet on the femur microstructure in the sham-control group, sham-SA group, OVX-control group, and OVX-SA group.

Representative images are shown
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Fig. 9 a Effects of the SA diet on uterine weight. All data are
presented as mean + SD. b A representative image of a uterus with a
weight closest to the mean is shown for each group of mice

higher than those in the OVX-control group after 10 weeks.
Thus, dietary SA appears to improve bone resorption and
bone formation, suppressing the decrease in bone mineral
density in OVX mice. CT imaging data of the backbone
support this claim. All of these results indicate that a SA diet
can partially (but not completely) protect the bone from
degradation by osteoclasts in OVX mice.

SA did not suppress serum and bone marrow TRAP
activity and urinary DPD in sham mice; however, dietary
SA had significant effects in OVX mice with activated
osteoclasts. These results are consistent with the findings of
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our previous study [19]. Therefore, SA did not exert
antiosteoporotic activity in sham mice with normal osteo-
clast activity.

We evaluated the number of TRAP-positive osteoclasts
localized in the cortical bone area and the number of ALP-
positive osteoblasts around the growth plates. In the present
study, a large number of osteoclasts and osteoblasts was
observed in these areas. However, osteoclasts and osteo-
blasts are generally observed in the trabecular bone area.
The potential for physiological differences between these
areas is a limitation of this study. Therefore, further studies
are needed to clarify the localization of osteoclasts and
osteoblasts in the trabecular bone area.

In this study, TRAP activity in the serum and bone
marrow did not differ between sham and OVX mice;
however, the number of TRAP-positive osteoclasts was
increased in the cortical bone area in OVX mice. Fur-
thermore, serum BAP activity and ALP-positive osteo-
blasts around the growth plates did not differ between sham
and OVX mice; on the other hand, BAP activity in the bone
marrow of OVX mice was significantly lower than in the
bone marrow of sham mice. These inconsistent results may
be attributed to the diurnal variation of bone metabolism
markers.

Bone vulnerability is linked not only to bone mass but
also to bone structure. The internal microstructure of bone
is an important factor for evaluating bone strength.
Therefore, we visualized the femoral trabeculae. The tra-
beculae in the OVX-control group were greatly decreased
compared with those in the sham-control group, whereas
the trabeculae in the OVX-SA group were well maintained.
These results are consistent with those from the CT anal-
ysis of bone mechanical parameters. The findings
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consistently indicated that the SA diet improved bone
strength in OVX mice.

A possible explanation for the SA-induced improvement
in the bone status of OVX mice is the possibility that SA
exerts estrogen-like activity. However, this possibility can
be excluded because SA does not have an affinity for ER-o
and ER-B [12]; moreover, there were no hypertrophic
symptoms in the uterus of SA-fed mice. These data indi-
cate that SA can exert antiosteoporotic activity without
affecting the uterus via estrogen-like activity. Several
previous studies have examined the physiological effects of
SA; these include the protection of cells from oxidative
stress [20] and inflammation [11, 15, 16] in vivo. We
hypothesized that these beneficial effects and the bone-
protective activity of SA could be associated with the same
mechanism of action because intracellular oxidative stress
and inflammation are universally detrimental to physio-
logical processes associated with pancreatitis, hepatitis,
diabetes, and bone metabolism.

A Dbetter understanding of the behavior of orally
administered SA in the intestine and liver microsomes and
its accumulation in bone cells could contribute to the elu-
cidation of the mechanism by which SA improves bone
resorption and bone formation in OVX mice. To our
knowledge, there are no reports on drug metabolism by SA.
Therefore, further studies are needed to understand the
activity of orally administered SA in mice.

Vanillic acid (VA) is another phenolic compound that is
naturally present in many edible plants, such as touki (the roots
of Angelica acutiloba) [21], the fruit of the acai palm Euterpe
oleracea [10], and the mycelium of the shiitake mushroom
Lentinula edodes [11]. Similar to SA, the compound VA does
not bind to ERs [22] and demonstrates radical scavenging
[14], antioxidative [14], and anti-inflammatory [11, 15]
activities. However, the antiosteoporotic activity of VA is
weaker than that of SA (data not shown).

In conclusion, we have demonstrated that dietary SA can
suppress the reduction in bone mass and the microarchitec-
tural deterioration of bone tissues without affecting the uterus
in OVX mice, suggesting that SA may affect not only bone
resorption but also bone formation. Therefore, SA may be a
compound that could be used to prevent or retard osteoporosis.

Acknowledgment This study has been in part funded and supported
by the Strategic Project to Support the Formation of Research Bases
at Private Universities: Matching Fund Subsidy from MEXT (Min-
istry of Education, Culture, Sports, Science and Technology),
2015-2018 (S1512004).

References
1. Lee YB, Lee HJ, Kim KS, Lee JY, Nam SY, Cheon SH, Sohn HS

(2004) Evaluation of the preventive effect of isoflavone extract

@ Springer

78

10.

11.

12.

14.

15.

16.

17.

18.

on bone loss in ovariectomized rats. Biosci Biotechnol Biochem
68:1040-1045

. Ishimi Y, Arai N, Wang X, Wu J, Umegaki K, Miyaura C,

Takeda A, Ikegami S (2000) Difference in effective dosage of
genistein on bone and uterus in ovariectomized mice. Biochem
Biophys Res Commun 274:697-701

. Picherit C, Coxam V, Bennetau-Pelissero C, Kati-Coulibaly S,

Davicco MJ, Lebecque P, Barlet JP (2000) Daidzein is more
efficient than genistein in preventing ovariectomy-induced bone
loss in rats. J Nutr 130:1675-1681

. Casanova M, You L, Gaido KW, Archibeque-Engle S, Janszen

DB, Heck HA (1999) Developmental effects of dietary phytoe-
strogens in Sprague—Dawley rats and interactions of genistein and
daidzein with rat estrogen receptors alpha and beta in vitro.
Toxicol Sci 51:236-244

. Boué SM, Wiese TE, Nehls S, Burow ME, Elliott S, Carter-

Wientjes CH, Shih BY, McLachlan JA, Cleveland TE (2003)
Evaluation of the estrogenic effects of legume extracts containing
phytoestrogens. J Agric Food Chem 51:2193-2199

. Weitzmann MN, Pacifici R (2006) Estrogen deficiency and bone

loss: an inflammatory tale. J Clin Invest 116:1186-1194

. Gaete L, Tchernitchin AN, Bustamante R, Villena J, Lemus I,

Gidekel M, Cabrera G, Astorga P (2012) Daidzein—estrogen
interaction in the rat uterus and its effect on human breast cancer
cell growth. J Med Food 15:1081-1090

. Wang TT, Sathyamoorthy N, Phang JM (1996) Molecular effects

of genistein on estrogen receptor mediated pathways. Carcino-
genesis 17:271-275

. Rachon D, Vortherms T, Seidlova-Wuttke D, Wuttke W (2007)

Dietary daidzein and puerarin do not affect pituitary LH
expression but exert uterotropic effects in ovariectomized rats.
Maturitas 57:161-170

Pacheco-Palencia LA, Mertens-Talcott S, Talcott ST (2008)
Chemical composition, antioxidant properties, and thermal sta-
bility of a phytochemical enriched oil from acai (Euterpe oler-
acea Mart.). J Agric Food Chem 56:4631-4636

Itoh A, Isoda K, Kondoh M, Kawase M, Kobayashi M, Tamesada
M, Yagi K (2009) Hepatoprotective effect of syringic acid and
vanillic acid on concanavalin a-induced liver injury. Biol Pharm
Bull 32:1215-1219

Simoncini T, Lenzi E, Zochling A, Gopal S, Goglia L, Russo E,
Polak K, Casarosa E, Jungbauer A, Genazzani AD, Genazzani
AR (2011) Estrogen-like effects of wine extracts on nitric oxide
synthesis in human endothelial cells. Maturitas 70:169-175

. Nakajima Y, Sato Y, Konishi T (2007) Antioxidant small phe-

nolic ingredients in Inonotus obliquus (persoon) Pilat (Chaga).
Chem Pharm Bull 55:1222-1226

Sevgi K, Tepe B, Sarikurkcu C (2015) Antioxidant and DNA
damage protection potentials of selected phenolic acids. Food
Chem Toxicol 77:12-21

Itoh A, Isoda K, Kondoh M, Kawase M, Watari A, Kobayashi M,
Tamesada M, Yagi K (2010) Hepatoprotective effect of syringic
acid and vanillic acid on CCly-induced liver injury. Biol Pharm
Bull 33:983-987

Yan SL, Wang ZH, Yen HF, Lee YJ, Yin MC (2016) Reversal of
ethanol-induced hepatotoxicity by cinnamic and syringic acids in
mice. Food Chem Toxicol 98:119-126

Kang SN, Lee JS, Park JH, Cho JH, Park JH, Cho KK, Lee OH,
Kim IS (2014) In vitro anti-osteoporosis properties of diverse
Korean Drynariae rhizoma phenolic extracts. Nutrients
6:1737-1751

Dimai HP, Linkhart TA, Linkhart SG, Donahue LR, Beamer WG,
Rosen CJ, Farley JR, Baylink DJ (1998) Alkaline phosphatase
levels and osteoprogenitor cell numbers suggest bone formation
may contribute to peak bone density differences between two
inbred strains of mice. Bone 22:211-216



J Nat Med (2017) 71:632-641

641

19.

20.

Tanaka T, Tang H, Yu F, Michihara S, Uzawa Y, Zaima N,
Moriyama T, Kawamura Y (2011) Kudzu (Pueraria lobata) vine
ethanol extracts improve ovariectomy-induced bone loss in
female mice. J Agric Food Chem 59:13230-13237

Cikman O, Soylemez O, Ozkan OF, Kiraz HA, Sayar I, Ade-
moglu S, Taysi S, Karaayvaz M (2015) Antioxidant activity of
syringic acid prevents oxidative stress in L-arginine-induced
acute pancreatitis: an experimental study on rats. Int Surg
100:891-896

79

21.

22.

Wei WL, Zeng R, Gu CM, Qu Y, Huang LF (2016) Angelica
sinensis in China—a review of botanical profile, ethnopharma-
cology, phytochemistry and chemical analysis. J Ethnopharmacol
190:116-141

Xiao HH, Gao QG, Zhang Y, Wong KC, Dai Y, Yao XS, Wong
MS (2014) Vanillic acid exerts oestrogen-like activities in
osteoblast-like UMR 106 cells through MAP kinase (MEK/
ERK)-mediated ER signaling pathway. J Steroid Biochem Mol
Biol 144:382-391

@ Springer



MycoKeys 30: 17-30 (2018)
doi: 10.3897/mycokeys.30.23235 RESEARCH ARTICLE @‘ M COI(CyS
http://mycokeys.pensoft.net

Launched to accelerate biodiv

Phylloporia lonicerae (Hymenochaetales, Basidiomycota),
a new species on Lonicera japonica from Japan and an
identification key to worldwide species of Phylloporia

Wen-Min Qin"", Xue-Wei Wang'?", Takuo Sawahata?, Li-Wei Zhou'

| Institute of Applied Ecology, Chinese Academy of Sciences, Shenyang 110016, China 2 University of Chinese
Academy of Sciences, Beijing 100049, China 3 Faculty of Agriculture, Kindai University, 3327-204 Naka-
machi, Nara 631-8505, Japan

Corresponding author: Li-Wei Zhou (liwei_zhoul982@163.com)

Academic editor: M. P2 Martin | Received 25 December 2017 | Accepted 4 February 2018 | Published 14 February 2018

Citation: Qin W-M, Wang X-W, Sawahata T, Zhou L-W (2018) Phylloporia lonicerae (Hymenochaetales,
Basidiomycota), a new species on Lonicera japonica from Japan and an identification key to worldwide species of

Phylloporia. MycoKeys 30: 17-30. https://doi.org/10.3897/mycokeys.30.23235

Abstract

Phylloporia, in the Hymenochaetaceae, is a polypore genus with a worldwide distribution. The new taxon
Phylloporia lonicerae is introduced, which is the first Phylloporia species to originate from Japan. This
species grows exclusively on living Lonicera japonica and is distinguished by annual, sessile basidiocarps that
occur in clusters, pileal surface of narrow, concentrically sulcate zones, 6-8 pores per mm, duplex context
separated by a black zone, dimitic hyphal system and broadly ellipsoid basidiospores, 3.2-4 x 2.3-3.1 pum.
Phylogenetically, P lonicerae is nested within the Phylloporia clade as a distinct terminal lineage with full
statistical supports and sister to the clade of 2 minutispora, P cf. pulla and P terrestris with weak supports.
Besides Phylloporia bibulosa, P chrysites and P spathulata, P lonicerae is the fourth species of Phylloporia
recorded from Japan. An identification key to all accepted 48 species of Phylloporia is provided.
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Introduction

Phylloporia Murrill, in the Hymenochaetaceae Donk, was introduced for an unusual
polypore species, R parasitica Murrill growing on the underside of living leaves in
Columbia (Murrill 1904). For nearly 70 years, Phylloporia was forgotten until Ry-
varden (1972) transferred five taxa into the genus. Renewed interest in Phylloporia was
stimulated by Wagner and Ryvarden’s (2002) phylogenetic and morphological study
in which they accepted 12 species. Since then, a number of new species have been de-
scribed from Africa (Ipulet and Ryvarden 2005, Decock et al. 2015, Yombiyeni et al.
2015, Yombiyeni and Decock 2017), the Americas (Valenzuela et al. 2011, Decock et
al. 2013, Ferreira-Lopes et al. 2016) and Asia, especially China (Gafforov et al. 2014,
Cuietal. 2010, Zhou and Dai 2012, Zhou 2013, 2015a, 2015b, 2016, Liu et al. 2015,
Chen et al. 2017, Ren and Wu 2017).

Phylloporia began as a monophyletic genus based on phylogenic studies of the large
subunit of the nuclear ribosomal gene (nLSU) (Wagner and Ryvarden 2002) but is now
paraphyletic with the inclusion of Coltricia cf. stuckertiana (Speg.) Rajchenb. & ].E.
Wright in the Phylloporia clade (Valenzuela et al. 2011, Decock et al. 2013). The genus is
morphologically quite diverse and includes species with annual or perennial basidiocarps
with resupinate, sessile or stipitate habits, homogenous or duplex context, monomitic
or dimitic hyphal system and cylindrical to subglobose basidiospores (Wagner and Ry-
varden 2002, Cui et al. 2010, Zhou 2015a). Substrate preferences of Phylloporia species
are equally diverse. Some species are saprobes that colonise woody debris (Ipulet and
Ryvarden 2005, Zhou 2015b, Ferreira-Lopes et al. 2016) and others are parasites usually
of specific plant hosts (Zhou 2015a, Ren and Wu 2017, Yombiyeni and Decock 2017).

There are three species of Phylloporia reported from Japan — P bibulosa (Lloyd)
Ryvarden, 2 chrysites (Berk.) Ryvarden and P spathulata (Hook.) Ryvarden (Ntfez and
Ryvarden 2000). In this paper, a new species, Phylloporia lonicerae, is described from
Nara, Japan, growing on living vines of Lonicera japonica. Morphological and molecu-
lar data support the recognition of this new species. In addition, an updated key to the
known species of Phylloporia is presented.

Materials and methods

Morphological examination

The studied specimens were deposited at the herbarium of the Institute of Applied Ecol-
ogy, Chinese Academy of Sciences (IFP) in China. The macroscopic characters were
observed from dried specimens with the aid of a stereomicroscope. Specimen sections
were mounted in Cotton Blue (CB), Melzer’s reagent (IKI) and 5 % potassium hydrox-
ide (KOH) for observation using a Nikon Eclipse 80i microscope at magnification up
to 1000x. Special colour terms follow Petersen (1996). All measurements were taken
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from sections mounted in CB. When presenting the size variation of basidiospores, 5%
of measurements from each end of the range were put in parentheses. Line drawings
of microscopic characters were made with the aid of a drawing tube. The abbreviations
used in the description are as follows: L = mean basidiospore length (arithmetic aver-
age of all measured basidiospores), W = mean basidiospore width (arithmetic average
of all measured basidiospores), Q = variation in the L/W ratios between the specimens
studied and n = number of basidiospores measured from a given number of specimens.

Molecular sequencing

The PCR products were directly amplified from the extracts of the basidiocarps with
the Phire® Plant Direct PCR Kit (Finnzymes Oy, Finland) according to the manufac-
turer’s protocol. The PCR protocol was as follows: initial denaturation at 98 °C for 5
min, followed by 39 cycles of denaturation at 98 °C for 5 s, annealing at 48 °C for 5 s
and extension at 72 °C for 5 s and a final extension of 72 °C for 10 min. The primers
LROR and LR7 (Vilgalys and Hester 1990) were used for PCR amplification and sub-
sequent sequencing at the Beijing Genomics Institute, China. The newly generated se-
quences were submitted to GenBank (http://www.ncbi.nlm.nih.gov/genbank; Fig. 1).

Phylogenetic analysis

To explore the phylogenetic relationship of P lonicerae, six nLSU sequences were incor-
porated into previous nLSU datasets of Phylloporia (Zhou 2016, Chen et al. 2017, Ren
and Wu 2017, Yombiyeni and Decock 2017). Several species of Fomitiporella Murrill
and Fulvifomes Murrill were included in the dataset and Inonotus hispidus (Bull.) P
Karst. was selected as the outgroup taxon.

The nLSU dataset was aligned with MAFFT 7.110 (Katoh and Standley 2013)
with the G-INI-T option (Katoh et al. 2005). The best-fit evolutionary model for the
resulting alignment that was deposited in TreeBASE (http://www.treebase.org; acces-
sion number §21971), was estimated as GTR + I + G using jModelTest 2.1.4 (Darriba
etal. 2012). Following this model, maximum likelihood (ML) and Bayesian Inference
(BI) algorithms were used to infer the phylogeny of the alignment. The ML analysis
was conducted using raxmlGUI 1.2 (Silvestro and Michalak 2012, Stamatakis 2006)
under the auto FC option for bootstrap (BS) replicates (Pattengale et al. 2010). Mr-
Bayes 3.2 (Ronquist et al. 2012) was carried out for BI analysis, which employed two
independent runs, each including four chains of 10 million generations and starting
from random trees. Trees were sampled every 1000th generation. Of the sampled trees,
the first 25 % was deleted and the remaining trees were used to construct a 50 % ma-
jority consensus tree and calculate Bayesian posterior probabilities (BPPs). Chain con-
vergence was determined using Tracer 1.5 (http://tree.bio.ed.ac.uk/software/tracer/).
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Figure 1. Phylogenetic position of Phylloporia lonicerae inferred from the nLSU dataset. The topology
is inferred by maximum likelihood algorithm, while bootstrap values above 50 % and Bayesian posterior

probabilities above 0.8 are given at the nodes. Newly sequenced specimens are in boldface.
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Results

Six nLSU sequences of P lonicerae were generated and included in a dataset of 105
sequences and 942 characters. ML analysis was ended after 250 BS replicates. BI analy-
sis converged all chains as indicated by the effective sample sizes of all parameters
above 2000 and the potential scale reduction factors close to 1.000. As the ML and BI
analyses generated congruent topologies in main lineages, the ML tree is presented in
Figure 1. Values of BS above 50 % and BPPs above 0.8 are given at the nodes. The phy-
logenic tree (Fig. 1) shows that the strongly supported Phylloporia clade (98 % in ML,
1 in BI) consists of 44 terminal lineages and the six P lonicerae samples formed a new
lineage with full statistical supports (100 % in ML, 1 in BI). The Phylloporia lonicerae
lineage is sister to the clade that includes P minutispora Ipulet & Ryvarden, P cf. pulla
(Mont. & Berk.) Decock & Yombiy and P terrestris L.W. Zhou with weak supports.

Taxonomy

Phylloporia lonicerae W.M. Qin, Xue W. Wang, T. Sawahata & L.W. Zhou, sp. nov.
MycoBank: MB823715
Figs 2, 3

Holotype. JAPAN. Nara, Research Forest of Faculty of Agriculture, Kindai University,
3 Jul 2017, on living vine of Lonicera japonica, I\NVZ 20170703-2 (IFP 019172).
Etymology. Lonicerae (Lat.): referring to Lonicera, the host tree genus.
Description. Basidiocarps annual, sessile, imbricate, rarely solitary, without odour
or taste, woody. Pilei semi-circular, flabelliform or fused together, applanate, single pi-
leus projecting up to 1.5 cm long, 3 cm wide and 0.5 cm thick at base. Pileal surface
greyish-brown to yellowish-brown, velutinate, concentrically sulcate with narrow zones;
margin pale yellow or concolorous, sharp. Pore surface honey-yellow, slightly glancing;
sterile margin distinct, curry-yellow, up to 0.5 mm wide; pores circular to angular, 6-8
per mm; dissepiments thin, entire. Context up to 2 mm thick, duplex, with a black
zone, lower context olivaceous buff, hard corky, up to 1 mm thick, upper tomentum
cinnamon-buff, soft, up to 1 mm thick. Tubes honey-yellow, corky, up to 3 mm long,.
Hyphal system dimitic; generative hyphae simple septate; tissue darkening but oth-
erwise unchanged in KOH. Context: in the lower context, generative hyphae hyaline to
pale yellowish, slightly thick- to thick-walled with a wide lumen, frequently branched and
septate, 2—4 pm in diam; skeletal hyphae golden yellow, thick-walled with a narrow lumen,
unbranched, aseptate, interwoven, 2—4.5 pm in diam; in the upper tomentum, generative
hyphae infrequent, pale yellowish, slightly thick- to thick-walled with a wide lumen, rarely
branched, frequently septate, 2—4 pm in diam; skeletal hyphae golden yellow, thick-walled
with a narrow to wide lumen, unbranched, aseptate, loosely interwoven, 2.5-5 pm in
diam; in the black zone, hyphae dark brown, thick-walled with a narrow lumen, strong-
ly agglutinated, interwoven. Tubes: generative hyphae hyaline to pale yellowish, thin- to
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Figure 2. Basidiocarps of Phylloporia lonicerae in situ. a IWZ 20170703-2 (holotype) b LWZ 20170622-
1 (paratype). Scale bars: 2 cm.

slightly thick-walled, occasionally branched, frequently septate, 1.8—4 pm in diam; skeletal
hyphae golden yellow, thick-walled with a narrow lumen, unbranched, aseptate, inter-
woven, 2—4 pm in diam. Setae absent. Cystidia and cystidioles absent. Basidia clavate,
with four sterigmata up to 3 um long and a simple septum at the base, 7-11 x 4-6 pm;
basidioles in shape similar to basidia, but slightly smaller. Basidiospores broadly ellipsoid,
pale yellowish, thick-walled, smooth, indextrinoid, inamyloid, acyanophilous, (3-)3.2—4 x
(2.192.3-3.1(-3.3) pm, L = 3.61 pm, W = 2.77 um, Q = 1.28-1.33 (n = 90/3).
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Figure 3. Microscopic structures of Phylloporia lonicerae (drawn from the holotype, LWZ 20170703-2).
a Basidiospores b Basidia and basidioles ¢ Hyphae from trama d Hyphae from lower context € hyphae
from upper tomentum. Scale bars: @ = 5 um, b—e = 10 um.
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Additional specimens (paratypes) studied. (All on living vine of Lonicera ja-
ponica)—JAPAN. Nara, Research Forest of Faculty of Agriculture, Kindai Universi-
ty, 31 Oct 2016, LWZ 20161031-1 (IFP 019173); 27 Feb 2017, LWZ 20170227-1
(IEP 019174); 25 Mar 2017, LWZ 20170325-1 (IEP 019175); 22 Jun 2017, LWZ
20170622-1 (IFP 019176); 3 Jul 2017, LWZ 20170703-1 (IFP 019177).

Discussion

Phylloporia lonicerae is morphologically distinct from other species in Phylloporia
by its annual, sessile basidiocarps that occur in clusters, pileal surface of narrow,
concentrically sulcate zones, 6-8 pores per mm, duplex context separated by a black
zone, dimitic hyphal system and broadly ellipsoid basidiospores, 3.2—4 x 2.3-3.1 pm.
In the field, it is readily identified by fruiting on living vines, >1.5 cm diameter,
of Lonicera japonica. Phylloporia lonicerae is most similar to P pseudopectinara
Yuan Y. Chen & B.K. Cui and P minutipora LY. Zhou by sharing annual, sessile
basidiocarps in clusters and a dimitic hyphal system, but easily distinguished from
P, pseudopectinata by larger pores (8—9 per mm) and subglobose basidiospores (Chen
etal. 2017) and from P minutipora by larger pores and basidiospores and the specific
host (Zhou 2016). An updated key, based on Zhou (2016), to all accepted 48 species
of Phylloporia is provided below.

Lonicera japonica is a well-known and important medicinal plant (Li 1578). There-
fore, the potential medicinal applications of fungi growing on this plant are intriguing.
Lietal. (2010) studied the medicinal metabolites from basidiocarps of Phylloporia ribis
(Schumach.) Ryvarden that were collected on Lonicera japonica in China. Recent phy-
logenetic evidence, however, indicates that Chinese specimens of P ribis collected on
hosts other than Ribes are distinct from a 2 ribis specimen collected on Ribes in Ger-
many (Zhou and Dai 2012). As P ribis was originally described from Denmark (Larsen
and Cobb-Poulle 1990), P ribis specimens used by Li et al. (2010) in their study are
likely P lonicerae or another undescribed species.

Some species of Phylloporia are parasitic and appear to be restricted by host and
geographic distribution of its host. For example, Phylloporia crataegi L. Zhou &
Y.C. Dai, which occurs exclusively on living Crataegus and P fontanesiae L. Zhou
& Y.C. Dai, which colonises living Fontanesia, are widely distributed in China (Zhou
and Dai 2012, unpublished data). Similarly, in central African rainforests, P flabel-
liformis Decock & Yombiy is found on living trunks of Dichostemma and Anthostema
whereas P gabonensis Decock & Yombiy occurs only on Dichosternma (Decock et al.
2015). In contrast, Lonicera japonica has a worldwide distribution and so far is host to
a single species of Phylloporia. It will be interesting to determine if P lonicerae is found
elsewhere on Lonicera japonica or if different species of Phylloporia are found on living
Lonicera japonica in other geographic regions.

Since 2010, 21 new species of Phylloporia have been described from China (Cui et
al. 2010, Zhou and Dai 2012, Zhou 2013, 2015a, 2015b, 2016, Liu et al. 2015, Chen
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etal. 2017, Ren and Wu 2017). Yet in Japan, only four Phylloporia species, including
P lonicerae, are known. It is hoped that this paper will draw attention to this genus in
Japan and lead to the discovery of additional species.

Key to worldwide species of Phylloporia
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Basidiocarps resupinate ........cceeveevevveirenienieinenenieineeeeeenenne P, parasitica
Basidiocarps sessile O SUPITALE .....eveuvrvirreieirinieieiieereteeseceee e 2
Basidiocarps stipitate and terrestrial (woody debris) ......ccccevenieieinincnnncns 3
Basidiocarps sessile and on aerial wood .........cccoeeveininiiiinininc 9
Context homogeneous..........ccccevverveueueuiininirieieeceeeeeenee P minutispora
ConteXt AUPLEX ...coviiiuiiiiriiiiicirccteee et 4
Basidiospores > 4 pm long, > 3 pm wide........cccooviiiiiiiiiiiii,
................................................... P, verae-crucis (Berk. ex Sacc.) Ryvarden
Basidiospores < 4 pm long, < 3 um wide.......cccooviiiiiiiiiiiiiiiii, 5
Cystidia PIESENT .cveuvureuirieieiieiertetet sttt sttt sa e sre e enea 6
Cystidia aDSENT....eeuiiiuieiiriiiiieiiriccte et 7
Hyphae in tomentum short and anticlinal .......c.cocccoviiincininncinicn,
............................ P, elegans Ferreira-Lopes, Robledo & Drechsler-Santos
Hyphae in tomentum loosely interwoven ........c.cocoveerincinncnnccnccnnen.
.................................. P nodostipitata Ferreira-Lopes & Drechsler-Santos
Pores < 10 Per MM..c.cvcuerieueririeirieienieieenieieneeeee et P spathulata
Pores > 10 Per MIM.....coiiiiuiiiiiiiiiiiiieiiesice e 8
Basidiospores < 3.3 pm long, < 2.3 pm wide........cccoovviiiiiinnnen. P, terrestris
Basidiospores > 3.3 pm long, > 2.3 pm wide.......cccoovvviiiiiiniiiiiiiin,
.......................................................... P, afrospathulata Yombiy & Decock
Hyphal system dimitiC......ccovveveririeinieininiciniecnicenceecesceseeeeeee 10
Hyphal system monomitic.......covueerieerinicinieininieinecniecreceseeeeeieeees 18
Basidiocarps perennial..........cccceveviiiiiniiniiininiceee 11
Basidiocarps annual ..........ccecvviriniiiiiininii e 12
Pores 6-8 per mm.........cccoeueueneeee. P. manglietiae Yuan Y. Chen & B.K. Cui
Pores 8—11 per MM....c.ccevveuervreeerieicnenenes P, pectinata (Klotzsch) Ryvarden
Basidiocarps solitary........cccourueuennne. P nouraguensis Decock & G. Castillo
Basidiocarps in cluSter.......coueviiriiriiiiiicicieertc e 13
Pileal surface lighter (greyish-orange to pale cinnamon) ..........cccccocevvivennnnnee.
.......................................................................... P, fulva Yombiy & Decock
Pileal surface darker (yellowish-brown to dark brown) .........c.ccccecciuinnnn 14
Pileus attached by a small vertex and pendant..........ccccvveeinccinncnncnnes 15
Pileus widely attached to the substratum..........cccoccoeviiniinniiniiince 16
Pores 7-9 per mm; basidiospores > 3.5 um long ...
.......................................................... P, pendula Yaan Y. Chen & B.K. Cui
Pores 11-12 per mm; basidiospores < 3.5 pm long........ccccoeveuennene. P pulla
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Pores 12—15 per mm; basidiospores < 3 pm long, < 2.5 pm wide..................
............................................................................................... P. minutipora
Pores 6-9 per mm; basidiospores > 3 um long, > 2.5 pm wide.................. 17
Pores 6-9 per mm; basidiospores broadly ellipsoid (Q = 1.28-1.33)..............
................................................................................................... P, lonicerae
Pores 8—9 per mm; basidiospores subglobose (Q = 1.21-1.23)........ccccueuee.
............................................ P, pseudopectinata Yuan Y. Chen & B.K. Cui
POres 2—4 Per MIML.....c.ceuiruiieiiiinieieieieetetetete sttt sttt a e 19
Pores 4—12 Per MM......ciruivieuiiiinieieieitetetete ettt 22
Basidiospores broadly ellipsoid to subglobose............cccccoociviiiiiiin
............................................. P, fruticum (Berk. & M.A. Curtis) Ryvarden
Basidiospores oblong-ellipsoid, subcylindrical to cylindrical...................... 20
Context duplex.....cccoveireenncrinccnnnn P rzedowskii R. Valenz. & Decock
Context hOmOgeneoUS.........c.cueuiiriiiiiciciiiieeeeccceee s 21
Context < 1 mm thick; on living branch.........cccccooiiiiinniiiine
....................................................... P oblongospora Y.C. Dai & H.S. Yuan
Context 2—4 mm thick; on living trunk.. P. inonotoides Yombiy & Decock
Basidiocarps annual to perennial, dense and hard consistency.................... 23
Basidiocarps annual, soft corky at least at tomentum layer.........ccccoeueueneee 29
Pores 10—12 per mm; on living 7ilia..........cccccuvvunnne. P, tiliae L. Zhou
Pores 6-9 per mm; on other angiosperms ...........cccovvvveeueueuccirinreereeennn 24
Pileal surface zonate and sulcate.........c.cccovvveveieiiiiiiiniiincciicecce 25
Pileal surface azonate ..........cccoeivivieieiciiininiiccc e
........................... P yuchengii Gafforov, Tomsovsky, Langer & L.W. Zhou
Pores 6—7 Per MML......cciiuiiiiiiiiiiiiiiic e 26
Pores 7—9 per MM........cccoiiiiiiiiiniiiiiiiiic s 27
Basidiospores ellipsoid; mostly on Ribes ........cocceveeeeeinicinincninccnnee. P, ribis
Basidiospores subglobose; mostly on Ephedra, Cotoneaster or Jasminum ........
.................................................................. P, ephedrae (Woron.) Parmasto
Basidiospores > 2.7 um wide......cccoeeveinineininennennne P, dependensY.C. Dai
Basidiospores < 2.7 pm wide.......cccooviiiiiiiiiiiiiiii 28
Basidiospores ellipsoid to oblong-ellipsoid with a guttule; on Abélia..............
................................................................... P, gutta L.W. Zhou & Y.C. Dai
Basidiospores broadly ellipsoid without a guttule; on living Crataegus...........
.................................................................................................... P, crataegi
Basidiospores broadly ellipsoid to subglobose.............cccccccceviiiiiiininn. 30
Basidiospores ellipsoid, oblong-ellipsoid to cylindrical............c.ccccccoeiiiii. 40
Pores 5—0 Per MM ..cc.eiieuieeeieiiniiniieieeeeteteste ettt 31
Pores 6—11 Per MM..c..coieieieiiniiniiiieeeeetetenie et 35
Context duplex, separated by a black zone.......c.cccceveinniiniiniicnncens 32
Context not separated by a black zone ........c.cccoveoiniiinniiniinince 33
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32

33

34

35

36

37

38

39

40

41

42

43

44
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Pileal surface azonate, lower context 1-4 pum thick ......ccccocvviiiiinni.
....................................... P. ampelina (Bondartsev & Singer) Bondartseva
Pileal surface zonate and sulcate, lower context 1 pm thick......cccoccceneinnee.
....................................... P weberiana (Bres. & Henn. ex Sacc.) Ryvarden
Basidiocarps solitary covered by a thick tomentum layer, pileal surface not
radially faintly wrinkled ......c.coccccoeiineinnnn P. littoralis Decock & Yombiy
Basidiocarps in cluster without a distinct tomentum layer, pileal surface radi-
ally faintly wrinkled ........ccoiiiiniiini e 34
Pileus < 1.5 mm thick, margin regular............cccccocovvnnnnnes P, flabelliformis
Pileus > 1.5 mm thick, margin irregular..........ccccccoeeveeiinnnne. P gabonensis
Basidiocarps > 8 cm wide, > 15 mm thick; contextual hyphae > 5 pm in
diam cooeeeieeeeeen P. ulloai R. Valenz., Raymundo, Cifuentes & Decock
Basidiocarps < 8 cm wide, < 15 mm thick; contextual hyphae < 5 pym in
QIR L 36
Contextual hyphae regularly arranged............ccccocoivniiiiiinniiicine 37
Contextual hyphae interwoven ........ccccovveirieininciinciniecrccscccee 38
Pileus distinctly sulcate, not radially striate, margin obtuse, basal context sep-
arated by two black zones; hyphae in tomentum > 4 pm in diam; on living
angiosperm trunk ..o P, clausenae L.W. Zhou
Pileus faintly sulcate, radially striate, margin sharp, context duplex thor-

oughly; hyphae in tomentum < 4 pm in diam; on living liana .....................
.................................................................................. P radiata 1L.W. Zhou
Contextual hyphae slightly thick-walled with a wide lumen, frequently sep-
tate, large rhomboid crystals absent.........c.ccccoeiviiiciiinnniiiiie, 39
Contextual hyphae thick-walled with a narrow lumen, occasionally septate,
large rhomboid crystals present in trama and context................... P, chrysites
Pores 10-12 per mm; basidiospores < 3 pm long; on living Fontanesia..........
............................................................................................... P, fontanesiae
Pores 7-9 per mm; basidiospores > 3 pm long; on other angiosperms...........
............................................................ P oreophila L.W. Zhou & Y.C. Dai
Basidiospores mostly > 3 pm wide ........ccoooiiiiiiiiiiii 41
Basidiospores mostly < 3 pm wide .......ccooiiiiiiiiiiiiii 42
Pores 4—6 per MM......ccovvueeeneeeninuenenes P, hainaniana Y.C. Dai & B.K. Cui
Pores 8—10 per mMm.....ccccveeveneeerenienieennens P, capucina (Mont.) Ryvarden
Basidiocarp solitary .......coceveiririenieiiinieiciesce e 43
Basidiocarp imbricate........ccccveivirieiiiniiniiiinccc e 46
Context homogeneous............oeueueueeiinereeuennee. P homocarnica L.W. Zhou
ConteXt AUPLEX ...cviiiuiiiiriiieiiirece e 44
Context not separated by a black zone; on living Flacourtia ..........................
............................................................................. P. flacourtiae L.W. Zhou
Context separated by a black zone; on other angiosperms............cccc.c....... 45
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45 Pileal surface azonate, pores 68 per mm; basidiospores cylindrical...............
......................................................................... P ¢ylindrispora L. Zhou
- Pileal surface zonate and sulcate, pores 8-9 per mm; basidiospores ellipsoid.....
....................................................................... P, lespedezae G.J. Ren & F. Wu

46 Basidiospores mostly < 2.5 um wide .....cccoovviiiiiiiiiiiiii 47
- Basidiospores mostly > 2.5 pm wide .....cooeueiiiiniiiiies P, bibulosa
47 Pores 5-6 per mm, context duplex, not separated by a black zone; basidi-

ospores > 3.5 pm long, contextual hyphae interwoven; on living Nandina....
............................................................ P. nandinae L.W. Zhou & Y.C. Dai
- Pores 7-9 per mm, context duplex, separated by a black zone; basidiospores
< 3.5 pm long, contextual hyphae regularly arranged; on living Osmanthus...
................................................................................ P osmanthi L.W. Zhou
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