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BAENTRETHIERRDOEAIAV aAVORIE, P FREBTES I UMEENTIZE>T, Tuber himalayense, T.
longispinosum. Tuber sp.5 (Kinoshita et al, 2011, Mycologia 103: 779-794) @ 3 FEMNAISNTEY., MEEEBIAFIAEAZL
MRENTLVS, LALENODOFERLUFICRESN., EYREICIEBSN-ERE, 24, IasERLTEY. BEL
WEIGKEIZHD, ZCTAHETE., BENOEYEICINBESNTOSEREERO /AU aVARDERETRRIC, &
TEMHPEYEOERICOVTHEICKISEN RN EBRIIL. ZEEMEOBBEHSNILEZOL, K%
HEEEIToTz, 26 MOERIZDONT. 1 M5 8 AFHFEDHBHEEEZHIV UM HELLIC IFEMDIITEHEL.
ABFHFEORFDLEMDESEETAILI=. Tuber himalayense.T. longispinosum DWF N ERIERSN=1ZRIZDNVTIE,
EMHITELIVZDOFSITEDE, ETHRTRBL-FLOBASHEERDORE T —REELICERD HE T F
f=. HIEEXRHDE DNA ZHH L TRV —L DNA @ Internal Transcribed Spacer 8% —4 > 245 L., B DNA T—
BNVDICHLTHRMRREZ T -, TORER. RYICFENOITFHREAAFDERDFFEND Tuber sp. 5 [TZET D
EAR6 mEERLIz, TOMDIERICONT, MFOEMIATEZDES. BLUZNLDFRICEIKERS DO S,
T. longispinosum % 16 s, T. himalayense % 4 fM#iRILT=, DNA fEFDIER. 26 Hh 6 A TEREINDOESICRYIL, £
TTREICKDHEL BT DN FREBERENTONT, ERDZELEMELDEBRZRABLIFER. T longispinosum [Z1&
ARtEAIHaw0%., T himalayense IZIET7 T IREAT o a0%E, LT Tuber sp. 5 [Z[EH ARt/ ao0%
TNENERITIIENBEYTHAESZ A=, RERIC. BERFBICKVENDERERRO LAV aVORE 3 EICHLTH
R ERER S EMNHO TREN =8, BEIED=HDRERFTELI-,

Abstract

Three black truffle species, Tuber sp. 5 (Kinoshita et al., 2011, Mycologia 103: 779-794), T. himalayense and T. longispinosum,
have been known in Japan. These three species are distinguishable by morphological characteristics. However, many

of the black truffle specimens deposited in Japanese herbaria have not been correctly re-identified so far. The purpose
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of this study is to re-identify the specimens in the National Museum of Nature and Science, Japan. For each of the 26

specimens, we examined the observed frequency of 1- to 8-spored asci and height of the spore ornamentation. For those

specimens identified either as T. longispinosum or as T. himalayense, a principal component analysis (PCA) against their

authentic specimens was conducted based on the spore ornamental types and its height. Of those 26 specimens, six were

identified as Tuber sp. 5 based on the frequency of 1- to 8-spored asci and of spore ornamentation. The other specimens

were identified as T. longispinosum (16 specimens) and T. himalayense (4 specimens) based on spore morphologies and

the results of PCA. With regard to correspondence between Japanese names and scientific names, we confirmed that it

was appropriate to assign “Ibo-seiyoshoro” for T. longispinosum, “Ajia-kuro-seiyoshoro” for T. himalayense, and “Uro-ibo-

seiyoshoro” for Tuber sp. 5. We also provide diagnostic keys to the Japanese black truffle species.
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vAFyaya)g (Tuber spp.) I THEMTF ¥V 2 HE
AV ayufHlE@L, TOFERRIT MNa7) LLThAR
<HIBIVD, 20O, FEEOHBENRAELEL, BIRICA
WIRERZG T DRIT, 2 FRHTFHIZR RARITEY Aestivum
lineage &2\ M Melanosporum lineage (2 J& 322 EMNBH BT
I3 TCW% (Bonito et al., 2013 ; Bonito & Smith, 2016)

AARENTREATHRERO (AT av @i, 1977
RIS CHiE &Nz (5 2008a) , FURRIFF & M 5T CHERENS
NI DT ERIL, SHTERRSIFOTERBRIRHEIZ DX,
AV RDOe~T YO TR AIN, 1892 FTHE X7z Tuber
indicum Cooke & Massee L[RIESI, AR ATV avnsdy
AHENT, fch, ER (1998, 2008b) (28D, faFFK A
W B Z 275 Tuber aestivum Vittad. (707 IA Iy aunm
=TArmAATvayn) 0 KA (2013) (2LD Tuber
pseudoexcavatum Y. Wang, G. Moreno, L. J. Riousset, J. L. Manjon
& G. Riousset (VRAREAITaym) BHIBILD,

Z D% FEEDIZENORERDOEAIT L avnBEXRIT,
o3 FRRIRHTIC LD BRI AT ENTRAETLE
BROEAIY T avaEE L. Melanosporum lineage (ZJ& 3%
TYTrakAayava (Tuber himalayense Zhang & Minter)
AR TV avn (Tuber longispinosum A Kinosh.), =L T
W [E PE D Tuber pseudohimalayense G. Moreno, Manjon, J. Diez
& Garcia-Mont (= T. pseudoexcavatum) LTERERIRFEDMELD D3,
RARINZIIINNL T B FRENED®HD Tuber sp. 5 O 3 FiENGIRAT
&SN (Kinoshita et al., 2011, 2018),

WU T CRAETHIRAREAAV avaEiL, HRERH
DEWHRPIL TRVFRA K E22 2 L7 5, DNA fifAT 25 2%
HTHDHEZEZBNTE (B XX, Chenetal, 2011 ; Wang
etal, 2006), L7>L HARENOREICHLTIE, M OREz
R T 2DIEICEY, BENOGHENR AR THLZ LN RINT
(Kinoshita et al., 2018 ; K/AfR, 2013), ZHL7HERITLY,
2018 AELLATC E AN O R I DU S - B ERDEAIT T
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TR BEEARITIE, FADOUETORRLT, F4 LFnd Mo B
HOMIAZRE DRBRNLERREBTHLEE 2 b, 2T
AHFFE T, BARENOEDEFEICIES L TODRERDOE
AT ayaBEOEALTEAT LA AREL, T, BER
AR N IUR S AVTAZAZ X GUT, 1) TEREIC L D0 M0 AT
REDEZFRRGEL . 2) fMdh ORRFEA AL T HLEh1T, R
DI HFEPRAA T T2,

MHEBLUFE

[ 57 B F R U S I T D 1977 4005 2015 42 £ TO
W B AREN TSN 26 SOEA (TNS-F-19005, 32715,
42634, 42796, 42797, 42899, 42923, 42924, 42925, 42930, 42936,
42963, 42982, 43330, 44092, 44093, 44138, 44140, 44426, 53913,
64101, 64165, 64166, 70254, 71838, 243771) Z%I%iZ, LLFD
RN AAT o7,

DNA #itH. PCR. ¥—72 vy

BAEADD | mm® OFFEAZAA T L, 1.5 ml F2—
THNTHREDF AP =y 2% T L 72, DNeasy
Plant Mini Kit (Qiagen, Valencia, California, USA) T 4 DNA
Z ffi L 7=, PCR M9 M (21X, #% U4 Y — L DNA Internal
Transcribed Spacer (ITS) fEIK 5 L TY, 5.8S VA Y — A RNA @
ERERGBE L, 2= =YL T T A4<—D ITSIF (Gardes &
Bruns, 1993) 33T ITS4 (White et al., 1990) 2V /=, PCR 3
IFEE%5%1Z1% TaKaRa Multiplex PCR kit ver.2 (Takara Otsu, Japan)
AL, ROSHRETRIGE ORI >72, PCR &
(X, 94°C - 60 b DRI ZEME, 94°C « 60 Fb, 57°C - 60 Fb,
72°C + 90 Bb% 30 YA 2/, 72°C - 10 Sy R DB AAE R HAT -
7o ZD®RT H—A7 )V ESRUKE) THERY DNA HEiig o> A7 4
ZHERRLT-%% ., PCR FE¥)% ExoSAP-IT (Affymetrix, Santa Clara,
CA, USA) THRHIL, v—/rrr v 71E, ABI3500 (Applied
Biosystems, Foster, California, USA) & BigDye Terminator 3.1
Cycle Sequencing kit (Applied Biosystems, Foster, California,
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USA) % AW CHILE SO FERIZHEV, PCREIREICFE AL
RCTIA~—% ATtz BLNTEERST —21%,
ATGC ver.7.1 (Genetyx Co., Tokyo, Japan) Z i\ CTo/a~h7Z
DT —H L TN — 23— ViR LT 4%, W7 OBL
BT 7 NLUTITS kD AR A G, EELHEER
BiZ NCBI @ DNA 7 —4 /30 271Z%FLC BLAST B 3R&1T70),
ITS fHI AR Tt BT 7 UTZRIE DR i a2 L
7zo BUFIRELT =213, EFE RIS T — 2 N — A8
gL (R 1),

RBFOMEHEE IV RS2

N FIEREABIER T 72012, BAEARDS L 305 0.5 mm’ 7
FEOBREAATEIHL, 3% KEMLAVY LR, HLLITK
ZlH FLIEATAR I FA L TFL TN =7 FAT= Y LI,
ZD%., 10-100 (5D v R AL U= P B Tl
L7,

e DIRERHRIIESEN DO B AR IV avn)g 3
(T himalayense, T. longispinosum, Tuber sp. 5) DX, SEATHF
TN FEDSZEIROFNETIT o7, Tubersp. 51X 1 75N
(28 ETOR 2L, JaFFR i ORI A N Th
% (KRR, 2013 5 fE 2 KRS, 2016), LLANO 2 Flidfe R
T 6 {HE T (Kinoshita et al., 2018) , 2L 2 DOREED .
BN Tuber sp. 5 iR LT, FRODEERIZH LTI, B+
KA DIEMDRRO T, M OZOESFELH 4 pm LI =D
. T longispinosum LYWL, ZNLL T2 T himalayense
LHIBrL7- (Kinoshita et al., 2018)

PLEDOFNRICEESE, EFTIXRIERD NG Tuber sp. 5 %
BRI 5720, FARARIZKIL T 20 [HO T35 T4 MDY,
15 8 WA PEETOFEDMEE NV LT, SHIZ TEEAR
H1=0 10 HOR 25 R, il % DIEARDR-F DEffiZ A~
(BRI, #RIMEE . AN HE) ZfEL7, ZLT, I
TOREMOMmSZFHL, EHOmSIT 1 TEANOI 15K
(ZHFIL TEAL T D7D B S A i A DD DY (RFEFR
T =) KIZHATIIE T 4 A PEF IR b B EE 8 5
Mo7=Z &% (Kinoshita et al., 2018) . 4 a1Vl %
FHAESRE LTz, 3 fED 4 faF-HEF-ZEIZOWT, 4 DD
LMD ESE 3 KT MEHILE (EARBHTZDEF 12 14
DIIF, 36 ROKEHMDOES), ZHblaFOIEAF AT L
DEE (G pm PLESUIIARR) U, T longispinosum &
T himalayense 3B UT=, 7oI2UAEORITIE, O RmIN
4 pum DL EDOEANBIERENDZENHY, LML AT 1L 1A
WTHRRO 2, AR H . #0 R0 B NRIET 22805057
B, WD OIS RERHET T IR R 0550385
(Kinoshita et al., 2018), &I C, Tuber sp. 5 LIIADFEARIZDOU
CIX. Kinoshita et al. (2018) T T. himalayense, T. longispinosum

DOFLHUT A=A A WITEFT OWUEIEA (T himalayense:
TFM:S17011, S17012, S17013, S17014, S17015, S17016, S17018,
S17019, S17020; T. longispinosum: S17001, S17003, S17004,
S17006, 817002, S17007, S17008) D7 —X LG T 57201,
BEARZLIZIAF OREMZ AT (1 BROAZ, 2 FHIHEAE
3 AW E) . EOESOFEfEEZ AT Lo~ N7 22 AR L,
Easy PCA (https://hoxom-hist.appspot.com/pca.html) T == % 43
SMTEAT STz, BRI Z LR O—>T, HEEE
ZAONEBDIEE T —F5ARRTTITHERI L CRAR I TRd2
EINTED, BT —A3E<IC, HiET —23aE<II AT
Blch, v NIAT =S IEASNTY 7V O BIRZ R+
LTEDHHETH D,

LEES
AFRE

rDNA O ITS fff %z PCR ¥4I L 72 H5 5, 26 mDHH 13 4
T DNA 2L 7z, DNARL7=H T a2 —r AL
TR, 10 RCHIRRREE 3 MEb T, Zbo ITS A%
BLAST ffAfr L7zt 5 4 fid = 23 b A 3 (Uspergillus
spp.) MRRHEII, FEVD 6 T EREKROEY D ES
7= (F 1), $72bbH TNS-F-19005, 42925 OECHIIE Tuber sp. 5
DOEFIE 98% LI ET—EL, 64165, 64166 % T himalayense &
97% LA k. 64101, 70254 1% T. longispunosum OELH] & 98% LA
%L,

faFDOREBITET D DT

26 ROEARDY G, 7L EORT5 & T T EBIEESN
BEAIL 6 s (TNS-F-19005, 42797, 42925, 42982, 53913, 71838)
T (M1, 2hbDlaF ORI ETHMMEAZ 7 (&1,
—J7. 6 JFIETFEE TLOERS VRS TAEAIL 20 T
(1), BRFOIEMZAT 1T, O, AR #or
HD3ZAT 1207z, 2095, HEMiO™mS )7 4 pm UL _ED
AT 16 T, AT ITRTRORIZo7 (R 1), £h
DUTOEARIT 4 5T, EMiXA7 XA E 2 1 5T, #5
MM H L3 m7EoT (R D, 2 20 SOIEARD N 1%
fifiZ A7 XD EIOFHT —ZIZFSE, T himalayense & T
longispinosum D FLHNZFANTAEAR T — 24 I 2 TEAMS 04T
EITSTRER, 3 2OFET L —TREMSNZ (1K2), =
DHH 16 JilE. T longispinosum D FLEAEARFEL[E L7 N—TF
EERL, V4 m055, 3 RIEEarnMEE RS, [ AIXT
himalayense D FLHAEADOH M B BTN ENT N —T %
LT,

ZEARSNILDOFA
ENZ R AR IR S NS B R AT avn g OfE
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Fig. 1. Observed number of asci with one to eight ascospores per specimen. The number at the top column of each histogram indicates

the voucher number of National Museum of Nature and Science (TNS-F).
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B2 BRFREOEMIATEIVZOESICEIKERS AT, BYBLEAREDOIURILIE, ThThELHZEYEDE
KE, ETRARTRBSN-BMRBEARFOELRTHS. A RE/IVav0, ZARFOTI/OE/IHVLaVO0ER
ThHAH. RBOBEAETOT7IOE(I a0 TFEMASRIWBEDIT L —T, EROBHIHEFEEOT IL—TTHS.

Fig. 2. Principal component analysis based on ascospore ornamentation and the height. The closed and open symbols are the National
Museum of Nature and Science collections and specimens described in our previous study (Forestry and Forest Products Research Institute
collections). The circles and triangles are the specimens of T. longispinosum and T. himalayense, respectively. The dotted and solid enclosures

represent groups of T. himalayense specimens with partially reticulated ascospores and with spiny reticulate ascospore, respectively.
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A 26 HOHIC, # AP -KICIVEARSATRHSINZLO
D17 REERSN. (R 1), — ., AT VUZEHS IR
HICERTDE, AR BAIT avn bRl SNIZEALT 10 45,
a7 IA AT arnl EHSNTIAEARIT 3 K, Ty ay
D=ttt =Y i -V NEQ WYty o I E AT w/AAV/AY
FEARIL 3 B2 o7-, 728 TNS-F-44002 (5 AR 77) 13 E4E R
SPEGITER R Tho72h, HAZOZXKT No.1028 A7
AT aTROLA NV OY XN FEIEEITE,

BE

BRREAIVarORIEHETH AN AT EES

FT O RERHIIZ L -5< Tuber sp. 5 DEIEILET, T8N
DR EA R 8 HETBIEINLILE, fF Dz A~
DEBHEE THHED 2 A ThHD, ZOIHEND Tubersp. 5 &
HEr ST 6 MOIEARDH S 2 5%, DNA FEHTIZRR L7 2
ROFERE—HK LI (R, 8MIFHTFFEETHEINLE
OROEAIY T aynEITHEN THO< OB MO TNHH
(12X T pseudohimalayense., T. malenconii Donadini, Riousset,
G. Riousset & G. Chev. [Donadini et al., 1978] Z2&) . HAREWN
TIFBEETDEDA, Tuber sp. 5 LMHERSH T (K1),
L72ii=>C, L3 2 DD+ OIS RBFHEIC KD E o 2 ff (T
himalayense, T. longispinosum) 7> Tuber sp. 5 Z X 5L, [F]
ELTHELXARNEE DI,

—. T longispinosum DEEFREAEZL, 4 pm LI EORRIZE >
TEMSNIZR T AR T DI THD, ZOEHETRITHN
7216 JROEARDIL 2 SOV FRIEMTHIL, W
THBBRBIZLDRER R E BT, 326 HOMEEIEARD
B, FEOD 4 HOFERIL T himalayense L PIEiSiL, 60
IBLFREIMTOIZ 2 MITBWTCRIER A —F LT (F
Do ZOIHIZ, DNA AT LIAEALDS L LT
Mol DD, T longispinosum & T himalayense (233N THTE
RBL A FRIEDRERD— T DI RENT, IHITAFTE
RECHRAILTZ T longispinosum 0 16 s, LW T himalayense
D 4 S, FERRT LS TEREOTEHIEA T VL —T1)F
BLIEZEEBRELTH (K2), RFEOIREHRRNEILE %)
ThHdHEVZDEAD, FEkOT 7 a—F %, T brumale Vittad.
DREMHE LS TW e T eryptobrumale Merényi, T. Varga & Z.
Bratek % X BT DFEZH HOBILTWDI LS (Merényi et al.,
2017). H—OEEEE LTI RE LT, #
HEDFHAME X A7 K o 70 E DB O TE BRI E DL
BT E SO E R — VeV Z 51255, LLEDORKE
RaFlddré, KW CRELTAFEARIL Tubersp. 5 36 5, T
longispinosum 73 16 s, T. himalayense 13 4 JREVHTEDHL)
12720, BARENTRAETLIRAREEAVaynEiL, F5E
DN 14, fa-F-FRim O, ZDmSAsRd O, -

[RIEDFTRE CTHDHZ LB TRIIT,
faFDERENS A ARAD BAR AV av g 3 flaFE

TAOBEDOIE RELLTIZELD D,

) 4 a1V RONF L5 E TRV T OO & SITF
BILZ2u - JesbL72doiz, S @ ST+ EN O 502
BHILCE DL, BT FEECIREBOE MEAT
i TOINHEFAL T4 I HERRE CERWEERH 5,
12 JaMED%E . T himalayense |23\ N THEEAGA E O i
FHBHDT2D, T longisponosum EREFIE T HRNPHVIER
DILETHD,

2) O AWRIL I A2 XI5 - FFEN TEMD D
Privth> TEHUARNEER 0 FbH 205, £OXH7efaF 1%
W CTEEA O BRI T A %1 5L 9D, B T himalayense
TIIBRD FEERDNEDY . ORI AEAE T 2720, ME RO
WEZRLTRY, EEEBIETOLENHD, Fo, T
longispinosum CIIRRD FI AN =D BRRIC B2 A5, 37
AU ST RN £ 72> TR I LA THET 2HRE SR |
EBHIME H OISR A DZENRHD, ZDT=D, BSOS
RIRERIEZ RO BRI T 5,

3) RN A FEDOAFT R DB+ RV 1305
HOWTHHEBEELTRY, EMOREPA DD, B
ENDORENREETHD, ZO%HAE, 1-2 8RR
JECIBRASE T, FERTEZBETIERY, WEIEAR
DG, 72~ E DA TEFHTIT 5,

ZRDRELICKYBELHIZH>-2 L EMBDEER

ENTHRAETLHRER ATV aynBofsa LT, &
(2008a) (ZXBAREAITavm, FHH (1998, 2008b) 12X
L7a7IAeAGTavn (= TIAZaEAIATarya) | KA
& (2013) 1Z&BURAREAFTUavm, Kinoshita et al. (2018)
WCEBT o7 a3 arminE N EFUREES TV,

EHRIE— ROEAF S NELHSI, ARy vaymn
4 ML ENTAEA 10 55 9 5228, T longispinosum T
holz, ZDHHD—> TNS-F-44092 (% 7R 77) 1%, 5/
(1979) ® AAEZDOZIKIK No.1028 AR EAIT L avudZ A
NOYIVDERFRFSATEY, ZOKRFEHO KL AE
AROFRENEN DD, ZNHD T EN G, Kinoshita et al. (2018) 3,
ZORMICEBENT I O EL, BN AR
T, T longispinosum DL EAR ATV ayneLi-ZL
ILEE) ChoTo B 2 b7, TNS-F-44092 (5 RAK 77)
w4 (AR avvavn) OFEHEELZV,

RIS, & AR —ROBEAF T NS, Ty
a7 IACAAY T aya LS NIAEART 3 8D, RIS
WCLAHREDR R, T longispinosum, T himalayense 3 X
O Tuber sp. 5 ERESNTAERBEZNEN 1 HT D57,
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Tuber longispinosum &[7E L7 TNS-F-42634 (& 1. No.5878) I&.
5 (2008) TlIAR LIV avrlldo, Frearia
Tal LTI~ UIREHES U TNS-F-42797 (5 . No.8612) i,
HHR (2008) TIIZuT7IARAIT L aynbfidbILTUZZE
Mo, 7a7IxeAay i ayallld T himalayense & Tuber sp. 5
PBIEL CWDIENHIBA LT, BEOLEHE R T himalayense
& Tuber sp. 5 O 2 flE X HIETIZ S FIZHE B OHL LD [V
a7IAeAAY v ayn (FIA7ak(ayayn) | LLTW:
DTIHAD,

KABE (2013) IXomiShizyr AR /Iy avaid,
FERED FLH N A 35 L OF Kinoshita et al. (2011) 234y R #L AT
WCHWAEARLFE H, [FHS CRERESNAER NG ENDHZE
25 (KPM-NC 11647: KALR, 2013) (K403: Kinoshita et al.,
2011), Kinoshita etal. (2011) @ Tuber sp. 5 ERIFELHIWSID,
F=. TUTIakAayavald, T himalayense (Kinoshita
et al.,, 2011 O Tuber sp.6) DFI4EL TIRBINTHLDOTHD
(Kinoshita et al., 2018) .

ZoIoT, HRICEDZ7aTIAt/ariavn (= 7IAVm
Ay vavn) Z2MEBRETL-H T, KALR (2013)
IZ&DraAREA37 a3 LT Kinoshita et al. (2018) (24
L7 VTrakAGy L aymiTENE VAT | FEO I THERL
SNBZEND, [FIEDIRELZRET D728 T himalayense DFI%
ELCITUT Ik avava, BEW Tuber sp. 5 DF4 &
LTI Ry arndf EHEL,

BAEEAI9390& Melanosporum lineage NDFEA DR
o
3 FETRENSIRE T D720 DR EELL TR T,

1 +EERITBA~FEEEG, EIIVvRROBEERARTED

.......................... Melanosporum lineage LISt D ATV a0 g
2 T EORFNBAST-TFER DD, N+ OZEMITA B
iz = vuAREAITave Tubersp. 5
2 FENORAIE 6 UL, fE-ORARTMR~ A E ..

3 FEADORFIT6 LT, oM. FENRE
FH 4 E DA F DI DR mSiT 4 pum Ll E ..
........................................... ARkAIVava T longispinosum

3 FEANOIFITSEELT, faFOEa3pr, #oriE H
AWM E T, FRENIETED 4 RO OEADF
YIRS A5 0m LT oo
................................... TYT kA9 ava T himalayense

B
KWFFEAATONCHTZY, E LR R FEE DA% W
TR, EAERICBRL CERBRDTHIE N\, &
REAMTR, HRWTARKICIE DNA i ¢ R W=
W, ZTITEGHH L BT D, REIC, ARRXOSGETITHAEE
RTBNEHB W W R EE e DN A e & O AR ISR P
L BT 2, AW JSPS B se 24l (19K06137) @
Bk &2 o7,
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