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1—1. ARy EEOBEIR

HMABIL, WECEN D HET DIEHEE L 7Y B e — LR 2T UEES Lo H AR
Bh TS ETHREHTHY, KE, N—2L4, Fflle SICHkT 2MME, 4.
BRICHKT 2EHIEN H 5, TORBRITIRE o0 TREH®R, TEH - AmoFm b
iy IRILAGSE TH Y . —RIEEZEORHAND TEHBRF TEEREEICHH ST
W5,

R CTOWMMNE DER L LTk, 2020/2021 EOMEW IO EFERIL 2 & 1,094 /5
hoThHbH, 2D bERROBEEEBNZVDIIA LV RRT TRV L—V T, XANTH
IRAEPFEHICH H/X—HMD 7595 T h o THY, NWN—LY T I707—aildd
KEHEAEFENTHOIL TV D,

HED AR O A PE B TAE 2 BEINT 2 EmICH D . 2R TIE 2001 068 25 £ T
L CTW5D, 2S—2Adl, KEiW, Mo 3 M Ciligeiko 8 EL Ea 5b b, £
7oy XA, R—AEMESDE D ERERO 4ENZ D, 5% AN OEMZEED
FEFEDEE DR, SO FTF ¢ —EVREI A~ 2L X — & L CMIESE
DIERS, BIZAEEENEIML TN ZERFHINTWDS (s LS,
2022) . LU, HAERMEWHEIEIC X DMARAREIL, FEFHIO BRI OWD 2> HERFT
HBIZIT SN TWND E Wb TS Z LTz, BHEED D KECHERIC L DR EE
\Z & - T, BEMRAEESCTEEIIRINT D 72O OBEFEIIH LV RBLICH 5,

FELEDHNED— 2> ThH N —LHIEICOWVWTE X S, —AMIEX LT DT
T IMAET 7V I RPEDOEG O KM (Fike) T, — BT 5 L 40
FERITEWEEN ZRFFT 2 SN TEY, £z, %@ U Tt 2 T REDIE
MABETH D, 0D, 1H 1EoMEEY (1) LIxR20 | AFEmEYSZY
OO EFEVEDRRRD TEWE WD FEER D 5, R 7O H Tl SR @O 32
FECH. 1 ha OIFERFED B AERE S U5 ML 800~1,200 kg FREE TH 5708, 73—
LHOEFERITK 3.7~38 ot MEESNTWD (AAESMES. HiE T ¥,
2022) . F£72. COWUNEE L L CHENTWT, BVFRMAD 9.62 + > -CO/ha * 4FIT
%L/ 8— L EETIZZE DR 2.5 {50 25.71 k> -COzha « 4 (CO#5) D CO2 WY
BTholz, 77 I7MFITEEN 10 m LA EIZ R DBIADTZDIT KRG D CO2 I
BRI R & <. [A ClsHY © 6 30K T 722 K OREASE(CO WL AEIX 7 — 14 t/ha
EHETE) &R LT, COz[EE/LDmE THEN TV D (GliE T¥EREE, 2022)

LN L7eR B, 2S—= AT 7 T -2 5 O BT A 5 2 AR O MR R
SN & D AERE RO N IR AT A 24T 5 Z Lz, BEOE 2BV T
SR ECIRE S A 1L U & T 5 AR &, ZOEFEIZH T 0 Bk~ 72 RTEDNFE
LTS, 207D, EEalfesr/ S— A= DD E2Z (Roundtable on
Sustainable Palm Oil: RSPO) 73 2004 fF 2% S 4L, Fife Al REZR 2B E & R % HEE
THHEEBITON TN D,

—J . BAREWNIZET PR EPE L, SEREMCRDD MDA EE 2RI TH 5
23, 2021 FOENBFAFITH 4% & FIEFITIRL . FIHT2HIEOIZ & A L Z A
STWVWAIRMTH D, F-MISE2MEDIC L > TEET B VIR IR ST
D, IWROE T LR NMLETH Y . KEFAERED BN IL > TN
R <Th s,

DX RIRWFITEBWNT, RN—=AlEIT UD & 2 ki LIS O JhAE L FE D3 iR
<ROLENTWNWDHELEZATHY ., MAEWIC X D HMIEEREIC) ) DIFZRIT R Rk O
HIBHAATR E L THLS D BITENTETWA DD, AR{LFEEOREIC L 5%
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HIERE S AT D DOWMESLIZ K- THEE = X Ma TSRS L TEBALISZI S Z &
NTEPICWD, £z, ) & OB OMH TIE, € OROIEH O MR B ORE
Bt BIC XD BEORRICEY | BEICAERE rTRER IS R OMNEIC X - TH
BN K DIMARAEFERIED B CLE SRR H 0 | FRCHEERE 3T D K
2 TR PLHIRAR DORh=RAPEICB T DA TEIC R E RERIT R 5Ty,

1— 2. Lipomyces BEERE L MIGARE

PLED X 9 72 R o . MlaPNIC ERTERE RO 20%LL L0247 - EHET 5
FEREL LC, MHIER%RE (Oleaginous Yeasts) 23F(EL TRV ., FEXEFHD =D DOHFFE
PITONTNDEZATHD, ZOMBHRBOREELE L TiX, RoBIF LRI
FHNTND,

T NS B R A1)
e Yarrowia lipolytica (Candida Iipolytica)

*  Rhodotorula glutinis

e Rhodotorula toruloides (Rhodosporidium toruloides)

e Cutaneotrichosporon curvatum (Cryptococcus curvatus)

e Tausonia pullulans (Trichosporon pullulans)

*  Lipomyces spp.

T4 Lipomyces J&DEFERIIIRZE CTH Y . MENICHMHEE (R T r7 %
7 —/b, Triacylglycerol, TAG) THEpk SN DMFEZR L, & DA PE &I X IR E
BD T0~80%RREET LD LELNTND, ZOBERNAERET 5 MG O BSARIIIEIX
M DZ N LB L TRY . BROZERZRREZ R 53— 2O REmE S L
TOFHARIHGEENTWD, F/=. Lipomyces J& D FIIIARE R NAA A~ RTEGEN
L HRMEAZ G L TG ZmAEPET D Z ENFRERE L FET 2720, BURFIHO R
BLISSE S TWNRWS DD RENZIFIET D ARERASA A~ A0 5 ORNHEAMAREED
M TE 2,

WHEEERE Lipomyces J& )34 PES 2 MR DIRIAEERLAIZ. A LA VB 40~50%., /X
VI FUWE 80~40%, AT T YU UM 5~10%. U ) —/lE 1~5%, /S hLA v
B 1~5%ThV, —AWMOIEMEEHAIZEEIL TWD, £D, Mgl A
T LML, Ao E L TORMRHIRFTE 5,

N—AWHORFEE LTHATE S Z &, BB, ~— TV v a—h=
7O TERRMMIMAE . B, 7V ') REREHRT Va—n FiiEte
A, ATEBAIE O TMAE(LAAL ) ISz, WAl Ak, >y 7 — - U U 2%ED [k
Al - Fr - FEES (FD OREALNES) | FOWRIRWITZERS & U TORH 2 HI5F
T&E 5, FEBRIZ, N—LWm3 0z oML E Lo, BEREH RO MG 2761 L 7o 8
DOIFFERAFECHE N7 (FEE + Genomatica CKE) ; BiERMSF—ALT 0 7
A - FHREEFIRY (202243 H 14 H) ; NEDO « R 8l 7 v — 7Rt - 318
FRRY (2022410 H 4 H)) . £, EHSIVAEDTETNWDH L IATHD (Zero
Acre Farms #: [Cultured Oil] . C16 Bioscience f1:¢> [Palmless™] ) |
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722, FOFMITELLEHIM 2 EOEMIMED &H 2 -ABICEE > TRV, 4
BT A~DISH DT . KFEAFEIC LA X MEAITHY LER B 5, LD
Ka A MG O BARE L U CliE, A 4T 4 —B/VBRERCRRE rTHE 7o it Z2 et

(Sustainable Aviation Fuel, SAF) & L TOFHARET 6D, DG4 Lo
Y REBWAEPEIC L A2 A MEIZINZA T, JBEEHE LT XY 227 <0 IR R & F
MTDENIFENR, K3 X MEDToODEHEERFER 72D,

AARENIZKEIZFAEL TWDEEE LT, TROANEREZGLEEA 231 4~ A

NETOND, TOEITEEF 1,000 5 hrZ2BxsE5bnTnd (k1) .

® 1. ERRFAN(FIA

S REE FATREE

RERER | pro | BHEE o
BEMIERRAT AEZ 448 32% 306
it %M NEA 400 2% 330
(R AMEME)
84t TIHEEM AE% 320 97% 10
HEEREARH p =R 470 70% 140
B AKEHR 1023 81% 194
BamBEED FoTY 69 24% 52
it 2,730 38% 1,032

[INAATRRADFEREZEDHSBHIRN (2018 F, BMKESR) 1LYk, —E8B5E

INHDONAF AIELEHSTIEALENTW RN, ZORKDO—>E LT
X, RERNAA A~ AHKOPEOTEEICH D, KERNA A~ AIZ1E, 30%REED~
TEAB—AREENTVDEN, ZO~IBLa—R 2L, Fa—RE0 RN
GENLTWT, IO HRMEZE(LT D2 ENRTERVERNZN 2O TH S, Filx
X, AT O—FETH DA A= F ) —/NVDOAERETIL, Saccharomyces
cerevisiae \Z X DX ) — VIEENFIAINTWDR, ZOBERITFT 2 — R 25|
THIENTERY (BIZT 28T H2EbTERY) , 207D, ZOR
Rz vm—R2FH LT ) —VELEETHIENTEXDH LT HDDEIR
FEHAZITOVLERD D, TOIENOTFELELTX, ZoFa—REREHIZ /
— VIEEEAEFEN AIRE & 72 DEERE & L C Kluyveromyces marxianus “)3F4E L T\ 5
728, S cerevisiae VAN DFEFOEREZFHAT 5 L bR 2T HOMLERHDH, ZD
SUCR LTk, Lipomyces B D FIIEF v 0 — A2 EbT 2HNEET D120, KE
R~ AHKOPEZFE e T MIBAENRETH D, /o, 770, 7V
Yo — L EET DG ARERTEN S 2D, B O A E % & 5 R
ELICMIRAE S FRETH D,

Flo, N A0, RGN, SERE S OETEY O3 EFI1C K 2 DA pE & o b
EWVWH T, BER R D720, BEENREEAIT ) FIXTE 20, iEE» O
e X B LD 5 R RCRESR I L » TEE, WERDORELZIT 45— T, Bl
WL DWIRAEOSG A, HBEMNTERE L CIHENTEETLILOTHY, ELOH
IRRMEIT, BRI Z T T, EETHZENARETHY ., ZOm, B - WM
A X DHMIBAEED A Y v M FRX D, 70, Lipomyces BIERHT, A 2R
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BB, BIROXBEEDOEZEN R E L2 T 5 FES . N—L MO L 2D hE%
EETDHIENTE DLV KT, MIBEX~OHBPHFTE DL VR D,

1—3. HF3EER)

AR > &Y . Lipomyces JB IR/ S — AHOMHETR & U CHIRF S0 Tu 5 iR R
BTIE®H 52, ARBICETIHBERICOVTITFEL MBI TR,

1946 4|2 Starkey 1237 A U B 0 H-HEH & B L 72 i5H6EK (Fat globule) % #iid
NITTERL - BT DEEREDY . 20D 1952 FRICFERE /Y JA D FEHEE The Yeasts (T
Lipomyces starkeyi & U Cit#l Sz Z &, ZORRHCBET 2D ED TH D

(Starkey, 1946) .

Lipomyces J& D535 o5t & LTI, BEREO B TR T T E AR
PRERERC, FHEMFOFRE, 2 EF ) LV OSITIIINZ T, Efs+ « DNA ZHWi=4
YANFEhE < 4u, DNA FRIFEMERERC, DNA IR 2 F 200 1 RT3 T 5
£ 91272 o7z, £D% Lipomycetaceae ¥t L L TORMITEN S ND Z LB HMNIT
7eol=b OO, RBNIZIZHIE ZIEPNIZER L7V Lipomyces J&IZJ&T 5 ARE4E
L U T Myxozyma BEDNFAE L, S OIZEBREIA - FEHE - W ma B

(International Code of Nomenclature for algae, fungi, and plants, ICN) OETIC
X5 " HMAEORILOREELZ T, WIEEEFORE & AR & OFEMEN &
NTEBLTIRILZ B EELRMUTIR > TN D,

Flo, BEGHT L LTI B FET 22 LML TIIW D0, Z OFFRHZ
THEFOBENMEL . FRIEEE DBV, BERE 2 B D 70— R H
WHILD YM ERHESC YPD K5, SEFERERVER & Cld, o v - BER e E O EH A
L OBIIEEAICAT T LRV, BT 2 Z LI THE LV, BHEIR AR < oKk
R A ORI AUE N D HEET 2 2 LIXTE RV, 207D, GBSV TO
WEITV 70 < | Lipomyces J& DRERKFESS, FOMCEFOE., A, EEERE &V
STz, ARRIZET 2 RITD RV TH 5,

PLED X 512, Lipomyces JBEFRHIEE OF N MARAEET 5 —FH T, &< HlEx4E
PE « R L2 WS FIET D720, FECo Bk & AR AR BENE & 0 BEFR ORI BT g
ThHY., REOWIGBEERDORFIXIZE AL EFDI> TR,

EFITL LOMREORN AR E 2. WIEEER: Lipomyces &% H AR A KR
T ORKRADOHIATTEE L, AR, AR, AERTIRE S RE S E1T O
Z L2k o T, Lipomyces J&=<° Lipomycetaceae F D ekt CFh/3 AT S D TR 72 1H
&L MARAFERR I ETMARFEEA~DOICHICBEDL O ZoOBLA TR A EHET HZ &
ZHRE LCARMEZITH) Z & & Lz, 2T LY., Lipomyces)@a I UH L35
Lipomycetaceae Bt DRI T 2 0 FOBLE 2 FEXENMZ BEY &3 551t
WCHEHIELZ L2720, £, RFRSEMAEEERORRE 21T 5 720, 2hFEIC
Lipomyces J& D /3 FACNEE A FERE D AR MEM 2 R T 5 Z L3 FHE L 72 5,



%5 2% Lipomyces JREERE D53 & 3R FRIBTA






2 — 1 — 1. Lipomycetaceae FIEERFD /3R DEHIR
Lipomyces REEB D5 4E

Lipomyces J@&EE RO S EONE S ITIE, F2EEM. Saccharomycetes fi.
Saccharomycetales B ® Lipomycetaceae FHZFTIE T DEERFOHEM TH > 7273,
Groenewardi © (2023) 2LV AT r ) LT — 2 Wiz
Saccharomycotina #iFqLLT ORI BMATAIZEIZ L0 . BHLL EFEFILLF 28 7 e
LENLLFICEE# L= B Y, Saccharomycotina X0 LD ZHPEL DEEFLITTH
TS kel AfTlE, BB RITEER SR - mE - a4 K0

(International Code of Nomenclature for algae, fungi, and plants, ICN) 5 3 5k,
54 SRITHUE SN D AR 72 3RS T 5D —Ik 7 7 (principal ranks) KO
7 > 7 (secondary ranks) & L CT/R”9)

Lipomyces REEBD 7 HE EDGE

® i (3 Kingdom/#f: Regnum) : Fungi Bartling 1830 [MB#90157]

o it (5%: Subkingdom/#f: Subregnum) : Dikarya Hibbett, T.Y. James &
Vilgalys 2007 [MB#501463] (Hibbett, D.S., et al., 2007)

® 4 ( Phylum/Division ) : Ascomycota Cavalier-Smith 1998 [MB#90031]
(Cavalier-Smith, T., 1998)

® i ] (Subphylum/Subdivision) : Saccharomycotina Ove Erik Eriksson &
Winka 1997 [MB#501470] (Eriksson, O. E., & Winka, K., 1997)

® il (Class) : Lipomycetes M. Groenewald, Hittinger, Opulente & A. Rokas, 2023
[MB#847285] (Groenewald, M., et al., 2023) (Type order, Lipomycetales)

® H (Order) : Lipomycetales M. Groenewald, Hittinger, Opulente & A. Rokas
2023 [MB#847286] (Groenewald, M., et al., 2023) (Type Family, Lipomycetaceae)

® Fl (Family) : Lipomycetaceae Elizabeth K. Novak & Zsolt 1961 [MB#80960]
(Elizabeth K. Novak & Zsolt, 1961) (Type Genus, Lipomyces)

® & (Genus) : Lipomyces Lodder & Kreger-van Rij 1952 [MB#2888] (Lodder, J.,
& Kreger-van Rij, N.J.W., 1952) (Type Species, Lipomyces starkeyi)

Lipomycetaceae FtOE & LTI, ZMIEHIFICI VAL, 13L& A LOLGAEHR
K& LTREE L, MRSMTR M EMEAET D, FREITHIFIC X > TSN DR
MESUIMOMIIE & DG ORISR T 2, FRIBFOIRERIEIHE, HEE, Y —t
— U, MRS 2% VORI A Y T L AL O (=8HE) DAY
SHICHHAENTEY, FETEH2ESY v (UQ) DHIBHD A ¥ 7L L AL DR NSY
O L 72> TEY . Lipomycetaceae Bt D354 UQ-8~10 TH 5,
Lipomycetaceae FHi%. Lipomyces g D2 Dipodascopsis J&. Kawasakia J& .
Kockiozyma J&. Limtongia J&. Myxozyma J& 2N % C Babjevia D T )&% 8lE LT
W% (Babjevia JBIZOWTIL, ARWFFED Dipodascopsis J& D5y S HHEERIC X » T
Lipomyces anomalus % Babjevia BB S5 Z LICEIVRIELTERE D, ) &
BBOEZEFL ., BEEE, MycoBank B&kE 5. Xika UL FIZrnd,

9



® Babjevia Van der Walt & M.T. Smith 1995 [MB# 27435] (Smith, M.T., et al.,
1995)]

® Dipodascopsis L.R. Batra & Millner 1978 [MB# 1631] (Batra, L.R., & Millner,
1978)

® KawasakiaY. Yamada & Nogawa 1995 [MB#27831] (Yamada, Y., & Nogawa, C.,
1996)

® Kockiozyma dJindamorakot, Yukphan & Y. Yamada 2012 [MB#587737]
(Jindamorakot, S., et al., 2012)

® Limtongia Jindamorakot, Am-in, Yukphan & Y. Yamada 2011 [MB#582716]
(Jindamorakot, S., et al., 2011)

® Lipomyces Lodder & Kreger-van Rij 1952 [MB#2888] (Lodder, J., & Kreger-van
Rij, N.J.W,, 1952)] (F48)

® Myxozyma Van der Walt, Weijman & Arx 1981 [MB# 9066] (Van der Walt, J.P.,
Weijman, A.C.M., & Von Arx, J.A., 1981)]

728, 2007 HD Kurtzman 512 X % rDNA (Ribosomal RNA [rRNA] % =2 — R
% DNA H#HALS) @ Large Subunit ( TLSUJ . BEREOHE [26S) Xix 25S) |
SREZFLETHEREIL [28S) ERLSNDHZENH D, ) . Small Subunit
( ISSUJ , T288) ¢ExfLsNdZERHDH, ) . 2 b2 RU T SSUrDNA
(MtSSU X% MtSm), M O\ Translation Elongation Factor 1 alpha (TEF1= EF-1a
= tefl) B DEF 4 HB OB T - DNA A% HV /= Lipomycetaceae Fr D
SYFESER AL £ TTITIX. Smithiozyma J&. Waltomyces J&. Zygolipomyces g .
Zygozyma JBIDFAE L T\, KR EFTRT 2BUEOHA # LN FIRT,
® Smithiozyma Van der Walt, Kock & Y. Yamada 1995 (¥l Lipomyces japonicus
Van der Walt, M.T. Sm., Y. Yamada & Nakase 1989 O 1F&EM 7))

® WaltomycesY. Yamada & Nakase 1985 (¥l Lipomyces lipofer (Den Dooren)
Lodder & Kreger-van Rij 1952 O 1 23A &)

® ygolipomyces Krassilnikov, Babeva & Meavahd 1967 (¥ Lipomyces
tetrasporus Krassilnikov, Babeva & Meavahd ex Nieuwdorp, P. Bos & Slooff
1974 O1FEDFTIR) |

® ygozyma Van der Walt & Arx 1987 (¥l Kawasakia arxii (Van der Walt, M.T.
Sm. & Y. Yamada) Y. Yamada & Nogawa 1995 , B Lipomyces oligophagus (Van
der Walt & Arx) Kurtzman, Albertyn & Basehoar-Powers 2007 , 3l Limtongia
smithiae (Van der Walt, M.J. Wingf. & Y. Yamada) Jindam., Am-in, Yukphan &
Y. Yamada 2011 . 3l Kockiozyma suomiensis M. T. Sm., Van der Walt & Y.
Yamada) Jindam., Yukphan & Y. Yamada 2012 O4FEFTE) |

Lipomycetaceae FHIJET % T JBIIREAF D53 F RAARNT F1E TILE N EILHE— D RHE
ELTOFE LT ZEMRET Lipomycetaceae FHN TIRIE L TV D03, FRIZ
Lipomyces J&. Dipodascopsis J&. Myxozyma J&1%. BWNICEEDOEL )LD T N —
TEROUETHMNOERTHY | SBSETFHIEEOPENFIEL TV D

Lipomyces J& DFHEIL, ZMIEHIE, KEOZIEL A L, EAERH ECREIR &
2%, Flo, DWEHEX, W77 =R, Inra g, <~ ) —ATHERT 525

(Slodki & Wickerham, 1966, Nieuwdorp & Slooff, 1974) T& 1V, KEEIIKW =
O, EEZHTDE, ar=—0OF0EHN BIRIEDBTAV TR > TV K9 etk e
7% (BA1) . £72. ZOROARIOHEKXTHS, THEEE (R 7oA77 Ver—
)L = Triacylgrycerol) %D CERT 5, ZOREILEAKRTZEBEEED 80%LL I

10



LV, ZOEETHMIBEEEENAT LD OENFEAEICET HMEN E L BT
PNTE T, FERATEE, FHE. HEE, Y —t— Y CRmILEE

(smooth) F72i%, Ik (warts) CHIRODOFER (ridges) W&EZ AT 5, FEEMEIT
v, £/, T h—RbEx X VOB ERT H EINTE7N (Lodder &
Kreger-van Rij, 1952). FAfE7: Lipomyces J&DPIWr LA L1372 572\ 2 & BN LIS
S TWS (Connell et al., 1954) , E7-FEOHEIEREL LT, ZHEDOMIIITEH S
NWTEY ., L starkayi & L. lipofer & TiX, A& D galactose ZFTe &9 Z L0,
Rk o7 FER T DIERE A BT BB TRIZE L CHIlr 2 & W O FED, RO —
72 AEBPRIRERR TN 2 DI TIT o CE T, 2O X 9579 DNA x5 &3 50548
FIEN, BROGFEIZE AN S, Lipomyces J& TlE 1990 4112 DNA FHFEEFRERC,
DNA YR H % T 0 R & W o Te FIEDRSHE - FEICHWLND X517k
- 72 (Peterson & Kurtzman, 1991; Kurtzman & Robnett, 1998) .

PEDIBIEL IR BHE (The Yeast 5t ed)

o/ 11 MROO—— —
O FEEM : EU

O RE : L
o AR (SRBEZR (—3B)

e 1t+ />: Q-8,Q-9, Q-10

BHATEDRRE
o TE (W) 1~20EDTERT

o TENT . BLEHE. BB | "'

Nile Red & : HESAMIR (IRE : BB~KEB)

e
BRI, ABFI. SR \&\9

The Yeast
4thed

FELTFERT
1. Lipomyces BRERICHBTHHE

R YO FHEETH 5 The Yeasts 5 5 it (2011) Tl Lipomyces J& 1% 16 FEHGT
WEINTWD, LrL7ent, FEEZET Lipomycetaceae FHERE D FTRLO WA 1L,
FH ISR & BRLG L Cledl) D Lipomyces J& DFFED%#Z (Yamazaki & Kawasaki,
2014) F£TIEX, N NS A THEESI- Lipomyces orientalis (Thanh, 2006) 73k
ThV. ZOHIE 1990 F£XIZ Lipomyces yamadae, Lipomyces yarrowil,
Lipomyces kockil, Lipomyces mesembrius , Lipomyces spencermartinsiae &>

FHEIH L2 bOD, 2 b OFIT 1970 FRICIET TICHBES LTV =03, Bkl
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X3 CTELIERHRBRIED O o TR TH D, T7obb kDL Y
KT LW FETIE Th o 72 DNA FHREMERER & W 5 SfRGEE O ST TS oA BRI L 5
FHEHRETHY, FEORHFEOHM &V ) B TIX, S 6I18#l>T 1989 0
Lipomyces japonicus<°. 1974 #-® Lipomyces kononenkoae NHIRDOMWE L 725,
IOk, WIEZAEET D LW EENMHICBIT 2R B ERH LS DD, FHlk
HINZHTHLD Lipomyces J& D HEfEAZ B &+ 280 E TR IC b EE E L <A
W2 ENMAZ D, £To. ZOFRRES DD &%, Lipomyces J& D HEED 1= 12
%, EFRFLHIRTHEMEZHNDLENRH D, —KOBEROHE L B E T 5

YM. YPD E0O8TIE, IFIENBEET D2 LI TERVEWVWIEEL IRNBEBEO—D L
LTHEZLND GEMITE 3|IZTHERD) |

Lipomyces BEBO S EICHITHRBER
SEBBEOHRIZ DT

Bin T« DNA O IEY 2 W ZBEREO08E « FEIL, 7 — X 2155720 ORERIC
EWFHACRFMZ I 202 LI T, BBMESWZ E OO SFHIC VDS
NDE TR0 ZNLRNZAT I TV - RELSEER <> DNA FH R AEAT CRIFE & W
T2 65% A OFHFEMEAEIZEI LT, LSU (BEREOSE 126S) . SRIREDOHE

[28S) LEiEINDHZ Endb5) rDNA D1/D2 fEisk 0 FEACFK 500 Mtk oo Ff [F14:
ATV L ZAD 1% (5 HEFRE) Kl W\ O FRtE RS 7e (Peterson &
Kurtzman, 1991 ; Kurtzman & Robnett, 1998) ., L7>L. LSU rDNA D1/D2 % 44
®. Small Subunit (SSU) (18S) rDNA X° Internal Transcribed Spacer

(ITS) 7E#E (ITS1. 5.8SrDNA. ITS2 @ 3 fEfE) ZENBLR—ARAIICHW B AL
Bl CTd 5725, Lipomyces BDG6 . ZiLH OGEENME LS, F]21E 26S D1/D2 fiFlk
I 100%—E L TWT%, DNAMFEMERER TIL, 65% Al & 725 7 — AN
Lipomyces starkeyi DEHHFL C&H 5 Lipomyces mesembrius & Lipomyces
doorenjongii, L. stakeyl & Lipomyces kockii [l CfFEL T\ 5,

-FRERABEICKSIDE-REIZONT

FHEIZEE L ClX, Lipomyces J@IIMOFERHZLENEWANT E A E R B0,
F 7=, L. starkeyi 5 DOFEIZHOW T, BNOZEMED =D, %< OBLMERBRIEE (2
BWTHREEZ/RE TE 2\ [Variable] &72>TW5b, HFEMEMHE (FEXY v 7)
THMR T TH L BT ZEAT 22, RTOBEBICEL X, FlobEEMICE
W TR 72 752 BT3RO B 7V, Myxozyma J& DOFHEIL. 1% Lipomyces Jg 0 BV
X (7 €/ 7, anamorph) &Ex b TW5, Myxozyma JgDF4 1%,
Lipomycetaceae FHZ BT HE THHMN, #hiik (Myxo) 3L ThaA NIRD
an=—JBREL D Z LIZHEK L CWAH N, Lipomycetaceae Ft CHim T HIWE TH
%. Dipodascopsis J&II1ERE R ETZM L, EWVHEE (EHIR : Acicular) OF-FEDOHIZ
4-120 [HOERTE, FEHIE., Bl o5 a %2k T 5, Dipodascopsis J& D54 1%,
15& (ascus) 28 DD /E (Dirpod) O LI L7eDZ LITHEKT D,
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-EREE-EE-EYHARNN EE 122 I0REZDONT

[EIBHdE - B - a4 9% (International Code of Nomenclature for algae,
fungi, and plants, ICN) DiE (ALK UK ITX Y, EEO EMAENE
IE&dv, MERE 14 OFAI (201841 H 1 B%%h) MN#EHINnTEBY ., Lk
X, BEEMHEICESH—DFPADHPMAIND T EIZR>TND, ZRETIE, [
—OROR—DOBICHTRT 2 &EXbNLHFEIZONTIL, T LVAENLT
(Teleomorph) L INTBA &, TNUNBIEINTWT TENLTDORELD 2 D)
T 2 ZEMAEL VIO FZLERPRBD LN TR, TLFENLT « TTENLT
B B3, BIHEICEWIEICmA SN (BA) OB aEfdZLik>Tnd
(Wt —*41k) o Lipomycetaceae FHZET HHEICE L THRERTHY . 7T ELTD
B4 Myxozyma (%, D D Lipomyces &35 XKW TH D, 7B, ZDfm
LK ~DxfI & LT, Lachance X 0 AR RO 5 TWRWT & 2/~ forma
asexalis [f.a.] 254 OHBIIAHET D EORENH I TV 5 (Lachance, 2012),

Lipomycetaceae 1 EBORMLSEATDOEK

Lipomycetaceae F} N Th - Rl 247 9 & . Lipomyces BT\ TIL, FEVEFE
L. starkeyi % 0> & U7z Lipomyces JEDH NSO D E—~D 7 L— RBFELE L., HIEN
(I 2 e - BT AN S (Lipomyces J& DFL# CIZH [produce lipid
globule] £H2) ., TD7=H, ZDV L— RIS THEROME, XTI Z7L—T70
T L EREEE IR B TO Lipomyces J& & L C, LI [ Lipomyces sensu stricto] &\
9o WIZZ DU L— RIZJBS WL, I JITMWIEZ4PE - FE L2V (2D XHI
Lipomyrces sensu stricto (257%™ L72 WEEREOFE, $EXIL 7V — 7% Myxozyma &%
£ Gtel=, UKE [Myxozyma 7 7 A% —] W9, ) ., £z, 207 L —FRIZE
% Lipomyces JBfI%, BEREDHH TRV S5 26S rRNA D1/D2 flEE I
BLAN720T IR S DM T2 O FE L~ L ORI EE L < | B 21X L. starkeyi, L kockii
i QN L. mesembrius, L. doorenjongii ® % A 7 HKIED Z 1 E L 2 HEH O 26S H
FANIsEe 3T 5, £ 2 CITS tHIk, TEFI1 BT OHERS & R E LR %
1Tol4E %, TEF1 D X 95 bk )E O# Wl T (O'Donnell et al, 1998; Rehner &
Buckley, 2005) OMEILEIFIN 55 « FIEICA R TH D Z & 2% 2007 4 Kurtzman © D
MRIZ L VR I TWV D,

—%. Dipodascopsis J&. Myxozyma J&. —iB®D Lipomyces JEBEFEHZOUWTIL,
NPT i &2 A2 pE - ZFE L 72V, 2007 4F Kurtzman © @ Lipomycetaceae FHERED T
SFEOWSETIX. Dipodascopsis JBIIRKE { 2 DDRMPIT I D N, TFEOFREN
Rk CTHLZ D, SBREEBVNETHS L OELEZFK L= LT, Dipodascopsis
BO1BIED TWD, 72250, ZORIIIBERZER L., BR (R) 7H#LE2F
%35 &9 Dipodascopsis J& & Lipomyces J& D i g DIE'E % A4 5 |H Babjevia J&
@ Dipodascopsis anomala 73 £ T\ 5,

ARETIL, NBRC 2MrAT 5 Lipomyces BRSOV C LSU rDNA, ITS fEIE M
O TEFI A5 T OWEBSNOMNT 21TV, 2 HBEEFIC L 2 BRIEZITV., Y
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BRMBERZA NI 5 Z LM, MIBZAET D LW ) PEEICH O P REMEZ A
T HHHLD Lipomyces JEEFE KD Hif & RELUZHE Ot 217 9 Z & C Lipomycetaceae
BHEER O FRRICET 2 2RO 5 2 LA BV E L THIEEZ T o T2,

2 —1— 2. Lipomyces kononenkoae & Lipomyces spencermartinsiae D xk

HERR D RIRE
2—1—2—1. ZIC®IZ

Lipomyces BESOBRE: L. kononenkoae M54 FH¥EH NBRC 10375, L.
spencermartinsiae M2 4 FHE# NBRC 10376 [T\ T

Lipomyces BB RIFFZEIZH7-0 . 465012 NBRC (B 5 FFAMH T FAREAE N A A7 7
JaY—krH—) O L7 v a AARES VTV DERO 3 FEO R IHER D T2
O, DTSR E1T O 2 & & Liz, NBRC ¥k Lipomyces J&EFERKIZ DUV T 268
rDNA D1/D2 ik, ITS i L < 1% TEF1 86 RS 2 P E L,
DDBJ/EMBL/GenBank 7 — % X — 2¥1.284 [T 5 ST 5, 4T V¥ ENLEHEZ
FEtEE o 4 —; Westerdijk Fungal Biodiversity Institute (IH : CBS-KNAW Fungal
Biodiversity Centre, Centraalbureau voor Schimmelcultures) TEREFIN TV D
CBS=avZ7vay (LR, [CBSJ ) OBRKOT AU 7 B HEKRATHE;
Agricultural Research Service (ARS) Culture Collection (IH : Northern Regional
Research Laboratories) TERIFZIN TS NRRL 2L 7 23> (LLF,

INRRLJ ) OtkéE & bITHFRMNTEIT o7, ZOFER. — OB PRy EERE

(% A 7Hsktk) #sicBnT, F—HkE 225 CBS #EX°. NRRL #k & 13872 28T
o DHAREMEN RN SN T, FORLECHFE TH D 2 & 2R d ot & ORE
Z1TH T & T, A THRKKROFR — MR ZIT - 7=,

%1 DDBJ : DNA Data Bank of Japan (HA DNA 7 —# /3 7)

%2 EMBL : European Molecular Biology Laboratory (KK 4y E#=2RF5EHT)

$%3 GenBank ; KEAEM T4 E# % — (National Center for Biotechnology
Information : NCBI) 23#gfit9-% DNA 7 — & X— X

¢4 DDBJ/EMBL/GenBank 7 —# ~— X ; 3 #§BZ 11T 8 Gk S 7u7- DNA HEHE
Y, = AT =2 =BT 5 EEER 72 #FH INSDC (International
Nucleotide Sequence Database Collaboration) DO#FHD N CABSNDHT —#
R—=R, ZET —FNITPNRALTNDT =2 DT THFIRZe L THIHT
THEVWOR—HERIA L TR Y, AR ORI FE I RO A R
BT DIWABT — 2 #FI I ATEE,

5 FASFHERUERE (X A 7 H KR [ex-type strain]) : FEDOREHESCOWY Fr & 7~ 7=
o BEREZORIZEE - A4 T THDLHZ L E2EWT D [T) % b & 07T
L TRT,
7ok, EIFSEE - B - YA RN TR, 40X A4 7 (%) 13RAIICAE
ETWNDHDTho IR b T, HRER PHRAFRET 2 (METHEAEND
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[type strain (FEYERR) | &) HEEIL. EFSEE - B8 - a4 B E D
HALTWARYY) | 72720, IS, AN ANTE M 72 0K HE 0D VRS AR i 0 T Rz f
L 824 7 LTGRO B, BRI T# A 7 H kR (ex-type strain)| &
KT D0, BEROEA ex-type strain {8 ¥ [T type strain EF#i S5 Z
ENH D,

2—1—2—2. B+ Fik
HERE%

Lipomyces kononenkoae NBRC 103757
Lipomyces kononenkoae CBS 2514 T
Lipomyces spencermartinsiae NBRC 10376 T
Lipomyces spencermartinsiae CBS 5608 T
Lipomyces yamadae CBS 7532 T

Lipomyces yarrowii CBS 7557 T

-EHOEE

BIRERER © 16mm BO N 7 AEREIZ 5 mL @ YM A (1% Glucose,
0.5% Peptone, 0.3% Yeast extract, 0.3% Malt extract, pH 5.6) % AiL T, 25C &
IJTCITTENEN 2 WM EIRE R 21T R o Ttk ABOAEL MG LT,

*DNA #iH

ERERR D %7 7 2 DNA I Holm B D FiEIZHE - THIH 21T - 72, YM il iAR:H (200
mDIZ T, 5 AMEE#E%. 5,000% g T 10 il B2 TV ER L7-, 50xEDTA
buffer (50 mM, pH 8.0) (2 & & L C. =LoBEc T, 2B %21T -7, 2mL ®
SCE buffer (1 M sorbitol, 100 mM sodium citrate, 10 mM EDTA (pH 8.0)) (Z /&
L. Zymolyase-100T (Seikagaku Corp., Tokyo, Japan) (10 mg/ml in SCE buffer +
0.125% (v/v) Mercaptoethanol (Wako Pure Chemical Industries Ltd., Osaka, Japan)
400 pL Mz TEAZBE L T, 37CT1HRfEA ¥ 2X— |k L7, 10,000xg T 10
iz OTBEERZITV., BEIEEBRE LT,

2 ml ® guanidine hydrochloride i&i% (6M, Wako Pure Chemical Industries Ltd.,
Osaka, Japan) % N 2 CH 2 %% L. 100 nL @ Proteinase K i&i% (20 mg/mL, Wako
Pure Chemical Industries Ltd., Osaka, Japan) # 1z T, 37CT 1 A > &% =~
— ML 2mL O 7 =/ —iZaaiRVhif YT LT )L a— L

(Phenol:Chloroform:Isoamyl Alcohol 25:24:1, pH 7.9, nacarai tesque Inc., Kyoto,
Japan) Zx CTHEE L%, 10,000x g T 10 O BEZ 1TV KIS 2 [BI L7z,
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1/10 &» 3M EEfE T b U 7 5 (Wako Pure Chemical Industries Ltd., Osaka, Japan)
ZINZ TR LK EIZ@EW%, 2F&OH T4 / —/L(Wako Pure Chemical
Industries Ltd., Osaka, Japan) & 1 2 CIRFI L, 10,000x g T 10 sy Oyl 17
W, BEEBRELZE. 1ml O 80%= % / —/L& % 10,000% g T 5 4y iz LorBfE L
FiEZFRE, B TR S, H DNA #1572, #: L7z DNA (2 500 mL @ 10XTE
buffer (10 mmol/l Tris-HC1 (pH 7.5), 1 mmol/l EDTA-2Na (pH 7.5)) % il x TRk
L. 30 pL ® Proteinase K ik A Mz T, 37CT 30 /3ffA v FaX—FL7, &6
{Z 10 pL ® RNase A % (10 mg/mL, Sigma-Aldrich, St. Louis, MO, USA) % il .
T, 37TCT60 HRIA v F2~— b LTz, ZDO%, 400uL D7 = ) —/L:/ makiL
DAY T INT A= ENA T, 10 rfE Lo TV KE Z B Lz, 1/10 =
O 3M EEET R U U A& A TR LK EICEW %, 2E80mT—¥ ) —/LElZ
TIRFIL, 10,000% g T 10 43z 0 B2 ATV By 2 BrZE L721%. 500 nL @ 80%
& ) —/ %Mz 10,000xg T 5 srfiliE DarEE L RIGE2RE Lo, EiRCTHREIE,
DNA %437z,

55172 DNA (%, #iE.0 Optima MAX Ultracentrifuge } "2 — % —MLA-130
(Beckman Coulter, USA) & 7= bt o 7 L5 B A BB OVEIZ L 0 B2 17 -
72 0.756 g ™ CsCl (Wako Pure Chemical Industries). 700 pul ® DNA &%, 74 nl
® SYBR Safe-CsCl solution [1.62 g CsCl and 20 pl SYBR Safe DNA gel stain
(Invitrogen) in 980 ml TE pH 8.0 solution] % {&fn LIEfE 7=, =Dk, 100,000
r.p.m.. 20 °C T 20 Rz OE2ITo 72, LT 2 — 7 WICER 17z DNA Ofgix
UV irradiator (ATTO Bioinstrument) CHFkEA DN A I T H 720, S YEH S %
BELNnOERy FEREFV Y o2 CEIEIT> 72, B L 7= DNA (%, 500 pL
®» 1XTE (pH 8.0) (ZfiE L. 1/10 & 3M Bl ~ U o7 A&z TR LK EICE
W2tk 2 BEOH=4 ) — /N EINZ TR L, 10,000xg T 10 4700 2170
FiBEBRE L%, 500 pL @ 80% =™ % / —/LZ 1z 10,000xg T 5 4y ElE L4 HE Lk
HabrEt, |RCHEIE, DNA 2157,

DNA O#EIL, 2 ROPBOLHRIZIIT 2WOLE DR (A260/A280) 7% 1.8 (23Tl
THEERDEEBHZE LT,

‘PCR, ¥—9IVR

BERERRD 7 7 A DNA 12 YM 28 RKEF#C 25°CC 3, 4 HEs&E LI-Milna v—>7"T9
SWVWEY | WHE L7m~A 7 vF 2—7WNIZ, PrepMan Ultra (Applied Biosystems,
Foster City, CA, USAVAIR & & HIZANLT, Bl L, SEICHEVWE—hra v 7
Kot AE1T 72,

77 . DNA ®#k1%. EX Taq (Takara Bio Inc., Shiga, Japan) & Mastercycler ep
(Eppendorf, Hamburg, Germany). Z AW C, Fit® 77 A ~—t ~ k% TE buffer

(10 mmol/l Tris-HCI (pH 8.0), 1 mmol/l EDTA-2Na (pH 8.0)) ZI&EfE L TNz,
PCR vy — 7 = AR S #AT o 12,
TIA4~x—ky I,
NL1 (5 GCATATCAATAAGCGGAGGAAAAG) and

NL4 (5 GGTCCGTGTTTCAAGACGG) for LSU rDNA (O’Donnell, 1993)
ITS5 (5 GGAAGTAAAAGTCGTAACAAGG) and
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ITS4 (5 TCCTCCGCTTATTGATATGC) for ITS (White et al., 1990)

EF1-983F (5 GCYCCYGGHCAYCGTGAYTTYAT) and

EF1-2218R (5 ATGACACCRACRGCRACRGTYTG) for EF-1a (Rehner & Buckley
2005, Kurtzman et al., 2007).

PCR Z&fF13. 1,000 HEFEEED DNA D&, 1 VA 7 V280 98 C10 B, 7 =—
V7 55C30 7, MET2C14E LT, 35047 NVOIREMNEZIT T2,

PCR FE¥)1E Agencourt AMPure XP (Beckman Coulter Inc., USA), % Fv > TRl
L. v—7 = AT BigDye Terminator v3.1 Cycle Sequencing Kit (Applied
Biosystems, CA, USA) % 7z, SULOZENE 95°C 5 43 Dk, 1A 7 Va4
95°C30 ¥, 7 =—1V 7 52°C5 B, ik 60°C1 4y & LT, 35 %A 7 L DIREZLIHE A
1T-o7,

V=7 T AR %O DNA > 7 vid, Agencourt CleanSEQ (Beckman
Coulter)|Z LV #2417y, DNA > —4 > ABI PRISM 3130 X% ABI PRISM
3730x1 Genetic Analyzer (Applied Biosystems) (Z & ¥ DNA O HEH| D538 217 >
7

5172 DNA HERAIEHRIZ, DDBJ (288K L7z, BEEERINIZ, > —F R
T2 =229 5 [EH R 22 AR INSDC  (International Nucleotide Sequence
Database Collaboration) D#HOH T, DDBJ Z#f . NCBI (7 A U HENAY T
Pl > % — ; National Center for Biotechnology Information) @ GenBank,
EMBL-Bank (EMBL-EBI (K /SA A4 A 7 5~ T 4 27 AW%E01) O ENA

(European Nucleotide Archive) D7 —H# X—ZAMNH A I TV D,

- RAEARAT

26SD1/D2, ITS. TEF1&=FHEERSIT, ZNENAMEGAS0 Y7+ =T
(Tamura et al., 2011) XIIMEGA X ¥ 7 s 7 =7 (Kumar et al., 2018) % T, T
BfE S 1L (neighbor-joining, NJ) (Saitou & Nei, 1987), A #E (maximum
likelihood, ML) (Felsenstein, 1981) . #HifJ{%k (maximum parsimony, MP)

(Fitch, 1971) D3> DOt 1L THEALEERE (evolutionary distances ; Knuce
value) (Kimura, 1980)Z HitH U CRHM 2L L, Rk LOBE DT T —> A
7 v 71k (bootstrap resampling method) (Felsenstein, 1985) (ZC1,000 [alfdt v
WLURHRT 5 Z Ll L0 EHEMEHn 21T - 72,

-DNA-DNA 18R ER

DNA-DNA fH[FAMERERIT, Ezakietal. (1989) Dt A 7V XA B— 3 ik
> THT o 712,

~A 77 L—k (Maxisorp Nunc A/S, Roskilde, Denmark) (Z#{i# DNA % =
—7 4 7 L72, microdilution plates (Maxisorp; NUNC A/S, Roskilde, Denmark)
photobiotin acetate (Geneworks Pty Ltd., Hindmarsh, Australia) {2 L V. #H
DNA % v 4 F 4k L 7=, Prehybridization solution (2xSSC, 5xDenhardt’s solution,
50%, deionized formamide, 10 mg/100 ml denatured salmon sperm DNA) %z~ 1 7
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o7 L— MIz., 377C30 01 > F 2_X— K L7z, *20x SSC (3M NaCl, 0.3M
sodium citrate, ¥Ef£% )2 T pH7.0 {23 %) Prehybridization solution i3,
hybridization mixture (2 X SSC. 5 X Denhardt solution, 5% dextran sulfate, 50%
deionized formamide, 100 pg of denatured salmon DNA per mDIZ & & #2z . 45°CLL
T@ﬁDNA@Tm@uT?A479¥4E~yay%ﬁoto%@%\74&m7
M3 &2 1TV, streptavidin-B-D-galactosidase (Roche Diagnostics GmbH,

Mannhelm Germany) %/l %2 C 37 °CT 30 43flA > % =~_— k L7z, 0.1% Triton X-
100 % ¢e PBS buffer C 2 [RIBEV$ %17\, 4-methylumbelliferyl B-D-
galactopyranoside (Wako Pure Chemical Industries Ltd., Osaka, Japan) & fi# L 7=
PBS Nz 7=,

BTN OENERE X, MicroFluor reader (Fluoroskan Ascent FL; Thermo
Fisher Scientific Ink (Labsystems), MA, USA) % T, i & 360nm # Yl &
450nm T Z1T> 72,

2—1—2—3. R -8

Lipomyces JEWFFCIZ 5720 . NBRC %&k Lipomyces JEFRHEIZ OV T 26S rDNA
D1/D2 ks, ITS fElEA L < I% Translation Elongation Factor 1 alpha (TEFI) &
RS 23 E L, CBS BRI ONNRRL £k & & b2 Rt 21T > 72, €D
f& 8L, Lipomyces spencermartinsiae O % A 7°EEI§H5E“C & 5 NBRC 103767 /%, CBS
B (CBS 5608T) & —FH L7223, NRRL# (NRRL Y-70427) & |3HllD 7 L— R Eig o
7= (®2) . $£7-. Lipomyces kononenkoae ® % A 7 M 3¥#k NBRC 103757 %,
NRRL # (NRRL Y-11553T) & —%t L7743, CBS 2514 & —#&3", Lipomyces
yamadae D7 L — RIZEE LT (B2) .

2 ATRXNIZ A THREOE ZH DD 1T, RO IERE D74 EHO
HEEDOBRICEELZEZ 2D THY . FIHFICRILZE-ITRNRH D, TOT
OHGEIZIE LWRZRRE L, [EX#D D O b > T2 ROIERABE L TERL > 72 FHE ]
HEOFIZES2WEHICTHI L, SLICHKOEEZ DD IZOWT, fMCEIC X
STRETLHZET, WRERALTWDIANLTF v —alr a0, WKROFIME
W D MERN B 5,

ZDid, CBS 75 Lipomyces J&D# A 7'H¥kk (CBS 2514) Z 0 FFdA#ME
KA UTE LWWE A THRRICOWTHIT 2175 2 & & LTz, LAF Lipomyces
spencermartinsiae, Lipomyces kononenkoae Df#HT & FERIZHOW TR 5,

Lipomyces spencermartinsiae [C2L\T

2 A 7Bk ([R—H3kEE) X, NBRC 10376 = CBS 5608 = NRRL Y-7042 TH 1 |
NBRC10376 ORFEIZLLT L7205 TW 5,
NBRC 10376 <- IFO 10376 (1987/05/29) <- CBS 5608 <- E. Drouhet <-
Dommerques
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Skt ECiE. A THEETH S NBRC 103767 1%, CBS 5608T & —E L7=23,
NRRL # (NRRL Y-70427) & 135/ 7 L— RiZ72 0 . NRRL Y-7042" (% Lipomyces
tetrasporus \ZiTix72 7 T A2 —IZREELTWS (H2) ,

Lipomyces spencermartinsiae 3. Lipomyces J&IZFH\NTHE— 37°C CHYJE T Hfl
ThHled, AFREFABICEIVELWVKRTHLINE I MERTHZ LN TE S,
NBRC 10376" & CBS 5608T D 3TCAFBIZOWTHEZITo 7=/ H., St LBV
BTCTOHIENEO LT lod, F2HRIFIELWH A THETH D Z LRI

(B 2) ., —F. NRRL # (NRRL Y-70420)i%, L. tetrasporus Ditix T 5 = & HR
MIENTIC L > ORnENTela, BZEOLL 3TCTIIAEB LRV LD EE X LN D,

L. starkeyi NRRL Y-115577
L. kockii NBRC 107656 (= CBS 77297)
L. starkeyi NBRC 103817
L. kockii NRRL Y-27505"
L. doorenjongii NRRL Y-275047
L. mesembrius NRRL Y-27506"
L. mesembrius NBRC 107654 (= CBS 76617)
L. doorenjongii NBRC 107655 (= CBS 75427)
L. spencermartinsiae NBRC 107660" (= CBS 56087) }
L. spencermartinsiae NBRC 103767
L. kononenkoae NBRC 107661 (= CBS 25147)
L. yarrowii CBS 75577
L. yarrowii NBRC 107658 (= CBS 75577)
og|_| L kononenkooe NBRC10375" |
L. kononenkoae NRRL Y-115537
L. yamadae NRRL Y-275077
L. yamadae NBRC 107657 (= CBS 75327)
L. orientalis CBS10300T
L. orientalis NBRC 107659 (= CBS 103007)
L. spencermartinsiae NRRL Y-70427
L. tetrasporus NBRC 103917
L. tetrasporus NRRL Y-115627
| L. chichibuensis CB08-1
! L. chichibuensis CB08-2

66

56

| L lipofer NRRL Y-115557
! L. lipofer NBRC 12887

| L. japonicus NRRL Y-178487
|1 japonicus NBRC 107677

0.005

B12. LSU rDNAE R FIZ &L TIER LT R 45 & 1% Rt

NJ analysis showing the extent of divergence in the LSU rRNA gene sequence among
the two novel isolates and representatives of 12 closely related species. Branches
formed by strains derived from the same ancestor are indicated by arrows and the
strains are shown in bold.
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Lipomyces kononenkoae [TDL\T

2 4 7Rk (Al—HkEE) X, NBRC 10375 = CBS 2514 = NRRL Y-11553 T&
V. NBRC 10375 KREIZLLF & 7> T 5,
NBRC 10375 <- IFO 10375 (1987/05/29) <- CBS 2514 <- J.H. Becking

Lipomyces kononenkoae ® % A 7'k NBRC 103757 1%, NRRL # (NRRL Y-
11553T) & —E L7=23, CBS 2514T &~ Lipomyces yamadae D7 L — R|Z
HWZ Ensrhrolz (R 2),

CBS 251471% L. spencermartinsiae \Zit#x 727 7 A X — %A LT Y . LIAT L.
spencermartinsiae X L. kononenkoae DHifE &\ 5 AN EN T TH -T2 72
O, L. spencermartinsiae \ZiT#% 72 CBS 2514 73 L. kononenkoae D1E L\ % A 7'H
KETH D AREER @V EE X HIVD M, L. kononenkoae & L. yamadae | ZFAMEIZ X
MU THERTE 2RIEEIT 2 < YRFOFRHGE L TIThON IR A FEITH> 2 & T
IELWA A TR ZER T 52 & & LT,

L. spencermartinsiae 2 ¥EFIAIE D IHEE

Lipomyces kononenkoae (1974)

Lipomyces kononenkoae subsp. spencermartinsiae (1995)
Lipomyces spencermartinsiae (1997)

L. kononenkoae I%. Smith et al. (1995) IZX > TS SN TH Y. DNA fHH
MEREBR DT — 2 NFEOIES ORI L 72> T D, F 2T, YIFHEFEERBR 21T - 725
SCERU 4 FEDR—H R, 37245 L. kononenkoae D % A 7 H#kk 2 # (NBRC
10375 &N CBS 2514) & itk fE (L. spencermartinsiae, L. yarrowii & O L.
yamadae) 2> T DNA FH[RIMRER 21T - 7=,

ZOfER., NBRC 10375 (X CBS 2514 & 40%A0if O AHFEE CTRIFEDRAFR & 72 o 7
(B3.%2)., £7=. L. yamadae D% A 7HKKTH 5 CBS 7532 & 75%DFHIFNE %
R LUEFEDORfR E e o 7o, MR, Smith 5D 4 FEJOFEMEME & 1X—3% Lier-7-,
ik zZ &v6 . NBRC 10375 13 L. kononenkoae M % A 7 HFIETIX /2N T & AR
WX 47z, —J. CBS 2514 ({25 Tid 4 R OFEFEMAR L Smith & D7 —Z 2
—HT DT —F Liro7=, {RIZ, NBRC 10375 3 1E L < CBS 2514 A3 #iE-> T\ - &
MEST D &, L yamadae CBS 7532 13 & L TRt a2 &iz2 | £/,
CBS 2514 ® 1%, L. kononenkoae USNOFFEL LTHHRXE T LI b,

PLbEoZ &v6, 1IE LV L. kononenkoae M % A 7' Hi kK% CBS 2514 TH V) |
NBRC 10375 i L. yamadae |ZE & #ibo>TW\W5H Z LB B E 72572, NBRC
10375 & v —/2r v AfdH3—% L7= NRRL Y-11553 %, L. kononenkoae M % A 7 A3k
CiE <, L yamadae \[ZEZHD->TWNWHHEDEFEZHNS,
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Smith et al. 1995

L. kononenkoae 38 L. yamadae
CBS 2514 CBS 7532

35 37
51 59
L. spencermartinsiae 43 L. yarrowii
CBS 5608 CBS 7557
Results in this study
L. kononenkoae 40- 42 L. yamadae
NBRC 107661 NBRC 107657
(= CBS 2514) (= CBS 7532)
19-29 31-38
29-34 42 - 53
L. spencermartinsiae 33-42 L
NBRC 10376 NBRC 107658
(= CBS 7557)

B3. LipomycesBICE I+ 558#@472M ODNAH RS R RIS R LB

DNA-DNA relatedness (%) among the type strains of four species (L.
spencermartinsiae, L. kononenkoae, L. yamadae and L. yarrowii) according to DNA
hybridization results. The highest value is indicated in bold.
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% 2. Lipomyces BIZHI115i0# 4 BE2THEKREICH TS DNA HHRIMERABRKER
Relatedness values of the six type strains of four related species (L.
spencermartinsiae, L. kononenkoae, L. yamadae, and L. yarrowii) obtained by DNA

hybridization.

(= CBS 25147
L. yamadae
NBRC 107657

CBS 75327)

L. yarrowii
NBRC 107658
(= CBS 7557")
NBRC 103767
NBRC 107660
(= CBS 5608")

(

L. kononenkoae
NBRC 103757
L. kononenkoae
NBRC 107661
L. spencermartinsiae
L. spencermartinsiae

L. kononenkoae
NBRC 103757 100.0 34.1 75.4 48.2 37.6 48.4

L. kononenkoae
NBRC 107661 38.1 100.0 42.0 19.3 29.3 28.1

(= CBS 25147)

L. yamadae

NBRC 107657 79.8 39.5 100.0 42.2 37.6 31.8
(= CBS 75327)

L. yarrowii

NBRC 107658 61.1 28.5 52.6 100.0 224 32.9

(= CBS 75577)

L. spencermartinsiae

NBRC 103767 31.3 33.8 30.6 42.8 100.0 95.0

L. spencermartinsiae
NBRC 107660 38.3 39.5 30.5 41.7 98.7 100.0

(= CBS 5608T)

Similarity values over 70% are indicated by gray background.

PLED#fE R & &2 4B E 2. NBRC 10375 12 NBRC 75 D4y a5 1k L TIEABH
L L. CBS b HY %87- CBS 2514 2 NBRC 107661 & L CTHi/-lo &k L, ¥ A4~
HSRERRE LCTABI LTz, 72, AMED X A THFRDO AFEW & IE LWERD[FEEIS
BIL T, 2014 FFITEm3C e LTE O - AFZIT>72 (Yamazaki & Kawasaki,
2014) .
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2 — 2. Lipomycetaceae FIBFF DETE L 4y
2—2—1. ILBHIZ
Lipomyces BEB DS EDER

Lipomyces JBFERF O KR, AR L SN TWARBIFPEHOMEB ZICZ L, £
T BEREE O I B W T EERFED 12 Th 5 LSU rDNA D1/D2 fEisk o> H Ffi 5|
(Kurtzman & Robnett, 1998) DHELINEIZSWT b, Lipomyces JE& R O FEE D28 ¥
FEEIZD I (B 4), =D% . Kurtzman et al. (2007) 12X - T, #EDELEF (LSU
rDNA., SSU rDNA. Mitochondrial SSU rDNA (MtSm) X (® Translation elongation
factor-1a (TEF1= EF-1a) &5 1 OIEESIIZ K 5 Lipomycetaceae Ft D535 H DM T
P, ZOABBBTFICE > T EBROFEE Z DT & A T HRKOTE & LTRSS
NAHZEDBRINTWVWD, £o, ZOWMETIX4EETD 5 Y Translation
elongation factor-1a (TEF1 = EF-1a) NFRICFERIZ RO 2 WRIBE O @\ OB Th
HITEDREIINTND,

Lipomyces REB O EIZHITLRBER

Lipomyces J& %, ORI A_SEFHIRBIZEDOENNITE AL LR LR,
F RN OYA . 26S D1/D2 fEiEE FEALS] 500 ML TIX, 1% (B
) BETRELRLEVWILDOTHD, UL, o RHEMIT T, SSU (18S) rDNA
X LSU (268) rDNA D1/D2, ITS fEEBENBUR—MANIC WV I 2 RS Th 5
23, Lipomyces J& D6, Zivo OFMEENKL< . #21X 268 D1/D2 fEkIE 100% —
HLTWTH, DNA FHFEMERER CIiX, 65% KM & 7257 — AN L. starkeyl O B HFE
? L. mesembrius & L. doorenjongii, L. stakeyi & L. kockii 8] T{FEL T\ 5,
ZD X 957, Kurtzman et al. (200712 X » TiToiiz 4 DDigEfls+ « DNA R
%] (LSU rDNA, SSU rDNA, Mt SSU, TEFI) 2 L 5% &+ ATIZARN TH D08,
4 IR DBAR T DI IEBRS 2 RHT T 2B R BV | Z OB LR EEAHN AL
BN, TAY » M b, ZDM., TEF] B FITEEE N R L SR
NEZNTH D Z EMN, 2007 D Kurtzman & DO ETHRIZ I TV,

Myxozyma J&DFi¥I%. X Lipomyces J&DEEMEIAL L & 2 S TWb, Myxozyma
B D4 L., Lipomycetaceae FHI BT HIE CTh 553, Mk Myxo) %5 L T
Lag BROar=—FEL 25 Z LICHR LTS, 21 =—HEIL,
Lipomycetaceae ¥} CH@ 4T HAIETHDH, Z DL H 7, [ERREE - EIE - Y4
HROUE (ANVRVHK) 12X, WHICBT LT VAELT - TTELTD
EMAEDREIESh, —maiEThs [1ERE 14 OFA (2018341 A 1 B3
2 BNEHESNTWD, FDi=s, T LAE/NT D Lipomyces (1952 F53) &7 )
E)LT D Myxozyma (1981 4EFFK) D ODFL4 D H b, FITHLETREINT
BHMED B B DX, Lipomyces T 5 7-%, 2013 FLIFED Myxozyma 7 = A X —IZ
BT DL, Lipomyces DJg4 &35 2 LiZ7e>Tn5b, ZODOx, Lachance &V
AN D 5N TWRWT & AZ/RT forma asexalis [f.a.] 254 ORIZHFET D
EDORBENRHENT-T-0. FLITHDIL—L DA KRB 7225 OFEE & 72 512
% L2 5 (Lachance, 2012),
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Lipomycetaceae FtWN Thy 1R 247 9 & . Lipomyces BT\ Tlk, FVERE
L. starkeyi % %.[» & L7= Lipomyces JgDIHMN LR D E—D 7 L— RBFET D (K
4) . ZO7 L— NIEMEAEREZ AT b DONEL L (Lipomyces J&DFEH T
produce lipid globule| & &%) | WZZ D7 L— RIZES 72V (F7ebbH
Myxozyma 7 7 A% —. XI%. DipodascopsisJg&® 7 v — R) %, (XX MAF % 4EE -
HR LRV,
Lipomycetaceae Ft D X572 J& DN D Dipodascopsis JEIZ DWW TIE, 145 R &k
L. BEWVHEE EHR : Acicular) OFEOHIT 4-120 O, fHHR, BliEHO
FEE 1 E2 KT 5, Dipodascopsis J&DF41E. TN DD E Di-pod D L 9 72
72D Z LITHEKT S, 2007 4 Kurtzman & @ Lipomycetaceae FHE#REE 73 FE DS
TlX. Dipodascopsis JBIZIRKE L 2 ODRFIZ N D, FEDOIZENFEEETH S
ZEMBRBLALTHIT TRV, 72720, ZORIIIBEREZEMA L, R TH#E
R % & 9H Dipodascopsis & Lipomyces J& D i g DIE % 44 % IH Babjevia J&
@ Dipodascopsis anomala 5 £ CW5, ZD7=%, Dipodascopsis JEIX. 5%
BHONEERNH D EE 2D,
PLED X512, Lipomycetaceae FtNIZEWNTC, Myxozyma 77 7 A% —,
Dipodascopsis JED 7 L— RIZEWT, HFHFRIZZRAE L « BB LEIRDLE 72 o
TWD, ARBFFETE LT HED Lipomycetaceae FHEERE & it xSz T, TEF
1 %I L LT HEBOERT - DNA KRS Z T2 53 1 2 mfigtr o Fik a2 AT
Z O Lipomycetaceae FHER: D RZAFNHDWTHEMZITH 2 & & L,
AL, WIEAEPERRECoh 5 Lipomyces J& % & {v Lipomycetaceae FHERE DR
PEBE D &\ WV E DO FESEFH FTREME D & 2 Fi#l D Lipomycetaceae FHEFFF O WS % H 5
L. 72, GOk % Lipomycetaceae FIEEREDAYHERIRITINZ 5 Z & 1T
k5. BHEERROEKRGEOEED -, Lipomyces JEE D/ BEZ4T - 72,
EWHIEAEFERE THI BT D L. starkeyi X° Lipomyces lipofer %130 &35
KEZED Lipomyces J& %, TERIFETHZENINE TOHRETRINATWNDS Z
b, ALiEE D B E T HAREN ORR 2 7o KfE - 2B 1T D FAECH AR 2 i~
HZEEHME LT, 11 Ol CcHEDY 7Y 7 %17V Lipomyces J& D45 &
BFoONT RO E2ITH>Z L LT (R3) .
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£ 3. TBOYL T T ETOMBOLTESE. BE. RE. BKE
Location Latitude, Soil class =E B | F£F | BKE
Longitude m | v | & | (mm)
7 =
L (C)
o
HEmEKEdiEE | 43.220, Allophane 211 - 23 | 6.7 8345
ETRK 142.381 - Andosols 437
S vk By Y 43.254,
dtmEEREFM 149 423
dtEEAL IR 43.048, Brown forest | 32 — 97 16 |93 1203.5
141.308 - soil
43.053,
141.314
Wiz BEEETH 38.679, Lower red 30.8 - 23 |12.8 |2079.5
139.761 - yellow brown | 235.6
38.755, forest soil
139.810
HBERRT 37.728, Gley lowland | 15-18.9 |11 |13.7 |2036.5
139.178 - soil
37.732,
139.181
HEEKEHAE | 35.908, Immature soil | 668.1 — 22 1138 1370.5
Bk 138.817 - 1023
* o= |5 34 4> 35.942,
BEERHKXT 138,987
HERAKFPFIEE | 35.154, Allophane 240.9 — 20 |16 1802.5
=k 140.138 - Andosols 310
=8 35.163,
FEEBIT 140,145
RIEREHI)IE | 35.331, Aluminous 11169- |17 |11.2 | 3366
T 138.222 - brown forest | 1309.4
|2 24 35.338, soil
RERBEL 138.229
EEERAT 34.572, Fine quality |13-102 |19 |16.5 |1264.5
134.991 - lowland
34.657, paddy soil,
135.014 Gray lowland
soll
WO E#Em., & | 34.308, Brown forest | 20.8 — 23 |1538 1704
= 131.369 - soil, 629
34.433, Lower red
132.059 yellow brown
forest soil
BEREEE KT | 31.487, Allophane 190 — 22 15.3 3628.5
130.741 - Andosols 545
31.530,
130.772
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HEEREKE 24.261, Weathering 7.1-65.7 | 46 23.8 1695
123.804 - alteration red
24.357, yellow soil,
123.905 Clay
integrated
red yellow
soil

2—2—2. MK - FHiE
Lipomyces BEFD 4B

Lipomyces J& % &> Lipomycetaceae FHEERED 43 EfE1L, Thanh (2006) D% 5%
WL TITo 70, BEICHW - I 2 255 (NDM B35, Nitrogen-Depleted
Medium; 20 g/L glucose, 0.85 g/L. KH2PO4, 0.15 g/ KaHPO4, 0.5 g/l MgSO04-7H20,
0.1 g/ NaCl, 0.1 g/L: CaClz 6H20, 0.5 mg/L: HsBOs, 0.04 mg/L CuSO4-H20, 0.1
mg/L KI, 0.2 mg/L FeClz 6H20, 0.4 mg/L. MnSO4 ‘H20, 0.2 mg/L. Na:2MoO4 2H20, 0.4
mg/L ZnSO4 7H20, 0.1 g/L of chloramphenicol, and 20 g/L agar X% 15 g/L gellan
gum) A L7,

KW T 7Y 7 Uz 1g 2 10 mL OAF R K (0.85% NaCl /K) (28
WL, NDM ZERKEHIC 100 pLEERE L Ca v I —UHB Tl Lz, £/, IELZ+
2 0.25g & NDM ZERFEHICEBHR D D) TR L72, £72. BB 7 LNICEE
S5mm LA EOREZ RN S 2561, WHE LT A N—FT L TR TR LIRYD T Tz,
TV TV AR, 25 ET3HEMEBELITV. AF LTS EEan=— (4
BERE B CliE, ERIEDBD R NTDITHVCRIREOE R &L oA RIROBERN 2=
— L2MEGE L7\ N) 1, FHRBAMEE CHERR L7223 HEE LT #ifbd 7=z, 500 pL
DA AKIZERE L T, YMZEZEREHMICBEL T LY v van =—2 85
L7, EBICH 5 —EMibZ1TV, Rk s Lz,

"BHROEE

EAEOEE L., YM ZEXKE:# (1% Glucose, 0.5% Peptone, 0.3% Yeast extract,
0.3% Malt extract, 1.5% Agar, pH 5.6) TIT72~ 7z,

F IR EAT IV A E L CiX, BME K554 (5% Malt extract,
1.5% Agar) . V8 B#3Zy = — RFEXKEEH (Whatman No 1 JE/K % T8 L7274,
1/5, 1/10/, 1/20 DPEEEICHR LT 1.5% Agar Z¥N) % 7=,

*DNA i

(2—1—2—2. MEGE © IDNAHE] EFT,
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*PCR, ¥—9T2VR

(9 —1—2—2. MEHE © IPCR.—HIVAR| LFELU,

- RREM
(2 —1—2—2. MELHIEl O TR¥EEHT S,

2—2—3. fER . EE

HAK DA v RR U TIZEBT 288 Lipomycetaceae FHERED 7y BEEDOFE R, T4 O
LBV HfE 20 f  (Lipomyces sensu stricto 4 fi, Myxozyma,” 7 A% —14 &
Babjevia J& 2 ff) (23543 5 48 BR& 0 L7z,

Fio, BROSAFHIEBMRICOWTRICERHT D (FD) .
BHHEOLRR & HTHRERIZOVTIE, TR LBV IRE (2 —2 —4%F) LIRICEHE
ERAR

2—2—4—1. BERPE Lipomyces chichibuensis sp. nov.
2—2—4—2. WHIRPE Lipomyces okinawensis sp. nov..
(WALRPE Lipomyces yamanashiensis sp. nov.
2—2—4—3. HREETHE:

Lipomyces taketomicus sp. nov.,

Lipomyces yaeyamensis sp. nov.,

Lipomyces iriomotensis sp. nov.,

Lipomyces haiminakanus sp. nov.,

Lipomyces komiensis sp. nov.,

Lipomyces nakamensis sp. nov.,

Lipomyces sakishimensis sp. nov.

2—2—4—4. TIHERPES5LHH

Lipomyces melibiosiraffinosiphilus sp. nov..

Lipomyces kiyosumicus sp. nov.,

Lipomyces chibensis sp. nov.,

Lipomyces kamogawensis sp. nov.,

Lipomyces amatsuensis sp. nov.

2—3—4—5. 42 RV TjE Lipomyces J& 3 i :
Lipomyces maratuensis sp. nov..

Lipomyces tropicalis sp. nov.,

Lipomyces kalimantanensis sp. nov.
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2 —3—3— 2. Jt¥FEFE Babjevia J& 2 #ifl
Babjevia hyphoforaminiformans sp. nov.,
Babjevia hyphasca sp. nov.
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K 4. PELE-HERESHK

Species of the family Lipomycetaceae isolated in this study and GenBank accession numbers for the LSU rDNA, TEF1-a, SSU rDNA, MtSm sequences
CBS, Westerdijk Fungal Biodiversity Institute, Utrecht, Netherlands; NBRC, NITE Biological Resource Center, National Institute of Technology and Evaluation, Japan; LSU, large
subunit; TEF1-a, translation elongation factor 1 alpha gene; SSU, small subunit; MtSm, mitochondrial small subunit rDNA; ITS, Internal Transcribed Spacer regions including 5.8S

rDNA.
Strain Species Informations of sources The GenBank/EMBL/DDBJ accession numbers
Isolati Collec Altitu
Strain ID NBRC No. Other No. on ID Scientific names proposed Source of Isolation ted Locality of Source Latitude Longitude de LSU rRNA TEFl-a SSU rRNA MtSm ITS
date date
The University of
Soil under the Tokyo Hokkaido
NBRC 30/11 Babjevia planted forest of 09/12/ Forest (UTHF),
t Fri6AgDI1-1 111230 ) 12014 FROL hyphoforaminiformans Yezo spruce, Picea 2014 Yamabehigashi 23- 43.2203 142.3817 236 LC279230 LC439440 ) ) )
jezoensis sen, Furano-shi,
Hokkaido
The University of
Soil under the Tokyo Hokkaido
NBRC 30/11 Babjevia planted forest of 09/12/ Forest (UTHF),
2 Fri6AgDI2 111231 ) 12014 FROL hyphoforaminiformans Yezo spruce, Picea 2014 ‘Yamabehigashi 23- 43.2203 142.3817 236 LC279231 LCA439441 ) . B
jezoensis sen, Furano-shi,
Hokkaido
The University of
Soil under the Tokyo Hokkaido
NBRC 30/11 Babjevia planted forest of 09/12/ Forest (UTHF),
3 Fri6AgDISM 111232 ) 12014 FROL hyphoforaminiformans Yezo spruce, Picea 2014 Yamabehigashi 23- 43.2203 142.3817 236 LC279232 LC439442 ) ) °
jezoensis sen, Furano-shi,
Hokkaido
The University of
Soil under the Tokyo Hokkaido
NBRC CBS 30/11 Babjevia planted forest of 09/12/ Forest (UTHF), LC279233,
4 Fri6AgDISS 111233" 157717 12014 FROL hyphoforaminiformans Yezo spruce, Picea 2014 ‘Yamabehigashi 23- 432203 1423817 236 LC440487 LC439443 LC440486 LC440488 LCAo7261
jezoensis sen, Furano-shi,
Hokkaido
The University of
Soil under the Tokyo Hokkaido
5 | Fr2agDrs TIBZ'ZEST (1:5375” /22%/3 FRO2 | Babjevia hyphasca g;r;;‘:n:’rft of 22’1142’ szzztb(eﬂgi?h. ja | 432214 | 1223825 | 220 "éﬂ%ﬁ% LC430444 | LCA40489 | LCA40491 | LC497262
japonica sen, Furano-shi,
Hokkaido
The University of
. Soil at the Tokyo Chiba Forest
6 | chrapra TIBES - (1:58756 - /229(;23 CHo1 'r‘r:zﬁ;';';f::ﬁinosiph“us deciduous broad- 53/1047/ (UTCBF), Yomogi, 35.1597 1401386 | 289 "L(éigzsg LC439424 | LC487388 | LC487390 | LC497252
leaved forest Kamogawa-shi,
Chiba
The University of
. Soil at the Tokyo Chiba Forest
7 | ch7apre NBRC - 20008 | gy | Lipomyces deciduous broad- 2300711 yreBF), Yomogi, 35.1597 1401386 | 289 | LC311766 | LC439425 : - .
111412 12014 melibiosiraffinosiphilus 2014 "
leaved forest Kamogawa-shi,
Chiba
The University of
. . . . Tokyo Chiba Forest
NBRC 29/08 Lipomyces Soil under fir, Abies 23/07/ . N
8 Ch20GDL2 111425 - 12014 CHO1 mZIibiosiraffinosiphilus firma 2014 (UTCBF), Klyo‘suml, 35.1542 140.1456 275 LC279212 LC439421 - - -
Kamogawa-shi,
Chiba
. . . . The University of
9 | ch2ocDL4 NBRC . 20/08 | 5y | Lipomyces Soil under fir, Abies | 23/07/ | 1.\ cpiba Forest | 35.1542 1401456 | 275 | LC279213 | LC439422 . . .
111427 12014 melibiosiraffinosiphilus firma 2014 ) N
(UTCBF), Kiyosumi,
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Kamogawa-shi,
Chiba

10

Ch20GDL5S

NBRC
111428

29/08
12014

CHO1

Lipomyces
melibiosiraffinosiphilus

Soil under fir, Abies
firma

23/07/
2014

The University of
Tokyo Chiba Forest
(UTCBF), Kiyosumi,
Kamogawa-shi,
Chiba

35.1542

140.1456

275

LC279214

LC439423

11

Ch20GDL1

NBRC
1114247

CcBS
157677

29/08
12014

CHO2

Lipomyces kiyosumicus

Soil under fir, Abies
firma

23/07/
2014

The University of
Tokyo Chiba Forest
(UTCBF), Kiyosumi,
Kamogawa-shi,
Chiba

35.1542

140.1456

275

LC279215,
LC487398

LC439426

LC487397

LC487399

LC497253

12

Ch12ADL1

NBRC
1114137

CcBS
157687

29/08
12014

CHO3

Lipomyces chibensis

Soil under fir, Abies
firma

23/07/
2014

The University of
Tokyo Chiba Forest
(UTCBF), Kiyosumi,
Kamogawa-shi,
Chiba

35.1544

140.145

253

LC279216,
LC487392

LC439427

LC487391

LC487393

LC497254

13

Ch12ADL2-2

NBRC
111414

29/08
12014

CHO3

Lipomyces chibensis

Soil under fir, Abies
firma

23/07/
2014

The University of
Tokyo Chiba Forest
(UTCBF), Kiyosumi,
Kamogawa-shi,
Chiba

35.1544

140.145

253

LC279217

LC439428

14

Ch19ADr3

NBRC
111418

29/08
12014

CHO3

Lipomyces chibensis

Soil under fir, Abies
firma

23/07/
2014

The University of
Tokyo Chiba Forest
(UTCBF), Kiyosumi,
Kamogawa-shi,
Chiba

35.1542

140.1453

271

LC279218

LC439429

15

Ch19GDr3

NBRC
111419

29/08
12014

CHO3

Lipomyces chibensis

Soil under fir, Abies
firma

23/07/
2014

The University of
Tokyo Chiba Forest
(UTCBF), Kiyosumi,
Kamogawa-shi,
Chiba

35.1542

140.1453

271

LC279219

LC439430

16

Ch19GDr4

NBRC
1129677

CcBs
157697

29/08
12014

CHO04

Lipomyces kamogawensis

Soil under fir, Abies
firma

23/07/
2014

The University of
Tokyo Chiba Forest
(UTCBF), Kiyosumi,
Kamogawa-shi,
Chiba

35.1542

140.1453

271

LC279220,
LC487404

LC439431

LC487403

LC487405

LC497255

17

Ch20ADr2

NBRC
111421

29/08
12014

CHO04

Lipomyces kamogawensis

Soil under fir, Abies
firma

23/07/
2014

The University of
Tokyo Chiba Forest
(UTCBF), Kiyosumi,
Kamogawa-shi,
Chiba

35.1542

140.1456

275

LC279221

LC439432

18

Ch20ADr1

NBRC
1114207

cBs
157707

29/08
12014

CHO05

Lipomyces amatsuensis

Soil under fir, Abies
firma

23/07/
2014

The University of
Tokyo Chiba Forest
(UTCBF), Kiyosumi,
Kamogawa-shi,
Chiba

35.1542

140.1456

275

LC279222,
LC487395

LC439433

LC487394

LC487396

LC497256

19

Ch20ADr3

NBRC
111422

29/08
12014

CHO05

Lipomyces amatsuensis

Soil under fir, Abies
firma

23/07/
2014

The University of
Tokyo Chiba Forest
(UTCBF), Kiyosumi,
Kamogawa-shi,
Chiba

35.1542

140.1456

275

LC279223

LC439434

20

Ch20ADr5-1

NBRC
111423

29/08
12014

CHO05

Lipomyces amatsuensis

Soil under fir, Abies
firma

23/07/
2014

The University of
Tokyo Chiba Forest
(UTCBF), Kiyosumi,
Kamogawa-shi,
Chiba

35.1542

140.1456

275

LC279224

LC439435

21

Ch20GDL3

NBRC
111426

29/08
12014

CHO5

Lipomyces amatsuensis

Soil under fir, Abies
firma

23/07/
2014

The University of
Tokyo Chiba Forest
(UTCBF), Kiyosumi,
Kamogawa-shi,
Chiba

35.1542

140.1456

275

LC279228

LC439439
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The University of
Tokyo Chiba Forest

NBRC 29/08 Soil under fir, Abies 23/07/
22 Ch20GDr2 111429 - 12014 CHO05 Lipomyces amatsuensis firma 2014 (UTCBF), Klyo.suml‘ 35.1542 140.1456 275 LC279225 LC439436 - - -
Kamogawa-shi,
Chiba
The University of
Tokyo Chiba Forest
NBRC 29/08 . - Soil under fir, Abies 23/07/ y N
23 Ch20GDr3 111430 - 12014 CHO5 Lipomyces amatsuensis firma 2014 (UTCBF), Klyo.suml, 35.1542 140.1456 275 LC279226 LC439437 - - -
Kamogawa-shi,
Chiba
The University of
Tokyo Chiba Forest
NBRC 29/08 . 5 Soil under fir, Abies 23/07/ Ny N
24 Ch20GDr5 111432 - 12014 CHO5 Lipomyces amatsuensis firma 2014 (UTCBF), Klyo.suml, 35.1542 140.1456 275 LC279227 LC439438 - - -
Kamogawa-shi,
Chiba
Haiminaka, Iriomote
NBRC CBS 30/07 . . . 17/06/ Is., Taketomi-cho, LC276945,
25 Ir1AgDr1-2 1129667 157597 12013 IRO1 Lipomyces taketomicus Forest soil 2013 Yaeyama-gun, 24.2972 123.8725 35.2 LC487401 LC439445 LC487400 LC487402 LC497263
Okinawa
Haiminaka, Iriomote
NBRC CBS 30/07 . . . 17/06/ Is., Taketomi-cho, LC276946,
26 Ir1AgDr3 1104337 157607 12013 IR02 Lipomyces yaeyamensis Forest soil 2013 Yaeyama-gun, 24.2972 123.8725 352 LCag7371 LC439446 LC487370 LC487372 LC497264
Okinawa
Haiminaka, Iriomote
NBRC CBS 30/07 . . - . 19/06/ Is., Taketomi-cho, LC276949,
27 Ir39AgDr1-1 1104367 157617 12013 IR0O3 Lipomyces iriomotensis Soil in bushes 2013 Yaeyama-gun, 24.2897 123.8872 34.9 LCa87380 LC439447 LC487379 LC487381 LC497265
Okinawa
Haiminaka, Iriomote
NBRC 30/07 . - . L 19/06/ Is., Taketomi-cho,
28 Ir39AgDr2 110437 - 12013 IR03 Lipomyces iriomotensis Soil in bushes 2013 Yaeyama-gun, 24.2897 123.8872 34.9 LC276950 LC439448 - - -
Okinawa
Haiminaka, Iriomote
NBRC 30/07 . . . - 19/06/ Is., Taketomi-cho,
29 Ir39AgDr3 110438 - 12013 IR0O3 Lipomyces iriomotensis Soil in bushes 2013 Yaeyama-gun, 24.2897 123.8872 34.9 LC276951 LC439449 - - -
Okinawa
Haiminaka, Iriomote
NBRC CBS 30/07 17/06/ Is., Taketomi-cho, LC276948,
30 Ir5AgDr1 1104357 157627 12013 IR04 Lipomyces haiminakanus Forest soil 2013 Yaeyama-gun, 24.2983 123.8736 45 LCas7377 LC439450 LC487376 LC487378 LC497266
Okinawa
Soilin Komi, Iriomote Is.,
NBRC CBS 30/07 . - - . 19/06/ Taketomi-cho. LC276953
1 Ir41GeDr1 IR Li [X ki ki N 24.312 123.904 13.1 N LC439451 LC487 LC487387 LC497267
3 r41GeDr: 1104407 157637 12013 05 ipomyces komiensis sakisimasuounoki 2013 Yaeyama-gun, 3129 3.9048 3 LC487386 C43945 C487385 C48738 C49726
plant community Okinawa
Soilin Komi, Iriomote Is.,
NBRC 30/07 . I o . 19/06/ Taketomi-cho,
32 Ir41GeDr3 110441 - 12013 IR0O5 Lipomyces komiensis saklslmasuoun.okl 2013 Yaeyama-gun, 24.3129 123.9048 13.1 LC276954 LC439452 - - -
plant community N
Okinawa
Haiminaka, Iriomote
NBRC CBS 30/07 . . " 17/06/ Is., Taketomi-cho, LC276947,
33 IrlGeDr3 1104347 157647 12013 IR06 Lipomyces nakamensis Forest soil 2013 Yaeyama-gun, 24.2972 123.8725 35.2 LC487374 LC439453 LC487373 LC487375 LC497268
Okinawa
Soilin Komi, Iriomote Is.,
NBRC CBS 30/07 . - . . . 19/06/ Taketomi-cho, LC276952,
34 Ir41AgDr2 1104397 157657 12013 IRO7 Lipomyces sakishimensis saklslmasuoun‘okl 2013 Yaeyama-gun, 24.3129 123.9048 13.1 LCa87383 LC439454 LC487382 LC487384 LC497269
plant community N
Okinawa
Soil in planted
forest composed
mainly of
- NBRC CBS 30/11 . . . Cryptomeria 10/10/ Chichibu forest, 35.9408 925. R R
35 CB02 1095827 129207 12012 Lipomyces chichibuensis japonica (Japanese 2012 Saitama prefecture N 138.819E 1 AB828721 AB828725 AB828723

cedar) with a few
trees of
Chamaecyparis
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obtuse (Japanese
cypress) and
Quercus
acutissima
(sawtooth oak)

Soil in planted

forest composed
mainly of
Cryptomeria
japonica (Japanese
cedar) with a few
NBRC 30/11 . P . 10/10/ Chichibu forest, 35.9408 925.
36 CBO1 109581 12012 Lipomyces chichibuensis trees of 2012 Saitama prefecture N 138.819 E 1 AB828720 AB828724 AB828722
Chamaecyparis
obtuse (Japanese
cypress) and
Quercus
acutissima
(sawtooth oak)
P Nakayama, Nago
NBRC CBS 1905/ . . . soil in pineapple 2009/ . .
- ) - - -
37 No.3-a(35) 1106207 147477 6120 OKI Lipomyces okinawensis fields 6120 city, Okinawa LC202622 LC202817 LC259095
prefecture
NBRC 1905/ soil in pineapple 1905/ Nakayama, Nago
38 No.3-b(35) 110710 6120 OKI Lipomyces okinawensis fields 6120 city, Okinawa - - - LC202623 LC202818 LC259096
prefecture
NBRC 1905/ soil in pineapple 1905/ Nakayama, Nago
39 No.3-¢(35) 110711 6120 OKI Lipomyces okinawensis fields 6120 city, Okinawa - - - LC202624 LC202819 LC259097
prefecture
soil under the Kamisekisuiji, Kofu
40 No.313" NBRC T ces T 1905/ YAM Lipomyces yamanashiensis softwood tree 1905/ City, Yamanashi - - - LC202625 LC202820 LC259098
110621 14748 6/17 . ) 6/17
Abies firma Prefecture
Berau District, East
JSAT12-2- NBRC InacC 25/11 5/6/20 ’ . -
41 Yo117 1102647 Y7207 12012 MRA Lipomyces maratuensis soil 12 Kallman.tan‘ N2°12'21 E118°3527 - LC061899 LC061907 -
Indonesia
Berau District, East
JSAT12-2- NBRC InaCC 25/11 . I " 5/6/20 . ! o o E118°35'33
42 Yo12T 1102657 Y7307 12012 TRO Lipomyces tropicalis soil 12 Kallman.lan, N2°12'8.3 1 - LC061900 LC061908 -
Indonesia
Berau District, East
JSAT12-2- NBRC InaCC 25/11 . . " 5/6/20 . ! oq o E118°35'33
43 Y003 110261 Y723 12012 TRO Lipomyces tropicalis soil 12 Kallman.lan, N2°12'8.3 1 - LC061896 LC061904 -
Indonesia
Berau District, East
JSAT12-2- NBRC InaCC 25/11 . . " 5/6/20 . ! oq o E118°35'33
44 Y004 110262 Y724 12012 TRO Lipomyces tropicalis soil 12 Kallman.[an, N2°12'8.3 1 - LC061897 LC061905 -
Indonesia
Berau District, East
JSAT12-2- NBRC InaCC 25/11 . . " 5/6/20 . oa o E118°35'33
45 Y005 110263 Y725 2012 TRO Lipomyces tropicalis soil 12 Kalimantan, N2°12'8.3 1 - LC061898 LC061906 -
Indonesia
Berau District, East
JSAT12-2- NBRC InaCC 25/11 . . " 5/6/20 . ! o4 o E118°35'33
46 Y013 110266 Y731 2012 TRO Lipomyces tropicalis soil 12 Kalimantan, N2°12'8.3 1 - LC061901 LC061909 -
Indonesia
near the Wain river,
JSAT12-2- NBRC InaCC 25/11 . . . " 716120 " ! . .
47 Y0207 110267 Y7217 12012 KAL Lipomyces kalimantanensis soil 1 Balikpapan, East S$1°8'44 E116°50'11 - LC061902 LC061910 -
Kalimantan
near the Wain river,
JSAT12-2- NBRC InaCC 25/11 ) . ) ) 7/6/20 . ' oo .
48 vo3s 110268 Y722 2012 KAL Lipomyces kalimantanensis soil 12 Balikpapan, East $1°8'44 E116°50'11 LC061903 LC061911

Kalimantan
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K5 AUETHERLI-FEOREHKE

Physiological properties of novel isolates.

Lipomyces sensu stricto Myxozyma cluster Babjevia

OKI TRO MRA YAM KAL CHO1 | CHO2 | CHO3 | CHO4 | CHO5 IRO1 IR02 IRO3 IR04 IRO5 IR06 IRO7 FRO1 | FRO2

scientific name Lipomyces |Lipomyces |Lipomyces |Lipomyces |Lipomyces |Lipomyces [Lipomyces |Lipomyces |Lipomyces |Lipomyces |Lipomyces |Lipomyces [Lipomyces |Lipomyces |Lipomyces |Lipomyces |Lipomyces |Lipomyces |Babjevia |Babjevia
chichibuen |okinawens |tropicalis maratuens Jyamanashi |kalimantan | melibiosira |kiyosumic |chibensis |kamogawe |amatsuen |taketomicu |yaeyamen [iriomotensi |haiminaka |komiensis |nakamensi |sakishimen |hyphofora [hyphasca
sis is is ensis ensis ffinosiphilu |us nsis sis s sis s nus s sis miniforma

s ns

Type strain CB08-2, 3-a(35), JSAT12-2- |JSAT12-2- |N0o313, JSAT12-2- |Ch7ADr4, |Ch20GDL |Ch12GDL [Ch20ADr2 |Ch20ADrl |IrlAgDrl- |IrlAgDr3, [Ir39AgDrl [Ir5AgDrl, (Ir41GeDrl |[IrlGeDr3, |Ir41AgDr2, |Frl6AgDIl |Fr2AgDr5,
NBRC NBRC Y012, Y011, NBRC Y029, NBRC 1, 1, ) s 2, NBRC -1, NBRC . NBRC NBRC 3S, NBRC
109582 110620 InaCC InaCC 110621 NBRC 111411 NBRC NBRC NBRC NBRC NBRC 110433 NBRC 110435 NBRC 110434 110439 NBRC 112965

Y730, Y720, 110267 111424 11141 111421 111420 112966 110436 110440 111233

NBRC NBRC
110265 110264

Fermentation

F1 Glucose - - - - - - - - - - - - - - - - - - - -

Assimilation

Carbon source

C1 Glucose + + + + + + + + + + + + + + + + + + + +
Cc2 Galactose - + - + + + + + + + + + + + + + + + + +
c3 L-Sorbose d + d,- d w d + + - d + - + + + + + + -
C4 Sucrose + + + + + w + - - - - - + + + - + + + w
C5 Maltose d, - + - + + + d, + - - - - _ + + + N + T + T
C6 Cellobiose - - w, + w w + + d + + - - + + + + + + - +
c7 Trehalose + + + + + + + - w + w w + + + + + + + +
C8 Lactose - - - - - + + d - - - - d d - + - + B +
Cc9 Melibiose - + - d, + - w + - - - - - - - - - - + _ _
C10 |Raffinose + + - w,+ - w, - + - - - - - w - - - - - - -
Cll |Melezitose d, + + Y d,+ + w - - - - - _ _ + + N d T + N
C12 |Inulin + + w, + d - w, - - - - - - w w w w w w d -
C13 |Soluble starch w + w, + w - + - - - - - w w w w - w w w -
C14 |D-Xylose - w w, + w + + + + + + + + + + + + + + + d
C15 |L-Arabinose - - - - + + + + + + + + + + + + + + + +
C16 |D-Arabinose - d,w - - d + w - + + + w + d d d, + + + w d

33



C17 |D-Ribose w, - = - w, - dw w - w, + w + + d d w - + w -
C18 |L-Rhamnose - - - - + + - w d + + - + d, + - - +

C19 |Ethanol - w Y w d, + w w + w d, - + + d d d d w w
C20 |Grycerol - - - - + + w + + + + + + + d d + +
C21 |Erythritol - - - - w, - w, - - - + - d w - + + + - -
C22 |Ribitol - - - - + d + + + - + + d + - + - d
C23 |Galactitol - + - + + - - - - - - - - - - w - w
C24 |D-Mannitol w + \Y d, + w, - d, - w + + - w d d d - + - d
C25 |D-Glucitol w, + + - + d,w d, - w + + - d + + + - + - +
C26 |a-Methyl-D-glucoside w + - + d, + + - - - - + + + - d + d -
C27 |Salicin - - w, + - d, + + d + + w + d, + + d + + + +
C28 |DL-Lactate - w - - w, + w w w - w w - - - - w -
C29 |Succinate d, + d Y w, d - w, + w w w w w w w - - - - -
C30 |Citrate w, - d v w, + d, + d,w - w, - - - + w + - - - d -
C31 |Inositol - - - - + + - + + + + + + - - + - -
C32 |Arbutin - - w, + - d, + + + w w d,w, + d + + d + + + +
C33 |D-Gluconate w - - - d,w + w - - w. - w - + - - w - w
C34 |D-Glucosamine - - - - - - - - - - - - - - - - - -
c35 N-Acetyl-D- ) ) ) . ) ) ) ) ) . ) ) ) . . ) . )

glucosamine
C36 |2-Keto-D-gluconate + d + + + + + + + + + + + + - B - w
C37 |5-Keto-D-gluconate + d + + + + w + + w + + + + - - + +
C38 |Hexadecane - - - - - - - - - - - - - - - - - -
C39 |Methanol - - - - - - - - - - - - - - - - -
C40 |Propane-1,2-diol - - w, + - d, w w + + + d,w, + + + + w - w w -
C41 |Butane-2,3-diol - d - - d,w + + d + + d,w w - d d - +
caz D-Glucono-1,5- w, - d W, + d w " 4 w + d dw + d + + + d + d
lactone

C43 | Xylitol d, w d w, +, - d, + + + + + + - + + + + d + + d
C44  |D-Glucuronate - - - - + + w + d - + d w d + + w
C45 |D-Galacturonate - - - - + + + + d w + + + + + + w w
C46 |Arabinitol (Arabitol) - - - - + + + + + - + + + d, w - + d d
Nitrogen source

N1 Ammonium sulfate + + + + + + + + + + + + + + + + + +
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N2

Potassium nitrate

N3 Sodium nitrite - - - - - - - - - - - - - - - - - - - -
N4 E[hylamine HCI + - + + + + + + + + + + + + + + + + + +
N5 L-Lysine HCI + + + + - + + + + + + + + + + + + + + +
N6 Cadaverine HCL + - + + - + + + + + + + + + + + + + +
N7 Imidazole + + + + + + + + + + + + + + + + + + + +
Other characteristics
w/o vitamins + + + + + + n n n n n n n n n n n n n n
10% NaCl and 5%
glucose - - - - - - n n n n n n n n n n n n n n
0.01% cycloheximide + + + + + + + + + + + + + + + + + + + +
0.1% cycloheximide + + + + + + + + + + + + + + + + + + + +
Sediment - - - - n - w + w, + w w w - + + w - w - -
Starch formation (M1) + + + + + + n n n n n n n n n n n n n n
Urea hydrolysis (M3) - + w w - - n n n n n n n n n n n n n n
Temperature
4°C - - - - + w + + + + + + + + + w w - w w
10°C + - + + + + + + + ++ ++ ++ + + + + + +
15°C + w w + + + + + + + + ++ ++ ++ + + + + + +
25°C + + + + + + + + + + + + + + + + +
30°C + + + + + + + + + + + ++ ++ ++ + + + + - +
33°C - + - w w w + + + + + + + ++ + + + + - -
35°C - + - - - - w, + + w, + + w, - + + + + w, + + w - -
37°C - - - - - - - - - - - w w w w w w - - -
40°C - - - - n - - - - - - - - - - - - - - -
Ubiquinone uQ9 uQ9 uQ9 uQ9 uQs uQ9 uQs uQs uQs uQ9 uQ9 uQ8 uQs uQs uQs uQ9 uQ9 uQ9 uQ9 uQ9
GC contents 3 | B T ges | BT 9| ey | MM o | | s | BT | s sz | 0| s
46.6 46.8 48.2 46.1 51.9 48.1 51.7 46.1 48.1 39.1 43.9

+, grow well; d, delay; w, weak; -, no growth; n, not determined; v, variable.
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Lipomyces J&® Translational Elongation Factor 1a (TEF1) &z FiEEEFIZHL
=53 F iR

AW TR DN HH AL 5, TEFI Bn RS2 T Rt 217 -
T2 A, HEFEERE (¥4 ) ThD L. starkeyi & & 7. 7> Lipomyces
BREDOHTHR SN DR O 7 V—"" (LLF, ML T N—T RO T N — TR
T HEEREOFECKEZ [ Lipomyces sensu stricto] &9, ) IZFTET 5., ITfk7e 4 Fl
L. starkeyi, L. kockii, L. mesembrius, L. doorenjongii D#R\NvIHEE 72D, T
L. TEF1&=T (§ 1000 %) 04 FELEENSFETHW O S Mo DNA #Eis
FHIERIAN & D Ll < BEREO — RV IV BTV 5 26S rDNA D1/D2
T ALBL S (9 500 HE4E) (S & D0 R TIX 4 2 XKh] 425 Z LTS
728, Lipomyces BDRITEICFIHT 5 ENTEXLHH B THLIENZD (K
4) .
72, 2007 4F Kurtzman o O T/RrES LT 5 LSU rDNA, SSU rDNA, MtSm,
TEF1 @ 4 ->® DNA BixFH Y 2 W20 R o BHE & g4 % L FRED
e Les (A5 .

LEDZ Lot —5piIsh & 72 0 BEGBRIE T2 O T 2 B4 2N FET 5 b
DD, TEFI1 En-HEIERLS %2 H\V = Lipomyces J& D75 BT IE. 1 D DOBIE T
DY IR 2 T+ 5 Z & TROSFETF I RALEM T DN @B E T o bz, il
RIEEFEENZ D, FFIZ. Lipomyces J& DHFFEGEH NG ONT-HED AT J—=2
TR E LCRIT 22 & T BICHFECTH L0 0O Wi 2175 2 LN TE 5,
HFETH D Z &N TEFLE LA THLMI R > T255813. FotoE a2 -4
T RAFIRTC I PRV AE BRI O T 24T © %, EITFEMZR T O & F 2 b S
HZENAREE D,

2 — 2 — 4. Lipomyces BEERDEERSE

2—2—4—1. HERPE Lipomyces chichibuensis sp. nov.

B ERBA T OB EURFREREE RIS T, Lipomyces JBFEFED 73 BEZ1T > 12,
V7Y 7 AAF 0 20138/7/9
Yo7V T GACET LM E R 6 (IR,

R 6. RRAZBRREEHOIESE. RERURKE

GPS TEME |(SE | FRE (FTFH | FRE | BKE
(m) KR SR KR (mm)
(°C) (°C) (°C)
35.908,138.817 - | Immature | 668.1— | 38.5 13.8 -7.6 1370.5
35.942, 138.987 soil 1023
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FRREEARD 22 A O EEY TV T L, TR EEN S SEEEITo T D
A, L. starkeyi & [FIFEE D@L T, ¥ifD Lipomyces J&IRE (Lipomyces sp.
nov.) NGHiv7z,

SRR 3
Lipomyces sp. nov. 48 (0.36)
Lipomyces starkeyi 93 (0.91)
Total strain number 141

RO, HEEIS

Bl Lipomyces BEEFHZDOWT, 3 F R 21T o728 2 A, RFEIZIHBNT L.
starkeyi DUTF% 4 FEIZ BRI R 72BN 7 L— RE2 R LT (R 4)

NJ/ ML/ MP
EF-1a 48/69/- L. mesembrius NBRC 107654 (= CBS 76617)
39/39/- L. kockii NBRC 107656 (= CBS 77297)
75/74/69 L. doorenjongii NBRC 107655 (= CBS 75427)
100/97/98 L. starkeyi NBRC 103817
L. chichibuensis CB08-2
s1/e0(52] 1. chichibuensis CB08-1
L. tetrasporus NBRC 103917
86/88/92 99/97/97 L. orientalis NBRC 107659 (= CBS 10300")

_99@&: L. yamadae NBRC 107657 (= CBS 75327)
L. yarrowii NBRC 107658 (= CBS 75577)
L. spencermartinsiae NBRC 107660 (= CBS 5608T)

93/88/77
73/75/58 L. kononenkoae NBRC 107661 (= CBS 25147)
L. japonicus NBRC 107677

L. lipofer NBRC 12887

0.01
B 4. TEFL EEFIEREHNZAL V- Lipomyces BERO R#iH CEBEEEERA—X)
NJ analysis showing the extent of divergence in EF-1a (= TEF1) sequences among the
two novel isolates and strains of 12 closely related species. NJ, ML and MP bootstrap
probabilities are shown on each branch in the order NJ/ML/MP; values indicating
branches that were not found in the ML and/or MP tree are shown as ‘-’
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NJ/ ML/ MP

70/76/68 | L. mesembrius NBRC 107654 (= CBS 7661T)
LSU rDNA 24/-/ L. doorenjongii NBRC 107655 (= CBS 75427)
rkeyi NBRC 103817
L. kockii NBRC 107656 (= CBS 77297 )
96/97/96 —— L. yamadae NBRC 107657 (= CBS 75327)
L |. yarrowii NBRC 107658 {= CBS 7557")
66/-/32 136/39/39 1. kononenkoae NBRC 107661 (= CBS 2514T7)
47/43/47 L. spencermartinsiae NBRC 107660 (= CBS 56087)
L. tetrasporus NBRC 103917
42/31/31 L. orientalis NBRC 107659 (= CBS 10300T)
| L. chichibuensis CB08-1
' L. chichibuensis CBO8-2

56/50/56

L. japonicus NBRC 107677
L. lipafer NBRC 12887

0.005

76/77/77 L. doorenjongii NBRC 107655 (= CBS 75427)
ITS 48/55/56 L. mesembrius NBRC 107654 (= CBS 76617)

L. starkeyi NBRC 103817

| L. chichibuensis CB08-1

' L. chichibuensis CB08-2

L. kockii NBRC 107656 (= CBS 77297 )

T
59/91/94 99[ L. tetrasporus NBRC 10391

L. orientalis NBRC 107659 (= CBS 103007)

L. kononenkoae NBRC 107661 (= CBS 25147)
57778 L. yamadae NBRC 107657 (= CBS 7532)
90/-/38 L. spencermartinsiae NBRC 107660 (= CBS 5608")
62/-/65 L. yarrowii NBRC 107658 (= CBS 75577)

L. japonicus NBRC 107677
L. lipofer NBRC 12887

0.02

B 5. LSU rDNA R U ITS fEisiiE RA S| Z AL V- Lipomyces BERO REH GEBEES
ER—X)

Neighbor-joining analysis showing the extent of divergence among the two isolates and
the 12 closely related species according to the LSU rDNA and ITS sequences.

Values of neighbor-joining bootstrap probabilities (NJ), maximum-likelihood bootstrap
probabilities (ML), and maximum parsimony bootstrap probabilities (MP) are shown on
each branch as “NJ/ML/MP.” The values indicating the branch, which is not found in
the ML and/or MP tree, are shown as “-”.

5 LT Lipomyces BE#E: CB08-1 £ K& TUF CB08-2 #RIZ-DW T, YM it CThz
‘I DHE, ML, BERZIIER Lo (B6) . IROMININZbE% 5y
WL, ar=—jFsaA NROFREL D, V8D o — AFEREMIC T 25°C TS
oL, 2EMBRECTCRROFEOTIC 2030 BAREDOFE M 2K LI, 15
Jaix, BRI, A X0 1 nm BRE, A, £7-. SME ZE XL (5% Malt extract,
1.5% Agar) & /=55 1 ERBRRE C, Mlamic, Bl Z2 L7z, 7/ - DNA
?D GC &', 45.3—46.6, X/ DA VLA FAHOL= > F&IZ 9,

LEoiE, HWE»O b, Lipomyces & DMRI) I E 26T 5 Z E PRI
7o
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6. Fig. 2 Lipomyces chichibuensis.

(a) Vegetative cells grown on YMA for 3 days at 25 °C. (c, d) Ascus produced on V8
agar after 40 days at 25 °C. (b, e) Lipid- accumulating cells stained by Nile Red after
growth on 5% malt extract agar for 1 week at 25 °C. Bars, 10 ym.

i Lipomyces J&E%E: CB08-1 £ K& OF CB0O8-2 D /BRI 2179 &, Tk &
0% A FE (L. starkeyi, L. kockii, L. mesembrius, L. doorenjongii) L 1%. Galactose,
Maltose, Melibiose, Ethanol O& LHEN WV Ly 95 L . D-Gluconate D& LM 55
GHEThHH VW) RTERRSL (FR4.5) .

B MR 72 Lipomyces J& CTo 0 | ITHEFE & 1350 1 RAMHNT CHRFE & 1 X R 5 H
MOV L— RERRTHZ &, OIS TR 5 EERERT Z b,
Lipomyces JEDFFETHD Z ENHLNE R oT-720, SLHER XLDOREEIT- -
(Yamazaki & Kawasaki, 2014),

BRI PE Lipomyces chichibuensis sp. nov.

Lipomyces chichibuensis A. Yamazaki & H. Kawasaki 2014
MycoBank no. MB808164

Type: CB08-2T (= NBRC 109582T = CBS 12929,

Isolated from the soil of Chichibu forest, Saitama prefecture in Japan.
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Lipomyces chichibuensis O ii# LI FReDi@ v,

Description of Lipomyces chichibuensis Yamazaki & Kawasaki sp. nov.
(chi.chi.bu.en'sis. N.L. masc. adj. chichibuensis, from the site, referring to the fact
that the species was first isolated from soil in Chichibu forest, Saitama prefecture,
Japan).

After 3days culture on YMA at 25 °C, cells appeared ovoidal, ellipsoidal, 4.5—
8.5%5.0—9.8 pm, and occur singly, in pairs or in short chains (Fig. 2). Budding is
multilateral. The streak culture on YMA is mucoid, partly hyaline, partly
creamish-opaque, smooth and glistening, with an entire margin. In Dalmau plate
cultures on cornmeal agar after 10days at 25 °C, neither hyphae nor
pseudohyphae are formed. In YM broth after 1 month at 25 °C, sediment is not
present. As a rule, asci are attached, saccate to irregularly tubular or contorted,
with slowly deliquescent walls. Ascospores are produced on V8 agar after 2 weeks
at 25 °C and are globose, pigmented amber, smooth, 1.8-2.9 pm, 4-35 per ascus
(Fig.2).

Does not ferment D-glucose. Assimilates D-glucose, L-sorbose (delayed), sucrose,
maltose (delayed or not at all), a,a-trehalose, methyl a-D-glucoside (weakly),
raffinose, melezitose (may be delayed), inulin, starch (weakly), D-ribose (weakly or
not at all), xylitol (delayed or weakly), D-glucitol (may be weakly), D-mannitol
(weakly), D-glucono-1,5-lactone (weakly or not at all), 2-keto-D-gluconate, 5-keto-D-
gluconate, D-gluconate (weakly), succinate (may be weakly) and citrate (weakly or
not at all). Does not assimilate D-galactose, D-xylose, L-arabinose, D-arabinose, L-
rhamnose, cellobiose, salicin, arbutin, melibiose, lactose, erythritol, ribitol,
galactitol, D-glucosamine, glycerol, myo-inositol, D-galacturonate, DL-lactate,
ethanol, methanol, propane-1,2-diol, butane-2,3-diol, D-glucosamine, N-acetyl-D-
glucosamine, hexadecane, D-glucuronate, or arabinitol. Assimilates ammonium
sulfate, ethylamine hydrochloride, L-lysine, cadaverine dihydrochloride, and
imidazole. Does not assimilate potassium nitrate and sodium nitrite. Produces
starch-like substances. Urease reaction is negative. Does not grow in YNB medium
(Difco) containing 10% NaCl and 5% glucose. Grows in vitamin-free medium. Does
not grow at 35 °C, but grows at 30 °C. Growth in medium containing 0.1 %
cycloheximide is positive. G + C content of nuclear DNA is 45.3—46.6%. The major
ubiquinone is Q-9. The type strain, CB08-2T (= NBRC 109582T = CBS 12929,
MycoBank no. MB808164) as well as strain CB08-1 (=NBRC 109581) were isolated
from the soil of Chichibu forest, Saitama prefecture in Japan, on 30 November
2012. Type strain has been deposited in NITE Biological Resource Center (NBRC),
Chiba prefecture, Japan as NBRC 109582 and Centraalbureau voor
Schimmelcultures (CBS), Utrecht, Netherlands as CBS 12929.

2—2—4—2. MEREOILFIRE Lipomyces BHE & 1 &
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Lipomyces | R Dy O IL, ALK FIZ TREO LEIZ L TfThil Tk
D, FROMRNE, FfEL B GNP GONTToD, HEEKO ST &21T -
7

TEFI #{sf. LSUrDNA D1/D2 J O ITS et Al L 55+ Rt 217 -
7ok 2 A, No.3-a@s)kx &t 3#RIZ O\ TIE, Lipomyces sensu stricto |28 5 &
AU, L. spencermartinsiae \ZiT#x 72 ML 7 7 A X —E R LT, (®7,8,9) Fiz,
No.313 fRIZ DWW Tk, Myxozyma 7 7 A% —\IALiE L. Myxozyma geophila |\ZiT#%
TRALEIZMSE O node RN T D Z E DAL MNE 72572,

50 Lipomyces starkeyi NBRC 10381 (AB747675)
93 Lipomyces kockii NBRC 107656T(AB747666)

Lipomyces doorenjongii NBRC 1076557 (AB747664)

Lipomyces mesembrius NBRC 107654 (AB747670)
Lipomyces chichibuensis 1095827 (AB828725)
Lipomyces orientalis NBRC 1076597 (AB747671)
E:Lipomyces tetrasporus NBRC 103917 (AB747674)
Lipomyces yarrowii NBRC 1076587 (AB747677)
Lipomyces yamadae NBRC 1076577 (AB747676)
Lipomyces kononenkoae NBRC 1076617 (AB747667)
Lipomyces spencermartinsiae NBRC 10376" (AB747673)
Lipomyces okinawensis NBRC 1106207 (= No.3-a(35)7 = CBS 14747T)(LC202817)
Lipomyces okinawensis NBRC 110710 (= No.3-b(35))(LC202818)
Lipomyces okinawensis NBRC 110711 (= No.3-c(35))(LC202819)

Lipomyces lipofer NBRC 1288T (AB747669)
Lipomyces smithiae CBS 74077 (DQ496119)
Dipodascopsis tothii CBS 759.85" (DQ496121)
—I— Myxozyma monticola CBS 78067 (DQ496144)
Myxozyma kluyveri CBS 73327 (DQ496124)
Myxozyma udenii CBS 74397 (DQ496125)
Myxozyma sirexii NRRL Y-27626” (DQ496141)
Lipomyces suomiensis CBS 72517 (DQ496120)
Myxozyma geophila CBS 72197 (DQ496142)
Lipomyces yamanashiensis NBRC 1106217 (= No.3137= CBS 14748T)(LC202820)
Myxozyma mucilagina CBS 70717 (DQ496139)
Myxozyma neglecta CBS 70587 (DQ496140)
Myxozyma neotropica NRRL Y-17859” (DQ496137)
Myxozyma vanderwaltii CBS 77937 (DQ496138)
Lipomyces arxii CBS 73337 (DQ496117)
90 L lipomyces japonicus NBRC 107677 (AB747665)
Myxozyma lipomycoides CBS 70387 (DQ496145)
86 Dipodascopsis anomala CBS 67407 (DQ496147)
| Dipodascopsis uninucleata var. uninucleata NRRL ¥-175837 (DQ496122)
ID."padascapsfs uninucleata var. wickerhamii CBS 741.747 (DQ496123)
Saccharomyces cerevisiae NRRL Y-12632T (AF402004)

Schizesaccharomyces pombe NRRL Y-12796" (AF402093)

100

65

99

50

57 58

0.05 K,

H7. TEFLEEFEEE S| Z AL Vi=LipomycetaceacR BRI O RifH CEBE S %)

NJ analysis showing the extent of divergence in the EF-1a (= TEF1) gene sequences
among the four isolates and 30 yeast strains belonging to the family Lipomycetaceae.
NJ bootstrap probabilities are shown on each branch, and bootstrap values of 50% and

above are shown. Bar, 0.05 Knuc distance.
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Lipomyces starkeyi NBRC 103817 (AB747660)
Lipomyces kockii NBRC 1076567 (AB747652)
+ Lipomyces mesembrius NBRC 1076547 (AB747656)
Lipomyces doorenjongii NBRC 107655" (AB747650)
—— Lipomyces chichibuensis NBRC 1095827 (AB828721)
;_{Lipomyces yarrowii NBRC 1076587 (AB747663)
Lipomyces yamadae NBRC 1076577 (AB747662)
[— Lipomyces spencermartinsiae NBRC 10376" (AB747659)
Lipomyces kononenkoae NBRC 107661T (AB747653)
Lipomyces okinawensis NBRC 1106207 (= No.3-a(35)"= CBS 147477)(LC202622)
Lipomyces okinawensis NBRC 110710 (= No.3-b(35))(LC202623)
Lipomyces okinawensis NBRC 110711 (= No.3-c(35))(LC202624)
- Lipomyces tetrasporus NBRC 10391 (AB747661)
'— Lipomyces orientalis NBRC 1076597 (AB747657)
Lipomyces arxii NRRL Y-179217 (DQ518997)
Lipomyces lipofer NBRC 1288" (AB747655)
Dipodascopsis anomala NRRL Y-79317 (DQ518970)
99 Dipodascopsis tothii NRRL Y-12690T (DQ518971)
Lipomyces japenicus NBRC 10767 (AB747651)
Dipodascopsis uninucleata var. uninucleata NRRL Y-17583T (DQ518972)
Dipodascopsis uninucleata var. wickerhamii NRRL Y-21817 (DQ518973)
4|:Myxozyma kluyveri NRRL Y-172777 (DQ518986)
97 Myxozyma udenii NRRL Y-173877 (DQ518995)
Myxozyma lipomycoides NRRL Y-17253T (DQ518987)
Myxozyma nipponensis NRRL Y-17859" (DQ518993)
Lipomyces smithiae NRRL ¥-17922T (DQ518999)
Myxozyma monticola NRRL Y-17726" (DQ518989)
Lipomyces oligophaga NRRL Y-17247T (DQ518998)
98 - Myxozyma mucilagina NRRL Y-118237 (DQ518990)
Myxozyma neglecta NRRL ¥-27508* (DQ518991)
Myxozyma neotropica NRRL Y-178594 (DQ518992)
2— Myxozyma vanderwaltii NRRL Y-177277 (DQ518996)
Myxozyma melibiosi NRRL ¥-117817 (DQ518988)

29

81— Myxozyma geophila NRRL Y-17252T (DQ518985)
Lipomyces yamanashiensis NBRC 1106217 (= No.313" = CBS 147487)(LC202625)
83 Myxozyma sirexii NRRL Y-27626* (DQ518994)
88 ! Lipomyces suomiensis NRRL Y-173567 (DQ519000)
Saccharomyces cerevisiae NRRL Y-126327 (AY048154)
Schizosaccharomyces pombe NRRL Y-127967 (DQ442711)

—
0.02K,,.

E8. LSU rDNAE & 5% AL i-Lipomycetaceae T BB O Rt GEBAE &%)
Neighbor-joining analysis showing the extent of divergence in the LSU rDNA D1/D2
domain of sequences among the four isolates and 33 yeast strains belonging to the
family Lipomycetaceae, and two yeast strains of Saccharomyces cerevisiae and
Schizosaccharomyces pombe as out group. Neighbor-joining bootstrap probabilities
are shown on each branch, and bootstrap values higher than 50% are shown.
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63 L | ipomyces mesembrius NBRC 107654 (AB747656)

61 Lipomyces starkeyi NBRC 10381" (AB747660)
50{

Lipomyces doorenjongii NBRC 107655 (AB747650)
— Lipomyces chichibuensis NBRC 1095827 (AB828723)
— Lipomyces kockii NBRC 107656" (AB747652)
51|70 Lipomyces spencermartinsiae NBRC 10376 (AB747659)
Lipomyces yamadae NBRC 107657 (AB747662)
Lipomyces yarrowii NBRC 107658 (AB747663)
Lipomyces okinawensis NBRC 1106207 (= No.3-a(35)" = CBS 147477)(LC259095)
Lipomyces okinawensis NBRC 110710 (= No.3-b(35))(LC259096)
Lipomyces okinawensis NBRC 110711 (= No.3-c(35))(LC259097)
Lipomyces kononenkoae NBRC 107661 (AB747653)

75

_‘iipomyces tetrasporus NBRC 103917 (AB747661)
99 = Lipomyces orientalis NBRC 107659T (AB747657)
Lipomyces japonicus NBRC 107677 (AB747651)
Lipomyces lipofer NBRC 12887 (AB747655)

Myxozyma udenii CBS 74397 (KY104306)
57 Myxozyma kluyveri CBS 73327 (KY104299 )

Myxozyma monticola CBS 78067 (KY104303 )
Myxozyma neotropica CBS 75297 (KY104305 )
Myxozyma cf. melibiosi UNO(PS)91-124.5 (AF530607)

97

61

57

98

99 _T.Lipomyces yamanashiensis NBRC 1106217 (= No.3137= CBS 147487)(LC259098)
89 — Myxozyma geophila CBS 72197 (KY104298)

Myxozyma lipomycoides CBS 70387 (KY104300)
87 Dipodascopsis anomalus CBS 67407 (KY103362)
Saccharomyces cerevisiae NRRL Y-12632T (AY046146 )

0.05 K

nuc

9. ITS fERIERAFI%F AL V- Lipomycetaceae BEER D R GEBE S %)
Neighbor-joining analysis showing the extent of divergence in the internal transcribed
spacer regions including 5.8S ribosomal DNA gene sequences (ITS) among the four
isolates and 21 yeast strains belonging to the family Lipomycetaceae, and yeast strains
of Saccharomyces cerevisiae as out group. Neighbor-joining bootstrap probabilities are
shown on each branch, and bootstrap values higher than 50% are shown.

J UL E O TR ARE T d D No.3-a@B)E & e 3 BRIC DWW TR, MR, (A
AP L, Aot Rikam=—%Fk, 72, 5SME BHCHEHE T &, MM
WEER Lz, (K 10)

V8P 2 — AIFMI TR E T 5 &, 2 AR T, RRoFFEOFIT, 10—20
BEOHNEOOEE 1 pm BEOREO T-HH 72K Lz, £ 0720 Z OkkIZhL
W78 Lipomyces B DIEE 2 A3 5 Z L DMl ST,

—J7. B PE D FTEGEAIE TH D No.313 12O\ TiE, LM, iRk
X, bhaAf Rikoan=—FRExmrL7%z, LiL, 5MEHHhTH® L THHliOR
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FIFHES . F72, VBl R Y = — R TR L CTH ., FFE T ORMKITERD bivem
ST, INHDOEIL, Myxozyma ODHMTITEE TH 5,

No.3-a(35)k % & e 3 #kiX. ¥r#%72 L. kononenkoae L 1%, D-arabinose.
Galactitol(Dulcitol). Butane-2,3-diol & kP2 H 35 Z & &, Ethylamine HCL,
Cadaverine D& LIEREN TV & ) JLUCRRHKIR, ERIROELIEREN B2 5 Z & D3k
BENTZ, O, #sl, IWEIZ., Lipomyces BOFFETHDH Z ENHALNE
o7 (FR4.5) ,

No0.313 IZ2W\W T X, Maltose, Cellobiose, Trehalose., Melezitose, D,L-lactate @
Bkt A9 5 . Arbutin, D-Glucuronate, D-galacturonate, L- Lysine,
Cadaverine D&E{LMHREZ A S 72V E WD T, IR TH D M. geophila & 57275 |
Myxozyma 7 7 A5 —IZ@THHETHLZ N, kot

44



Bg10. Lipomyces okinawensis (a—e) Lipomyces yamanashiensis (f).

(a) Budding cells of strain No.3-a(35)" grown on YM agar for 3 days at 25 C. Bar, 5
pum. (b, c) Ascus and ascospores produced on V8 agar after 40 days at 25 _C. Each
micrograph shows strains No.3-a(35)", No.3-b(35) and No.3-c(35), respectively. Bars, 5
pum. (d, e) Lipid-accumulating cells stained with Nile Red after growth on 5% malt
extract agar for 1 week at 25 _C. Bars, 5 pm. (f) Budding cells of strain No.313T grown
on YM agar for 3 days at 25 _C. Bar, 5 ym.
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LB iR O it A2 M 2. 2017 4RI2 a0 Lipomyces & 2 BifE o L #iim
WA FF L= (Yamazaki et al., 2017 b),

8 IREE Lipomyces okinawensis sp. nov.

Lipomyrces okinawensis A. Yamazaki, Yanagiba & Naganuma 2017

MB 819982

Type : No.3-a(35)" (= NBRC 1106207 = CBS 147477)

Isolated from the soil in pineapple fields in Nakayama, Nago city, Okinawa
prefecture, Japan

Lipomyces okinawensis DFC# SCIL FReD@ v

Description of Lipomyces okinawensis Yamazaki, Yanagiba & Naganuma sp. nov.
(0.ki.na.wen'sis. N.L. masc. adj. okinawensis, referring to the site the species was
first isolated from in Okinawa prefecture, Japan).

After a 3-day culture on YMA at 25 °C, cells appeared ovoidal and ellipsoidal, 4.9—
7.1 X 6.5—8.8 pm, and occurred singly, in pairs, or in short chains (Fig. 2); budding
was multilateral. The results of the streak culture on YMA was mucoid, partly
hyaline, partly creamish-opaque, smooth and glistening, with an entire margin. In
Dalmau plate cultures on cornmeal agar after 10days at 25 °C, neither hyphae nor
pseudohyphae were formed. In YM broth after culture for a month at 25 °C,
sediment was not present. As a rule, asci were attached, saccate to irregularly
tubular or contorted, with slowly deliquescent walls. Ascospores were globose,
pigmented amber, smooth, 2.0-2.8 pm, 4-27 per ascus (Fig. 2b, ¢, d). This strain did
not ferment D-glucose. It assimilated D-glucose, D-galactose, L-sorbose, sucrose,
maltose, a,a-trehalose, melibiose, raffinose, melezitose, inulin, starch, D-xylose
(weak), D-arabinose (delayed or weakly), ethanol (weakly), galactitol, D-mannitol, D-
glucitol, methyl a-D-glucoside, DL-lactate (weakly), succinate (delayed), citrate
(delayed), 2-keto-D-gluconate (delayed), 5-keto-D-gluconate (delayed), butane-2,3-
diol (delayed), D-glucono-1,5-lactone (delayed), and xylitol (delayed). It did not
assimilate cellobiose, lactose, Li-arabinose, D-ribose, L-rhamnose, glycerol,
erythritol, ribitol, salicin, myo-inositol, arbutin, D-gluconate, D-glucosamine, N-
acetyl-D-glucosamine, hexadecane, methanol, propane-1,2-diol, D-glucuronate, D-
galacturonate, and arabinitol. It assimilated ammonium sulfate, L-lysine, and
imidazole. It did not assimilate potassium nitrate, sodium nitrite, ethylamine
hydrochloride, or cadaverine dihydrochloride. It produced starch-like substances.
The urease reaction was positive. It did not grow in YNB medium (Difco)
containing 10% NaCl and 5% glucose but grew in vitamin-free medium. It did not
grow at 35 °C, but grew at 30 °C (weakly or variable). Growth in medium
containing 0.1% cycloheximide was positive. The GC content of nuclear DNA was
47.1%. The major ubiquinone was Q-9. The type strain, No.3-a(35)T (= NBRC
110620T = CBS 14747"), was isolated from the soil in pineapple fields in
Nakayama, Nago city, Okinawa prefecture, Japan, in 1998. Holotype is strain
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NBRC 110620 which has been deposited in NITE Biological Resource Center
(NBRC), Chiba prefecture, Japan and was metabolically inactivated and stocked by
liquid-drying method. Ex-type strains are also deposited to Centraalbureau voor
Schimmelcultures (CBS), Utrecht, Netherlands as CBS 14747". In addition, the
strain No.3-b(35) and No.3-c(35) were deposited as NBRC 110710 and NBRC
110711, respectively.

ILFLELPE Lipomyces yamanashiensis sp. nov.

Lipomyces yamanashiensis fa. A. Yamazaki, Yanagiba & Naganuma 2017
MB 819983

Type: No.313T (= NBRC 1106217 = CBS 147487")

Isolated from the soil under the softwood tree of Abies firma, in Kamisekisuiji,
Kofu City, Yamanashi Prefecture, Japan.

Lipomyces yamanashiensis Die&8XILLL T D&Y,

Description of Lipomyces yamanashiensis Yamazaki, Yanagiba & Naganuma f.a.,
Sp. nov.

(ya.ma.na.shi.en'sis. N.L. masc. adj. yamanashiensis, referring to the site that the
species was first isolated from in Yamanashi prefecture, Japan).
After a 3-day culture on YMA at 25 °C, cells appeared spherical, and rarely ovoidal
and ellipsoidal, 2.8-5.5 x 3.1-5.6 pm, and occurred singly and in pairs (Fig. 3g).
Budding was multilateral. The streak culture on YMA was mucoid, partly hyaline,
partly creamish-opaque, smooth and glistening, with an entire margin. In Dalmau
plate cultures on cornmeal agar after 10days at 25 °C, neither hyphae nor
pseudohyphae were formed. In YM broth after culture for 1 month at 25 °C,
sediment was not present.
The strain did not ferment D-glucose. It assimilated D-glucose, D-galactose, L-
sorbose (weakly), sucrose, maltose, cellobiose (weakly), a,a-trehalose, melezitose, D-
xylose, L-arabinose, D-arabinose (delayed), D-ribose (delayed), L-rhamnose
(delayed), ethanol, glycerol, ribitol (delayed), DL-lactate (delayed), myo-inositol, 2-
keto-D-gluconate, 5-keto-D-gluconate, propane-1,2-diol, butane-2,3-diol (delayed), D-
glucono-1,5-1actone, xylitol, and arabinitol. It did not assimilate lactose, melibiose,
raffinose, inulin, starch, erythritol, galactitol, D-mannitol, D-glucitol, methyl a-D-
glucoside, salicin, succinate, citrate, arbutin, D-gluconate, D-glucosamine, N-acetyl-
D-glucosamine, hexadecane, methanol, D-glucuronate, and D-galacturonate. It
assimilated ammonium sulfate, ethylamine hydrochloride, and imidazole. It did not
assimilate potassium nitrate, sodium nitrite, L-lysine, and cadaverine
dihydrochloride. It produced starch-like substances. The urease reaction was
negative. It did not grow in YNB medium (Difco) containing 10% NaCl and 5%
glucose. It grew in vitamin-free medium. It did not grow at 35°C, but grew at 30

°C. Growth in medium containing 0.1% cycloheximide was positive. GC content of
nuclear DNA was 46.3%. The major ubiquinone was Q-8.
The type strain No.313T (= NBRC 110621T = CBS 14748") was isolated from the
soil under the softwood tree of Abies firma, in Kamisekisuiji, Kofu City, Yamanashi
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Prefecture, Japan in 1995. Holotype is strain NBRC 110621 which has been
deposited in NITE Biological Resource Center (NBRC), Chiba prefecture, Japan
and was metabolically inactivated and stocked by liquid-drying method. Ex- type
strains are also deposited to Centraalbureau voor Schimmelcultures (CBS),
Utrecht, Netherlands as CBS 14748T,

8. Myxozyma 7 7 A% —\ZJ&T % L. yamanashiensis X, [EIFS#aFE - FXE - il
WA B OUIE (A VALK XY, FEO —EmAErgELsn, (1
154 OFAI (201841 H 1 %% NEAIhTWbizo, HAEHICE - T
2 Y 15 5 IRELIEREE D 72 D D Lachance DFEZEIZ X U forma asexalis @ [fa.] %4
WZAFL LTS (LR, Myxozyma 7 7 A% —\Z@ T DI REEOMHE E35)

(Lachance, 2012) .
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2—2—4—3. TAREE Lipomyces J& 7 ¥ :

PRI TE R B2 T, 2013/06/17-2013/06/20 DOHARIC 11 46 V- 7 L 2 IUEE

L. Lipomyces @D HEEZIToT (RT) .

R7.AERERSTRELLETBEYUIVICETIIESE. BE. [E. BRKERR

+ &
L ER|ET B
Location LLa“de' +imsyg | Allitude | I%Eﬁ 1535. E. =
+«m +m
ongitude (m) ol ; % | o
% (O] (0| &
)
Weathering
24 261 alteration
3ch 468 |53 oA red yellow )
;;ﬁé 1222'385(3)? soil, Clay 2'517 46 | 333|238 | 11 | 1695
125 90é integrated '
' red yellow
soil

HONTEREX, 114K TH Y, BEAfEE U TIE, L. yarrowil D e b AL Thy
B S L TR Y . iV T L. doorenjongii S mBEIZ S LT, INA T, B
FEEE LIS DD, L. kononenkoae, L. spencermartinsiae, L. yamadae 73
DEESIL, B2 -3 -4 —5FETRRDLA > Ry 7 CTHEES W= REOME N &85
LHfEF Lol (R8) .

FFEEMRRICES U Clid, o 72T T3 & B0 . Myxozyma 7 7 A% —IZfTg@
9% Lipomyces sp. IRO1~IR07 @ 7T BEAITE & 1T R 5 7 L— REBET 5 8ifE
A & o7z (R11,12,13,14) ,
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5 8. hBEFERBE Lipomycetaceae BB BHE

F4 B (HIEEE)

Lipomyces doorenjongii 14 (0.11)
Lipomyces kononenkoae 4 (0.04)
Lipomyces spencermartinsiae 2 (0.02)
Lipomyces yamadae 1(0.02)
Lipomyces yarrowii 73 (0.37)
Myxozyma geophila 4 (0.04)
Lipomyces sp. IR01 7 (0.07)
Lipomyces sp. IR02 1(0.02)
Lipomyces sp. IR03 3 (0.02)
Lipomyces sp. IR04 1(0.02)
Lipomyces sp. IR05 2 (0.02)
Lipomyces sp. IR06 1(0.02)
Lipomyces sp. IR07 1(0.02)
SEEREK 114
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Lipomyces starkeyi NBRC 103817 (AB747675) =
Lipomyces kockii NBRC 107656 (AB747666)
Lipomyces doorenjongii NBRC 107655" (AB747664)
Lipomyces mesembrius CBS 7661"=NBRC 107654 (AB747670)
Lipomyces chichibuensis NBRC 1095827 (NG 055305)
Lipomyces tropicalis N?RC 110265“\.6061908} " ) .
Lipomyces orientalis CBS 10300'=NBRC 107659 (AB747671,
99 Lipomyces tetrasporus NBRC 10391' (AB747674 = L‘pomyces
Lipomyces yarrowii CBS 7557'=NBRC 107658' (AB747677
Lipomyces yamadae CBS 7532"=NBRC 1076577 (AB747676
Lipomyces kononenkoae CBS 2514'=NBRC 107661' (AB747667)
Lipomyces spencermartinsige NBRC 103767 (AB747673)
Lipomyces okinawensis NBRC 110620' (LC202817)

Lipomyces maratuensis NBRC 1102647 (LC061907) —

99, Lipomyces sp. IR05, NBRC 110441 (= Ir41GeDr3) (LC439452) IRO5
Lipomyces sp. IR05, NBRC 110440 (= Ir41GeDr1) (LC439451)

Myxozyma lipomycoides CBS 7038" (DQ496145)

Lipomyces kalimantanensis NBRC 1102677 (LC061910)

Lipomyces sp. IRO7, NBRC 110439 (= Ir41AgDr2) (LC439453) IRO7
Lipomyees sp. IR06, NBRC 110434 (= [r1GeDr3) (LC439453) IR06
Myxozyma_nipponensis NRRL Y-27625" (DQ496146)

Lipomyces sp. CHO4, NBRC 111421 (= Ch20ADr2) (LC439432 CHO4
Lipomyces sp. CHO4, NBRC 112967 (= Ch19GDr4) (LC439431
Lipomyces sp. CHO1, NBRC 111411 [: Ch7ADr4; tLC439424}

TEF1-a
ML tree &l

= Ch7ADr6) (LC439425
) = Ch20GDLS) (LCA39423) CHO1
Lipomyces sp. CHO1, NBRC 111427 (= Ch20GDL4) (LC439422
Lipomyces sp. CHO1, NBRC 111425 (= Ch20GDL2) (LC439422
Myxozyma udenii CBS 7439 (DQ496125)
Myxozyma kluyveri CBS 73327 (DQ496124)
Lipomyces sp. CHO5, NBRC 111420 (= Ch20ADr1) (LC439433)
Lipomyces sp. CHOS, NBRC 111422 (= Ch20ADr3) (LC439434)
Lipomyces sp. CHO5, NBRC 111423 (= Ch20ADr5-1) (LC439435)
Lipomyces sp. CHO5, NBRC 111426 }: ChZGGDLSNLCQBEMSE} CHO5
Lipomyces sp. CHOS5, NBRC 111430 (= Ch20GDr3) (LC439437,
Lipomyces sp, CHO5, NBRC 111429 (= Ch20GDr2 (LC439436)
Lipomyces sp. CHOS, NBRC 111432 (= Ch20GDr5) (LC439438)
Myxozyma munticofﬁ; CI}S 7806" (DQAEJ‘E(144 |
Lipomyces lipofer NBRC 1288' (AB747669
B ibodascomeis tothii CAS 759.85' (DOASE121) — Myxozyma
Lipomyces smithige CBS 7407' (DQ496119
45!'3|:Upomyces suomiensis CBS 7251' (DQ496120)
Lipomyces sp. CHO2, NBRC111424 (=Ch20GDL1) (LC439426) CHO2
Myxozyma sirexii NRRL Y-27626" (DQ496141
Lipomyces sp. IR01, NBRC 112966 (=Ir1Ar1-2) (LC439445) IRO1
Myxozyma geophila CBS 72197 (DQ496142)
Lipomyces yamanashiensis NBRC 1106217 (LC202820)
Lipomyces sp. IR02, NBRC 110433 (= Ir1AgDr3) (LC439446) IRO2
Lipomyces sp. IR03, NBRC 110436 (= r39AgDr1-1) (LC439447)
Lipomyces sp. IRO3, NBRC 110438 (= Ir39AgDr3) (LC439449 IR0O3
Lipomyces sp. IR03, NBRC 110437 (= Ir39AgDr2) (LC433448
Myxozyma melibiosi CBS 21027 (DQ496143)
Myxozyma neglecta CBS 7058' (DQ496140)
Myxozyma mucilagina CBS 7071" (DQ496139)
Lipomyces sp. IR04, NBRC 110435 (= Ir5AgDr1) (LC439450) IR04
Myxozyma neotropica NRRL Y-17859" (DQ496137)
Myxozyma vanderwaltii CBS 7793' (DQ496138)
Lipomyces sp. CHO3, NBRC 111413 (=Ch12ADL1) (LC439427)
Lipomyces sp. CHO3, NBRC 111414 (=Ch12ADL2-2) (LC439428) CHO3
Lipomyces sp. CHO3, NBRC 111419 =Ch19GDr3} ELC439430
Lipomyces sp. CHO3, NBRC 111418 (=Ch19ADr3] (LC439429
L Lipomyces japonicus NBRC 10767 (AB747665)
Lipomyces arxii CBS 73337 (DQ496117)
Lipomyces oligophaga CBS 7107' (DQ496118
Babjevia anomala CBS 67407 (DQ496147)
Babjevia sp. FRO2, NBRC 112965 (= Fr2AgDrs) (LC439444) FRO2

Babjevid sp, FRO1, NBRC 111230 (= Fr16AgDI1) {LC439440 -
1 FRO1 Dipodas-

72
97

2

Babjevia sp. FRO1, NBRC 111231 (= Fri6AgDI2) (LC439441

Babjevia sp. FROL, NBRC 111232 (= Fr16AgDI3M) (LC439:

Babjevia sp. FROL, NBRC 111233 (= Fr16AgDI3S) {LC439443) .

Dipedascopsis uninucleata var. uninucleata NRRL ¥-17583' (DQ496122) COpSIS
99 ' Dipodascopsis uninucleata var. wickerhamii CBS 741.74' (DQ496123

Saccharomyces cerevisiae NRRL Y-12632' (AF402004)

Schizosaccharamyces pambe NRRL Y-127967 (AF402093)

0.1

B 11. TEF1 BEFIEEEFI£ ALV Lipomycetaceae B ER O REEH (BAL )
Phylogenetic tree of Lipomycetaceae species

Maximum likelihood analysis showing the extent of divergence in TEF1-a sequences
among the 34 isolates and 35 yeast strains belonging to the family Lipomycetaceae
with type strains of Saccharomyces cerevisiae and Schizosaccharomyces pombe.
Bootstrap values higher than 50% are shown. Bar, number of substitutions per site.
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Lipomyces spencermartinsiae NBRC 10376’

Lipomyces kononenkoae CBS 2514" (= NBRC 107661)

Lipomyces maratuensis NBRC 1102647 (= JSAT12-2-Y011)
Lipomyces okinawensis NBRC 110620 (= No.3-a(35))

Lipomyces yamadae CBS 75327 (= NBRC 107657)
Lipomyces yarrowii CBS 7557' (= NBRC 107658)

Lipomyces tropicalis NBRC 110265" (= JSAT12-2-Y012) -
oy — Lipomyces

Lipomyces kockii CBS 7729' (= NBRC 107656)
Lipomyces doorenjongii CBS 75427 (= NBRC 107655)
Lipomyces mesembrius CBS 7661 (r= NBRC 107654)
Lipomyces tetrasporus NBRC 10391

Lipomyces orientalis CBS 10300 (= NBRC 107659)
Lipomyces arxii NRRL Y-179217 (DQ518997)

Lipomyces sp. CHO5, NBRC 111420 (= Ch20ADr1giLCZ79222
ipomyces sp. CHOS, NBRC 111422 h20ADr3){LC279223;
ipomyces sp. CHOS, NBRC 111423 (= Ch20ADr5-1) (LC27922
ipomyces sp. CHOS5, NBRC 111426 (= Ch20GDL3) (LC279228) CHO5
ipomyces sp. CHOS, NBRC 111429 (= Ch20GDr2) (LC279225
ipomyces sp. CHOS, NBRC 111430 (= Ch20GDr3) (LC279226
Lipomyces sp. CHOS, NBRC 111432 (= Ch20GDr5) (LC279227

LSU rDNA
D1/D2
NJ tree

I

o

Lipomyces sp. IR06, NBRC 110434 (= Ir1GeDr3) (LC276947)
Lipomcyes sp. CHO4, NBRC 111421 (= Ch20ADr2{ iLC279221 CH 04
Lipomcyes sp. CHO4, NBRC 112967 (= Ch19GDr4) (LC279220]
Myxozyma nipponensis NRRL Y-17859* (DQ518993)
R Lipomyces /ipofer/NBRC 12887 ) Y ) . .
Dipodascopsis uninucleata var. uninucleata NRRL Y-17583' (DQ518972
Dipodascopsis uninucleata var. wickerhamii NRRL Y-2181" (DQ518973) } DIPOdascopSls
Myxozyma kluyveri NRRL Y-17277" (rDQ518986)

Myxozyma udenii NRRL Y-17387" (DQ518995)
Lipomyces sp. CHO1, NBRC 111411 (= Ch7ADr4) (LC279211)
Lipomyces sp. CHO1, NBRC 111412 (= Ch7ADr6) (LC311766) CHO1
Lipomyces sp. CHO1, NBRC 111425 (= Ch20GDL2) (LC279212 )
Li
L

ipomyces sp. CHO1, NBRC 111427 (= Ch20GDL4) (LC279213)
ipomyces sp. CHO1, NBRC 111428 (= Ch20GDL5) (LC279214) -
Dipodascopsis tothii NRRL Y-12690' (DQ518971) Myxozyma
69 - Babjevia sp. FRO2, NBRC 112965 (= Fr2AgDr5) (LC279229) FRO2
B e 5. 101, NBRC 111230 (- FriGAgDI1-1) (LC279230)
abjevia sp. " = Fr: = H H
Babjevia sp. FROL, NBRC 111231 {: Fri6AgDI2) (LC279231) FRO1 DlpOd ascopsis
99| Babjevia sp. FRO1, NBRC 111232 (= Fr16AgDI3M) (LC279232)
Babjevia sp. FRO1, NBRC 111233 (= Fr16AgDI3S) (LC279233)
97 Myxozyma monticola NRRL Y-17726" (DQ518989
Lipomyces oligophaga NRRL Y-17247" (DQ518998)

Lipomyces sp. IRO1, NBRC 112966 (= IrlAgDrl-Zg (LC276945) IRO1
8593 Myxozyma geophila NRRL Y-17252" (DQ518985
Lipomyces yamanashiensis NBRC 1106217 (= No. 313)
Lipomyces sp. IR02, NBRC 110433 (= Ir1AgDr3) (LC276946) IR02
Myxozyma sirexii NRRL Y-27626" (DQ518994
Lipomyces sp. CH02, NBRC 111424 (= Ch20GDL1) (LC279215) CHO2
86 Lipomyces suomiensis NRRL Y-17356" (DQ519000)
Lipomyces sp. IRO3, NBRC 110436 3: Ir39AgDr1-1) (LC276949) IR03

97

93

Lipomyces sp. IRO3, NBRC 110437 (= Ir39AgDr2; LC276950)
Lipomyces sp. IRO3, NBRC 110438 (= Ir39AgDr3) (LC276951
99| 53— Lipomyces sp. IR04, NBRC 110435 (= Ir5AgDr1) (LC276948) IR04
531~ Myxozyma vanderwaltii NRRL Y-177277 (DQ518996)
Myxozyma neotropica NRRL Y-17859* (DQ518992)
98 Myxozyma mucilagina NRRL Y-11823" (DQ518990)
Myxozyma neglecta NRRL Y-27508" (DQ518991)

Myxozyma melibiosi NRRL Y-11781' (DQ518988)

Lipomyces sp. CHO3, NBRC 111413 (= Ch12ADL1) (LC279216)

ipomyces sp. CHO3, NBRC 111414 (= Ch12ADL2-2{ (LC279217) H

99| Lipomyces sp. CHO3, NBRC 111418 (= ChlSADrS; & C279218 c 03
Lipomyces sp. CHO3, NBRC 111419 (= Ch19GDr3) (L€279219,

lla smithiae NRRL Y-17850' (DQ438218) 265

Saccharomyces cerevisiae NRRL Y-126327 (AY048154)

Schizosaccharomyces pombe NRRL Y-12796" (DQ442711)

=

—_—
0.02

B 12. LSU rDNA 5 EE 5 Z R = Lipomycetaceae # BB D Rffifst (A %)
Phylogenetic tree of Lipomycetaceae species

Neighbor-joining analysis showing the extent of divergence in the LSU rDNA D1/D2
domain of sequences among the 34 isolates and 38 yeast strains belonging to the
family Lipomycetaceae, and three yeast strains of Sugiyamaella smithiae,
Saccharomyces cerevisiae and Schizosaccharomyces pombe as out group. Bootstrap
values higher than 50% are shown. Bar, number of substitutions per site.
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. 79 [ Lipomyces doorenjongii NBRC 1076557 (AB747650)
ITS region Lipomyces mesembrius NBRC 1076547 (AB747656)
ML tree Lipemyces starkeyi NBRC 103817 (AB747660)
Lipomyces kockii NBRC 1076567 (AB747652)
| Lipomyces chichibuensis NBRC 1095827 (AB828723)
ag {promyces tetrasporus NBRC 103917 (AB747661)
L Lipomyces orientalis NBRC 1076597 (AB747657)
L Lipomyces kononenkooe NBRC 1076617 (AB747653)
Lipomyces okinawensis NBRC 1106207 (LC259095)
Lipomyces spencermartinsiae NBRC 103767 (AB747659)
Lipomyces yaomadae NBRC 1076577 (AB747662)
Lipomyces yarrowii NBRC 1076587 (AB747663)
Lipomyces sp. CHO5, NBRC 111420 (LC497256)
o1 Lipomyces sp. CHO4, NBRC 112967 (LC497255)
Lipomyces lipofer NBRC 12887 (AB747655)
£E Lipomyces sp. CHO1, NBRC 111411 (LC497252)
98 L Myxozyma udenii CBS 74397 (KY104306)
Lipomyces japonicus NBRC 107677 (AB747651)
Myxozyma kluyveri CBS 73327 (KY104293)
56 rLipomyces sp. IRO6, NBRC 110434 [LC497268)
Lipomyces sp. IRO7, NBRC 110439 (LC497269)
58| -~ Lipomyces sp. IROS, NBRC 110440 (LC497267)
100L Myxozyma lipomycoides CBS 70387 (KY104300)
Dipodascopsis uninucleata var. uninucleata NBRC 108147 (LC497259)
— 4100' Dipodascopsis uninucleata var. wickerhamii NBRC 108157 (LC437260)
100 Lipomyces sp. IR04, NBRC 110435 (LC497266)
Myxozyma neotropica CBS 75297 (KY104305)
Lipomyces sp. IRD3, NBRC 110436 (LCA97265)
Lipomyces sp. CHO3, NBRC 111413 (LC497254)
Myxozyma cf. melibiosi UWO(PS)91-124.5 (AF530607)
Lipomyces sp. CHO2, NBERC 111424 [LC497253)
Lipomyces sp. IRO2, NBRC 110433 (LC497264)
Myxozyma geophila CBS 72197 (K¥104298)
72| Lipomyces sp. IR01, NBRC 112966 (LC497263)
Lipamyces yamanashiensis NBRC 1106217(LC259098)
Dipodascopsis totiif NBRC 10813 (LC437258)
Babjevia sp. FRO1, NBRC 111233 (LC497261)
100| |Babjevia sp. FRDZ, NBRC 112965 (LC497262)
1001 Babjevia anomala NBRC 104007 (LC497257)
Babjevia anomala CBS 7607 (KY103361)
65| Babjevia anomala CBS 67407 (KY103362)
Babjevia anomala CBS 7606 (KY103363)
Myxozyma monticola CBS 78067 (KY104303)
41[]D|Myxozyma sp. (uncultured) SMOTUS3 (LCO15727)
Saccharomyces cerevisige NRRL Y-126327 (AY046146)

&

(=5

—
02

13. ITS fEigE £ AR 5% AL = Lipomycetaceae RER D Rk (A E)
Phylogenetic tree of Lipomycetaceae species

Maximum likelihood analysis showing the extent of divergences in the sequences of
ITS region among the 14 isolates and 29 yeast strains belonging to the family
Lipomycetaceae with type strains of Saccharomyces cerevisiae. Bootstrap values
higher than 50% are shown. Bar, number of substitutions per site.
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SSU, LSU, MtSm, TEF1-a
ML tree

Lipomyces starkeyi NRRL Y-115577 (DQ519012, DQ518981, DQ496153, DQ496133)
Lipomyces mesembrius NRRL Y-27506" (DQ519010, DQ518979, DQ496148, DQ496131)
Lipomyces doorenjongi NRRL Y-27504T (DQ519005, DQ518974, DQ496149, DQ496126)
99| 98| Lipomyces kockii NRRL Y-27505T (DQ519007, DQ518976, DQ496152, DQ496128)
Lipomyces tetrasporus NRRL Y-115627 (DQ519013, DQ518982, DQ496155, DQ496134)
Lipomyces yamadae NRRL Y-275077 (DQ519014, DQ518983, DQ496150, DQ496135)
Lipomyces kononenkoae CBS 25147 (DQ519008, DQ518977, DQ496151, DQ496129)
— Lipomyces lipofer NRRL Y-11555T (DQ519009, DQ518978, DQ496156, DQ496130)
——— Lipomyces smithiae NRRL Y-179227 (DQ519030, DQ518999, DQ496172, DQ496119)
k. Zygozyma arxii NRRL Y-179217 (DQ519028, DQ518997, DQ496173, DQ496117)
Lipomyces melibiosiraffinosiphilus NBRC 1114117 (LC487388, LC487389, LC487390, LC439424)

d Lipomyces amatsuensis NBRC 1114207 (LC487394, LC487395, LC487396, LC439433)
E’EMyxozyma udenii NRRL Y-173877 (DQ519026, DQ518995, DQ496167, DQ496125)

97— Myxozyma kluyveri NRRL Y-172777 (DQ519017, DQ518986, DQ496159, DQ496124)
— Lipomyces japonicus NRRL Y-17848T (DQ519006, DQ518975, DQ496157, DQ496127)
Myxozyma lipomycoides NRRL Y-17253T (DQ519018, DQ518987, DQ496168, DQ496145)
Myxozyma nipponensis NRRL Y-27625T (DQ519024, DQ518993, DQ496170, DQ496146)
Lipomyces oligophaga NRRL Y-172477 (DQ519029, DQ518998, DQ496171, DQ496118)
Myxozyma monticola NRRL Y-177267 (DQ519020, DQ518989, DQ496166, DQ496144)
53— Lipomyces sakishimensis NBRC 1104397 (LC487382, LC487383, LC487384, LC439454)
71E Lipomyces nakamensis NBRC 1104347 (LC487373, LC487374, LCA87375, LCA39453)
79 Lipomyces kamogawensis NBRC 1129677 (LC487403, LC487404, LCA87405, LC439431)
— Lipomyces komiensis NBRC 1104407 (LC487385, LC487386, LC487387, LC439451)
— Lipomyces iriomotensis NBRC 1104367 (LC487379, LC487380, LC487381, LC439447)
&1~ Myxozyma neotropica NRRL Y-17859* (DQ519023, DQ518992, DQ496165, DQ496137)
6 Lipomyces chibensis NBRC 1114137 (LC487391, LC487392, LC487393, LC439427)
Myxozyma vanderwaltii NRRL Y-177277 (DQ519027, DQ518996, DQ496164, DQ496138)
Lipomyces haiminakanus NBRC 1104357 (LC487376, LC487377, LCA87378, LC439450)
Myxozyma neglecta NRRL Y-27508* (DQ519022, DQ518991, DQ496160, DQ496140)
Myxozyma mucilagina NRRL Y-11823T (DQ519021, DQ518990, DQ496161, DQ496139)

62 |

77

65p

100|

100 Lipomyces kiyosumicus NBRC 1114247 (LC487397, LC487398, LC487399, LC439426)

93 %ﬁ;Zygazyma suomiensis NRRL Y-17356" (DQ519031, DQ519000, DQ496174, DQ496120)

Mpyxozyma sirexii NRRL Y-27626” (DQ519025, DQ518994, DQ496169, DQ496141)
° ﬂlipomyces yaeyamensis NBRC 1104337 (LC487370, LC487371, LCA487372, LC439446)

100|; Myxozyma geophila NRRL Y-17252T (DQ519016, DQ518985, DQ496162, DQ496142)
o8 Lipomyces taketomicus NBRC 1129667 (LC487400, LC487401, LC487402, LC439445)
Dipodascopsis uninucleata var. uninucleata NRRL Y-17583T (DQ519003, DQ518972, DQ496176, DQ496122)
100 Dipodascopsis uninucleata var. wickerhamii NRRL Y-2181" (DQ519004, DQ518973, DQ496177, DQ496123)
Dipodascopsis tothii NRRL Y-12690" (DQ519002, DQ518971, DQ496175, DQ496121)
100 Babjevia hyphiforaminiformans NBRC 1112337 (LC440486, LC440487, LCA40488, LCA39443)
100 Babjevia anomala NRRL Y-79317 (DQ519001, DQ518970, DQ49617, DQ496147)
1001 gahjevia hyphasca NBRC 1129657 (LC440489, LC440490, LC440491, LCA39444)

Saccharomyces cerevisiae NRRL Y-126327 (Z75578, AY048154, AF442281, AF402004)

0.05K,

Schizosaccharomyces pombe NRRL Y-127967 (AY046272, DQ442711, DQ442789, AF402093)

nuc

B 14. SSU, LSU, MtSm, TEF1 Bz FIEEEFHIZ AL /= Lipomycetaceae BB O R
Hhet (R AER)

Maximum likelihood analysis showing the extent of divergences in the concatenated
sequences of SSU, LSU, MtSm, and TEF1-a among the 14 isolates and 28 yeast
strains belonging to the family Lipomycetaceae with type strains of Saccharomyces
cerevisiae and Schizosaccharomyces pombe. Bootstrap probabilities higher than 50%
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are shown on each branch. In parentheses: (GenBank accession numbers of SSU,
LSU, MtSm, TEF1-a)

BONTEFEEIT 1145 TH Y . BEFEFEE UTIX, L. yarrowi D3 b mBEE Tor B
SIS L TEY | #V T L doorenjongii 73 miBEE Corlff i,

AR D Lipomyces sp. IRO1~IR07 (Z>W T, Myxozyma J& D BRI 72T
HoLBY, FEIETFOBMKITR, SEMEN~OMFEOER LB b RhoTo

(K 15) ,

(f) NBRC 112966 (g) NBRC 110433 (h) NBRC 110436

(i) NBRC 110435 ' (i) NBRC 110440 (k) NBRC 110434

(I) NBRC 110439

15. Fig. 4 Lipomyces sp. IR01-07 YM &#h 25 °C T 3 HREEE R DEMER

(f) Lipomyces taketomicus f.a., sp. nov. NBRC 112966. (g) Lipomyces yaeyamensis
f.a., sp. nov. NBRC 110433. (h) Lipomyces iriomotensis f.a., sp. nov. NBRC 10436. (i)
Lipomyces haiminakanus f.a., sp. nov. NBRC 110435. (j) Lipomyces komiensis f.a., sp.
nov. NBRC 110440. (k) Lipomyces nakamensis f.a., sp. nov. NBRC 110434. (l)
Lipomyces sakishimensis f.a., sp. nov. NBRC 110439. Bars, (f—I) 5 ym.
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F R O A BRI OV CLAT O 0 i~k L7z (R 4.5) .

Lipomyces sp. IR01 1%, T D Myxozyma geophila, Lipomyces sp. IR02 }2 T}
Lipomyces sp. IR03 &3, L-sorbose, sucrose, ribitol, inositol, propane-1,2-diol, D-
glucuronate, arabinitol (Arabitol) DE{bIEAZ G S 2 &N S BRI 57,

Lipomyces sp. IR02 1%, ¥T#FD Myxozyma geophila, Lipomyces sp. IRO1 }x T}
Lipomyces sp. IR0O3 &%, melibiose, erythritol, citrate D& 2 A3 LW H PE A
LV oY el

Lipomyces sp. IR03 1%, ¥T#xFED Myxozyma geophila, Lipomyces sp. IRO1 }z T
Lipomyces sp. IR02 & 1X. melezitose, D-mannitol D&({LH:Z2H T VW HrMHE L, L-
rhamnose DELIEEZH SN E WO HEERRe -7,

Lipomyces sp. IR04 1%, IT#xFED Myxozyma neglecta & 1%, sucrose, maltose,
melezitose, soluble starch, D-ribose, L-rhamnose, D-mannitol, inositol, D-gluconate,
5-keto-D-gluconate &L EZHT L WO HENRR ST,

Lipomyces sp. IRO7 & 1%, erythritol, D-mannitol D &{bMEEH T LWV MHE & |
sucrose, maltose, melezitose, a-methyl-D-glucoside, butane-2,3-diol ®&{LM:%2H X
RNE WS HEEN R ST,

Lipomyces sp. IR06 1%, ¥TxFED Myxozyma lipomycoides, Lipomyces sp. IR05,
Lipomyces sp. IR0O7 &3, lactose, L-arabinose, D-arabinose, D-ribose, glycerol,
ribitol, D-glucitol (D-Sorbitol), propane-1,2-diol, arabinitol (Arabitol) D&kt %FH
IRV E WS HE N R o7,

Lipomyces sp. IROT 1%, Tk D Myxozyma lipomycoides, Lipomyces sp. IR05,
Lipomyces sp. IR06 & (X, melibiose, inositol D& bEZH T &V 9 HE DR -
7o

PLEDOBREGEHIE O T iE R 6. BIa0, TWEMIC, Lipomyces J&IZE L T\ 5
OO, AL IR R LR THL Z LRGN E o720, FilDF4 . EE
T BT, PERIREREED 78 E LT 2020 FICiHEGR TR E 21T 72
(Yamazaki et al., 2020) .,

Lipomyrces taketomicus sp. nov.

IRO01

Lipomyces taketomicus f.a., A. Yamazaki & H. Kawasaki 2020

MycoBank no. MB 829042

Holotype NBRC 112966

Ex-type culture, CBS 15759

The type strain was isolated from the soil at the forest in Haiminaka, Iriomote Is.,
Taketomi-cho, Yaeyama-gun, Okinawa, Japan.

Lipomyces taketomicus OFLH LI TFLDOHE Y,

Description of Lipomyces taketomicus A. Yamazaki, and H. Kawasaki sp. nov.
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Lipomyces taketomicus (ta.ke.to'mi.cus. N.L. masc. adj. taketomicus referring to
the fact that the species was first isolated in Taketomi-cho, Yaeyama-gun,
Okinawa, Japan).

After 3 days of culture on YMA at 25 °C, cells are globose, 3.8-6.7 X 4.0-6.7 pm,
and occur singly, in pairs, or in short chains (Fig. 4f) with multilateral budding.
The streak culture on YMA is mucoid, partly hyaline, partly creamish-opaque,
smooth, and glistening, with an entire margin. In Dalmau plate cultures on corn
meal agar after 10 days at 25 °C, neither hyphae nor pseudohyphae are formed. In
YM broth after 1 month at 25 °C, sediment is weakly present.

Does not ferment D-glucose. Assimilates D-glucose, D-galactose, a,a-
trehalose (weak), soluble starch (weak), D-xylose, L-arabinose, D-arabinose
(weak), D-ribose (weak), L-rhamnose (delay), ethanol, glycerol, D-glucitol (D-
sorbitol) (weak), salicin, citrate (weak), arbutin (weak), 2-keto-D-gluconate, 5-
keto-D-gluconate, butane-2,3-diol, D-glucono-1,5-lactone, xylitol, D-
galacturonate.

Does not assimilate L-sorbose, sucrose, maltose, cellobiose, lactose,
melibiose, raffinose, melezitose, inulin, erythritol, ribitol, galactitol (dulcitol), D-
mannitol, a-methyl-D-glucoside, DL-lactate, succinate, inositol, D-gluconate, D-
glucosamine, N-acetyl-D-glucosamine, hexadecane, methanol, propane-1,2-diol,
D-glucuronate, arabinitol (arabitol).

Assimilates ammonium sulfate, ethylamine, L-lysine, cadaverine, imidazole.

Does not assimilate potassium nitrate, sodium nitrite.

Does not grow at 40 °C but grows at 37 °C. Growth in medium containing
0.1% cycloheximide is positive.

The G + C content of nuclear DNA is 42.4 mol%. The major ubiquinone is Q-
8.

The type strain was isolated from the soil at the forest in Haiminaka,
Iriomote Is., Taketomi-cho, Yaeyama-gun, Okinawa, Japan (latitude, longitude,
altitude (m): 24.297222, 123.8725, 35.2). And it was isolated as strain Ir1AgDr1-
2 by A. Yamazaki on 30, Jul, 2013 (holotype NBRC 112966 preserved in a glass
ampoule in a metabolically inactivated state by liquid-drying method at NITE
Biological Resource Center (NBRC), Chiba prefecture, Japan). Ex-type culture,
CBS 15759 preserved in the CBS collection of the Westerdijk Fungal
Biodiversity Institute, Utrecht, Netherlands.

Gene sequences ex-holotype: LC276945 (D1/D2 LSU rRNA gene), LC439445
(TEFI-a).

MycoBank number is MB 829042.

Other cultures examined: None.

Lipomyces yaeyamensis sp. nov.

TR02
Lipomyces yaeyamensisf.a., A. Yamazaki & H. Kawasaki 2020
MycoBank no. MB 829050
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Holotype NBRC 110433

Ex-type culture, CBS 15760

The type strain was isolated from the soil at the forest in Haiminaka, Iriomote Is.,
Taketomi-cho, Yaeyama-gun, Okinawa, Japan.

Lipomyces yaeyamensis D it ST FrcDi@ Y .

Description of Lipomyces yaeyamensis A. Yamazaki and H. Kawasaki sp. nov.
Lipomyces yaeyamensis (ya.e.ya.men'sis. N.L. masc. adj. yaeyamensis referring to
the fact that the species was first isolated from Yaeyama-gun, Okinawa, Japan).

After 3 days of culture on YMA at 25 °C, cells are globose, 3.8-5.2 x 2.5-5.2 pum,
and occur singly, in pairs, or in short chains (Fig. 4g) with multilateral budding.
The streak culture on YMA is mucoid, partly hyaline, partly creamish-opaque,
smooth, and glistening, with an entire margin. In Dalmau plate cultures on corn
meal agar after 10 days at 25 °C, neither hyphae nor pseudohyphae are formed. In
YM broth after 1 month at 25 °C, sediment is not present.

Does not ferment D-glucose. Assimilates D-glucose, D-galactose, L-sorbose
(delay), sucrose, maltose, cellobiose, a,a-trehalose, lactose (delay), raffinose (weak),
melibiose (delay), inulin (weak), soluble starch(weak), D-xylose, L-arabinose, D-
arabinose, D-ribose, L-rthamnose, ethanol, glycerol, erythritol (delay), ribitol, D-
mannitol (weak), D-glucitol (delay) (D-sorbitol), a-methyl-D-glucoside, salicin, DL-
lactate (weak), succinate (weak), citrate, inositol, arbutin (delay), D-gluconate
(weak), 2-keto-D-gluconate, 5-keto-D-gluconate, propane-1,2-diol, butane-2,3-diol
(delay), D-glucono-1,5-lactone, xylitol, D-glucuronate, D-galacturonate, arabinitol
(arabitol).

Does not assimilate melezitose, galactitol (dulcitol), D-glucosamine, N-acetyl-D-
glucosamine, hexadecane, methanol.

Assimilates ammonium sulfate, ethylamine, L-lysine, cadaverine, imidazole.

Does not assimilate potassium nitrate, sodium nitrite.

Does not grow at 40 °C but grows at 37 °C. Growth in medium containing 0.1%
cycloheximide is positive.

The G + C content of nuclear DNA is 48.9 mol%. The major ubiquinone is Q-8.

The type strain was isolated from the soil at the forest in Haiminaka, Iriomote
Is., Taketomi-cho, Yaeyama-gun, Okinawa, Japan (latitude, longitude, altitude (m):
24.297222,123.8725, 35.2). And it was isolated as strain Ir1AgDr3 by A. Yamazaki
on 30, Jul, 2013 (holotype NBRC 110433 preserved in a glass ampoule in a
metabolically inactivated state by the liquid-drying method at NITE Biological
Resource Center (NBRC), Chiba prefecture, Japan). Ex-type culture, CBS 15760
preserved in the CBS collection of the Westerdijk Fungal Biodiversity Institute,
Utrecht, Netherlands.

Gene sequences ex-holotype: LC276946 (D1/D2 LSU rRNA gene), LC439446
(TEF1-0).

MycoBank number is MB 829050.

Other cultures examined: None.
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Lipomyces iriomotensis sp. nov.

IR03

Lipomyces iriomotensis f.a., A. Yamazaki & H. Kawasaki 2020

MycoBank no. MB 829045

Holotype NBRC 110436

Ex-type culture, CBS 15761

The type strain was isolated from the soil under the bushes in Haiminaka, Iriomote
Is., Taketomi-cho, Yaeyama-gun, Okinawa, Japan.

Lipomyces iriomotensis O Fe# 1L TR DY ,

Description of Lipomyces iriomotensis A. Yamazaki And H. Kawasaki sp. nov.
Lipomyces iriomotensis (i.ri.o.mo.ten'sis. N.L. masc. adj. iriomotensis referring to
the fact that the species was first isolated on Iriomote Island, Taketomi-cho,
Yaeyama-gun, Okinawa, Japan).

After 3 days of culture on YMA at 25 °C, cells are globose, ovoid, 2.9-5.6 x
3.0-5.6 nm, and occur singly, in pairs, or in short chains (Fig. 4h) with
multilateral budding. The streak culture on YMA is mucoid, partly hyaline,
partly creamish-opaque, smooth, and glistening, with an entire margin. In
Dalmau plate cultures on corn meal agar after 10 days at 25 °C, neither hyphae
nor pseudohyphae are formed. In YM broth after 1 month at 25 °C, sediment is
present.

Does not ferment D-glucose. Assimilates D-glucose, D-galactose, L-sorbose,
sucrose, maltose, cellobiose, a,a-trehalose, lactose (delay), melezitose, inulin
(weak), soluble starch (weak), D-xylose, L-arabinose, D-arabinose (delay), D-
ribose (delay), ethanol, glycerol, erythritol (weak), ribitol, D-mannitol (delay), D-
glucitol (D-sorbitol), a-methyl-D-glucoside, salicin (may be delay), succinate
(weak), citrate (weak), inositol, arbutin, 2-keto-D-gluconate, 5-keto-D-gluconate,
propane-1,2-diol, butane-2,3-diol (may be delay), D-glucono-1,5-lactone (delay),
xylitol, D-glucuronate (delay), D-galacturonate, arabinitol (arabitol).

Does not assimilate melibiose, raffinose, L-rhamnose, galactitol (dulcitol),
DL-lactate, D-gluconate, D-glucosamine, N-acetyl-D-glucosamine, hexadecane,
methanol.

Assimilates ammonium sulfate, ethylamine, L-lysine, cadaverine.

Does not assimilate, potassium nitrate, sodium nitrite.

Does not grow at 40 °C but grows at 37 °C. Growth in medium containing
0.1% cycloheximide is positive.

The G + C content of nuclear DNA 1s 46.3—48.1 mol%. The major ubiquinone
is Q-8.

The type strain was isolated from the soil under the bushes in Haiminaka,
Iriomote Is., Taketomi-cho, Yaeyama-gun, Okinawa, Japan (latitude, longitude,
altitude (m): 24.289722, 123.887222, 34.9). And it was isolated as strain
Ir39AgDr1-1 by A. Yamazaki on 30, Jul., 2013 (holotype NBRC 110436
preserved in a glass ampoule in a metabolically inactivated state by the liquid-
drying method at NITE Biological Resource Center (NBRC), Chiba prefecture,
Japan). Ex-type culture, CBS 15761 preserved in the CBS collection of the
Westerdijk Fungal Biodiversity Institute, Utrecht, Netherlands.

Gene sequences ex-holotype: LC276949 (D1/D2 LSU rRNA gene), LC439447
(TEFI-a).
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MycoBank number is MB 829045.
Other cultures examined: Isolated from the same soil sample of the type strain
(NBRC 110437 = Ir39AgDr2, NBRC 110438 = Ir39AgDr3). These strains are
preserved in glass ampoules in a metabolically inactive state at NBRC.

Lipomyces haiminakanus sp. nov.

1R04

Lipomyces haiminakanusf.a., A. Yamazaki & H. Kawasaki 2020

MycoBank no. MB 829046

Holotype NBRC 110435

Ex-type culture, CBS 15762

The type strain was isolated from the soil at the forest in Haiminaka, Iriomote Is.,
Taketomi-cho, Yaeyama-gun, Okinawa, Japan.

Lipomyces haiminakanus OFC# X Tt D@D,

Description of Lipomyces haiminakanus A. Yamazaki and H. Kawasaki sp. nov.
Lipomyces haiminakanus (ha.i.mina'ka.nus. N.L. masc. adj. haiminakanus
referring to the fact that the species was first isolated in Haiminaka, Iriomote
Island, Taketomi-cho, Yaeyama-gun, Okinawa, Japan).

After 3 days of culture on YMA at 25 °C, cells are globose, ovoid, ellipsoid, 3.3—
6.5 X 3.3—6.8 num, and occur singly, in pairs, or in short chains (Fig. 4i) with
multilateral budding. The streak culture on YMA is mucoid, partly hyaline, partly
creamish-opaque, smooth, and glistening, with an entire margin. In Dalmau plate
cultures on corn meal agar after 10 days at 25 °C, neither hyphae nor
pseudohyphae are formed. In YM broth after 1 month at 25 °C, sediment is
present.

Does not ferment D-glucose. Assimilates D-glucose, D-galactose, Li-sorbose,
sucrose, maltose, cellobiose, a,a-trehalose, melezitose, inulin (weak), soluble starch
(weak), D-xylose, L-arabinose, D-arabinose (delay), D-ribose (delay), L-rthamnose,
ethanol (delay), glycerol, ribitol (delay), D-mannitol (delay), D-glucitol (D-sorbitol),
a-methyl-D-glucoside, salicin, succinate (weak), citrate, inositol, arbutin, D-
gluconate, 2-keto-D-gluconate, 5-keto-D-gluconate, propane-1,2-diol, butane-2,3-
diol (weak), D-glucono-1,5-1actone, xylitol, D-glucuronate (weak), D-galacturonate,
arabinitol (arabitol).

Does not assimilate lactose, melibiose, raffinose, erythritol, galactitol (dulcitol),
DL-lactate, D-glucosamine, N-acetyl-D-glucosamine, hexadecane, methanol.

Assimilates ammonium sulfate, ethylamine, L-lysine, cadaverine, imidazole.

Does not assimilate potassium nitrate, sodium nitrite.

Does not grow at 40 °C but grows at 37 °C. Growth in medium containing 0.1%
cycloheximide is positive.

The G + C content of nuclear DNA is 42.9 mol%. The major ubiquinone is Q-8.

The type strain was isolated from the soil at the forest in Haiminaka, Iriomote
Is., Taketomi-cho, Yaeyama-gun, Okinawa, Japan (latitude, longitude, altitude (m):
24.298333, 123.873611, 45). And it was isolated as strain Ir5AgDr1 by A. Yamazaki
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on 30, Jul, 2013 (holotype NBRC 110435 preserved in a glass ampoule in a
metabolically inactivated state by the liquid-drying method at NITE Biological
Resource Center (NBRC), Chiba prefecture, Japan). Ex-type culture, CBS 15762
preserved in the CBS collection of the Westerdijk Fungal Biodiversity Institute,
Utrecht, Netherlands.

Gene sequences ex-holotype: LC276948 (D1/D2 LSU rRNA gene), LC439450
(TEF1-a).

MycoBank number is MB 829046.
Other cultures examined: None.

Lipomyces komiensis sp. nov.

IR05

Lipomyces komiensisf.a., A. Yamazaki & H. Kawasaki 2020MycoBank no. MB
829047

Holotype NBRC 110440

Ex-type culture, CBS 15763

The type strain was isolated from the soil at sakisimasuounoki plant community in
Komi, Iriomote Is., Taketomi-cho, Yaeyama-gun, Okinawa, Japan.

Lipomyces komiensis DL I TRLOE D,

Description of Lipomyces komiensis A. Yamazaki and H. Kawasaki sp. nov.
Lipomyces komiensis (ko.mi.en'sis. N.L. masc. adj. komiensis referring to the fact
that the species was first isolated in Komi, Iriomote Island, Taketomi-cho,
Yaeyama-gun, Okinawa, Japan).

After 3 days of culture on YMA at 25 °C, cells are globose, 4.6-7.8 X 4.7-8.1
pm, and occur singly, in pairs, or in short chains (Fig. 4j) with multilateral
budding. The streak culture on YMA is mucoid, partly hyaline, partly creamish-
opaque, smooth, and glistening, with an entire margin. In Dalmau plate
cultures on corn meal agar after 10 days at 25 °C, neither hyphae nor
pseudohyphae are formed. In YM broth after 1 month at 25 °C, sediment is
weakly present.

Does not ferment D-glucose. Assimilates D-glucose, D-galactose, L-sorbose,
cellobiose, a,a-trehalose, lactose, inulin (weak), D-xylose, L-arabinose, D-
arabinose (may be delay), D-ribose (weak), L-thamnose (may be delay), ethanol
(delay), glycerol, erythritol, ribitol, D-mannitol (delay), D-glucitol (D-sorbitol),
salicin (delay), arbutin (delay), 2-keto-D-gluconate, 5-keto-D-gluconate,
propane-1,2-diol (weak), D-glucono-1,5-lactone, xylitol, D-glucuronate (delay),
D-galacturonate, arabinitol (arabitol) (delay or weak).

Does not assimilate sucrose, maltose, melibiose, raffinose, melezitose,
soluble starch, galactitol (dulcitol), a-methyl-D-glucoside, DL-lactate, succinate,
citrate, inositol, D-gluconate, D-glucosamine, N-acetyl-D-glucosamine,
hexadecane, methanol, butane-2,3-diol.

Assimilates ammonium sulfate, ethylamine, Li-lysine, cadaverine, imidazole.
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Does not assimilate potassium nitrate, sodium nitrite.

Does not grow at 40 °C but grows at 37 °C. Growth in medium containing 0.1%
cycloheximide is positive.

The G + C content of nuclear DNA is 36.5—37.0 mol%. The major ubiquinone is
Q-9.

The type strain was isolated from the soil at sakisimasuounoki plant
community in Komi, Iriomote Is., Taketomi-cho, Yaeyama-gun, Okinawa, Japan
(latitude, longitude, altitude (m): 24.312872, 123.904844, 13.1). And it was isolated
as strain Ir41GeDr1 by A. Yamazaki on 30, Jul, 2013 (holotype NBRC 110440
preserved in a glass ampoule in a metabolically inactivated state by the liquid-
drying method at NITE Biological Resource Center (NBRC), Chiba prefecture,
Japan). Ex-type culture, CBS 15763 preserved in the CBS collection of the
Westerdijk Fungal Biodiversity Institute, Utrecht, Netherlands.

Gene sequences ex-holotype: LC276953 (D1/D2 LSU rRNA gene), LC439451
(TEF1-0).

MycoBank number is MB 829047.

Other cultures examined: Isolated from the same soil sample of the type strain
(NBRC 110441 = Ir41GeDr3). The strain is preserved in glass ampoules in a
metabolically inactive state at NBRC.

Lipomyces nakamensis sp. nov.

1R06

Lipomyces nakamensis f.a., A. Yamazaki & H. Kawasaki 2020

MycoBank no. MB 829048

Holotype NBRC 110434

Ex-type culture, CBS 15760

The type strain was isolated from the soil at the forest in Haiminaka, Iriomote Is.,
Taketomi-cho, Yaeyama-gun, Okinawa, Japan.

Lipomyces nakamensis O L#3CIX TRLOE Y

Description of Lipomyces nakamensis A. Yamazaki and H. Kawasaki sp. nov.
Lipomyces nakamensis (na.ka.men'sis. N.L. masc. adj. nakamensis referring to the
fact that the species was first isolated from the soil in Nakama-river basin in
Haiminaka, Iriomote Island, Taketomi-cho, Yaeyama-gun, Okinawa, Japan).

After 3 days of culture on YMA at 25 °C, cells are globose, ovoid, ellipsoid, 2.5—
5.6 X 2.5—6.0 num, and occur singly, in pairs, or in short chains (Fig. 4k) with
multilateral budding. The streak culture on YMA is mucoid, partly hyaline, partly
creamish-opaque, smooth, and glistening, with an entire margin. In Dalmau plate
cultures on corn meal agar after 10 days at 25 °C, neither hyphae nor
pseudohyphae are formed. In YM broth after 1 month at 25 °C, sediment is not
present.

Does not ferment D-glucose. Assimilates D-glucose, D-galactose, L-sorbose,
sucrose, maltose, cellobiose, a,a-trehalose, melezitose (delay), inulin (weak), soluble
starch (weak), ethanol (delay), glycerol (delay), erythritol, D-xylose, L-arabinose, D-
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arabinose, a-methyl-D-glucoside (delay), salicin, arbutin, butane-2,3-diol
(delay), D-glucono-1,5-1actone, xylitol (delay), D-glucuronate, D-galacturonate.

Does not assimilate lactose, melibiose, raffinose, D-ribose, L-rhamnose,
ribitol, galactitol (dulcitol), D-mannitol, D-glucitol (D-sorbitol), DL-lactate,
succinate, citrate, inositol, D-gluconate, D-glucosamine, N-acetyl-D-
glucosamine, 2-keto-D-gluconate, 5-keto-D-gluconate, hexadecane, methanol,
propane-1,2-diol, arabinitol (arabitol).

Assimilates ammonium sulfate, ethylamine, L-lysine, cadaverine, imidazole.

Does not assimilate potassium nitrate, sodium nitrite.

Does not grow at 40 °C but grows at 37 °C. Growth in medium containing
0.1% cycloheximide is positive.

The G + C content of nuclear DNA is 48.9 mol%. The major ubiquinone is Q-
9.

The type strain was isolated from the soil at the forest in Haiminaka,
Iriomote Is., Taketomi-cho, Yaeyama-gun, Okinawa, Japan (latitude, longitude,
altitude (m): 24.297222, 123.8725, 35.2). And it was isolated as strain Ir1GeDr3
by A. Yamazaki on 30, Jul, 2013 (holotype NBRC 110433 preserved in a glass
ampoule in a metabolically inactivated state by the liquid-drying method at
NITE Biological Resource Center (NBRC), Chiba prefecture, Japan). Ex-type
culture, CBS 15760 preserved in the CBS collection of the Westerdijk Fungal
Biodiversity Institute, Utrecht, Netherlands.

Gene sequences ex-holotype: LC276947 (D1/D2 LSU rRNA gene), LC439453
(TEF1-a).

MycoBank number is MB 829048.

Other cultures examined: None.

Lipomyces sakishimensis sp. nov.

IRO7

Lipomyces sakishimensisf.a., A. Yamazaki & H. Kawasaki 2020

MycoBank no. MB 829049

Holotype NBRC 110439

Ex-type culture, CBS 15765

The type strain was isolated from the soil at the sakisimasuounoki plant
community in Haiminaka, Iriomote Is., Taketomi-cho, Yaeyama-gun, Okinawa,
Japan.

Lipomyces sakishimensis DFE#E,CIL FReD#E Y ,

Description of Lipomyces sakishimensis A. Yamazaki and H. Kawasaki sp. nov.
Lipomyces sakishimensis (sa.ki.shi.men'sis. N.L. masc. adj. sakishimensis referring
to the fact that the species was first isolated from the Sakishima islands, Okinawa,
Japan).

After 3 days of culture on YMA at 25 °C, cells are globose, ovoid, ellipsoid,
3.3-5.5 X 3.4-5.9 um, and occur singly, in pairs, or in short chains (Fig. 41) with
multilateral budding. The streak culture on YMA is mucoid, partly hyaline,

63



partly creamish-opaque, smooth, and glistening, with an entire margin. In Dalmau
plate cultures on corn meal agar after 10 days at 25 °C, neither hyphae nor
pseudohyphae are formed. In YM broth after 1 month at 25 °C, sediment is weakly
present.

Does not ferment D-glucose. Assimilates D-glucose, D-galactose, L-sorbose,
sucrose, maltose, cellobiose, a,a-trehalose, lactose, melibiose, melezitose, inulin
(weak), soluble starch (weak), D-xylose, L-arabinose, D-arabinose, D-ribose,
ethanol (delay), glycerol (delay), erythritol, ribitol, galactitol (dulcitol) (weak), D-
mannitol, D-glucitol (D-sorbitol), a-methyl-D-glucoside, salicin, inositol, arbutin, D-
gluconate (weak), propane-1,2-diol (weak), butane-2,3-diol (delay), D-glucono-1,5-
lactone (delay), xylitol, D-glucuronate, D-galacturonate, arabinitol (arabitol).

Does not assimilate raffinose, L-thamnose, DL-lactate, succinate, citrate, D-
glucosamine, N-acetyl-D-glucosamine, 2-keto-D-gluconate, 5-keto-D-gluconate,
hexadecane, methanol.

Assimilates ammonium sulfate, ethylamine, L-lysine, cadaverine, imidazole.

Does not assimilate potassium nitrate, sodium nitrite.

Does not grow at 37 °C but grows at 35 °C. Growth in medium containing 0.1%
cycloheximide is positive.

The G + C content of nuclear DNA is 45.2 mol%. The major ubiquinone is Q-9.

The type strain was isolated from the soil at the sakisimasuounoki plant
community in Haiminaka, Iriomote Is., Taketomi-cho, Yaeyama-gun, Okinawa,
Japan (latitude, longitude, altitude (m): 24.312872, 123.904844, 13.1). And it was
isolated as strain Ir41AgDr2 by A. Yamazaki on 30, Jul, 2013 (holotype NBRC
110439 preserved in a glass ampoule in a metabolically inactivated state by the
liquid-drying method at NITE Biological Resource Center (NBRC), Chiba
prefecture, Japan). Ex-type culture, CBS 15765 preserved in the CBS collection of
the Westerdijk Fungal Biodiversity Institute, Utrecht, Netherlands.

Gene sequences ex-holotype: LC276952 (D1/D2 LSU rRNA gene), LC439454
(TEF1-a).

MycoBank number is MB 829049.

Other cultures examined: None.
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Lipomyces doorenjongii 2(0.1)
Lipomyces mesembrius 1 (0.05)
Lipomyces starkeyi 78 (0.7)
Lipomyces tetrasporus 4(0.1)
Lipomyces yamanashiensis 1 (0.05)
Lipomyces sp. CHO1 5(0.1)
Lipomyces sp. CHO2 1 (0.05)
Lipomyces sp. CHO3 4(0.1)
Lipomyces sp. CHO4 1 (0.05)
Lipomyces sp. CHO5 7 (0.05)
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(a) NBRC 111411 (b) NBRC 111424 (c) NBRC 111413

(d) NBRC 112967 (e) NBRC 111420

16. Fig. 4. Lipomyces sp. CHO1~CHO05 YM ¥#h 25 °C T 3 B & &% D G

%

(a) Lipomyces melibiosiraffinosiphilus f.a., sp. nov. NBRC 111411. (b) Lipomyces
kiyosumicus f.a., sp. nov. NBRC 111424. (c) Lipomyces chibensis f.a., sp. nov. NBRC
111413. (d) Lipomyces kamogawensis f.a., sp. nov. NBRC 112967 (e) Lipomyces
amatsuensis f.a., sp. nov. NBRC 111420. Bars, (a—e) 5 ym.

Lipomyces sp. CHO1~CHO5 {22\ TClL, Myxozyma J& DM ED L0 |
THETORKITR L, EEMEN~OMFEOERLRD Loz (B16) .
BARREAR O PRV RBR I OWT UL T O® Y <7~ (R 4.5) .

Lipomyces sp. CHO1 (%, T# D Myxozyma udenii & 1%, melibiose, raffinose,
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277,

Lipomyces sp. CHO4 13, #T#FE D Myxozyma nipponensis & 1%, ethanol, 2-keto-
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AIRNEWSHENRIR T,

Lipomyces sp. CHO5 13, T#&fE D Lipomyces arxii &%, L-rhamnose, ethanol,
DL-lactate, inositol D& {kMEZH T2 LW HPEE L | cellobiose, xylitol, D-
glucuronate DELMEEZH S 72N E WS HE N R 5T,

DL b O RAGERIE O T s R D . BIsM. TWEMIZ, Lipomyces JBIZJE L T\ 5
HOO, BEEFE L IR TH D ERHL N E o722, FTreD%4 ., #kk
FHFIZLY, TERBIMED 5L LT 2020 FIZ il LR 21772
(Yamazaki et al., 2020),

66



Lipomyces melibiosiraftinosiphilus sp. nov.

CHO1

Lipomyces melibiosiraftfinosiphilus f.a., A. Yamazaki, W. Lorliam, & H. Kawasaki
2020

MycoBank no. MB 829034

Holotype NBRC 111411

Ex-type culture, CBS 15766

The type strain was isolated from the soil at the deciduous broad-leaved forest in
Yomogi, Kamogawa-shi, Chiba, Japan.

Lipomyces melibiosiraffinosiphilus O FL# 301 FReD@E v ,

Description of Lipomyces melibiosiraffinosiphilus A. Yamazaki, W. Lorliam, and H.
Kawasaki sp. nov.

Lipomyces melibiosiratfinosiphilus (me.li.bi.o.si.raf.fi.no.si'phi.lus. N.L. neut. n.
melibiosum melibiose; N.L. neut. n. raffinosum raffinose; N.L. masc adj. phllus
(from Gr. masc. adj. philos loving; N.L. masc. adj. melibiosiraffinosiphilus loving
melibiose and raffinose).

After 3days of culture on YMA at 25 °C, cells are globose, 3.3-6.2 x 3.2-6.5
pm, and occur singly, in pairs, or in short chains (Fig. 4a) with multilateral
budding. The streak culture on YMA is mucoid, partly hyaline, partly
creamish-opaque, smooth, and glistening, with an entire margin. In Dalmau
plate cultures on corn meal agar after 10days at 25 °C, neither hyphae nor
pseudohyphae are formed. In YM broth after 1 month at 25 °C, sediment is
weakly present.

Does not ferment D-glucose. Assimilates D-glucose, galactose, Li-sorbose,
sucrose, maltose (may be delayed), cellobiose, trehalose, lactose, melibiose,
raffinose, D-xylose, L-arabinose (weak), D-arabinose (weak), D-ribose, L-
rhamnose, ethanol (weak), glycerol, erythritol (weak or not at all), ribitol, D-
mannitol (delayed or not at all), D-glucitol (D-sorbitol) (delayed or not at all), a-
methyl-D-glucoside, salicin, DL-lactate, succinate (may be weak), citrate
(delayed or weak), inositol, arbutin, D-gluconate, 2-keto-D-gluconate, 5-keto-D-
gluconate, propane-1,2-diol (weak), butane-2,3-diol, D-glucono-1,5-lactone,
xylitol, D-glucuronate, D-galacturonate, arabinitol (arabitol).

Does not assimilate melezitose, inulin, soluble starch, galactitol (dulcitol),
D-glucosamine, N-acetyl-D-glucosamine, hexadecane, methanol.

Assimilates ammonium sulfate, ethylamine, L-lysine, cadaverine,
imidazole.

Does not assimilate potassium nitrate, sodium nitrite.

Does not grow at 37 °C but grows at 35 °C. Growth in medium containing
0.1% cycloheximide is positive.

The G + C content of nuclear DNA 1s 49.4—51.9 mol%. The major
ubiquinone is Q-8.

The type strain was isolated from the soil at the deciduous broad-leaved
forest in Yomogi, Kamogawa-shi, Chiba, Japan (latitude, longitude, altitude
(m): 35.156944, 140.138611, 289). And it was isolated as strain Ch7ADr4 by W.
Lorliam on 29, Aug, 2014 (holotype NBRC 111411 preserved in a glass ampoule
in a metabolically inactivated state by the liquid-drying method at NITE
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Biological Resource Center (NBRC), Chiba prefecture, Japan). Ex-type culture,
CBS 15766 preserved in the CBS collection of the Westerdijk Fungal
Biodiversity Institute, Utrecht, Netherlands.

Gene sequences ex-holotype: LC279229, LC440490 (LSU rRNA), L.LC439424
(TEFI-a), LC440489 (SSU rRNA), LC440491 (MtSm).

MycoBank number is MB 829034.

Other cultures examined: Isolated from the same soil sample as in the type
strain (NBRC 111412 = Ch7ADr6) and soil under fir tree, Abies firma (NBRC
111425 = Ch20GDL2, NBRC 111427 = Ch20GDL4, NBRC 111428 = Ch20GDLS5).
These strains are preserved in glass ampoules in a metabolically inactive state at
NBRC.

Lipomyces kiyosumicus sp. nov.

CHO2

Lipomyces kiyosumicus f.a., A. Yamazaki, W. Lorliam, & H. Kawasaki 2020
MycoBank no. MB 829035

Holotype NBRC 111424

Ex-type culture, CBS 15767

The type strain was isolated from the soil under a fir tree, Abies firma in Yomogi,
Kamogawa-shi, Chiba, Japan.

Lipomyces kiyosumicus O Ft# CIX FReDi@ v,

Description of Lipomyces kiyosumicus A. Yamazaki, W. Lorliam, and H. Kawasaki
Sp. nov.

Lipomyces kiyosumicus (ki.yo.su'mi.cus. N.L. masc. adj. kiyosumicus referring that
the species was first isolated in Kiyosumi, Kamogawa-shi, Chiba, Japan).

After 3 days of culture on YMA at 25 °C, cells are ovoid, ellipsoid, globose, 3.1—
4.8 X 3.5-5.4 nm, and occur singly, in pairs, or in short chains (Fig. 4b) with
multilateral budding. The streak culture on YMA is mucoid, partly hyaline, partly
creamish-opaque, smooth, and glistening, with an entire margin. In Dalmau plate
cultures on corn meal agar after 10days at 25 °C, neither hyphae nor
pseudohyphae are formed. In YM broth after 1 month at 25 °C, sediment is
present.

Does not ferment D-glucose. Assimilates D-glucose, D-galactose, L-sorbose,
cellobiose (delayed), lactose (delayed), D-xylose, L-arabinose, ethanol (weak),
glycerol (weak), ribitol, D-mannitol (weak), D-glucitol (D-sorbitol) (weak), salicin
(delayed), DL-lactate (weak), succinate (weak), arbutin, D-gluconate (weak), 2-keto-
D-gluconate (weak), 5-keto-D-gluconate, propane-1,2-diol, butane-2,3-diol, D-
glucono-1,5-lactone (weak), xylitol, D-glucuronate (weak), D-galacturonate,
arabinitol (arabitol).

Does not assimilate melezitose, inulin, soluble starch, D-arabinose, D-ribose, L-
rhamnose, erythritol, galactitol (dulcitol), a-methyl-D-glucoside, citrate, inositol, D-
glucosamine, N-acetyl-D-glucosamine, hexadecane, methanol,

Assimilates ammonium sulfate, ethylamine, Li-lysine, cadaverine, imidazole.
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Does not assimilate potassium nitrate, sodium nitrite.

Does not grow at 37 °C but grows at 35 °C. Growth in medium containing
0.1% cycloheximide is positive.

The G + C content of nuclear DNA is 43.3—43.7 mol%. The major
ubiquinone is Q-8.

The type strain was isolated from the soil under a fir tree, Abies firma in
Yomogi, Kamogawa-shi, Chiba, Japan (latitude, longitude, altitude (m):
35.154167, 140.145556, 275). And it was isolated as strain Ch20GDL1 by W.
Lorliam on 29, Aug, 2014 (holotype NBRC 111424 preserved in a glass ampoule
in a metabolically inactivated state by the liquid-drying method at NITE
Biological Resource Center (NBRC), Chiba prefecture, Japan). Ex-type culture,
CBS 15767 preserved in the CBS collection of the Westerdijk Fungal
Biodiversity Institute, Utrecht, Netherlands.

Gene sequences ex-holotype: LC279215 (D1/D2 LSU rRNA gene), LC439426
(TEF1-0).

MycoBank number is MB 829035.

Other cultures examined: None.

Lipomyces chibensis sp. nov.

CHO03

Lipomyces chibensisf.a., A. Yamazaki, W. Lorliam, & H. Kawasaki 2020
MycoBank no. MB 829036

Holotype NBRC 111413

Ex-type culture, CBS 15768

The type strain was isolated from the soil under a fir tree, Abies firma in Kiyosumi,
Kamogawa-shi, Chiba, Japan.

Lipomyces chibensis DFLH 1L Tt D#E Y ,

Description of Lipomyces chibensis A. Yamazaki, W. Lorliam, and H. Kawasaki sp.
nov.

Lipomyces chibensis (chi.ben'sis. N.L. masc. adj. chibensis referring to the fact that
the species was first isolated in Chiba, Japan).

After 3days of culture on YMA at 25 °C, cells are globose, ovoid, 3.1-7.5 X
3.1-7.9 pm, and occur singly, in pairs, or in short chains (Fig. 4c) with
multilateral budding. The streak culture on YMA is mucoid, partly hyaline,
partly creamish-opaque, smooth, and glistening, with an entire margin. In
Dalmau plate cultures on corn meal agar after 10days at 25 °C, neither
hyphae nor pseudohyphae are formed. In YM broth after 1 month at 25 °C,
sediment is weakly present.

Does not ferment D-glucose. Assimilates D-glucose, D-galactose, cellobiose,
a,a-trehalose (weak), D-xylose, L-arabinose, D-arabinose, D-ribose (may be
weak), L-thamnose (weak), ethanol, glycerol, ribitol, D-mannitol, D-glucitol (D-
sorbitol), salicin, DL-lactate (weak), succinate (weak), citrate (weak or not at
all), inositol, arbutin (weak), 2-keto-D-gluconate, 5-keto-D-gluconate, propane-
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1,2-diol, butane-2,3-diol (delay), D-glucono-1,5-lactone, xylitol, D-glucuronate, D-
galacturonate, arabinitol (arabitol),

Does not assimilate L-sorbose, sucrose, maltose, lactose, melibiose, raffinose,
melezitose, inulin, soluble starch, erythritol, galactitol (dulcitol), a-methyl-D-
glucoside, D-gluconate, D-glucosamine, N-acetyl-D-glucosamine, hexadecane,
methanol.

Assimilates ammonium sulfate, ethylamine, Li-lysine, cadaverine, imidazole.

Does not assimilate potassium nitrate, sodium nitrite.

Does not grow at 37 °C but grows at 35 °C. Growth in medium containing 0.1%
cycloheximide is positive.

The G + C content of nuclear DNA is 47.5—-48.1 mol%. The major ubiquinone is
Q-8.

The type strain was isolated from the soil under a fir tree, Abies firma in
Kiyosumi, Kamogawa-shi, Chiba, Japan (latitude, longitude, altitude (m):
35.154444, 140.145, 253). And it was isolated as strain Ch12ADL1 by W. Lorliam
on 29, Aug, 2014 (holotype NBRC 111413 preserved in a glass ampoule in a
metabolically inactivated state by the liquid-drying method at NITE Biological
Resource Center (NBRC), Chiba prefecture, Japan). Ex-type culture, CBS 15768
preserved in the CBS collection of the Westerdijk Fungal Biodiversity Institute,
Utrecht, Netherlands.

Gene sequences ex-holotype: LC279216 (D1/D2 LSU rRNA gene), LC439427
(TEFI-a).

MycoBank number is MB 829036.

Other cultures examined: Isolated from the soil under the fir tree, Abies firma
in Kiyosumi, Kamogawa-shi, Chiba, Japan (NBRC 111414 = Ch12ADL2-2, NBRC
111418 = Ch19ADr3, NBRC 111419 = Ch19GDr3). These strains are preserved in
glass ampoules in a metabolically inactive state at NBRC.

Lipomyces kamogawensis sp. nov.

CHO4

Lipomyces kamogawensis f.a., A. Yamazaki, W. Lorliam, & H. Kawasaki 2020
MycoBank no. MB 829037

Holotype NBRC 112967

Ex-type culture, CBS 15769

The type strain was isolated from the soil under a fir tree, Abies firma in Kiyosumi,
Kamogawa-shi, Chiba Japan.

Lipomyces kamogawensis D e LT FReD@ v,

Description of Lipomyces kamogawensis A. Yamazaki, W. Lorliam, and H.
Kawasaki sp. nov.

Lipomyces kamogawensis (ka.mo.ga.wen'sis. N.L. masc. adj. kamogawensis
referring to the fact that the species was first isolated in Kamogawa-shi, Chiba,
Japan).
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After 3days of culture on YMA at 25 °C, cells are globose, ovoid, ellipsoid,
2.5—-5.2 X 2.5—-5.2 pm, and occur singly, in pairs, or in short chains (Fig. 4d)
with multilateral budding. The streak culture on YMA is mucoid, partly
hyaline, partly creamish-opaque, smooth, and glistening, with an entire
margin. In Dalmau plate cultures on corn meal agar after 10days at 25 °C,
neither hyphae nor pseudohyphae are formed. In YM broth after 1 month at
25 °C, sediment is weakly present.

Does not ferment D-glucose. Assimilates D-glucose, D-galactose, Li-sorbose
(delay), cellobiose, a,a-trehalose, D-xylose, L-arabinose, D-arabinose, D-ribose
(weak), L-thamnose (delay), ethanol (weak), glycerol, erythritol, ribitol, D-
mannitol, D-glucitol (D-sorbitol), salicin, succinate (weak), inositol, arbutin
(weak), 2-keto-D-gluconate, 5-keto-D-gluconate, propane-1,2-diol, butane-2,3-
diol, D-glucono-1,5-1actone (delay), xylitol, D-glucuronate (delay), D-
galacturonate (delay), arabinitol (arabitol).

Does not assimilate sucrose, maltose, lactose, melibiose, raffinose,
melezitose, inulin, soluble starch, galactitol (dulcitol), a-methyl-D-glucoside,
DL-lactate, citrate, D-gluconate, D-glucosamine, N-acetyl-D-glucosamine,
hexadecane, methanol.

Assimilates ammonium sulfate, ethylamine, L-lysine, cadaverine,
imidazole.

Does not assimilate potassium nitrate, sodium nitrite.

Does not grow at 37 °C but grows at 35 °C. Growth in medium containing
0.1% cycloheximide is positive.

The G + C content of nuclear DNA is 51.4-51.7 mol%. The major
ubiquinone is Q-9.

The type strain was isolated from the soil under a fir tree, Abies firma in
Kiyosumi, Kamogawa-shi, Chiba Japan (latitude, longitude, altitude (m):
35.154167, 140.145278, 271). And it was isolated as strain Ch19GDr4 by W.
Lorliam on 29, Aug, 2014 (holotype NBRC 112967 preserved in a glass ampoule
in a metabolically inactivated state by the liquid-drying method at NITE
Biological Resource Center (NBRC), Chiba prefecture, Japan). Ex-type culture,
CBS 15769 preserved in the CBS collection of the Westerdijk Fungal
Biodiversity Institute, Utrecht, Netherlands.

Gene sequences ex-holotype: LC279220 (D1/D2 LSU rRNA gene), LC439431
(TEF1-0).

MycoBank number is MB 829037.

Other cultures examined: Isolated from the soil under a fir tree, Abies firma
in Kiyosumi, Kamogawa-shi, Chiba, Japan (NBRC 111421 = Ch20ADr2). This
strain is preserved in glass ampoules in a metabolically inactive state at NBRC.

Lipomyces amatsuensis sp. nov.

CHO05
Lipomyces amatsuensis f.a., A. Yamazaki, W. Lorliam, & H. Kawasaki 2020
MycoBank no. MB 829041
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Holotype NBRC 111420

Ex-type culture, CBS 15770

The type strain was isolated from the soil under a fir tree, Abies firma in Kiyosumi,
Kamogawa-shi, Chiba, Japan

Lipomyces amatsuensis D Fta LT FReDi@ v,

Description of Lipomyces amatsuensis A. Yamazaki, W. Lorliam, and H. Kawasaki
Sp. Nov.

Lipomyces amatsuensis (a.ma.tsu.en'sis. N.L. masc. adj. amatsuensis referring to
the fact that this species was first isolated in the amatsu region in Kamogawa-shi,
Chiba, Japan).

After 3 days of culture on YMA at 25 °C, cells are globose, ovoid, ellipsoid, 4.2—
6.8 X 4.2-6.9 nm, and occur singly, in pairs, or in short chains (Fig. 4e) with
multilateral budding. The streak culture on YMA is mucoid, partly hyaline, partly
creamish-opaque, smooth, and glistening, with an entire margin. In Dalmau plate
cultures on corn meal agar after 10days at 25 °C, neither hyphae nor
pseudohyphae are formed. In YM broth after 1 month at 25 °C, sediment is weakly
present.

Does not ferment D-glucose. Assimilates D-glucose, D-galactose, L-sorbose, a,a-
trehalose (weak), D-xylose, L-arabinose, D-arabinose, D-ribose, L-thamnose,
ethanol (delay or not at all), glycerol, salicin (weak), DL-lactate (weak), succinate
(weak), inositol, arbutin (may be delay or weak), D-gluconate (weak or not at all),
2-keto-D-gluconate, 5-keto-D-gluconate (weak), propane-1,2-diol (may be delay or
weak), butane-2,3-diol, D-glucono-1,5-lactone (delay or weak), D-galacturonate
(weak).

Does not assimilate sucrose, maltose, cellobiose, lactose, melibiose, raffinose,
melezitose, inulin, soluble starch, erythritol, ribitol, galactitol (dulcitol), D-
mannitol, D-glucitol (D-sorbitol), a-methyl-D-glucoside, citrate, D-glucosamine, /N-
acetyl-D-glucosamine, hexadecane, methanol, xylitol, D-glucuronate, arabinitol
(arabitol).

Assimilates ammonium sulfate, ethylamine, L-lysine, imidazole.

Does not assimilate potassium nitrate, sodium nitrite.

Does not grow at 37 °C but grows at 35 °C. Growth in medium containing 0.1%
cycloheximide is positive.

The G + C content of nuclear DNA is 44.5—46.1 mol%. The major ubiquinone is
Q-9.

The type strain was isolated from the soil under a fir tree, Abies firma in
Kiyosumi, Kamogawa-shi, Chiba, Japan (Latitude, Longitude, Altitude (m):
35.154167, 140.145556, 275). It was isolated as strain Ch20ADr1 by W. Lorliam on
29, Aug., 2014 (holotype NBRC 111420 preserved in a glass ampoule in a
metabolically inactivated state by the liquid-drying method at NITE Biological
Resource Center NBRC), Chiba prefecture, Japan). Ex-type culture, CBS 15770
preserved in the CBS collection of the Westerdijk Fungal Biodiversity Institute,
Utrecht, Netherlands.

Gene sequences ex-holotype: LC279222 (D1/D2 LSU rRNA gene), LC439433
(TEF1-0).

MycoBank number is MB 829041.

Other cultures examined: Isolated from the soil under fir tree, Abies firma in
Kiyosumi, Kamogawa-shi, Chiba, Japan (NBRC 111422 = Ch20ADr3, NBRC
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111423 = Ch20ADr5-1, NBRC 111426 = Ch20GDL3, NBRC 111429 =
Ch20GDr2, NBRC 111430 = Ch20GDr3, NBRC 111432 = Ch20GDr5). These
strains are preserved in glass ampoules in a metabolically inactive state at

NBRC.
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IN4E U7 1880 Lipomyces JBFERIE D3 BEZ ATV, BEEZFRVT 29 RO
Lipomycetaceae B}f#RE4 Hufs L7z (K 20)

LIPI11-2-Y170_Cinchona plantation_Alt.1371_SoilMoist.55_pH7
265 rDNA D1/D2 LIPI11-2-¥180_Cinchona plantation_Alt.1371_SoilMoist.55_pH7
LIPI11-2-¥169_Cinchona plantation_Alt.1371_SoilMoist.55_pH7
LIPI11-2-Y168 Cinchona plantation A\t 1370730|IM0\st.607pH7‘2
644L. mesembrius CBS 7661T (= NBRC 1076
L. doorenjongii CBS 7542T (= NBRC 107655)
LIP111-2-Y117 Cinchona plantation_Alt.1370_SoilMoist.50_pH7.2
LIPI11-2-Y119"Cinchona plantation”Alt.1370”SoilMoist.60_pH7.2
63 LIPI11-2-Y166_Cinchona plantation_Alt.1370_SoilMoist.60_pH7.2
LIP111-2-Y215 Cinchona plantation_Alt.1370 SoilMoist.60” pH7.2
LIPI11-2-¥118 Cinchona plantation_Alt.1370_SoilMoist.60_pH7.2
L. starkeyi NBRC 10381T
- LIP111-2-Y216 Cinchona plantation_Alt.1371_SoilMoist.55_pH7
L. kockii CBS 7729T (= NBRC 107656,
LIPI12-2-Y049_Bangkirai_SoilMoist.84_pH7
B LIPI12-2-Y09271 Bangk rai Soanst 84 pH7
L. yamadae CBS 7532T (= NBRC 107657]
s o L 50
unung Sala cn oist.50_p
LIPI11-2-Y365_Gunung Salak_Alt.603_SailMoist.50_pH7 :I Grou p 1
37| LIPI12-2-YO37_Wain river_SoilMoist.71_pH7
LIP112-2- Y036 Wain river SoilMoist.71_pH7
L. yarrowii CBS 7557Té NBRC 107658)
r L. tetrasporus NBRC 103
LIPI12-2-Y030_Wain river Sowlesl 71
L. spencermartinsiae CBS 5608T (= NERC 107660)
LIPI11-2-Y261_Gunung Salak_Alt.660_SoilMoist.45_pH7
LIPI11-2-¥263” Gunung Salak_Alt.660"ScilMoist.45 pH7
LIP111-2-Y271_Gunung Salak_Alt.660_ScilMoist.30_pH7
L kon%réenkoae CBS 2514T (= NBRC 107661)

CBO08-2
LIPI12-2-Y011_Maratua Island_Alt.11.5_SoilMoist.67_pH7
LIPI12-2-Y004_Maratua Island_SoeilMoist. 67_pH ] G rou p 2

LIPI12-2-Y005_Maratua Island_SoilMoist.67_p

LIPI12-2-Y012_Maratua Island_Alt.11.5 So.mno.st 67_pH7 G rou p 3
LIP112-2-Y013_Maratua Island_Alt.11.5_SoilMoist.67_pH7

LIPI12-2-Y003_Maratua Island_SoilMoist.67_pH7

— L. orientalis CBS 10300T (= NBRC 107659)

Lipomyces arxii NRRL Y-17921T (DQ518997)

L. lipofer NBRC 1288T
Dipodascopsis anomala NRRL Y-7931T (DQ518970)

100 Dipodascopsis tothii NRRL Y-12690T (DQ518971)
L. japonicus NBRC 10767T
Dipodascopsis uninucleata var. uninucleata NRRL Y-17583T (DQ518972)
Dipodascopsis uninucleata var. wickerhamii NRRL Y-2181T (DQ518973)
Myxozyma kiuyveri NRRL Y-17277T (DQ518986)

Myxozyma udenii NRRL Y-17387T (DQ518995)
Myxozyma nipponensis NRRL Y-17859A (DQ518993
Myxozyma lipomycoides NRRL Y-17253T (DQSlSQB )
LIP112-2-Y029_Wain river_SoilMoist.71_pH7
LIPI12-2-Y038_Wain river_SoilMoist.71_pH7
Lipomyces smithiae NRRL Y-17922T (DQ518999)

—8Ir—— Myxozyma monticola NRRL Y-17726T (DQ518989)
Lipomyces oligophaga NRRL Y-17247T (DQ518998)
Myxozyma sirexii NRRL Y-27626A (DQ518994)

Lipomyces suomiensis NRRL Y-17356T (DQ519000
Myxozyma geophila NRRL Y-17252T (DQ518985

Myxozyma melibiosi NRRL Y-11781T (DQ518988)
Myxozyma mucilaging NRRL Y-11823T (DQ518990)
Myxozyma neglecta NRRL Y- 27508AT (DQ518991)

Myxozyma neotropica NRRL Y-1 &5 0518992)

Myxozymd vanderwaltii NRRL V—17727T DQ518996
Saccharomyces cerevisiae NRRL Y-12632 (AY048154)
Schizosaccharomyces pombe NRRL Y-12796 (DQ442711)

B 20. 26S rDNA D1/D2 IS EBRHNEZR N1V FRL7E Lipomyces BEB#EST
Lipomycetaceae ¥l BB O Rk GABEESE)
FXF AR TE, FAXF AR T EFEEHK

=
o

94

0.02

99

98

# 11, X 17, 18, 19Zf#kD LY TV v V&2 T o7 15 OHIED 5 b |
Lipomyces J&FERE D47 HE S 7= filgld, LN Ok CTH 5,

X URBN Yy TINDR T —/L IO Gunung Salak (7 7 1l) . Ny RUBEO
Cinchona plantation, 7V~ % 7 XA « HNZ XH 7O Bangkirai, L7
U Lo XA—)VIRO Wain river (VA )I) L, 77 v REGHO/NE
Maratua Island (=7 F =7 &)

Z LT, 58 U7 Lipomyces KDL — 27 =0 R 24T, TR IIT 21T 5 &
BEFNFE & LU ClX. L. starkeyi<° L. kockii, L. doorenjongii, L. mesembrius \ZIT#% 7258
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23 10 ¥k, L. yamadae <° L. yarrowil \ZiT#%72F8753 78k, L. kononenkoae \Z3T#% 73 %8
2 3Kk, L. spencermartinsiae \ZUTix 72 MY 1 fR-fS H 7=,

A v KRR T B¢, L. yamadae, L. yarrowii, L. kononenkoae, L.
spencermartinsiae N7 BES LTz V) O1E, B ARENCTIXEE SO Lipomyces J& D
FOSBHERMNELIL Tz BB3FE F17) . ZHuUd, 42 KRRV T REERET
HY | [FEROIEEE KR OPEREA . SBEFROMER AL L TV 5D,

% D—J)T., L. starkeyi, L. kockii, L. doorenjongii, L. mesembrius \ZiTix 73 FE1Z
SN TH /N K@ Chincnona plantation @ HEN GBS LTV D3, T H
AKENTIE, BRERUALTHEES N DT E FEEOMEM ThH 72, Z DRI, 7S
FTC# % Chincnona plantation I%. 5 1,300m OE WMV ET LS 7T T —v
aThHY, [RIRHA LV REXUTOEMEY & 10°CRER S, BARDERERUIED
i EBELTnD, UEDOZ D, ZHHDRIZHOWNTHRIT Y RUEDFEEE %
JTCEY, BAROBEREGRUALTEHE T SN b O EFkD, XV IKIRE iFTeFE
Notsn-EEZ2 b5,

HENT, FTFEERE & 72 DRk E L C. Lipomyces sensu stricto 7 L'— RiZ, 2 7 /L—
7 (U —F1 : JSAT12-2-Y011. Z/b—7 2 : JSAT12-2-Y003, JSAT12-2-Y004,
JSAT12-2-Y005, JSAT12-2-Y012, JSAT12-2-Y013) (¥ T F =7 EiE) |
Myxozyma 7 7 A% —|Z 1 7 )b—7 (JSAT12-2-Y029, JSAT12-2-Y038) (H VU~
L2 USHE T A V)INELRE) OV T A=) — REET AP FELE, (K
21.22)
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E F_ 1 o -1-/23 Lipomyces doorenjongii NBRC 107655 (AB747664)
- Lipomyces starkeyi NBRC 103817 (AB747675)
MP/ML/NJ [ Lipomyces kockii NBRC 1076567 (AB747666)
Lipomyces mesembrius NBRC 107654 (AB747670)
96/96/99) Lipomyces chichibuensis NBRC 1095827 (AB828725)
Lipomyces tropicalis NBRC 110266 (= InaCC Y731 = JSAT12-2-Y013)(LC061909)
Lipomyces tropicalis NBRC 1102657 (= InaCC Y7307 = JSAT12-2-Y0127)(LC061908)
Lipomyces tropicalis NBRC 110261 (= InaCC Y723 = JSAT12-2-Y003)(LC061904)
Lipomyces tropicalis NBRC 110262 (= InaCC Y724 = JSAT12-2-Y004)(LC061905)
Lipomyces tropicalis NBRC 110263 (= InaCC Y725 = JSAT12-2-Y005)(LC061906)
Lipomyces tetrasporus NBRC 103917 (AB747674)
5fm‘:upomyces orientalis NBRC 1076597 (AB747671)
-/-199 Lipomyces yarrowii NBRC 1076587 (AB747677)
Lipomyces yamadae NBRC 1076577 (AB747676)
-/-70 Lipomyces kononenkoae NBRC 1076617 (AB747667)
75178@'17: Lipomyces maratuensis NBRC 1102647 (= InaCC Y7207 = JSAT12-2-Y0117)(LC061907)
52/43/5 Lipomyces spencermartinsiae NBRC 103767 (AB747673)
Lipomyces lipofer NBRC 1288T (AB747669)
Myxozyma monticola CBS 78067 (DQ496144)
Lipomyces sp. NRRL Y-27488 (DQ496136)
Lipomyces smithiae CBS 74077 (DQ496119)
Dipodascopsis tothii CBS 759.857 (DQ496121)
Myxozyma kluyveri CBS 73327 (DQ496124)
Myxozyma udenii CBS 74397 (DQ496125)
Myxozyma geophila CBS 72197 (DQ496142)
Myxozyma sirexii NRRL Y-27626* (DQ496141)
Myxozyma melibiosi CBS 21027 (DQ496143)
Lipomyces suomiensis CBS 72517 (DQ496120)
Myxozyma neotropica NRRL Y-17859* (DQ496137)
Myxozyma vanderwaltii CBS 7793* (DQ496138)
Myxozyma mucilagina CBS 70717 (DQ496139)
Myxozyma neglecta CBS 70587 (DQ496140)
Myxozyma nipponensis NRRL Y-27625* (DQ496146)

615275 Myxozyma lipomycoides CBS 70387 (DQ496145)
100/997100) Lipomyces kalimantanensis NBRC 1102677 (= InaCC Y7217 = JSAT12-2-Y029")(LC061910)
9919911001 § jnomyces kalimantanensis NBRC 110268 (= InaCC Y722 = JSAT12-2-Y038)(LC061911)
70/73/87 : Lipomyces japonicus NBRC 107677 (AB747665)
34/2p12 Lipomyces arxii CBS 73337 (DQ496117)
Lipomyces oligophaga CBS 71077 (DQ496118)

Dipodascopsis anomala CBS 67407 (DQ496147)
Dipodascopsis uninucleata var. uninucleata NRRL Y-17583T (DQ496122)

65/75/69 100/98/100

-1

2712
30/20/19]

39/39/29 56/51/44

58/50/48

97/90/87

100110011001 pjpodascopsis uninucleata var. wickerhamii CBS 741.74T (DQ496123)
Saccharomyces cerevisiae NRRL Y-126327 (AF402004)

Schizosaccharomyces pombe NRRL Y-127967 (AF402093)

0.05 Ko
21. TEF1 B FIEERNZE AL V- Lipomycetaceae # B D Rkt GRS )
Neighbor-joining analysis showing the extent of divergence in the EF-7a sequences
among the eight isolates and the 34 yeast strains belonging to the family
Lipomycetaceae. Values of neighbor-joining bootstrap probabilities (NJ), maximum-
likelihood bootstrap probabilities (ML), and maximum parsimony bootstrap probabilities
(MP) are shown on each branch as “MP/ML/NJ” The values indicating the branch,

131

which is not found in the ML and/or MP tree, are shown as “-”.
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LS U FDNA D1 /D2 -135/28] Lipomyces starkeyi NBRC 103817 (AB747660)

-I-129

MP/ML/NJ

T79/67/6f

-/-125)
48/39/42-_

26/22,

14/-130

97/92/94 -] _

27/26/26-]
24/-14
57/41/46—{ |

Lipomyces kockii NBRC 1076567 (AB747652)
i Lipomyces mesembrius NBRC 107654 (AB747656)
Lipomyces doorenjongii NBRC 1076557 (AB747650)
Lipomyces tropicalis NBRC 1102657 (= InaCC Y7307 = JSAT12-2-Y012")(LC061900)
Lipomyces tropicalis NBRC 110266 (= InaCC Y731 = JSAT12-2-Y013)(LC061901)
Lipomyces tropicalis NBRC 110263 (= InaCC Y725 = JSAT12-2-Y005)(LC061898)
Lipomyces tropicalis NBRC 110262(= InaCC Y724 = JSAT12-2-Y004)(LC061897)
Lipomyces tropicalis NBRC 110261 (= InaCC Y723 = JSAT12-2-Y003)(LC061896)
Lipomyces maratuensis NBRC 1102647 (= InaCC Y7207 = JSAT12-2-Y0117)(LC061899)
Lipomyces chichibuensis NBRC 109582 (AB828721)
) OLipomyces yamadae NBRC 1076577 (AB747662)
Lipomyces yarrowii NBRC 1076587 (AB747663)
Lipomyces kononenkoae NBRC 1076617 (AB747653)
Lipomyces spencermartinsiae NBRC 10376T (AB747659)

-I-146]

-1-120

o

94/9,

-/-199

97/94/98

99/99

_—

91/88/88

- Lipomyces tetrasporus NBRC 103917 (AB747661)
Lipomyces orientalis NBRC 1076597 (AB747657)
Lipomyces arxii NRRL Y-179217 (DQ518997)
Lipomyces lipofer NBRC 12887 (AB747655)
Dipodascopsis anomala NRRL Y-7931T (DQ518970)
100/100/100 Dipodascopsis tothiif NRRL Y-12690T (DQ518971)
Lipomyces japonicus NBRC 107677 (AB747651)
Dipodascopsis uninucleata var. uninucleata NRRL Y-17583T (DQ518972)
Dipodascopsis uninucleata var. wickerhamii NRRL Y-2181T (DQ518973)
Myxozyma kiuyveri NRRL Y-17277T (DQ518986)
Myxozyma udenii NRRL Y-17387T (DQ518995)
Myxozyma nipponensis NRRL Y-27625* (DQ518993)
Myxozyma lipomycoides NRRL Y-17253T (DQ518987)
Lipomyces kalimantanensis NBRC 1102677 (= InaCC Y7217= JSAT12-2-Y029™)(LC061902)
Lipomyces kalimantanensis NBRC 110268 (= InaCC Y722 = JSAT12-2-Y038)(LC061903)
Lipomyces smithiae NRRL Y-17922T (DQ518999)
Myxozyma monticola NRRL Y-177267 (DQ518989)
Lipomyces oligophaga NRRL Y-172477 (DQ518998)
Myxozyma sirexii NRRL Y-27626" (DQ518994)
Lipomyces suomiensis NRRL Y-17356T (DQ519000)
Myxozyma geophila NRRL Y-17252T (DQ518985)
Myxozyma melibiosi NRRL Y-11781T (DQ518988)
7100 99/pa/100 Myxozyma mucilagina NRRL Y-11823T (DQ518990)
Myxozyma neglecta NRRL Y-27508T (DQ518991)
Myxozyma neotropica NRRL Y-17859* (DQ518992)
Myxozyma vanderwaltii NRRL Y-177274 (DQ518996)
Saccharomyces cerevisiae NRRL Y-12632T (AY048154)

2/99

90/82/66

60/45/56
69/62/67

Schizosaccharomyces pombe NRRL Y-127967 (DQ442711)

—
0.02 K, e

B 22. LSU rDNA 5 EAF|Z AL = Lipomycetaceae BB D Rt GEBEFE A %)
Neighbor-joining analysis showing the extent of divergence in the LSU rDNA

sequences among the ei
Lipomycetaceae. Values
likelihood bootstrap prob
(MP) are shown on each
which is not found in the

ght isolates and 33 yeast strains belonging to the family

of neighbor-joining bootstrap probabilities (NJ), maximum-
abilities (ML), and maximum parsimony bootstrap probabilities
branch as “MP/ML/NJ” The values indicating the branch,

ML and/or MP tree, are shown as “-”
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23. Fig. 3 Lipomyces maratuensis

A: Budding cells grown on YMA for 3 d at 25 °C. B—D: Ascus and ascospores produced
on V8 agar for 40 d at 25 °C (LM). E, F: Ascospores (SEM). G, H: Lipid-accumulating
cells of NBRC 110264 stained with Nile red after growth on 5% malt extract agar for 1
wk at 25 °C (G: LM, H: FM). Bars: A-D, G, H 5 ym; E, F 1 ym, FM: fluorescence
microscope, LM: light microscope, SEM: scanning electron microscope.
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24. Fig.4 Lipomyces tropicalis.

A: Budding cells of strain NBRC 110265 grown on YMA for 3 d at 25 °C. B-D: Ascus
and ascospores produced by NBRC 110264 grown on V8 agar for 40 d at 25 °C (LM).
E: Ascospores of strain NBRC 110262 (SEM). F: Ascospore of strain NBRC 110265
(SEM). G, H: Lipid-accumulating cells of strain NBRC 110265 stained with Nile red
after growth on 5% malt extract agar for 1 wk at 25 °C (G: LM, H: FM). Bars: A-D, G,
H, 5 um; E, F 1 um, FM: fluorescence microscope, LM: light microscope, SEM:
scanning electron microscope.
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25. Fig.5 Lipomyces kalimantanensis
Budding cells grown on YMA for 3 d at 25 °C. Bar: 5 um.

EHREERROE 2% & . Lipomyces sensu stricto 7 L' — KD 2 7 )L—7
X, BME i€ 1 EMRELE T 5 &, MilaNIc, EXZ2MEEZEA L, 7z, V8
PPy o — ABEHIC 2 IR ERE R 2179 & IR TFIC 20 FREDOKRE T, HEA
DOFERFZR LT (B23.24) , ETHEMECBIET L, FERT-ORMmMICME
L (pleats) AEENIFIEL T o, S fEA Group2 L. Groupl & He~CREELHE
ERKL, FTARSTZBETH -T2, — . Myxozyma 7 7 A% —IZJ@d 5
Group3 ([Z2OWTIE, TFEOAEMHITIES, £/o, FEBETFOEKICOVTHRH L
Nighot= (B25) ., Ziux., Myxozyma 7 7 AKX —\lgT 54 ELETHET
H5D,

AEEEIREER ClE, Group 11X, ¥ D L. spencermartinsiae & 1. cellobiose,
galactitol (Dulcitol), cadaverine DE(LHREZ AT 5 &5 AR > T D (K 4.
5 .

Group 2 1%, ¥T#% D Lipomyces chichibuensis & . raffinose, D-glucitol (D-
Sorbitol), a-methyl-D-glucoside OE(LMEREZE FF7- 72N &V D AR B> T D,

Group 3 1%, IT&D Myxozyma lipomycoides & 1%, raffinose, galactitol (Dulcitol),
DL-lactate D&E{LMERELZ AT D LW\ ) W R > T b,

DL O FFGERE O DT FE RN S BIaM, WEMIZ, Lipomyces BIZJE L T\ 5
HOD, BEHFEE XA LRI THD ZENHLMNE ST, T4, Bk
FFHECZRYD, A FRUTHED 3R L LT 2017 2 il Sl 217 - 72
(Yamazaki et al., 2017 a).

Lipomyces maratuensis sp. nov.

Groupl :
Lipomyces maratuensis Atit Kanti, A. Yamazaki & H. Kawasaki 2017
MycoBank no. MB 816185
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type strain: NBRC 1102647 = InaCC Y720T = JSAT12-2-Y011T
Maratua Island (Berau District, East Kalimantan, Indonesia)
Lipomyces maratuensis O Ft#i 1L FEe D Y

Lipomyces maratuensis Atit Kanti, Yamazaki & Kawasaki, sp. nov. Fig. 3.
MycoBank no.: MB 816185.

Type: INDONESIA, Maratua Island (Latitude: 2°12'21N, Longitude:
118°35'27E), soil, isolated by A. Yamazaki on Jun 25, 2012 (holotype, strain NBRC
1102647 preserved in glass ampoule as metabolically inactivated state by liquid-
drying method at NITE Biological Resource Center (NBRC), Chiba prefecture,
Japan). Ex-type culture, strain InaCC Y7207 preserved at Indonesian Culture
Collection (InaCC), Cibinong, Indonesia. These type cultures will be available
without any restriction for research from the two culture collections.

Gene sequences ex-holotype: LC061899 (D1/D2 LSU rRNA gene), LC061907
(EF-1a).

Etymology: ma.ra.tu.en'sis N.L. masc. adj. maratuensis, referring to the site the
species was first isolated from soil on Maratua Island, Indonesia.

After 3d of culture on YMA at 25 °C, cells are ovoid, ellipsoid, 3.6-6.8 X 4.1-7.6
pm in size, and occur singly, in pairs, or in short chains (Fig. 3A) with multilateral
budding. The streak culture on YMA is mucoid, partly hyaline, partly creamish-
opaque, smooth, and glistening, with an entire margin. In Dalmau plate cultures
on corn meal agar after 10d at 25 °C, neither hyphae nor pseudohyphae are
formed. In YM broth after 1 mo at 25 °C, sediment is not present. As a rule, asci
are attached, saccate to irregularly tubular or contorted, with slowly deliquescent
walls. Ascospores are globose, pigmented amber, smooth surface of pleats, 1.8—-2.4
pm diam, with 4-30 per ascus (Fig. 3B-F).

Does not ferment D-glucose. Assimilates D-glucose, D-galactose, L-sorbose
(delayed), sucrose, maltose, cellobiose (weak), a,a-trehalose, methyl a-D-glucoside,
melibiose (may be delayed), raffinose (may be weak), melezitose (may be delayed),
inulin (delayed), starch (weak), D-xylose (weak), D-ribose (weak or not at all),
ethanol (weak), galactitol, xylitol (may be delayed), D-glucitol, D-mannitol (may be
delayed), D-glucono-1,5-lactone (delayed or weak), 2-keto-D-gluconate, 5-keto-D-
gluconate, succinate (delayed or weak), and citrate (may be weak). Does not
assimilate L-arabinose, D-arabinose, L-rhamnose, salicin, arbutin, lactose,
erythritol, ribitol, glycerol, myo-inositol, D-galacturonate, DL-lactate, methanol,
propane-1,2-diol, butane-2,3-diol, D-gluconate, D-glucosamine, N-acetyl-D-
glucosamine, hexadecane, D-glucuronate, or arabinitol. Assimilates ammonium
sulfate, ethylamine hydrochloride, L-lysine, cadaverine dihydrochloride, and
imidazole. Does not assimilate potassium nitrate or sodium nitrite. Produces
starch-like substances. Urease reaction is weak positive. Does not grow in YNB
medium (Difco) containing 10% NaCl and 5% glucose. Grows in vitamin-free
medium. Does not grow at 35 °C, but grows at 30 °C. Growth in medium
containing 0.1% cycloheximide is positive. The G + C content of nuclear DNA is
47.9-48.2 mol%. The major ubiquinone is Q-9.
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Lipomyces tropicalis sp. nov.

Group 2:

Lipomyces tropicalis Atit Kanti, A. Yamazaki & H. Kawasaki 2017
MycoBank no. MB 816186

type strain: NBRC 1102657 = InaCC Y730T = JSAT12-2-Y012T
Maratua Island (Berau District, East Kalimantan, Indonesia)
Lipomyces tropicalis DFe# 1T TR D@ Y,

Lipomyces tropicalis Atit Kanti, Yamazaki & Kawasaki, sp. nov. Fig. 4.
MycoBank no.: MB 816186.

Type: INDONESIA, Maratua Island (Latitude: 2°12'21N, Longitude:
118°35'27E), soil, isolated by A. Yamazaki on Jun 25, 2012 (holotype, strain
NBRC 1102657 preserved in glass ampoule as metabolically inactivated state by
liquid-drying method at NITE Biological Resource Center (NBRC), Chiba
prefecture, Japan). Ex-type culture, strain InaCC Y7307 preserved at
Indonesian Culture Collection (InaCC), Cibinong, Indonesia. These type
cultures will be available without any restriction for research from the two
culture collections.

Gene sequences ex-holotype: LC061900 (D1/D2 LSU rRNA gene), LC061908
(EF-1a).

Etymology: trop.i.ca'lis L. masc. adj. tropicalis, referring to the site the species
was first isolated, from soil in a tropical zone.

After 3d of culture on YMA at 25 °C, cells are ovoid, ellipsoid, 4.3—7.5 X
5.1-8.5um in size, and occur singly, in pairs, or in short chains (Fig. 4A), with
multilateral budding. The streak culture on YMA is mucoid, partly hyaline,
partly creamish-opaque, smooth and glistening, with an entire margin. In
Dalmau plate cultures on corn meal agar after 10d at 25 °C, neither hyphae
nor pseudohyphae are formed. In YM broth after 1 mo at 25 °C, sediment is not
present. As a rule, asci are attached, saccate to irregularly tubular or contorted,
with slowly deliquescent walls. Ascospores are globose, pigmented amber,
angulated surface of pleats, 2.1-2.4 pm diam, with 4-28 per ascus (Fig. 4B-F).

Does not ferment D-glucose. Assimilates D-glucose, L-sorbose (delayed or not
at all), sucrose, cellobiose (may be weak), a,a-trehalose, melezitose (variable),
inulin (may be weak), starch (may be weak), D-xylose (may be weak), ethanol
(variable), xylitol (variable), D-mannitol (variable), salicin (may be weak), D-
glucono-1,5-lactone (may be weak), 2-keto-D-gluconate, 5-keto-D-gluconate,
propane-1,2-diol (may be weak), succinate (variable), citrate (variable), and
arbutin (may be weak). Does not assimilate D-galactose, maltose, L-arabinose,
D-arabinose, D-ribose, L-thamnose, melibiose, raffinose, methyl a-D-glucoside,
lactose, erythritol, ribitol, D-glucitol, galactitol, glycerol, myo-inositol, D-
galacturonate, DL-lactate, methanol, butane-2,3-diol, D-gluconate, D-
glucosamine, N-acetyl-D-glucosamine, hexadecane, D-glucuronate, or arabinitol.
Assimilates ammonium sulfate, ethylamine hydrochloride, L-lysine, cadaverine
dihydrochloride, and imidazole. Does not assimilate potassium nitrate or
sodium nitrite. Produces starch-like substances. Urease reaction is weak
positive. Does not grow in YNB medium (Difco) containing 10% NaCl and 5%
glucose. Grows in vitamin-free medium. Does not grow at 35 °C, but grows at
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30 °C. Growth in medium containing 0.1% cycloheximide is positive. The G + C
content of nuclear DNA is 45.9—46.8 mol%. The major ubiquinone is Q-9.

Other cultures examined: INDONESIA, Maratua Island (Latitude: 2°12'.8.3N,
Longitude: 118°35'33.1), soil, isolated by A. Yamazaki on Jun 25, 2012 (NBRC
110261, InaCC Y723, NBRC 110262, InaCC Y724, NBRC 110263, InaCC Y725,
NBRC 110266, InaCC Y731). These strains are preserved in glass ampoule as
metabolically inactivated at NBRC and InaCC.

Lipomyces kalimantanensis sp. nov.

Group3:

Lipomyces kalimantanensis f.a., Atit Kanti, A. Yamazaki & H. Kawasaki 2017
MycoBank no. MB 816187

type strain: NBRC 1102677 = InaCC Y7217 = JSAT12-2-Y029T

near the Wain river, Balikpapan, East Kalimantan

Lipomyces kalimantanensis O it# SCIX FReDi@E v,

Lipomyces kalimantanensis Atit Kanti, Yamazaki & Kawasaki f.a., sp. nov.
Fig. 5.
MycoBank no.: MB 816187.

Type: INDONESIA, around the Wain river on Kalimantan Island (Latitude:
1°8'448S, Longitude: 116°50'11E), soil, isolated by A. Yamazaki on Jun 25, 2012
(holotype, strain NBRC 1102677 preserved in glass ampoule as metabolically
inactivated state by liquid-drying method at NITE Biological Resource Center
(NBRC), Chiba prefecture, Japan). Ex-type culture, strain InaCC Y7207 preserved
at Indonesian Culture Collection (InaCC), Cibinong, Indonesia. These type cultures
will be available without any restriction for research from the two culture
collections.

Gene sequences ex-holotype: LC061902 (D1/D2 LSU rRNA gene), LC061910
(EF-10).

Etymology: ka.li.man.tan.en'sis N.L.. masc. adj. kalimantanensis, referring to
the site the species was first isolated, from soil on Kalimantan Island, Indonesia.

After 3d of culture on YMA at 25 °C, cells are ovoid, ellipsoid, 3.0—6.3 X 3.2—
6.5 pm, and occur singly, in pairs, or in short chains (Fig. 5) with multilateral
budding. The streak culture on YMA is mucoid, partly hyaline, partly creamish-
opaque, smooth and glistening, with an entire margin. In Dalmau plate cultures on
corn meal agar after 10d at 25 °C, neither hyphae nor pseudohyphae are formed.
In YM broth after 1 mo at 25 °C, sediment is not present.

Does not ferment D-glucose. Assimilates D-glucose, D-galactose, L-sorbose
(delayed), sucrose (weak), maltose, cellobiose, a,a-trehalose, lactose, melibiose
(weak or not at all), raffinose (weak or not at all), methyl a-D-glucoside (may be
delayed), salicin (may be delayed), DL-lactate (weak or not at all), arbutin (may be
delayed), melezitose (weak or delayed), inulin (weak or not at all), starch, D-xylose,
L-arabinose, D-arabinose (may be delayed), D-ribose (may be weak or delayed), L-
rhamnose, ethanol (may be delayed), erythritol (may be weak or not at all), ribitol,
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glycerol, galactitol, xylitol, D-glucitol (weak or delayed), D-mannitol (weak or
not at all), myo-inositol, propane-1,2-diol (weak or delayed), butane-2,3-diol
(weak or delayed), D-glucono-1,5-lactone, D-gluconate (weak or delayed), 2-
keto-D-gluconate, 5-keto-D-gluconate, citrate (may be delayed), D-glucuronate,
D-galacturonate and arabinitol. Does not assimilate methanol, succinate, D-
glucosamine, N-acetyl-D-glucosamine, or hexadecane. Assimilates ammonium
sulfate, ethylamine hydrochloride, L-lysine, cadaverine dihydrochloride, and
imidazole. Does not assimilate potassium nitrate or sodium nitrite. Produces
starch-like substances. Urease reaction is negative. Does not grow in YNB
medium (Difco) containing 10% NaCl and 5% glucose. Grows in vitamin-free
medium. Does not grow at 35 °C, but grows at 30 °C. Growth in medium
containing 0.1% cycloheximide is positive. The G + C content of nuclear DNA is
45.7-46.1 mol%. The major ubiquinone is Q-9.

Other cultures examined: INDONESIA, isolated from the same soil sample
as in the type strain (NBRC 110268, InaCC Y722). These strains are preserved
in glass ampoule as metabolically inactivated at NBRC and InaCC.
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2 — 3. Dipodascopsis J& D453 R DERRR
2—3—1. IILBHIZ

BFL. HWIBLEPERRECoh D Lipomyces J& % &1 Lipomycetaceae FHiERE DIMARA
PERE D =WV DO FEFERF FTREME D & 2 FT#lD Lipomycetaceae FHEERF O BG4 A5
L. 7=, GO HBEEREZ Lipomycetaceae FIEERED /3 MERI BTN 25 Z &1
X DR OBRED =% . Lipomyces BEERED 4y BEA 1T > 72,

WA AEFERE TSN TV D L. starkeyi <° L. lipofer %13 U &35 K50
Lipomyces J&1%., LEFRICHET DI ENINETORETRINTND I Enb,
ALHEE D> B IR E C H REN O~ 7o 5 - HUBIZ BT 2 FESCH a5 2 &%
HyE LT, 2—2TCidid L7z 11 ol cLED Y 7Y 7 %217\ Lipomyces J&
DIBEE G LN RO T EAT o Te, T ORI OFER, M 11-13 1R T LD IT
Dipodascopsis JE\Z & ENH0BER SO, T2 TCINOLOROREEZITH 2 &
\Z L7273, Dipodascopsis J& D FERRIZRIEN H D Z b | KUK EZ GO T
AR AP se 2179 Z & & LT,

2—3—2. M- Fik
- AE &
2 — 2 T b A7 40 BiERE (Fri6AgDI1-1 = NBRC 111230, Fr16AgDI2 = NBRC 111231,

Fri6AgDI3M = NBRC 111232, Fr16AgDI3S = NBRC 111233 ifi {IZ Fr2AgDr5 = NBRC

112965) (ZhNx., LE#stBR O 7= 8 Dipodascopsis anomala O F:#ERE NRRL-Y79317 (=
NBRC 104007) % fi38 L 7=,

- R ARAT

(2 —1—2—2. MEFE © TR#FEEHFT SR,

88



2—3—3. fER.-EBE

2 — 3 — 3 — 1. Dipodascopsis J& D/ HFEHIERET & Babjevia B DEE
#

2 — 3tiEE R¥FPED Lipomycetaceae FHERE D3 BERE D 5+ LSU rDNA, SSU
rDNA, MtSm, TEF1 &fs FHEERL S &2 FN 7255 1R fiNT 7> & Dipodascopsis J& 23T
e SNZbOE, FERTFOEAMRRIIET 20k R0 6. 2007 £ XY
Dipodascopsis J& & 3T FRE 8 il 2 BFEDWN. Dipodascopsis anomala & &
WML LT T AZ—%BE L. Z iUkt U Dipodascopsis anomala 73 *44)) Babjevia
BOEEFECHST-Z IO % Babjevialg b 752 LU THD EhEim L.
Babjevia JEFt# DOIEIE (emendation) & ZyBERRO FFEIER 21T > 7=,

2 —3—3—2. ItUEEESBEKID Babjevia J& 2 FfEDIRE

AWFIE DRI G & T2 o 7=y BRI T AL E & B B 0 B K AbEE AR BV ¢
2014/9M12 \ZEEE LT~V o 7Y v 7 LS5 S - (R 12)

F12. KRRELHFEEERTIEL-TEYUTIVICEATSEESE. 5 E. JiE. &
KERHR

o £
DER 5T B
Location | Lattude, | pu e | Alude | 5 | S| 5| E | o
Longitude (m) n 2 08B | & (rﬁn)
Q)| (O | &
% (°C)
HEREKZE4 | 43.220, Allophane | 211 - 23 | 36.3|6.7 |- 834.5
EEETM | 142.381 - Andosols | 437 27.3
tEE=E 43.254,
iy 142.423

TBEDORER., BONTZEBREIL 181K TH Y, BRI L U CIE L. starkeyi D3t 5
BEECAOBES L (169 BE. HEIMEEE 1(23/23) . #LELTEY ., fHWT L

doorenjongii, L. tetrasporus N 77BES iz (kR 13) .
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% 13. dtiEE RBHE Lipomycetaceae #IEEEH#EE

F4 B (HBREE)
Dipodascopsis sp. FRO1 4 (0.04)
Dipodascopsis sp. FR02 1(0.04)
Lipomyces lipofer 5(0.17)
Lipomyces starkeyi 169 (1)
Lipomyces tetrasporus 2 (0.09)
SEEBRE 181

FFEEAIRIZBE L ClE, 0+ RNt TR L 39 . Dipodascopsis 7 L — RIZHT
J&9 % Dipodascopsis sp. FRO1~FR02 @ 2 fl3BEMfE L 1T 8725 7 L— & T
LN E L. (F 11, 12, 13.14) . 372 b, Dipodascopsis sp. FRO1,
NBRC 111230, 111231, 111232 &} 111233 @ 4 ¥k & . Dipodascopsis sp. FR02,
NBRC 112965 % T 5.

Dipodascopsis sp. FRO1 OFFE 2G5 &, aa=—Fsaq MR, MiITZmH
FCHRE L7z, £72 V8 EFRY o — AJEREFHIC 2 MRHIFRE 25°CTH:E T 2 & 2R
DOFFEOHFIT 10 HREDKE O T2k Lz, I 20M. &1 » AR
Bl afid oL, BESRETER L, £, BEROFIZIE, FERFEZERT DD
OHLHY ., R LI TERFIIBEROMH TV DRELDEH -7 (K26) , =
DBEARZE BB CBIET L L, FAREHEAT M —>— DR H N TE
D, ZIMNHTFEBRTIFPETHNDEEN) ZEDRHLNE o7 (B26) .
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(a) NBRC 111230 (b) NBRC 114230

(c) NBRC 111233

26. Fig. 2 Babjevia hyphoforaminiformans (a—j)

(a) Budding cells of strain NBRC 111230 grown on YMA for 3 days at 25 °C. (b)
Conjugation tube of strain NBRC 110230 produced on V8 agar for 2 weeks at 25 °C.
(c) Ascus and ascospores of NBRC 110233 produced on YMA for 1 month at 25 °C. (d)
Pseudohyphae of NBRC 110233 produced on YMA on 1 month at 25 °C. (e—j)
Pseudohyphae and ascospores of NBRC 110233 produced on 10-fold diluted V8 agar
for 1.5 months at 15 °C. Bars, (a—d) 5 ym; (e) 5 mm; (f—j) 5 ym.
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Dipodascopsis sp. FRO2 ODIE X, an=—|Ii a1 K, MIXSMmHE CHEGE
L7z, £72V8HRY o —RFERIEHIC 2 MR 25°CTHET D &, RO T%ED
I 10 BREOREO T8I T2 Rk Uiz, BIC 28, G5t 1 » HRERSSE 26
oL, BEAEER L (B27) . ZO®BEREE FBEBECHZET L, FHiEx
RS DAl O I FFIE A S IV TR Y . 2 ORI E O MR EE SIS 35 Z
T, ZIDDLFEBIDPEHL TS ENW) ZEBRHALNE -T2 (B27)
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(a) NBRC 112965 (b) NBRCA112965

g
.

3
p |

[Nd L. e
27. Fig. 3. Babjevia hyphasca NBRC 112965 (a—j)
(a) Budding cells grown on YMA for 3 days at 25 °C. (b) Conjugation tube produced on
V8 agar for 2 weeks at 25 °C. (c) Pseudohyphae produced on YMA on 1 month at
25 °C. (d-h) Pseudohyphae and ascospores produced on 10-fold diluted V8 agar for
1.5 months at 15 °C. Bars, (a—d) 5 pm; (e) 5 mm; (f—j) 5 pm.
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S5, R 2 FrfEfEm B, Dipodascopsis anomala D4 DFRFEIZLLT
Lo TRV, @D Lipomyces DIFE L1372 5 (abnormal) &5 Z &3 FEE
R4 anomalus DK TH D, Tz, ZOREIZL W ERENCO2EENTHILT
w5 (H28) ,

Lipomyces anomalus Babjeva & Gorin 1975 —  Babjevia anomala (Babjeva &
Gorin) van der Walt & M. Th. Smith 1995 — Dipodascopsis anomala (Babjeva &
Gorin) Kurtzman, Albertyn & Basehoar-Powers 2007

72, Z @ Dipodascopsis anomala O Feam L Tl FLdli ST RIZIEZE LTV
WHEDOD, BREARNICTEIRTZ2BRT DLV ) Z ERHE STV (Babjeva &
Gorin, 1975) ., EERIZ Dipodascopsis anomala ® % A 7 3k NBRC 10400 % 5538
L CHEETCREAREBIZT S & DRV ARNLREHER CORED & B0 BERN
BT EZER L TWD Z RSN (K28) ., T0=H, A#FETHELNT
Hridfeesl 2 # (FRO1, FRO2) & REROFEIFORMEREZ AT 52 LR LN E R

277,

Dok, €06~ 1Brm
=
prare
RER

Dipodascopsis anomala (2007)
IB34 : Babjevia anomala (1995)
Lipomyces anomalus (1975)

BOEEAT (FERF(ICDVLTIRM
- LIRDOFEEIZA
- BERORNEPICFERFEIK

HBERADFERF
28. Dipodascopsis anomala D ERUEIEE 4

PLEX Y ARWFIE CHFE AT 2 FIL, &si. TBEWIC Dipodascopsis
anomala EFERLL (B 26, 27.28.29) . F£7=. D Dipodascopsis J& & 13572 H 4%
R (sac-like) OFFEHE (Dipodascopsis J&I1%, K XILF#ER D% ascus T, &
HOMAEA DD JE di-poda TR TWND LI RIBEVPFE THD) ThHHI L

94



5. Z O Dipodascopsis anomala DIHJES T % Babjevia JBIZIETE - MBS E 5 2
L L L7= (Yamazaki et al., 2020) .

SSU, LSU, MtSm, TEF1

ML tree
Lipornyces starkeyi NRRL Y-11557T =

Lipémyces doorenjongi NRRL Y-27504T
Lipomyces kockii NRRL Y-275057
Lipomyces mesembrius NRRL Y-275067
- Lipomyces tetrasporus NRRL Y-115627
Lipomyces kondonenkoae CBS 25147
Lipomyces yamadae NRRL Y-275077

Lipomyces lipofer NRRL Y-11555T

Myxozyma kiuyveri NRRL Y-17277T
8 M{xozyma udenii NRRL Y-1738/7

- Ipornyces amatsuensis (CHO5) NBRC 1114207
Lipomyces mehbiorhafﬁnos,ghgus (CHO1) NBRC 1114117

sl

Kawasakia arxii NRRL Y-17921

Limtongia smithiae NRRL Y-179227

5/— Myxozyma mucilagina NRRL Y-118237
D oyees haimhmeants (IRGA) NBRC 1104357
Myxozyma vanderwaltii NFgRL Y-177277 — Lipomyces
Myxozyma melibiosi (Type Sﬁemes) CBS 21027
Lipomyces chibensis (CH03) NBRC 1114137

Linébmyces kiyosumicus CHDZ% NBRC 1114247
Kockiozyma suomiensis NRRL Y-173567
Myxozyma geophila NRRL Y-172527 .

Lipomycés yaeyamensis I(F]{ROZ) NBRC 110433
Lipomyces taketomicus (IR01) 'NBRC 1129667
Lipomyces irfomotensis IROE2 NBRC 1104367
Lipomyces komiensis (IRO 8 NBRC 1104407
Lipomyces kamogawensrsb[ HO4) NBRC 1129677
Lipomyces nakamae (IRQ F% NBRC 1104347
Lipomyces _sakmh.'mensmg 07) NBRC 1104397
0.05 ﬂxozyma lipomycoides NRRL Y-172537

: y Myxozyma rgwp’onenerf \I>IR1F%L ‘(-g7’625T
X0Zyma monticola -
100 80 - yxozy - Lipomyces owr%\cpohaga ?RE)RL Y-17247T
Lipomyces japonicus NRRI™ Y-178487
Dipodascopsis uninucleata var. uninucfeata, NRRL Y-1758§T

—¢100 Dipodascopsis uninucleata var. wickerhamii NRRL Y-2181

o
(=]

épodascopsis tothii NRRL Y-126907

D
o5 10 abjevia anomala NRRL Y-79317 B b . .
Babjevia hyphasca Fr2Ar5" abievia
10 Babjevia hyphoforaminiformans Fri6AI3M"™ | 7777 ‘] “““““““““

Saccharomyces cerevisiae NRRL Y-126327
Schizosaccharomyces pombe NRRL Y-127967

29. SSU, LSU, MtSm, TEF1 Bz TFIEEEFIZ AL = Lipomycetaceae BFIEEB D FR
s (mAE)

Babjevia B DOFLHEDETE (emend) ONEE LTI, FilORHECOMEY |, (BE R
WIC BT 2R T 5 WO IBEZIBRL LT,

Emended Description of Babjevia Van Der Walt and M.T. Smith, Antonie Van
Leeuwenhoek 67(2): 178 .1995. Emend. A. Yamazaki and H. Kawasaki

Synonym: Dipodascopsis L.R. Batra & Millner, in Subramanian, Taxonomy of
Fungi (Proc. Int. Symp. Madras, 1973) 1: 209. 1978

The genus Dipodascopsis was located on two separate branches in the phylogenetic
trees based on the concatenated sequences of the four genes SSU, LSU rDNA,
MtSm, and TEFI-a, despite the shared morphological characteristics such as
forming true hyphae, acicular asci, and allantoid ascospores [1]. The species
Dipodascopsis anomala was first reported as Lipomyces anomalus because it
produce 4—-30 ascospores in its sac-like ascus, and was also described as sometimes
producing ascospores in pseudohyphae or in cells with a large number of buds [28].
Later, the genus Babjevia was proposed because L. anomalus had different
structures in the ascosporal wall and septal pores from the species of Lipomyces
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starkeyi, Dipodascopsis tothii, and Dipodascopsis uninucleate [29]. In this study,
the morphological characteristics of producing ascospores in their pseudohyphae
among the species related to D. anomala were found, indicating that species in the
D. anomala clade should be transferred from the genus Dipodascopsis to the genus
Babjevia.

The original description was emended to include producing ascospores in its
pseudohyphae.

Type species: Babjevia anomala (Babeva & Gorin) Van der Walt & M.T. Smith,
Antonie van Leeuwenhoek 67(2): 178. 1995.

Species included:
Babjevia anomala (Babeva & Gorin) Van der Walt & M.T. Smith, Antonie van
Leeuwenhoek 67(2): 178. 1995.

Synonym: Dipodascopsis anomala (Babeva & Gorin) Kurtzman, Albertyn &
Basehoar-Powers, FEMS Yeast Res. 7(6): 1032. 2007.

fEVWNC, BTREfEA 2 FE (FRO1, FRO2) OAFRMEIRICOWT, Tk & 72 % Babjevia
anomala (IH Dipodascopsis anomala) %N 7= 3 T L7= (X 4.5) .

Babjevia sp. FRO1 %, melezitose, inulin, soluble starch, DL-lactate, citrate,
propane-1,2-diol D&LMEEZH T 5 L W) PEE L, cellobiose, lactose, ribitol,
galactitol (Dulcitol), D-mannitol, D-glucitol (D-Sorbitol), a-methyl-D-glucoside, 2-
keto-D-gluconate, butane-2,3-diol, D-glucuronate, potassium nitrate O &M% A X
IRNEW D HTCUTRIE L TR R D Z LA LMNE RS T,

Babjevia sp. FRO2 (%, D-gluconate D&t aH 7325 W HMHEE &, L-sorbose, D-
ribose, L-thamnose, a-methyl-D-glucoside D& b2 X720 & W 5 HE O s Ttk
FEE B b Z ERBHLNE RS T,

PlbEX v, ¥ 2 f (FRO1, FRO2) OOMHREERENDL, #EM, BEIC
Babjevia B\ZFTE T 5 —F, BEAFEE IZR22HETHDL Z LR LN E Tz
O, FTROT4, BHREZHFICLY ., IREE BB ED Babjevia & 2 Fifii & LT
2020 H=\Z G Hm LS 247 - 72 (Yamazaki et al., 2020) .

Babjevia hyphoforaminiformans sp. nov.

FRO1

Babjevia hyphoforaminiformans A. Yamazaki, & H. Kawasaki 2020
MycoBank no. MB 829051

Holotype NBRC 111233

96



Ex-type culture, CBS 15771

The type strain was isolated from the soil under the planted forest of Yezo spruce,
Picea jezoensis in Yamabehigashi 23-sen, Furano-shi, Hokkaido, Japan.

Babjevia hyphoforaminiformans O it# 0L FrcDi@ v,

Description of Babjevia hyphoforaminiformans A. Yamazaki and H. Kawasaki sp.
nov.

Babjevia hyphoforaminiformans (hy.pho.fo.ra.mi.ni.for'mans. N.L. part. adj.
hyphoforaminiformans forming the bore hole for ascospore discharging in the
pseudohyphae).

After 3days of culture on YMA at 25 °C, cells are ovoid, ellipsoid, 3.4-5.9 X
3.6—6.3 pm in size, and occur singly, in pairs, or in short chains (Fig. 2), with
multilateral budding. The streak culture on YMA is mucoid, partly hyaline,
partly creamish-opaque, smooth, and glistening, with an entire margin. In
Dalmau plate cultures on 10-fold diluted V8 vegetable juice agar after 1 month
at 15 °C, pseudohyphae are formed. In YM broth after 1 month at 25 °C,
sediment is not present. Asci and ascospores are produced on V8 vegetable juice
agar after 2 weeks in 25°C. Asci are attached, saccate to irregularly tubular or
contorted, with slowly deliquescent walls. Ascospores are ellipsoid, with a
smooth surface, 1.3—1.4 X 1.6-1.8 um, with 4-20 per ascus (Fig. 2). Ascospores
are also produced in the pseudohyphae and discharged from the bore (hole)
formed on the hyphae of each septum.

Does not ferment D-glucose. Assimilates D-glucose, D-galactose, L-sorbose,
sucrose, maltose, a,a-trehalose, melezitose, inulin, soluble starch, D-xylose, L-
arabinose, D-arabinose, D-ribose, L-rhamnose, ethanol, glycerol, a-methyl-D-
glucoside, salicin, DL-lactate, citrate, arbutin, 5-keto-D-gluconate, propane-1,2-
diol, D-glucono-1,5-lactone, xylitol, D-galacturonate, arabinitol (arabitol).

Does not assimilate cellobiose, lactose, melibiose, raffinose, erythritol, ribitol,
galactitol (dulcitol), D-mannitol, D-glucitol (D-sorbitol), succinate, inositol, D-
gluconate, D-glucosamine, N-acetyl-D-glucosamine, 2-keto-D-gluconate,
hexadecane, methanol, butane-2,3-diol, D-glucuronate.

Assimilates ammonium sulfate, ethylamine, Li-lysine, cadaverine, imidazol.

Does not assimilate potassium nitrate, sodium nitrite.

Does not grow at 30 °C but grows at 25 °C. Growth in medium containing
0.1% cycloheximide is positive.

The G + C content of nuclear DNA is 42.0-43.9 mol%. The major ubiquinone
is Q-9.

The type strain was isolated from the soil under the planted forest of Yezo
spruce, Picea jezoensisin Yamabehigashi 23-sen, Furano-shi, Hokkaido, Japan
(latitude, longitude, altitude (m): 43.220278, 142.381667, 236). It was isolated
as strain Fr16AgDI13S by A. Yamazaki on the 30t of Nov, 2014 (holotype NBRC
111233 preserved in a glass ampoule in a metabolically inactivated state by the
liquid-drying method at NITE Biological Resource Center (NBRC), Chiba
prefecture, Japan).

Ex-type culture is CBS 15771 preserved in the CBS collection of the
Westerdijk Fungal Biodiversity Institute, Utrecht, Netherlands.

Gene sequences ex-holotype: LC279233 (D1/D2 LSU rRNA gene), LC439443
(TEF1-0).

MycoBank number is MB 829051.
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Other cultures examined: Isolated in Yamabehigashi 23-sen, Furano-shi,
Hokkaido, same soil sample of the type strain, by A. Yamazaki on 30, Nov., 2013
(NBRC 111230 = Fr16AgDI1-1, NBRC 111231 = Fr16AgD12, NBRC 111232 =
Fr16AgDI3M). These strains are preserved in glass ampoules in a metabolically
inactive state at NBRC.

Babjevia hyphasca sp. nov.

FRO2

Babjevia hyphasca A. Yamazaki, & H. Kawasaki 2020

MycoBank no. MB 829053

Holotype NBRC 112965

Ex-type culture, CBS 15772

The type strain was isolated from the soil under the planted forest of Japanese
cedar, Cryptomeria japonica in Yamabehigashi 23sen, Furano-shi, Hokkaido,
Japan

Babjevia hyphasca DFC#E T Figd@ v,

Description of Babjevia hyphasca A. Yamazaki and H. Kawasaki sp. nov.
Babjevia hyphasca (hyph.as'ca. N.L. fem. adj. Ayphasca referring to the morphology
that asci and ascospores are produced in pseudohyphae).

After 3 days of culture on YMA at 25 °C, cells are ovoid, ellipsoid, 2.9—6.4 X 4.9—
8.5 nm in size, and occur singly, in pairs, or in short chains (Fig. 3), with
multilateral budding. The streak culture on YMA is mucoid, partly hyaline, partly
creamish-opaque, smooth, and glistening, with an entire margin. In Dalmau plate
cultures on 10-fold diluted V8 vegetable juice agar after 30 days at 15 °C,
pseudohyphae are formed. In YM broth after 1 month at 25 °C, sediment is not
present. Asci and ascospores are produced on V8 vegetable juice agar after 2 weeks
in 25°C. Asci are attached, saccate to irregularly tubular or contorted, and with
slowly deliquescent walls. Ascospores are globose, have a rugged surface, 1.2—1.3 X
1.2-1.3 pm, with 4-20 per ascus (Fig. 3). Asci and ascospores are also produced in
the pseudohyphae and discharged from the asci with deliquescent walls of the
hyphae.

Does not ferment D-glucose. Assimilates D-glucose, D-galactose, sucrose,
maltose, cellobiose, a,a-trehalose, lactose, D-xylose, L-arabinose, D-arabinose,
ethanol, glycerol, ribitol, galactitol (dulcitol), D-mannitol, D-glucitol (D-sorbitol),
salicin, arbutin, D-gluconate, 2-keto-D-gluconate, 5-keto-D-gluconate, butane-2,3-
diol, D-glucono-1,5-1actone, xylitol, D-glucuronate, D-galacturonate, arabinitol
(arabitol).

Does not assimilate L-sorbose, melibiose, raffinose, melezitose, inulin, soluble
starch, D-ribose, L-rhamnose, erythritol, a-methyl-D-glucoside, DL-lactate,
succinate, citrate, inositol, D-glucosamine, N-acetyl-D-glucosamine, hexadecane,
methanol, propane-1,2-diol.

Assimilates ammonium sulfate, ethylamine, Li-lysine, cadaverine, imidazole.

Does not assimilate sodium nitrite, potassium nitrate.
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Does not grow at 35 °C but grows at 30 °C. Growth in medium containing 0.1%
cycloheximide is positive.

The G + C content of nuclear DNA is 41.8 mol%. The major ubiquinone is Q-
9.

The type strain was isolated from the soil under the planted forest of
Japanese cedar, Cryptomeria japonica in Yamabehigashi 23sen, Furano-shi,
Hokkaido, Japan (latitude, longitude, altitude (m): 43.221389, 142.3825, 220).
And it was isolated as strain Fr2AgDr5 by A. Yamazaki on 25, Nov, 2014
(holotype NBRC 112965 preserved in a glass ampoule in a metabolically
inactivated state by the liquid-drying method at NITE Biological Resource
Center (NBRC), Chiba prefecture, Japan).

Ex-type culture is CBS 15772 preserved in the CBS collection of the Westerdijk
Fungal Biodiversity Institute, Utrecht, Netherlands.

Gene sequences ex-holotype: LC279229, LC440487 (LSU rRNA), L.C439444
(TEFI-0), .C440486 (SSU rRNA), L.C440488 (MtSm).

MycoBank number is MB 829053.

Other cultures examined: None.

2—4. /E
Lipomyces mROEEH/RD 7 EFHMIFBE(2—1)

NBRC 2MEA T 5 Lipomyces JEBRRD > —7/r L A« 5342 4T o712 & 2 A,
Lipomyces spencermartinsiae /X UF Lipomyces kononenkoae O % A 7" HIFR DS |
NBRC. CBS X U'NRRL ® 3 D /VF v —a L7 a U TRRHRICEZHD S
TWDAREMED GRS BTz, # A 7THREOE X b 0 IXE R 2 AW 20 BEZE I
SRIBADEBEL G252 L2520, LLFOMEY | FEOFLEG SO E MRS
DNA FHFIMERERIC X D IE LW A 7T HSRE DR 21T - 72,

L. spencermartinsiae ® % A 7' H ¥ (NBRC 10376, CBS 5608, NRRL Y-
11554)

NBRC 10376 & CBS 5608 1%, FEENEOGLHEANE L —B L. 751 RHMHT -
DNA fHFEIMREBROFE R 5 3 NBRC 10376 &Y CBS 5608 231E LU Z A 7 H Kk T
HHZEPPHLNERST,

L. kononenkoae ® % A 7 i3k (NBRC 10375, CBS 2514, NRRL Y-11553)

531 RAMENT - DNA MHRIMERBRORE RN D, CBS 2514 2IE LW A A FHRET
HHZEDBHBMNE ST, OO, AWFFET CBS 75 %H7- NBRC 107660
(= CBS 2514) % L. kononenkoae O % A 7’'Hkfk L L7=, NBRC 10375 (FIRELZ KT
HIZDIERE LT,
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13 Lipomycetaceae BFIEFBORERLHIERIB(2—2)

AKW9E D Lipomycetaceae Bt O 7BETIEIC XV, BA, 42 KRR T THBEE1T-
7L Z A, Lipomyces |E4 31 FiD 55 18 F (5 % Lipomyces sensu stricto : 4 Fif)
(568%) DOFFEZ3BELT-, MMZ T, Babjevial& 2 % B L7T=,
Lipomyces sensu stricto & U CIL FFLD 4 FiZ 43 L7z, FEAITHEV TorlE %

FLAR
1.
2.

4.

Lipomyces chichibuensis A. Yamazaki & H. Kawasaki 2014; £ £ IRFLACTH
Lipomyces okinawensis A. Yamazaki, Yanagiba & Naganuma 2017; #7135 IR
Rt

Lipomyces maratuensis A. Kanti, A. Yamazaki & H. Kawasaki 2017; £ > N
AT RNV 2 NT TR~ T TF 2T 5

Lipomyeces tropicalis A. Kanti, A. Yamazaki & H. Kawasaki 2017; f > KR
TRV~ B NT TR~ T T aT R

Myxozyma 7 7 A% —\ZFTJ&$ % LipomycesJ& & L ClX, Tie® 14 f%x 0B L
Tzo FEAAITHGE N T oy Bl A S,

1.

®©

10.
11.

12.
13.
14.

Lipomyces amatsuensis f.a., A. Yamazaki, Lorliam & H. Kawasaki 2020; T
HERNG) 1T

Lipomyces chibensis f.a., A. Yamazaki, Lorliam & H. Kawasaki 2020; T%Z %
WS 1T

Lipomyces haiminakanusf.a., A. Yamazaki & H. Kawasaki 2020; {ffit IR 75 3%
=

Lipomyces iriomotensis f.a., A. Yamazaki & H. Kawasaki 2020; #7653 &
Lipomyces kalimantanensisf.a., A. Kanti, A. Yamazaki & H. Kawasaki 2017:
AV RRYTEREAY w2 WMILTF Vv b RR—VIRT A I JE
Lipomyces kamogawensisf.a., A. Yamazaki, Lorliam & H. Kawasaki 2020; T
HEVRNG) 1T

Lipomyces kiyosumicus f.a., A. Yamazaki, Lorliam & H. Kawasaki 2020; T
HEIRNG) 1T

Lipomyces komiensisf.a., A. Yamazaki & H. Kawasaki 2020; 7 IR 763 &
Lipomyces melibiosiraffinosiphilusf.a., A. Yamazaki, Lorliam & H. Kawasaki
20205 T-HENG) 1 T

Lipomyces nakamensisf.a., A. Yamazaki & H. Kawasaki 202; i I 75 3% &
Lipomyces sakishimensis f.a., A. Yamazaki & H. Kawasaki 2020; J## IR 7552
=

Lipomyces taketomicusf.a., A. Yamazaki & H. Kawasaki 2020; i % 7E 3% 5
Lipomyces yaeyamensisf.a., A. Yamazaki & H. Kawasaki 2020; i U7 76 5% &
Lipomyces yamanashiensis f.a., A. Yamazaki, Yanagiba & Naganuma 2017;

(LT

F7-. B L 5 O THE LIV Lipomyces JBfElX, TENOHBEESIL5 30 FED H
H 24 FE (80%) Th-o7-, ZDi=db, NDM 5L, Lipomyces J& % MaFEAI Sy B9
HZEMTELEMTHD Z ERBREND EEBIZ, BARITEIIZEWIIETHY
HiFEA R, HEVE & 2 < ORUERITE M EET 2 2 LI RO E N OFE O AR R
WHDEEZ BND,
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Dipodascopsis BOBES HEE Babjevia ROBEE (2—3)

%2 — 3% il S REPED Lipomycetaceae BHEERE DI FEDOEEZR I %2, LSU
rDNA, SSU rDNA, MtSm, TEF1 81 EES % 01 Rt & . 2+
OB T B odThE R 2 B & 2 T, 2007 4£ X Y Dipodascopsis J& & STV
TR0 3 fll 2 BFEDW., Dipodascopsis anomala @ . Babjevia Jg~DixJgE L DIEE
(emendation) %17\, F£7=. Babjevialg & L CIBEORE 2 H T 5 2 Ffz42"8
L7z,

Dipodascopsis J& (3 FE) (2007 F-K5A)

1. Dipodascopsis anomala (Babjeva & Gorin) Kurtzman, Albertyn & Basehoar-
Powers 2007

2. Dipodascopsis tothii (Zsolt 1963) L.R. Batra & Millner 1978

3. Dipodascopsis uninucleata (Biggs) L.R. Batra & Milner 1978

Dipodascopsis uninucleata D75 FE (2 Z57FE)
1. Dipodascopsis uninucleata var. uninucleate (Biggs) L. R. Batra & Milner 1978
2. Dipodascopsis uninucleata var. wickerhamii Kregervan Rij 1974

PlED X5z, REOBFIZ LV . Babjevia J& D1EI5Z X 5 Dipodascopsis D7y
PR AT ) 2 LN TE 2N, 2L, Dipodascopsis anomala <°EEAF DFED iR
P DHZEAITS>TWTIE, ZOX D REHEZLT S Z LIXTE RN o7z, ISR
<. EBIENT D=L Z AT, Dipodascopsis anomala D DNk B E & A4
LLEVIHIFERLEONRNTZOTH D, AFEOFEAZED &) BRI L - T,
Dipodascopsis anomala \ T 72 FiFEERIME 2 5 L, W92 EIREIC OV THEE
T DRE2RATDHIENTERD, 1D T Babjevia g DMATEE L LT 5 Z
ERTTREL 7R D R DETEIZE - T,

UL G, KSR E L C Dipodascopsis JEIZIRKE < 2 R DILTWDTZ0,
Dipodascopsis J&N® Dipodascopsis uninucleata & Dipodascopsis tothii D 2 FED[H
DOFEMFENTC, ERLD L 2 2tk i O R L L aiTic L0 . DEFOMESIT O S
S5 RELBRRD LD, AEIOEHIL Lipomycetaceae FHERE % 51 L ~L
TRETE DM & R DIHEHEMICHIR LI E WA D,

Babjevia J& & U TIZ NREOD 2 flZ 40fE U7z, FlA ITHew T oo Bl 2 5L,

1. Babjevia hyphasca A. Yamazaki & H. Kawasaki 2020; dt##i8 & B B

2. Babjevia hyphoforaminiformans A. Yamazaki & H. Kawasaki 2020; b8 &

REpf

LFED Babjevia J& 2 FEIZB L TlX, 2007 4 X Y Dipodascopsis J& & LTz
Dipodascopsis anomala D FEYERE NBRC 10400 % & 7= 3 ¥k, EEEE 2L 5%
TR TR OBIRIC A D Z LA, BEANICTFERFZRTH 20 )
OB TITRRD e WBEE 3@ L CH L7272%. Dipodascopsis anomala %
Babjevia JB\ZH&JE L, AWFFRIZ L > TR L IZ 4 ¥% Babjevia gD 2 #Fifi & L Cid
WL-bDOTHD,
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Lipomycetaceae BB D A RO BEE

26S. TEF1 %85 HIHBL % T RGN 21T > T2 f5%.  Lipomyces sensu
stricto @%Ei}i@blﬁ;ﬁ <E LTEEEY, oE GHAREE., 1357 IRSE
1'4307171&5 RRH, WEICHER 7 v—7 %ﬁ/ﬁk‘?é &M %75)}:72607‘:0 i

. ARBERED 53 Hﬂi@?’_&’)@mﬁﬂﬁr® BIi T & LCTEFIIZER L, BRSO
J_JE W - RIEICHATRD Z & 2R LT,

FREDOIRIRE « 9WTIZ X - T, Dipodascopsis JEDOWERFE L IWEORE LEZT5HZ L
\2X V. Babjevia @O E L L THFEIETZBEANICIERT HZ L2 RANEL Eﬂ
WOEIE (emendation) #1T7-7z, 7o, FBOKELZ AT 5 2 Fifiziz"E bf_o z
AU LV Dipodascopsis D RLE L & —H#EE4 5 Z L ICE N -T2, 514,
Dipodascopsis J&EWN O D. uninucleata & D. tothii ® 2 O OFEMMENTIZ L V. 4058
FHMESTOILRHRELBRD DM, FEEHEORHIL Lipomycetaceae FHi%
BB LV CRETE 2R & R D IEWREMICEMR L2 Wa D,

—F. Myxozyma 7 7 A X —IZOW\WTlL, 28X /DA V7LV A Nl =
FEick T, HHREOELFEVDO I L— FEBETHKENRONZN, 28 F
U =y METIE, EEER BT AR ) e R B ERNH BT, O
DWEDOAH TR 2 Z LIIAR+5TH D,

PLEo X5z, B TR AW S5 LSU, SSU, MtSm, TEF1 % iy &
T HBEHEM T - DNA BAIIC X - T Lipomycetaceae FHERE D 4 J& D 52 %t BFR O 52
R OLNITDHIENTEREN, Myxozyma 7 7 AKX —=X° D1p0dascopsjs)§,“ﬂi?ﬁfﬁ
BRI AR R EBAFAE L T D, T3S R RAEBAMRIC & D 3Bk
BLEBE T, %I 7 AEHmAERIC Lz, L £< @Jgfz:¥ﬁﬂﬁﬂ@tt$§i:c]:o“(

BRI 21T O 2 EARO B D,
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%5 3% Lipomyces BEE R DAERBFRITFS
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3—1—1. [IC®IZ

Lipomyces B R D3 ARIZOWT, HFRH O LN L SR RHE S Tnsd  (Di
Menna, 1966; Babjeva & Gorin, 1987; %, 2002; Thanh, 2006; Smith &
Kurtzman, 2011; Yamazaki & Kawasaki, 2014; Yamazaki et al., 2017a, 2017b,
2020) b OO, TOFEOEEIFIKLS . LEPOFR & L TEOFENHRE N T
HDIE, OB TH 5, Aureobasidium, Burella, Candida, Cryptococcus,
Lipomyces, Pichia, Rhodotorula, Sporobolomyces, Tremella, Trichosporon

Zo ORERNT, BRSNS REEE WS 5 Z LT, i UV IC X Al
SNDOHE A=V, MDA L DHEN LN TND EORERHY, F2ZDOZHE
W2k o T, HEORESCHBAL 2R S, HEEREOM RIZEBRL TV 5 & Ot
£4HH 5 (Botha, 2006, 2011; van Bogaert et al., 2009; Yurkov, 2017, 2018) .

L L7226, Lipomyces JBEEREIL., LFLOBERO R Tl LB EN DN &
Wz, MOBMAMIZ R TAEBTERENEBEWENS, BEROSEECT—RICHW L
% YM E: i YPD B 1% Clitsas 7 L — NSRBI D OBERE - B & OB
AT DO HEET 2 Z L I3EE LW,

Lipomyces J&FERET, #RoO TIRIRE DO BIFERE CAB /RERMAEM TH Y

(Vishniac, 1983; Babjeva & Gorin, 1987; L%, 1992; Kimura et al., 1998;
Cornelissen, Botha, Conradie, & Wolfaardt, 2003; Yurkov et al., 2011) . Z OHH
ZRAL T, ERFEHIRELI-EMEZHNDSZ ETIILOTHEET 22 & TE S

(Thanh, 2006; Yurkov et al., 2016) ,

Pl b=, H3BIZBIT 5. Lipomyces J& DFEREICEI T 2 S HARENICE T 5
FHOARC LR O FEICEE T 2 & 13 < . EWNIZE T 5 Lipomyces J& D EREIZES T
B IEROHEIT D220,

HAFE IR AbIc Rz < (approximately 45° N 148° E to 24° N 122° E) | & fwidil
SEH . IR, WAV E TIED . FAUTHEV, SRR HHEENTFEET D, ENI
I, BRI DN TV DREL D & EWINIEEPERE I 2 1h D & 9% 2% 48k72 Lipomyces J& ¥
BAGFET D ZENMEESND, 62 E T, FBEEEORERICE - TR 3 ITRE#H
D 11 Huk D 86 %< O Lipomyces J@EERIEZ DBEL T2, B3 ETIX, H2E
THLNTZGBEHRIZ DWW T, £ DORIER F & B2 D4y BER & 43 BEHUB D BEFRIZ DU
TR 21T 2 & L, £, o B TRERRZITY 2 &
T, R UHETH > THoBEHRIz X > CQREBEISHESEOREN R D ONHRD Z &
L,

ZOMEIZ KV . HT Lipomyces BEEF RIS B D 2 L2l A, FGAACREEDAE
REICRH T DIEMOERIC L VA ZHET 2 2 LN TE, PR dREEZ AT
% Lipomyces B R % 7B - BUST 5 2 & b HIFFCTE 5,
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% 14. Lipomycetaceae HEBEEO N HRRUEH

Countries the

Locations of

Name Basionym Source sources collected |Sstﬁl(?;on in this
Babjevia anomala (Babeva & Gorin) Van der | Dipodascopsis anomala (Babeva &
1 Walt & M.T. Sm. 1995 [Type species of Gorin) Kurtzman, Albertyn & Soil Armenia, USSR -
Babjevia] Basehoar-Powers 2007
5 gggéewa hyphasca A. Yamaz. & H. Kawas. Soil Japan Hokkaido
Babjevia hyphoforaminiformans A. Yamaz. & . .
3 H. Kawas. 2020 Soll Japan Hokkaido
4 Dipodascopsis tothii (Zsolt) L.R. Batra & cutting of beech Hunoa i
Millner 1978 (Fagus sylvatica) gary
Dipodascopsis uninucleata var. uninucleata Dead pupa of a
5 (Biggs) L.R. Batra & Millner 1978 [Type Dipodascus uninucleatus Biggs 1937 | fruit fly (Drosophila | Canada -
species of Dipodascopsis] melanogaster)
. . . . . Fruit fly
6 E;gogii;%psis_ ijg;rllucleata var. wickerhamii (Drosophila Unknown )
9 ! melanogaster)
Kawasakia arxii (Van der Walt, M.T. Sm. & Y. Zvaozvma arxii Van der Walt. M.T
7 Yamada) Y. Yamada & Nogawa 1995 [Type ygozy R Forest soil South Africa -
. . Sm. & Y. Yamada 1989
species of Kawasakia]
Zygozyma suomiensis M.T. Sm., Van
Kockiozyma suomiensis (M.T. Sm., Van der dgr Wwalt & . Yar.“adf"‘ 1989 . .
) Lipomyces suomiensis (M.T. Sm., Skin lesion of a .
8 Walt & Y. Yamada) Jindam., Yukphan & Y. Finland -
Yamada. 2012 Van der Walt & Y. Yamada) cow
’ Kurtzman, Albertyn & Basehoar-
Powers 2007
Limtongia smithiae (Van der Walt, M.J.
9 Wingf. & Y. Yamada) Jindam., Am-in, Zygozyma smithiae Van der Walt, Ambrosia beetle South Africa )
Yukphan & Y. Yamada 2011 [Type species M.J. Wingf. & Y. Yamada 1990 frass
of Limtongia]
Lipomyces amatsuensis A. Yamaz., Lorliam . .
10 & H. Kawas. 2020 Soll Japan Chiba
Lipomyces chibensis A. Yamaz., Lorliam & . :
11 H. Kawas. 2020 Soll Japan Chiba
. - . Hokkaido, Saitama,
12 Lipomyces chichibuensis A. Yamaz. & H. Soil Japan Shizuoka,

Kawas. 2014

Yamaguchi
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Lipomyces doorenjongii Van der Walt & M.T.

Niigata, Chiba,

13 Soil South Africa Yamaguchi,
Sm. 1999 Kagoshima, Okinawa
Lipomyces haiminakanus A. Yamaz. & H. . .

14 Kawas. 2020 Soil Japan Okinawa
Lipomyces iriomotensis A. Yamaz. & H. . .

15 Kawas. 2020 Soll Japan Okinawa
Lipomyces japonicus Van der Walt, M.T. . . i

16 Sm., Y. Yamada & Nakase 1989 Soil Japan, South Africa
Lipomyces kalimantanensis A. Kanti, A. . .

17 | yamazaki & H. Kawasaki 2017 Soil Indonesia )
Lipomyces kamogawensis A. Yamaz., . .

18 Lorliam & H. Kawas. 2020 Soil Japan Chiba
Lipomyces kiyosumicus A. Yamaz., Lorliam . .

19 & H. Kawas. 2020 Soil Japan Chiba

20 Iig)é)ényces kockii M.T. Sm. & Van der Walt Soil South Africa i
Lipomyces komiensis A. Yamaz. & H. . .

21 Kawas. 2020 Soil Japan Okinawa
Lipomyces kononenkoae Slooff, Nieuwdorp . Nigeria, Mali, .

22 | &P. Bos 1970 Soi Trinidad, South Africa | Y2magata, Okinawa

23 Lipomyces lipofer (Den Dooren) Lodder & Waltomyces lipofer (Den Dooren) Y. Soil The Netherlands, UK, Hokkaido
Kreger-van Rij 1952 Yamada & Nakase 1985 USSR, Armenia
Lipomyces maratuensis A. Kanti, A. . .

24 | Yamazaki & H. Kawasaki 2017 Soil Indonesia )
Lipomyces melibiosiraffinosiphilus A. . .

25 Yamaz., Lorliam & H. Kawas. 2020 Soil Japan Chiba
Lipomyces mesembrius Botha, Van der Walt . . .

26 &M.T. Sm. 1997 Soll South Africa Chiba
Lipomyces nakamensis A. Yamaz. & H. . .

27 Kawas. 2020 Soil Japan Okinawa
Lipomyces okinawensis A. Yamaz., . .

28 Yanagiba & Naganuma 2017 soil Japan Niigata
Lipomyces oligophagus (Van der Walt & Arx) | Zygozyma oligophaga Van der Walt & Insect frass in

29 | Kurtzman, Albertyn & Basehoar-Powers Arx 1987 [Type species of South Africa -

e . trees
2007 [as 'oligophaga'] Zygozyma]
30 | Lipomyces orientalis Thanh 2006 Saoil Vietham -
31 Lipomyces sakishimensis A. Yamaz. & H. Soil Japan Okinawa

Kawas. 2020
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Lipomyces spencermartinsiae (Van der Walt

Lipomyces kononenkoae subsp.

32 spencermartinsiae Van der Walt & Soil South Africa Okinawa
& M.T. Sm.) Van der Walt & M.T. Sm. 1997 M.T. Sm. 1995
Hokkaido, Yamagata,
. . . USA, The Niigata, Saitama,
33 Iig)gzm [)_/rceses;arlégi)gng??ﬁr gcnfrigeg-van Ri) Soil Netherlands, Canada, | Chiba, Shizuoka,
ype sp pomy South Africa Hyogo, Yamaguchi,
Kagoshima
Lipomyces taketomicus A. Yamaz. & H. . .
34 Kawas. 2020 Soll Japan Okinawa
India, North Korea,
Syria, Vietnam, Italy,
France, Germany,
Lipomyces tetrasporus Krassiln., Babeva & Czechoslovakia, . .
35 | Meavahd ex Nieuwdorp, P. Bos & Slooff Soil Egypt, Angora, South gﬁikzli%'gg’ Chiba,
1974 Georgia, Norfolk,
Tonga Island, USA,
Canada, Monaco,
USSR, South Africa
Lipomyces tropicalis A. Kanti, A. Yamazaki & . . i
36 H. Kawasaki 2017 Soil Indonesia
Lipomyces yaeyamensis A. Yamaz. & H. . .
37 Kawas. 2090 Soll Japan Okinawa
38 Lipomyces yamadae Van der Walt & M.T. Soil South Africa Okinawa
Sm. 1999
Lipomyces yamanashiensis A. Yamaz., . Chiba, Shizuoka,
39 Yanagiba & Naganuma 2017 Soil Japan Hyogo
40 Iiggnyces yarrowii M.T. Sm. & Van der Walt Soil Mauritius Okinawa
Myxozyma geophila Van der Walt, Y. . South Africa, .
4l Yamada & Nakase 1987 Soil Madagascar Okinawa
42 Myxozyma Kluyveri Van der Walt, Spenc.- Soil South Africa i

Mart., Y. Yamada & P.D.G. Richards 1989

43

Myxozyma lipomycoides Van der Walt, Y.
Yamada & Nakase 1987

Tree-inhabiting
lichen

South Africa

44

Myxozyma melibiosi (Shifrine & Phaff) Van
der Walt, Weijman & Arx 1981 [Type
species of Myxozyma]

Torulopsis melibiosa Shifrine & Phaff
1956 [as 'melibiosum’]

Beetle
Dendroctonus
monticola in
ponderosa pine

USA
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(Pinus ponderosa,
Pinaceae)

45

Myxozyma monticola Pretorius & Spaaij 1993

Flux of an oak,
Soil

South Africa

Hyogo

Myxozyma mucilagina (Phaff, Starmer, M.

rotting agria

) ) - Candida mucilagina Phaff, Starmer, cactus .
46 | Miranda & M.W. Mill.) Van der Walt, Weijman M. Miranda & M.W. Mill. 1980 (Stenocereus Mexico -
& Arx 1981 .
gummosis)

47

Myxozyma neglecta Spaaij, Van der Walt &
G. Weber 1998

Decaying cladode
of a prickly pear
cactus (Opuntia

sp.)

South Africa

48

Myxozyma neotropica Spaaij & G. Weber
1992

Soil

Costa Rica, Italy

49

Myxozyma nipponensis Spaaij & G. Weber
1993

Larval frass of the
bark beetle Ips
typgraphus f.
japonicus.The
frass was
collected from
Picea yezoensis.

Japan

50

Myxozyma siricis Spaaij & G. Weber 1992
[as 'sirexii']

Frass of the wood
wasp Sirex
javencus from a
Norway spruce
(Picea abies,
Pinaceae)

Germany

51

Myxozyma udenii Spaaij, G. Weber, Oberw.
& Van der Walt 1990

Soil

USA, Spain

52

Myxozyma vanderwaltii Spaaij, G. Weber &
M.T. Sm. 1993

Flower of the
sugarbush (Protea
repens,
Proteaceae) , Soil

South Africa
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F 15. o Htisk IR S 1ER

Highest air

Average of

Lowest air

. Latitude, . Altitude | soil Date of Temperature | the air Temperature Pr_eC|p|tat|0
Location ] Soil class ; . . nin the
Longitude (m) samples | sampling in the year temperature in the year ear (mm)
(°C) year (°C) (C) Y
tBEERET 43.220, 142.381 - 211 -
(A A EE ) 43.254, 142.423 Allophane Andosols 437 23 2014/9/12 36.3 6.7 -27.3 834.5
v 1 1 43.048, 141.308 - . _ ]
deiEE AL 43.053. 141.314 Brown forest soil 32-97 16 2014/9/11 337 9.3 14.3 1203.5
” . 38.679, 139.761 - | Lower red yellow brown 30.8 -
A=l ! -
i R ERE T 38.755 139.810 | forest soil 235.6 23 2017/3/24 35.7 12.8 5 2079.5
N 37.728, 139.178 - . 15 -
NEN|=] ’ -
HRERRT 37.732 139,181 Gley lowland soil 18.9 11 2017/1/25 36.4 13.7 4 2036.5
BERBKKXN 35.908, 138.817 - ) 668.1 —
(B AE TR 35.942. 138.987 Immature soil 1023 22 2013/7/9 38.5 13.8 -7.6 1370.5
FEERIT 35.154, 140.138 - 240.9 -
(AT ETH) 35.163 140.145 Allophane Andosols 310 20 2014/7/23 36.2 16 -2.7 1802.5
FaRe R FE 35.331, 138.222 - | Aluminous brown forest | 1116.9 -
(BRI B M) 35.338, 138.229 soil 1309 4 17 2014/7/31 33.3 11.2 -7.5 3366
Fine quality lowland
34.572,134.991 - . 13- 2016/09/13-
EEE ) -
EERERT 34.657. 135.014 ggiclidy soil, Gray lowland 102 19 2016/09/17 35.9 16.5 3.7 1264.5
Brown forest soil
o 34.308, 131.369 - ' 20.8 — 2015/09/05-
B £6 ’ -
IR &, sE™H 34.433 132,050 ][_oc;\évsetrsroei(li yellow brown 629 23 2015/09/07 35.5 15.8 1.1 1704
RSB EKH 31.487, 130.741 - 190 -
(IR B AR 4K 31.530, 130.772 Allophane Andosols 545 22 2015/10/29 33.4 15.3 -4.1 3628.5
Weathering alteration
5 = 24.261, 123.804 - | red yellow soil, Clay 7.1- 2013/06/17-
HRRERS 24.357,123.905 | integrated red yellow 65.7 46 2013/06/20 333 238 1 1695

soil

- TIED S 3EIT. BB (National Agriculture and Food Research Organization, NARO) @ B AL 1E A A k) —(https:/soil-

inventory.rad.naro.go.jp/) (Kanda et al., 2018) M tiE<vTE&IZRELT=,

I RERIESE. BKEQFERIE. RRTIEEORET—IREID web R—U MW T—42% AFLI=,
(http://www.data.jma.go.jp/obd/stats/etrn/index.php).
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3—1—2. #¥t- FHik
-EHRO T RE

Lipomyces J& % & Lipomycetaceae FHEERED 43 EfE1%. Thanh (2006) D#HE %255
WL TITo 70, BEICHW - I 2 255 (NDM B3I, Nitrogen-Depleted
Medium; 20 g/L glucose, 0.85 g/L. KH2PO4, 0.15 g/L. KaHPO4, 0.5 g/l MgSO04-7H20,
0.1 g/ NaCl, 0.1 g/L. CaClz 6H20, 0.5 mg/L: H:BOs, 0.04 mg/L CuSO4-H20, 0.1
mg/L KI, 0.2 mg/L FeCls 6H20, 0.4 mg/L. MnSO4 -H20, 0.2 mg/LL NasMoO4 2H20, 0.4
mg/L ZnSO4 7H20, 0.1 g/L of chloramphenicol, and 20 g/L agar X% 15 g/L gellan
gum) A L7,

SHE T Y 7 Uiz 1g 2 10 mL 4B ARk (0.85% NaCl K) (28%
¥ L. NDM ZERKEHIC 100 pLERE L Ca v I — VBTl Lz, £72. IELZ+
52 0.25g  NDM ZEXREHICEBAR Y 22 TR L7z, 72, T8 T LNIcERR
S5mm LA EOREZ RN B 2561, WE LT A NN—TFT L TRV TR LIRY T Tz,
TS TN AR T, 256 BEC 3 MR E ATV, AF L CE LN an=— (&
BlERSH Tl RN DNV OITHVRIREOE R &, Ao RIROBERN a7 =
— L2HEGE U7evy) 1d, SEARBATAEE CRERE L 728 B89 LT, b 721z, 500 pL
DOAEFRAEAICIRE LT, YM ZEREHICHBHK L TE LY v v an =— 285
L7z, SHITH ) —FERb 21TV, Bk & L7,

-EHOEE

EEOREE L, YM ZXE5H (1% Glucose, 0.5% Peptone, 0.3% Yeast extract,
0.3% Malt extract, 1.5% Agar, pH 5.6) TIT/2~ 7z,

F TR EATICH W A R L L Tid, SME #RKE M (5% Malt extract.
1.5% Agar) . V8 ##3Zy = — RFEXKEEH (Whatman No 1 JE/K % T8 L7274,
1/5, 1/10/, 1/20 OFEEIZZHR LT 1.6% Agar Zii0N) & iz,

- iR

26SD1/D2, ITS. TEF1Ez ARSI T, TNENAMEGAX Y7 FU =7
Kumar, Stecher, Li, Knyaz, & Tamura, 2018) Z A\ T, ITEfE &1 (neighbor-
joining, NJ) (Saitou & Nei, 1987), AL (maximum likelihood, ML)

(Felsenstein, 1981) . H&&if#: (maximum parsimony, MP) (Fitch, 1971) @ 3
DD F1E THEALEERE (evolutionary distances ; Knucvalue) (Kimura, 1980)%
BHLUCREMAMELE L, R Lo ONIGILTT—Y 2 8 F v 71k (bootstrap
resampling method) (Felsenstein, 1985) (Z7C 1,000 [F#: VK LFHE T2 Z LIk
VAR 21T > 7o,

FEOFEIL, 268 D1/D2, TEF 18RSI Z H\ 7z ERLRMMITIC L VAT
W, A TREF—D 7 ZAZ—IZFTRT A8KkI%, R—Ff & LTRE L, FFiC
Lipomyces sensu stricto (25443 5FD 9 &, L. starkeyi, L. mesembrius, L. kockil,
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L. doorenjongii \Z >\ T, 26S D1/D2 TlImfERENMEL . KO 295 Z L%
RATRETEDN TEFI B TR ClX, 4N ETNEFNHE D7 T AX—%2BKT D
72, BEOFENAREL 25,

3—1—3. R -B8
-BARERIZEITS CFU BIZDIVT

EN Ok~ 7ot (AbifE, 1L, #is, WE, T, &, o, ERE, Bk
14) 75 Lipomyces)gBEE R D 3Bl & % ORIE Z 1TV, Lipomyces)&45-Fh D 4y Bt A
&, B o Lipomyces|gfR B e md an=—¥ % v s L, Lipomyces)&E+ i
Do3A & O T HE g Offa i E A L 7ofE S, Lipomyceslg % & T LipomycetaceaeF}t
FERED T3 1gth oML, K334 CFU/g (45 Mtk o - 44)13.80—-656 CFU/g) .
RfE100 CFU/gTH o7z (R16) . £lo, FF T NOE AT AZK30ITRT,
Z i, Di Menna?319664F 24T LT\ D HER O E102-104 CFU/g & Tl L T
5o ZDOZENDL, RUFFEONDMEE A F\ - Lipomyces)@ B4R D 53 BEE L, LD
ERARE —FHLTWDLTDEMITHEIEL TWD Z EAURIB I T,

Flo, BRI Tan=—0nGon2n HERHE 62 < (62/242 155
25.6%) . Lipomyces@lRED THEHR OFTEEIIMOME ., BEFHEOMAEM & LT
Dipnt#E 2z 5 (Di Menna, 1957, 1965; Slavikova & Vadkertiova, 2000, 2003;
Yurkov et al., 2012; Yurkov, 2017) | ¥ & LTI HHE1gH 72 U 104108 CFU/g & #
HEN TS (Glushakova et al., 2017) .

-BAERN® Lipomyces BEFOES T

EN 11 2T CoBE L7opRIZ, At 1146 kL 72572 (R 16) . BUS L7-FEIX, &
Fr24FTHY, FHELLHBESNDHE 30 FEICK LT 80%% 7 (R 13.16) ., =
ix, BAFIEREALCE <, REFE Tl L7 il T s o biiE E BRI i o
A, AV OMRRIRIER S £ TL SRR L K, £ 21U O AR AN
FIELTVWDTEDTHD Z N RB I, JHUTEEOHEANCE S TEBEROS
FRYEIZBAS 5 2006 420 Vishniac O EIC—EHT 5, wEES AR E LTI, &k
2D BRI ThHo7od, ZOHT, il e TENFICZ ENEN 135 L 10
FEBES L, ZERIED @ o T2,

TR 51, 4 DO LB D 5 FOFFE (Lipomyces
melibiosiraffinosiphilus, Lipomyces kiyosumicus, Lipomyces chibensis, Lipomyces
kamogawensis, Lipomyces amatsuensis) %*147=, Z® 4 DO 1 |IE I (Abies
firma Sieb. et Zuce.) DARIIVEHELIER OIREH K TH 523, T HINZB T 5
RIEROREAD LEENGIT DB S e o1z (R 17) . £, HHBIERERE T, 13
RN GBS =y, Z O THEOHTFE (Lipomyces taketomicus, Lipomyces
yaeyamensis, Lipomyces iriomotensis, Lipomyces haiminakanus, Lipomyces
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komiensis, Lipomyces nakamensis, Lipomyces sakishimensis) N&Fi5, Zilh
I35k, BE LRSS . Vv ~X 40 ) SHMBEER KD 5 DO LEEGEIN S
gz, LEXYD, 2 TERKOMMBIERROAFE 12 fl, o Higko 158
DOIEIFEE ST, ENENRPTIICET 2 THLZ B h ol

TR DN TR, BIREBRLIETHOBES LD Lipomycetaceae B RED 60-95%7°
Lipomyces starkeyi Th o722 b, ZOMEIT, KoBiikoOBELELEE X O
7=

ZO—JC, WHBIRTEERE T, L starkeyi N2 yBES 9. Lipomyces
yarrowil D3¢ b B Tt S 7o (73/114 B, 64.04%) . TR BT HEx:
FCThHolz, 728, AKMFFETIL. L. yarrowii 1X1E3 B LA O 51T 2L DEES
TURLY,

B ESELAb D B3IC 81T D, L. starkeyi SN OFEIZSOWTIE, BER Ti
Lipomyces chichibuensis 8 L. starkeyi (66.0%) (2K < 34.0%, =i Tl
Lipomyces yamanashiensis > L. starkeyi (79.8%) 12k < 18.0%., L0 TiX
Lipomyces doorenjongii 7> L. starkeyi (60.0%) (ZIk< 38.2%. PiF CliL L. yarrowil

(64.0%) 2MEHFE T, WRUWNT L. doorenjongii ¥ 12.3% &\ 9 s E TorBlE X A H
M o7, VAT, EWNEER & U L starkeyi, L. yarrowii, L. doorenjongii, L.
chichibuensis D/EBIE, K5, srBEHIE, A ICE L TR & & HIZRET 5,
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Counting lipomycetaceous yeasts colonies on isolating media.

Lipomycetaceous colonies growing from soil samples on NDM plate media (A—C). Only
watery mucoid yeast colonies appeared on the media (A). Stereomicrograph of the
colonies (B—C). Particles in the micrograph are lipomycetaceous yeast cells in the
watery mucoid colony, which are composed of liquid-like extracellular polysaccharides
on the media (C). Histogram (D) and boxplot (E) of lipomycetaceous yeast CFUs in 1 g
of soil. The boxplot shows the maximum, quartile, median, and minimum CFU/qg.
Abbreviations of the soil collection sites: All. all sites; Fr. Furano-shi, Hokkaido; Sa.
Sapporo-shi, Hokkaido; Yt. Tsuruoka-shi, Yamagata; Ni. Gosen-shi, Niigata; Cb.
Chichibu-shi, Saitama; Ch. Kamogawa-shi, Chiba; Ik. Shizuoka-shi, Shizuoka; Hg.
Akashi-shi, Hyogo; Yg. Hagi-shi and lwakuni-shi, Yamaguchi; Kg. Tarumizu-shi,
Kagoshima; Ir. Iriomote Island, Okinawa (E).
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. Lipomyoes doorenjongil NBRC 112491 (Yg23AgDI2) LC513921
Lipomyces doorenjongil NIBAr1
Lipomyces mesembrius NBRC 1076547 (CBS 7661, NRRL Y-27506) AB747656
“pnmyc\ss maseml‘mus NBRC 111406 (Ch1ADr2)
Lipomyci renjongil NBRC 1076557 (CBS7542, NRRL Y-27504) AB747650
Eihomiss dooremanakatAgord

~ Lipomyces doorenjongi r39GeDr 1

Lipomyces doorenongil II28Ag0M

Lipomyues doorenjongii h”!BAgDH

Lipomyces docrenjongil K38Ag0rS
Lipomyces doarenjongii I38GDT-1

Lipomyces creamryongn Ir38GDr1-2

Ly es doorenjongil kd0AgDr1

tmyy;es .mmjﬂngi. \muﬁura

Lipomyces dooranjongii Ird4AgDI2

Lipomyces creareryongn Ir44GeDI1

Ly s doorerjongil IrddGeDI2

tmyyées umnjﬂngi. Ir44GeDr2
Lipomyces starkeyi YH1Al
Lipomyces mmeyu WGAH
Lipol s starkeyi Y110Al4
s s
Ugnmyces mmeﬂ vgga 2-1

Lipomyces starkeyi NI2ZArS
Lipomyces starkeyi ans
Lipomyces starkeyi N
Lipomyces starkeyi NBRC n-ﬂsz (Ni1Ar2) LC513041
Lipomyces starkeyr NBRC 113985 (Yg6AgDr1) LC513033
Lipomyces starkeyr NBRC 112490 (Kg31AgDI1) LC513927
Lipomyces starkeyl MBRC 112488 (Kg10DAgDr1) LC513923
Lipomyces starkeyi NBRC 112486 (\;924&]0“] LC513821
Lipomyces starkeyi NBRC 112484 { Kg19AgDr3) LC513915
Lipomyces starkeyi NBRC 112483 (ng:ﬁgorz) LC513913

Lipomyass starkeyi NBRC 111407 (ChaGeO:
yces starkeyi NBRC 103817 (NRRL Y. 115!! CBS 1807) AB747660

L\pcmyces starkeyi KoBAgDr4
Lipamyces starkeyi HGBAGDT1
Lipomyces starkeyl FréAgDr1
Lipomyces starkeyl FraAgDr1
Lipormyces starkey FrSAGDIT
Lipomyces starkeyi FraAgDr1
Lipomyces starkeyi Fr1GeDr2
Lipol s starkeyl Fri7AgDré
Liportyces starkeyt Fr14AQDIS
Lipamyces starkey Ci9aghr 1

Lipamyces kockii NERC 107656" (CBS 7729, NRRL Y-27505) AB74T652
LJpoyms afl. doarenjongii Y1
Lipomyces afl. doorenjongi NBRE 112485 (Kt LCs13017
Lipomyces afl. doorenjangil NBRC 111443 (IKSADr
Lipomyces afl dooranjongii NBRG \11417‘Gn|5&g0n]
Lipor s afl. doorenjongi NBRC 111415 (Ch13Ag0r5)
uﬁumnms aff mmn,‘ﬁngf. Kg18A15 ! aDro)
Lipomyues starkeyt Hg 12Ag0r1

Lipomyes starkeyi HgdAgDrd
Lipomyces aff. dooremnongii Ha19Aré
Lipomyces afl docfenjangn Ha1BAI1

Lipomyces szerkeyr FraceDr
Lipomyves starkey! Fr23AgDr5
Lipomyses aff. doorenjongii Yg26A12-2
Lipomyues starkey KgBAgDr
Lipomyees aff. doorenjongil NBRC 114429 (KgBAr2) LC536079
Lipomyves aff. doorenjongil NBRC 112487 (Yg26Ar4-1) LC513921
Lipomyces aff. doorenjongif NBRC 111445 (IK2ADr2) LC513007
Lipomyees aff. doorerjongil NBRC 111434 (IK2ADL2) LC513903
Lipomyces e dooranjong KgaAra
 Lipomyces maratuensis NBRC 1102647 (JSAT12-2-Y011, InaCC Y720) LC061899
Lrpumyﬂm tropicalis NBRC ‘I‘IWZEEY (JSAT12-2-Y012, Iniﬁc '¥Y730) LCO61800
Lipomyces yarrowii IISAGDY
Lipamyces yarram NBRE H.‘IQBB(I[?EAQDIJ) LC513835
| Lipamyces yarrowi Ir45GeDri
57| Lipomyces yarrawi 137AgDI1
A Lpomyces yarowt I1-ZADI2
d Lipomyzes yarrawii NERG 10768" (CBS T557) ABT4TE61
oimyces yamaciae NBRC Mzaas#rmemg LC513
u.‘;, myces yamadae NBRC 1076577 (CBS 7532 NRAL V- -2750) AB7AT662
Lipomyces chichibuensis NBRC ke (IK4ADr1) LC513805
| Lipomyces chichibuensis Yg23Ag
| Lipomyces chichibuensis NBRC 1095827 (CBOS-2, CBS 12929) AB828721
es spencermartinsiae NBRC 103767 (CBS EWE ABT74TESE
Upomyces spencermartrsiae NERC 111098 (I8ADI3-2) 1 C313909
Lipomyces spencermartinsiae NBRC 111999 (Ir17GeDr2) LC513811
Lipomyes konanenkaas Y11ADr:
Lipomyces kenonenkoae Y11ADr4
Lipomyces keranenkaae Y11A0r1
Lipomyces kananenkaaz NBRG 1076617 (CES 2514) AB747653
Lipomyces kenonenkcae VEBAQD 2
Lipamyces okinawersis NSRE 1106207 {No3-o(35), CBIS 1474T) LG202622
Lipomyces okinawensis NBRC 113887 (NIGAT3) LC513957
Lipamyces okinawensis NBRC 11388 (Ni11A11) LC513838
Lipomyces okinawensis NI3Ar2

NIBAr2
Lipomycas tetrasporus NBRC 103917 (NRRL Y-11562, CBS 5910) AB747661
Lipomyoes tatrasporus NBRC 111409 (Ch6GeDr6) LCS 13901
Lipomycos orientalis NERC 107658 (CBS 10300, NRRL Y:27627) ABTAT6S?
Lipomyces amatsuensis NBRC 1114207 (Ch20ADr1, GBS 15770, CHOS) LC279222 LCA487395
s& Lwamyce: ardi NBRC 10914" (NRRL Y-17021, CBS '7333) DQS
| Lipomyces japoni {:usNBRCW? (NRRL -17387, CBS 7319) AB747651
smithiae NBRC 109187 (NRRL Y-17922, CBS 7407) DQ§18999
Lipormyces sp. NRRL v-27485 OG5 8084
o Lipomyces kalimantanonsis NERG 110287 (JSATIZ.2:Y029. InuCC vT21) LC0G1902
xozyma x
yxazyma lipamycoides NBRC 10351" (NRRL ¥-17253, CHS 7038) DQs1a987
Ulamyecos fominsis NBRC 1104407 (Ir41GeDr1, IR05) LC276853 LCA87386
& Lipomyces sakishimensis NBRC 1104387 (Ir41AqDr2, IR07) LC276952 LC487383
Lipamyces nakamensis NBRG 1104347 (1r1GeDr3, CBS 15764, IR06) LC276947 LGABT3T4
Ltpomyces nmogawensls NBRC 112967" (Ch13GeDrd, CBS 15769, CHO4) LG279220 LCA87404
is NR 8993

RL ¥-27625% DQS1
upomyoes fﬁpareanangDrs
Lipomyces lpofer Fr18AgDI3 265

1 Lipwnyr.'es fipofer (2045013 265
Lipamyces fipofer NBRC 112482 (Fr21 DlZi] LC513831
Lt;:mm llpofMNBRC 12887 (NRRL Y-11555, CBS 844) AB747655
o via hyphoforaminiformans NBRC 1112337 (Fr16AgDI3S, CBS 15771, FRO1) LC278233 LG440487
Blb}ewaammala NBRC 104007 (NRRL Y.7931, CBS 6740) D518
5661 Babjevia NBRC 1128657 (Fr2ArS, CBS 1577)2 FRO2] LC27822B LC440490

Dipadascopsis mmn BRC 10813" (NRRL ¥-12690,
if NERC 108147 (NRRL Y- 11'58! CBS ‘Iiﬂ 17] m::.'nn“z
% Dipodascopsis uninuclata var, wickerhamii NBRC 10815 (NRRL Y-2181, CBS 741.74) DQ518873
Myxozyma k!uyver{ NBRC 1137517 (NRRL Y-17277 CBS 7332) DQ518986
@ Lipomyces meliblosirhaffinosiphilus NBRC 1114117 (Ch7ADrd, CHO1) LC279211 LC487389
63t Myxozyma udenii NBRC 1137527 (NRRL Y-17387, CBS 7438) DQ518995
Myxozyma geophiia NBRC 1137507 (NRRL Y-17252, CBS 7218) DQ518985.
ymyces taketomicus NBRC 1129667 (IrAgDri-2, CBS 15759, IR01) LC276945 LC487401
s v i i AN DR
Lipomyces yamanashiensis Hg20AgDr 1
Lipomyces yamanashiensis HoBAgDIZ
56 Lipomyces yamanashiensis NBRC 1108217 (No313, CBS 14748) LC202625
I Lipomyces yaeyamensis NBRC 11n¢s:ulrm m CBS 15760, IR02) LC276946 LC487371
Lipomyces kiyosumicus NBRC1114247 ( BS 15767, CHO2) LC279215 LCA8T398
75 Lipemyces suomiensis NBRC 108207 LMHRLY 17!!! CBE 7251) DQS19000
Myxozyma sirexii NRRL Y-27626* DQ518994
iyces iriomotensis NBRC 110436" (Ir39AgDr1-1, CBS 15761, IR03) LC276949 LCAST380
1wa | 61 yaescmbmmsnanc 1114137 (Ch12ADL1, CBS 15768, CHO3)
ozyma melibios! NRRL Y-117817 (GBS 2102) DQ518988
 Lipomycos sakishimonsis NBRC 1104387 (141AgDr, CES 15765, IR07) LG276952 LC487383
%l Wyxozyma neglects NRRL Y2750 (CBS Tosy DQ516991
ma neotropica NBRC 113753* (NRRL Y-17859, CBS 7953) DQ§18982
Llpnmyces ‘haiminakanus NBRC 1104357 (IrSAgDr1, CBS 15762, IRM] LCZT“JB LC487377
Erl Myxozyma vanderwaltii NRRL Y- |1U7'(NRRL ¥-17727, CBS T7I ) DQ518996
; Sligophagus NERC 103607 (NRRL V-17247, CBS 7107) DE18998
o Myxozyma monticola NBRG 1137857 (NRAL 417726, CBS T608) DQ515559
Saccharomyces cerevisae NRRL Y-12632" (NBRC 10217) AY048154
Schizosaccharomyces pombe NRRI ¥-127967 (NBRC 1628) DQ442711

£

010

B 31. LSU IS EEFIZRALV-BAE Lipomycetaceae ¥ BB O R#FH (FRLE)
Phylogram of Japanese lipomycetaceous isolates based on LSU rDNA sequences.
Maximum likelihood (ML) analysis using LSU rDNA sequences among isolates and
type and authentic strains belonging to the family Lipomycetaceae, with type strains of
Saccharomyces cerevisiae and Schizosaccharomyces pombe as the outgroups.
Bootstrap probabilities of >50% are shown for each branch.
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TEF1

— pomyces kockil NBRG 107856" (CBS 7723, NRAL 1 27505) AB74Tese
Lipomyces mesembrius 547 (CBS 7661, NRRL Y-27506) AB747670
=1 Lapamycss mesambnusNBHC 111406 (Ch1ADI2)
‘*’ﬂﬂ'*"aﬂ' 14428 (KgBAgDr2)

Rcﬂmr (Yg26AgDrd-1) LC513922
1|143‘[IK2ADLZ)I.HISB(H

0
at mkc%m1mnm1sma dooren]ongll
. SR T DR e s

W

MDI‘S
mgunam 112491 (Yg23AgDI2) LC513822
jongii NiBAr1

1%

2
| —— Lipomyces tropicalis NERC 110265 (JSAT1Z:2-Y012, InaCC Y730] LCOB1308
| Lipomyves chichibuensis NBRC 111438 (IK4ADr1) LC5:
% L5s| Lipomyces chichibuensis NBRC 1085827 (CBUS-2, o5 |zez||.nsawze
71 Lipomyces camauenusvgz:@la
Lipomyces orfentalis NBRC 1076597 (CBS 10300, NRRL Y-27927) AB747671
- Lipomyces tetrasporus NBRC 10381 (NRRL Y-11862, GBS 8810) ABT47674
5 - Lipomyer mhaspamswaﬂmmns (Ch&GeDr6) LC513802
Lipomyces yarmowit r9Ag0r
5 yarmowi N‘BEHG(;HEQBG (Ir26AgDr3) LC513936

=] 8 |

Lo
5

Lipomyces yarrowi Ir19-2AD(2
Lipomyces yarrowii NERC 107653" (CBS T557) ABTATTT
~— Lipomyces yamadae NBRC 1076577 (CBS 7532, NRRL Y-2750) AB74T678
— Lipomyoes yamadse NBRC 112489 (2GeDI) LC512926
konones

Lipomyces mmsnhoae V“ADM
Lipamyces koncnenkosa YITADr

Lipomyces kononenkoae Ir38AgDr2
Lipomyces Kononénkoae NERG 107681" (GBS 2514) AB747667
16ADr3-2) LCS12910

Lipom, comartinsisa NERC 111990 LC513912
Lipomyces spencormartinsiac NERC 103761 (€8S uoa))nsmrrz

Lipamyces maratuensis GRC 1102647 (JSAT12-2-Y011, InaCC Y720) LCOG1907

nsis NBRC 1106207 (No.3-a(35), :Bs 14747) LC202817
Lipomyces ova‘nawznsfs NBRC 113987 (Ni6Ar3) LC513931
Lipamyces akinawensis NBRC 113888 (Ni11A11) (Cat5ed0
Lipomyoes akinawensis Ni3
Lipomyces okinawensis NiSA2
Lipamyces kpafer NERC 12w (NRRL Y-11655, CBS 844) AB747669

r20Ag0r:
Luwm o5 pofer NBRC 112602 (F1217g0r2) LC513052 ¢
es smithiae NBRC 109197 (NRRL Y- 17m CHET‘D? DQ“I“D
NBRC 113755" (NRRL Y-17726, CBS 7
Lipomyces meliblosithafinosiphiius s NBRC ummcn'r.mn. GBS 15786, GHO1) LG439424

B85
il Myxozyma udenii NBRC 1137527 (NRRL Y-17387, CBE 7439) DQ4961.
Myxoryma kiuyvert NERC 113761 (NRRL Y-17277, €513 1332) DQdse124
37 (NRRL Y- om0, Cos 790 85) DQ49E121
% l.lpomyc hiyosumicus NG Nore 1114247 (Ch20GDL1, CBS 15TE7 CHZ) LC420426
iens ‘!mllr(NRHLY 17356, CBS 7251) DQ49861.
Myxozyma sroxll NRRL ¥.276365 Da4G6141
upomycu chibanals NERC 1114137 [CI2ADL1, CBS 16768, CHOY) LCA242T
L flﬂmmll aruss Nﬂgglﬁﬁg '2 gD ¢ 1, CIE157I2 IRﬂl LC439450
Pomyces anus
Mykozyma vandorwalti 17727 ?:?sms; Dodoeria
unuym»mpvc-usncm'r A (NRRL V17880, Cas res 3) DQ488137
agina NBRC 10297 (NRRL ¥-11823 GBS 7071) DQ496120
RLY.276087 (GBS TOBN) D
ortr, CBS 15761, 1R03) LC438447
Dr1-2, CBS 15759, IR01) LC439445

RC 1104337 (Ir1AgOr3, CBS 16760, IR02) LCA39448
72 Lipomyces yaranashiensi Hy19Aq0r2
i

Iees yarma
Lipomyces VAmanashionsis HgZDAg r
NBRE 110821 (40313, CBS 1a7dapLcaneszo
antanensis NBRC 1102677 (JSAT12-2-Y029, InaCC Y721
“ L.epumymkvmhmusnc 1104407 (Ir41GeDr1, CBS 15763, lnusu.cuam
NBRC 103517 (NRRL Y-17253, CBS 7033) DQ496145
| Lipomyces kamogawensis NBRC 1129677 |r:mlﬁnm CBS 15769, CHO4) LC439431
Lipomyces nakamansis NBRG 110434 (Ir/GeDr3, GBS 15764, IR08) LC43945
& Liomyces ssigshimansis NERG 11043 {ri1AgDiz B3 5765, Ro7) Loasaass
107877 (NRRL Y-17357, CBS 73
6 Lipomyces amatsuensis NBRG 11|42u'|cnzmn cas 5770, GHos) Loaseds
L Lipomyces arxii NBRC 108147 (NRRL Y-17821, CBS 7333) DO486
Babjevia hyphoforaminiformans NBRC 111zuf(FnlAgnlss CBS 15771, FRO1) LC439443
—”mﬂm‘ NBRC 104007 (NRRL Y-7931, CBS 6740) DO
5 Babjoui typhasca NBRC 112965" (FrZAgOr Ve GBS 1572, FRo2) Lo
C 10814 [NRRL Y-17583, CBS 190,37 ) DQ496122
1 i . NBRE 10015" INRRL ¥-2131, GBS 741.78) Bose12s
¥-126327 AF402004

a0

| P NRRL Y-127967 AF402093

010

4 32. TEF1 &= FIEEEFZAL V- Lipomycetaceae B ER O RiEH (L %)
Phylogram of Japanese lipomycetaceous isolates based on TEF1 gene sequences.
Maximum likelihood (ML) analysis using TEF1 gene sequences among isolates and
type and authentic strains belonging to the family Lipomycetaceae, with type strains of
Saccharomyces cerevisiae and Schizosaccharomyces pombe as the outgroups.
Bootstrap probabilities of >50% are shown for each branch.
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& 16. Lipomycetaceae #&ED 5 EE#I

Abbreviation of the soil colljlig':ligg Er Sa vt Ni Cb ch Ik Hg Yg Kg Ir

Scientific name \\ soil collecting Furano-shi, f'?ipporo- 'Sl'siuruoka- Gosen-shi, (S:r:]imhlbu_ Kamogawa- f:ilzuoka- Akashi-shi, :-\:vaagll-usnrzl-’shi ;ahriumlzu» :gl(;r:é)te Total
location Hokkaido Hokkaido Yarlnagata Niigata Saitama shi, Chiba Shizuoka Hyogo Yamaguchil Kaéoshima Okinawa

Babjevia hyphoforaminiformans 4 (0.04) 4
Babjevia hyphasca 1(0.04) 1
Lipomyces chichibuensis 1 (0.06) 48 (0.36) 5 (0.06) 1(0.04) 55
Lipomyces doorenjongii 1(0.09) 2(0.1) 21(0.17) 6(0.14) 14 (0.11) 44
Lipomyces kononenkoae 4 (0.04) 4 (0.04) 8
Lipomyces lipofer 5(0.17) 5
Lipomyces mesembrius 1 (0.05) 1
Lipomyces okinawensis 5 (0.36) 5
Lipomyces spencermartinsiae 2 (0.02) 2
Lipomyces starkeyi 169 (1) 128 (1) 75(0.61) | 30(0.81) | 93(0.91) 78(0.7) | 144(0.88) | 71(0.95) | 33(0.30) | 60 (0.64) 881
Lipomyces tetrasporus 2 (0.09) 1 (0.06) 4(0.1) 1 (0.06) 8
Lipomyces yamadae 1(0.02) 1
Lipomyces yamanashiensis 1 (0.05) 1 (0.06) 16 (0.37) 18
Lipomyces yarrowii 73 (0.37) 73
Myxozyma geophila 4 (0.04) 4
Myxozyma monticola 2 (0.05) 2
Lipomyces melibiosiraffinosiphilus 5(0.1) 5
Lipomyces kiyosumicus 1 (0.05) 1
Lipomyces chibensis 4(0.1) 4
Lipomyces kamogawensis 1 (0.05) 1
Lipomyces amatsuensis 7 (0.05) 7
Lipomyces taketomicus 7 (0.07) 7
Lipomyces yaeyamensis 1(0.02) 1
Lipomyces iriomotensis 3(0.02) 3
Lipomyces haiminakanus 1(0.02) 1
Lipomyces komiensis 2 (0.02) 2
Lipomyces nakamensis 1(0.02) 1
Lipomyces sakishimensis 1(0.02) 1
Total strain number 181 130 79 36 141 104 151 89 55 66 114 1146
Sample number of the location 23 16 23 11 22 20 17 19 23 22 46 242
ﬁ:?n?l/igtuarg:c%:fs‘;gver]é?gsf\:\?en:e isolated 23 16 14 9 22 14 15 19 7 14 27 180
Number of lipomycetaceous species

ey 0 Hipomy P 5 3 2 3 2 10 4 3 3 2 13 28
Average of CFUs/g 424 656 593 236 477 80 536 262 157 91 275 334
Median of CFUs/g 200 225 200 100 200 28 100 100 0 90 12 100
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& 17. KRBT 118 19 BD Lipomycetaceae FEREEDMA (CFU) #

Information of the soil samples and CFUs of lipomycetaceous yeasts.

. . "
CFU number of the species from the soil sample
e @ sc | 2c | 5L c E = =N c c c = c =z =z 3c | zo c 35 | 85 c sc | 52 | & c c e
locatio Information | < & 5% | 38 | 28 H 2% | 58 | 28 3 3 B EN B H H 28 | 538 B 38 | 88 3 &8 | 38 | 538 B B =3
No. |Samp | n  llocatio |Latitud | Longit | Altitu | OEMAION | 32 E EENIEEREE El LEREEREE El El E 23 E 8 8 22 | €2 32 a2 | g2 2 52 | 22 | 52 2 2 EX
| leID |abbrevi| n e de | Ofthesoll | o' » 25 | 35 | 8% s g5 | as | §5 s s S BS S 3 3 85 | 2% S 25 | 85 S 35 | 85 | 25 S S EX
vegetation | 5 58 | S3 | 28 H 28 | 22 | 32 H H H [ H 28 | 28 H sg | 28 H 38 | 33 H H H B
ation z g3 a0 38 3 z & @ 3 R 2 2 2 =3 8 D D 58 23 1 o & 2 & 1 2 3 23 23 2 3 23 Total
3 3 I 2 2 = @ @ S o 7 < o < a 3 E] & ° H @ g @ @ 2 = S @
£ 5 |° H z § 2 s |z ER - s |2 z | @ : ° 3 5| @ |CFUme
g z 5 3 2 H 3 E2 ER 8 2 2 g
g8 g g | & | E |2 0z ]38 |2 3 : : |2
3 ] ® » = w 8 ® S
) @ @ ® @
. |43.221 |142.38 dopanese cedar
1| Fr1 Fro | R | 389 |2005 | 212 {opomens 300 300,
. [43.221 |142.38 Japanese cedar
2 | Fr2 Fro |Rodado | 380 |28 220 | (Cryplomeria 29 171 200
Japonica)
Furano,  |43.221 [142.38 aapanese cedar
s | Fe | R | o | 22t [(Comomens 50| 50 100
Fuano, [43.221 (142.38 Japanese cedar
4 | Fra Fro |V (380|222 | 214 |(Copomena 100 100
Furano, [43.221 (142.38 Japanese cedar
5 | Fr5 Fro | o | 111 (225 211 | Cypiomera 1600 1600
Fuano, [43.221 [142.38 Japanese cedar
6 | Fi6 Fr |okado |117  |10aa | 212 |(Gomomena 200 200
Furano, [43.221 [142.38 Japanese cedar
7 Fr7 Fr [ Hokkado |3g0 1044 212 :sc‘g:mena 350 350
Furano, |43.220 [142.38 Hinoki cypress
8 | Fr8 Fi | Hoado | 550 2295 240 (Cramaccypars 650 650
Furano,  [43.220 [142.38 Hinoki cypress
o | Fo | P | (G35 |1e67 | 232 | (Cremaecypars 200 200
Furano, [ 43.220 [142.38 Hinoki cypress
0 | Fo | o | |55 |1eo7 | 230 | (Cramsecrers 100 100
Furano, | 43.220 [142.38 Sakhalin spruce
e | R, | 820|185 | g | 750 750
43.220 [142.38 n
| Fne | R |, 9220|1238 | g |G 200 200
Furano, | 43.220 [142.38 Sakhalin spruce
1| e | r (R, 820|120 | g | 160| 40 200
43.220 [142.38
1| Fe | R (e, |9220 10238 | 5y s 25 175 200
Furano, | 43.220 [142.38 Yezo spruce
s | es | R |G, |20 (19238 | gy e 100 100
wano, [43.220 |142.38
16 | Fs | R (e, |20 16238 | g s | 320 480 800
Furano,  [43.220 [142.38 Sakhalin fir
vl RaT | R | s [deae | 20 |l 25 175 200,
Furano, [ 43.220 (142,38 ‘Saknalin fir
8| Fus | F e (2a |teas | 27 |0 164 2136 2300
Fuano, [43.220 |142.38 Saknalin fir
1 PSP oo (278 (1944 | 2L | GRenes 200 200
. |43.253 [142.42 ’
20 | F20 | PR [ar o |25 409 | (Seatesoensio 20 80 100
Furano, | 43.253 [142.42 Yezo spruce
2| P21 | P oo (g11 |2222 | 437 |(eeazoensis 33 67 100
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Furano,

43.253

142.42

Yezo spruc

2 | Fr2 | P0G (335 (2022 | 434 | (eearoensiy 100 100
-urano, 43.253 |142.42 u
23 | P23 | Fro |G [g1r |2200 | 418 |(peeamsoenss 700 700
Sapanese cedar
2 | sal | sa |eoe 3053 3403 | a0 Coporeta 150 150
Sapanese cedar
25 | saz | sa |3 [asosa |3 | e Coponera 200 200
Sapanese cedar
2 | sa3 | sa |poe azosz 34031 30 Coypmera 200 200
sapanese cedar
27 | saa | sa |30 lazoss 3431 | a0 Coponeta 1750 1750
sapanese cedar
28 | sas | sa [Spoe lagoss 3431 | a3 Coypmera 200 200
Sapanese cedar
20 | sa6 | sa [soe |4z0s3 1411 | a4 {Copmera 850 850
30 | sa7 | sa [5eoe azosy (34431 | g7 |Beeefans 200 200
31 | sas | sa [fmmeo |asoss || ap |Seecn e 250 250
. Saparese Wiy
32 | sa9 | sa |swmere 43053 || a3 | 200 200
hoitoia
3
Sapporo, 141.31 nawee
33 |sai0 | sa | [43.083 |} 37 e 1971 179 2150
hoitola
Sapanese cedar
3 |sat | sa |Spe lazosa 34| a7 (Comomia 150 150
Sapanese cedar
35 |sat2 | sa |30 43053 [3*3 | a9 (Comoneta 650 650
Sapanese cedar
36 |sai3 | sa [spoe |azos2 |14 | 64 |icypomena 1050 1050
Hokkaido 2 i
sapanese cedar
37 | sata | sa [soe |azos 1410 | 5p (Cromera 200 1600 1800
14130 Sapanese maple
38 | Sals | Sa |japas, |43.048 |4 97 |ceramsern 200 200
Sapenese cedar
30 |sate | sa [0 azost 340 | 63 Comoncra 500 500!
13976 Sapenese cedar
0 | v vt | vamagaia |38.754 | X 32 | Chyptomeria 1143 857 2000
japonica)
Sapanese cedar
ar | v | vt |vamua|8754 [3397C | a1 |(Chpomena 200 200
japonca
Sapanese cedar
a2 | v | vt |vamagma|38.754 [1397C | 308 |(Chomera 200 200!
japonica)
Sapanese cedar
3 | via Yt |vamagaa | 38.754 ;39’76 32 | Cypomera 900 900
japonica)
4 | V5 | Yo [vamsoma 38754 33976 | g7 |aeec (oo 1000 1000
45 | v Yt |vamagaa |38.755 | 23976 | .8 | Becch Fams 1000 1000
139.76 Sapanese tack
46 | yt7 Yt |vamagaa |38.755 | 35 [pine Ginus 1750 1750
Tunbergi
‘Sakakipant
a7 | vi8 Yt |vamagaa | 38.755 §39'76 342 |(Cloyers 2250 2250
Joponia
o7 TimeaoKiee
48 | vio | vt |vamagua|38.755 | 19970 | gp7 |(ueute 1200 1200
borealis)
Sepenese tock
49 | Y10 [ Yt |vamagaw|38.754 ;39'76 32 [pine (Pinus 2600 2600
thunbergii)
13976 Snpenase tock
50 | i1 | Yt |vamagam|38.754 |3 35 | (s 200 200,

120




51

Y12

Yt

Yamagata

38.754

139.76
3

Japanese black
pine (Pinus
thunbergi)

300

300

52

Y13

Yt

Yamagata

38.680

139.80
8

2232

Japanese cedar
(Cryptomeria
japonica)

53

Yt14

Yt

Yamagata

38.680

139.80
8

224.8

Japanese cedar
(Cryptomeria
Jap:

54

Yt15

Yt

Yamagata

38.680

139.80
8

2255

Japanese cedar
(Cryptomeria
Jap:

55

Yt16

Yt

Yamagata

38.680

139.80
8

227.4

Japanese cedar
(Cryptomeria
Japonica)

24

24

56

Yz

Yt

Yamagata

38.680

139.80
8

230.1

Japanese cedar
(Cryplomeria
Japonica) and
beech (Fagus
crenata)

57

Yti8

Yt

Yamagata

38.680

139.80

233.1

Japanese cedar
(Cryptomeria
japonica) and
beech (Fagus
crenata)

58

Yt19

Yt

Yamagata

38.680

139.80

235.6

Japanese cedar
(Cryptomeria
Japonica) and
beech (Fagus
crenata)

59

Yt20

Yt

Yamagata

38.680

139.80
8

2229

Japanese cedar
(Cryptomeria
Japonica)

60

Y21

Yt

Yamagata

38.685

139.81
0

133

Japanese cedar
(Cryptomeria
Japonica)

61

Yt22

Yt

Yamagata

38.685

139.80
9

137

Japanese cedar
(Cryptomeria
Japonica)

62

Yt23

Yt

Yamagata

38.685

139.80

134

Japanese cedar
(Cryptomeria
Japonica)

63

NiL

Ni

Niigata

37.732

139.18
0

Japanese cedar
(Cryptomeria
japonica)

64

Ni2

Ni

Niigata

37.728

139.17
9

Spuce ree
(Piceasp)

1400

1400

65

Ni3

Ni

Niigata

37.728

139.17
9

Spuce ree
(Piceasp)

17

83

100

66

Nid

Ni

Niigata

37.728

139.17
9

Weeds

80

80

67

Ni5

Ni

Niigata

37.728

139.18
0

18.7

Needle leaved
u

68

Ni6

Ni

Niigata

37.729

139.18
0

18.5

Needle leaved
tree

12

69

Ni7

Ni

Niigata

37.729

139.18
0

17.6

Needle leaved
tree

70

Nig

Ni

Niigata

37.729

139.18

18.2

Weeds

50

100

50

200

71

Ni9

Ni

Niigata

37.729

139.18
0

18.9

Broad leaved
tree

72

Ni10

Ni

Niigata

37.729

139.18
1

18.4

Broad leaved
u

200

200

73

Ni11

Ni

Niigata

37.729

139.18
1

Broad leaved
tree and needle
leaved tree

167

333

500

74

Cb

Saitama

35.940
556

138.81
8889

803.2

Japanese cedar
(Cryptomeria
Japonica) and
Hinoki cypress
(Chamaecyparis
obtusa)

833

667

1500
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Japanese cedar

pomera
35.940 |138.81
75 | cboz | Cb [saama | 3204 |Z80ST | 7004 (penen o 300 300
(Chamaecyparis
sapanese cedar
Chypomeria
26 | cos | co |suama |25:990 [13881 | o0 1 |iane ans 2722 778 3500
atama | cee” 8611 -1 | binoki cypress
(Chamreypars
obtusa)
Japanese cedar
35.940 |138.81 oparioe) and
77| Coa | Cb [saama [35:940 133851 | 75 5 | mponcaard 525 175 700
(Chamaecyparis
1sa)
sapanese cedar
mera
78 | CoS | Cb [swama (3504 [J35T | g3s7 |mencaand 200 200
(Cramaacypars
1sa)
sapanese cedar
¢
35.940 |138.81 feponce) and
79 | Cb6 | Cb [saama |52 R | 850 |Hhekiomess 600 600
(Chamaecyparis
sa)
Taparese
80 | cb7 | Cb |saama [35:942 [138.81 | g4 5 | chesinu 200 200
22 |7778 3 | Castanea
Sepaness
81| Cbs | Cb [swama |35:942 73851 | g7og |chesnu 200 200
cronai
Sapaness
@ | coo | cb |suama |35:941 [13881 | oo o |chesiun 200 200
30 |7922 2 | Casanea
crenai
Soponess
35.942 [138.81
83 | Cblo | Cb [suama [35942 |73 979.1 | chesnit 200 200,
cronam
Sepan
o4 |obi1 | Cb [suama 35942 13881 | goq o foremma 200 200
2 |78 8 | (Casanea
cronat)
35.942 [138.81 | 1001, [Japanese
85 [cb12 | Cb [suama [35:942 |13 o | o s 200 200
35.942 [138.81 | 1000.
86 [Cb13 | Cb [sawma |3594% 173 1 | ke zekon 200 200
35.942 [138.81 | 1000.
87 |Cbl4 | Cb [samama |32242 |75 D |mhonizakon 200 200
88 | Cots | Cb [suama [39-942 113881 1 55 |ickoun ekona 200 200
serrata)
89 [Chi6 | Cb [saama |35909 |19896 | 753 | wesas 200 200
90 [ cb17 | Cb [saama [32908 123898 | 735 ueeas 200 200
sapanese cedar
Chyomeia
35.908 |138.98 fatteases)
91 | Cbig | Cb [sawma |35.908 119898 | 735 |iwonceand 40 60 100
(Chamaecyparis
sapanese cedar
Chpo
0 |cos| o s 35.008 [138.98 | 1,0 |iwoncarana
aama (2250 | 013 3 [k cypn 200 200
(Chamartypars
93 [ cb20 | Cb [swama (35910 23898 | 67 fuseeas 50 150 200,
sapanese cedar
i
on | oot | oo |s 35910 [138.98 | 70 |voncarana
ema 1227|1464 Hinokicypress 200 200
(Chamascypars
Gotuse)
95 [Ch2z | Cb [saama [35:909 113896 | 6og1 | wesas 123 677 800
Sapanese cedar
96 | cht | ch [oma [35163 124014 | 505 | Copomeria 4 8
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35.163

140.14

Japanese cedar

97 Ch2 Cch Chiba 889 25 310 :;r:g:gg\erm 0
Japanese cedar
98 Ch3 Ch Chiba 35.163 |140.14 310 [ (Cryptomeria O
611 25 japonica)
Japanese cedar
99 | cha | ch |cha 21153 ;‘7‘3814 309 |(Cryptomeria 16 16
Japanese cedar
100 Chs Ch Chiba g?fGQ ;33814 297 | (Cryptomeria 32 32
101 che | on [cna 32,2159 ééggs 295 | Broadleaved 7 1 8
35.159 [140.13 I
102 | ch7 | ch [ema |30199 | A0S | ogg | Eroatlened, 12 4 8 24
35.160 |140.14 Hinoki cypress
103 Chg Ch Chiba 288 | (Chamaecyparis
833 |3889 ohtusa) 120 120
35.160 |140.14 Hinoki cypress
104 Cch9 Ch Chiba 300 | (Chamaecyparis
833 |3889 ohtusa) 0
35.160 [140.14 Hingki cypress
el B L e el I 80 80
Japanese red
wree (Pi
as161 | 14014 fracktadipied
. . 1o the forest of
106 | Ch1l | Ch femba |57 19809 | 297 | Chamaecypars 0
obtusa and
Cryptomeria
japonica
35.154 [140.14 i
107 | chiz [ ch fema |31 253 [firise (Aies 129 86 86 300
35.154 [140.14 Firtree (Abies
108 | Chi3 | ch fema | 32054 1004 1 2009 40 40
’ 35.154 [140.14 Firtree (Abies
109 | chia [ ch fea | 39054 | 1044 | 2009 33 267 300
35.154 | 140.14 Japanese cedar
110 | Ch1s Ch Chibe 242.9 | (Cryptomeri
* lan |51 Taponicay 0
35.154 |140.14 Japanese cedar
111 | Ch16 Cch Chiba 272 5428 248.2 :;r:g:gg\erm 22 178 200
35.154 |140.14 Japanese cedar
112 | Ch17 Ch Chibz 249 | (Cryptor
" |67 [5278 ponca) 0
35.154 |140.14 Japanese cedar
113 | chig | ch (om0 1Z0M | 266 | Copomern 200 200
114 | ch1o | ch [onwa 321541804 | o7y |Frieiebies 57 23 80,
35.154 [140.14 i tree (Abie:
115 | Ch20 | Ch [omba | F20% [L00A | 275 |FRTSe(Boies 29 43 14 14| 100 200!
Japanese cedar
116 Ikl Ik Shizuoka 23.9331 éiifz 1174 | (Cryptomeria 2700 2700
¥
Japanese cedar
117 k2 Ik Shizuoka 23.9331 é2§722 1210 | (Cryptomeria 2541 159 2700
japorica)
Broad leaved
35.331 [138.22 wor s
. . and Japanese
118 | k3 1k Shizuoka | o 7778 1243 400 400
(Cryptomeria
japorica)
Hinoki cypress
119 | ke ko [snenka 39333 23822 1 1297 | chamascypas 63 25 13 100
Hinoki cypress
120 k5 Ik Shizuoka 32?34 éggezz 1231 | (Chamaecyparis loo 100
35.336 |138.22 Japanese cedar
121 k6 Ik Shizuoka 1287 | (Cryptomeria 400 400
653 (8969 Japonica)
Japanese Larch
35.397 |138.22 | 1306. | ndsapamece
. . . | and o
122 | k7 Ik |sniavoka | 35337 2582 196 | epanese 4 4
(Cryptomeria
Japonica)
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Japanese Larch
(Larix kaempfer)

35.337 |138.22 | 1296. | and Japanese
123 | k8 Tk [shizvoka [ o 8744 1 o 0
(Cryptomeria
japonica)
Japanese cedar
35.337 |138.22 | 1309. | (Crypromeria
124 k9 1k Shizuoka 603 8894 4 Ga:pnar:‘u;:;ea[:c" 0
(Larix kaempferi)
Japanese cedar
35.337 |138.22 (Cryptomeria
Shizuoki nd
125 | k10 Ik ke | |soas | 1282 [moncaans 12 12
{Car kaempfer)
Hinod cypress
35.333 |138.22 (Chamaecyparis
126 | Ik11 e (s | G553 2005 | 1282 |obusa g 200 200
(Larix kaempferi)
35.338 |138.22 | 1116.
127 | k12 ke [snizvoxa | 777 3508 9 5@2:1“‘“53:329 240 240
35.338 [138.22 | 1144, |famay o
128 | Ik13 ke [snivaka | 7255 | o o | broadeaved 1300 1300
deciduous vee
Broad leaved
deciduous ree
35.336 |138.22 | 1171, | ndJapanese
129 | Ik14 Ik Shizuoki
w2 994 | 2769 1 | (Crypiomeria 8 ®
japonica) and fir
(Abies firma)
Broad leaved
deciduous vee
and Japanese
35.336 |138.22 | 1208, | codr
130 | a5 |t fswoka | 35396 38852 | A2 Commers, 80 80
China fir
(Cuminghamia
lanceolata)
35.335 |138.22 | 1222, | Ghinalir
13116 | Ik shmoka {903 15564 | 19 | (nmrdhem 100 100
Japanese cedar
132 | k17 Ik |shzuoka gs.azs gggfz 12513' (Cryptomeria 700 700
Japorica)
133 | Hol | Hg [wes [3as72 |J30O0L | 10z |Weetsad 100 100
134 | Hg2 | Hg |[ryogo [34.572 ‘1135'01 102 | peissie 8 8
135.01
135 | Hg3 | Hg |moso  [34.572 | 102 | e 100 100
136 | Hga | Hg [wes [aas72 |BSOL | qop |Weetsas 120 120
137 | Hgs | Hg |[Hyoeo [34.572 [1,35’01 102 | e 40 40
138 | Hg | Hg [ [sas72 (3001 | 10p |feeans 100 100
130 | Hg7 | Hg [wosw [34.653 ;3“’99 13.8 | Broad leaved 100 100!
140 | Ho8 | Hg [womo |3a.653 | 13499 | 13 |Broadteaved 300 300 600!
141 | Hg | Hg [mem (34653 33499 | 13 |Bracieaved 50 50 100
Camphor vee
142 | Hg10 | Hg [weso |sagss |24 | 145 Comanrn 33 67 100
camphora]
Camphor vee
143 | Hg1l | Hg [wes [34.686 13499 | 145 | Comamomim 160 40 200
camphora)
Camphor ree
144 |Hg12 | Hg [myowo [34.656 54'99 14.5 | (Cinnamomum 200 200

camphora)
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134.99 Beech (Fagus
145 | Hg13 Hg Hyogo 34.655 4 13 sp) 200 200
134.99 Beech (Fagus
146 [ Hgla | Hg |wyoso  [34.655 | 13 |5y 500 500
147 | Hg1s | Hg [mese [34ess [[3499 | 1y |oaienes 429 171 600
148 | Hg16 | Hg |Hyoso  [34.654 ;34'99 24 | Broadleaved 50 50 100
134.99 Broad leaved
149 | Hg18 | Hg [y [34.654 24 |Broad leave
3 1600 1600
134.99 Broad leaved
150 | Hglo | Hg [Woge |34.654 |3 24 | ge e 50 50 100
134.99 Broad leaved
151 [Hg20 | Hg |weeo 34654 |3 24 | Broad leaves 100 100
Vamague 131.41 Broad laved
152 | Yg1 Yo | 34.428 |3 20.8 |Gt te, 0
Sapanese cedar
153 | vz | vo [y |sazso 1337 | 1881 {Chyptomera
jponica) 0
Japanese cedar
154 | Yg3 | vo |YAm [34.350 é31’37 188.1 | (Cryptomeria
japonica) 0
P o
155 | voa | vg |vemeee |34.350 |13837 | 1881 |(Cypomena
6 aponca) 0
P 13137 Japanese cedar
156 | o5 | Yg [N 34350 188.1 |
9 9 |n 6 Crypomera 250 250
P 13136 Sapanese cedar
157 | voe | vg |\ 34.308 | 265.3 | Comonia 57 743 800
N Sapanese ced
158 | Yg7 Yg |yemas 134,308 13136 | 9653 4cwnmmenas'
9 oo 0
P o
150 | vg8 | vg [Ye™9 34308 é31'36 265.3 | Chpomera
Japonica) 0
ok cypress
160 | Yg9 | Yg |[*m |34.308 ;31'36 265.3 | (Chamaecyparis
obiusa) 0
ok
161 | vg10 | g [y | 34308 | 13136 | 5653 | (Chamaseypas
9 obtusa) 0
ok cypress
162 | Ygi1 Yg  |femasee (34308 331'36 265.3 1Chama};ﬂypaﬂ5
obtusa) o
Sapanese cedar
163 | vg20 | vg |yemee |34.371 {19200 | 5eg | (Cypiomena 4
0 v 4
P 132.00 Japanese cedar
1 i
64 | Yg21 Yg |y 34.371 |5 399 ‘«;Z:znm 100 100 200
P "
165 | vgz2 | vg |yemeee |34.371 13200 | 3993 | (Cypomena
0 Jeponca) 0
. 132, Japanese cedar
166 | Yg23 | Yg |[em9 [34.371 03 00 | 3993 Cyponera 38| 488 225 750
Swamp cypress
167 [ Y24 | vg |\emo 3472 | 13290 | 380.7 | (accn
9 9 |n 0 (oo 1500 1500
. Sapanese cedar
168 | Yg25 Yg |yemaee 134371 (1)32'00 399.3 | (Cryptomeria 0
Yamague 132.00 Sapanese cedar
169 | vg26 | vg |V’ 34371 3993 | Cotomera 67 33 100
Sapanese cedar
170 | Yg27 Yg [femeeee (34371 (1)32'00 399.3 | (Cryptomeria 0
=
Yamague 132.05 Beech (Fagus
171 | vg28 | vg |V 34.420 |3 500.2 |26 0
Sawtoath ook
172 | Yg29 Yg  [femesee (34432 132.05 | 551 6 | (Quercus
4 acuissima) 0
Sapanese cedar
173 | Yg30 | Yo [[Ae |34z 13205 | 620 {Chyptomera
Japonica) 0
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Japanese cedar

0
174 | Yg31 Yg  [femasee (34.432 ;32’05 629 :acpmgena )
175 | Kgl | Kg [KeeT 33’9525 132677 505 i;m::;ezenkwa 20 30 :
176 | Kgz | kg [Keesnm |S3526 113077 | 505 ze\kv:r:\‘/:a)s(ezelkova :
177 | kg3 | kg [Kesoshm 33'9526 132'677 505 ;:\ﬁ‘f:%s(ezelkova :
178 | Kga | kg [Meweshm | 31528113076 | 545 Eﬂfﬂﬁf};?“ .
179 | Kgs | kg [Mweshm | 31528 113076 | 545 Eﬂ;ﬂ:f}:;éﬂs' 80 L
180 | Kgs | kg [Kesesnm Zé‘;zs 11,32'776 545 E@E}Fﬁds’ 80 120 :
181 | Kg7 | kg |[Kaooshm 2%-8525 }gg]e 540 EZ;EE}T;&“’ :

31528 | 13076 Sapanese cedar
182 | Kg8 Kg o [fresnm | S 403> 540 | Coptomea :
183 | Kgo | kg [Menm | 31528 \250T6 | 5a EE?EE{;?” E
184 [ Kg1o | Kg |[Kesoshm 3%‘8529 132’776 542 EEEE%ELE" 100 e
185 | Kgu | kg [Keesnm | S1.529 113076 | 543 EE:{E%E? 100 o
186 | Kg12 | kg [Keeshm | 9252911306 | 54 EEE:E%E;“ 100 200
187 | Kg13 | kg [Mesnm 3530 123076 | 510 EE}%}TS?“ 200 -
188 | Kgua | kg [Mweshm | 31330113076 | 515 fi?np"g:m?efi“' 100 :
180 | Kgis | kg [Keesnm | 3153011306 | g, E%?E}Ff;ﬂa' E
190 | kg6 | kg [Mawshm | 31,529 113076 | 5o Zc:n}:i’gig;ﬁws 29 71 g
101 | Kg17 | kg [Mesnm| 31529113076 | oo E%:ﬁ.:ﬁ;ﬁs 200 o
102 | kg1 | kg [Mawsnm | 31529113076 | 559 (Cromoyoors 200 =
103 | Kg1o | kg [Menm | 31529 \13076 | g5 Ec:::%iﬁfm 80 :
194 [ Kg2o | Kg [Koshm ﬁészg %ig’ge 51g [ Broad leaved ~
195 ko2t | Kg [ | T2 1O | seo | 200 -
196 | kg3l | Kg [0 |314gg 13074 | 100 |Ghoenee | 300 - _ -
197 | i1 It |G 2‘2"2297 153'87 35.2 |Forest =
198 | Ir2 It |lnote, (28297 122387 | 3.2 ot 120 :
199 | 13 Ir | Gemote 23'2297 ;?*87 35.2 |Forest -
80
200 | Ira it |lonte, | 28297 119387 | 45| rorest . . -
201 | 15 Ir | Gemote g;.ﬁzgs ;ﬁfn 45 | Forest “
44

202 | 16 0 |lonte | 28298 112367 | 45| rorst

126




riomote,

24.298

123.87

203 Ir7 Ir Okinawa | 333 3333 22.1 |Forest
Iriomote, | 24.298 |123.87
204 | I8 I |oknaws |335  |3333 22.1 |Forest :
Iriomote, | 24.298 | 123.87
205 | w0 | [lemote 2829812857 | 23| roest -
200
romote,
206 | Ir10 It | Gome: | 24.355 égjfo 65.4 | Forest =
romote,
207 | w1 | wr o [lemoe (24385 12380 | 654 |roest -
viomore, | 24.356 | 123
208 | 1112 It | Oinawa | 667 Mffo 65.7 |Forest -
viomore, | 24.356 | 123.
200 | w13 | ar [lsemore 24956 172380 | 69 | e -
romote, :
210 | Ir14 It |Bemte |0 562 | 12387 | 455 | eusnes -
i
211 | s | w o [lenoe (24061 {12387 | 413 feushes -
Iric , 123.
212 | w6 | wr o |mnes 2462 |37 | 422 [musnes i
15
iomate, :
213 | 1117 It | gemore | 24.262 12337 42 |Bushes -
Iriomote, 123.
214 | I8 It | e | 24.262 1387 33.5 |Bushes -
i
215 o | i [enee (24200 (32387 | 274 | ek -
romote,
216 [Ir19-2| It |Gomew |24.204 ;23'87 25.9 [Thicker -
500
romoe,
217 | w20 | wr [lemoe (24208 323857 | 1g ek =
12
iomate,
218 | 121 It |emde | 0g 098 {12387 | 19 | mhcker -
12
iomate,
219 | w22 | wr o [lemoe (24208 32387 | 123 |k -
20
romote, :
220 | Ir23 It | Gomoe: | 24.298 },2397 18 | ket ®
i
221 | w2a | wr o [lenoe (24208 3237 | a4 |k -
iomote, 123,
222 | w25 | w o [Bemoe (24208 32387 | 135 ek .
32
iomate, :
223 | 126 It | Gomore | 24.298 [1,2337 19.2 | Thicket -
300
Iriomote, 123.
224 | 127 It | e | 24.208 4387 26 | Thicket =
romoe, :
225 | s | i [emee (24,208 12387 | 222 |k -
iomote,
226 | 20 | i[5 24208 | 12387 | 1g5 | hcker 44 .
356
iomote,
227 | w30 | wr [emoe (24,208 32357 | g5 |k ©
20
iomate,
228 [Ir31-1| Ir | Gome | 24.208 }323'87 18.5 | Thicket -
500
iomate,
229 | w3z | [lemoe (24,208 32387 | g5 |k =
i
230 | 133 It | Gomore: | 24.298 },23'37 18 | Thicket -
iomate, 123,
231 | w3a | wr o [lenoe (24208 32387 | 70 |k -
0
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riomote,

232 | I35 It |Gemote 24,208 123’37 12.3 | Thicket 16 16
233 | Ir36 It | Gomore: [ 24.200 ;23’88 34.4 |Bushes 4 4
230 | war | [emee (24,200 32388 | 349 feusnes 100 100
235 | w3 | [5enoe 24200 32358 | 549 fousnes 2750| 550 1100 4400
236 | 39 | wr [lenoe 24200 32388 | 349 fumnes 20 60 80
237 | Ira0 Ir | Gemete: | 24.200 223'88 34.9 [Busnes 12 12
238 | war | [lemee 124313 12390 | 134 f:é“a:n?:::mo 12
239 | Ir42 Ir | Gemote 24.313 12390 | 4o fwa;‘:nTamm 0
communty
200 | a3 | wr [lenoe (24204 12389 | 508 | ek 171 129 300
2a1 | waa | w o [lemoe (24200 |12389 | 58 ek 1750 1750 3500
202 | a5 | [Henoe |2a204 12389 51 ke 1800 1800

* The CFU number of the species are calculated from the species ratio of each soil sample. And the CFU numbers are shown in each scientific name.
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Furano, "
Hokkai Yamagata)

-
’
Kagoshima

u Lipomyces starkeyi = Lipomyces yarrowii = Lipomyces chichibuensis = Lipomyces doorenjongii

= Lipomyces kononenkoae = Lipomyces yamanashiensis = Lipomyces tetrasporus = Babjevia hyphoforaminiformans
= Lipomyces okinawensis = Lipomyces lipofer = Myxozyma geophila = Lipomyces yamadae

= Lipomyces chibensis = Lipomyces taketomicus Lipomyces amatsuensis = Lipomyces iriomotensis

= Lipomyces melibiosirhaffinosiphilus Myxozyma monticola m Babjevia hyphasca = Lipomyces yaeyamensis

® Lipomyces nakamensis m Lipomyces kiyosumicus m Lipomyces kamogawensis = Lipomyces haiminakanus

1 Lipomyces spencermartinsiae = Lipomyces komiensis Lipomyces mesembrius = Lipomyces sakishimensis

33. HHIFEDIEEIZEITS Lipomycetaceae HBBEEDSEHE S

Ratio of lipomycetaceous species isolated from soil of vegetations in each location. 1.
Japanese cedar (Cryptomeria japonica); 2. Japanese cedar (Cryptomeria japonica) and
Hinoki cypress (Chamaecyparis obtusa); 3. Hinoki cypress (Chamaecyparis obtusa); 4.
Sakhalin spruce (Picea glehnii); 5. Fir (Abies firma); 6. Yezo spruce (Picea jezoensis);
7. Sakhalin fir (Abies sachalinensis); 8. Beech (Fagus crenata); 9. Beech (Fagus sp.);
10. Japanese wing nut (Pterocarya rhoifolia); 11. Japanese maple (Acer amoenum var.
amoenum); 12. Japanese cedar (Cryptomeria japonica) and Beech (Fagus crenata);
13. Japanese black pine (Pinus thunbergii); 14. Sakaki (Cleyera japonica); 15.
Himeaoki (Aucuba japonica var. borealis); 16. Spruce (Picea sp.); 17. Weeds; 18.
Needle leaved; 19. Broad leaved; 20. Broad leaved and needle leaved; 21. Japanese
chestnut (Castanea crenata); 22. Japanese zelkova (Zelkova serrata); 23. Broad
leaved deciduous; 24. Broad leaved deciduous and Japanese cedar (Cryptomeria
japonica); 25. Japanese cedar (Cryptomeria japonica) and Japanese Larch (Larix
kaempferi); 26. Hinoki cypress (Chamaecyparis obtusa), and Japanese Larch (Larix
kaempferi); 27. Broad leaved deciduous, Japanese cedar (Cryptomeria japonica) and
Fir (Abies firma); 28. China fir (Cunninghamia lanceolata); 29. Weeds and bamboo
grove; 30. Camphor (Cinnamomum camphora); 31. Swamp cypress (Taxodium
distichum); 32. Japanese red pine (Pinus densiflora); 33. Ginkgo (Ginkgo biloba); 34.
Forest; 35. Bushes; 36. Thicket; 37. Sakisimasuounoki.
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Rl%

Lipomyces
chichibuensis

34%

3%
Yo

2%

MR EERD
hTLHDHBEE

© 50-100%
Y 4 0O 10-49%
O 1-9%

SRTERE ] i
o LIpomyces yarrowil g ¢y, 65 129

34. BINDEERL Lipomyces BIED 4% (Lipomyces sensu stricto)

Lipomyces starkeyi Lodder & Kreger-van Rij 1952 M %#(ZDUL\T

o, BARERNDOZSL K O ClL Lipomycetaceae B3 T HESHET
HDZERRFRIZE S THENT o2, WM T 202DV T, HIERHAR
LS REIETE RS (Global Biodiversity Information Facility, GBIF) @
Lipomyvces starkeyi DIF - #2357 5 771E (occurrences) DIFHITLAT &> TH
D, FEH - EEEDDIRY - EAVHICE D F TERRKEOHUTIC A A LTV D
ZENEZLND (16,17, 33.34) .

GBIF website (https://www.gbif.org/)) (23} % L. starkeyi DIF{EE#H (2023 4 6
H) : Estonia 199, Japan 75, Thailand 31, Canada 13, USA 12, Latvia 7, Belgium
6, China 6, South Africa 6, Finland 4, Lithuania 4, Madagascar 4, Netherlands 4,
Russian Federation 4, Tlrkiye 4, Argentina 2, France 2, UK 2, Australia 1, Brazil
1, Congo 1, Greece 1, India 1, Iran (Islamic Republic of) 1, Sweden 1

L. starkeyi DR D3 BEHIR & A BIREORRICOW TR & 2 A,

Fr14AgDr5, Fr20GeDr4, Fr23AgDr5 #5728 30 CAE L 72 XiE weak 72 - 7273,
fLDHUI D & 7B SN TERRIZ T T 30°CABAIREIS o 72 (T 18.21) . ZD 7Dt
H O (ERE) IHEFRKETHL-OMOKKI Y b EIREEE S A2 H DR /7B S
nNi-éEzo6ns, £72. L. starkeyilZ. LSU # W& L B x| TEF] Eis¥
\Z X DR 54T O & L. starkeyi T DD T N—TRNIZEL DY T AHE
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https://www.gbif.org/
https://www.gbif.org/
https://www.gbif.org/

—INFHET DN D (B31.32) , b0 7 7 AKX =T, FEMERT DD
BN ZRET LD THY (Oguriet al., 2011) . Z O, L
starkeyl H3fE & U CEARZRERIRIZHEIL FTRE & 72 D ZRR I E O % & A A R ENTE T
TR, WMCBWTHIELS AT 2HBEO > Thb EEZLND,

% 18. Lipomyces starkeyi Q4B LDEFRE

. Growth temperature test*
Strain ID

10 15 30 33 35 37

FriGeDr2 =
Fr3AgDrl
Fr5AgDI1 =
Fr5AgDri1 e =
FreAgDri1 :rl_E;ﬁlE o
Fr14AgDr5 SR -
Fr17AgDr6 =
Fr20GeDr4 =

Fr23Ag Dr5 =

+ 5 4+ + + + +
1
1
1

++++++ + + +
++ ++ 4+ o+

oA
Yt9ADr1 L -

Yt10ADI4 W

24 NilAr2 -
BEEINi2ArS " w
BELRINi10Ar3 #iik i

Ni11AI3 -
Cb19AgDr1 5% -

Ch4GDr2 F= -
IK1GDr1

FY A IK3ADr6 R3] -
Hg4AgDr4 =
B3 Hg8AgDr1 g -

Hg12AgDrl =
EYg5AgDr2 =
BEER Yg6AgDr1 -
B Yg6AgDr2 A i
BEEN Yg24AgDr1 -

T3l g26AgDr2-1 -
Kg6AgDr1 =
B Kg6AgDr4 -
B2 Kg10AgDr1 : -
A Kg19AgDr2 BRE -
A Kg19AgDr3 -

77 <g31AgDI1
NRRL Y-11557, CBS

125 1807 ! w

"2 + 2|+ =3

+|=

2+ |+ + =

o e i i T B e ) e e e B B EIE it
o E R I T o E Ok T i B S PO B N PO PR
o A Tk T o e ik T o B e EANS) B R EONE S P
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Lipomyces yarrowii M.T. Smith & Van der Walt 1999 M4 fIZDLVT

ZM%L‘( I, MR OERE TELE L TWDH Z ERan, £70, BRELIET
SEES TR (R 16, 34)

ﬁa\%ﬁﬁmiﬁﬁrﬁ ERD L P 5RO Ir9AgDr1-1, Ir19-2ADI2,
Ir26AgDr8, Ir37AgDrl @ 4 £k2% 10°CAE LW Xk weak ilE7Z -7 (K 19,

21) . HEREFHAFZETH D (HREOFMREEKIRIL 11C) Z&0b,
L1p0mycesyarrow11 IFMKEZ O FECTH Y . HIRKIEIVKA T ETF2A5EE AL

ZIEA L DR W=D S e o T ATREMEN E 2 b b, F£7- GBIF OIFERE
%I?(“C X, Mauritius 6, Japan 4, Brazil 3 £ OFE&E1H Y . M T, AWFIEICLY 1>
R 7 CRFEDRZEES N TND Z &0 b, By, HEVE KUK O HURIC 5Am 9 2 il
ThibtBxbND,

% 19. Lipomyces yarrowii D9 i E DA FEERUKXMEBORS - F19-RIER

N =]
«Jm
Growth temperature test*

4 10 15 30 33 35 37

- - W —+ = = =

£ 2 =

+ + + +

1 [1-01r45GeDr1

CBS 7557 - w  +
dbim | dbimE | WEIR | MRE | IBER | TRER | $ER | GER | W08 |(ERSR | R
ERE | HLRM | WA | AR | B&RE | BT | #EATE | BaTE | #E | BkE | GRS

ﬁiﬂ(°C) 36.3 33.7 35.7 36.4 38.5 36.2 33.3 35.9 35.5 33.4 33.3

mﬁﬁqu 6.7 9.3 12.8 13.7 13.8 16 11.2 16.5 15.8 15.3 23.8
RIESIR(°C) [y -14.3 -5 -4 -7.6 -2.7 -7.5 -3.7 -1.1 -4.1 11

=

+

Lipomyces doorenjongii Van der Walt & M.T. Smith 1999 M4 (=D T
[FREOAEBIEEIZOW TR 12 kW, Ir38AgDI1, Ir39GeDrl, Ir40AgDr1,

Ir44GeD110)41‘5|E75§ 10°CAEE LW XT weak 72 -7- (F20.21) , ARSI
B EEThD D, RBREZH S MEINICH RSN EE 2N,
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F7-. DEEHE A R TAhD L, HRETEL D ﬁ%ﬁéhéﬁ %ﬁ‘]ﬁ%i@it@i&ﬂﬁ/ﬁf‘ﬁa\
BES LT eWZ b g, JER, MR, BULHE ORISR T 2 RIR k2135
i L7gu, AR S i Th D = &#%Z%ﬂé(ﬁlGl&ﬁo:@

- E}&EK

X, L. yarrowi \ZHE{EL L CEME - KRS Lipomyces doorenjongii O 73ARIZ 2 L

TWA I ENREBEZLNDD., L yarrowii \ZHb U CIRIR 286 5 PEE X 1 EfE ik

ez, BIRELIE, FEETOM L TV A TOARMETHEiSNT-bDEEZD
o,

% 20. Lipomyces doorenjongii D BTN EEFBE

Growth temperature test*

p—
10 15 30 33 35 37

| 28 |\ts7i\gl

Y923AgDI2 IJJI:I -

Kg1AgDr3 BRE =

Ir29AgDr1 -
Ir38AgDI1 -
Ir38AgDr3 -
Ir38GDr1-1 -
Ir38GDr1-2 -
Ir39GeDr1 -
Ir40AgDri1 =
Ir40AgDr3 =
Ir44AgDI2
Ir44GeDI2
Ir44GeDr2 -

Ir44GeDI1 <
CBS7542, NRRL Y-
27504

+]l= + +
s+ + +
1
1

s + + +
+ + +
]
]

s = + +

+ 1+ + 4+ ++ 35 +++ 4+ 35 +|+ ++
+ |+ + 4+ + + + 4+ ++ 4+ + |+ ++

sl ++ 4+ +

Lipomyces chichibuensis A. Yamazaki & H. Kawasaki 2014 Q4 (ZDLNT

AFEIL, B ERBRATHORFERFRRAAFEERICIWN T, L starkeyi (53 BESETE
0.91) IZIRWTEBEE (0.36) THEESALZN, ZDIENOHIETIX, KHE (0.04
~0.06) EL7eo7c (FR16.E34) , BRREHEKRTIL, 0 O JE ORE 15 CrEisd
IS T, ok Tk, BOMELO TETHBEEL TH, 1ZEA LS
BeSiedo Tzl B, WMEOTEONA L | Lipomyces chichibuensis D 5347~

DEEITe < BROBMREITGEED b o7 (R 17. B 33) . GBIF OfFFEE#HIL
DB Th b, Japan 4, Thalland 4, Chaina 3, Bhutan 1,
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* 21. A EHK

Growth temperature test*

Accession No of

GenBank
No Strain ID NEIEC LSU Scientific name Place Lat Long Alt Comment
10 | 15| 30 | 33 | 35 | 37 rDNA TEF1
D1/ D2
e University of Tokyo oil in the old planted forest of
The University of Tok 43.221389 Soil in the old planted f f
1 FriGeDr2 - + + + + - - - - Lipomyces starkeyi Hokkaido Forest (UTHF), 14'2 38222'2 212 | Japanese cedar (Cryptomeria
Furano-shi, Hokkaido ) japonica)
Fr2AgDr5 The University of Tokyo
, LC279229, . Hokkaido Forest (UTHF), 43.2214, Soil under the planted forest of
2 '(:335215772, 112965 + + + h - b LC440490 LC439444 | Babjevia hyphasca Yamabehigashi 23-sen, 142.3825 220 Cryptomeria japonica
Furano-shi, Hokkaido
The University of Tokyo 43.221389 Soil in the old planted forest of
3 Fr3AgDr1 - + + + - - - - - Lipomyces starkeyi Hokkaido Forest (UTHF), 1 4'2 38222'2 221 | Japanese cedar (Cryptomeria
Furano-shi, Hokkaido ) japonica)
The University of Tokyo 43221111 Soil in the old planted forest of
4 Fr5AgDI1 - + + + - - - - - Lipomyces starkeyi Hokkaido Forest (UTHF), 14'2 38222é 211 | Japanese cedar (Cryptomeria
Furano-shi, Hokkaido ) japonica)
The University of Tokyo 43.221111 Soil in the old planted forest of
5 Fr5AgDr1 - + + + - - - - - Lipomyces starkeyi Hokkaido Forest (UTHF), 14'2 38222§ 211 | Japanese cedar (Cryptomeria
Furano-shi, Hokkaido | japonica)
The University of Tokyo 43221111 Soil in the old planted forest of
6 Fr6AgDr1 - + + + + - - - - Lipomyces starkeyi Hokkaido Forest (UTHF), 14'2 38194;1 212 | Japanese cedar (Cryptomeria
Furano-shi, Hokkaido ) japonica)
The University of Tokyo -
. . . 43.220278 Soil in the old planted forest of Yezo
7 Fr14AgDr3 - + + - - - - - - Lipomyces lipofer Hokkaido Forest (UTHF), y 217 . - .
. > 142.381944 spruce (Picea jezoensis)
Furano-shi, Hokkaido
The University of Tokyo .
8 | FriaagDrs ; +l+lwl| -1 -1 - : ; Lipomyces starkeyi Hokkaido Forest (UTHF), ﬁfgg%i 217 ?O:Llcnet?:igég pe'igffsg estof Yezo
Furano-shi, Hokkaido . P! !
Fri6AgDI3S The University of Tokyo
! LC279233, Babjevia Hokkaido Forest (UTHF), 43.2203, Soil under the planted forest of Yezo
9 255115771’ 111233 + + - - - - LC440487 LC439443 hyphoforaminiformans Yamabehigashi 23-sen, 142.3817 236 spruce, Picea jezoensis
Furano-shi, Hokkaido
The University of Tokyo 43.220556
10 Fri7AgDr6 - + + + - - - - - Lipomyces starkeyi Hokkaido Forest (UTHF), 14'2 38194;1 230 | Sakhalin fir (Abies sachalinensis)
Furano-shi, Hokkaido )
The University of Tokyo 43.220278
11 Fri8AgDI3 - + + + - - - - - Lipomyces lipofer Hokkaido Forest (UTHF), 14'2 38194;1 237 | Sakhalin fir (Abies sachalinensis)
Furano-shi, Hokkaido )
The University of Tokyo -
12 Fr20AgDr3 - + + + - - - - - Lipomyces lipofer Hokkaido Forest (UTHF), ‘11?1224512%(1)0 409 fgf’hLnet?:ié]:;ljgofg;esis;)m Yezo
Furano-shi, Hokkaido )
The University of Tokyo .
13 Fr20GeDr4 - + + - - - - - - Lipomyces starkeyi Hokkaido Forest (UTHF), ﬁ;iggégo 409 Z?r'{]'Cnet?sié]:atl}r;lgg;i?;)m Yezo
Furano-shi, Hokkaido )
The University of Tokyo .
14 | Fr21AgDr2 112492 + |+ | - | - | - | - | Lcs13031 | Lc513932 | Lipomyces lipofer Hokkaido Forest (UTHF), TP 437 S;’r':]L”et?gggg‘jgaz'gg;‘i)"f Yezo
Furano-shi, Hokkaido )
The University of Tokyo -
15 Fr23AgDr5 - + + - - - - - - Lipomyces starkeyi Hokkaido Forest (UTHF), ﬁzzigggz 418 gor':lLnet?gig:;u.;azlgeoiisé)m Yezo
Furano-shi, Hokkaido ) P !
. . . Soil under the Japanese cedar
16 Yt1ADI2 - + + + w - - - - Lipomyces starkeyi Tsuruoka-shi, Yamagata 38.8,139.8 32 (Cryptomeria japonica)
R ~ R ¢ chi Soil under the Japanese cedar
17 Yt1ADr1 W + + + + w Lipomyces kononenkoae Tsuruoka-shi, Yamagata 38.8,139.8 32 (Cryptomeria japonica)
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Soil under the Japanese cedar

18 Yt1ADr2 = + + + + - - Lipomyces kononenkoae Tsuruoka-shi, Yamagata 38.8,139.8 32 (Cryptomeria japonica)
. . Soil under the Japanese cedar
19 Yt1ADr4 - + + + + - - Lipomyces kononenkoae Tsuruoka-shi, Yamagata 38.8,139.8 32 (Cryptomeria japonica)
20 Yt8ADI1 - + + w - - - Lipomyces starkeyi Tsuruoka-shi, Yamagata 38.8,139.8 34.2 jsa?)ltl)rl:ir::(;?r the sakaki plant (Cleyera
. . . Soil under the himeaoki tree
21 Yt9ADr1 - + + w - - - Lipomyces starkeyi Tsuruoka-shi, Yamagata 38.8,139.8 327 (Aucuba japonica var. borealis)
. . . Soil under the Japanese black pine
22 Yt10ADI4 - + + + - - - Lipomyces starkeyi Tsuruoka-shi, Yamagata 38.8,139.8 32 (Pinus thunbergii)
} R } Lipomyces aff. e Soil under the Japanese cedar
23 Yt16ADr1 + + - doorenjongi Tsuruoka-shi, Yamagata 38.7,139.8 227.4 (Cryptomeria japonica)
24 | NitAr2 114182 fl+lw| - LC513941 | LC513942 | Lipomyces starkeyi Gosen-shi, Niigata 37.7,139.2 15 | Soil under the Japanese cedar
(Cryptomeria japonica)
25 | Ni2Ar5 - + + + w - - Lipomyces starkeyi Gosen-shi, Niigata 37.7,139.2 15 S;())I)I under the spruce tree (Picea
26 Ni3Ar2 - + + + w - - Lipomyces okinawensis Gosen-shi, Niigata 37.7,139.2 17 fg')l under the spruce tree (Picea
27 Ni6Ar3 113987 + + + - LC513937 LC513938 Lipomyces okinawensis Gosen-shi, Niigata 37.7,139.2 18.5 | Soil under the needle-leaved tree
28 Ni8Ar1 - + + + - - - Lipomyces doorenjongii Gosen-shi, Niigata 37.7,139.2 18.2 | Soil under the weeds
29 Ni8Ar2 - + + + w - - Lipomyces okinawensis Gosen-shi, Niigata 37.7,139.2 18.2 | Soil under the weeds
30 Ni10Ar3 - + + w - - - Lipomyces starkeyi Gosen-shi, Niigata 37.7,139.2 18.4 | Soil under the broad-leaved tree
. . . . - Soil under the broad-leaved and
31 Ni11Al1 113988 + + + w LC513939 LC513940 Lipomyces okinawensis Gosen-shi, Niigata 37.7,139.2 18.1 needle-leaved trees
, . . R Soil under the broad-leaved and
32 Ni11AI3 - + + - - - - Lipomyces starkeyi Gosen-shi, Niigata 37.7,139.2 181 needle-leaved trees
The University of Tokyo .
33 Cb19AgDr1 - + + w - - - Lipomyces starkeyi Chichibu Forest (UTCF), 35.908582, 743 fg&;gdrﬁéigﬁsggsi;g% Hinoki
Otaki, Tochimoto, Chichibu- | 138.986013 :
: . cypress (Chamaecyparis obtusa)
shi, Saitama
The University of Tokyo 35.1639 Soil at the planted forest of
34 Ch1ADr2 111406 + + - - - - Lipomyces mesembrius Chiba Forest (UTCBF), 146 142,'5 305 | Japanese cedar, Cryptomeria
Kamogawa-shi, Chiba ) japonica
The University of Tokyo .
35 | chacDr2 111407 o+ |+ - : ; Lipomyces starkeyi Chiba Forest (UTCBF), iibliig%é 309 q:poﬁce:)e cedar (Cryptomeria
Kamogawa-shi, Chiba i Jap
The University of Tokyo 35159722
36 Ch6GeDr6 111409 + + - - LC513901 LC513902 Lipomyces tetrasporus Chiba Forest (UTCBF), 14'0 138335 295 | Soil in the broad-leaved forest
Kamogawa-shi, Chiba )
The University of Tokyo
Ch7ADr4, CBS LC279211, Lipomyces Chiba Forest (UTCBF), 35.1569, Soil at the deciduous broad-leaved
37 15766, CHO1 111411 + + + W LC487389 LC439424 melibiosiraffinosiphilus Yomogi, Kamogawa-shi, 140.1386 289 forest
Chiba
Ch12ADL1, LC279216 Z'%?bﬁrﬁﬁfe'?fﬁ%‘ékpyf 35.1544
38 CBS 15768, 111413 + + + w LCA487392 LC439427 Lipomyces chibensis Kiyosumi, Kamogawa-shi, 140.145 253 Soil under fir, Abies firma
CHO03 )
Chiba
. The University of Tokyo
39 | chizapms 111415 e ] -] - - ; Lipomyces ﬁ‘” Chiba Forest (UTCBF), e 242.9 | Soil under fir, Abies firma
jong Kamogawa-shi, Chiba i
. The University of Tokyo .
40 | chisaAprl 111417 o+ |- - . ; Libomyces ﬁ‘ﬁ Chiba Forest (UTCBF), ii'oliiég;é 266 fg" “t’:)‘:flgfgp:”s;ec ;)edar
jong Kamogawa-shi, Chiba ) P Jap
Ch19GDr4 The University of Tokyo
) LC279220, Lipomyces Chiba Forest (UTCBF), 35.1542, ) N -
41 233415769, 112967 + + + + 0487404 LC439431 kamogawensis Kiyosumi, Kamogawa-shi, 140.1453 271 | Soil under fir, Abies firma

Chiba
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The University of Tokyo

Ch20ADr1 ¥
" LC279222, . : Chiba Forest (UTCBF), 35.1542, y . L
42 832515770, 111420 + + + + w LCA87395 LC439433 Lipomyces amatsuensis Kiyosumi, Kamogawa-shi, 140.1456 275 | Soil under fir, Abies firma
Chiba
n | g 1e767, 111424 |+ |+ ||+ LC279215, | | 439426 | Lipomyces kiyosumicus Eg?bggzz‘gﬂgggo 351842, 275 | Soil under fir, Abies firma
choz o LC487398 pomyces Kiy! Kiyosumi, Kamogawa-shi, 140.1456 '
Chiba
Ikawa Forest, University of 35331389 Soil in the planted forest of
44 IK1GDr1 111433 + + + - - - - Lipomyces starkeyi Tsukuba, Shizuoka-shi, . ; 1174 | Japanese cedar (Cryptomeria
. 138.226111 N .
Shizuoka japonica)
. Ikawa Forest, University of Soil in the planted forest of
45 IK2ADL2 111434 + + + - - LC513903 LC513904 ;g’;':%?ns ﬁff. Tsukuba, Shizuoka-shi, ig;g;gg; 1210 | Japanese cedar (Cryptomeria
jong Shizuoka | japonica)
. Ikawa Forest, University of Soil in the planted forest of
Lipomyces aff. K . 35.331389, .
46 IK2ADr2 111445 + + + - - LC513907 LC513908 doorenjongii Tst_Jkuba, Shizuoka-shi, 138.226667 1210 Qapar]ese cedar (Cryptomeria
Shizuoka japonica)
Ikawa Forest, University of 35331944 Soil under the broad-leaved
47 IK3ADr6 111436 + + + w - - - Lipomyces starkeyi Tsukuba, Shizuoka-shi, 13'8 22777é 1243 | deciduous tree and Japanese cedar
Shizuoka ) (Cryptomeria japonica)
Ikawa Forest, University of ) L
. - ; . h 35.333611, Soil under the Hinoki cypress
48 IK4ADr1 111438 w + w - - LC513905 LC513906 Lipomyces chichibuensis ;ilijzklﬁjc?lg Shizuoka-shi, 138.228056 1227 (Chamaecyparis obtusa)
. Ikawa Forest, University of . L
R ; Lipomyces aff. N i 35.334722, Soil under the Hinoki cypress
49| IK5ADrL 111443 + + + - h doorenjongii -Is—shllﬁj(?é Shizuoka-shi, 138.228056 1231 (Chamaecyparis obtusa)
50 Hg4AgDr4 - + + + - - - Lipomyces starkeyi Awaji-shi, Hyogo 34.6,135.0 102 | Soil in the weeds and bamboo grove
R ~ R Lipomyces e ) )
51 Hg8AgDI2 + + + W w yamanashiensis Akashi-shi, Hyogo 34.7,135.0 13.8 Soil under the broad-leaved tree
52 Hg8AgDrl - + + + + w - - Lipomyces starkeyi Akashi-shi, Hyogo 34.7,135.0 13.8 | Soil under the broad-leaved tree
53 | Hgl2AgDrl - + |+ |+ +|w - - Lipomyces starkeyi Akashi-shi, Hyogo 34.7,135.0 145 (Sgi':]:gr‘:]irr:;fniz’:‘n’;m%rrg)ee
} R } Lipomyces aff. e . i
54 Hg18AgDI1 + + + w - doorenjongii Akashi-shi, Hyogo 34.7,135.0 24 | Soil under the broad-leaved tree
} R } Lipomyces e . N
55 Hg19AgDr2 + + + w w yamanashiensis Akashi-shi, Hyogo 34.7,135.0 24 | Soil under the broad-leaved tree
R ~ R Lipomyces aff. e . N
56 Hg19AgDr4 + + + - - doorenjong Akashi-shi, Hyogo 34.7,135.0 24 | Soil under the broad-leaved tree
R _ R Lipomyces . . N
57 Hg20AgDr1 + + + w w yamanashiensis Akashi-shi, Hyogo 34.7,135.0 24 | Soil under the broad-leaved tree
58 Yg5AgDr2 - + + + + w - - Lipomyces starkeyi Hagi-shi, Yamaguchi 34.4,131.4 188.1 (Sct)rlllglgir:;:g?:'t)g;izﬁanese cedar
59 | Yg6AgDrL 113985 + |+ |+ |+ | - LC513933 | LC513934 | Lipomyces starkeyi Hagi-shi, Yamaguchi 34.3,131.4 265.3 (Sgr';;)q ;'r:]z:?a[fjég;fczga”ese cedar
60 Yg6AgDr2 - + + + w - - - Lipomyces starkeyi Hagi-shi, Yamaguchi 34.3,131.4 265.3 (Sg:;,:)rl()ttr:]eeg?:’t)g;ia;ganese cedar
61 | Yg23AgDI2 112491 o+ |+ | ] - LC513921 | LC513922 | Lipomyces doorenjongii | Iwakuni-shi, Yamaguchi 34.4,132.0 399.3 (Sgr';/;ﬂ ;’r‘neeﬁ’;?;:)g;g;a”ese cedar
62 Yg23AgDI3 - w + w - - - - Lipomyces chichibuensis Iwakuni-shi, Yamaguchi 34.4,132.0 399.3 (Sgrl;;)rloﬂlllzi?ar?;)g;ie;ganese cedar
63 | Yg24AgDri 112486 + |+ |+ | - - LC513921 | LC513922 | Lipomyces starkeyi Iwakuni-shi, Yamaguchi 34.4,132.0 380.7 (S.r‘z'ngﬁuer;tgies t?“:"r’]i’:f; cypress
64 | Yg26AgDra-1 - + |+ |+ - - - - Lipomyces starkeyi Iwakuni-shi, Yamaguchi 34.4,132.0 399.3 fg&;ﬂ;&ee:?a’?;g;fcz‘)’a”ese cedar
~ } R } Lipomyces aff. . n Soil in the forest of Japanese cedar
65 Yg26AgDr2-2 + + + + - doorenjongi Iwakuni-shi, Yamaguchi 34.4,132.0 399.3 (Cryptomeria japonica)
66 | Yg26AgDra-1 | 112487 w| + |+ |+ | - LC513921 | LCs13922 | LiPomyces aff Iwakuni-shi, Yamaguchi 34.4,132.0 399.3 | Soil in the forest of Japanese cedar
doorenjongii (Cryptomeria japonica)
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Takakuma Experimental

} R . . S Forest, Kagoshima 31.526099, Soil under the Japanese zelkova
67 Kg1lAgDr3 Lipomyces doorenjongii University, tarumizu-shi, 130.771956 505 (Zelkova serrata)
Kagoshima
Takakuma Experimental .
68 Kg6AgDr1 - - - Lipomyces starkeyi Forest, Kagoshima 31.528469, 545 ?;;I)Ia{:eﬂs]: :;r;tre (dCfrc;rpetsotn?;ria
University, tarumizu-shi, 130.764317 ; B
Kagoshima japonica)
Takakuma Experimental -
. N Soil in the Planted forest of
Lipomyces aff. Forest, Kagoshima 31.528469, .
69 Kg6AgDr2 114429 LC536079 LC530860 doorenjongii University, tarumizu-shi, 130.764317 545 .Japarjese cedar (Cryptomeria
Kagoshima japonica)
Takakuma Experimental .
. ) Soil in the Planted forest of
R _ R Lipomyces aff. Forest, Kagoshima 31.528469, "
70 Kg6AgDr3 doorenjongii University, tarumizu-shi, 130.764317 545 qapaqese cedar (Cryptomeria
Kagoshima japonica)
Takakuma Experimental -
- Soil in the Planted forest of
. ) Forest, Kagoshima 31.528469, :
71 Kg6AgDr4 - - - Lipomyces starkeyi University, tarumizu-shi, 130.764317 545 | Japanese cedar (Cryptomeria
. japonica)
Kagoshima
Takakuma Experimental
. . Forest, Kagoshima 31.529028, Soil under the Japanese red pine
72 Kg10AgDrl1 112488 LC513923 LC513924 Lipomyces starkeyi University, tarumizu-shi, 130.764737 542 (Pinus densiflora)
Kagoshima
Takakuma Experimental
Lipomyces aff. Forest, Kagoshima 31.529633, Soil under the Hinoki cypress
& Kg16AgDI1 112485 LC513917 LC513918 doorenjongii University, tarumizu-shi, 130.766544 526 (Chamaecyparis obtusa)
Kagoshima
Takakuma Experimental
} R ; Lipomyces aff. Forest, Kagoshima 31.529633, Soil under the Hinoki cypress
& Kg16AgDr5 doorenjongii University, tarumizu-shi, 130.766544 526 (Chamaecyparis obtusa)
Kagoshima
Takakuma Experimental
. . Forest, Kagoshima 31.529231, Soil under the camphor tree
75 Kg19AgDr2 112483 LC513913 LC513914 Lipomyces starkeyi University, tarumizu-shi, 130.767144 521 (Cinnamomum camphora)
Kagoshima
Takakuma Experimental
. ) Forest, Kagoshima 31.529231, Soil under the camphor tree
76 Kg19AgDr3 112484 LC513915 LC513916 Lipomyces starkeyi University, tarumizu-shi, 130.767144 521 (Cinnamomum camphora)
Kagoshima
77 | Kg31AgDI1 112490 LC513927 | LC513928 | Lipomyces starkeyi Tarumizu-shi, Kagoshima | 31.5, 130.7 190 Si‘l"')'b‘;’)‘der the ginkgo tree (Ginkgo
Ir1AgDr1-2, Haiminaka, Iriomote Is.,
78 CBS 15759, 112966 LC276945, LC439445 Lipomyces taketomicus Taketomi-cho, Yaeyama- 242972, 35.2 | Forest soil
LC487401 N 123.8725
IRO1 gun, Okinawa
Haiminaka, Iriomote Is.
Ir1AgDr3, CBS LC276946, . . - ! 24.2972, .
79 15760, IR02 110433 LC487371 LC439446 Lipomyces yaeyamensis Taketom|-cho, Yaeyama- 123.8725 35.2 | Forest soil
gun, Okinawa
Haiminaka, Iriomote Is.
Ir1GeDr3, CBS LC276947, . . & iy 24.2972, )
80 15764, IR06 110434 LCA487374 LC439453 Lipomyces nakamensis Taketoml-cho, Yaeyama- 123.8725 35.2 | Forest soil
gun, Okinawa
Haiminaka, Iriomote Island . . .
. P ' 24.297222, Soil in the forest in Nakama river
81 Ir2GeDr1 112489 LC513925 LC513926 Lipomyces yamadae gﬁﬁetoml-cho, Yaeyama- 123.872500 35.2 basin
Haiminaka, Iriomote Is.
Ir5AgDr1, CBS LC276948, . . - g 24.2983, )
82 15762, IR04 110435 LC487377 LC439450 Lipomyces haiminakanus Taketorr_n-cho, Yaeyama- 123.8736 45 | Forest soil
gun, Okinawa
Haiminaka, Iriomote Island . . .
. " N ' 24.298333, Soil in the forest in Nakama river
83 Ir9AgDr1-1 - - - Lipomyces yarrowii Taketomi-cho, Yaeyama- 123.873333 23 basin

gun
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Toyohara, Haimi, Iriomote

Lipomyces N 24.261667, Soil in the bushes around the culture
84 Ir16ADr3-2 111998 LC513909 LC513910 spencermartinsiae Iiland, Taketomi-cho, 123.870278 422 center
aeyama-gun
. Toyohara, Haimi, Iriomote -
Lipomyces : . 24.261667, Soil in the bushes around the culture
85 Ir17GeDr2 111999 LC513911 LC513912 . Island, Taketomi-cho, 42
spencermartinsiae Yaeyama-gun 123.870556 center
Haiminaka, Iriomote Island - . . .
. - - ’ 24.294167, Soil in the thicket in Nakama river
86 Ir19-2ADI2 - - - Lipomyces yarrowii 'grsﬁetomhcho, Yaeyama- 123.872778 25.9 basin
Haiminaka, Iriomote Island . . . .
. " ! ' 24.297778, Soil in the thicket in Nakama river
87 Ir26AgDr3 113986 LC513935 LC513936 Lipomyces yarrowii ‘gﬁﬁetoml-cho, Yaeyama- 123.873611 19.2 basin
Haiminaka, Iriomote Island, 24.297778 Soil in the thicket in Nakama river
88 Ir29AgDr1 - - - Lipomyces doorenjongii gsﬁetoml-cho, Yaeyama- 123.873611 18.5 basin
Komi, Iriomote Island . .
. - N ! 24.289722, Soil in the bushes in the southwest
89 Ir37AgDr1 - - - Lipomyces yarrowii 'grﬁﬁetomhcho, Yaeyama- 123.888056 349 of Mt. Nodake
Komi, Iriomote Island - .
. I i ! 24.289722, Soil in the bushes in the southwest
90 Ir38AgDI1 - - - Lipomyces doorenjongii ‘gsﬁetoml-cho, Yaeyama- 123.888056 349 of Mt. Nodake
Komi, Iriomote Island - .
. v ! 24.289722, Soil in the bushes in the southwest
91 Ir38AgDr2 - - - Lipomyces kononenkoae ;’La;ﬁetoml-cho, Yaeyama- 123.888056 34.9 of Mt. Nodake
Komi, Iriomote Island . .
. — co ! 24.289722, Soil in the bushes in the southwest
92 Ir38AgDr3 - - - Lipomyces doorenjongii 'grﬁﬁetomhcho, Yaeyama- 123.888056 34.9 of Mt. Nodake
Komi, Iriomote Island - .
. . " o ! 24.289722, Soil in the bushes in the southwest
93 Ir38GDr1-1 - - - Lipomyces doorenjongii :cll'ﬁhetoml-cho, Yaeyama- 123.888056 349 of Mt. Nodake
Komi, Iriomote Island L .
. — v ! 24.289722, Soil in the bushes in the southwest
94 Ir38GDr1-2 - - - Lipomyces doorenjongii 'gralﬁetoml-cho, Yaeyama- 123.888056 34.9 of Mt. Nodake
Ir39AgDri-1, Haiminaka, Iriomote Is.,
95 CBS 15761, 110436 LC276949, LC439447 Lipomyces iriomotensis Taketomi-cho, Yaeyama- 24.2897, 34.9 | Soilin bushes
LC487380 - 123.8872
IR03 gun, Okinawa
Komi, Iriomote Island - .
. . " o ! 24.289722, Soil in the bushes in the southwest
96 Ir39GeDr1 - - - Lipomyces doorenjongii gsﬁetoml-cho, Yaeyama- 123.888056 349 of Mt. Nodake
Komi, Iriomote Island - .
. — P ! 24.289722, Soil in the bushes in the southwest
97 Ir40AgDr1 - - - Lipomyces doorenjongii 'grﬁﬁetomhcho, Yaeyama- 123.888056 34.9 of Mt. Nodake
Komi, Iriomote Island . )
. N N ! 24.289722, Soil in the bushes in the southwest
98 Ir40AgDr3 - - - Lipomyces doorenjongii ;&thetoml-cho, Yaeyama- 123.888056 349 of Mt. Nodake
Ir41AgDr2, Komi, Iriomote Is., - . .
99 | CBS 15765, 110439 'I‘_%iggzg’ LC439454 | Lipomyces sakishimensis | Taketomi-cho, Yaeyama- igf;gié 13.1 fg{;’qxusrﬁk's'masu"“""k' plant
IRO7 gun, Okinawa ) y
Ir41GeDr1, Komi, Iriomote Is., L . .
100 | CBS 15763, 110440 LC276953, | | ~430451 | Lipomyces komiensis Taketomi-cho, Yaeyama- 24.3129, 13.1 | Soilin sakisimasuounoki plant
LC487386 N 123.9048 community
IRO5 gun, Okinawa
Komi, Iriomote Island - . .
. — i ! 24.293917, Soil in the thicket in the east of Mt.
101 | Ir44AgDI2 - - - Lipomyces doorenjongii ‘gsﬁetoml-cho, Yaeyama- 123.896750 50.8 Nodake
Komi, Iriomote Island - . .
. — v ! 24.293917, Soil in the thicket in the east of Mt.
102 | Ir44GeDI2 - - - Lipomyces doorenjongii ;’La;ﬁetoml-cho, Yaeyama- 123.896750 50.8 Nodake
Komi, Iriomote Island . . .
. — co ! 24.293917, Soil in the thicket in the east of Mt.
103 | Ir44GeDr2 - - - Lipomyces doorenjongii Taketomi-cho, Yaeyama- 123.896750 50.8 Nodake

gun
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Komi, Iriomote Island,

24.293917,

Soil in the thicket in the east of Mt.

104 | Ir44GeDI1 - - w + + - - - - - Lipomyces doorenjongii gﬁhetomi-cho, Yaeyama- 123.896750 50.8 Nodake
Komi, Iriomote Island - . .
. ” N ! 24.293917, Soil in the thicket in the east of Mt.
105 | Ir45GeDrl - - + + + W - - - - Lipomyces yarrowii gsﬁetoml-cho, Yaeyama- 123.896750 51 Nodake
NRRL Y-7931, L . . " I
106 CBS 6740 10400 + + + - - - - DQ518970 DQ496147 Babjevia anomala Siktivkar, Armenia - - Podzolic soil, in pine forest
NRRL Y- Dipodascopsis
107 | 17583, CBS 10814 W w + + + + + DQ518972 DQ496122 uninucleata var. Canada - - Fruit fly
190.37 uninucleata
NRRL Y-2181 Dipodascopsis
108 CBS 741.74 ! 10815 w w + + + + + DQ518973 DQ496123 uninucleata var. Unknown - - Fruit fly (Drosophila melanogaster)
i wickerhamii
NRRL Y-
109 | 12690, CBS 10813 w + + + + - - DQ518971 DQ496121 Dipodascopsis tothii Lillaftired, Hungary - - Cutting of beech (Fagus sylvatica)
759.85
NRRL Y- Mount Sheba Forest
110 | 17921, CBS 10914 + + + - - - - DQ518997 DQ496117 Lipomyces arxii Reserve, Transvaal, South - - Soil of forest
7333 Africa
The University of Tokyo
CB08-2, CBS . - - Chichibu Forest (UTCF), .
111 12929 109582 - + + + - - - AB828721 AB828725 Lipomyces chichibuensis Tochimoto, Chichibu, - - soil
Saitama prefecture, Japan
CBS7542, Kwa-Mbonambi State
112 | NRRL Y- 107655 - w + + w - - AB747650 AB747664 Lipomyces doorenjongii Forest Reserve, Natal, - - Soil
27504 South Africa
NRRL Y-
113 | 17357,CBS 10767 AB747651 AB747665 Lipomyces japonicus Japan - - Garden soil
7319
JSAT12-2- . I "
Lipomyces Wain river, Balikpapan, -1.1456, )
114 ¥g§2 Inacc 110267 w + + + w h - LC061902 LC061910 kalimantanensis East Kalimantan, Indonesia 116.8364 Soil
CBS 7729, Knysna district, Southern
115 | NRRLY- 107656 - + + + - - - AB747652 AB747666 Lipomyces kockii Cape Province, South - - Soil
27505 Africa
116 | CBS 2514 107661 - w + + + + + AB747653 AB747667 Lipomyces kononenkoae Las Lomas, Trinidad - - Soil of citrus orchard
NRRL Y-
117 | 11555, CBS 1288 ' + + w - - - AB747655 AB747669 Lipomyces lipofer Netherlands - - Soil
944
JSAT12-2-
. : Maratua Island, East -2.2058, .
118 ig%clj InaCC 110264 - - + + " - - LC061899 LC061907 Lipomyces maratuensis Kalimantan, Indonesia 118.5008 Soil
CBS 7661,
119 | NRRL Y- 107654 | - | + | + | w | - | - | - | AB7a7ess | AB747670 | Lipomyces mesembrius | Drakensberg, Natal, South ; - | sail
Africa
27506
120 | No-3-a(35). 110620 | - | - |w | + | + | « | - Lipomyces okinawensis | Okinawa Pref., Japan ; - | sail
CBS 14747 LC202622 LC202817 "
NRRL Y-
121 | 17247,CBS 10360 ND | ND | ND | ND | ND | ND | ND | DQ518998 DQ496118 Lipomyces oligophagus South Africa - - Insect frass in trees
7107
CBS 10300, . .
122 | NRRL Y- 107650 | - | w | + | + | - | - | - | AB7a7es7 | AB747671 | Lipomyces orientalis \B/T"" San island, Nha Trang, ; - | sail
27927 ietnam
NRRL Y- Natal, State Forest Frass of Crossotarsus
123 | 17922, CBS 10919 + + + + + - - DQ518999 DQ496119 Lipomyces smithiae Reserve, Kwambonambi, - - externedentatus (ambrosia beetle)
7407 South Africa in Macaranga capensis
Lipomyces N .
124 | CBS 5608 10376 - w + + + + + AB747658 AB747672 Nigeria - - Soil

spencermartinsiae
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NRRL Y-

125 | 11557,CBS 10381 " + + + + w - AB747660 AB747675 Lipomyces starkeyi USA - Soil
1807
NRRL Y-
126 | 17356, CBS 10920 + + + + w - - DQ519000 DQ496120 Lipomyces suomiensis Turku, Finland - Skin lesion of cow
7251
NRRL Y-
127 | 11562, CBS 10391 - + + + + + - AB747661 AB747674 Lipomyces tetrasporus USSR - Soil
5910
JSAT12-2-
128 | Yo12,lnacc | 110265 | - | - | w | + | - | - | - | Lcos1900 | LcO61908 | Lipomyces tropicalis Maratua Island, East -2.2058, Soil
Y730 Kalimantan, Indonesia 118.5908
CBS 7532, . Helspoort, Eastern Cape .
129 NRRL Y-2750 107657 - + + + + + w AB747662 AB747676 Lipomyces yamadae Province, South Africa - Soil
No.313, CBS Lipomyces . .
130 14748 110621 + + " - - LC202625 LC202820 yamanashiensis Yamanashi Pref., Japan - Soil
131 | CBS 7557 107658 - Y - - - AB747663 AB747677 Lipomyces yarrowii Near Curepipe, Mauritius - Soil
NRRL Y- .
. Transvaal, Bronkhorstspruit -25.808333, y
132 %Zgz CBS 113750 | ND | ND | ND | ND | ND | ND | ND | DQ518985 DQ496142 Myxozyma geophila District , South Africa 28.740556 Surface soil
NRRL Y- Transvaal, Mt. Sheba 24.933333
133 | 17277,CBS 113751 | ND | ND | ND | ND | ND | ND | ND | DQ518986 DQ496124 Myxozyma kluyveri Forest Reserve, South Z ! Surface soil
. 30.716667
7332 Africa
NRRL Y-
134 | 17253,CBS 10351 ND | ND | ND | ND | ND | ND | ND | DQ518987 DQ496145 Myxozyma lipomycoides Transvaal, South Africa - Arboricolous lichen
7038
NRRL Y- Bark beetle, Dendroctonus
135 %iggl CBS - ND | ND | ND | ND | ND | ND | ND | DQ518988 DQ496143 Myxozyma melibiosi Lass, CA, USA - monticolae, in Pinus ponderosa
NRRL Y- Natal, Drakensberg -29.000000
136 %gggﬁ CBS 113755 ND ND ND ND ND ND ND DQ518989 DQ496144 Myxozyma monticola Mountains, South Africa 29.000000 Soil
NRRL Y-
137 | 11823,CBS 10297 ND | ND | ND | ND | ND | ND | ND | DQ518990 DQ496139 Myxozyma mucilagina Baja California Sur, Mexico - Rotting cactus
7071
NRRL Y- -30.000000 Prickly pear cactus (Opuntia ficus-
138 | 27508, CBS - ND | ND | ND | ND | ND | ND | ND | DQ518991 DQ496140 Myxozyma neglecta Transvaal, South Africa : ! Prickly p P
7058 26.000000 indica)
NRRL Y- 40.000000
139 17859, CBS 113753 ND ND ND ND ND ND ND DQ518992 DQ496137 Myxozyma neotropica Sardinia, Italy 9 0'00000 ! Soil
7953 )
Frass of a larvae of the bark beetle
140 | NRRLY- ; ND | ND | ND | ND | ND | ND | ND | DQ518993 | DQ496146 | Myxozyma nipponensis | ©urano-shi, Hokkaido, ; Ips typographus f, japonicus. The
27625 Japan frass was
collected from Picea yezoensis.
NRRL Y- a " : Frass of Sirex juvencus (woodwasp)
141 27626 ND | ND | ND | ND | ND | ND | ND | DQ518994 DQ496141 Myxozyma sirexii Schonbuch, Germany on Norway spruce, Picea abies
NRRL Y- . .
142 | 17387, CBS 113752 | ND | ND | ND | ND | ND | ND | ND | DQ518995 | DQ496125 | Myxozyma udenii Miami, Florida, USA 25.787676, - Rhizosphere soil of roots of mango
7439 80.224145 tree, Mangifera indica
NRRL V- Cape Province, Cape -33.900000 Flower of the sugarbush, Protea
143 %;;:2”7 CBS - ND | ND | ND | ND | ND | ND | ND | DQ518996 DQ496138 Myxozyma vanderwaltii Town, South Africa 18.433333 repens

* The results of growth temperature test by cultivating on YM agar medium are shown in the columns such as 4, 10, 15, 30, 33, 35 or 37°C in the table. The colonies formed on the
plate media was shown four kinds of signs according to the colony size shown as follows, grow well “+”; grow weakly “w”; not grow
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Z oML, EWNFERLSN D Lipomyces JEFEIZE L T, #R LK OB R 2 LI FIZRLHET
60

Lipomyces lipofer (den Dooren de Jong) Lodder & Kreger-van Rij ex Slooff 1970

AR ClrIAEE & B2 i 0 R R P A E HE R T REE (0.17) THEES
ni-, ROFEFEREZFHAD L, dL¥ERD I F 4% (Babjeva & Gorin, 1987), 47
ZRAX ) ADM, HLFy—al s gD CBS<° NRRL TIRE SH TV Dk
L T CBS 944T =NRRL Y-111555T (47 > #J5U#), CBS 2513 = NRRL Y-11556 (47
» %), CBS 5841 = NRRL Y-1351 (- ¢ U &), CBS 5842 = NRRL Y-6333 (f ¥ U &),
CBS 7602 (= 77), CBS 7603 (7 /L A =7), CBS 8721 (¥ > =7 )DRAFIEL TV
%, F72 GBIF OFIET — X Tlix, IRO@EY & 72> TW5, Japan 5, Netherlands 3,
Russian Federation 3, Armenia 2, Canada 2, Greenland 2, USA 2, Estonia 1, UK 1,
Georgia 1, Iran 1, Kyrgyzstan 1, Mexico, Tanzania 1, South Africa 1,

SR O ABIREZRARD & AT AROT X TH 4 CTweak iR L, £72, 2
RIZ B0CTHAR Lo l=i=, fhof & ik U CIRIEERE 2 IF kRN 2\ 2 & VR
eI NTz, Fo. BRSBEREH-CHTEE #®D O . Lipomyces lipofer |35&%;, FEHr55
DIRER A EZ R TH L EREL LD,

—Ji. L. lipoferi%, WRETIREELRN oSN WO HERH D

(Takashima et al., 2012) 23, ZAUTHWZEHIN R D Z LD, FHr—A & L
ThHBtsSn-bortEZHND,

Lipomyces tetrasporus Krassilnikov, Babeva & Meavahd ex Nieuwdorp, P. Bos &
Slooff 1974

Lipomyces tetrasporus ¥, MHHTHEESN S Z L THONTWOLFEDO—DTH
% (Nieuwdorp, Bos, & Slooff, 1974) 73, AL TIE, FEF IR0 BESEE (0.06~
0.1) L7go7z (R16) ., L. tetrasporus DoyAulZBA L THE LTV DR E LTI,
India, North Korea, Syria, Italy, France, Germany, the Czech Republic, Egypt,
Angora, South Georgia, England, Tonga Island (Babjeva & Gorin, 1987), <°
Vietnam (Thanh, 2006) (212 C. USA, Canada, Monaco, USSR, and South Africa
(Smith & Kurtzman, 2011) 235 5, F7z. GBIF OFEFERITKOEY & 72> T
%, Thailand 53, Russian Federation 19, South Africa 16, Japan 10, Dominica 5,
Turkiye 5, Canada 3, Cuba 3, Estonia 3, Australia 2, Germany 2, UK 2, Monaco 2,
Madagascar 2, Réunion 2, Tanzania 2, USA 2, New Zealand 1, Ukraine 1,
Zimbabwe 1,
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Lipomyces kononenkoae Nieuwdorp et al. 1974 BT Lipomyces
spencermartinsiae (Van der Walt & M.T. Smith) Van der Walt & M.T. Smith 1997

b 2 X, 1R Lipomyces kononenkoae & L THE IN-b 00, EHIRE
LV S TP E R OMEIC X 2RO, Fiv T DNAMREPERTIC LD | BifE L
LCHIr SN Lo &% A7 5 (Nieuwdorp et al., 1974; van der Walt et al.,
1997) , LA Eof4&ENS . Lipomyces spencermartinsiae (2 L CTlid, MIrfEL LT
RLEL D 1997 4F F TlL. A U L. kononenkoae & L TRk SN T\ =72, oA
BITED TEZDLERD D, 77120, 2T, 35 CULETERREE W END
0. BVH, WAV TOBE SN E WD ZEND, TOSMITEL LTS DL
Ezbib,

YA B9 5 Sk & L CiE. Nigeria, Mali, Trinidad and Tobago (Babjeva
& Gorin, 1987) L 72> Tk V. F7-. GBIF FEHERIT. FELLTFO®EY & 72> T
5o
Lipomyces kononenkoae : South Africa 6, Cuba 5, Trinidad and Tobago 3, Brazil
2, China 2, Japan 2, Rwanda 1, Tanzania 1, USA 1, Viet Nam 1
Lipomyces spencermartinsiae : South Africa 5, Japan 4, Nigeria 2

ARWFZETIE, KBEESBECH V. L. spencermartinsiae \ZOWTIL, FREDHT
SRS T T2 SN OB M BV U AFE T 5 &0 D S & P JE O Sy
fEHR LS 25, —J7 L kononenkoae \Z- oW TCIE, 7 BRI o L RS T C
SEESTTo, BERE OFET Dol & 70D, 7272 L, ARBEEE (0.04) D5ff
THHIENDRIY . EWITERELITHFEL TWIER, fhr—x & LTHlisn
bDEBEZ N5,

Lipomyces okinawensis A. Yamazaki, Yanagiba & Naganuma 2017

ALK F-DORIFE 7 N— 7N Ko Tl IR T Tl S v, 2017 SR S v fE
ThO., BB CTHEBRIEERME TH DN, AU TIX, A7 Hs R AR i CIRAHEE
(0.36) THrlffxiiz, L. kononenkoae & [FIRIZIKEEICHFEL TWEb DD, e
=R LThBiENT-EEZ BN,

PLEoRELANE LT, AW TIE, Lipomyces japonicus, Lipomyces
kalimantanensis, L. kockii, Lipomyces maratuensis, Lipomyces orientalis,
Lipomyces tropicalis > A R[EN CTHEE S Ve o7z, ZOHTIEA Y KRRV THED
L. kalimantanensis, L. maratuensis, L. tropicalis \Z O\ T, [ESCHIkiZBIT 5
HETHDLDICINETHREDR 20T b DEBEZ LD, FRIT L. japonicus |2
DNTIE, BAR (E)INRORED HHEHK) L7 7 U B, USA TORBEREDH 5

(GBIF f#/EfE# : Japan 5, South Africa 2, USA 1) . A CTHEES N> T-D
(I, TOFEPRD TREE TH VD B MRV 2 & GRIR, 2002) (2hi4, *
T2y WBEESGETICOW T, IUBLKRFD 7 —7 Tl IWFLE OB D 305 5B L T
Wiz (IR, 2002) Z &6, ABFETEE L, RSO HES R AL EFEORING
ZHHE & Vo Tk 2 7o N TR B 2 i L TV e WRIR DO T A B o5 & LT
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BY., METBRENER D 70T L. japonicus DIFIEDEE G RIFRICE /2D L9 2
ENR—KE LT, SEIOMETHHESNR D >TebDEZE X BILD,

3—1—4. /NF
BafmIcoLnT

- [EWN 11 ok 1505 Lipomyces J& D53 BE#1TV . HAREWNORESAR IO
T, OO RE & D EIT 7L 2 A, Fofi & LI, Lipomycetaceae Ft
WNC Lipomyrces starkeyi HALHFED b VLS £ TEYE (60-98%) L TV o, i
MR R B TIX < DS T, Lipomyces yarrowii BMESE (64%) L TW\W=, £
7o, L. yarrowii 1%, BREGUALTE 72 S 2o T,

- FiAIX. Lipomycetaceae Bt T (9 % 8 efli & L CiX, L starkeyi, L.
yarrowil, Lipomyces doorenjongii, Lipomyces chichibuensis T&H->7-, F7=. L.
chichibuensis . (X L. doorenjongii DFE3AR 1L, E - dbigE- 1L O, k-1
M72o7, £, 2T b0, AFRE., ENFESM & REL DI E TICHE
SNTWD, flomfEd (GBIF) % & ORICKE 2RI > 72,

EWNFE AR & AEFRERBR OIS | Lipomyces J& X HIR O K ECKIRI %
OGN EE 525 Z LITMA. A CHENIZEW T S HIR O KUEIZHEIG L7k
DL TNDEWNS ZERHALNE STz,

FOAAIZEE LTS & Bp 5 508 LTIk, Lipomyces lipofer 7 W32 |5 TorBfE
N2 &, 35 CLL LD miEk CAFE FIHEZR Lipomyces kononenkoae <° Lipomyces
okinawensis \Z2OUNT, SrBEBEEE MRV & O DN E NIRRT Th L 1LITE RES
W & FR IR IR OBt s/ Z &, F7-. Lipomyces tetrasporus Oy BEHaE
PR T2 EMETF BN D,

BARIZEITS Lipomyces BIED 2#H

- N7 Lipomyces B DOFEIL, 24 FETHY . TENOJEESND L2 30FD O HD
80%DFEAE JHET 5 Z LN TE T, Fo, SN eho o fEIX, EOHBEOEA
FETHDH0, B TRBE CTHEET IR THD EEZOLND -0, AWFFEOFIEL
Lipomyces J& DR DEEETH D Z LR ENT-, SHILTHEESNATEE L
TiX, SHugk 2—5 FTH DD, TR & R E R CIIRITMICIFEET 5
EEZLNDHAVEDBMNPY , i 10 e 13 Bt S 7,

DL ED XD, AW CEERENBES =D, BADRHALIZE < AW TH
Bl U7 O TSR o dbHRE E BB SIRAS, MG ORI R S £ T L Sk
REE LRI, MANFELTWATDTHHZEnEZLNS (F33) , Zix
T OMRNCEE S LR OZHEMEICBET o MiE & —%1 % (Vishniac,
2006) ,

BLAL DS HIEEERFIADRTREIEIZ DN T
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« L. starkeyi \Z O\ TCIL, ENSHUK CEE O EZ JBE L7225, TEFI1 Bn1HE A
BN % FEITHERR L7220 1525 R Tl B RO B RIZ X 580N 7 Vv — T INMFE
LTWs (B32) Z Loz, AFIREREROM A BRI ik &2k T8 7
DEERMEDR DD Z & (FR1T) BRI NTEY, £/, KRFERO D-glucose, D-
xylose, L-arabinose, D-galactose, D-mannose, D-cellobiose % F|H L 7= I8 & A= pE1E
KR L~V TR H D & DHENRH D (Oguri et al., 2012) . LLEDZ &
5. [A U L. starkeyi T > T H B2 L - TBE DR D 2R FIE L
TWAHZEDRHLNE o7, L. starkeyi \ZZREIRBRINFIEL TWH E W) Z &
23, AARENTHEEOHIBIZ B W TE EFEICR> TWHEBO—D2THHEEZH
N5, SBIZFEERIZ, L. doorenjongii=<° L. yarrowii \Z O T b AEAF IR CTHAL
MRHHZ L (18,19 WREINT=T=d, 5. KAWL TH O 0 BEEZ A
T, ZERRRBIREZFHT DNEEEEEITO 2 ENAMRRIC D EWIFFTE 5,
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£ AT Lipomyces JREER: DIHMAREA
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4 — 1. Lipomyces BEERESTBERR DO MIE £ ERERE
4—1—1. IILHBIZ
AR DEEZEFI A

HARIT R E LTORMDORL B, e @ TERICHA STV D, TR
DITHEMMABIE LTI, FReo@my, R&<HFT, TRAMITHMIE . [l bk
gl o MOV THEAI - AR - BHESL) O 3 SO OMIEEER A FET D, BT
TG & YAl - AR - BpEdn I, EERIEE A OEEFEOS T S D —J7, lEL
b, BRI & LT BB - A % ME - BBINLE, FA - ST ATy
ZANE PAVIS AN 7S I 7 & o0 N e NI < N/ N~ = SN S 2 N Y N /23N
IR & BERRREEST THH STV D,

AERnER oD T 5| A K
o THMIMAE
BHEE{EH, v—HY Y - a—br=Z2d BES—F, ¥3A3F—X- KLy
i
o HEBIERS
EhEE. Uty RASH/TILa—I)L, REESESE]. "TEA]
o %iFl - Ak - B
#Fl (K¥EH - BFH) . EEBARR. A, v TJ—-JUR

INET, BROAETHZHIEORMA E LT, BMAE, &, Mmisfbekih & L
T, BMAREIREE (A 47 ¢ —EBVREL Biodiesel Fuel; BDF) 2 ~OF|H 23T
S T&7 (Naganuma et al., 1985, 1986; Zhao et al., 2008; Meng et al., 2009;
Wild et al., 2010; Oguri et al., 2012; Dien et al., 2016) , FEEREAAET 5 HEIRE
(FRU 77 UEr—) Triacyl glycerol) & A% J — )V OEEXIIT V71V IIKSy
RIZE D AT NV AT UG (A F 7 ) R) ALV AERT HIRIEEA T V= AT
/v (Fatty Acid Methyl Ester; FAME) % 8HEREN T 531 47 ¢ — BV RE}
ELTHIAT WO 5D TH D, BEICHP RO FPEIEE 25 H L 7= BDFAEED i
RENATON TN D, BERHCHEIRE 2 AE S S 256 . MRT 2RI O RFAHEE
FEGKRTAEMRICIVETREARDZ OO, 16~1803F L 720 | ZHIEIBDFAFEIC
FIH SN A s L P+ 570, ZOREEELZEESE L Z ERTEIT,
BDFAEIZE TS LR TX 5,

7eB. B (74 —EVEREL Diesel fuel) 1, JRIHA b HE S D RFEH 10~20
BEDORILKFE (7/V v, alkane) THY, EELTT 4 —BLrmo Vo OREE
LTEASNTWDA, EFto BDF (38 & FRERICT 4 —EB Lo P TRIAT S 2
EINHRETH D,

A R L TIEE = A7 VORIMIZBEI LT, BRI L DA A F ) — L%
FBEAEPEDG A Z T D, NAFTH ) —)VOERETIE, ¥ b oS ES08t okt
L. Saccharomyces cerevisiae I3 A< AWV GILTWD N, JFEMELE L THIfFES LD AN
A I~ ADHFNTIE, HRHFEM . A, BEREREOLOIT, KEIIFETLIHD
D, NRAPFIH SN TORVAKRERAA T ADD D, ZORE AL I~ R,
S. cerevisiae CIIFIAH K2 WA~I L —AHEKOREL LTy a—ANRNESENT
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WaH7ew, FIRCHTE->TIE, ZhbDfa 7 Vv a—VREERTRE L 7122 K O 7253 ikl
FEOBIETEZEANT L0, BHOEOBRHZES A L5 EDBMETHL, I2E X
ARENA A~ ZAH RO FIRNEZFIH T E D8R E LT Scheffersomyces stipitis <°
Kluyveromyces marxianus 03 HAVTEY | T O/A F~ A ROPEHEZ JFEHZ =
&) — )VRIEEPEICHIA T 5 L LTHIERED N TWE, —FH, "M FT 4 —F
JVIREIOARE L LT, MIEEROFIHZE 25 & il x1X Lipomyces starkeyi 13 v
0—ART VT U EEIT DI ENRARETH L7, RERNANA A~ RTNAZ, T
TR EDRMBEEY 7 LR EIR AR LT ARAERE & XA AT 0 — B VREHE
PEISATREIZ 7R D,

BDF HiifE & L TN CIEdih o 2 R KRBl Z R E LTWaH 2, BHART
XV YA 7 NVOBR & BEE OBEEZRET D720, ERNTIIERMO MRS THDHH
PERRE Z 5k LT FAME % A5 L CRGHAOREE BDF & L CRIH S5, FREHZ
FET DMARIE. X—2agh, KRE, FREMOIEIZZ <. ZHICHEL 5B TRERIMMN
2\, BIRE LTI, 4856 J7 kv DAEFEL oo TWT, 2021 R4 [E O A pE &I,
2021 1, T AU 900 by A RRYTTI0T b, TTUN5E93 7 ki,
KA 3055 by, 772422038 5 b T b,

F o, wATTIE, R ATRE7e 298kl (Sustainable Aviation Fuel, SAF) @5kl
ELTHEAEMENRLEICHASND (R22) , (B, (EROMZEHOY =y b
DAY Ve MREIO TR T n v b0 D RE 9~15 DRLKFETH D)

SAF X, Rt rlRE/R /N1 A~ T U 7 VM e (RSB) 72 EOEHETE 2N L7125
S o TR ATRER b D & L TREIN D, T ORGEE, (LA ASTM
A U H—F T a P X o TRIT SN E e K OMERERRE N B S h, EWIR & E
TOFANEKREIND =02, T_TOY = v MREIDNER 2T VERND 5,

Fischer-Tropsch & [CKURERENEE /NS

Annext T4 O (FT-SPK) 20% ARnER
Annex3 KRN ERERED AV /35T712(SIP) 10% INAFTRHE
Annexd 3F1tE§:‘JﬁHﬂ*gﬂ%%%’iz/ﬁ;#lbittf:ﬁﬁi 50% EH L
Annexs = -‘)ry;(f .ﬁosJ F‘.?."Kyiitlﬁivf‘/';-u*/ 50% / \’—;EJ":? ;ﬁ
Annex 6 Catalytic Hydrothermolysis Jet (CHJ) 50% EFimbE
Annex 7 Hydrocarbon-HEFA (HC-HEFA) 10% RS

£ 22 BT EE MER (FM3E 3 A 22H) ISAFICHRAERR
https!//www.mlit.go.jp/common/001395880.pdf#page=34

TEWTAREPEIC B 1T 2 ERE I, RERIH OB & OREE OBE ORMEICIRS . B
SRBREEME S IR B % O LR Z 15 & 5 LU P IR k% 282 A L T
2o

1. BMRAR, JeiimHibkZe & otk
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FRARKSE « YRR KK
LW ERME DR
eI
Tz CHEERRE EOMmE
THER - HYR L

7. B LR E

D ORE~OXIGD T8, 2004 4 4 H TR al A 72 /N — A D 72D O ELE
# (RSPO; Roundtable on Sustainable Palm Oil) | % . S v7-, it i RE/ R /S — A
MPEREL 20 D X O TG A2EET 52 L 2 B L., EHIE~OBSFORE 1 22 77t il
REMETZ T Tld /e < . BREIE - EME M OMRECHEES - Ml ~DOEEDH 5 %F
7R EEHE U THEAIE EHE (P&C) | FEHEZZIT, Z oREHEICKd 5 RSPO F8AE
HEENRESNTND EZATHD, ENICEWTEH 28— AIAREH OWFFEEE 5 A3
T Tnad (HARREHH 2022, {EFHAS=o—A Y U —2 2022, RiEE
it =2 — % 2022) .

2B, N—AHOBEEMEH T 5 BT, oMo L LT
t ., REHSOFR 72 & OFEEDFRFFHE A RE CTH D & W O RAEIT 72 <. SEFRICE K
TIERG T T o T—va VBRICBW T R—Aal L REEOMEEZ T TBY ., Rl
BEZR K G OFRFEHIE (RTRS) ML SN TWD, TD7=, FMIMIEEMRITkT LT,
ZOEFEEFIRICEB T DRENFEL TRV ., MU OUAEIE D S OIMAG A PE N R
O HILTWDIRIITH D,

@ OUk 0

4B Lipomyces BEBOMIBEERDRY)—= 7 HE

YLD &5 72 AR EERHSE RN T, A%RMIEOFTENHEIML T b o
D, TEIHE O RZEAEIZ L > THIEFREO TN TEM O 2 & 13Fk aTREME OB
LHEELWEEBEZOND, FEHIL. KREIIFET DRGNS A~ AHKOHE % FEHZ
L CHIRAEES YD Z & A MIRRRHCHIFF L, 20 9t e LT, ANF7E THLEE
L7-EWNPED Lipomyces JERERFDNEEEFERRD 3T 21TV, K0 mWIREAEENEZ R
THEROBEREZITH Z & & LT,

Lipomyeces J& 1%, HIRLPICHHEIRE OMMTE 2 EHT 5, £ DOAEERIT OV T,
RELIRE O T0%LL B2 B2 b SN TWD, ZHvE TICEE DB - UE LT7Z[E
WEED Lipomyces J& DIFEAEERRICOWTCH A u~ N T 7 4= aiTH 2 &
T, KOEWIFEAEREZ R THECKRO R 7 U —= 0 7@, B oM mE IS
WCHIRBZ & & LTe, £72. [FIEFIZ Lipomyces J& DM A PE 2R3 25 5GEM £
ML EERE RO T S D YM BT O A& RE B0 & i H 1T - 72,
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4—1—2. ME - FHE
HEE®

23 D 8O MREHTICHE LT, £70, TNH ORI & OBRENITER 24 ITRT,
SINTRRIL Lipomyces sensu stricto (24738 S 47z 75 B OY Myxozyma 7 5 A X —Z#%
Wg B 5ERICONWT, KO X A TR A, FECBEIICIR Y O o8&k L

71:_.0

-ERDEE

HEROFTEE X, YM ZRKEH (1% Glucose, 0.5% Peptone, 0.3% Yeast extract,
0.3% Malt extract, 1.5% Agar, pH 5.6) Ti772~>7=,
AE5# TIE 200 pL ORI #EE % 5 mL @ 5G5M (5% Glucose, 5% Malt extract) #&
IRESH ST YM i iRz HE (1% Glucose, 0.5% Peptone, 0.3% Yeast extract, 0.3%
Malt extract, pH 5.6) (Z#:fE L, 28 °C, 280 rpm THEE L. 10 HE®R A 1T - 7%,
LB THERE LT,
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% 23. BE S HHURE

Abbrevi Accession No of
ation of GeneBank
the .
No Scientific name location Strain ID NBRC Place Latlt_ude, Altitude Comment
the No LSU rDNA TEF1 Longitude
. D1/ D2
strain
isolated
The University of Tokyo 43.221389 Soil in the old planted forest of
1 Lipomyces starkeyi Fr FriGeDr2 - - - Hokkaido Forest (UTHF), 14'2 38222’2 212 | Japanese cedar (Cryptomeria
Furano-shi, Hokkaido ' japonica)
The University of Tokyo 43.221389 Soil in the old planted forest of
2 Lipomyces starkeyi Fr Fr3AgDrl - - - Hokkaido Forest (UTHF), 1 4'2 38222’2 221 | Japanese cedar (Cryptomeria
Furano-shi, Hokkaido ' japonica)
The University of Tokyo 43.221111 Soil in the old planted forest of
3 Lipomyces starkeyi Fr Fr5AgDr1 - - - Hokkaido Forest (UTHF), 14'2 38222’2 211 | Japanese cedar (Cryptomeria
Furano-shi, Hokkaido ' japonica)
The University of Tokyo L
4 Lipomyces lipofer Fr Fr14AgDr3 - - - Hokkaido Forest (UTHF), ijzzgggi‘ 217 \S(Z2(;nsthri:éd(g:igge%;gfs;g;
Furano-shi, Hokkaido ) p J
The University of Tokyo s
5 Lipomyces starkeyi Fr Fr20GeDr4 - - - Hokkaido Forest (UTHF), ﬁzziggééo 409 Sortg]et?sicn:;qgggii)(ﬁ Yezo
Furano-shi, Hokkaido ’ p J
The University of Tokyo -
6 | Lipomyces lipofer Fr Fr21AgDr2 112492 | LC513981 | LC513932 | Hokkaido Forest (UTHF), iiézigg;'z 437 Sor" in t?Pei ”a“?raz' forr]eist)"f Yezo
Furano-shi, Hokkaido ’ Spruce (Ficea jezoensis
7 Lipomyces starkeyi Yt Yt1ADI2 - - - Tsuruoka-shi, Yamagata 38.8,139.8 32 (S(?rll/;tr:) d;;:ge};sgr?ir;g?e cedar
g | Lipomyces Yt Yt1ADr1 - - - Tsuruoka-shi, Yamagata 38.8,139.8 32 | Soil under the Japanese cedar
kononenkoae (Cryptomeria japonica)
9 Lipomyces Yt Yt1ADr2 - - - Tsuruoka-shi, Yamagata 38.8,139.8 32 Soil underthe‘.]apa_nese cedar
kononenkoae (Cryptomeria japonica)
10 Lipomyces Yt Yt1ADr4 - - - Tsuruoka-shi, Yamagata 38.8,139.8 32 Soil undertlhe‘\]apa_nese cedar
kononenkoae (Cryptomeria japonica)
11 Lipomyces starkeyi Yt Yt8ADI1 - - - Tsuruoka-shi, Yamagata 38.8,139.8 34.2 (S(gl;ggej;gfnfcegak' plant
. . . Soil under the himeaoki tree
12 Lipomyces starkeyi Yt Yt9ADr1 - - - Tsuruoka-shi, Yamagata 38.8,139.8 32.7 (Aucuba japonica var. borealis)
. . . Soil under the Japanese black
13 Lipomyces starkeyi Yt Yt10ADI4 - - - Tsuruoka-shi, Yamagata 38.8,139.8 32 pine (Pinus thunbergii)
14 | Lipomyces starkeyi Ni NiLAr2 114182 LC513941 LC513942 | Gosen-shi, Niigata 37.7,139.2 15 (Sé’:;;gd;;:gi;sgggge cedar
15 Lipomyces starkeyi Ni Ni2Ar5 - - - Gosen-shi, Niigata 37.7,139.2 15 ?;')l under the spruce tree (Picea
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Lipomyces . . ) : : R Nii Soil under the spruce tree (Picea
16 okinawensis Ni Ni3Ar2 Gosen-shi, Niigata 37.7,139.2 17 sp.)
Lipomyces . . - .
17 oKinawensis Ni Ni6Ar3 113987 LC513937 LC513938 Gosen-shi, Niigata 37.7,139.2 18.5 | Soil under the needle-leaved tree
Lipomyces . . ) B : ehi Nii ’
18 doorenjongii Ni Ni8Ar1 Gosen-shi, Niigata 37.7,139.2 18.2 | Soil under the weeds
19 | Lipomyces Ni Ni8Ar2 - - - Gosen-shi, Niigata 37.7,139.2 18.2 | Soil under the weeds
okinawensis
20 Lipomyces starkeyi Ni Ni10Ar3 - - - Gosen-shi, Niigata 37.7,139.2 18.4 | Soil under the broad-leaved tree
Lipomyces . . R Nii Soil under the broad-leaved and
21 okinawensis Ni Ni11Al1 113988 LC513939 LC513940 Gosen-shi, Niigata 37.7,139.2 18.1 needle-leaved trees
. . . . - Soil under the broad-leaved and
22 Lipomyces starkeyi Ni Ni11AI3 - - - Gosen-shi, Niigata 37.7,139.2 18.1 needle-leaved trees
. The University of Tokyo
23 féfr‘;’:ygr‘fs ch Ch6GeDr6 111409 | LC513901 | LC513902 | Chiba Forest (UTCBF), iibligggg's 295 | Soil in the broad-leaved forest
p Kamogawa-shi, Chiba ’
. Ikawa Forest, University of Soil in the planted forest of
24 '&gjé’rrgg’%is ; Ik IK2ADL2 111434 LC513903 LC513904 | Tsukuba, Shizuoka-shi, fgf’ﬁéggg; 1210 | Japanese cedar (Cryptomeria
jong Shizuoka ' japonica)
. lkawa Forest, University of Soil in the planted forest of
25 | Lipomyces Ik IK2ADr2 111445 LC513907 LC513908 | Tsukuba, Shizuoka-shi, 85.331389, 1210 | Japanese cedar (Cryptomeria
doorenjongii : 138.226667 ; h
Shizuoka japonica)
. lkawa Forest, University of . Lo
Lipomyces o i 35.333611, Soil under the Hinoki cypress
26 chichibuensis 1k IK4ADr1 111438 LC513905 LC513906 ;f#zkljj:l:; Shizuoka-shi, 138.228056 1227 (Chamaecyparis obtusa)
27 Lipomyces starkeyi Hg Hg4AgDr4 - - - Awaji-shi, Hyogo 34.6, 135.0 102 gr%i/g the weeds and bamboo
28 Lipomyces Hg Hg8AgDI2 - - - Akashi-shi, Hyogo 34.7,135.0 13.8 | Soil under the broad-leaved tree
yamanashiensis
29 Lipomyces starkeyi Hg Hg8AgDrl - - - Akashi-shi, Hyogo 34.7,135.0 13.8 | Soil under the broad-leaved tree
. ) Lo Soil under the Camphor tree
30 Lipomyces starkeyi Hg Hg12AgDr1 - - - Akashi-shi, Hyogo 34.7,135.0 145 (Cinnamomum camphora)
31 Ialpomy_ces " Hg Hg16ADr1 - - Akashi-shi, Hyogo 34.7,135.0 24 | Soil under the broad-leaved tree
oorenjongii
32 Ialpomy_ces . Hg Hg18AgDI1 - - - Akashi-shi, Hyogo 34.7,135.0 24 | Soil under the broad-leaved tree
oorenjongii
33 Lipomyces Hg Hg19AgDr2 - - - Akashi-shi, Hyogo 34.7,135.0 24 | Soil under the broad-leaved tree
yamanashiensis
Lipomyces S .
34 doorenjongii Hg Hg19AgDr4 - - - Akashi-shi, Hyogo 34.7,135.0 24 | Soil under the broad-leaved tree
Lipomyces ) B : Cepi . i
35 yamanashiensis Hg Hg20AgDr1 Akashi-shi, Hyogo 34.7,135.0 24 | Soil under the broad-leaved tree
36 Lipomyces starkeyi Yg Yg5AgDr2 - - - Hagi-shi, Yamaguchi 34.4,131.4 188.1 Soil in the forest of Japanese

cedar (Cryptomeria japonica)
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Soil in the forest of Japanese

37 Lipomyces starkeyi Yg Yg6AgDrl 113985 LC513933 LC513934 Hagi-shi, Yamaguchi 34.3,131.4 265.3 cedar (Cryptomeria japonica)
. . - . Soil in the forest of Japanese
38 Lipomyces starkeyi Yg Yg6AgDr2 - - - Hagi-shi, Yamaguchi 34.3,131.4 265.3 cedar (Cryptomeria japonica)
Lipomyces Cehi ’ Soil in the forest of Japanese
39 doorenjongii Yg Yg23AgDI2 112491 LC513921 LC513922 Iwakuni-shi, Yamaguchi 34.4,132.0 399.3 cedar (Cryptomeria japonica)
40 | Lipomyces Yg Yg23AgDI3 ; ; . Iwakuni-shi, Yamaguchi 34.4,132.0 309.3 | Soilin the forest of Japanese
chichibuensis cedar (Cryptomeria japonica)
41 Lipomyces starkeyi Yg Yg24AgDri1 112486 LC513921 LC513922 lwakuni-shi, Yamaguchi 34.4,132.0 380.7 Soil un;ier th.e Swamp cypress
(Taxodium distichum)
. ’ s . Soil in the forest of Japanese
42 Lipomyces starkeyi Yg Yg26AgDr2-1 - - - Iwakuni-shi, Yamaguchi 34.4,132.0 399.3 cedar (Cryptomeria japonica)
43 | Lipomyces Yg Yg26AgDr2-2 ; ; ; Iwakuni-shi, Yamaguchi 34.4,132.0 399.3 | Soilin the forest of Japanese
doorenjongii cedar (Cryptomeria japonica)
Lipomyces ) e . Soil in the forest of Japanese
44 doorenjongi Yg Yg26AgDr4-1 112487 LC513921 LC513922 Iwakuni-shi, Yamaguchi 34.4,132.0 399.3 cedar (Cryptomeria japonica)
Takakuma Experimental
Lipomyces Forest, Kagoshima 31.526099, Soil under the Japanese zelkova
45 doorenjongii Kg KglAgDr3 ) . B University, tarumizu-shi, 130.771956 505 (Zelkova serrata)
Kagoshima
Takakuma Experimental -
: Soil in the Planted forest of
. ) Forest, Kagoshima 31.528469, :
46 Lipomyces starkeyi Kg Kg6AgDr1 - - - University, tarumizu-shi, 130.764317 545 gapanese cedar (Cryptomeria
Kagoshima japonica)
Takakuma Experimental s
. - Soil in the Planted forest of
Lipomyces Forest, Kagoshima 31.528469, }
47 doorenjongii Kg Kg6AgDr2 114429 LC536079 LC530860 University, tarumizu-shi, 130.764317 545 | Japanese cedar (Cryptomeria
) japonica)
Kagoshima
Takakuma Experimental -
. - Soil in the Planted forest of
Lipomyces ) : R Forest, Kagoshima 31.528469, ;
48 doorenjongii Kg KgBAgDr3 University, tarumizu-shi, 130.764317 545 :J:p;r;ses‘)e cedar (Cryptomeria
Kagoshima lap
Takakuma Experimental s
49 Lipomyces starkeyi Kg Kg6AgDr4 - - - Forest, Kagoshima 81.528469, 545 ?;;!2;2: feizgtre(dcfr?/ﬁztn?éria
University, tarumizu-shi, 130.764317 : h
) japonica)
Kagoshima
Takakuma Experimental
. . Forest, Kagoshima 31.529028, Soil under the Japanese red pine
50 | Lipomyces starkeyi Kg Kg10AgDr1 112488 LC513923 LC513924 University, tarumizu-shi, 130.764737 542 (Pinus densifiora)
Kagoshima
Takakuma Experimental
Lipomyces Forest, Kagoshima 31.529633, Soil under the Hinoki cypress
51 doorenjongii Kg Kg16AgDI1 112485 LC513917 LC513918 University, tarumizu-shi, 130.766544 526 (Chamaecyparis obtusa)
Kagoshima
Lipomyces ) : R Takakuma Experimental 31.529633, Soil under the Hinoki cypress
52 doorenjongii Kg Kg16AgDr5 Forest, Kagoshima 130.766544 526 (Chamaecyparis obtusa)
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University, tarumizu-shi,
Kagoshima
Takakuma Experimental
. . Forest, Kagoshima 31.529231, Soil under the camphor tree
53 Lipomyces starkeyi Kg Kg19AgDr2 112483 LC513913 LC513914 University, tarumizu-shi, 130.767144 521 (Cinnamomum camphora)
Kagoshima
Takakuma Experimental
. ) Forest, Kagoshima 31.529231, Soil under the camphor tree
54 Lipomyces starkeyi Kg Kg19AgDr3 112484 LC513915 LC513916 University, tarumizu-shi, 130.767144 521 (Cinnamomum camphora)
Kagoshima
55 | Lipomyces starkeyi Kg Kg31AgDI1 112490 LC513927 LC513928 | Tarumizu-shi, Kagoshima 315,130.7 190 Ei‘l’;'b‘;r;der the ginkgo tree (Ginkgo
56 Lipomyces Ir Ir2GeDrl 112489 LC513925 LC513926 Halmlnaka, Iriomote Island, 24.297, 352 SO|I_ in the forest in Nakama river
yamadae Taketomi-cho, Yaeyama-gun | 123.873 basin
. . Haiminaka, Iriomote Island, 24.298, Soil in the forest in Nakama river
57 | Lipomyces yarrowii Ir Ir9AgDr1-1 . . ) Taketomi-cho, Yaeyama-gun | 123.873 23 | pasin
. Toyohara, Haimi, Iriomote -
5g | Lipomyces =~ Ir Ir16ADr3-2 111998 | LC513909 LC513910 | Island, Taketomi-cho, 24.262, 4.2 | Soilin the bushes around the
spencermartinsiae Yaeyama-gun 123.870 culture center
. Toyohara, Haimi, Iriomote -
59 | Liomyces =~ Ir Ir17GeDr2 111999 | LC513911 LC513912 | Island, Taketomi-cho, 24.262, 42 | Soil in the bushes around the
spencermartinsiae Yaeyama-gun 123.871 culture center
. . Haiminaka, Iriomote Island, 24.294, Soil in the thicket in Nakama river
60 Lipomyces yarrowii Ir Ir19-2ADI2 - - - Taketomi-cho, Yaeyama-gun | 123.873 25.9 basin
. . Haiminaka, Iriomote Island, 24.298, Soil in the thicket in Nakama river
61 Lipomyces yarrowii Ir Ir26AgDr3 113986 LC513935 LC513936 Taketomi-cho, Yaeyama-gun | 123.874 19.2 basin
. " Komi, Iriomote Island, 24.290, Soil in the bushes in the southwest
62 | Lipomyces yarrowii Ir Ir37AgDr1 ) . B Taketomi-cho, Yaeyama-gun | 123.888 349 | 5f Mt. Nodake
Lipomyces ) : R Komi, Iriomote Island, 24.290, Soil in the bushes in the southwest
63 doorenjongii Ir Ir38AgDI1 Taketomi-cho, Yaeyama-gun | 123.888 349 of Mt. Nodake
Lipomyces Komi, Iriomote Island, 24.290, Soil in the bushes in the southwest
64 | \ononenkoae Ir Ir38AgDr2 ) . B Taketomi-cho, Yaeyama-gun | 123.888 349 | 5f Mt. Nodake
. " Komi, Iriomote Island, 24.294, Soil in the thicket in the east of Mt.
65 | Lipomyces yarrowii Ir Ir45GeDrl . . ) Taketomi-cho, Yaeyama-gun | 123.897 51 | Nodake
The University of Tokyo
Lipomyces CB08-2, CBS Chichibu Forest (UTCF), .
66 | chichibuensis 12929 109582 | AB828721 | ABB28725 | 1, nimoto, Chichibu, - soil
Saitama prefecture, Japan
. CBS7542 .
Lipomyces ! Kwa-Mbonambi State Forest .
67 doorenjongii ’2\155'?)5 Y- 107655 ABT747650 ABTAT7E64 Reserve, Natal, South Africa - Soil
Lipomyces NRRL Y-
68 -ipomy! 17357, CBS 10767 AB747651 AB747665 Japan - Garden soil
japonicus 7319
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CBS 7729,

Knysna district, Southern

69 Lipomyces kockii NRRL Y- 107656 AB747652 AB747666 Cape Province, South Africa Soil
27505
Lipomyces - . .
70 kononenkoae CBS 2514 107661 AB747653 AB747667 Las Lomas, Trinidad Soil of citrus orchard
NRRL Y-
71 Lipomyces lipofer 11555, CBS 1288 AB747655 AB747669 Netherlands Soil
944
. CBS 7661,
72 | Lipomyces NRRL Y- 107654 | AB747656 AB747670 | Drakensberg, Natal, South Soil
mesembrius Africa
27506
Lipomyces No.3-a(35), . .
73 okinawensis CBS 14747 110620 LC202622 LC202817 Okinawa Pref., Japan Sail
CBS 10300, . .
74 | Lipomyces orientalis NRRL Y- 107659 AB747657 AB747671 | Bai Sanisland, Nha Trang, Soil
Vietnam
27927
75 | Lipomyces = CBS 5608 10376 AB747658 AB747672 | Nigeria Soil
spencermartinsiae
NRRL Y-
76 Lipomyces starkeyi 11557, CBS 10381 AB747660 AB747675 USA Soil
1807
Lipomyces NRRL Y-
77 tetrasporus 11562, CBS 10391 AB747661 AB747674 USSR Soil
5910
Lipomyces CBS 7532, Helspoort, Eastern Cape h
8 yamadae NRRL Y-2750 107657 AB747662 AB747676 Province, South Africa Soil
79 | Lipomyces NO.313,CBS | 110621 | LC202625 | LC202820 | Yamanashi Pref., Japan Soil
yamanashiensis 14748
80 Lipomyces yarrowii CBS 7557 107658 AB747663 AB747677 Near Curepipe, Mauritius Soil
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% 24. Lipomyces REEDIEE D HTHEH

Number

Scientific name of of strains
strains analyzed analyzed

L. chichibuensis 3

L. doorenjongii 16

L. japonicus 1

L. kockii 1

L. kononenkoae 5

L. lipofer 3

L. mesembrius 1

L. okinawensis 5

L. orientalis 1

L. spencermartinsiae 3

L. starkeyi 27

L. tetrasporus 2

L. yamadae 2

L. yamanashiensis 4

L. yarrowii 6

Total 80

-BE E

Bligh&Dyer (1959) D HiEIZHE-> CHEEMH 21T 72,

EEREIX. 5 mL OFEREGHIIZ T, 28 °C, 280 rpm T 10 HEsE A 1T o7-%. LA TFDfE
Bk L7,

B2 1.0 ml 2, B 0.5mm KO 5mm DY/ a =7 —X (ZB-05 &\ ZB-
50) (TOMY) # A7 T AF v 78 20mL Y7 LF2—7 (TOMY) 28
L. 5% D 2,6-di-tert-butyl-p-cresol (HEALT) DA X/ — Vi k% 11 L iz

(FRIRFE 0.05%) . . B —XAXMARmiArEEE Micro Smath™ MS-100R (TOMY) T
4000 rpm T 5 73 [H OB Z 2 [T 5 72,

ML OAIGIRIE, A7 Y 2—F ¥ v 7AT 7 ZAWEBRE (16.56x105 mm) (T
BLEZ. 2.5 mL @ chloroform (FiYfli#k T.2) &Y 1.25 mL @ methanol (R
MISETIE) ZMATARALT v 7 AL, BRI T 10 oMEE L7, £0k, 1.25
mL @ chloroform Z /MM THANLT v 7 AEHL L, 51T 1.256 mL OKEMATHRALT
v 7 A8 L7z, 1500xg T 10 min Zr O o BEZ 1TV, SAY — LBy N TTE

(AHkE) 2 LWRBREICE T, Eom BE Ok kOwiEMaE) (21X, 1 mL o
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7 auRVAEMZTRVT v 7 AEFREZIT 1500%g (27T 10 min 57 ] T O o HE A
TV, T (BHRE) 2% EE0RBE BT,
BoNT- AT L C, MRBEMEY & Lz,

“HARINVOR S FATFIVIATIVER G

FRRTHELNTIREME®IZ, Ichihara&Fukubayashi (2010) O HEIZHE-> T A X
VRS AF N AT IACROG AT, B A F L= 27 v (FAME) K % {E#
L7,

AP E 12 0.2 mL @ toluene (FNYEHIZET3E) 24 72%. 1.5 mL @
methanol & 0.3 mL @ 8% HCl-methanol i5#&% (9.7 mL @ 35% HCl (Fntfisk T
¥) & 41.5 mL @ methanol DIEAWR) #Mx 5, Dk, 45 CT—BMAE (14 KL
b)) Ao Far—=varFT52LT, AF VAR AF LT AT IR ZIT -
776

FOSRIZ=IBICRE L=, 3REB&1Z 1 mL ® hexane & 1 mL OflikZNx . RLT
v 7 AR L. Hexane BA 04 TOLHICKE L, 98 FAME k& L7-,

HROOTRT ST74—5 1

A T IVIRF O 538 FAME #IZx L, 20430 1 &® 1 mg/mL @ Methyl
Heptadecanoate (B F LK L3) @ Hexane IAfifik 2 W FERE (FEIRE 50ppm) &
LMz, ¥y 7% LTHAIa~ NI 74—V T re e, £,
F.AM.E Mix C8-C24 (SUPELCO)#% 0.1 mg/mL, Img/mL &% 10 mg/mL #EE DN
HREEA D IR 2 oAt L CL BB O ER A E L T, &0t o 7L DR EEGE
BAEITo 7,

HA7 v~ K777 6890N/G1530N Network GC System (Agilent
Technologies) (ZTCH AV vu~ 7T 7 4 —0pr&dT o7, 717 A%k, HP-ULTRA 2;
5% phenyl methyl siloxane column (0.20 mm X 25 m) , ¥+ U 7 —H AL, ~U v
Ly EHR, TNAIROMZEK A L i, TEA LR 250°C, Bt ERIRE
300C, 17 AR 170 -310C (59.75 43 [F) TIT-o7z, ¥ TVl & o3t O
#[% 35 12”7,

- MRS S

FEREAMARIE. 5 mL @ YPD {iRi&E5 1 (2% Glucose, 1% Peptone, 1% Yeast extract)
i 5GEM iRk EG L (5% Glucose, 5% Malt extract) 2 AV T 28 °C T 240 rpm THE
ZLC10 HREREZIT- 7, Mla%kix CDA-1000 Particle Counting Analyzer
(Sysmex, Kobe, Japan) % H\W\ TR L7,
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5G5M (5% )1 —X, 5% ZHFIFX)

s_—p REEEHAL :
= Xﬁ&"ﬁ#“i Bligh-Dyeri# x1

R,-COO-CH, R,-COO-CH,
R,-COO-CH; <€ R,-COO- CH “‘
IRAFIVE]RE
R;-COO-CH; x;)Tb}J:xa—- R 2 Ry-COO- C|-|2
RUTSILTUEO-IL
R-COO-CH,
R-COO-H :
REASER A F)L TR )L (FAME) RS Rb .
K. Ichihara & Y. Fukubayashi E. G.dBIigh, W.hJ. Dyerr] ;
\ o J. Lipid Res. Canad. J. Biochem. Physiol.
BROOIBMISITA— 010, 51; 635-640 1959, 37(8): 911-917
2 - EE

BB IZ 0 OISR E NEMREE TSR
35. ;s (BRIED) S THiE

4—1—3. R -E8

AWFIETIT > T2 NERARE O /3T FikIE, RO OEM 248+ 2 L 2 B E LT
BY., REOHEHKOGHEZITOMLENS L7720, HIZITH 2 ENTE D HEZERA
THZ L L, T7006 Lipomyces BIERE ORI O EHAMIAEE 2 L, 2
B2 VIR AFNERAT MEEOSERE . WEIEEEZ W TR 7 a~ N9 7 ¢
— T AT, BRI S T2 ONRIRAEEDONE 21T/, g « FHli 2175 7=,
ZHUT XY 80 kA 2 RO TR L7235t 160 V2 7 VD3 21T 5 Z L 3l EE
720 . Lipomyces B RO EEPENEICEET DM AT 5 Z LICEBRL 72,

IBE SRR

4= 80 KRo> YM 151}z (8 5GEM 55 1 D B IR B R D 434 s A R 26 1R,
Lipomyces sensu stricto (Z5% %43 5 BEIKIT. 5G5M in HCEERR S 5 &AM IR 2
“FE L, YM OS5 E & A ClRIERAEE &N L7 (1.5~22 58 . —7.
Lipomyces J& DTt Lipomyces japonicus & Lipomyces yamanashiensis |34 PE &
NHIM LU 7Zehyo Tz, Zd 2% 26S D1/D2, ITS, TEF 28 O Fld 1) 2 7243 1 %%k
1t | Ci% Lipomyces sensu stricto T& %5 Lipomyces starkeyi W ila &350 7 A X
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—IZEENRVE (Myxozyma 7 7 A4 —) Tohbd (B36) , 7725, Lipomyces
sensu stricto (25730 S5 Lipomyces kononenkoae, Lipomyces okinawensis. L.
starkeyi, Lipomyces spencermartinsiae. Lipomyces yarrowil, Lipomyces
yamadae, Lipomyces doorenjongii, Lipomyces mesembrius, Lipomyces
chichibuensis, Lipomyces lipofer, Lipomyces kockii, Lipomyces tetrasporus,
Lipomyces orientalis 73HIE Z mAEET D Z & MR Sz,

RERhBARHE L. Lipomyces sensu stricto D&, 4 LA Uk (REFCARETFE A
= (C181) 40~50%, 7~V F U (C16) 30~40%, A7 7 VU M (C18) 5~
10%, U /—/fE (C18:2) 1~5%, /I bl A U (C16:1) 1~B%DIADIET
ZUMEAR CTH 7= (K36) , —J Myxozyma 7 7 A% —\ZJ&$ % Lipomyces
Jjaponicus & Lipomyces yamanashiensis D&%, AL A VB (C18:1) 30~
50%. U/ —/fik (C18:2) 20~30%. /L F UMk (C16) 10~20%, /S/V R L
A Wt (C16:1) 10~20%., A7 7 U H (C18) 0~10%DIRIZZVMEH ThH > 7z,

Fo. N LHORERNERIE A 2R 25 IZ~” T, $FIT Lipomyces sensu stricto 723 E PE
T MG DORENEEHAL L L L TV DT, T OEERENAERET H2MAEE ., ~— A0l
ORFZFE L TEXEFIFHT L ZENAEETH DL Z NI T,

& 25. /83—LjH(100g ) [CEFND LG ERDFELE (USDA National Nutrient
Database &VY)

g Rh Bk AE 58 2E(g)
INLEFUEE(C16) 43.5
ALAU8(C18:1) 36.6
1)/—)LE&(C18:2) 9.1
ATT7)UEE(C18) 4.3
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% 26. Lipomycetaceae #BRHKDOEETHER

Composition and concentrations of fatty acids produced by the Lipomyces strains.

Fatty acids production

Fatty acids composition

(g / L medium) (%)
Myrist |Palmit |Palmit |Linole Steara |Arachi ([Behen [Lignoc Total Myrist |Palmit |Palmit |Linole Steara |Arachi |[Behen |Lignoc
. Oleate FA of Oleate
Species Samples ate, oleate, |ate, ate c18:1 te, date, |ate, erate, | Total 5G5M ate, oleate, |ate, ate cis1 te, date, |ate, erate, | Total
C14:0 |Cl6:1 |Cl1l6:0 |C18:2 "~ |C18:0 {C20:0 |C22:0 |C24:0 IYM C14:0 [Cl16:1 |C16:0 |C18:2 "~ |C18:0 |C20:0 |C22:0 [C24:0
1|L. chichibuensis |NBRC 109582, YM | 0.001| 0.013| 0.022| 0.049| 0.017| 0.000| 0.000| 0.000| 0.001| 0.103 - 0.7 12.9| 21.4| 477 164 0.0 0.0 0.0 1.0 100
L .. INBRC 109582,
2|L. chichibuensis 5G5M 0.001| 0.021| 0.055| 0.054| 0.073| 0.005| 0.000| 0.001| 0.004| 0.215| 2.1 0.6 9.7 25.6| 25.3| 340 2.3 0.0 0.5 2.0 100
L . INBRC 111438,
3|L. chichibuensis IK4ADI. YM 0.001| 0.012| 0.073| 0.035| 0.074| 0.004| 0.000| 0.000| 0.007| 0.205| - 0.5 59| 353| 16.9| 36.1 2.0 0.0 0.0 3.2 100
o .. INBRC 111438
4|L. chichibuensis 0.004| 0.025| 0.253| 0.040( 0.251| 0.030| 0.001| 0.001| 0.008| 0.613| 3.0 0.6 4.0/ 412 6.5 41.0 5.0 0.2 0.2 1.3 100
IK4ADr1, 5G5M
5|L. chichibuensis |Yg23AI3, YM 0.001| 0.008| 0.115| 0.036| 0.172| 0.017| 0.000| 0.001| 0.007| 0.356| - 0.4 23| 323| 10.0| 482 4.7 0.0 0.3 1.9 100
6|L. chichibuensis |Yg23AI3, 5G5M 0.007| 0.035| 0.836| 0.093| 1.536| 0.235| 0.021| 0.017| 0.025| 2.805| 7.9 0.3 12| 29.8 3.3| 548 8.4 0.8 0.6 0.9 100
7|L. doorenjongii [NBRC 107655, YM | 0.002| 0.013| 0.132| 0.017| 0.203| 0.008| 0.000| 0.001| 0.004| 0.379 - 0.4 3.4 3438 45| 535 2.0 0.0 0.3 1.0 100
8|L. doorenjongii ggsRy\ﬁ 107655, 0.007| 0.043| 0.910| 0.038| 1.515| 0.253| 0.001| 0.013| 0.017| 2.797| 7.4 0.2 1.5 325 1.4 54.2 9.1 0.0 0.5 0.6 100
9|L. doorenjongii  [Hg16Arl, YM 0.001| 0.008| 0.135| 0.023| 0.209| 0.027| 0.001| 0.002| 0.008| 0.414 - 0.4 19| 325 5.6/ 505 6.6 0.2 0.4 1.9 100
10|L. doorenjongii  |Hg16Arl, 5G5M 0.004| 0.014| 0.518| 0.046| 0.970| 0.213| 0.017| 0.013| 0.012| 1.808| 4.4 0.2 0.8| 28.6 2.6/ 537 11.8 0.9 0.7 0.7 100
11|L. doorenjongii |Hgl8Al1, YM 0.002| 0.017| 0.177| 0.039| 0.209| 0.018| 0.001| 0.002| 0.007| 0.472 - 0.5 3.5 374 8.3| 444 3.8 0.2 0.4 1.5 100
12|L. doorenjongii  |Hg18Al1, 5G5M 0.003| 0.004| 0.075| 0.014| 0.078| 0.016| 0.001| 0.011| 0.002| 0.204| 0.4 14 21| 36.9 6.6| 38.4 7.7 0.5 5.5 0.9 100
13|L. doorenjongii  |Hg19Ar4, YM 0.004| 0.007| 0.122| 0.038| 0.188| 0.015| 0.001| 0.001| 0.007| 0.383| - 1.2 19| 319 9.9| 49.0 3.8 0.1 0.3 1.9 100
14|L. doorenjongii  |Hg19Ar4, 5G5M 0.006| 0.021| 0.680| 0.079| 0.982| 0.186| 0.014| 0.010| 0.008| 1.987| 5.2 0.3 1.0 342 4.0/ 494 9.4 0.7 0.5 0.4 100
15|L. doorenjongii miigl_lzll\‘(‘ff' 0.002| 0.011| 0.192| 0.032| 0.342| 0.023| 0.002| 0.003| 0.013| 0.619| - 02| 18| 310| 52| 553 37 03] o5 21| 100
16 |L. doorenjongii NBRC111434, 0.003| 0.011| 0.446| 0.058| 0.878| 0.215| 0.018| 0.015| 0.017| 1.661| 2.7 0.2 0.7 26.8 3.5| 529 129 1.1 0.9 1.0 100
. IK2ADL2, 5G5M . . . . . . . . . . . . . . . . . . . .
17|L. doorenjongii I’\Igigéli(‘ll\jsv 0.002| 0.012| 0.209| 0.033| 0.296| 0.028| 0.001| 0.002| 0.011| 0.595 - 0.4 2.0/ 351 55| 4938 4.7 0.2 0.4 1.9 100
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18|L. doorenjongii :}‘551%111445' 0.004| 0.017| 0.413| 0.055| 0.749] 0.133| 0.010| 0.009| 0.010| 1.401| 2.4 03| 12| 205/ 39| 535 95 07/ 06 07 100
12, 5G5M

19|L. doorenjongii |Ir38AI1, YM 0.001| 0.006| 0.095| 0.017| 0.130| 0.011| 0.000| 0.001| 0.007| 0.268| - 04| 22| 355 64| 485 40| 00| o5 26 100

20|L. doorenjongii  Ir38AI1, 5G5M 0.007| 0.036| 0.791| 0.039| 1.209| 0.265| 0.013| 0.010| 0.018| 2.387| 8.9 03| 15| 331 16| 506/ 111 06| 04 07 100

21|L. doorenjongii  |KgLAr3, YM 0.002| 0.007| 0.120| 0.025| 0.173| 0.014| 0.000| 0.001| 0.008| 0.350| - 04| 19| 342 72| 495 41| o0o| 03 22| 100

22|L. doorenjongii  |Kg1Ar3, 5G5M 0.006| 0.039| 0.729| 0.037| 1.511| 0.248| 0.019| 0.012| 0.014| 2.616| 7.5 02| 15| 279 14| s78 95 07/ o5 05 100

23|L. doorenjongii  [Kg6Ar2, YM 0.001| 0.009| 0.109| 0.035| 0.146| 0.011| 0.000| 0.001| 0.006| 0.319| - 04| 28| 342 109 458 34/ 00| 03 20 100

24|L. doorenjongii  |Kg6Ar2, 5G5M 0.008| 0.041| 0.903| 0.104| 1.662| 0.248| 0.022| 0.015| 0.020| 3.022| 9.5 03| 14| 200 34| s50| 82 07/ 05 07 100

25|L. doorenjongii  |Kg6Ar3, YM 0.001| 0.009| 0.101| 0.037| 0.141| 0.011| 0.000| 0.001| 0.006| 0.307| - 04| 28| 328 122| 461| 35 00| 02 19 100

26|L. doorenjongii  |Kg6Ar3, 5G5M 0.006| 0.027| 0.689| 0.087| 1.274| 0.212| 0.018| 0.014| 0.021| 2.348| 7.7 02| 12| 203 37 543 90| o8] 06 09 100

27|L. doorenjongii EQBECAﬁl%“SS' 0.002| 0.011| 0.139| 0.036| 0.224| 0.020| 0.001| 0.001| 0.009| 0.442| - 04| 24| 315 82 506 45 02| 03 19 100
" INBRC 112485,

28|L. doorenjongii 0.008| 0.039| 1.025| 0.106| 1.856| 0.265| 0.021| 0.011| 0.017| 3.349| 7.6 02| 12| 306 32 554/ 79 06| 03 05 100
Kg16AIL, 5G5M

29|L. doorenjongii  |Kg16Ar5, YM 0.002| 0.010| 0.132| 0.032| 0.219| 0.024| 0.001| 0.002| 0.010| 0.433| - 04| 23| 306 74 507| 56/ 03] 04 23 100

30|L. doorenjongii |Kg16Ar5, 5G5M | 0.007| 0.027| 0.851| 0.097| 1.637| 0.285| 0.024| 0.015 0.021| 2.964| 6.9 02| 09| 287 33 552/ 96 08 o5 07 100

31|L. doorenjongii |NiBA1, YM 0.001| 0.007| 0.111| 0.013| 0.149| 0.012| 0.001| 0.002| 0.008| 0.303| - 03| 22| 365 44| 491| 39| o02| o5 27 100

32|L. doorenjongii  |NiBAr1, 5G5M 0.006| 0.023| 0.516| 0.034| 0.869| 0.186| 0.013| 0.012| 0.017| 1.676| 5.5 03| 14| 308 21| s19| 111] o8| 07 10 100

33|L. doorenjongii $§;3i|121€451' 0.001| 0.008| 0.110| 0.026| 0.138| 0.013| 0.000| 0.001| 0.006| 0.303| - 04| 25| 363| 86| 454| 44| 00| 03 21| 100
" INBRC 112491,

34|L. doorenjongii 0.008| 0.045| 0.905| 0.084| 1.624| 0.319| 0.027| 0.015 0.018| 3.045| 100 | 03| 15/ 207 28 533| 105 09| o5 06 100
Yg23A12, 5G5M

35|L. doorenjongii  |Yg26Ar2-2, YM 0.001| 0.007| 0.180| 0.040| 0.189| 0.037| 0.001| 0.001| 0.007| 0.464| - 03| 16| 387 87 406 80 o02| 03 16 100

36|L. doorenjongii  |Yg26Ar2-2, 5G5M | 0.006| 0.036| 0.645| 0.046| 0.739] 0.156| 0.007| 0.006| 0.014| 1.656| 3.6 04| 22| 389 28 446| 94/ 04| 04 09 100

37|L. doorenjongii  |NBRC 112487, 0.001| 0.010| 0.130| 0.029| 0.166| 0.015| 0.001| 0.002| 0.007| 0.361| - 04| 28| 360 80 461 41| o02| 04 20 100
Yg26Ara-1, YM

38|L. doorenjongii  |\BRC 112487, 0.008| 0.045| 0.985| 0.067| 1.763| 0.337| 0.027| 0.016| 0.019| 3.266| 9.0 02| 14| 301| 21| s40| 103 08| 05 06 100

) ongii |\ oo6Ara-1, 5GEM . . : . . ) . . . . . . . . . | ; . . .
39|L. japonicus  |NBRC 10767, YM | 0.001| 0.019| 0.041| 0.036| 0.094 0.004| 0.000| 0.000| 0.003| 0.198| - 07| 96| 206 182 474| 21| 00| 00 15 100
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40| L. japonicus ESSR,\(A: 10767, 0.002| 0.030| 0.053| 0.062| 0.132| 0.000| 0.000| 0.000| 0.003| 0.281| 1.4 07| 105/ 188| 219 471| 00| 00| 00 10/ 100
41|L. kockii NBRC 107656, YM | 0.002| 0.011| 0.165| 0.055| 0.219| 0.014| 0.000| 0.001| 0.012| 0.479| - 04| 23| 345 114| 458 29 00| 03 24 100
42|L. kockii Do 107656, 0.006| 0.049| 0.770| 0.106| 1.263| 0.164| 0.010| 0.009| 0.019| 2.396| 5.0 03| 20| 321| 44| 527| 69 04| 04 08 100
43|L. kononenkoae |NBRC 107661, YM | 0.002| 0.024| 0.113| 0.017| 0.167| 0.009| 0.000| 0.000| 0.003| 0.334 - 05| 73| 338 50/ 499 27/ 00| 00 09 100
44|L. kononenkoae |Non o 107661 0.016| 0.168| 1.460| 0.031| 2.741| 0.263| 0.023| 0.018| 0.025| 4.746| 142 | 03| 35| 308 07| 578 56 05/ 04 05 100
45|L. kononenkoae |Ir38Ar2, YM 0.001| 0.006| 0.147| 0.020| 0.206| 0.017| 0.000| 0.001| 0.008| 0.407| - 03| 16| 362 49| 506/ 42 00| 03 18 100
46|L. kononenkoae  |Ir38Ar2, 5G5M 0.005| 0.023| 0.618 0.038| 1.022| 0.224| 0.012| 0.008| 0.014| 1.964| 48 | 02| 12| 315| 19| 520/ 114 06| 04 07 100
47|L. kononenkoae |Yt1ArL, YM 0.001| 0.019| 0.148| 0.005 0.215| 0.008| 0.000| 0.002| 0.005| 0.404| - 04| 47| 366 14| 532 19 00| o6 1.3 100
48]|L. kononenkoae |YtLAr1, 5G5M 0.013| 0.076| 1.298| 0.030| 1.694| 0.224| 0.015| 0.018| 0.017| 3.384| 8.4 | 04| 22| 384 09| 501| 66 04| 05 05 100
49|L. kononenkoae |Yt1Ar2, YM 0.002| 0.019| 0.159| 0.006| 0.220| 0.010| 0.000| 0.002| 0.006| 0.423| - 04| 45| 375 14| 520/ 23 00| o5 13 100
50|L. kononenkoae |Yt1Ar2, 5G5M 0.014| 0.087| 1.390| 0.028| 1.748| 0.206| 0.014| 0.017| 0.017| 3521| 83 | 04| 25| 395 08| 496/ 59 04| 05 05 100
51|L. kononenkoae |YtLArd, YM 0.001| 0.018| 0.138| 0.006| 0.213| 0.008| 0.000| 0.001| 0.005 0.390| - 04| 45| 355 15| 545 22 00| 02 13 100
52|L. kononenkoae |Yt1Ar4, 5G5M 0.011| 0.066| 1.067| 0.026| 1.379| 0.170| 0.012| 0.004| 0.014| 2.748| 70 | 04| 24| 388 10| 502| 62 04| 01| 05 100
53|L. lipofer NBRC 1288, YM | 0.001| 0.036| 0.043| 0.024| 0.216| 0.000| 0.000| 0.000| 0.001| 0.321| - 02| 113| 134 76| 672 00 00| 00 03 100
54|L. lipofer NBRC 1288, 565M | 0.003| 0.090| 0.361| 0.035| 0.860| 0.044| 0.004| 0.005| 0.009| 1.410| 44 | 02| 64| 256 25/ 610 31| 03] 03 o6 100
55|L. lipofer Fr14A3, YM 0.001| 0.013| 0.087| 0.032| 0.145| 0.005| 0.000| 0.000| 0.005| 0.287| - 04| 44| 305 111] 505 17| 00| 00| 16 100
56/L. lipofer Fri4Ar3, 5G5M | 0.002| 0.010| 0.130| 0.027| 0.239| 0.018| 0.001| 0.002| 0.004| 0.432| 15 | 04| 24| 300 64| 554/ 41| 03] 03 09 100
57|L. lipofer E‘g’}gé}iﬁ’z 0.002| 0.019| 0.162| 0.033| 0.233| 0.028| 0.000| 0.001| 0.007| 0.485 - 03| 40| 334| 69| 480 57 00| 02 15 100
58|L. lipofer ggﬁé’lggﬁ 0.009| 0.078| 0.888| 0.052| 1.274| 0.181| 0.008| 0.006| 0.020| 2.516| 5.2 03| 31| 353 21| 506/ 72/ 03] 03 08 100
59|L. mesembrius |NBRC 107654, YM | 0.001| 0.032| 0.085| 0.046| 0.135| 0.000| 0.000| 0.000| 0.001| 0.300| - 03| 108| 283 151 450/ 00 00| 00 04 100
60|L. mesembrius  |opo 1070 0.012| 0.192| 1.051| 0.170| 1.443| 0.088| 0.004| 0.004| 0.017| 2.981| 9.9 04| 64| 353 57 484| 30/ 01| 01| 06| 100
61|L. okinawensis |NBRC 110620, YM | 0.003| 0.029| 0.220| 0.025| 0.310| 0.021| 0.000| 0.007| 0.008| 0.630| - 05| 45| 363 39| 491| 33 00| 11 13 100
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62|L. okinawensis ESSR,\(A: 110620, 0.006| 0.032| 0.390| 0.024| 0.527| 0.094| 0.004| 0.007| 0.014| 1.007| 1.7 05| 29| 355 22| 480| 86| 04| 06 13| 100
63|L. okinawensis  |Ni3Ar2, YM 0.001| 0.006| 0.110| 0.016| 0.216| 0.022| 0.001| 0.003| 0.007| 0.382| - 03| 16| 288 42| se6| 57 02| 07 19| 100
64|L. okinawensis  |Ni3Ar2, 5G5M 0.019| 0.091| 1.526| 0.053| 1.938| 0.437| 0.019| 0.020| 0.023| 4.126| 108 | 05| 22| 370| 13| 470 106| 05| o5 06| 100
65|L. okinawensis H%F/i%l\l(i’ﬂgm' 0.001| 0.008| 0.116| 0.014| 0.225| 0.020| 0.001| 0.005| 0.006| 0.397| - 03| 21| 203 35| 568 51| 02| 13 15 100
_ — |NBRC 113987,
66|L. okinawensis |52 1A% 0.020| 0.078| 1.485| 0.050| 1.820| 0.460| 0.019| 0.023| 0.031| 3.987| 100 | 05| 20| 373| 13| 457 115 05| 06 08| 100
67|L. okinawensis  |Ni8Ar2, YM 0.001| 0.005| 0.092| 0.011| 0.147| 0.017| 0.001| 0.001| 0.006| 0.280| - 03| 18| 329 39| 524/ 60 02| 04 20 100
68|L. okinawensis  |Ni8Ar2, 5G5M 0.017| 0.077| 1.433| 0.049| 1.873| 0.482| 0.022| 0.023| 0.027| 4.002| 143 | 04| 19| 358 12| 468 121| 06| 06 07 100
_ — [NIT1AI1, NBRC
69|L. okinawensis |} 5L 0 0.002| 0.007| 0.116| 0.014| 0.144| 0.016| 0.000| 0.001| 0.005| 0.305| - 05| 24| 382 46| 472 52 00| 03 16 100
4 — |Ni11AIL, NBRC
70|L. okinawensis |} EUE NERC 0.023| 0.100| 1.782| 0.059| 2.156| 0.505| 0.022| 0.026| 0.027| 4.700| 154 | 05| 21| 379| 13| 459 107] 05| o5 06| 100
71|L. orientalis NBRC 107659, YM | 0.001| 0.015| 0.088| 0.050| 0.133| 0.008| 0.000| 0.001| 0.005| 0.290| - 03| 50| 203| 168/ 444| 25 00| 02 15 100
72|L. orientalis ’F:‘GBSRI\(/:I 107659, 0.005| 0.041| 0.497| 0.043| 0.684| 0.113| 0.005| 0.005| 0.017| 1.410| 4.7 04| 29| 353 30| 485/ 80| 04| 04 12| 100
73| sbencer- NBRC 10376, YM | 0.001| 0.008| 0.033| 0.009| 0.087| 0.000| 0.000| 0.000| 0.001| 0.139| - 05 55/ 239 62 628 00 00| 00 11 100
74|L- spencer- NBRC 10376, 0.010| 0.075| 0.993| 0.026| 1.333| 0.194| 0.008| 0.008| 0.021| 2.668| 192 | 04| 28| 372| 10| s00| 73] 03| 03 08| 100
martinsiae 5G5M
L. spencer- NBRC 111998,
75|~ Spencer MienDras wu | 0004 0021| 0243 0.010| 0.355( 0.026| 0.000] 0.001| 0.006| 0.666| - 06| 32| 366 15 534/ 39 00| 01 09 100
L. spencer- NBRC 111998,
76| Sbencer ienDra s casm | 0013| 0102| 1283 0.014| 2.114| 0341| 0.022 0.012| 0.019| 3920| 59 03| 26| 327 03| 539 87 o5 03 o5 100
77|L- spencer- NBRC 111999, 0.003| 0.022| 0.246| 0.008| 0.428| 0.019| 0.000| 0.000| 0.005| 0.731| - 04| 30| 337 11| 586 26 00| 00| 07 100
martinsiae Ir17Gr2, YM
L. spencer- NBRC 111999,
78|~ Spencer Nror soem 0.018| 0.087| 1.572| 0.021| 2.308| 0.387| 0.020| 0.015| 0.028| 4.456| 6.1 04| 20/ 353 o5 518 87 05/ 03 06 100
79|L. starkeyi NBRC 10381, YM | 0.001| 0.014| 0.047| 0.036| 0.097| 0.000| 0.000| 0.000| 0.001| 0.196| - 03| 70| 239| 185/ 498 00| 00| 00 05 100
. NBRC 10381,
80|L. starkeyi by 0.016| 0.124| 1.334| 0.159| 1.644| 0.158| 0.006| 0.011| 0.020| 3.472| 17.7 | 05| 36| 384| 46| 474| 45 02| 03 06| 100
81|L. starkeyi FriGeDr2, YM 0.002| 0.017| 0.223| 0.042| 0.325| 0.030| 0.002| 0.004| 0.012| 0.656 - 03| 25| 340 64| 495 46| 03] 06 18 100
82|L. starkeyi FriGeDr2, 5G5M | 0.004| 0.015| 0.518| 0.064| 0.868| 0.258| 0.019| 0.013| 0.012| 1.771| 2.7 02| 09| 203 36| 490| 145 11| 07 07 100
83|L. starkeyi Fr20Gr4, YM 0.001| 0.030| 0.065| 0.058| 0.246| 0.003| 0.000| 0.000| 0.002| 0.404| - 02| 73| 161| 144| 08| 08 00| 00 04 100
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84|L. starkeyi Fr20Gr4, 5G5M | 0.003| 0.054| 0.495| 0.067| 1.025| 0.105| 0.007| 0.009| 0.011| 1.776| 4.4 02| 31| 279 38 577 59 04| 05 06 100
85|L. starkeyi Fr3AgDrL, YM 0.000| 0.001| 0.035 0.014| 0.056| 0.007| 0.000| 0.001| 0.004| 0.120| - 00| 12| 202 118 465 62/ 04| 10 38 100
86/L. starkeyi Fr3AgDrL, 5G5M | 0.004| 0.013| 0.285| 0.043| 0.290| 0.060| 0.002| 0.003| 0.008| 0.708| 5.9 06| 18 402| 61 410 85 03] 04 11 100
87|L. starkeyi Fr5AgDrL, YM 0.001| 0.005| 0.144| 0.026| 0.138| 0.031| 0.002| 0.004| 0.010| 0.362| - 04| 15| 398 71| 380| 86 06| 10 29 100
88|L. starkeyi Fr5AgDrL, 5G5M | 0.000| 0.007| 0.271] 0.031| 0.282| 0.098| 0.004| 0.004| 0.008| 0.707| 2.0 00| 11| 383 44| 00| 139 06| 06 11 100
89|L. starkeyi Hg12Ar1, YM 0.002| 0.013| 0.233| 0.039| 0.324| 0.027| 0.002| 0.005| 0.008| 0.652| - 04| 19| 357 59 496 41| 03] o8 12 100
90|L. starkeyi Hgl2Ar1,5G5M | 0.007| 0.020| 0.789| 0.048| 1.233| 0.349| 0.025| 0.020| 0.014| 2.503| 3.8 03| 08| 315 19| 493| 139 10| o8 05 100
91|L. starkeyi Hg4Ar4, YM 0.001| 0.011| 0.119| 0.037| 0.208| 0.012| 0.001| 0.002| 0.008| 0.399| - 03| 27| 208 93 s522| 30 o02| o5 19 100
92|L. starkeyi Hg4Ar4, 5G5M 0.007| 0.021| 0.783| 0.076| 1.492| 0.357| 0.028| 0.024| 0.031| 2.819| 7.1 03| 07| 278 27 s29| 127 10| o8 11| 100
93|L. starkeyi HgBAI1, YM 0.001| 0.011] 0.101| 0.017| 0.145| 0.008| 0.000| 0.001| 0.005| 0.289| - 03| 38 350 59 502/ 26 00| 03 19 100
94|L. starkeyi HgBAI1, 5G5M 0.004| 0.018| 0.351| 0.056| 0.467| 0.104| 0.006| 0.005| 0.010| 1.021| 3.5 04| 17| 344| 55 458/ 102| 06| 05 10 100
95|L. starkeyi Kg6ArL, YM 0.001| 0.006| 0.085 0.039| 0.117| 0.009| 0.000| 0.001| 0.005| 0.262| - 04| 24| 323 148 445 33 00| 03 19 100
96/L. starkeyi Kg6Ar1, 5G5M 0.005| 0.021| 0.573| 0.079| 1.100| 0.211| 0.018| 0.014| 0.021| 2.041| 7.8 03| 10| 281 39 539/ 103 09| 07 10 100
97|L. starkeyi Kg6Ard, YM 0.001| 0.010| 0.124| 0.025| 0.179| 0.017| 0.001| 0.002| 0.010| 0.370| - 04| 27| 335 68 485 46 03] o5 28 100
98|L. starkeyi Kg6Ar4, 5G5M 0.006| 0.032| 0.597| 0.049| 1.358| 0.227| 0.026 0.018| 0.021| 2.333| 6.3 02| 14| 256 21| s82| 97 11| o8 09 100
99|L. starkeyi ngoirlllz;‘a& 0.001| 0.010| 0.116| 0.024| 0.162| 0.012| 0.001| 0.001| 0.008| 0.335 - 04| 29| 346 73| 483] 35 02| 04 24 100
100|L. starkeyi NBRC 112488, 0.007| 0.046| 0.952| 0.065| 1.808| 0.310| 0.026| 0.014| 0.015| 3.244| 9.7 02| 14| 204| 20| 557/ 95 08/ 04 05 100
. KoTOAL SO . . . . . . . . . . . . . . . . . . . .
101|L. starkeyi nggirlzlzfﬁs' 0.002| 0.010| 0.194| 0.045| 0.328| 0.017| 0.001| 0.002| 0.009| 0.608| - 03| 16| 320 74| 539 27 02| 04 14| 100
102|L. starkeyi NBRC 112483, 0.013| 0.027| 1.233| 0.165| 2.489| 0.613| 0.050| 0.045| 0.054| 4.688| 7.7 03| 06| 263 35| 531 131 11| 10 12| 100
' Kg19Ar2, 5G5M ' ' ' ' ' : ' ' ' ' ' ' ' ' ' ' ' : ' '
103|L. starkeyi Eggirlslzfla“’ 0.002| 0.014| 0.171| 0.033| 0.286| 0.010| 0.000| 0.001| 0.005| 0.522| - 04| 26| 328 64 548 19 00| o02 09 100
_ NBRC 112484,
104|L. starkeyi 0.010| 0.039| 1.088| 0.082| 2.088| 0.209| 0.024| 0.015| 0.015| 3.660| 7.0 03| 11| 207 22| s71| 82 07| 04 04 100
Kg19Ar3, 5G5M
. NBRC 112490,
105|L. starkeyi KOS LALLM 0.001| 0.010| 0.095 0.019| 0.182| 0.006| 0.000| 0.001| 0.004| 0.319| - 04| 32| 207 61 s571| 19 00| o02 14/ 100
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106|L. starkeyi NBRC 112490, 0.007| 0.040| 0.878| 0.059| 1.692| 0.323| 0.025| 0.012| 0.014| 3.052| 9.6 02| 13| 288 19| 554/ 106 08| 04/ 05/ 100
Kg31AIL, 5G5M
107|L. starkeyi Ni1Ar2, YM 0.002| 0.028| 0.198| 0.028| 0.308| 0.009| 0.000| 0.003| 0.006| 0.582| - 03| 48| 341 48 529 16 00| 05 10 100
108|L. starkeyi NiLAr2, 5G5M 0.002| 0.008| 0.205| 0.022| 0.340| 0.088| 0.006| 0.005| 0.005| 0.682| 1.2 03| 12| 301 32| 499| 129 09| 07 08 100
109|L. starkeyi Ni2A5, YM 0.002| 0.027| 0.182| 0.025| 0.302| 0.010| 0.000| 0.001| 0.004| 0.553| - 03| 48| 330 46| 546 18 00| o02 07 100
110|L. starkeyi Ni2Ar5, 5G5M 0.003| 0.012| 0.272| 0.028| 0.565| 0.123| 0.011| 0.008| 0.010| 1.033| 1.9 03| 12| 264 28 s47| 119 11| o8 10 100
111|L. starkeyi NiLOAr3, YM 0.002| 0.016| 0.194| 0.042| 0.237| 0.021| 0.001| 0.002| 0.009| 0.524| - 04| 30| 371| 80 453] 40/ o02| o5 17 100
112|L. starkeyi NilOAr3,5G5M | 0.004| 0.016| 0.421| 0.054| 0.596| 0.154| 0.010| 0.008| 0.008| 1.271| 2.4 03| 12| 331 42| 469 121| o8| 07 06 100
113|L. starkeyi NiL1AI3, YM 0.001| 0.012| 0.099| 0.019| 0.140| 0.009| 0.000| 0.011| 0.004| 0.295| - 04| 42| 337 64| 475/ 29 00| 36 13 100
114|L. starkeyi Ni11AI3, 5G5M 0.006| 0.035| 0.494| 0.081| 0.600| 0.110| 0.006| 0.006| 0.012| 1.349| 4.6 04| 26| 366 60 445 81 o5/ 04 09 100
115|L. starkeyi Yg5AI2, YM 0.002| 0.016| 0.147| 0.022| 0.311| 0.008| 0.000| 0.001| 0.005| 0.513| - 03| 31| 287 43 607 15 00| o02 10 100
116|L. starkeyi Yg5Ar2, 5G5M 0.005| 0.036| 0.647| 0.036| 1.462| 0.261| 0.026| 0.014| 0.010| 2.497| 4.9 02| 14| 259 14| s8e| 104| 11| 06| 04/ 100
117|L. starkeyi \N(gBGRACrl“fﬁ%' 0.002| 0.008| 0.141| 0.032| 0.196| 0.023| 0.001| 0.002| 0.008| 0.412| - 04| 20| 342 7.7 475 56/ 03] 04 19 100
_ NBRC 113985,
118|L. starkeyi 0.008| 0.034| 0.966| 0.095| 1.721| 0.422| 0.031| 0.018| 0.016| 3.311| 8.0 02| 10| 202 29| 520/ 127 09| 05 05 100
YgBAr1, 5G5M
119|L. starkeyi Yg6Ar2, YM 0.002| 0.015| 0.160| 0.025| 0.240| 0.011| 0.000| 0.001| 0.006| 0.450| - 04| 33| 348 54| 522| 23 00| o02 13 100
120|L. starkeyi YgBAr2, 5G5M 0.006| 0.030| 0.669| 0.049| 1.502| 0.297| 0.029| 0.015| 0.013| 2.610| 5.7 02| 12| 256 19| 575/ 114| 11| 06| 05 100
121]L. starkeyi $§;&r1112;‘36' 0.002| 0.010| 0.143| 0.032| 0.198| 0.021| 0.001| 0.001| 0.010| 0.418 - 04| 24| 343 77| 473 50 02| 03 23 100
122|L. starkeyi NBRC 112486, 0.008| 0.042| 0.997| 0.088| 1.853| 0.283| 0.025| 0.019| 0.024| 3.340| 8.0 02| 13| 200 26| 555/ 85 08/ 06 07 100
. ey . . . . . . . . . . . . . . . . . . . .
123|L. starkeyi Yg26Ar2-1, YM 0.001| 0.007| 0.123| 0.017| 0.155| 0.015| 0.000| 0.001| 0.006| 0.326| - 04| 22| 377 51| 476| 47| 00| 03 20 100
124|L. starkeyi Yg26Ar2-1,5G5M | 0.007| 0.040| 0.780| 0.038| 1.507| 0.253| 0.018| 0.013| 0.018| 2.674| 8.2 03| 15| 202 14| s64| 95 07/ 05 07 100
125|L. starkeyi Yt10AM4, YM 0.001| 0.018| 0.126 0.015| 0.212| 0.005| 0.000| 0.001| 0.004| 0.383| - 03| 48| 330 39 555 13 00| o02 10 100
126 |L. starkeyi Yt10Al4, 5G5M 0.010| 0.046| 1.021| 0.089| 1.904| 0.352| 0.030| 0.019| 0.031| 3.502| 9.2 03| 13| 202| 25 s544| 101] 09| 05 09 100
127|L. starkeyi YHLAI2, YM 0.001| 0.009| 0.089| 0.020| 0.132| 0.006| 0.001| 0.000| 0.008| 0.266| - 03| 33| 334 76| 497| 24/ 03] 00 30 100
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128|L. starkeyi Yt1AI2, 5G5M 0.003| 0.016| 0.368| 0.074| 0.576| 0.141| 0.009| 0.008| 0.014| 1.209| 4.6 03| 13| 305 61| 476| 116 08| 07 11| 100
129|L. starkeyi YI8AIL, YM 0.002| 0.015| 0.178| 0.023| 0.260| 0.012| 0.001| 0.002| 0.009| 0.501| - 03| 29| 354| 46| 519 25 01| 04| 17/ 100
130|L. starkeyi Yt8AIL, 5G5M 0.006| 0.018| 0.604| 0.053| 0.980| 0.205| 0.015| 0.011| 0.014| 1.906| 3.8 03| 10| 317 28| 514 108 08| 06| 07 100
131L. starkeyi Y19A1, YM 0.002| 0.018| 0.184| 0.025| 0.276| 0.026 0.001| 0.001| 0.008| 0.541| - 04| 33| 340 46| 510 48 01| 02 15 100
132|L. starkeyi Yt9ArL, 5G5M 0.005| 0.019| 0.525| 0.084| 0.736| 0.194| 0.011| 0.010| 0.013| 1.508 3.0 03| 12| 329| 53| 461| 122 07| 06| 08 100
133|L. tetrasporus ~ |NBRC 10391, YM | 0.001| 0.019| 0.113| 0.027| 0.377| 0.014| 0.000| 0.001| 0.004| 0.556| - 01| 34| 203| 49| 678 26 00| 02 07 100
NBRC 10391,
134|L. tetrasporus | Son 0.003| 0.042| 0.412| 0.078| 1.241] 0.162| 0.021| 0.017| 0.027| 2.003| 3.6 02| 21| 206 39| 619 81 11| o8 13| 100
NBRC 111409,
135|L.tetrasporus | Nepcore v 0.001| 0.030| 0.128| 0.021| 0.247| 0.006| 0.000| 0.000| 0.003| 0.436| - 02| 68| 204| 48| 566 15 00| 00| o6 100
136|L. tetrasporus | N BRC 111409, 0.005| 0.033| 0.411| 0.058| 0.608| 0.125| 0.008| 0.007| 0.009| 1.264| 2.9 04| 26| 325 46| 481] 99 06| 06 07 100
- tetrasp Ch6GDI6, 5G5M ' ' ' ' ' ' : ' ' : : ' ' ' : ' ' : : '
137|L. yamadae NBRC 107657, YM | 0.001| 0.010| 0.069| 0.015| 0.086| 0.004| 0.000| 0.008| 0.001| 0.194| - 07| 50| 355 76| 443 21| 00| 42 07 100
NBRC 107657,
138|L. yamadae Ay 0.012| 0.105| 1.378| 0.103| 2.379| 0.201| 0.024| 0.016| 0.023| 4.330| 223 | 03| 24| 318 24| 549 67| 05| 04 05/ 100
139|L. yamadae Ir2Gr1, YM 0.003| 0.014| 0.180| 0.037| 0.198| 0.025| 0.001| 0.001| 0.011| 0.470| - 06| 30| 383 79| 422 54/ 02| 03 22| 100
140|L. yamadae r2Gr1, 5G5M 0.011| 0.040| 0.992| 0.075| 1.658| 0.338| 0.025| 0.016| 0.016 3.172| 6.7 04| 13| 313] 24| 523 107 o8| o5/ o5 100
L. yamanashi-
141|020 NBRC 110621, YM | 0.001| 0.019| 0.019] 0.031| 0.029| 0.002| 0.000| 0.012| 0.001| 0.114| - 12| 163| 167 270 251| 19 00| 108 10| 100
L hi-
142| g rETANASH ’g'g’;\ﬁ 110621, 0.006| 0.010| 0.015| 0.016| 0.009| 0.003| 0.000| 0.003| 0.001| 0.063] 0.6 | 101| 157| 230 256 147| 48 00| 49 12| 100
L. yamanashi-
143|505 Hg8AI2, YM 0.001| 0.019| 0.017| 0.023| 0.035| 0.000| 0.000| 0.005| 0.001| 0.101] - 12| 186| 164| 226 351| 00| 00| 52 09| 100
L. yamanashi-
144575 Hg8AI2, 5G5M 0.001| 0.001| 0.033| 0.027| 0.021| 0.006| 0.000| 0.001| 0.001| 0.091| 0.9 14| 11| 362 300| 236/ 61 00| 06| 12| 100
L. yamanashi-
145575 Hg19Ar2, YM 0.005| 0.022| 0.018| 0.027| 0.039| 0.000| 0.000| 0.007| 0.001| 0.119| - 46| 181| 155| 223| 329/ 00 00| 57 10/ 100
L. yamanashi-
146|500 Hgl9Ar2, 5G5M | 0.002| 0.027| 0.001| 0.033| 0.037| 0.009| 0.000| 0.001| 0.002| 0.111] 0.9 14| 241| 10| 209| 336/ 80 00| 06 16 100
L. yamanashi-
147|505 Hg20Ar1, YM 0.001| 0.022| 0.019| 0.026| 0.041| 0.000| 0.000| 0.002| 0.001| 0.113] - 13| 197| 164| 235 360| 00| 00| 22 09| 100
L. yamanashi-
148|505 Hg20Ar1, 5G65M | 0.006| 0.030| 0.001| 0.035| 0.035| 0.012| 0.000| 0.001| 0.001| 0.120 1.1 48| 252| 09| 288/ 288 96 00| o086 12 100
149|L. yarrowii NBRC 107658, YM | 0.001| 0.009| 0.149| 0.014| 0.147| 0.010| 0.000| 0.001| 0.003| 0.335| - 04| 28| 446 42| 439 30 00| 02 09| 100
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150|L. yarrowii ESSR,\(A: 107658, 0.015| 0.107| 1.427| 0.064| 1.399] 0.157| 0.007| 0.005| 0.010| 3.191| 9.5 05| 34| 447 20| 438 49 02| 01 03| 100
151 |L. yarrowii Ir9AM1-1, YM 0.002| 0.019| 0.144| 0.021| 0.142| 0.010| 0.000| 0.001| 0.004| 0.342| - 05| 56| 422 61| 414| 29 00| o02 10 100
152|L. yarrowii I9Ar1-1,5G5M | 0.008| 0.051| 0.885| 0.041| 1.100| 0.198| 0.011| 0.007| 0.010| 2.310| 6.8 03| 22| 383 18 476| 86 05/ 03 04 100
153|L. yarrowii Ir19-2AgDI2, YM | 0.003| 0.030| 0.268| 0.022| 0.261| 0.020| 0.001| 0.004| 0.010| 0.618| - 04| 48| 433| 35| 422| 33 01| o6 17 100
154|L. yarrowii Ir19-2AgDI2, 565M | 0.009| 0.052| 0.924 0.041| 1.110| 0.186| 0.012| 0.010| 0.012| 2.354| 3.8 04| 22| 392 17| 472| 79 05| 04 05 100
155|L. yarrowii :}‘5&%5};5’33 0.002| 0.015| 0.211| 0.027| 0.199| 0.020| 0.001| 0.003| 0.010| 0.488| - 04| 32| 432| 54| 407 41| 01| o7 21| 100
156 |L. yarrowii NBRC 113986, 0.018| 0.080| 1.820| 0.056| 1.994| 0.401| 0.023| 0.019| 0.022| 4.432| 9.1 04| 18| 411| 13 450/ 90| o5/ 04 05 100
Ly Ir26AgDI3, 5G5M . . . . . . . . . . . . . . . . . : . .
157|L. yarrowii Ir37AgDr1, YM 0.002| 0.015| 0.206| 0.030| 0.213| 0.025| 0.001| 0.003| 0.013| 0.507| - 04| 29| 406 59 421| 49| o02| 06 25 100
158|L. yarrowii Ir37AgDr1, 5G65M | 0.013| 0.062| 1.103| 0.057| 1.240| 0.222| 0.014| 0.013| 0.015| 2.738| 5.4 05| 22| 403| 21| 453| 81| o5/ o5 06 100
159 |L. yarrowii Ir45GeDr1, YM 0.001| 0.016 0.146| 0.015| 0.144| 0.008| 0.000| 0.001| 0.008| 0.338| - 04| 46| 433 43| 426| 22/ 00| 03 23 100
160|L. yarrowii Ir45GeDr1, 5G5M | 0.012| 0.060| 1.147| 0.042| 1.246| 0.227| 0.014| 0.011] 0.014| 2.773| 8.2 04| 22| a14| 15| 450 82 05/ 04 05 100
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& 27. BimlEEEM Lipomyces BEBH#OEESITHEE

Fatty acid composition and amounts generated by isolates that produce large amounts of lipid.

L. okinawensis NBRC

L. starkeyi NBRC

L. spencermartinsiae

L. yarrowii NBRC

L. okinawensis NBRC

L. starkeyi NBRC

AVERAGE 113988 112483 111999 113986 113987 10381
Myristate, C14:0 0.02 0.01 0.02 0.02 0.02 0.02
Palmitoleate, C16:1 0.10 0.03 0.09 0.08 0.08 0.12
Palmitate, C16:0 1.78 1.23 1.57 1.82 1.49 1.33
Linoleate, C18:2 0.06 0.16 0.02 0.06 0.05 0.16
Oleate, C18:1 2.16 2.49 2.31 1.99 1.82 1.64
Stearate, C18:0 0.51 0.61 0.39 0.40 0.46 0.16
Arachidate, C20:0 0.02 0.05 0.02 0.02 0.02 0.01
Docosanoate, C22:0 0.03 0.04 0.02 0.02 0.02 0.01
Lignocerate, C24:0 0.03 0.05 0.03 0.02 0.03 0.02
Total 4.70 4.69 4.46 4.43 3.99 3.47
SD L. okinawensis NBRC L. starkeyi NBRC L. spencermartinsiae L. yarrowii NBRC L. okinawensis NBRC L. starkeyi NBRC
113988 112483 111999 113986 113987 10381
Myristate, C14:0 0.004 0.001 0.007 0.002 0.006 0.005
Palmitoleate, C16:1 0.012 0.005 0.014 0.003 0.026 0.020
Palmitate, C16:0 0.152 0.166 0.385 0.164 0.441 0.223
Linoleate, C18:2 0.005 0.020 0.001 0.004 0.013 0.052
Oleate, C18:1 0.032 0.476 0.232 0.083 0.599 0.054
Stearate, C18:0 0.014 0.094 0.054 0.046 0.129 0.016
Arachidate, C20:0 0.003 0.012 0.003 0.002 0.006 0.005
Docosanoate, C22:0 0.004 0.008 0.002 0.001 0.005 0.003
Lignocerate, C24:0 0.005 0.005 0.010 0.002 0.003 0.008
Total 0.190 0.783 0.673 0.286 1.215 0.384
Composition of FA L. okinawensis NBRC L. starkeyi NBRC L. spencermartinsiae L. yarrowii NBRC L. okinawensis NBRC L. starkeyi NBRC
113988 112483 111999 113986 113987 10381
Myristate, C14:0 0.43 0.21 0.45 0.45 0.50 0.58
Palmitoleate, C16:1 2.13 0.64 2.02 1.81 2.01 3.46
Palmitate, C16:0 37.87 26.23 35.20 41.08 37.34 38.33
Linoleate, C18:2 1.28 3.41 0.45 1.35 1.25 4.61
Oleate, C18:1 45.96 53.09 51.79 44.92 45.61 47.26
Stearate, C18:0 10.85 13.01 8.74 9.03 11.53 4.61
Arachidate, C20:0 0.43 1.07 0.45 0.45 0.50 0.29
Docosanoate, C22:0 0.64 0.85 0.45 0.45 0.50 0.29
Lignocerate, C24:0 0.64 1.07 0.67 0.45 0.75 0.58
Total 100.00 100.00 100.00 100.00 100.00 100.00
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¥BEERSEE (g/LiSth) RERGEE%ERE (%)
Wa, Ak O 2 4 6 0% 50% 100%

L. yamadae, 2 o 2 32 2 54 8
L. spencermartinsiae, 3 37 2 35 1 52 8l
L. okinawensis, 5 36
. I B 36 152 7
L. kononenkoae, 5 33
. i, 6 I— 2 41 2 45 8]
L. yarrowii, 6 30
Lipomyces L. mesembrius, 1 ————— 3,0 16735 683
ser_lsu - L. kockii, 1 mm— 2.4 2 32 4 53 7
stricto L. doorenjongii, 16 — 1 31 3053 1m
. / - 1 30 353 1m
L. starkeyi, 27 5.3
L. tetrasporus, 2 — 2 25 457291
- Hij I 4 32 3 54 6l
L. lipofer, 3 is
L. orientalis, 1 m—i.4 B 35 3mmmd9sl
_ L. chichibuensis, 3 w5 2 31 SEmmmSlmmEn7a
Myxozyma L. japonicus, 1 m 0.3 11 19 22 472000
DSRARF— L. yamanashiensis, 4 § 0.1 18713 29 m27em8u

JN—/ail TG4 9 N3 7anE x USDA National
L Nutrient Database

m SYURFM, C14.0 m/ULS RA L1 > f, Cl6:1
m JULSFHE, C16:0 1)/ — LBk C18:2

m AL B C18:1 m AT 7Y, C18:0

m P >FTEE, C20:.0 m AN, C22:0

m Uz B, C24:0

36. Lipomyces B&TEDIEERD & 14 LHARL (5G5M i)

WeREisER (g/LiSt) RERABERERE (%)
Ea, ks ° 2 4 6 0% 50% 100%
B L. yamadae, 2 Wi 5 B 38 8143 4R
L. spencermartinsiae, 3 B 34 2572 @
P s
L. okinawensis, 5 By, ® 33 4 52 50
L. kononenkoae, 5 m0.4 ® 36 3 52 A
L. yarrowii, 6 m0.4 ® 43 5042 @
Lipomyces L. mesembrius, 1 m 0.3 01T 28 15 momEsTD
sensu = L. kockii, 1 mm 0.5 @ 34 11l peedemnndd
stricto -
L. doorenjongii, 16 m 0.4 @ 34 70049 @
L. starkeyi, 27 ms:0.4 ® 33 Jooosnoo®
L. tetrasporus, 2 mm0.5 G 24 5063 B
L. lipofer, 3 m0.4 06 27  8mmmms4nnnn@R
L. orientalis, 1 0.3 6B 29 17 modg @
_ L. chichibuensis, 3 0.2 G 32 18 o R
Myxozyma L. japonicus, 1 0.2 1o 21 18 g7 R
— —
DS RAHT— L. yamanashiensis , 4 0.1 218 16 24 32 08
m Total
mSURFEE, C14:0 m/ULE b LB, C16:1
w JULEF B, C16:0 U/ —)LB% C18:2
mALr B ci18:1 m AF7USEE, C18:0
m FSFT2E, C20:0 AR, C22:0

m YT U, C24:0

37. Lipomyces BB EDIBHERD £ EME LR (YM i)
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(g/L media)
6

L. japonicus
L. kockii

L. lipofer

L. orientalis
L. starkeyi
L. yamadae
L. yarrowii

%)
32
=
L
£
@
(%]
[
1S
-

L. chichibuensis
L. doorenjongii
L. okinawensis

L. tetrasporus

©
S
=
[
]
<
S
S
<
-

L. spencermartinsiae
L. yamanashiensis

B 38. Lipomyces REBHEEOLIENREEE (FOITR)
Boxplot of total fatty acid produced by the Lipomyces strains isolated from locations in
Japan

Lipomyces sensu stricto 1%, 5G5M E5li TH:#E L7256, YM BEHLIZ T/ 30 X
F U (C16) . A LA v (C18:1) . AT 7 U Ui (C18) 1+ 2 m(zh
FI~T%H, ~11%H , ~T%H) TH 2D — 5T, U/ — AT 3 26 m (~13%
) Eleo7e (K36, 37) .

YM 55Tz L7254, M2 IaNICERE Lenizo, MO B E AR B
REBEL TS B2 biLd, — ., 5GEM BT, MARAICHNE 2 A L T
BT, AR OAEEEFH AL 2 R L T D 2 E DS ODEN E > T b &
BEZOND, OO & MIREIZ 31T 5 IRE OREMERMER N Be > T\ b
LEZ N5, L. japonicus & L. yamanashiensis DA L Cid, HIIRPNIZ TG
B L2 5GHM Bl & YM 5 TR 2E L 723556 CHEAESRL RIS E WITERD 5
otz (X 36, 37) .

B his & A 4 FEERED BERICDULNT

[El N DG AN 5 3Bl S 4v 5. L. starkeyi & L. doorenjongii O 2 FEIZ-OUWNT,

Mk ORI ER AL PE B & Lhl ot L= & 2 A, EmLdbodtsi & I n LR O E T

9% & R EE O CIRIIBRAE BN S VMEAICH D Z LR Sz (3K 28,

29, 39,40.41) , b 2FITHOWTIE, ABRFBUCE MG EERORRE 21T 5 %
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E. BREOENSFHIZBITAHEIEE 2 A HUK NS0T D 2 & T, mERTHITX
L2 ENHIFETE D,

= 28. [REAHLI=&MIBI#H+5 L. starkeyi B

Number of
location of strains isolated strains
analyzed

Hokkaido 4
North Yamagata 4

Niigata 4
Hyogo Hyogo 3

Yamaguchi 5
South )

Kagoshima 6
All All 26
(g/L media) L. starkeyi
5.0
4.5
4.0
g-g g.a

. X2,
25 - 1%2 4.6
2.0 18 .
1.5 2 §
1.0 ’ '7 E,38 1.0
0.0
(North)Hokkaido (North)Yamagata (North)Niigata Hyogo (South)Yamaguchi  (South)Kagoshima

B 39. HHUKITHITS L. starkeyi BEBHOKRIEEEE EE (FEUVITE)
Boxplot of total fatty acid produced by the Lipomyces starkeyi strains isolated
from locations in Japan
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% 29. lRE S LI-&HIgIZ# 145 L. doorenjongii BER#

Number of
Location of strains isolated strains
analyzed
Niigata 1
North )
Shizuoka 2
Hyogo Hyogo 3
Yamaguchi 3
South Kagoshima 5
I[riomote 1
All All 15
(9/L media) L. doorenjongii
4.0
35
) T3.
3.0 & > ¥ %25
x2.1 B
25 5385 —%—24
2.0 28
——17 . M 1.7
1.5 =<2 4 1.4
1.0
0.5
0.0 2
(North)Niigata (North)Shizuoka Hyogo (South)Yamaguchi  (South)Kagoshima (South)Okinawa

40. BHhi%(ZFH+5 L. doorenjongii BB OBIEBEEE FFOITHE)

Boxplot of total fatty acid produced by Lipomyces doorenjongii strains isolated from

locations in Japan
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L. starkeyi ¥ASEAER (g /L 15iH) BEBAERSERE (%)

Hhsh, SyATiRE O 2 4 6 0% 50% 100%
All, 26 _?2 1 29 3 53 11l
dkE8, 12 -ﬁ 2 31 a4 s0 @ 11k
86, 11 s 3.0 1 28 2 56 10k
L. doorenjongii $BREAKEL (g /L 1) REAGELFERR (%)
0 2 4 6 % % b
Hots, SYIFHRS 0% 50% 100%
All, 14 _2—3 1 3 3 53 10
iLE6, 3 1.6 1 30 3 55 120
s, 9 I 1 31 3 54 90
mSUXF B Cl4:0 m/ULE bAL B8, C16:1
JULSF >, C16:0 UJ—)Li§ C18:2
m AL B C18:1 m AT UMAE C18:0
m7SFS R, C20:0 m AN, C22:0

mUJ /U B, C24:0

B 41. Lipomyces starkeyi, Lipomyces doorenjongii M= &M 5> B+ D I8 BB D
AR

EHBBEERICOLNT

SHERRD O B mMIRAEEMEOFEE LT, BROAERT % 7 EAL 2067 (A7
25%) WOFE (A7 20 fZIC A DRBU 0T ikED) 1%, Lipomyces kononenkoae
(2/4) . Lipomyces okinawensis (4/4) . Lipomyces starkeyi (6/25) . Lipomyces
spencermartinsiae (2/2) . Lipomyces yarrowii (1/5) . Lipomyces doorenjongii
(2/15) ThH-7= (F26) ,

EWEPENE R IR LT B 5 BE (L. okinawensis NBRC 113987, L. okinawensis
NBRC 113988, L. starkeyi NBRC 112483, L. spencermartinsiae NBRC 111999,
L. yarrowiiNBRC 113986) 1% 4g/L UL EOAFEMZRL, XU F~—27 D L.
starkeyiNBRC 10381 L ¥ b mWHIEAELNRBO b (R27.842) . LLEOX
212, Lipomyces J& D H Tl AEEM: 2 A 9 2 8K(% Lipomyces sensu stricto (Zi%
TAHETHDE V) ZEDNRINTED, FREOHED mMAGAEEMEZRT H DO TiX N
ZEBWBMME ol TRDbOLASEEMIBAEND Lipomyces JE#K & BREEH 025 5y
BT D56, BEDOR LI S O Tlid7e <. Lipomyces sensu stricto 73 mHESR CToy i &
NDHH2H, 5 3 TR RO HEFELZ N— AL THlET 5 2 & T, il
atemiHEEEMMREBIS TE D Z LM TE %,

173



fissEE (g/UiSMH) BERGELAERE (%)
0 2 4 6 0% 50% 100%

37 1 4 120
38 1 4 11l

L. starkeyi NBRC 112483 —ﬁ

L. spencermartinsiae NBRC 111999 _?5

(R>FY—77) L. starkeyi NBRC 10381 _3 5 B 41 1 4 9pb
m SURF B, C14:0 w /VULE bAL A B8, Cc16:1
JUL=F B, C16:0 U_J—JLEE C18:2
m AL >/8% C18:1 m AT U, C18:0

m 7 5FTEE, C20:0 BB, C22:0
m U U ES, C24:0

42. FIR S MR R D ER £ EERR D AR I BR A EETE LB AL

G AR PEME & R UT= b RO Ay BiERR e OV F~— 27 ¥k NBRC 10381 (i2>W T, &
% D Lipomyces &% - EZER r— VOB EELY RIEZ T2 RAERE D=0, YPD
& 5GEM DAKFHINC 351T 2 BRI A 2 I U BEFR AR . PLISTREE (W), [ INIREH]
(TDIZOWTHHRTZE Z A, YPD Bl © L 0 BRI o 8 ICHISH 35 2 & 23380
bz (K43, 44, % 30.31) ,

KRR YPD B HIZ R 5 p K ONTd 1Zk DY, NBRC 111999 (u: 0.20/h, Td:
2.97h, R A 19~23h), NBRC 112483 (u: 0.19/h, Td: 3.46h, 552 R[4 5~
19h). NBRC 113986 (u: 0.20/h, Td: 3.63h, 53 H;[#147: 29~36h). NBRC 113987 (u:
0.18/h, Td: 3.43h, F5#EFFH#H;: 29~36h), NBRC 113988 (u: 0.19/h, Td: 3.76h, 553
HpfETHE: 19~23h), NBRC 10381 (u: 0.23/h, Td: 3.65h, 5575 F[##7: 19~23h),

F 72, YPD EiHiCHE3E L7354 48 e TR E D= HIciE 35—, 5G5M
T L7250 48 B S CIRERIICE 59 72~120 B, HAIC k- QEzh
IR & 72 %, Ml & Uik, YPD 48 BefEE#8 1 X - THGEI 5 Ml
5GHM 48 IFRIEFE DG LV 22~5. T THLH Z LITMA, S HITHEZRIT -
5G5M 240 B LV 1.4~28 %o 72,

PLEYPD KON 5G5M & W 7= BEDOEEEFE R 2B & 2 T, Lipomyces FERIRE D i
WIRHNEEPESRIFZE 2 D, £7T . BEHEE T, MZES 570 ER%
% < & YPD K52 C 48 WM FREERT R U BT & 70 2 & Cllasgii 2 D 5,
ZD#%. 5GEM DTS D—> T % Malt Extract o8 Z H.OMCHRINT 5 Z & T CIN
At s, WIEAEEDBEM (72 —X) (280 B2 Tl 7= v oiEEEE%
NS Z & CREOMIBAEENREIC /D B2 b5,

T 726, LipomycesBREIZAERE « PEE & U CTHIH ETHABAEFED 2 DD 7 = — AN
FELTEY, MEILLTELLL—FEELEITETEBTLTNDLZD, ZREN
DT = — R HEEHN R D Z & AWUNCHIH U, Sl A ES 2 sk at
%o AUBEBGHE & HAREE L TENENEEORMENH 0 | BN K% LD
T ORI THIE S, T O%RIEIE L - SIS 72 0 OMIRAEFEN I & e D SRIEICY)
DWERZ D Z LT, RDFEOMIBAEPEDFEBINAIHEIZ /e D L HIFFTX 5,
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1.E+08
—e—10381_5G5M

9.E+07 —6—111999 5G5M
8.E407 —0—112483_5G5M

113986_5G5M
—e—113987_5G5M
—e—113988_5G5M

7.E+07

6.E+07

5.E+07

4. E+07

3.E+07

2.E+07
1.E+07

0.E+00
0 50 100 150 200 250 300

X 43. EimiBEERDIEHERER (5G5M i)

2.E+08
—e—10381_YPD

2.E+08 = —e—111999 YPD
—o—112483_YPD

113986_YPD
1E+08  —*113987_YPD
—e—113988_YPD

2.E+08

1.E+08
1.E+08
8.E+07
6.E+07
4.E+07
2.E+07

0.E+00
0 20 40 60 80 100 120

44. =i £ EFR D ISTERR (YPD Hith)
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& 30. miHfE £ E# DAL (5G5M Hih)

Sample Cultivating time (h) Cell number SD
1| 10381_5G5M 0 5.02.E+06 2.52.E+05
2| 10381_5G5M 24 8.54.E+06 1.52.E+05
3| 10381_5G5M 48 1.81.E+07 1.44 E+05
4| 10381 _5G5M 72 3.95.E+07 9.34.E+05
5| 10381_5G5M 96 5.07.E+07 1.18.E+06
6 | 10381_5G5M 120 5.77.E+07 1.15.E+06
7 | 10381_5G5M 168 5.46.E+07 1.98.E+06
8 | 10381_5G5M 240 6.11.E+07 2.91.E+06
9] 111999 5G5M 0 4.37.E+06 1.57.E+05

10 | 111999 5G5M 24 9.78.E+06 3.48.E+05
11| 111999 5G5M 48 4.14 E+07 3.05.E+05
12 | 111999 5G5M 72 4.48.E+07 2.32.E+05
13 | 111999 5G5M 96 4.91.E+07 3.60.E+05
14 | 111999 5G5M 120 6.21.E+07 8.59.E+05
15| 111999 5G5M 168 8.33.E+07 1.53.E+06
16 | 111999 5G5M 240 8.84.E+07 4.01.E+06
17 | 112483 _5G5M 0 4.23.E+06 3.26.E+05
18 | 112483 _5G5M 24 5.41.E+06 2.25.E+05
19 | 112483 5G5M 48 2.24 E+07 7.67.E+05
20 | 112483 _5G5M 72 2.54 E+07 7.23.E+05
21| 112483 5G5M 96 2.33.E+07 5.53.E+05
22| 112483 5G5M 120 2.47 .E+07 4.54 E+05
23 | 112483 _5G5M 168 2.60.E+07 5.41.E+05
24 | 112483 5G5M 240 2.80.E+07 1.54.E+06
25| 113986_5G5M 0 4.85.E+06 2.64.E+05
26 | 113986_5G5M 24 5.60.E+06 1.94.E+05
27 | 113986_5G5M 48 1.91.E+07 3.32.E+05
28 | 113986_5G5M 72 2.41.E+07 3.23.E+05
29 | 113986_5G5M 96 2.71.E+07 4.49.E+05
30 | 113986_5G5M 120 3.61.E+07 6.32.E+05
31| 113986_5G5M 168 4.31.E+07 2.91.E+05
32 | 113986_5G5M 240 4.69.E+07 2.36.E+06
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33 | 113987_5G5M 0 4.20.E+06 5.73.E+05
34 | 113987_5G5M 24 7.17.E+06 9.85.E+05
35| 113987_5G5M 48 2.57.E+07 4.70.E+05
36 | 113987_5G5M 72 2.89.E+07 7.80.E+05
37 | 113987_5G5M 96 2.85.E+07 9.06.E+05
38 | 113987_5G5M 120 2.85.E+07 9.80.E+05
39 | 113987_5G5M 168 3.46.E+07 1.12.E+06
40 | 113987_5G5M 240 3.43.E+07 1.13.E+06
41 | 113988_5G5M 0 3.80.E+06 2.15.E+05
42 | 113988_5G5M 24 6.01.E+06 5.65.E+05
43 | 113988_5G5M 48 2.20.E+07 2.11.E+05
44 | 113988_5G5M 72 2.28.E+07 4.11.E+05
45 | 113988_5G5M 96 2.41.E+07 8.27.E+05
46 | 113988_5G5M 120 2.47.E+07 9.39.E+05
47 | 113988_5G5M 168 2.70.E+07 1.12.E+05
48 | 113988_5G5M 240 2.66.E+07 1.36.E+06
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R 31. B EHROMAL (YPD i)

Sample Cultivating time (h) Cell number SD
1|10381_YPD 0 4.52.E+05 3.88.E+04
2|10381_YPD 5 5.39.E+05 2.66.E+04
3] 10381_YPD 19 4.97.E+06 1.33.E+05
4| 10381_YPD 21 1.13.E+07 2.95.E+05
5110381 _YPD 23 1.27.E+07 2.95.E+05
6 | 10381_YPD 25 1.75.E+07 2.51.E+05
7 | 10381_YPD 27 2.51.E+07 6.16.E+05
8 | 10381_YPD 29 2.84.E+07 6.32.E+05
9 | 10381_YPD 36 8.45.E+07 6.12.E+05

10 | 10381_YPD 48 1.03.E+08 4.47 E+05
11| 10381_YPD 72 1.49.E+08 2.44 E+06
12 | 10381_YPD 96 1.73.E+08 3.00.E+06
13| 111999_YPD 0 6.71.E+05 1.02.E+05
14 | 111999 _YPD 5 1.19.E+06 1.26.E+05
15| 111999 YPD 19 1.96.E+07 4.02.E+05
16 | 111999 _YPD 21 2.68.E+07 6.54.E+05
17 | 111999 YPD 23 3.83.E+07 1.04.E+06
18 | 111999 _YPD 25 4.90.E+07 1.19.E+06
19| 111999 _YPD 27 6.43.E+07 1.92.E+06
20 | 111999 YPD 29 7.82.E+07 1.60.E+06
21| 111999 YPD 36 1.15.E+08 4.48.E+06
22 | 111999 YPD 48 1.24.E+08 1.21.E+06
23 | 111999 YPD 72 1.28.E+08 1.06.E+06
24 | 111999 YPD 96 1.55.E+08 1.50.E+06
25| 112483 YPD 3.47.E+05 6.86.E+04
26 | 112483 _YPD 5 4.82.E+05 6.28.E+04
27 | 112483 _YPD 19 3.37.E+06 4.62.E+05
28 | 112483 YPD 21 4.30.E+06 2.54.E+05
29 | 112483 _YPD 23 5.26.E+06 2.00.E+05
30 | 112483 YPD 25 7.21.E+06 2.08.E+05
31| 112483 _YPD 27 8.27.E+06 6.26.E+05
32 | 112483 _YPD 29 1.08.E+07 4.24 . E+05
33 |112483 YPD 36 4.09.E+07 9.67.E+05
34 | 112483 _YPD 48 4.82.E+07 9.32.E+05
35| 112483 YPD 72 8.82.E+07 2.31.E+06
36 | 112483_YPD 96 8.77.E+07 1.72.E+06
37 | 113986_YPD 0 4.48.E+05 7.37.E+04
38 | 113986_YPD 7.14.E+05 5.84.E+04
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39 | 113986_YPD 19 4.89.E+06 1.61.E+05
40 | 113986_YPD 21 7.37.E+06 1.60.E+05
41 | 113986_YPD 23 1.06.E+07 1.17.E+06
42 | 113986_YPD 25 1.41.E+07 4.09.E+05
43 | 113986_YPD 27 1.66.E+07 1.25.E+05
44 | 113986_YPD 29 2.11.E+07 8.37.E+05
45 | 113986_YPD 36 8.69.E+07 1.93.E+06
46 | 113986_YPD 48 1.04.E+08 1.72.E+06
47 | 113986_YPD 72 1.23.E+08 1.76.E+06
48 | 113986_YPD 96 1.32.E+08 1.26.E+06
49 | 113987_YPD 0 3.14.E+05 5.71.E+04
50 | 113987_YPD 8.11.E+05 5.95.E+04
51| 113987_YPD 19 1.14.E+07 5.00.E+05
52 | 113987_YPD 21 1.74.E+07 6.74.E+05
53 | 113987_YPD 23 2.39.E+07 1.51.E+06
54 | 113987_YPD 25 3.11.E+07 1.08.E+06
55 | 113987_YPD 27 3.57.E+07 7.71.E+05
56 | 113987_YPD 29 4.23.E+07 1.01.E+06
57 | 113987_YPD 36 6.85.E+07 7.05.E+05
58 | 113987_YPD 48 7.26.E+07 6.01.E+05
59 | 113987_YPD 72 7.83.E+07 9.66.E+05
60 | 113987_YPD 96 9.05.E+07 1.06.E+06
61 | 113988_YPD 2.92.E+05 1.66.E+04
62 | 113988_YPD 3.18.E+05 6.15.E+04
63 | 113988_YPD 19 5.46.E+06 2.41.E+05
64 | 113988_YPD 21 8.88.E+06 8.65.E+04
65 | 113988_YPD 23 1.17.E+07 5.10.E+05
66 | 113988_YPD 25 1.79.E+07 6.04.E+05
67 | 113988_YPD 27 2.37.E+07 2.79.E+05
68 | 113988_YPD 29 3.02.E+07 9.99.E+05
69 | 113988_YPD 36 6.77.E+07 8.80.E+05
70 | 113988_YPD 48 7.43.E+07 1.47.E+06
71| 113988_YPD 72 8.15.E+07 6.88.E+05
72 | 113988_YPD 96 7.70.E+07 5.26.E+05
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4—2. /NG

AWFGE T, EiMIEAEEMMEE A7 )V —= 0 I V&S 2 Z LA, @&Vl

BAFENEIL—E8D Lipomyces BFEIZIRET DI E D>, F 7o tilik & AG AL FEME D B
RYEOFEEIZONWT, 2O OREH R ZHET 5 2 2 B e L CHEER ST
% S5 U7z, Lipomyces J&DIMIEAPEZEtEd 25 5GHM B5ith & | BERE— %X DO E:EE Cff
a2 YM 5z VT, NEEERER VN CL BRIk 4 7= 0 ONEIABEEFE B ORI E
EITo 7o, ETAMIEOFIEICLY . REOEKIIK L TSP BB IEE O
HERABEHA AR M OVEEBED DT 21T O 2 E N TE 5720, YEERTIEOFRAMEZ R
ZENTET,

REMGER AT DRGSR, AL TR L7825 . Lipomyces sensu stricto (2%

?‘51‘%75‘3@5%@733%@? EXHTAHZ LN RSN, £O—J7 T, Myxozyma 7 7 A

—IZY T HREICONTIX, JFEDERE - EEPBO T, B OAERIT
L1p0myces sensu stricto £ ¥ HEAE ITIRWZ &2 5 M2 LTz, Lipomyces sensu
stricto X FEFHIFIEIC L > THIW T2 Z LN TE L7280, MABEX~OICHIZIERS
T HMIBAEERE ORI ZTWEHIZHBITX 5 &0 9, _ﬂ”bi THR DD - [FE
O HENZH&AE LU O BN TIEO B EM: - GHAMA R TEERFEEL VL
%,

MEIIEEHAR IS, A LA 8 (C18:1) | I F Uk (C16) . AT T Y Uk

(C18) . /X hLA U (C16:1) . U/ —ilig (C18:2) DIETEYMHM TH -
7

L starkeyi &\ L. doorenjongjj (ZBWNT, FrEfEHieg & G A PEME AR R 23 2 &

. FEVSE O IBEAEFERNEVME N S o7, T D=8 EFL 2 IOV T, 4
?&ﬂ@ﬁf_ iR AR iﬁ%%?ﬁ:ﬁﬁ‘é%/ﬁ\ ENIZBW T OFEIR & 72 5 Hlg T o
BEZAT O &, mMIEAENR LT mERCTER T2 NIfFTE D,

Flft & AR A EENE & O BRI & L CiX. L. kononenkoae, L. okinawensis, L.
starkeyi. L. spencermartinsiae. L. yarrowii, L. doorenjongii C=ilfg EFERKNS
<EOLNAMAR DT, £, mMIEEEMRD EAL 58k (L. okinawensis NBRC
113987, NBRC 113988, L. starkeyi NBRC 112483, L. spencermartinsiae NBRC
111999, L. yarrowii NBRC 113986) (X, N> F~—7#R I 0 b EmWBIEEREDTE D
bile, LED X S, Lipomyces BEEEED 9 B Lipomyces sensu stricto (Z5%% 79 %
FERMAEDAFEMEEZ /T DL OO, FrEDORN EMIEAEEEZ AT 5 Tl
WO ZEDRH LD &fﬁoto OO EMIRAEEEOER & L TiX, L starkeyi KT}
L. doorenjongii ® X 512, 4B S 5 Hl-CBREE S, MABAEMICEE L 52 5 &
ITEBLEXLRD,

A7 58k YPD, 5GBEM E5HuESHE T K - CHIGE AR & fF NI 2 84 U 7255 R
W@%%Tﬁ&%Mi@%@%%T%&Eﬂﬁﬁfé:Eﬁﬂ%?%é:kﬁ%é
iz, REEYIMIEBEIZHB W T YPD i%ﬂﬁ“(“ﬁﬁfhﬁ%%ﬁ/a 72212, 5GHM HiHfiz
#aF 721X Malt extract Z I3 2WINEEEREZ1T 95 2 & T, AfuHEsE & HBEEEFK@7 -
— AKX EITO Z LIS D @R MIRAEENATRRIC R D EE 2 bbb, Fio,
5G5M B O Z DWW T, BRRELR D720, %ﬂ%ﬂ%ﬁiﬂ’ﬂ%’lfc O DRENGR A PE &
EHIRES 7 o> T T, HIBAEEN S W ISHIRRER DD 7 VRS, E O DR ST A
2 G O DOWNRAEEN DV IRVENFIET D5 2 EBRBE NIz, ZORERE ., HE
DOEWERIZK LT, B rESINIC LV REEELMRT L O KR 5 2
R0, AR 72 0 OREMIEREFER DL VERICK LTI, KV MR Z D 5 2 &R0
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BEEASEDLEREIT) 2 LT, BReMIBAEERZERT 2 Z E AT
% s
DlED X iz, BB EEREE T O AWED 2 507 70 —F T, &EHELR
TR PE L NG PERE~DIGH A RIS D Z ENAEICRD EEZDBNRD,

E7-. HIEAEEICHW DR OWTIE, X2l boa2FHTEnIE., paE
FIHOERBAREMNZEH D ZENTE D, 20D, BHE THIUIFEFEL S TL
FOLRMIp N A A~ AERHT D ENRTENIXT A SNORVHAEAEPENFTRE & 72
bo T2B. WEERRO TR CHEE L ERRITENTZ RO W DT, 3o 4~ AHSEREHT
%< G ENDHRFED D-Xylose SR MFEFD T HIEENDT T U EEILTED D
L ERREHR LTS,

ZOIFFEIZ L - TH LIV B IE A FEMERE RIS X, NBRC VT v —a L7 g
NIFREL, ¥, RFEOMREZE I AR LTS (323, 26,
27.® 42) , Lipomyces JEBEERIFTE 3 A, TEREH AR O AR PEE A~ DG 23 EHL
SNHZ EEWIFFLTWD,
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WIE - R E R

‘_Illl-

AL, WMIBERE~OEERZ B5 L. HEES LS OMIE ORI & L THifF S
5 MIREERE Lipomyces JBIZ 2T, K& 3ITTLUUTFD 2 8% HIE L CTHIEZ1T
277,

D&MD 72 5O MR I\ T, #7212 Lipomyces JBIEREZ ¥R Z2 55 BE L TVl
BAFERE 2 A T DM IR Z ST 5 2 L,
QBRI L > THONTROSIETFRIMIT EIRE ST 2179 Z L2k v, DEEO

Bl & IR AEPERE DO BRI DWW T RE R 21TV, ZOER & L CaxBE x5

i Lipomycetaceae FIFE R ORRR 72 MG EER AR T 5 2 &,

TFRLO & BV K ETENLI Lipomycetaceae FHFERE O3S, EREFEN, TR
HEFEIZOWTHIE L, FAEOBBREZIA SN L, £7=. Lipomyces JBWFFEHERED 728
DIERER S FEF R AR L, MEWEIRORIH O 80 GIRALE E Z MR E
MR iE & PEER A~ R E B LT,

¥2E Lipomyces REROSEZNHE

> D RAREENTIZ XV Lipomyces J& 2 Fi L. kononenkoae, L. spencermartinsiae O
A TEROBE D0 ORBEMNHA Liz72, ABMHRRERC DNA FH[FEMERER 2
X0, ELWEA THEBERLILVFYy—al 7 a bRl LT, Flims
LTHETHZEICED, oA Fr—aL s a /BT 5, HRORE LR
1Thiv, ELWH A THREAB &7z, ZHUZ LY. Lipomyces J& D rEFEF] T
FENCBIT DEERMEM LD, FHEEDFZ A TR, ELWVIREE TR I
5HZ &7 Lipomyces J& D Mg 7 MR AEFEEE~DEMND 5% & bHIfFTX
HE Ol

> HHLD Lipomycetaceae BRI DRFR ZAT o T/, HARMND 1146 Bk, 1 > KX
TG 29Kk EyBEL . Z O C Lipomyces & 18 F (4= 31 f&) (Lipomyces
sensu stricto: 4 f [66 ££], Myxozyma 7 7 A% —: 14 % [54 #£]) . Babjevia J& 2
i[5 KRIOFHEN S DAL, AR 20 EORHE 21T > 7=, Lipomyces J& DAERLFEIZ D
WX 1946 FE1Z L. starkeyi 31O TR ST B AN Z MG 5 £ T 13
I E-TWe b 2 A, 31FEL 0D F TRIBRIEMIAE LT,

> Lipomycetaceae FHEERE D3 FEO AIE L 1T\, Dipodascopsis J&WN T 1-F 1%
BEAPUTIER T 2 &V D 3T 2 /RHANTHN. LT 7 v —TF 2 2L
2o ZDTN—TFITOWTHUY] Babjevia anomala & L CTREINTW=FEZ G A
TW=Z & D Babjevia B OFE#E #E1E (emendation) L. ZyBEks S 2 Fifdi%
2R3 5 Z & T Babjevia J& D1EIE & Dipodascopsis J& DEEPL#1T > 7=,

> TEF1EETFZ2 W0 RMmic Lo BuE B o@mzh372 08, [FEN FT6E
b EERLIZ,
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#3E Lipomyces REBOABFNHR

> % 2 F T8 L7c Lipomycetaceae FHEREEF 1146 # (N, Lipomyces sensu

stricto 984 ¥&. Myxozyma 7 7 A% — 162 ¥&) (DWW T, ZDMEDOHERIZ DOV
Sy BERL O F AL 5 T D 53 A5 D R BT LT, BRI Lipomyces sensu

stricto 2% 86%% (58, L. starkeyi M LB B LS E TOENKEHBZIZHBIT 5
BEETH-T=, —J7, WRIEEERE TR, L starkeyz T2 5 %ﬁéﬂ’b@‘ L.
yarrowil WMEFETH 7=, F£7o. L. yarrowirlx, FEWRELILTIE 1 ¥ b 0Bk =
Nighotz, £, Bt 2 MICHWCESEE Tt S D L. chichibuensis S Y
L. doorenjongii DFEZATIX, EEALE- L O, FB-H ORI 725 72,

> [ENFESARE & AEFTIRERBROEENS . Lipomyces J& X HK O K ECKIED
RO EE 525 Z L2z, FUENIZEWTH koK Iz rﬁﬁﬁbf_
RN LTS E W) ZENBHLMNE T,

> FHERODBECENTHEONZMIT24FETHY, EMSHHESILD 30FED S
1510 80%(&;0710 ENTERRER Sz oix, AARSIESFEILIZE AR
ARS8 CHyBlE U 7= Mg Il 2 O AL & BB i 2 Gl sy, dEVE O MBI e R B E
T %*%fiﬁ@k/ﬁﬁ\ FINDITE D BRI EPFEL TNDTeHOTHDH EE X
bivs,

$4E Lipomyces REBH BEHROMIEEL

> [ENDEEE A RICMIREAEERZRIET 2 &, WIREEREIZINT
Lipomyeces sensu stricto (Zi% 7 kA3, BERFL R OVARBFE T O 8l 2 5
O CHERMIEAERE AT L2 %O TR S, L LTE L
kononenkoae, L. okinawensis. L. starkeyi, L. spencermartinsiae, L.
yarrowii, L. doorenjongii CrRjillEAEENFRD L HERNH -T2,

» Lipomyces starkeyi & szomyces doorenjongii ® 2 FEIZISUNT, &40 Bk HH >k
DBEERZ T LIzl 2 A, SBEMSDS FERER O MNR AEPERBIC B A2 5 2 5 W RelE
D FENTE S F, EE%U\FE“C THES T ERRIE, SOEIRCAE OB S ek L D
%_)\ J:Dlﬁb\/ﬁﬂﬂ 75_’75'?‘57 fii))}bé kﬁ)um?fbfoﬂto

> mMIEEED BT 5 1‘515 (L. starkeyi NBRC 112483, L. okinawensis NBRC
113987, 113988, L. spencermartinsiae NBRC 111999, L. yarrowii NBRC
113986) 1L, X F~—IfkTH D L. starkeyi NBRC 10381 LV & &\ iENIEE
ARENRD bz, %A NN— AR E L COFHARIRFIN D,

)

EILI

i

2 BABESROMRAT & 5 4 FEARE 0TI . WMIEEPERE AR 9 % Lipomyces J&I#%
BEX Lipomyces sensu strict IZ[R 505 Z k 75)’3)? Hnkrote, —F, MIGEPERE
H I 72\ Myxozyma 7 7 A% —\Z 8 £ % Lipomyces JBHRE b IAAET D729, il
HEPEICHEA T & % Lipomyces E@%l@ﬁi@&%ﬂi IRALEHRLIBENRH D 712?') 514
I% Lipomyces sensu stricto fE DA% Lipomyces g & L., Myxozyma 7 7 A% —|3E
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BORBITH L L THfEFEN R EZT 52 b EE 2 b5, L,
Myxozyma 7 7 A X —350 12 EICB W TEERRFETHA SN TS Z 25
METRSTNDN, WHE S SRR T2 D RBREREOE MRS O RBINER TIIH
MR I N—T 352 3L, 7/ AL~V TOFSEICEVERORE L LT
FHL TV ZEnkvbND,

% 3 mAREEAUMENT & 5 4 IRE M1 2 L - T, L. starkeyi, L. doorenjongii O 2
FEIZIRBW T, Bk & iR ERE I —E DM N W TE Sz, T7obbEND
LV O CEMIEEFERZ SR T CEX A Z LR INT, ZD7H, K
WF9E D 57 BiEVE C Lipomyces BFEARE DS @R CTHBES LA Z LI A, BfaFHEEEES
fEpric kv, REIZFET DI ENTE LD, AMREOERFIEZH VNS Z LITX
0. Bl mIE AR ER MR T BT S Z E I TE D,

54 FIRESITIC LD, XUF~—2 8k L. starkeyi NBRC 10381 L V) @\ A
PEVEZ AT DR EEEEUS Lz, ZOHRITIIARME TR R LI2HHE L. okinawensis O
HEET, ZALOEKIEINBRC WLF v —aL s v a /%L, MIREE~DF
TEHZRET D 7-OIR —RICHHERD Kol Lz, 5%, ZIH6DKRIZHOWT,
HIE E IR AERLZ S DICEO LT ORI FREFZITH 2 LI Z, HEhE L A
EFED T = — RGP E DR BRI R 21T . ThbbBFEEEAE T vk
AWEE N 20DT T —FIZL - T, LY EERMIBEENYIFTE 5,

EHAEAEEERE (4g/ L/ 10 days) &/X—2A3H (3700 kg / 10000 m2 / year) & CTHEPE
HALEE S0 OWMIEOAPERZ i35 & B EEEREMAEIX 395 (5L LD PER)
BLpD, N—AWTEREm, e CREZRA TS Z LIz, EOEEEN
SRFTBIZIE SN TN D E Wbl TV 5, HREEMIC L AMIE CHEET X TEIEI O
TIE72 <, RIESHWIN E R E DR B L 2 T I W EMFE D ATRE R RB X — Al &
L. Lipomyces J&BEFHMAG OMAGEER ~DOUIEGOERBSHHIF SN TNDH & Z
ATHDHN, AR THEWMEIRO S O RENER I N EE L2 bND,
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R

AWFROERIZHT-0 |, FRRERT KEHE (RPSZATEIE N BB g
e HES) BRI JeE M OY, RNIATEOE N LA R EL I AR S A AT
Juy—trg— BFEZEE IR EF ELEXD . RO FmMICET 2 ZRES
BFEE~DOMXOBFRICBWTEHEELRIYS 2BV £ L, ZZIEHOEELRLE
7
ENZRFIEN IWBLRFERFPE EY LR EMEE ARREE TR RE FX
TN BIL, BFEICIED Lipomyces BHWIFEDHZE « -~ AF L L THEFICHERER
CER - ZBIEA2WY ., £7- L okinawensis & L. yamanashiensis O FTHE L #E iR L D
TERIC I W T ILRIFFED EN i TIZHERSEDL Z LA TS, REBIGEERICZRY £L
7o G L LT ET,

A v KRR T PEFFEIERE L. maratuensis, L. tropicalis, L. kalimantanensis D7/
HiE & FoHGR U 1T, HIERBURGR R S E R R R 5 ) 7 e 7 F A (SATREPS)
DO FHXDO—BE L THEMLE LT,

AWFFRIEL, IRSIATEOEN RGN SRS A 47 7 /e o —k 2 —ZB1T
L. BERAAMAEMORE T EEO—BRE L TEMLUE Lz, AFEOFEICH T
D, BRI HMSIATEOE N B EHI BN SRR A AT oY —k X — AW
BIRFRREROER LV REZ S O ZHERTR— F2Wieid&E Lz, ZIIE
SEGHHR L BT ET,

WEIZ, FARLEELDDITHTEY, FOREEFHIUER T ITHEENZEW - H
EERFICHAMR SRS ORI ERR IR thia] Jokd b RAGE TS FiE
WERERR N B RAICEEILR L BT ET,
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C |
MBS Lipomyces RO 5YHE + ERBZEHITTI R OMIR AL BEIC V) 7o SRR 22

BIE F W

WAL, M3 O HRT DI E 7V | Y U= AT VEEA Lz rENRE
EERDETDHEEMTHY ., TOERAEFEDE L CR—AH, KEH, Zeiziih%
N5, BERMITHEE LTORMAR, BAl - A - FHESLISINZ, A e 25
AR LA & W o T TE B OERICFIH SN TS, HIEOFIAIX, R
DO NN X 50, A G LWkt TRe 226k & L CoF A8 L
T, A%LFEIIEE VI TN bDEZ X N5,

RIS 1T DhEIM AR PE B, —MRAERITEN A AR 23 & % & 2019/20 4RI
28854 5 hTHY, TEITHIM UELT TWD, UL, EIEwHEE:IC X 2 g
APEIL, BIEHIOBARRHOID 0 BEFT HIZE DN TN D Enbi TV D Z &2
Z\ BEED D REWRERIZL D MEEIZL - T, BEMRAEFESCTTEHIIRINT
572 OEPEITEE LUVIRILIC S B,

DLED X 91z, N—AMEZILI U & T 5 HREYRRE DA O AFEN TR R &
NTWNWBHLEZATHY, ZOHTHAEMZ L AHMIBEREICIERERNEE > TWND, L
L. MAEMIC X 2 MAEAEMZEI IR RO MARHEIR & L TE < 2 ofThbihv T
TIEWD b DD, ZDHOIEH O ity RSB BIC X D REDOREIZLY,
BE A PEPTREZR IR EM SR DIMIB I L » TIFEN @M 2 T L E > =R H Y |
FRIIHARRE DA PET D X O 72 IUHHAR DR A EIC BT 2 AEMAF R I T K & 7e e
IZRLATHR,

INET, MBEANICRY T Uk — (TG) THR SN D2 B4 5m
fEEEREE LTIV O BN TR Y . Lipomyces 1% DRFE 2 BERED—>TH
%, Lipomyces J&IEREDNEAT DR OBV TR O P L Tk
0. BB N— Ao L L TORMABHFRF I TS, Lipomyces JEFERHT
T TIC TEMBIEEEDR T SN TV DR FEL TWD 00, EEORNMIEAE
FETHZENHLNTEY, £7o, &KMIEEZARE - EE LW LFET 5720,
AJEOMIBAEFEREIIOEFUTIZE A ED o> Ty,

2 TCEHIX. ENINEL Y Lipomyces J& % 280500 Uy B IEIT 247 9 2 & T,
Lipomyces J& & iT#% )@ % & 1 Lipomycetaceae FHEERED F3¥EF ) kM 2 B & vz
L. ZERESEROOT LIS 21T 5 = L2 & v . Lipomycetaceae FHEERF O iis A FERE
FS1ofEm OfE & mARAEFERR D A A, A% BN LT 2 AR O FFEIT RS
TR FEE~OMIEDOBAGDSFTHE & 72 2 MIBEERHC DWW TR ZITH) 2 & & L,

% 2% Lipomyces REERE D5y HE & 53 B FHIBFSE
2. 1. Lipomyces J& DR EFHINIER
Lipomyces J&I% X Lipomycetaceae FHZJ& L. Z OFHNIIX Dipodascopsis J& .
Kawasakia J&. Kockiozyma J&. Limtongia)g&. Myxozyma @3B L TW\W5, Zilh
D 5B, Dipodascopsis J&. Lipomyces J§. Myxozyma J&® 3 BIX TN ZENE R %
TERE T Lipomycetaceae FIN TIRIEL T\ 5, FEOFBIILLTO®EY TH D,
Lipomyces J&IZHIENIZHEZEE L. BRELOFEMROFEPIZEE, /%,
FER DO FEha 14 4 - 20 [HRRERKRT 5. Myxozyma J&13 Lipomyces J& O A AL
EZEZOLNTNDH OO, MABEFEMENFED BTV D FERITHE STV,
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F2 ZORBITEREEE - FHE - e FROWRETIC L S 1 EfE 1 24 ORI (CE
MATEDOFEIL) 1I2H5E 2013 0 b4 OBSEMER T 5 Lipomyces JBIZZE 3~
X LT o TV D T=DIMARAEFE L 72\ Lipomyces JEBFENHENNT 2 IRIUIZH 5,
Dipodascopsis J@1XAF R MR L, BEWHGEE (BHIK : Acicular) OFEDOH|Z 4-
120 fHOERIE, FaHR, Bl o722 PkT 5,

PLED XS IZRBMERNB R D 7V —TDRIEL CND Z e h, B MIEARE
REZ A DEFRED T &N D 1= OI213 Lipomyces J& D3 FASFHIEINLE L B X
iz,

Lipomycetaceae FtW Thy 1R fi#iT 247 9 & . Lipomyces BT\ Tlk, FVEFRE
Lipomyces starkeyi % H.[> & U7z Lipomyces JEDFH N LD H—D 7 L— K (LI,
YT L— NI T DR E DO I NV—T %2 FED Lipomyces JEI#FEE LT

[ Lipomyces sensu stricto] &FES, ) BFEL, WIREENM OGN TWAREIZIZ O
7 L— RNIZEEND (Lipomyces JBDETFR L 72 Hic#kic b produce lipid globule |
EbHD) .

WIZZ D7 L— RICE S W TR & 4 - $T 2 Lo wmEiEswy (BUF,
Lipomyces sensu stricto LIS D Lipomyces J&IEREC% O 7 )v—"7"% [ Myxozyma 7
T AL —| LWES) , F£7-. Lipomyces sensu stricto [ZFTE T DR 11X, Urix/sBE
RIZH D | BRI BICHV B 5 26S rDNA TIEEBIDEE L WIGERH 5,
Z D728 Lipomyces D7 FAIZEB W TIE, K VMMBENEWZ LRI TV HER
¥ Translation Elongation Factor 1a (TEFI) NHAWGLILTWD, D7 bARMZEIC
BWTHZOANEZMER L., i 2 EE B IERS 2 M L. BRRD O
W BE LR ORIE & AT 2 & LT,

2. 2. Lipomyces BEERFD53BEL FREDER
AWFIEIZI1T D Lipomyces J& D4y BEIZ 7= - CTlid, =RV ZHIMR L 755 Hh
(Nitrogen Depleted Medium, NDM) % f\ 7=, Lipomycetaceae FHFEREIL, FERIT
BENOIMMEDOER TAEBARETL A NROav=—%FKT 57T, O
FRRIRE TR TE vy, FERIT/N S e an =—0/MOESR LR TE 20,
ZD7- NDM 5% H\ D Z & T Lipomyces JEEERE & N3R5 BET 2 F N A[HET
b5,
HAREA LV KRRV TIZBIT 5 0BEORER. 26S rDNA KON TEF1 #1512 L5501
RAIENTIC X o T, 24BiERR 1175 BkDWN. Lipomyces sensu stricto [ZFTE T 5 4
(66 £k) & Myxozyma 77 7 A% — (Lipomyces sensu stricto LAZ+ D Lipomyces &)
WCFTE T 5H 14 (54 8K) 2, FECTH L Z ENHH L7290, AFF 18 MO
EEAToT2,

PUFIZo B LT B0 24 2 5IFL3 2 (FRINN « BEYERR [& A 77 i SER] o0 55 Bife Hh
) .

Lipomyces sensu stricto (ZPT)& 9 % 4 # . Lipomyces chichibuensis (57BfEH : £
EIRFRAEE MW, LLTF) | Lipomyces maratuensis (4> X T WU~ X
MW~7F =27 8) . Lipomyces tropicalis (X Lipomyces okinawensis (J9# R4 5
/34 G 7V

Myxozyma 7 7 A% —\ZFT)& 35 14 # : Lipomyces kalimantanensis (A > K%
VT Y~ K k) . Lipomyces yamanashiensis (LA FFFT) |, Lipomyces
melibiosiraffinosiphilus (UL T TEERNS)IT) | Lipomyces chibensis, Lipomyces
kamogawensis, Lipomyces amatsuensis, Lipomyces kiyosumicus, Lipomyces
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taketomicus (VL T#HBIRPESRE) | Lipomyces yaeyamensis, Lipomyces
nakamensis, Lipomyces haiminakanus, Lipomyces iriomotensis, Lipomyces
komiensis . () Lipomyces sakishimensis,

723, Lipomyces sensu stricto ([ZFTET % 4 FEIZ-OV Tl Lipomyces J& DL
XD EF Y A MENICERE T 2 E R I N, TSR LT, Myxozyma 7 7
AL —ZFTBT % 14 FfEICHE O SEITRD bRd oo, AWFIET Lipomyces J&
FERE ORI 2 RIE 2N (12 FE—-30 f) I W70 B TH TR 217V Bk
DFAEE 24T - 12K 8. Lipomyces sensu stricto NARER—>D 7 L— R&ETERL L.
Ho, 207 b—RIZRT 2T T X THELMRNICEE T2 L 2R LT, £
T, Myxozyma 7 7 A% —IZPT@T 2FI%, WEZEE L2V LR S
. DHEFERMITIC L VRSN D 7 Vv—T L WERT D 7V —T N —ET 5
ZEEHDTRLE,

BEH1 D Dipodascopsis J& I TARRPNIZ I 2 2k L 72wy, 2007 4 Kurtzman 512 &
- TATDi 7z Lipomycetaceae FEER: D3 FHIC B 2478 Tld, Dipodascopsis J& 13
RKEL 2ODFRMITHIDNDLD, FEOIENFERRTH DL Z ENBRE LIV THITT
WR\, 722 L, ZORBICIIBAEAREZER L, RIRTFEEZERT S L0 D
Dipodascopsis & Lipomyces O g DIE Z K> Z & TH ) Babjevia Jg & L THz
R STz Dipodascopsis anomala 733 £40 TV 5, AWFZE CALHEE S BB 0 LHED
5578 U 7= Dipodascopsis sp. Fr16AI3M #k & | Dipodascopsis sp.Fr2Arbs #1353 1%
MIEATIZ LD 2D D. anomala (2t CThH 5 Z EMALMMNE /o7, S HIZ, D.
anomala DFED % A 7 3D NBRC 10400 % & 7= 3 #Ri%. AE AN T2l
T DLV OB TITROONRWEEEZATLHZ 2L, 2
D7=8. D. anomala % % %)0 Babjevia J&Dic# D& E (Emendation) #17-7- E
TR (BIE) L. AWML > THE O 4 ¥k% Babjevia @D 2 it & LT,
Babjevia hyphasca }x () Babjevia hyphoforaminiformans % #£%& L7-,

UL ED BRI LV . Lipomyces J@&IERED 5350 - [RIE D 72 D O mifif g L D&
e LT TEFI N AN THDL Z xR, Ziva AW TREG - ORIZ 2% - [E
WCHIAH RS Z b Z2m LT, 2, ERNAOZHO BRI LY 2< 0
Lipomycetaceae FHERHA % 77 Bl Uy FEF A0 IR 2 S50E U 725 %, Lipomyces J& 18 fi
DOFFEEI R L=, & 512, Dipodascopsis BIZE & HTW= D. anomala %
Babjevialg & L CHLE L, TORBOMELZHAMKICTHZ &I2k 0, DBEED
Babjevia J& 2 EOFE A IRE LT,

% 3% Lipomyces BEER D LRI
3. 1. BAREW® Lipomyces BB D AARAE

Lipomycetaceae ¥+, ¢\ Lipomyces BRI LN OB SN D08, L)L D
S BE T B A K OWFFEIE B REN Z2 & ORI A 720, [ENORIIE TR
DNELTR DRk 2 7o fiis (11 Hudsk « Aty E BEP . ALRT. IR RS T, R IR R
M, BEREACH, TR, S RER T, ERB AT, (o R - AE
M, BRIV R, WRIRIERE) OBNED L) D Lipomyces JEEFRED 4rHfE &
ZDIREZATV, T 2 A L7z,

ARG CIIHER Bk s D Lipomyces J& 30 FEIZ kL., 24 FE (80%) M /yHfE X
Nz, ZORERNOARBEEIX. Lipomyces J&DFE3 A OFHAIZHE LTV 5 Z &2
Z. BRIIRKBOEDOZEMENE N2 E 2R LT, £, DBERICXT3 5B PERE
%H 4 % Lipomyces sensu stricto [ZFTE T D EERIEOEIA1X 86% (984/1146 #k) T
HY . NDM 52 W5 Z & CTHARAEER L SR Tl cE 2 2 L 2l LT,
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fAICOW T, BIRERUACTHEE S D Lipomycetaceae FHEERED 60-95%
DS L. starkeyl ThHho7-Z L n, ORI, KoBEikd Lipomycetaceae FIHEREIZ
BIFH2EEFEEBS 2 N, 2O T, WBRERE T, L starkeyi H3 4 < 535
ST, L. yarrowii i b S THOBES =729 (T3/114 8K, 64%) . FAREICZE
FHEEFCTH T, . AWML CTIL L. yarrowin X765 55 LAAN 0 Hitil /s & 1357 B
ATV,

FEVR SR LIAb D 182 31F 5, L. starkeyi DI OFEIZHOWTIE, B E R TIL,
L. chichibuensis 7% L. starkeyi (66%) 2k < 34%., ERIIAT T, L
yamanashiensis )3 L. starkeyi (80%) 2% < 18.0%. LM R#kH - AETCIL, L.
doorenjongii 78 L. starkeyi (60%) 2k < 38%. PiF 5 ClL, L. yarrowil (64.0%)
MEEFET, IR\ T L. doorenjongii ¥ 12% T -7z,

TR DAEBIREICOW TR L 2 A, L starkeyi \IZHOW T, G THIHE
BEFPED 10 KD 9 H 2 ¥k (20%., Fr20GeDr4 . Fr23AgDr5) 73 30 °C TOAEB NS
ieino T (HUEPE OREIT 30 °C CTHEEFHE) o L. doorenjongii (Z-OUNT 12 KD
95 4 ¥k (33%, Ir38AgDI1, Ir39GeDrl, Ir40AgDr1, Ir44GeDI11) 7% 10 °C THEB L 72
WIEE L ABRE» o7, Thid, HllkOREICOWT, RS ORKIEEN
11 °CRETHLIDICx LT, BREDALIX, KA TLLTFOIRE &5 2 LB [EFED
RIZA OO BEE 52 TnWb EE2x N, ZOX ) BRBZIL, L yarrowil \[Z30)>
TITFFIZHAE TH Y 5 Kk 4 £k (80%, Ir9AgDr1-1, Ir19-2ADI2, Ir26AgDr3,
Ir37AgDr1) 28 10 °C TAEF LW UTE L AEABER BN -T2, TOTD, K[UENRZ
OENEREUAL TR DS TV eWFRKDO—>2 & L TEZ LI,

SO ERDIEY L. starkeyi IOV TlE, 30 °C THEEB LRWKENFIET 70Dkt
BRI COAEF Zifte Z ENEE S, BREO TR CIX, L yarrowii O 573
KV BRBEICH)S LTohE R, L. starkeyi D3RO T/OEL L 70 0 RBFZE TIIpBES L2 »
TebDEEZ b,

PLEOREGARCABIRERER O RN G, HillkOXUEIT Lipomyces J& IR DOFE Sy
MICHEE B2 D072 6T, KUV TARBIREICEEL B2 TOWHAREEZ R L
Teo ETo, AW THBELZEERRIX, RIUCETH-> THAFTREICHK L~V TEHER
MR DZENHLNE ST, ZORRIL, AR CHT DEERIAERIRE DA T
T, SRR EET LI EE2RBTHHDEVR D,

¥4 FE Lipomyces JBEERTBERR DIMAGEPERE

MWHRPEEE~DICH Z W % 08 U7- Lipomyces J&B RO MR AERERE 21T -
7=

Lipomyces & RO AFEOFHMIZIZ, Z7Vva—X vV ZFXFANT 7 M a4
5% e 5BGHM ¥t A v, MIE A AT DRI O ER 2 /oHr L, FERINC i L
72 Lipomyrces sensu stricto (ZFT/ET DN RIEH -V 1 g/l UL ORI A& PENE
R LTIcDIZkE L, Myxozyma 7 7 A2 —IZfilgs 5 CToh % L. japonicus KN L.
yamanashiensis Ti%, 0.1~0.3 g/LFEEDAEFEETH D . mWHAGEENMEITRRD b1
RinoTl,

NEWIMEAERR T, LT D X 5127257z,

Lipomyces sensu stricto :

Lipomyces sensu stricto OFRITHIFLNIZ I 2 R L, BEIRRENIEE ORBUITA L A
VB2 C18:1 (33.3-57.4%) . /I F U C16 (27-41%) . A7 7 U Uk C18 (4.8
11.5%) . U/ LR C18:3 (0.6-11.6%) . /V/L X b LA ik C16:1 (1.1-4.9%) T
o7,
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ZIBIE, MBENICHEZTER L TWD 720, HiE ORISR 2 S LT 5 &
WX 5, BEREIC X DREMIEEHAIC K & 7@ N E 72 < AR D /S — 2T 5
M THoTe, 207D, ZNHOKRIFAZF =2l E L THiREEICHATE 5 2
LR E T,

Myxozyma 7 7 A 2 —

L. japonicus K} L. yamanashiensis O wRNENBEF AT A L A 2 C18:1 (43.0-
64.7%) . sV FUWEC16 (22.2-43.1%) . A7 7 U B C18 (1.0-5.1%) . U/
L g C18:3 (1.8-24.5%) . 7~V kLA Ug C16:1 (2.3-7.5%) ToHh o7z,
Lipomyces sensu stricto DAL, 2T 7V VEEN D72 < | B EAEFIEEE A
ZWVDE, 26 2 FEITIMHE L MRNICERE L2, MO Y CIEE koG
WA K L TV A Teb EE 2 bD, Lien-> CTHlEAERE S Lipomyces
sensu stricto DIHTEIZEALD 1/10 LL T & 72> Tz,

SEEROHICIE, ZHE THIIEAEERORBWE SN TE XU F~v—7 8 L,
starkey1 NBRC 10381 #£ & 0 & 2 < WARAEPET DR EHAT Hav, &\ IR A pENE
Zon LTz EAL 58k (L. okinawensis NBRC 113987, NBRC 113988, L. starkeyi
NBRC 112483, L. spencermartinsiae NBRC 111999 K&} L. yarrowii NBRC
113986) % 4g/L UL EDAFEME AR LTz, Fiz, 5EELSAN T, Ak & 247D
BoHINTEY ., JFEE 2D RERNA 4~ ARLEMBEELECE N5 RBIROFEHESL
BERIEEEDORMIZ L > TiX, ERE 5 HRE Y @B MlRAEEEIT O AleetER & 5 O
T, BBEEMHIISCTEAZ V== MBI E LCHIHT 2 2 6 b AIETH D EE XD
5,

HEL DIk ) & 3B S 37z L. starkeyi & L. doorenjongii \ZB L C., ks 2 7y B
SITHRT, IEMRAEERZ T 5 & AFEO R IR CTh 5 iR L 0 O H
WCoBE SRR, bR CoOBE L7-RR L D b EWAERENE & 2R DI R B
oo ML 2FIZBWTIE, KVBOHUKTHEEAZITS & X0 @I APEMERR DY EL
BTE DA R ST,

Lipomyces JBIFERE) D MR A PERED S W AR R BRSNS T&E 12 2 L T, 4% A
JREERE A2 AV CREZE L 2 AR 2 7o B R, TSI GE ] & i 5 A 2 T 2 Feii i 2%
FHBFHC L o TS B b mMARAEEOHMABE A IGF SN D,

7ok, AWETHR LAV mHIRAEEMERERRILZ NBRC IV F v —=a L7 va T
FREL., . RFEOWIEEZITIA L FIHFTEEZRREEIC LT\ 5,

BHE RIE - KEFHER

Lipomycetaceae FIEERE D 3 FAFRINFSEIZ B W TIL, ENADOZH O 50 L Y
%L ORZETBEL . DRSS ORE R Lipomyces J& 18 O PR R A21To L L b
\Z. Dipodascopsis JEI\ZE & LTz D. anomala % Babjevia B \ZFi#i L. *
DEOBEEZWMECT D Z &Ik 5Bk S Babjevia & 2 FOFHEZIRE LT,
Lipomyces J& DRERRKFEIZDOUNT, 1946 EIZ L. starkeyi D)8 TH R S0 TH B AT
KM THAETISMMCE EEoTWneb 2 A, 31 L 78D F TRIEAHIINTALE
L. FEROSTERROBHEIELT -T2,

AWFIEIZ LD . ZIVE THEREFEMICARIAR SO L0 > 7= Lipomyces J& O [ENFE5y
IZOWTH BN L, ARFEREZRD -, o, JBfE & Bt o &k & OB
RIZOWT, ABFRERBRAIT S 2 & TR O 040 & OBIRME 2 R d 5555 %
RUTe, iz, AR THOWZ B NDM 1%, @i (86%. 1012/1175 #% [A A
KA > K3 7]) T Lipomyces sensu stricto Z 0Bt d 5 Z LN TE7=7=0., G
EERE AT AMROGHHICAN THL Z L E2R LT,
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TTHERK 2 5 ¥ 72 Lipomycetaceae FHEREDIEE O 534112 X - T Lipomyces sensu
stricto ([ZPT BT 2 AR PERE A A L. Ein T DNA HEREFINHD < Rkt & i
NEAEPEREDARBAMED /R S v, TN AEFERR D B I E8AR RN EZh T 5 2 & &
HMNZ L7, MMZ T, Lipomyces sensu stricto £ 2197 DNA 7'r— 72 X v 1-5h
DMPEAEFEMERRIZ OV TE R AN S TR T D2 Z N AREE 72D T LDV RIB S 1L
7

Flo. HROMEDER 2 11 AT CHBEZITH 2 & T, 80% (1o 3BES 1L
530D HH 24 %) & D Lipomyces |Bfi% BT 52 LN TE 2D HARENICE
k72 Lipomyces BMFEL TWD Z & &R d L RIFFIC, NDM 57 H1 AN #E1) 72
Lipomyces |BFEDSEECAN THDH Z L 2R LT,

F72. B L7 Lipomyces BFEARHZHOWTC, ZONENIFEDEA B LMK ETH 5
L CEMIBAEREA T LM, L starkeyi <° L. doorenjongii \Z ¥\ 2 4y Bt sk
MR AEEERR NI RO b s Z L 2 R L7z, 2% 2 ik Tid, ENmMR
LR O MIBTRET D & KD mWIEAEER DGO NS Z E I TE D,

OYBIERR D I BERI ORK X 0 BB A BENEICEBEN TR FAET D Z E ML E 7o
2o ZNHODEKIZNBRC HLF ¥ —aL 7 g l%4E L., MIE(~OHEM %
RET D720 —RICFIAHED Koz Uiz, milmiEAEKE (4g/L/10 days) &
3=l (3700 kg / 10000 m2/ year) & CAEPERNL LD 7= 0 OMfiE D4 PE & % Hilg
T 5 &, BEm LRI 395 (5L EDAEFENR L 720 | B S—AMOMETRE L
TOEFEFHABHFETEDL Z &I 5,

S BT, ABFFEIZ Lo TENORE# 7k b 78 L 72 Lipomyces sensu stricto
DEFRWEE /T HECHRERG L TS, ZHOKEHND Z & TEER
NA T~ ZAGWZ TR U TR R MAREERFIRE L 72 D 2 LT DN T H i THY
FTE5,
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ABSTRACT

Taxonomic and ecological studies on the oleaginous yeast genus Lipomyces and
basic research for the production of oils and fats

1. Introduction

Oils and fats are agricultural products composed mainly of neutral lipids, which
are esters of fatty acids and glycerol derived from plants and animals. The main
products are palm oil, soybean oil, and rape seed oil, etc. They are used in the form
of fatty chemical products including biofuels as well as in various industries as
processed edible oils and fats, detergents, soaps, and cosmetics. Demand for oils
and fats is expected to continue to increase in the future, as the use of edible oils
and fats increases due to the growing global population and as sustainable fuels
not dependent on petroleum.

Global vegetable oil production was 208.54 million tons in 2019/20 according to
the Japan Oilseed Processors Association (a general incorporated association), and
demand continues to grow. However, the production of oils and fats through oilseed
crop cultivation is said to be approaching a plateau due to a decrease in the
development potential of cultivated land, and crop failures due to weather
conditions and pests that vary from year to year, make it difficult to increase
production to ensure stable production and meet growing demand.

As described above, there is a strong demand for oil and fat production other than
palm oil and other oil crops, and microbial production is attracting attention in this
context. However, although research on oil and fat production by microorganisms
has been conducted for a long period as a source of oil and fat supply during the
World War I1, it was interrupted by the abundant production from oil crops due to
the subsequent development of agriculture through crop breeding and improved
agricultural technology, and there was a time when research was discontinued,
especially in the field of oil and fat production by microorganisms. There has been
no significant progress in microbial research on the efficient production of
commodity oils and fats, especially those produced by oilseed plants.

The genus Lipomyces is one of several known oleaginous yeasts that accumulate
intracellular oil droplets composed of triacylglycerols (TG). The fatty acids in the
fats produced by this yeast are similar to those of vegetable oils and fats, and it is
expected to be used as a substitute for the palm oil mentioned above. Although
strains of Lipomyces yeast have already been investigated for industrial oil
production, the perspective of the oil production capacity of this genus is largely
unknown because several species are known to produce oil, and some species do not
produce or accumulate oil at all.

The author has isolated a large number of strains belonging to the genus
Lipomyces from Japan and overseas and conducted taxonomic analysis to clarify
the taxonomic diversity of Lipomycetaceae yeasts, including Lipomyces and closely
related genera. In addition, the author has conducted ecological and lipid analyses
to understand the trends in the lipid production capacity of Lipomycetaceae yeasts
and to isolate high lipid producing strains. The author also attempts to understand
the trends in lipid producing capacity and isolate high lipid producing strains of
Lipomycetaceae yeasts, and conduct research on the oleaginous yeasts that can
supply oil and fat to the industry to meet the ever-increasing demand for.
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2. Isolation and Taxonomic Studies of Lipomyces Yeasts
2.1. Phylogenetic and taxonomic studies of Lipomyces spp:

Lipomyces yeasts belong to the family Lipomycetaceae, which also includes the
genera Dipodascopsis, Kawasakia, Kockiozyma, Limtongia, and Myxozyma. Three
of these genera, Dipodascopsis, Lipomyces, and Myxozyma, do not form a
monophyletic lineage, but are interspersed within the family Lipomycetaceae. The
characteristics of each genus are as follows.

The genus Lipomyces accumulates intracellular oil droplets and forms about 4-
20 spherical, ellipsoidal, or kidney-shaped ascospores in sack-like ascus; although
the genus Myxozyma is considered an asexual generation of Lipomyces, no species
or strains with proven oil and fat production have been reported. In addition, the
genus Myxozyma should be changed to Lipomyces, which has priority in
nomenclature from 2013 based on the principle of one scientific name per fungus
(abolition of dual nomenclature) under the revised International Code of
Nomenclature for algae, fungi, and plants, resulting in an increase of non-oil-
producing Lipomyces species. Dipodascopsis species form pseudohyphae, forming 4-
120 spherical, ellipsoidal, or kidney-shaped ascospores in long, cylindrical
(acicular) ascus.

Given the above mix of groups with different phenotypic characteristics,
reclassification of the genus Lipomyces was considered necessary to obtain a yeast
with superior oil and fat production potential

Molecular phylogenetic analysis within the family Lipomycetaceae shows that in
the genus Lipomyces, a single clade consisting solely of the genus Lipomyces,
centered on the type species, Lipomyces starkeyi (hereafter referred to as the
"Lipomyces sensu stricto"). The species known to produce fats and oils are included
in this clade (the description defining the genus Lipomyces also includes the phrase
"produce lipid globules").

Conversely, there are no reports of species that do not belong to this clade
producing and accumulating oil and fat (hereafter referred to as the "Myxozyma
cluster"). In addition, species belonging to Lipomyces sensu stricto are
phylogenetically closely related and generally difficult to identify by 26S rDNA,
which is commonly used for yeast classification. For this reason, the gene
Translation Elongation Factor 1a (TEFI), which has been confirmed to have higher
resolution, is used in the classification of Lipomyces yeasts. In this study, we
confirmed the effectiveness of TEF1 and analyzed the sequences of these two gene
regions to identify and classify strains newly isolated from nature.

2.2. Isolation of Lipomyces yeasts and proposal of new species

In this study, nitrogen-depleted medium (NDM) was used for the isolation of
Lipomyces species. The other fungi such as yeasts and filamentous fungi are
unable to grow or form only very small colonies or thin hyphae on the media.
Therefore, NDM can be used to efficiently isolate Lipomyces yeasts.

Molecular phylogenetic analysis using 26S rDNA and 7FEF1 gene revealed that
among the 1175 isolates in Japan and Indonesia, 4 species (66 isolates) belonging
to Lipomyces sensu stricto and 14 species (54 isolates) belonging to Myxozyma
cluster (Lipomyces spp. other than Lipomyces sensu stricto) were identified as new
species. Thus, a total of 18 new species were proposed.

The scientific names of the new species isolated are listed below (in parentheses:
isolation area of the type strain).
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Four species belonging to Lipomyces sensu stricto: Lipomyces chichibuensis
(isolated from: Chichibu Experiment Forest, Saitama Prefecture, Japan;
hereinafter the same), Lipomyces maratuensis (Maratua Island, East Kalimantan,
Indonesia), Lipomyces tropicalis and Lipomyces okinawensis (pineapple fields,
Nago City, Okinawa Prefecture).

Fourteen species belonging to the Myxozyma cluster: Lipomyces kalimantanensis
(Kalimantan Island, Indonesia), Lipomyces yamanashiensis (Kofu City, Yamanashi
Prefecture), Lipomyces melibiosiraffinosiphilus (Kamogawa City, Chiba
Prefecture), Lipomyces chibensis, Lipomyces kamogawensis, Lipomyces
amatsuensis, Lipomyces kiyosumicus, Lipomyces taketomicus (Iriomote Island,
Okinawa Prefecture), Lipomyces yaeyamensis, Lipomyces nakamensis Lipomyces
nakamensis, Lipomyces haiminakanus, Lipomyces iriomotensis, Lipomyces
komiensis and Lipomyces sakishimensis.

Four new species belonging to Lipomyces sensu stricto were found to
accumulate oil droplets intracellularly, as described in the genus Lipomyces. In
contrast, 14 new species belonging to the Myxozyma cluster did not accumulate oil
droplets. In this study, the number of the species of the genus Lipomyces was
significantly increased (from 12 to 30 species), and molecular phylogenetic analysis
re-evaluated the taxonomy of the genus. Lipomyces sensu stricto forms a distinct
clade and produced oil-droplet in the cells. Conversely, the remaining species in the
Myxozyma cluster did not accumulate oil droplets. It was indicated that the
taxonomic groups are correlated to the production of oil droplet-formation.

The genus Dipodascopsis a genus of the family Lipomycetaceae, is not known to
form intracellular oil droplets. In a 2007 study by Kurtzman et al. on the
reclassification of Lipomycetaceae yeasts, the genus Dipodascopsis was divided into
two major lineages, but not classified into different genera because of similar
morphology of the ascus. However, this genus includes Dipodascopsis anomala,
which had been proposed as the genus Babjevia because it held the common
characteristics of both Dipodascopsis and Lipomyces in forming pseudohyphae and
sack-like ascus.

Molecular phylogenetic analysis of the two strains, NBRC 111233 and NBRC
112965, which were isolated from soil in the University of Tokyo Hokkaido Forest
in Furano, Hokkaido, classified in the genus Dipodascopsis sp. were closely related
to D. anomala. Furthermore, the three strains, including the type strain of D.
anomala, NBRC 10400, were found to have the characteristics of forming
ascospores within pseudohyphae, and the characteristics not observed in the other
species of the genus Dipodascopsis. Therefore, D. anomala was redescribed
(reinstated) with an emendation of the original description of the genus Babjevia,
and the four strains obtained in this study were designated as two new species of
the genus Babjevia, Babjevia hyphoforaminiformans and Babjevia hyphasca. The
type strains of these species were deposited to Biological Resource Center of NITE
(NBRO).

Through these taxonomic studies, we have shown that 7EF1 is an effective
high-resolution gene for classification and identification of yeasts of the genus
Lipomyces, and that it can be used for simple and rapid classification and
identification. In addition, we isolated a large number of Lipomycetaceae yeast
strains from various soil samples of domestic and foreign areas and conducted
taxonomic studies, resulting in the discovery of 18 new species in the genus
Lipomyces. Furthermore, D. anomala, which had been grouped in the genus
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Dipodascopsis, was redescribed as Babjevia by clarifying the genus concept, and
two new species of the genus Babjevia were proposed from the isolates.

3. Ecological studies of the yeast species belonging to the genus Lipomyces
3.1. Species distribution of the yeasts belonging to the genus Lipomycesin Japan

The strains of the family Lipomycetaceae, especially Lipomyces yeasts, are
frequently isolated from soil, but there are few surveys and studies on their
species-level distribution in Japan and worldwide. We isolated and identified the
strains of the genus Lipomyces from various forest soils in 11 regions of Japan
(Furano and Sapporo, Hokkaido; Tsuruoka, Yamagata Prefecture; Gosen, Niigata
Prefecture; Chichibu, Saitama Prefecture; Kamogawa, Chiba Prefecture; Shizuoka,
Shizuoka Prefecture; Akashi, Hyogo Prefecture; Hagi and Iwakuni, Yamaguchi
Prefecture; Tarumi, Kagoshima Prefecture; Iriomote Island, Okinawa Prefecture),
where the climates are different from north to south. And the distribution of
Lipomyces species was investigated.

In this study, 24 (80%) of the 30 Lipomyces species considered to be of soil origin
were isolated. These results indicate that this isolation method is suitable for
studying the species distribution of Lipomyces species and that Japan has a high
species diversity of this genus. The percentage of yeast strains belonging to
Lipomyces sensu stricto with oil-producing ability among the isolates was 86%
(984/1146 strains), confirming that oil-producing strains can be isolated with high
probability by using NDM medium.

Regarding species distribution, 60-95% of Lipomycetaceae yeasts isolated from
north of Kagoshima Prefecture were L. starkeyi, suggesting that this species is the
dominant species among Lipomycetaceae yeasts in each isolation area. On the
other hand, L. starkeyi was not isolated at all on Iriomote Island, Okinawa
Prefecture, and L. yarrowii was isolated most frequently (73/114 strains, 64%),
making it the dominant species on the island. Note that L. yarrowii was not
isolated from outside Iriomote Island in this study.

For species other than L. starkeyi in soils in north of Kagoshima Prefecture, L.
chichibuensis followed L. starkeyi (66%) in Chichibu, Saitama Prefecture (34%),
and L. yamanashiensis followed L. starkeyi (80%) in Akashi City, Hyogo Prefecture
(18.0%), On Iriomote Island, L. yarrowii (64.0%) was the dominant species,
followed by L. doorenjongii (12%).

The growth temperatures of the isolates were investigated: for L. starkeyi, 2 of
10 isolates (20%, Fr20GeDr4, Fr23AgDr5) from Furano, a subarctic region, did not
grow at 30 °C (isolates from other regions could grow at 30 °C); for L. doorenjongii
4 out of 12 (33%, Ir38AgDI1, Ir39GeDr1, Ir40AgDr1, Ir44GeDl1) of the L.
doorenjongii isolates did not grow at 10 °C or were significantly slow-growing. This
was thought to be due to some effect on the same species strains with respect to the
regional climate, where the minimum temperature in Iriomote Island is about
11 °C, whereas the temperatures Kagoshima and the north are below freezing.
This was especially true for L. yarrowii, where 4 of 5 strains (80%, Ir9AgDr1-1,
Ir19-2ADI12, Ir26AgDr3, Ir37AgDr1) did not grow at 10 °C or were significantly
slow-growing. Therefore, climate may be one of the reasons why this species has
not been isolated at Kagoshima and the north.

Furthermore, as mentioned above, L. starkeyiis assumed to prefer to grow at
relatively low temperatures because there are strains that do not grow at 30 °C. In
the soil environment of Iriomote Island, L. yarrowiiis more adapted to the
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environment, resulting in a very small number of L. starkeyi, which were not
isolated in Iriomote Island.

The results of the species distribution and growth temperature tests described
above indicate that local climate not only affects the species distribution of
Lipomyces yeasts, but may also affect growth temperatures at the strain level. The
results also revealed that the yeast strains isolated in this study showed strain-
level diversity in growth temperature, even within the same species. This result
suggests that the isolates obtained in this study have diverse traits, in addition to
the growth temperature.

4. Oil and fat production capacity of yeast isolates of the genus Lipomyces

We investigated the potential of oil and fat production of the Lipomyces yeast
isolates with a view to applying them to the oil and fat industry.

To evaluate oil drop production of Lipomyces yeasts, 5G5M medium containing
5% each of glucose and maltose extract was used, and the production of fatty acids
constituting oil was analyzed and compared by species. species belonging to
Lipomyces sensu stricto showed a fatty acid productivity of more than 1 g/L per
culture medium Lipomyces japonicus and L. yamanashiensis, which belong to the
Myxozyma cluster, produced about 0.1-0.3 g/L, indicating that they did not have
high fatty acid productivity.

The fatty acid composition was as follows:

Lipomyces sensu stricto :

Lipomyces sensu stricto strains formed intracellular oil droplets, and the
composition of the bacterial fatty acids was oleic acid C18:1 (33.3-57.4%), palmitic
acid C16 (27-41%), stearic acid C18 (4.8-11.5%), linolenic acid C18:3 (0.6-11.6%)
C16:1 palmitoleic acid (1.1-4.9%).

The fatty acid composition can be regarded as that of the oil droplets as they
form intracellular oil droplets. There were no major differences in fatty acid
composition among the strains, and the composition was similar to that of palm oil,
a vegetable oil. Therefore, it was suggested that these strains could be used in the
oil and fat industry as an alternative of palm oil. Myxozyma cluster

The fatty acid composition of L. japonicus and L. yamanashiensis was oleic acid
C18:1 (43.0-64.7%), palmitic acid C16 (22.2-43.1%), stearic acid C18 (1.0-5.1%),
linolenic acid C18:3 (1.8-24.5%). The lower stearic acid and higher amount of
polyunsaturated fatty acids compared to the composition of Lipomyces sensu stricto
may reflect the fatty acid composition derived from phospholipids in the cell
membrane, since these two species do not accumulate oil droplets in the cell.
Therefore, oil production was also about 1/10 of the oil droplet forming strain of
Lipomyces sensu stricto.

Several isolates produced higher amount of oil than L. starkeyi NBRC 10381,
which has been considered a representative strain of a high oil producer, and the
top five isolates with high fatty acid productivity (L. okinawensis NBRC 113987,
NBRC 113988, L. starkeyi NBRC 112483, L. spencermartinsiae NBRC 111999, and
L. yarrowii NBRC 113986) showed productivity of 4 g/L or higher. In addition to
the five strains, a variety of strains were obtained from various regions, and may
present a variety in utilization of carbon source such as the woody biomass and
food residues used as feedstock, in cultivation temperatures, and other conditions
for production of oils and fats more efficiently than the above five strains.
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Therefore, they can be used as screening materials according to the culture
conditions.

When comparing the fatty acid production of the isolates identified as L.
starkeyi and L. doorenjongii, strains isolated from the southern region of Hyogo
Prefecture, the central region of this study, tended to be more productive than
those isolated from the northern region. The results indicate that isolates from the
southern region of the two species may have higher fatty acid productivity than
isolates from the northern region.

With the acquisition of a variety of isolates of Lipomyces yeasts with capacity of
high oil and fat production, further technological development for high oil and fat
production using these yeasts is expected through breeding with a view to
industrialization, and through investigation of optimal culture conditions that
control the growth and oil droplet accumulation phases of the yeasts.

The highly oil-producing yeast strains obtained in this study have been
deposited in the NBRC Culture Collection and are available for researchers widely
in industry and academia.

5. Summary and general discussion

In the taxonomic study of Lipomycetaceae yeasts, we isolated many strains from
a large number of domestic and foreign soil samples and proposed 18 new species
in the genus Lipomyces as a result of taxonomic studies. The number of species in
the genus Lipomyces, which was limited to 13 since the first discovery of L.
starkeyiin 1946 until the beginning of this study, has increased significantly to 31
species. The number of species of the genus Lipomyces has increased from 13
species since the first discovery of L. starkeyiin 1946 until the beginning of this
study.

This study clarified the domestic species distribution of the genus Lipomyces,
which was ecologically unclear, and deepened our ecological knowledge. The
relationship between the isolated species and the climate of the isolation site was
also demonstrated by conducting growth temperature tests, which suggested a
relationship with the distribution of species and strains. The isolation medium
NDM used in this study enabled to isolate Lipomyces sensu stricto with high
probability (86%, 1012/1175 strains [Japan and Indonesial), indicating that it is
effective in isolating strains with oil and fat production potential.

Analysis of lipids in Lipomycetaceae yeasts, including isolates, showed that
species belonging to Lipomyces sensu stricto are capable of producing oil and fat,
and that there is a correlation between strain groups based on gene DNA
sequences and oil and fat production ability, indicating that taxonomic knowledge
is useful for obtaining oil and fat producing strains. In addition, the results suggest
that Lipomyces sensu stricto-specific DNA probes can be used to detect oil-
producing strains in soil without the need for culture.

By conducting isolations at 11 different latitudes in Japan, 80% (24 of 30) of the
Lipomyces species of soil origin were obtained and demonstrated the diversity of
Lipomyces species in Japan and the effectiveness of the NDM medium in isolating
a comprehensive range of Lipomyces species.

By the study of the fatty acid production and composition of Lipomyces yeast
isolates, it was found that there was a trend in the amount and composition of fatty
acids produced by L. starkeyi and L. doorenjongii, and that there was a tendency
between the isolation area and the capacity of oil and fat production of Lipomyces
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species. In these two species, it is expected that higher oil and fat-producing strains
will be obtained if they are isolated from the southern limit of the domestic
territory.

Some of the isolates were found to have better lipid productivity than the known
strains. These strains were deposited in the NBRC Culture Collection and made
widely available to the public to promote their use in the oil and fat industry.
Comparing the production of fats and oils per unit production area between the
high oil and fat-producing strain (4 g/LL / 10 days) and palm oil (3700 kg / 10000 m2 /
year), the production efficiency of yeast fats and oils is theoretically more than 395
times higher, indicating the potential for industrial use as a source of alternative
palm oil.

Furthermore, since we have obtained a variety of Lipomyces sensu stricto species
and strains with diverse traits from various regions in Japan, we expect that these
strains can be used to efficiently produce oils and fats from a variety of biomass
resources.
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