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Nampueng Koowadjanakul 2011: Diversity of Phylloplane Yeasts and Their Ability to Produce Plant
Growth Promoter. Master of Science (Microbiology), Major Field: Microbiology, Department of

Microbiology. Thesis Advisor: Professor Savitree Limtong, D.Eng. 176 pages.

Diversity of phylloplane yeasts was studied by isolation and identification of yeasts from surface of
leaves collected from various areas. A total of 137 yeast strains and 9 methylotrophic yeast strains, were
respectively isolated by an enrichment technique using yeast extract-malt extract broth supplemented with 0.025%
sodium propionate and 0.02% chloramphenicol and by three-consecutive enrichment in 0.5% methanol-yeast
nitrogen broth from 97 leaf samples. Identification the basis of analysis of the D1/D2 domain of the large subunit
ribosomal RNA gene revealed that most of them (99 strains) were belonging to known ascomycetous species in 14
genera, 35 species i.e. Candida amphixiae, C. apicola, C. etchellsii, C. glabrata, C. jaroonii, C. maltosa, C.
metapsilosis, C. nivariensis, C. nodaensis, C. parapsilosis, C. potacharoeniae, C. rugosa, C. sorboxylosa, C.
stigmatis, C. tropicalis, C. trypodendroni, Clavispora lusitaniae, Debaryomyces nepalensis, Hanseniaspora
guilliermondii, H. opuntiae, H. thailandica, Hyphopichia burtonii, Kazachstania siamensis, Kluyveromyces
marxianus, K. thermotolerans, Kodamaea ohmeri, Metschnikowia koreensis, Meyerozyma guilliermondii, Pichia
galeiformis, P. kudriavzevii, P. rhodanensis, Starmerella meliponinorum, Torulaspora delbrueckii, T. pretoriensis
and Wickerhamomyces edaphicus. While 8 strains were identified to be 5 known basidiomycetous species i.e.
Pseudozyma aphidis, Sporidiobolus ruineniae, Trichosporon asahii, T. mucoides and T. mycotoxinivorans, and 12
strains were known species of yeast-like fungi, Aureobasidium pullulans. The other 5 strains were similar to
undescribed species, 10 strains could be known or new species and 3 strains were found to be 2 new species that
were studied and proposed as C. sakaeoensis sp. nov. and C. sirachaensis sp. nov. Among 9 strains of
methylotrophic yeast, 1 strains was identified to be Ogataea polymorpha, 2 strains could be known or new species
and 6 strains were found to 4 new species, which were studied as proposed as C. chumphonensis sp. nov., C.

mattranensis sp. nov., O. phyllophila sp. nov. and Ogataea sp. LN18.

Investigation on indole-3-acetic acid (IAA) production of all 137 strains revealed that 51 strains of 25
species could produced IAA and 9 strains yielded 84.3-314.3 mg/l of IAA when cultivated in test tube. They were
C. amphixiae (1strain), C. maltosa (5 strains), C. rugosa (2 strains) and Sp. ruineniae (1 strain). By shake flask

cultivation Sp. ruineniae LM015 showed the highest IAA production of 436.4 mg/1.
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Pseudozyma hubeiensis Magnolia denudata Desr. M Wang et al., 2006
Pseudozyma shanxiensis Quercus mongolica Fisch M Wang et al., 2006
Sporobolomyces blumeae Blumea sp. Tne Takashima and
Nakase, 2000
Sporobolomyces fushanensis  Melastoma candidum D. Don. 1énTu Nakase et al., 2005
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Sporobolomyces nylandii Oryza sativa L. Ine Takashima and Nakase,
2000

Sporobolomyces Mangifera indica L. Ine Takashima and Nakase,

poonsookiae 2000

Sporobolomyces Pennisetum pediocellatum Ine Takashima and Nakase,

vermiculatus 2000

uoalnsladiatian

Candida aechmeae luduilesad (bromeliads)  U51%a  Landell ef al., 2010

Ogataea allantospora Carpinus betulus §ans Peter et al., 2007

Ogataea cecidiorum lyvesduialal (willows) 5a%®8  Glushakova et al., 2010

Ogataea nitratoaversa Fagus sylvatica (Fagaceae) 59n13 Peter et al., 2008

Torulaspora maleeae Rhizophora stylosa iﬁ 'qu Limtong et al., 2008b
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N ﬂﬁ@]L‘ViﬁTu‘UNﬁ?ﬂWHﬁNﬂﬁTNﬁ?MTiﬂ‘luﬂ”l'iﬁiNLi’)uul‘*]ﬁJVIu']ﬁuGli]TlclslﬂuQGlﬁ”lﬁﬂﬁiullﬂ
DNAY 19U 1PANDITE (esterase), 8% 1UIAA (amylase), IAFIUE (caseinase) HATIVANAUA

. og.: v A S v 3 G o Yy A S 9 a A 1
(gelatinase) HAZUDNIINUU GINTIIIUDNIN ‘VNﬂﬁﬂllﬁ%ﬁTﬂﬁTﬂﬂﬁ@ﬂlLﬂﬂjﬂﬂTﬂN'JGL‘UWGIf LYU
Aureobasidium pullulans, Citeromyces matritensis, Cryptococcus laurentii, Rhodotorula glutinis
18 Sporobolomyces roseus HANNEMNT0 lUMIASNAITADAIUMINTYVDILLATIS Y

Y . .
Pseudomonas fluorescens Qe Staphylococcus aureus FaiuuuaiGene lsaluauld Taaile
= = v A A 9 % [l a A @ [ A A 9 9 (= &
!f]JiEJ‘UL‘VIEJ'Uﬂ‘]JElﬁﬁﬂllﬁlﬂul,ﬂﬂTﬂﬂ?@ﬂWﬁ@uﬂiﬂﬁnﬂ@n@EJ'Nf)uc] Mﬁm’ma@mgmwum gaan

9 a = 9y v 9 a == 9 1
llﬂﬂulﬂ%1ﬂN'JGl,‘]JW°Ifﬁ'liJ1iﬂﬁi']\‘]ﬁ1iﬁ’f]ﬁ'luﬂ'lﬁli]iﬂuj"ll@\?uﬂﬂﬂﬁﬂulﬂh'lﬂﬂ'ﬂ (McCormack et

al., 1994; Fonseca and Inacio, 2006; Mautone et al., 2010)
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I Aa J 09/’ 1 d? I 1 4 ' @ 1
WHuasdsenevilinsuveuasuaaesezaouiu 11 iHuunainis voulazimaanasau ua
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wonmilonmihaadilidaauriaiamnsonsy lauuemsidimmnzaslsznouiil
4 & ~ S 9 4 & 1
MIVoUNINOZABY Tagdaanianua s lumslsasdsenoumsuounieesanoy 1w
I U 4 1 [ 1 a a 4
wmuea uuraimsvenazuramdsnuld Seni wialaInsWlndad (methylotrophic
& A 4 1 dy ] 1 a alu'.t
yeasts) FOAAMAIT01INVUNTNTZ0100g 1UTTTUIA 16129 11 (Kurtzman and Fell, 1998;

Barnett et al., 2000)

I v A 4 1 { Y a a 4
Ogata et al. (1969) WuiinInemaasnguusniaunuwna la Insingaa Tae

a a S Y Y] 1 4 I
wialalnsWndaanaauen 1afAe Kioeckera sp. 2201 (Jagiiunlasudeillu Candida boidinii)
&£ v 2N Yo ' = ' 9 =2 an ~ ° Y 4
Famsaunnil laih ldgmsAnpiedianarneddtmsteziwumveain l9ise Teminay

o a a A 4 a 4 ! 1 a a
mstiuialalnsindad ) 1gensnanansmunue'lad (metabolite) @13¢) 819 nIABZH T1
a a a 4 4 4 d I
I3U 9158 (pigment) WoaLFnA 158 (polysaccharide) Tatou Tl uazon Tl 1udu ms
a ar A 4 1 Aa 3 ' o I Y J

ganuna la InsWindaaanunadsssunaiy nunlszauanudusadosninmsuen

a a A A == 9 9 4 . £ A a J
winalalnsWnuuanFeun 09uuae 19 enrichment technique FuTdumsnulsnuaanou
o dy <3 a a A 4 0o < ~ J I 4
Wnuenenaiy (Msuenmna lalnsingaatlssauanudusaies 20 Wosgua 910

AR ~ a a a A 0o & X J <3 4
AsAANYT varzmMsuenmna la Insinuuanizelscauanudusane 90 nlosidua 910
AR 3 9 Aan o 4 :/I dyl A aas 4 da’

ATAANHINIMUA) (819 1A8ATIMI, 2545) NaHU1L L9 IUFITUMANTaAszIanid
wow Tasluilszinalneg Limtong ef al. (2004) 18911319108 081351%30 Aon 15, wa'lal, o1

Y a Y ' 9 a ar A Jd A v A
137 nazdu 634 @od1e uon lawiiaTaInsindadiiios 253 aeug niolszuiu 40

J 3 o @ '
oS FUAYDIAI0E

A o PPN {

van Dijken 118¢ Harder (1974) @AM I3 1UIULAZ MIUONTAANITYUUDINTNL
Y k2 1
UMUBA INNTHN enrichment cultivation #39814 600 #9819 Tasl¥evins@eusensy pH
Y I a aa A a A A 1w ' :z}

Tilunsa uazmuaslFaue Moaan IR YUBUANE SNUIITUILHINTUADUMTLEN
4 H [ [ o o ;I [ 4
10 100N Candida boidinii W8 Pichia pinus MUANANN 36 EOWRUT UONIINUU WO

E4
U

A 9 a a a = Yy Y A
ﬂf;:!llullﬂ?”lllﬁ@ﬂﬂ’]ﬁ'J@niJ‘L!IﬂﬂlﬂWquﬂiﬂ@ullagqcﬂ@TNu ANVUVVUYUNIH VIS TUUBDAUUNT



dy dy ] ] I 3 J 1 a =
uaaalummizaﬂwmagﬁlww 0.1-0.5 1o3IHUA LLﬁ%WU?WQﬂlﬂQNﬂﬁ%NWﬂ! 28 DFLs LBy

a =

Y da/ = A A a
TinamsueniyoanNguvnll 37 osrusaiied lasdneimunzanlumsuonmnalalng

U

a a d .. =
Wnaaaved van Dijken {191 Harder uaas luasan 2

H { a a 4
M3197 2 anzimnzaulunmsuenmia la Insingaaves van Dijken ttag Harder (1974)

Factors influencing enrichment ~ Optimum condition

pH value of medium 4.5 (the optimum pH for growth of yeasts on methanol is 5.0
t0 6.0)

Antibiotics Required in the physiological range of pH values for growth

Vitamin mixture Necessary since most methanol-assimilating

yeast require biotin and/or thiamin 0.1 to 0.5% (v/v).
Methanol concentration At methanol concentrations above 0.5% inhibition of
growth occurred in some species

Nature of the inoculum Soil samples rich in organic matter were good sources

Tl A.7. 2004 1182 2005 Limtong et al. 1a5180UMsIEALazAARBNLAR A InTHn

J a

Badnueunnlgennaen i, wa'lsl, o191l uagdu Taeds enrichment technique 1101415

Q Y U

4

J < 73 4 = o
a2 1 11Jo519UA methanol-YNB (tynmuoa 1 SIS Llﬁgﬂﬁﬁhluiﬁil‘ﬂumﬁ 0.67

J 3 J oA Aa gy
nlosidud) Hungumguv

Y 1
291U 4-5 31 TA8¥1 enrichment 3 59U 9101 U1011139N G119
< P i a A o3 A

cross streak 89UUDIMITUVY 1 110515 UA methanol-YNB Uuauny Ia lativeddan Nud¥so tuag
o o a = o < c?/} ° A
Wi i usgns Iaeih cross streak a3UUDITUAS YM 1niuih lUnaaeunmsniguu

< ~ a = a ar A P
DIM3UAUL 1% methanol-YNB Ngaungil 15 uag 37 earusaited Iagwialalnsinaaanny

k2
gungiigedoussy laluniaesguigil

a a 4 [ 1 H ] 4 a

waz il a.e1. 2008 Peter er al. 1dusnunala Insindadnndiodia ldnninilos au

A A g o ~ ~ 3 @ [ ] A A
wazluiy M luilszmadanslull a.a. 2005 uag 2006 Taainudlegalaganaiaani

3 ya [ A A [ = J o .
az019 1ANUIFAY 10 Ty WT0 TUNY 3.5 NTU VWEATAN 1A8NI1TNI enrichment 2 581 11
- A a cd S 1 A a o A

150 lu Iasnuuanduumuea 0.5 osiFua LN 25 ssruwaiFod 31N U1

@ ] <
o3| EINGlﬁmimeJl,Lé}’miZ 1YUUDINT4UY Rose-Bengal Chloramphenicol (RBC)
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Kurtzman and Robnett (2010) 18318911 1991 dwmsudadrvvesdSuanunalalng
a ¢ A % S o [~ [ a ) 4 o
WndaduionSeumeududadni luda vaadldmiui wumialaInsWndadmessuiu
¥ v 2 A a g sl < ' v ' vd ¢ A da Aa
Py tazienan ulessuanyI wutissnd 5 uesisuaveddaananuanuns
a 9 a ar A oA 1
a5118ud7 Tagina laInsWnaaanwuegluana Ogataea, Komagataella, Kuraishia 1o
. % a a ar A 4 A o dg} 1
Candida waz Tuilagiivamsnveannala Insindaadna Ogataea INUIUIUNINYUDE
< I =& = ~ PPN (] 1o =] 9
s urguadIuninnnmsasudaanauedludna Pichia uadasulUfamsauny
a = d a VA ¥ I o 1= o
winalaInsfindadviialnimvvwdusvnumnmelunandiesinddndae aunszng
o dy a ar A L dy 9 1 A
Hagifutinuwina laInsingead luanaiiuaininnidi 30 al%d (Peter er al, 2007; 2008; 2009;
Limtong et al., 2008a; Nagatsuka et al., 2008; Glushakova et al., 2010; Kurtzman and Robnett,

2010; Suh and Zhou, 2010)
fegnvoauinalalnsindadnnulurnainvalenyas taaaluasen 3

H a a s o 1 a 1 1
a3 3 winalalnsiadadanuenldnndledrarianiee Tualszmeenee

allvd FUAVDIAIDIN Uszma 1PNE1381909
Candida hungarica, 1133}17{1,11{1&%]@8 8413 Peter et al., 2003
Candida krabiensis au Tne Limtong et al., 2004
Candida rishirensis AU ﬂljﬂu Nakase et al., 2010
Candida sithepensis au Tne Limtong et al., 2004
Candida suzukii nlaon 'l Tanu Peter et al., 2003
Komagataella 1133}17{1,11{1@88 §9n13 Dlauchy et al., 2003
pseudopastoris
Ogataea allantospora Tu Carpinus betulus §9m3 Peter et al., 2007
Ogataea cecidiorum slmms?fuﬁaia'i (willows) Sd e Glushakova et al.,
2010
Ogataea chonburiensis au Tne Limtong et al., 2008
Ogataea dorogensis Ullﬁl}ﬁllhlﬂﬂfl §9m3 Peter et al., 2003
Ogataea falcaomoraisii ﬁﬁﬁﬂé’ﬁﬁﬁ)ﬂh 1NN U319, Morais et al., 2004

ARBANITN
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A S a @ 1 Yy a
alyd FUAVDIAIDE sema 1oNA15919049

=

Ogataea ganodermae wudalemsives U Ji and Bai, 2008

Ganoderma sp.

Ogataea A5 NNAWONUINNNY Ine Limtong e al., 2008a
nakhonphanomensis
Ogataea nitratoaversa Tues §9M3  Peter et al., 2008
A @ Y A < a 4 A
Ogataea paradorogensis F9U0IANYNUUIFUAT LY muﬂu Nakase et al., 2008

(galleries of ambrosia beetles)

. . YA 1A @ ~
Ogataea pilisensis ldnnihiles giIN1s  Peter et al., 2003
Ogataea siamensis ﬂfJﬂVlfI}, A15N1090enN1IN  Ine Limtong et al., 2004
A
NY
Ogataea thermomethanolica au Ine Limtong et al., 2005
Ogataea polymorpha au INNA Shin et al., 2001
Ogataea trehaloabstinens A5 NHALBNUINNNY §9M3  Peteret al., 2003
ya 1 A @ =
Ogataea zsoltii ldnnihdles gIN1s  Peter et al., 2003

A = a a A e’oazl 1 A a a A g
manimsAnyuuna Ta Insinsadiv dvzieanonwia laInsinseaailu

sa

a o ] I~/ { a
yaunsdmiunldlsy Temildvnanuatod s wu eunsalmtwdihung lumseaalisau
S A . . Y a = . . .
LEARALAYT (single cell protein) 15 lumswanlis AUYNWAN (recombinant protein production)
' . o <3| . .
e 1115 lumsaneimana TuTagdnm vazarwnsetir 111484 methanol-inducible
9 a ar A J
promoters 18 waz Taammzwnalalnsingad Ogataea polymorpha Wag Komagataella
= ) Y a A LY =< 9 o a
pastoris UM I ilugaunidauuuulumsanyIMIaiwaznINIaIeveINoIoNG
Ta31 (peroxisome biogenesis and degradetion) ttaz1in 1% lumsumsuaaseonveslysau
laTaemnz lugaamnisumsnanen uazdanudni Ogataea polymorpha ianuaninlu
! s s & A A
Msdesdareumueaiazosu1an 1ad (formaldehyde) Fuiludanviraulamnlums
9 A @ = dy 9 ax = [ 4 =
'l ldmemstiniaveudonaziuyanimadonTagddnedinm Taemmziuiudeain
15 JIUYATIYNTTU (Hartner and Glieder, 2006; Kurtzman and Robnett, 2010; Negluta et al.,

2010a, 2010b)
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a 3 J a 4 1
AWNYUBIBYNTNIT I UTAALAZ 151D UDEN181A International Code of Botanical
a S A 4 4
Nomenclature (Kurtzman and Fell,1998) E]igﬂiiJ’J‘ﬁiuﬂJ’EN?lﬁmillﬁuiuﬂ f.7. 1838 11l Mayer
[ 1 Y 1
lasua¥odna Saccharomyces INAINIBINTA sakehar Fauadnimia ag Mayers %9
= < A v o o a = 4 =
¥U18D351 Hansen L‘l]uﬂuuﬁﬂ‘ﬂﬁi%‘]i%ﬂﬂﬁWﬁﬁU@HﬂﬁN?‘ﬁWﬂﬂl@ﬁﬂﬁﬁ Tﬂﬂcluﬂ f.7. 1878
Y < 1A 7 I A o Aa 1 1 L= FY 49’ a =
Hansen LmﬂQGl‘VimuTnfJﬁ@\HJui1‘Vl3Jmﬁﬂ13QGmﬂ’muleilJuL“]Jumfaammuaz"lmwm%mqw‘ﬁ
A J g 09/1 ~ v o S o A (Y- o
ﬂladﬂﬁmﬂuﬂiﬂmﬂiuﬂ f.¢71. 1881 mﬁ%ﬂmuumﬁ@iuﬁuEJLﬁ‘JJLLﬁﬂmﬁEJaﬂymzmﬂﬁmgm
ANy (morphology), 353MeN (physiology) HazAMANTANIFUAL (biochemistry) TUNTTA
o a =S S L Aax (% 1 A9y o w A 9 1 o
JUUNFUAVDIYTA “Ifm‘ﬁmimﬂan%zml’e)mm“lmmwmn&znm AITUYNADIULNUIT
VA A A 9 u’j A = [ =~ ] 1
Llagﬂ'l'lllu'llclf@ﬂ’f)‘llﬂﬁNaﬂllﬂﬁnﬂﬂ']i'ﬂﬂﬁﬂ‘ﬂ ‘]J"I\‘]ﬂ3\1'1/]ﬂ']ﬁﬂﬂi&l']aﬂ]eliugﬂ']\iV\ITuUlﬂﬂuliJ
] ] (% d' Y <K o Y o Y a ) a
ﬁ”mﬁamuaﬂﬂ”mJLl,@ﬂmwaﬂaﬂymzﬂﬂmﬂﬂmﬂu'lﬂ “I/lﬂﬁLﬂﬂﬂmumclumiﬁ]mmuﬂ%uﬂ
~ s v o J ya o . A a ISP 13
ﬂlﬂﬂﬂﬁ@ﬂﬂﬂ?TNﬁMWﬂﬁiﬂasﬁﬂﬂu (closely related species) DINAUANNFIINYITEAL
9 1
Tmaqaﬁmmﬁ'nw%mﬁu U MISNAUUNAUA Polymerase Chain Reaction (PCR) 7l
A o aa o v A = s aa
ﬁ13J'liﬂllelFl]'luju@]lf]ulflsluﬁa'ﬂﬂﬂﬂa@\i uaxmimamuu’maiﬁ)hlﬂmlmﬂmma (DNA
< A a 1 o J a
sequencing) ﬂ"léﬁswﬂﬁﬂanﬁdmimmmmmmaqﬂimmumﬁ (chemotaxonomy) 40
a @ 1 J v A
@Hﬂﬁll')ﬁ’lu33ﬂﬂilllaﬂa (molecular taxonomy) LYY miﬁﬂ‘hlmﬂﬂﬂ‘izﬂ@mlmmﬁmuuuaz
~ o A a o . 4 . o_ v
15 Tn&u (G+C contents) M3adUe lauF lawdu (DNA hybridization) MIMaIvUvowLd
£ qu ¥ 1 as o o g a = o9y a
GI,‘L! rRNA gene Gliﬂ%!,’mﬂ,umi‘vmﬁauuE)Elmn‘ﬁm‘ii]ﬂmuumm‘ummu F1]\1‘1/]’]114lﬂ/lisl‘l'!is]

F4
o o ) a ~ J a
szau Tuanagniinnlumsiaswunsiavedaauniu (41303, 2549)

o v o = J a = ) . X o
Pagiiumsiaduundead ldounsuistuneanidn (polyphasic taxonomy) #3399
9
fwunTasldoynsuisuuuuauay synsuisuaiinazeyninisuseau luanasmiu

' 9 v o A Yo 2 N o ' ~Aq ¥
%3811461%153ﬁ]ﬂmuuﬂﬂﬁm“lﬂ%m%mm (Kurtzman and Fell, 1998) Tﬂﬂuaﬂymzmm ‘1/1(15]5

k4
v A

< o v o a A a A Y ]
Wnas lumstadungaanuna1Ins (2549) hlﬂj?‘].li?ll]lj ANU

v
o 4 [ v A . o .
3.1 MIIWUNTAA IAgANHUSUUUAUAN (Conventional characteristic)

1
[

d‘ 9 o o =l KR
anlslumssaduunilsznnuesdas #9590571 A8 Kurtzman and

a

anyusda

Fell (1998) 1/52noude
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311 anvudugIuIn

9 [l
v A

I = o a = 4 ' A A v o
WumsAnudaugiuInevessaananoeglussegnimsauiu§HUDeIAY
mstaz luedoma Taena lmsdadwunTaserdodnyugnudugiuineauwnsaswun
Uszinn1dlusgdvananiogeniiana anvagnedugiuinenldlumsiaswun laun
[} 4 a < Y 9y 9) 9 =
JUs v I MInTyULITLIEazeIMIImal myaiudulawinazidulaney
9 o [} [ 4 9 @ 4
msmnaﬂ@muﬂm1ﬁmw¢fma“lumaa (asexual endospore) miﬂiNﬂmllElIﬂﬁ‘ﬂai
a 4 4
(chlamydospore) mMsaseveaaa lnailes (ballistospore) msafruealaades msada

aa 4 Qy |
wuda leades uazminsevuuda Inil (mating type)
v A A = =
3.1.2  anHAUSNNAIIINGUDSBIAY

=2 v A A = as o w v o = L
ﬂﬁﬁﬂ‘kﬂaﬂ‘]eliug‘l/]Nﬁii’W]fJ'lLLag“lf’JLﬂlliJﬂ’NiJﬁ1ﬂiycl,‘Llﬂﬁﬂﬂ*ﬂnluﬂﬂﬁﬁiu

[ A I 1 =2 Y A A = = qa/, = A 1
seauailFduazana uamsAnianyuzneai sImewazduaduiuinamsnagoud i
] dgl LY a Qdd’ A o (% o‘/ d’Q 9
uiueuIUBgiUMALIALaz IS Mo WIMATo (Yarrow, 1998) anbmzna liiten 14y
v o 1 7 4 4
msdaduun 1dun mininasdsznouns lulamsa msldaslsznoumsiveu msld
aslsznov TuTasnu maniyluomsidsigainiaiu mansyluennsiiing Iag 50

-4 73 o Aa /d I a s
Lﬂ@il‘ﬂﬂ!@] ag 60 Lﬂﬂi!ﬁb’u@] LLaS?JTWTS‘VUJﬂQTﬂﬁ 5 L‘]J’(’)i!,"]ﬂ!@] ﬂﬂimlﬂﬂﬂﬂﬁ@lliﬂ 10

a I . Y

s 3 a A A ad
Lﬂ@il%u@] ﬂ”l'il‘ﬂifgﬂ’qmﬁﬂll 37 DAL ALy e Lmzmqmwgmuq NITHT

QU

9
1NIADINNT 19
Y o J . 9 d A
nglaa myainasiszneuslsases (amyloid) Mynadeunas1uou laiysiod (urcase)
1 a J aaa v
msnuse laTaaend lug (cycloheximide) Manadouilfnsennud laog Tmilonugil

(diazonium blue B)

o o o ] a
3.2 MIAMUNIAA A0 1HeDYNTUITIUAL

'
a

a S A a J = AAAa :JI
BUNTNITIULAN D ﬂ1'§ﬂi$mu®\1ﬂﬂi$ﬂ’ﬂﬂﬂ1\1LﬂiJ"UfNﬁQiJGb"JGI NG RE

a

J J a a
!,mmiJ’é]"laﬁﬂjjﬂJQiJ (primary metabolites) wazarsunve lad 1M89U (secondary metabolites)
=K A = A - A A Aaa [ a AAa Y
FINOININTTUNTUAY UIDHTTINYIVDITINLIN ﬁﬂ‘]elmg1/]1\‘1’E)‘LgﬂiiJ’J‘ﬁWulﬂlJﬂuﬂiJﬁl%cluﬂWi
o o = I Y 1 a Ja E4 o =]
AVLUNYT A ulﬂl,!ﬂ %umaﬂmau"lcﬂnm (coenzyme Q) 29A15ENOUVRINIITAN ALDULD

lau5 lasdu (DNA hybridization) USunaiatiuuas lo Indu (G+C contents) Yndnisda
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3.3 M3TaduUNgad lagefuoynsuIsIuszal luana

a Y <3| = o =~ J = '
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E4
@ 1 T 1 1 1 <
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Hvaeyalunaazizad §1AUHIAE 10 1nA 1 rDNA/RNA gene Hinaduntidiamsios

A Aa v . 1 Aa o A Ao 3 A [
¥30U3UOYSNY (conserved region) LA EIUNIIAUINTUINUTOITAINTITINGONT

a [ a [ 4 o
UsaAULS (variable region) H39UTINOYTNH DY (less conserved region) Ml am1so s

a R 9 a A =} 1 a 1] 9
vsnueysniflugadduneiourninnuuanavesuInuAunls 14 (Valente et al., 1999)

=

=< a @ ~ J 3 a ~ =]
ﬂ”l'iﬁﬂ’]slWﬂigﬂill’J‘ﬁﬁ!i%ﬂ‘ﬂTmﬁf}ﬁ‘lﬁﬂﬁElﬁﬁuuuﬂllﬁﬂkl”IEJWUE’NEJWL?JUL?JlliIUT%M

9
[ v %

(ribosomal RNA gene/ rRNA gene) (1w 1) Taelrnanuddgyiunsuinaninsuaaseon
(coding region) fAi® VT3 D1/D2 Y89 LSU rRNA gene 11135z 600 13na o' lng
= a = 4 a A =)
18S rRNA gene 111811152110 1700 H2aa 1o nd uazysnan llimsuansesn
A ¥
(non coding region) A9 internal transcribed spacer (ITS) N4 ITS1 tiag ITS2 FaUANNE
U5z 600 1908 10'1Nd (Scorzetti er al., 2002) NN IHIAIFUIING 1o InavoIuSw
A a = s 1A 9 !

D1/D2 nuyvu1a 600 mﬂaiaulﬂﬂ@gﬂﬂmﬂmu 5 4949 LSU rRNA gene Tu Saccharomyces

L. A A = s ~ 1< a Asa o = a
cerevisiae 19103 10 INAN 63-642 VUBUVDI rRNA 1T unTnaniIiaumssneiuuine
d’d 1 o @ A = 4 1 a dy
AdaNuaasannluussamdvutiang T lnaves LSU rRNA gene aAnuuana1eluusui

=\ A 1 A ~ S Y
eanenazuwenalsduosdad 1o (Kurtzman and Robnett, 1998)
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185 e 265 B 185 [ped 25 |/—

ETS1

ITS1 ITS23 i ETS1 ETS2 ITS1 ITSZi i ETS2

;‘f-—b: +“—
D1D2 D102

MNAN 1 11dA9 rRNA genes ; 18S rRNA gene, 5.8S rRNA gene, LSU rRNA gene, ETS (external
transcribed spacer) 1482 ITS (internal transcribed spacer)

a

A3n: 81303 (2549)

Kurtzman and Robnett (1998) 31A512 W 8161111203 10 1ng luuSa D1/D2 ¥0d LSU

4

1 Y v
rRNA gene vosdaanasuealnailos 500 allFd 5203 Candida uazanaiimsdunug
nuyliordema Taeriusa D1I/D2 yunuaIudls PCR Tasld lnswos 2 il Ao NL1
(5-GCATATCAATAAGCGGAGGAAAAG-3) 11a% NL4 (5-GGTCCGTGTTTCAAGACGG-3)

Taeti1 PCR 36 501 N 52 o9rugsalEon d115U annealing LagmMsvenedied 1y 72

J
a a

Y
peruvaiFed 2 Wi azmsi ldidoaninly 04 oseuaadon 1 i Ml ldusgns
o w a = o’usj
A28 Gene clean 11 MI819UV0912A3 10 InAN1 2 d18 Y99 rRNA gene Tao ABI Tag Dye Deoxy
1 % 1 o aaa o w a 2 J aaa

Terminator Cycle Sequencing Kit eiazAa08 191§z enidwuvesiiong lo Ina 4 Ugnsen

4 aaa [ dy 9 4 a A
Taglwswesvelgnsennariidsznouale lnswes 2 wia Ao NL2A (5-CTTGTTGC

a 4
CTATCGGTCTC-3) 182 NL3A (5-GAGACCGATAGCGAACAAG-3) MNHANITUAITIEH
1 L A S (=1 o a = 4 [ I = v
paasnaeus luailFddiulualinmsiuuls 0-2 dandle Ind edrelsnamiliaenugues
AR P A a = J 1 o a = Jd 1 o oA Y 2 o

3 atlad NNTaad To lnduanaiaiu 3 Thadle lna dauaewusnIndiResny Metschnikowia

1 o a Jd o [ { (4
agaves UANANNUDY 5 1A 10 INA M5 Williopsis califonica N051980V 17 EoWUT,
= ] a = 4 1 o JdAAaAa = d [ a 2 s qul I
lanuuana19 0-6 11na To'lna ua 3 eeiugniiiing o lnaaanu 5-6 ind To Tnawiu

a PPN [ 1 {
msviameldvestiong Te Inanaanu (base contiguous deletion) M1NAIMITUNUR
a = J . . dyw Y o v o d ag a 2
1A 10 1A (base substitution) HoAINIHL AN IMIMIANNFURUT YRR We lulnAee
1 1 v daa v o d ad a = o 1 d I J o =
WU guosaeiugnianuduiusvesaeue luiundeadindl 30 esidua inzl
Aa Jd o a 4 [ B~ 4 @ { <
inalelndaedu 3 dindleInd vazdainduauazalldd msduulshiuldannms
o 1 v {a 4 1 S I L

nSeuifeuteduldinnendieeiugimsunuiiang le Indunni 1 ulesidudlu 600

a =3 IL a = A A =3 g [ a =% o 1] o 0911
1aaTe Inaluusna D1/D2 As Hiada s lnaaaiu 6 iinalelng sewusiivezon

Q Y
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IAA A =

v 3 A Jd Y] Edl o a = o I S A o
JatunuazalFd tazmeRutNUNIAE 1o Inaaanu 0-3 17aa 1o Inddaluairdfeiu

q

< Ia a o . .
(conspecific species) w?mﬂuﬁﬂ%ﬁiﬂéjwﬂumm (sister species)

wihyiulimsmaduiiondTe Ind luuSna DI/D2 Y99 LSU rRNA gene 194
Sadsmumaedesmeiuiuazimssusmdeyamiai 3 luadedeyai ntermational
Nucleotide Sequence Database Collaboration «?stﬂaﬂﬂé’w DNA DataBank of Japan
(DDBIJ: http://www.ddbj.nig.ac.jp), European Molecular Biology Laboratory (EMBL:
http://www.emblheidelberg.de) t1az NIH genetic sequence database 139 GenBank U013

National Center for Biotechnology Information (NCBI: http://www.ncbi.nlm.nih.gov)

4. MITVTIUMN DI YVBINT

o A A A I a =4
805 JUUNY (phytohormones 113® phylohormones ¥13® plant hormones) Wuasounso
MunumdianylumsniuaumMInTn WUNUOATY LaZMINMUIVEINY TAeslauD
" - B { = a a a
a03 luugutuneeusull 5 ¥iia A9 8ONFY (auxin), NTALBY JuEN (abscissic acid), 1o 1n'la
Y
a a a a 4 a 1 ==
14 (cytokinin), IVLUBITAAY (gibberellins) t1azioNAYU (ethylene) 1A8aDT IUFHAAIIS Tl
o { 1 [ 1 1 4 Y.
nszUaUMs lumsmhauiuanaenu sy arugumsudayad (cell division), M58AY1
4 P a d‘ o a
YOUWAA (cell elongation), Mi3yldsuuilasvessaalunszuiumaayla
A D 28 1 1 J [ <]
(differentiation), M3a31adIUTzABUAIIY YUWAE, MINNAIVOUNAA, MIIenvedluuay
[ ] 1 A 9 A A [ o 1 dycla 1
MINIVANANVUAVDIAIUAI VOINY TuAuNsNseAuveIg0s Iutmaridmn ualu
4 q’j a dy a I 4 dlsl I a =\ =2 [ 1
U55A1805 LU 5 ¥iall eongsuiluass luunaunudusiausn InMsAnyIN U1

) I A A A A A Ay A ' o
v naaziusidannylulsnaannigaluiyondie Taammzluvsnalueeu diau

< Aa o { 1 a a A s A
uazmaa Tageensuiminlumsduasumsniguesiy Taounisoasivesas

[ o Q‘ a d' o a q'/ a
mMsuluraa tagiumInsyldsunlasvessad lunszuiumsauIn Taona lileongu
Uszaev ldreasvatesiia 5y nsaduIaa-3-02%an (indole-3-acetic acid, [AA), NFADU
Taa-3-199350 (indole-3-butyric acid, IBA), nsaou laa-3-1nsn loin (indole-3-propionic acid,
IPA) tagnsa-1-uunnmanezsan (1-Naphthaleneacetic acid, NAA) (Lu ef al., 2008) HANTADU

Aana a a a I { I~ Y] a ]
Taa-3-023an tazniaou Iaa-3-12n3ntluasnnuituvdan lualsuaun lunyuagdany
A I 9 1

msas1Iaeaunsdonaie wu uuaiise, 51 uaza11310 (Guo et al., 2010; Shokri and

Emtiazi, 2010)
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=4 v o o o 3 £~

Populus WUN ﬂammﬂwumﬁﬂ%ﬂmuumﬂu Rhodotorula graminis FIUANUANTO IUMT

9 a aa 9 d' A a a o 1 1Y s 9 1 =
adunsaonlaa-3-0z3an ldgeige Ae Uszua 39 Haaniuaensuwaduis d1udn 2 ae

o

v o v I = oA v a
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an 1 v a a o 1 @ 4
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Y
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1 v A 9 [ [ a = Y 9 = o 09//
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?f”l‘l/iTUﬂﬁvlﬂcluﬂﬁﬁfimﬁ&"ﬁ@@ﬂ“]fuuuiJﬂﬁﬁﬂ'HWW‘U’N woa-nsy oy

o Y A d 09// 9 o J a = [ v J
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[

dy 9 09/‘ = c?/‘ a =4 uaj a a o Y ] 4 a
uWn”lﬂmcluW%%uqmamqaumﬂ Quuﬂ'limlll,l@ﬁ-‘V]iﬂIﬂlﬂuﬂ11ﬂﬂ1iﬁ\‘llﬂi1$'ﬂ@@ﬂG]fL!

A v 4
melunasanaasanslasuuanSouazsudulovareyiiamiuyy (Nassar er. al., 2005) U

v
~ J o

dmSuBaaiudanumsAny1iosnIn 9INMSANYIVEI Xin ef al. (2009) NA1I11 1OA-NT1)
< a : { a : [ @ @ J [ = 4
Tanluilunsaezii Tunlismunsigarianila dmsumsduaziassldwasaumn daq

A A a 1 qaj ~ o 4 a 9 asy oA
uazummaamwuﬂmmu‘w%mmmmmiwmma-mﬂTmV\lu"lﬂ Glu‘ﬁi‘illﬂﬂ@]ﬂﬁ@mi]%
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Tuganadon TaeanMsANYIVOL Xin ez al. (2009) Tuasatiny uea-n31 Tamluilunsa

19
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wynaz Idsusontunmanandaatlumsaeuunuruiy lagdadnuen 1da1nn1inaasensa

9
1 A® Rhodotorula graminis 0% Rhodotorula mucilaginosa

o & vq ¥ 9 o S
Pagiiuialanlaldanuaulalumsldlss Teninndlensdinmuniu iioan
A a Y+ a9 9 = o & Aa o v A @
Hansgnunanms lsijaaiilnunige Tasiladenianianudidy Ao Anuganauysol
a 4 a a A J a 1 4

UDNAU GINi]z‘WFl]'liﬂ!'ﬁ]'lﬂﬂ')'lllﬁ'lll'liﬂﬂl@\iﬂauﬂiﬂiuﬂWﬁWag’llla3ﬂaﬂﬂaﬂﬂﬁ’li!ﬂllﬂﬂ@]‘laV’I

A As 1 a 4 A o Y Y =1
Wa18%“@%%Wﬁ@]ﬂﬂ1ﬂﬂﬁﬂe‘lllagﬂ'J']‘JJfTiJLI.imeU'OQWG]f (Young et al.,2006) ﬂi]i]l‘]JuLLllTli]giJ

1 4 1
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o ¢ a an Yy dw 7o ) { o Y &
dunszinsaouIaa-3-ozdan la uandelisaasuudesuiniawisorh I iudlems

' l& (Nassar et al., 2005)
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59U 191 1% enrichment culture 51195 5 aaans laluwa1annio11154187 0.5% methanol-
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4 { a Aaa o 1 4 1 {
Wananfiliem31wan 0.5% methanol-YNB 50 Jadaaas 1h ldunvuaTesagmuumyui
ay ¢ F) < a 1A o o Aq U o .
ﬁ"liJTiﬂﬂ’J‘]JﬂllQﬂ!ﬁgiJulﬂ Tﬂﬂ“l%mmgﬁmazqqum%ummnuﬂuﬂﬂum’a“m enrichment
c?j 4 o o T . o <3
ATILIN Lﬁﬁ)ﬂiu 5311 991 3" enrichment culture ¥191 cross streak AIUUDIWITUVI 0.5%
1 d' =S = = 4 1 1= Jd A 1 o o
methanol-YNB 13N 30 9IA K ALFT ﬂuﬂﬁﬂgiﬂiau‘u@ﬁﬂﬁﬁ ﬂ’i’)%’)ﬂﬂfﬂﬁ@]ﬁﬁﬂqw HIUIM
Y zﬂy a = <3 49’ 1 = o = S @
Glmﬂuwamqm Ll’d%Lﬂ‘]JLGIffJLGIfuLﬂEJ’Jﬂ‘UﬂﬁLLEJﬂEJﬁGWI’JUhJ

1

a a a a
2. MInaaeuMsaInyveuNiialalnsindanigumgiinigg

o a a s I~
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3 a z ) ' 091 a
Wegavgil -20 eeriwaiFod 30 Wil vinwih lluglinindeagarigidszuna 100 vee

o—

Y
(2

= ~ o ] 9 " 3 a = A A
IyasYE UIU 15 UIN Lmzu”l”lﬂuﬂu@gmmqmwgm -20 DAUBALBYE UIU 30 UIN ONAT

& J = A < 1 = ] 1 Ry
NN G]ﬂﬂzﬂ’ﬂulﬂf’dﬁjﬂfJﬂ"ISmTJENVIﬂ’JHJLS’J 14,000 39UADUIN UIU 5 UIN Lﬂ‘]Jﬁ”Ju(lﬁ‘Vlllﬂ

a =

< 1 1 a  d 1 I ya
louloazaigoy {lﬁﬁaf’]ﬂllujﬂﬁwjﬂwa@ﬂ‘lﬁﬂ Llaglﬂ‘]_]ll?‘ﬂ@m'ﬂﬂll -20 DAY ALBYET

Q G



) MaiiNlSna@P e UTM D1/D2 Y99 LSU rRNA gene Tagldimaiin

Polymerase Chain Reaction (PCR)

WinYSaAiBue S DI/D2 499 LSU rRNA gene 1ag14 NL1 (5-GCATAT
CAATAAGCGGAGGAAAAG-Z%/) L‘]dﬁ! forward primer H0g NL4 (5/-GGTCCGTGTTTCAA
GACGG-3/) deu reverse primer A5 NAALa91191nI U89 Kurtzman 1182 Robnett (1998)

Y]

Y
Taein3 e PCR reaction mixture 4311915 10 TuTasans emisaail

10X PCR buffer 1 luTasans
MgCl, (25 mM) 08 lulnsdas
dNTP (2.5 mM) 08  lulnsdas
Primer NL1 (10 pmol) 0.3 lulnsans
Primer NL4 (10 pmol) 0.3 lulnsans
Taq polymerase (Fermentas;5U/|LL1) 0.05 lulasans
DNA template 1 1uTnsans
Sterile reverse osmosis water 575 lulasaas
Total volume 10 lulnsans

vmaealulasialnil PCR reaction mixture NWaruud21a1u1A509 PCR System 9700

b4
a o

(PE Applied Biosystems) Ing 14 Tilsunsumsiivangavigi aeil
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a s =
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3) PUNYN 55 DIAFAFYT UIU 1 1IN (L‘]Jumumuwaﬂqmwgnmmm@iw
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a = A eaj A a 1% L]
4) QU 72 DIFLHFAHFYT UIU 1 1IN (L‘]Ju"lluﬂf]u‘ﬂLﬂﬂﬂ'liﬁ\‘ilﬂi1$1’iﬂl@1!£f]
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LNO1 - - - -+ A+ 4+
LNO3 = + - 4+ F -+
LN04 - + - -+ A+ ++
LNOS5 - + - -+ b+ +++

LNO06 - + - - +++ -
LNO7 - + - - - -+
LNO8 - + - +++ ++++ -+
LNO09 - + - - - -+
LN10 - + - +++ ++++ -+

LN11 +++ ++++ +++ - - -+
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HazA WA 2, 3, 4) Tusu Hemiascomycetes dUAL Saccharomycetales 1A80E 11497194 A1)

3.1.1.1 29A Candidaceae 3 1 @/ fio
1) Candida 16 a1l3d 18un Candida amphixiae, C. apicola, C.
etchellsii, C. glabrata, C. jaroonii, C. maltosa, C. metapsilosis, C. nivariensis, C. nodaensis, C.
parapsilosis, C. potacharoeniae, C. rugosa, C. sorboxylosa, C. stigmatis, C. tropicalis 4s C.

trypodendroni



3.1.1.2 e Saccharomycetaceae 110 ana Ao

1) Debaryomyces 1 atlad 1dun Debaryomyces nepalensis

2) Hyphopichia 1 atlad 1dun Hyphopichia burtonii

3) Kazachstania 1 ﬁﬂ%ﬁ" ulg{l,!.ﬂ' Kazachstania siamensis

4) Kluyveromyces 2 ﬁt‘ﬂ%ﬁ" 14 Kluyveromyces marxianus,
K. thermotolerans

5) Kodamaea 1 ﬁﬂ%ﬁl ”lé’fu,ﬂ' Kodamaea ohmeri

6) Meyerozyma 1 a1l¥d 1aun Meyerozyma guilliermondii

7) Pichia 3 a1l¥d 18un Pichia galeiformis, P. kudriavzevii 10 P.
rhodanensis

8) Torulaspora 2 a1lvd 1dun 7 orulaspora delbrueckii L19
T. pretoriensis

9) Starmerella 1 a1l3d 18un Starmerella meliponinorum

10) Wickerhamomyces (%E]Lall Ao Pichia) 1 arlad 1&un

Wickerhamomyces edaphicus

3.1.1.3 29 Saccharomycodaceae U1 ana Ao
1) Hanseniaspora 3 ﬁﬂ%ﬁ’ 1 Hanseniaspora opuntiae, H.

guilliermondii, H. thailandica

3.1.1.4 296 Metschnikowiaceae 3 2 ana Ao
A 7 Y
1) Clavispora 1 atlvd laun Clavispora lusitaniae

2) Metschnikowia 1 ﬁﬂ%f‘f "ﬁfuﬂ' Metschnikowia koreensis

1 ~ oA A v o J aa v A v A 4 ' @
ddadnniae 2 eeiug saillunuda Tedsdaatan agluldy

4

9
v [ 4 1 o
Basidiomycota ¥U Hymenomycetes 1 #18WUT 1aun Trichosporon asahii 1azdn 1 @18WUT o

a a

[

9
o .. R . . [ o I

Tusu Urediniomycetes Ao Sporidiobolus ruineniae azdn 12 mﬂwuﬁ aswuniusindie
4 3 . o v o . 4 .

e (yeast like fungi) Tuau Euascomycetes ®UAU Dothideales 3NA Dothideaceae Ao

Aureobasidium pullulans

d
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Nucleotide identity Nucleotide different
in D1/D2 domain in D1/D2 domain
Accession Closest Species with
Strain No. nucleotides nucleotide Result of identification
number GenBank Accession Number
identity / total % identity No. gap substitutions
nucleotides No. %
LMO001 AB617902 Candida glabrata (U44308) 580/581 99.8 0 1 0.2 Candida glabrata
LM002 AB617903 Kazachstania siamensis (AB258462) 573/574 99.8 1 0 0 Kazachstania siamensis
LMO003 AB617904 Candida stigmatis (GQ184144) 422/423 99.8 1 0 0 Candida stigmatis
LMO004 AB617905 Candida etchellsii (U45723) 482/482 100 0 0 0 Candida etchellsii
LMO005  AB617906 Candida apicola (U45703) 478/480 99.6 0 2 0.4 Candida apicola
LMO006 AB617907 Pichia kudriavzevii (U76347) 564/564 100 0 0 0 Pichia kudriavzevii
LMO007 AB617908  Hanseniaspora opuntiae (AJ512453) 572/572 100 0 0 0 Hanseniaspora opuntiae
LMO009 AB617910 Kazachstania siamensis (AB258462) 573/574 99.8 1 0 0 Kazachstania siamensis
LMO010  AB617911 Candida glabrata (U44308) 580/581 99.8 0 1 0.2 Candida glabrata
LMO11 AB617912 Candida glabrata (U73574) 580/581 99.8 0 1 0.2 Candida glabrata
LMO012 AB617913 Candida glabrata (U44808) 580/581 99.8 0 1 0.2 Candida glabrata
LMO013 AB617914 Candida potacharoeniae (AB537430) 450/450 100 0 0 0 Candida potacharoeniae
LMO014 AB617915 Candida nodaensis (U45726) 482/482 100 0 0 0 Candida nodaensis
LMO15 AB617916 Sporidiobolus ruineniae (AF387128) 573/574 99.8 0 1 0.2 Sporidiobolus ruineniae

[4S


http://www.ncbi.nlm.nih.gov/nucleotide/291165410?report=genbank&log$=nuclalign&blast_rank=2&RID=M7YSE2VN01N

M13199 6 (AD)

Nucleotide identity

in D1/D2 domain

Nucleotide different

in D1/D2 domain

Accession Closest Species with
Strain No. nucleotides nucleotide Result of identification
number GenBank Accession Number
identity / total % identity No. gap substitutions
nucleotides No. %

LMO017 AB617918 Aureobasidium pullulans (FJ515219) 571/571 100 0 0 0 Aureobasidium pullulans
LMO018 AB617919 Aureobasidium pullulans (FJ515219) 577/578 99.8 0 1 0.2 Aureobasidium pullulans
LMO019 AB617920 Candida tropicalis (U45749) 570/570 100 0 0 0 Candida tropicalis
LMO020 AB617921 Aureobasidium pullulans (FJ515219) 571/571 100 0 0 0 Aureobasidium pullulans
LMO021 AB617922 Aureobasidium pullulans (FJ515219) 575/575 100 0 0 0 Aureobasidium pullulans
LMO022 AB617923 Hyphopichia burtonii (U45712) 524/524 100 0 0 0 Hyphopichia burtonii
LMO024 AB617925 Candida tropicalis (U45749) 570/570 100 0 0 0 Candida tropicalis
LMO025 AB617926 Aureobasidium pullulans (F1515219) 571/571 100 0 0 0 Aureobasidium pullulans
LMO026 AB617927 Candida trypodendroni (AF017240) 528/532 99.2 2 2 0.4 Candida trypodendroni
LMO027 AB617928 Aureobasidium pullulans (FJ515219) 578/578 100 0 0 0 Aureobasidium pullulans
LMO028 AB617929 Wickerhamomyces edaphicus (AB436763) 567/567 100 0 0 0 Wickerhamomyces edaphicus
LM029 AB617930 Metschnikowia koreensis (AF296438) 517/517 100 0 0 0 Metschnikowia koreensis
LMO030 AB617931 Pichia kudriavzevii (U76347) 564/564 100 0 0 0 Pichia kudriavzevii
LMO031 AB617932 Aureobasidium pullulans (FJ515219) 578/578 100 0 0 0 Aureobasidium pullulans
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M13199 6 (AD)

Nucleotide identity

in D1/D2 domain

Nucleotide different

in D1/D2 domain

Accession Closest Species with
Strain No. nucleotides nucleotide Result of identification
number GenBank Accession Number
identity / total % identity No. gap substitutions
nucleotides No. %
LM032 AB617933 Starmerella meliponinorum (AF313354) 476/478 99.6 1 1 0.2 Starmerella meliponinorum
LMO033 AB617934 Aureobasidium pullulans (FJ515219) 578/578 100 0 0 0 Aureobasidium pullulans
LM034  AB617935 Candida amphixiae (FJ614671) 540/542 99.6 0 2 0.4 Candida amphixiae
LMO035 AB617936 Starmerella meliponinorum (AF313354) 476/478 99.6 1 1 0.2 Starmerella meliponinorum
LMO036 AB617937 Aureobasidium pullulans (FJ515219) 577/577 100 0 0 0 Aureobasidium pullulans
LMO037 AB617938 Kodamaea ohmeri (U45702) 486/486 100 0 0 0 Kodamaea ohmeri
LMO038 AB617939 Aureobasidium pullulans (FJ515219) 557/557 100 0 0 0 Aureobasidium pullulans
LM039  AB617940 Candida jaroonii (DQ404493) 541/541 100 0 0 0 Candida jaroonii
LM040  AB617941 Pichia kudriavzevii (U76347) 562/562 100 0 0 0 Pichia kudriavzevii
LMO041 AB617943 Torulaspora delbrueckii (U72156) 573/573 100 0 0 0 Torulaspora delbrueckii
LM042 AB617944 Aureobasidium pullulans (F1515219) 577/577 100 0 0 0 Aureobasidium pullulans
LMO043 AB617945  Hanseniaspora opuntiae (AJ512453) 572/573 99.8 1 0 0 Hanseniaspora opuntiae
LMO044 AB617946  Pichia galeiformis (U75738) 560/560 100 0 0 0 Pichia galeiformis
LMO045 AB617947 Torulaspora pretoriensis (U72157) 573/574 99.8 1 0 0 Torulaspora pretoriensis
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Nucleotide identity

in D1/D2 domain

Nucleotide different

in D1/D2 domain

Accession Closest Species with
Strain No. nucleotides nucleotide Result of identification
number GenBank Accession Number
identity / total % identity No. gap substitutions
nucleotides No. %

LMO046 AB617948  Hyphopichia burtonii (U45712) 524/524 100 0 0 0 Hyphopichia burtonii
LM047 AB617949 Kluyveromyces thermotolerans (U69581) 571/571 100 0 0 0 Kluyveromyces thermotolerans
LMO048 AB617950 Aureobasidium pullulans (FJ515219) 571/571 100 0 0 0 Aureobasidium pullulans
LMO049 AB617951 Candida tropicalis (U45749) 570/570 100 0 0 0 Candida tropicalis
LMO050  AB617952 Candida rugosa (U45727) 483/485 99.6 1 1 0.2 Candida rugosa
LMO051 AB617953 Candida tropicalis (U45749) 570/570 100 0 0 0 Candida tropicalis
LMO052 AB617954 Kodamaea ohmeri (U45702) 491/493 99.6 0 2 0.4 Kodamaea ohmeri
LMO053 AB617955 Candida rugosa (U45727) 482/487 99 3 2 0.4 Candida rugosa
LMO054 AB617956  Pichia kudriavzevii (U76347) 564/564 100 0 0 0 Pichia kudriavzevii
LMO055 AB617957 Candida tropicalis (U45749) 570/570 100 0 0 0 Candida tropicalis
LMO057 AB617958  Candida tropicalis (U45749) 570/570 100 0 0 0 Candida tropicalis
LMO059 AB617959 Candida tropicalis (U45749) 570/570 100 0 0 0 Candida tropicalis
LMO060 AB617960 Candida rugosa (U45727) 483/485 99.6 1 1 0.2 Candida rugosa
LMO61 AB617961 Kodamaea ohmeri (U45702) 493/493 100 0 0 0 Kodamaea ohmeri
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M13199 6 (AD)

Nucleotide identity Nucleotide different
in D1/D2 domain in D1/D2 domain
Accession Closest Species with
Strain No. nucleotides nucleotide Result of identification
number GenBank Accession Number
identity / total % identity No. gap substitutions
nucleotides No. %
LM062 AB617962 Candida tropicalis (U45749) 570/570 100 0 0 0 Candida tropicalis
LMO063 AB617963  Pichia kudriavzevii (U76347) 564/564 100 0 0 0 Pichia kudriavzevii
LMO064 AB617964  Hanseniaspora opuntiae (AJ512453) 572/572 100 0 0 0 Hanseniaspora opuntiae
LM066  AB617966 Candida rugosa (U45727) 483/485 99.6 1 1 0.2 Candida rugosa
LMO067 AB617967 Hanseniaspora guilliermondii (U84230) 569/572 99.5 1 2 0.4 Hanseniaspora guilliermondii
LMO069 AB617969 Candida maltosa (U45745) 572/572 100 0 0 0 Candida maltosa
LMO070 AB617970 Candida glabrata (U44808) 580/581 99.8 0 1 0.2 Candida glabrata
LMO071 AB617971 Candida tropicalis (U45749) 570/570 100 0 0 0 Candida tropicalis
LMO072 AB617972 Candida rugosa (U45727) 483/485 99.6 1 1 0.2 Candida rugosa
LMO073 AB617973  Pichia galeiformis (U75738) 560/560 100 0 0 0 Pichia galeiformis
LMO074 AB617974 Candida rugosa (U45727) 484/484 100 0 0 0 Candida rugosa
LMO075 AB617975 Pichia rhodanensis (U73571) 571/576 99.1 3 2 0.4 Pichia rhodanensis
LMO076 AB617976  Hyphopichia burtonii (U45712) 524/524 100 0 0 0 Hyphopichia burtonii
LMO077 AB617977 Candida metapsilosis (FI1746055) 556/556 100 0 0 0 Candida metapsilosis
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Nucleotide identity

in D1/D2 domain

Nucleotide different

in D1/D2 domain

Accession Closest Species with
Strain No. nucleotides nucleotide Result of identification
number GenBank Accession Number
identity / total % identity No. gap substitutions
nucleotides No. %

LMO079 AB617979  Candida tropicalis (U45749) 570/570 100 0 0 0 Candida tropicalis
LMO080 AB617980  Hanseniaspora opuntiae (AJ512453) 572/572 100 0 0 0 Hanseniaspora opuntiae
LMO081 AB617981 Kluyveromyces marxianus (U94924) 544/545 99.8 0 1 0.2 Kluyveromyces marxianus
LMO082 AB617982 Candida glabrata (U44808) 580/581 99.8 0 1 0.2 Candida glabrata
LMO083 AB617983 Clavispora lusitaniae (GQ396270) 517/517 100 0 0 0 Clavispora lusitaniae
LM084 AB617984 Candida sorboxylosa (U62314) 334/337 99.1 0 3 0.9 Candida sorboxylosa
LMO085 AB617985 Trichosporon asahii (AF105393) 606/606 100 0 0 0 Trichosporon asahii
LMO089 AB617989  Pichia kudriavzevii (U76347) 564/564 100 0 0 0 Pichia kudriavzevii
LM090  AB617990 Kodamaea ohmeri (U45702) 493/493 100 0 0 0 Kodamaea ohmeri
LMO091 AB617991 Debaryomyces nepalensis (U45839) 569/570 99.8 0 1 0.2 Debaryomyces nepalensis
LMO095 AB617995 Debaryomyces nepalensis (U45839) 569/570 99.8 0 1 0.2 Debaryomyces nepalensis
LMO096 AB617996 Candida tropicalis (U45749) 570/570 100 0 0 0 Candida tropicalis
LMO097 AB617997 Hanseniaspora thailandica (DQ404527) 572/572 100 0 0 0 Hanseniaspora thailandica
LMO098 AB617998 Hanseniaspora thailandica (DQ404527) 579/579 100 0 0 0 Hanseniaspora thailandica
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Nucleotide identity

in D1/D2 domain

Nucleotide different

in D1/D2 domain

Accession Closest Species with
Strain No. nucleotides nucleotide Result of identification
number GenBank Accession Number
identity / total % identity No. gap substitutions
nucleotides No. %

LMO099 AB617999  Candida parapsilosis (U45754) 570/570 100 0 0 0 Candida parapsilosis
LM100  AB618000 Candida maltosa (U45745) 570/572 99.7 0 2 0.4 Candida maltosa
LM101 AB618001 Debaryomyces nepalensis (U45839) 569/570 99.8 0 1 0.2 Debaryomyces nepalensis
LM102 AB618002 Candida nivariensis (AY627305) 546/548 99.6 2 0 0 Candida nivariensis
LM103 AB618003 Candida maltosa (U45745) 570/572 99.7 0 2 0.4 Candida maltosa
LM104 AB618004 Debaryomyces nepalensis (U45839) 569/570 99.8 0 1 0.2 Debaryomyces nepalensis
LM105 AB618005 Candida tropicalis (U45749) 570/570 100 0 0 0 Candida tropicalis
LM107 AB618007 Debaryomyces nepalensis (U45839) 569/570 99.8 0 1 0.2 Debaryomyces nepalensis
LM108 AB618008 Debaryomyces nepalensis (U45839) 569/570 99.8 0 1 0.2 Debaryomyces nepalensis
LM109 AB618009 Candida nivariensis (AY627305) 546/548 99.6 2 0 0 Candida nivariensis
LM110 AB618010 Candida maltosa (U45745) 570/572 99.7 0 2 0.4 Candida maltosa
LMI111 AB618011 Kodamaea ohmeri (U45702) 493/493 100 0 0 0 Kodamaea ohmeri
LM112 AB618012 Hanseniaspora thailandica (DQ404527) 579/579 100 0 0 0 Hanseniaspora thailandica
LM114 AB618014 Candida maltosa (U45745) 570/572 99.7 0 2 0.4 Candida maltosa

8¢
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Nucleotide identity

in D1/D2 domain

Nucleotide different

in D1/D2 domain

Accession Closest Species with
Strain No. nucleotides nucleotide Result of identification
number GenBank Accession Number
identity / total % identity No. gap substitutions
nucleotides No. %
LM115 AB618015 Candida nivariensis (AY627305) 546/548 99.6 2 0 0 Candida nivariensis
LMl116 AB618016 Candida nivariensis (AY627305) 546/548 99.6 2 0 0 Candida nivariensis
LM118 AB618018 Candida tropicalis (U45749) 570/570 100 0 0 0 Candida tropicalis
LM119 AB618019  Hyphopichia burtonii (U45712) 524/524 100 0 0 0 Hyphopichia burtonii
LM120 AB618020 Meyerozyma guilliermondii (U45709) 568/570 99.7 0 2 0.4 Meyerozyma guilliermondii
LM121 AB618021 Candida glabrata (U44308) 580/581 99.8 0 1 0.2 Candida glabrata
LM122 AB618022 Candida amphixiae (AY520327) 531/533 99.6 0 2 0.4 Candida amphixiae
LM123 AB618023 Candida nivariensis (AY627305) 546/548 99.6 2 0 0 Candida nivariensis
LM124 AB618024 Debaryomyces nepalensis (U45839) 567/570 99.5 0 3 0.5 Debaryomyces nepalensis
LM127 AB618027 Candida tropicalis (U45749) 570/570 100 0 0 0 Candida tropicalis
LM128 AB618028 Pichia kudriavzevii (U76347) 564/564 100 0 0 0 Pichia kudriavzevii
LM129 AB618029 Hanseniaspora guilliermondii (U84230) 572/572 100 0 0 0 Hanseniaspora guilliermondii
LM130 AB618030  Kodamaea ohmeri (U45702) 492/493 99.8 0 1 0.2 Kodamaea ohmeri
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Candiida tropicalis CBS 94" (U45749)

88]Lmo077 o
Candida metapsilosis ATCC 96144" (F1746055)

99] JLM099 vy

Candida parapsilosis CBS 604" (U45754)
LM069

LM100

tM%?%

20 [M114

Candida maltosa CBS 56117 (U45745)

LM039
Clslfég/ga Jjaroonii CBS 10930 (DQ404493)

100} M122
98 Candida amphixiae NRRL Y-27704" (F1614671)

_|I__M026
Candida trypodendroni CBS 8505" (AF017240)

IM123

97 LM001

LM121
Candida glabrata CBS 138" (U44808)

100|'I Cand/da rugosa CBS 613 (U45727)

LMO053
LM072
LMO066
LMO060

LM050

100-— LM084
— Candida sorboxylosa CBS 6378 (U62314)
100,1.M003

100 Candida stigmatis CBS 11464" (GQ184144)
100,LM013
100 Candida potacharoen/a CBS 11674" (AB537430)

10017 Cand/da etchellsii CBS 17507 (U45723)
100 LM014
Candida nodaensis CBS 3094" (U45726)

LM005
0.01 Krue —r Candida apicola CBS 2686" (U45703)
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MAUN 2 s]u”laJ’mumﬂ”ﬁﬂainmﬂamumﬂaie%ﬂiuusgam D1/D2 U943 LSU rRNA gene
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YiFefennmIdinggim bootstrap Taomashen 1,000 a%q (Felsenstien, 1985)
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LM041
Torulaspora delbrueckii CBS 1146" (U72156)

LM045

Torulaspora pretoriensis CBS 2187 (U72157)

100 ;LM002

LM009

Kazachstania siamensis CBS 10361 (AB258462)

,LM081
| Kluyveromyces marxianus CBS 7127 (U94924)

100 ,M047

— Kluyveromyces thermotolans CBS 6340" (U69581)
- LM124

LM0104

LM107

LM108

LM101

LM091

LM095
Debaryomyces nepalensis CBS 59217 (U45839)
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100

100

94

LM120
IMeyerozyma guilliermondli CBS 2030" (U45709)
LM028
Wickerhamomyces edaphicus CBS 10408T (AB436763)
LM119
LM076
I 100 |LM046
LM022
Hyphopichia burtonifCBS 2352" (U45712)
LM052
100 pLM111
L LM090
LM061
LM130

LM037
Kodamaea ohmeri CBS 53677 (U45702)

100 , LM0O75
———— bichia rrodanensis CBS 5518" (U73571)
LM128
LM054
LM030
100 LM006
LM040
LM089

100 LM063
Pichia kudriavzevii CBS 5147" (U76347)

100 LM073
_—| LM044
Pichia galeiformis CBS 7324" (U75738)

'LM035
LM032
L Starmerelia meliponinorum CBS 91177 (AF313354)

100
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joining method (Saitou and Nei, 1987) 1@ two-parameter Y94 Kimura (1980) 1l52iiiu
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LM017
LM038
LM042
LM021
LM036
LM018
LM020
LM025
LM048
LM033
LM031

LM027
Aureobasidium pullulans CBS 147.97" (F1515219)

100

58
[ 100 y LM083

100 | Clavispora lusitaniae ATCC 34449 (GQ396270)
100 | LM029
100 | Metschnikowia koreensis CBS 8854" (AF296438)

LM097
LM098

LM112
100 | | Hanseniaspora thailandica CBS 10841" (DQ404527)

LM129
Hanseniaspora guilliermondii CBS 465" (U84230)
LM067
LM080
LM064
LM007
LM043
Hanseniaspora opuntiae CBS 8733 (AJ512453)
100 [LMO085
| Trichosporon asahii CBS 2479 (AF105393)

100 yLMO15
| Sporidiobolus ruineniae CBS 5001" (AF387128)

0.02 Knuc
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a4 Al Sannmsiatanndiguiinndlenalunsne DI/D2 Y94 LSU rRNA gene
s e adin lufsasuuniluailFdiosunoud 1ued Dothideaceae,
Metschnikowiaceae, Saccharomycodaceae, Sporidiobolus ruineniae, Trichosporon
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Group
Family Number
Strain
Genus of strain
Species
Ascomycetous yeast
Candidaceae
Candida
Candida amphixiae LMO034, LM122 2
Candida apicola LMO005 1
Candida etchellsii LM004 1
Candida glabrata LMO001, LM010, LMO11, LM012, LM070, 7
LMO082, LM121
Candida jaroonii LMO039 1
Candida maltosa LMO069, LM100, LM103, LM110, LM114 5
Candida metapsilosis LMO077 1
Candida nivariensis LM102, LM109, LM115, LM116, LM123 5
Candida nodaensis LMO014 1
Candida parapsilosis LMO099 1
Candida potacharoeniae LMO013 1
Candida rugosa LMO050, LM053, LM060, LM066, LM072, 6
LMO074
Candida sorboxylosa LMO084 1
Candida stigmatis LMO003 1
Candida tropicalis LMO019, LM024, LM049, LM051, LMO0SS5, 14
LMO057, LM059, LM062, LM071, LM079,
LM096, LM105, LM118, LM127
Candida trypodendroni LMO026 1
Saccharomycetaceae
Debaryomyces
Debaryomyces nepalensis LMO091, LM095, LM101, LM104, LM107, 7

LM108, LM124



M3199 7 (919)

Group
Family Number
Strain
Genus of strain
Species
Hyphopichia
Hyphopichia burtonii LMO022, LM046, LM076, LM119 4
Kazachstania
Kazachstania siamensis LMO002, LM009 2
Kluyveromyces
Kluyveromyces marxianus LMO81 1
Kluyveromyces thermotolerans LMO047 1
Kodamaea
Kodamaea ohmeri LM037, LM052, LM061, LM090, LM111, 6
LM130
Meyerozyma
Meyerozyma guilliermondii LM120 1
Pichia
Pichia galeiformis LMO044, LM073 2
Pichia kudriavzevii LM006, LM030, LM040, LM054, LM063, 7
LMO089, LM128
Pichia rhodanensis LMO075 1
Torulaspora
Torulaspora delbrueckii LMO041 1
Torulaspora pretoriensis LMO045 1
Starmerella
Starmerella meliponinorum LMO032, LM035 2
Wickerhamomyces (Pichia)
Wickerhamomyces edaphicus LMO028 1
Saccharomycodaceae
Hanseniaspora
Hanseniaspora opuntiae LMO007, LM043, LM064, LM080 4
Hanseniaspora guilliermondii LMO067, LM129 2
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M3199 7 (919)

Group
Family Number
Strain
Genus of strain

Species

Hanseniaspora thailandica LMO097, LM098, LM112 3
Metschnikowiaceae
Clavispora
Clavispora lusitaniae LMO083 1
Metschnikowia
Metschnikowia koreensis LMO029 1
590 12 & 35 all3d 97 meaug
Basidiomycetous yeast
Trichosporon
Trichosporon asahii LMO085 1
Sporidiobolus
Sporidiobolus ruineniae LMO15 1

590 2 ana 2 aUT 2 meiiug

Yeast-like fungi
Dothideaceae

Aureobasidium
Aureobasidium pullulans LMO017, LM018, LM020, LM021, LMO025, 12
LMO027, LM031, LM033, LM036, LM038,
LM042, LM048
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51 1 aa 1 ol 12 meniug
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msvaswunivuiaaallFdnds lulinsesuie AeleSeufeudauiing
L a oA @ o v o w A
Tolnaluv3na DI/D2 Y04 LSU rRNA gene ¥990a@NA0an3dasiuniuaiutiing la
s N JAaaA v P T AA A Yy A & A IAw = o A
Inavesdadninenulugudoyaudmu allddnlndiRssngailludaands lutinsasoe

)

a aa =" . o v A = S Y Y =
951U LazANUN WmwznsHn (deposit) amumﬂaia"lmllﬂugmmaga HAagUNIIUNU

4

A a % A A 4 v o 2 do o o A o
1nd TeInd 0-3 Wnd To Ind amnmsdadwundadnali 128 mewug wodaa 5 areius

E]

sd < » saw Y a b & ) b,
(3.91 nlosiFud) ilounudaands lulimsesuie Tagdaanauasgluldy Ascomycota

o v o o { §
U Hemiascomycetes 8UAL Saccharomycetales 11 3 297 (15197 8, 10 tlazn il 5) Ao

3.1.2.1 23 Candidaceae 1 2 @n@ Ao aeiius LM125 1oz LM126 1ilu
WU milouy Candida sp. 05-7-186T tazaowus LM092 ifluaewusimiiousy
Geotrichum sp. SKK15

3.1.2.2 24 Saccharomycetaceae 1 1 @n@ Ao aeviug LM023 vy

[ { = [

UFMUUDUAY Pichia sp. ST-335

3.1.1.3 A Saccharomycodaceae 01 ana Ao ’d”lEJﬁ‘L!‘iSLMIN ey

[ { = [

UGMMNOUNY Wickerhamia sp. ST-122
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M1319N 8 Waﬂ1§ﬁ]ﬂﬁnl!uﬂﬂﬁ@ﬁ/]’ﬂﬂﬁ"lle‘lng‘V]L‘Vill@HﬂUﬁﬂﬂfﬁ‘ﬂﬂﬂhllmﬂ"liﬁl‘ﬁlﬂﬂ

Nucleotide identity in D1/D2

Nucleotide different in

domain D1/D2 domain
Strain Accession Close g No. nucleotides nuglgstide Result of identification
number GenBank Accession Number -\ BN substitutions
identity / total % identity No. gap

nucleotides No. %

LM023 AB617924 Pichia sp. ST-335 (DQ404505) 530/530 100 0 0 0 Undescribed species
Pichia mexicana (U45797) 522/531 98.3 1 8 1.5

LM092 AB617992 Geotrichum sp. SKK15 (AB500211) 545/545 100 0 0 0 Undescribed species
Galactomyces geotrichum (U40118) 533/546 97.6 1 12 2.2

LM117 - Wickerhamia sp. ST-122 (DQ404462) 545/546 99.8 0 1 0.2 Undescribed species
Hyphopichia pseudoburtonii (GQ389650) 468/505 92.7 12 25 5.0

LM125 AB618025 Candida sp. 05-7-186T (FJ537069) 495/495 100 0 0 0 Undescribed species
Kodamaea ohmeri (U45702) 482/495 97.4 2 11 2.2

LM126 AB618026 Candida sp. 05-7-186T (FJ537069) 495/495 100 0 0 0 Undescribed species
Kodamaea ohmeri (U45702) 482/495 97.4 2 11 2.2

L9
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3.1.3 sadnomazludaadusdnesunendivsedtad Inu

v o Y a oA Y A YA A A 9 A A I T A
msvasmunludaanemztudanailFanesursudvsoailaa 1wy Ao
L

A = =} o v A = a =~ Jw o
Wenlseumeudrauiing leIna luysne D1/D2 Y04 LSU rRNA gene UB8aANIAS LU
v o @ A = 4 = ¢ A I A Y = Aa = 4 1 A =
fudiduiinna le Indvesdaaatlddnesuiend) nuimsununiing ls lnauinai 3 1iaa

¢ P = P \ cd & a P o
To'lng uatnlosiFudamsununiiondle Inaisenin 1 lesidud (6 inaTe Ingd) dariudads
' v J o s A g o o '
ligunsoaslldaniutadaiFanes vendvisodutadatldd i szdodinsAnm

A A v o a Jdo v ¢ 1 Aaa o v & 3 oA

AN 9nmItasuundaan 1y 128 aeius wu Woaa 9 drewug (7.03 wlesigud) 7
A A A

onziludadailddnosinoudmSoatlFd lui Tavtad 8 aeiiug ogluludy Ascomycota

3 v W 4 { {
%1 Hemiascomycetes ®UAU Saccharomycetales 11 2 29/ (115199 9, 10 LAZNINT 6) Ao

3.1.3.1 29¢ Candidaceae WU 1 &/0a Ao a1oWus LM093 Indifoary
Candida sojae
3.1.3.2 WA Saccharomycetaceae Wl 1 @¥Na Ao ﬁ18ﬁquM016 TndiRes
1 Pichia myanmaensis, a0WWE LM065, LM086, LM087, LM0SS tiaz LM094 Indifvany
Meyerozyma guilliermondii uazmﬂﬁuﬁf LM106 1naiReai Pichia bimundalis
dnidadimaesn 1 seiug safuiudalededaadad oglulidy
Basidiomycota G]%}u Hymenomycetes Ao ﬁ1ﬂﬁuﬁ LM113 lpdiReaiy 7 richosporon

mycotoxinivorans (msmﬁ 9,10 HazNNN 6)
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Nucleotide identity in D1/D2

Nucleotide different in

domain D1/D2 domain
Strain Accession Clo- gl No. nucleotides nuglgstide Result of identification
number GenBank Accession Number R\ LR substitutions
identity / total ~ % identity ~ No. gap

nucleotides No. %
LMO016 AB617917 Pichia myanmaensis (AB126678) 569/573 99.3 0 4 0.7 known or new species
LMO065 AB617965 Meyerozyma guilliermondii (U45709) 566/570 99.3 4 0.7 known or new species
LMO086 AB617986 Meyerozyma guilliermondii (U45709) 566/570 99.3 0 4 0.7 known or new species
LMO087 AB617987  Meyerozyma guilliermondii (U45709) 565/570 99.1 0 5 0.9 known or new species
LMO088 AB617988  Meyerozyma guilliermondii (U45709) 565/570 99.1 0 5 0.9 known or new species
LM093 AB617993 Candida sojae (U71070) 567/572 99.1 1 4 0.7 known or new species
LMO094 AB617994 Meyerozyma guilliermondii (U45709) 566/570 99.3 0 4 0.7 known or new species
LM106  AB618006 Pichia bimundalis (U73574) 565/570 99.0 0 5 0.9 known or new species
LM113 AB618013 Trichosporon mycotoxinivorans (AJ601388) 601/606 99.2 1 4 0.7 known or new species
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Strain Similar to
o A A a dao Y 1 a
ﬁ]ﬂwuﬁqﬂ!ﬁuﬂuﬁﬂ‘”ﬁﬂﬂﬂﬂﬂuﬂ]iﬂﬁ‘]ﬂﬂ
LM125,LM126 Candida sp. 05-7-186T
LMO092 Geotrichum sp. SKK15
LMO023 Pichia sp. ST-335
LM117 Wickerhamia sp. ST-122

o

¢ d
39 4 ana 4 alyd 5 meiiug

o da & AN dA A Y A A v
mneugnowazniuai/idnetuandinseat)sdlvia
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LMO093 Candida sojae

LMO065, LM086, LM087, LM088, LM094 Meyerozyma guilliermondii
LM106 Pichia bimundalis

LMO16 Pichia myanmaensis

LM113 Trichosporon mycotoxinivorans

o
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100| LM117
100 Wickerhamia sp. ST-122 (DQ404462)

o Hyphopichia pseudoburtonii CBS 2455" (GQ389650)

100| ' pichia sp. ST-335 (DQ404505)
Pichia mexicana CBS 7066 (U45797)

LM125
0

LM126
100

100

|— Candlida sp. 05-7-186T (F1537069)
Kodamaea ohmeri CBS 5367" (U45702)

100|LM092
Geotrichum sp. SKK15 (AB500211)

0.01 Knuc — Galactomyces geotrichum CBS 772.71" (U40118)
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LM086

LM065

LM094

LM088
100

LM087

98

- Pichia guilliermondii NRRL Y-2075" (U45709)

L Candida sojae JCM 1644" (U71070)

100 LM106

9% Pichia bimundalis CBS 56427 (U73574)

| 100[ LMO016

Pichia myanmaensis CBS 9786' (AB126678)

100 I' LM113

0.02 Knuc L Trichosporon mycotoxinivorans CBS9756" (AJ601388)

'
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Nucleotide identity in D1/D2

Nucleotide different in

domain D1/D2 domain
Accession Closest Species with .
Strain . No. nucleotides nucleotide Result of identification
number GenBank Accession Number . . ‘ ‘ substitutions
identity / total ~ % identity = No. gap

nucleotides No. %
LMO008 AB617909 Candida bombi (U45706) 434/487 89.1 8 45 9.2 New species
LM068 AB617968 Candida morakotiae (DQ400364) 554/569 98 2 13 2.3 New species
LM078  AB617978 Candida morakotiae (DQ400364) 554/569 98 2 13 2.3 New species
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Accession Closest Species with -
Strain No. nucleotides nucleotide Result of identification
number GenBank Accession Number No. B .
identity / total % identity substitutions
i gap
nucleotides No. %
LNI19 AB617901 Ogataea polymorpha (AF403148) 566/566 100 0 0 0.0 Ogataea polymorpha
LNO1 AB617889 Ogataea allantospora (EF471446) 561/565 99.3 0 4 0.7 could be known/ new species
LN11 AB617898 Ogataea siamensis (AB120216) 561/565 99.3 0 4 0.7 could be known/ new species
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Nucleotide identity in D1/D2

Nucleotide different in

domain D1/D2 domain
Strain Accession oAt No. nucleotides mgisutide Result of identification
number GenBank Accession Number \ A B substitutions
identity / total ~ % identity =~ No. gap

nucleotides No. %

LN12 AB600531 Ogataea sp. NCAIM Y.01896 (GQ265921) 557/566 98.4 1 8 1.4 New species
Ogataea minuta (EU011618) 555/565 98.2 0 10 1.8

LN14 AB600532 Ogataea sp. NCAIM Y.01896 (GQ265921) 557/566 98.4 1 8 1.4 New species
Ogataea minuta (EU011618) 557/567 98.2 0 10 1.8

LN15 AB604652 Candida sp. ZIM 2322 (FR690079) 552/570 96.8 2 16 2.8 New species
Ogataea dorogensis (EU011620) 549/570 96.3 3 19 3.2

LN16 AB600533 Ogataea sp. NCAIM Y.01896 (GQ265921) 557/566 98.4 1 8 1.4 New species
Ogataea minuta (EU011618) 557/567 98.2 0 10 1.8

LN17 AB604653 Candida sp. NRRL YB-2442 (EU011615) 545/566 96.3 1 20 3.5 New species
Ogataea cecidiorum (FI897742) 544/566 96.1 1 21 3.7

LN18 AB617900 Ogataea sp. NCAIM Y.01896 (GQ265921) 558/566 98.6 1 7 1.2 New species
Ogataea minuta (EU011618) 556/565 98.4 0 9 1.6
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Nucleotide identity Nucleotide different
in D1/D2 domain in D1/D2 domain
Accession Closest Species with \
Strain No. nucleotides nucleotide Result of identification
number GenBank Accession Number No. o
identity / total % identity substitutions
A gap
nucleotides No. %
LNO3 AB617890 Trichosporon asahii (AF105393) 597/597 100 0 0 0.0 Trichosporon asahii
LNO04 AB617891 Debaryomyces nepalensis (U45839) 570/570 100 0 0 0.0 Debaryomyces nepalensis
LNO5 AB617892 Pseudozyma aphidis (AB204895) 598/601 99.5 0 3 0.5 Pseudozyma aphidis
LNO7 AB617894 Trichosporon mycotoxinivorans (AJ601388) 595/596 99.8 1 0 0.0 Trichosporon mycotoxinivorans
LNO8 AB617895 Trichosporon asahii (AF105393) 597/597 100 0 0 0.0 Trichosporon asahii
LNO09 AB617896 Trichosporon mucoides (AF075515) 594/596 99.7 0 2 0.4 Trichosporon mucoides
LN10 AB617897 Trichosporon mycotoxinivorans (AJ601388) 595/596 99.8 1 0 0.0 Trichosporon mycotoxinivorans
LN13 AB617899 Debaryomyces nepalensis (U45839) 567/570 99.5 0 3 0.5 Debaryomyces nepalensis
LNO06 AB617893 Pichia myanmaensis (AB126678) 569/573 99.3 0 4 0.7 could be known/ new species
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Candida riodocensis CBS 10087" (AY861674)
35 Candida batistae CBS 8550" (AF072843)

95 Starmerella bombicola CBS 6009" (U45705)

99 Candida floricola CBS 7289 (U45710)

u | Candida powellii CBS 8795" (AF251554)

— Candida apicola CBS 2868" (U45703)

Candida bombi CBS 9017" (AF406929)

Starmerella melijponinorum CBS 91177 (AF313354)

97| —— Gandida cellae CBS 10086 (AY861673)

—— Candida floris CBS 10593" (EF679791)
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Candida nodaensis CBS 3094" (U45726)
0.02 Knuc

Candida etchellsii CBS 1750" (U45723)

96 Candida stellata CBS 157" (U45730)

————— Candida zemplinina CBS 9494 (AY160761)

Candida sirachaensis LM008™ (AB617909)

Saccharomyces cerevisiae CBS 11717 (AY048154)

MNN 8 m”lu"?‘?smmmiﬁuﬁméiumuwm%ﬁmaﬁuﬁ: Candida sirachaensis sp. nov.
T A Ao @ d v 9 0o v Aa =) I a
M008") nazaFanduiiusiu adrandrduiinndle Ina luusna DI/D2 ved
LSU rRNA gene Taely neighbor-joining method (Saitou and Nei, 1987) Uag two-
parameter Y94 Kimura (1980) 1521 14ANN10H0910NIAATIZHAT bootstrap
Y 9 [
Tagnsia 1,000 A543 (Felsenstien, 1985) LaglaAIURNIL A bootstrap A1NAN 50

A~ ' 4
WosIFUa U135 = 0.02 Knuc.

83



84
ANYUEVON Candida sirachaensis Sp. nov. (LMOOST)
M31935y 148113 YM broth tilovulural 3 1 91 25 sarusafod Wy waall
1 1 { [ 1
sUsvnavdegl lutiving 1.5-4 x 2.5-5.5 TuTaswas egulusaainen wWugniedlungy Uy

v Y v
sy lienduma Tasnsuanruienuuraledd (ﬂW‘lﬁ 9)

] 1 Y
MINTYUUDINIT YM agar toumlunal 3 3u Al 25 osrusaidod Wi 1ol

A ' ~ a 9 A [ o J 9
TaTal@v1) 3Us19nay veuis ey Wanti Ia TatiG e uiiugd Aoudnayy

Myasued lagdesuue1nis YM agar, acetate agar, malt extract agar, corn meal agar

@ = = 4
1182 Gorodkowa agar Lﬂuna'] 6 Z‘T‘]Jm‘ﬂ N 15 Uy 25 DAY YT W‘LIDﬂiJﬁiNuE)ﬁIﬂﬁﬂ@i
Y oy ~ ¥ ) | Y an
ﬂ’ljﬁi'l\uﬁuclﬂlﬂﬂullaglﬁuslﬂllﬂ Iﬂﬂﬂ’lilaﬂ\u(’ﬂﬂuuﬂ’lﬁ’]i corn meal agar A138ITNIT
dy dy 14 o = ~ 1 Y Y )=}
Laﬂ\cllalfﬂﬂuﬁhlaﬂ L‘]Ju!,’;m 4 Z‘T‘]Jm“ri N 15 s 25 93Uyl UliJW‘]Jﬂ’liﬁi’]\uﬁuGlﬂlﬂﬂmlag

iduloust

% o
ﬂ']'i?illﬂﬂ']ﬁillllamﬁ@

nglna S vaning -

muanIng - s Tua -

ylasa - nia laa -
voalna -

MIueasiand1IlznouAs Uou

ng Ina + ufls -
=

Auan Ing + naLyeIoa n
o aa A

%035 1Ud + 95N3N9a -

<3 an =) =\ a

1PUBLTAA-A-Ng IAaIU - l51inoea W

a-lsTua + A-ng¥noa +

a-laTaa - A-uuUinea n

1ea-0x311 lud - nuanNNea -

A-9511 1ud - dUDOENOD -



woa-usnlud - a-nglaTu-O-uanTau
ylnse 2-aTa-A-ng Tatua
woalng 5-ala-a-ng Taua

=] = a
n3a laa nsaa-nglaiin

noavhwuiia-a-ngInlaa

nsaa-nglalsiln

wala'luTon nsanang 15iln -
PIAYU - nIALaAnAN

waa lulea - ATAFNTHN

wan Ine - NSATAITN

s Ty S WNIUoA

waag Ing L ONIUDA

ouau - lodnoa

msueaguanaslsznou lulnsau

wou Tty gravla ; Tdupendeon lunse

Tandenlulasd + wiaiulalasnaelsa

wea-ladu + mamesulalalasnaslsd
é’ﬂymzﬁiuq:

mMsasnsaanng Ine

MINIYVUOIINYTIAININN Y
Y o J 4
msasaslsznevezisacsanisuonaaa
a I3 4 a J
M3yl 0.01 wesidua loTnaend lud
a I3 4 a J
M3y lu 0.1 wesidua lo Tnaend lud
a I 4
MIIYUUIINg Ind 50 1Wosidud
a I I 4
MINTYUUING IAd 60 1105 1dud
a J 3 J o = J I3 J
msnsyuueInglaa 5 wlesidua nulmAsunaslsd 10 nosidud

a I3 Jd o = s I 3 4
ﬂ13l%5@ﬂu@1ﬁ15ﬂg1ﬂﬁ 5 1osiud ﬂ“]JI"])’LﬂEJiJﬂa@"lﬁﬂ 16 1losiFua

]
a

M5195N 20 DI ITALTH

9

2

MINTYN 25 DA UBAT

M3TUN 30 DI ITALT A

9

+

+



86

MINITYN 35 DA AT +
MINTYN 37 DA UBATA -

MINITYN 40 DIAUBALTA -
42 paFI LT -

9

a A
N1TATUN
A

a

MSATYN 45 DT AT -

9

milalasladese -

aaa v A

mshgasennud laeg Tandlowugdl -

a

BiiaueIglin Tuunan Q9
Candida sirachaensis sp. nov. @1IDYNINN Candida bombi (Meyer et al., 1998) 9
I A S A Y &~ v o J Aawv Y ~ o 1
WuadlFdnesuioudidalinnuduiusniediauims Indifssige Tagerdeanuuana1g
o w A Jd Aa o 1 X%
Y9d 19U TIna To INAUTa D1/D2 94 LSU rRNA gene, aunuavuuau 183 amnms,
anvansalumsmin 1dun mswinng Iaa, glnsa, nse Tacuazs il Tua, anwainso
o 1 a
Tumsldasiszaeuaisuou 1dun nuanina, a-15Tua, wealna, nsalae, s Tua,
I51inea, 2-fTa-A-ng Tamanaz ladnea, Arwawnsolumsldasisznou luTason Tdun
4 @ 4 [
TluaaFon luasauaz Tmdeon Tulasa uazdnvazouldun msadrnsannnglaa, ms
] Y a a s o a A
audulefion, msnsyuuemnsng Iad 60 Wesidud, msnsyunomsiilsan

INUULALMIITYN 37 DR UBATY e

v o A ( { a
MNN 9 FUFIUINGVOUNAAVON Candida sirachaensis sp. nov. (LM008") 193 yuU

21%13 YM broth 11ural 3 3u 91 25 esrwaiod (U3 = 10 lulasmag)
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97 Candida hyderabadensis CBS 10444" (AM159100)

Candida maltosa CBS 56117 (U45745)

0.01 Knuc 1

—— Candida tropicalis CBS 94" (U45749)
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0.A391%1 9.%01)3 an 1 = Kazachstania siamensis
§.Jﬂ1§ﬂ$fﬁ 1 - Candida stigmatis
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NITOUUIIA 1 : Candida etchellsii
wm:}’ﬂm 1 3 Candida apicola
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#1081 fwadadain  Swauwialalnsiln s
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U 1 1 Candida glabrata, closest to Ogataea allantospora
EUATREY 1 > Candida glabrata
Wﬂlﬂﬁj@miim 1 - Candida potacharoeniae
au 3 - a
’ﬂ"]fo]ﬂ‘lJ 1 5 Candida nodaensis
2 F11nUNMTNeLne) i 3 3 Aureobasidium pullulans, Sporidiobolus ruineniae,
T59i50u 915, 2. uATUIEN closest to Pichia myanmaensis
ot 1 3 Aureobasidium pullulans
YA . 4
Uliljj"]fﬂ 1 = Candida tropicalis
Uy 1 - Aureobasidium pullulans
UaznNo 1 - Aureobasidium pullulans
i 4 - Debaryomyces nepalensis, Hyphopichia burtonii,

Trichosporon asahii, species similar to Pichia sp. ST-
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BRMIGE 2 - Metschnikowia koreensis, Pichia kudriavzevii
4 ' a 4
4 L%uﬂ;umuﬂmmwa NITOUUIIA 4 : Aureobasidium pullulans, Candida amphixiae,
.UATUIEYN Pseudozyma aphidis, Starmerella meliponinorum
aana 2 y Aureobasidium pullulans, Starmerella meliponinorum
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Kluyveromyces thermotolerans
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Pichia kudriavzevii
‘]Jizigj 2, - Candida tropicalis, Trichosporon mycotoxinivorans
faana 2 = Candida tropicalis, Trichosporon asahii
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NN 2 - Candida tropicalis, Pichia kudriavzevii
d9Y 2 = Hanseniaspora opuntiae, closest to Meyerozyma
guilliermondii
0 sfnimsslse NYIAADITU 1 - Candida rugosa
v.asuin ’iT’]fo]ﬂ‘lJ 1 - Hanseniaspora guilliermondii
fa17a 3 = Candida maltosa, Candida sakaeoensis sp.nov.,
Trichosporon mucoides
1 1 - Candida glabrata
an 1 < Candida tropicalis
Uou 1 S Candida rugosa
11 éWQLﬁﬂﬁ1ﬁ?ﬂﬂN in 2 - Candida rugosa, Pichia galeiformis
vz "llii} 51&56 1 - Pichia rhodanensis
ugwin 2 - Candida metapsilosis, Hyphopichia burtonii
‘ﬂi%@: 1 - Candida sakaeoensis sp.nov.
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o 9 v a [ .
13 Jarinoudna 0.491U dldesa 1 - Candida sorboxylosa
v.l5z0uATIuE y o ) . | .
: 3 DOYLNN 3 a Trichosporon asahii, Trichosporon mycotoxinivorans,
closest to Meyerozyma guilliermondii
14 ‘fl'm‘vjuﬁ OUOU .1 U 908 1 3 closest to Meyerozyma guilliermondii
v.5200ATIus y
e BRI 1 > closest to Meyerozyma guilliermondii
15 D.YUNA VYUNT NN 1 - Pichia kudriavzevii
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o J
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sy L
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Hanseniaspora thailandica, Ogataea phyllophila sp. nov.
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chumphonensis sp. nov.
hllii}%ﬂ 5 1 F Candida maltosa
“hj'i}%a 6 1 1 Debaryomyces nepalensis, Ogataea phyllophila sp. nov.
"llii} ﬂd‘fa 7 2 = Candida tropicalis, closest to Pichia bimundalis
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Species Cell Dry Weight (g/1) IAA (mg/l)

Ascomycetous yeasts

Candida amphixiae LM034 nd 0
Candida amphixiae LM122 8.1 85.7
Candida apicola LMO005 nd 0
Candida etchellsii LM004 nd 0
Candida glabrata LMO001 9.6 50.5
Candida glabrata LM010 nd 0
Candida glabrata LMO011 nd 0
Candida glabrata LM012 nd 0
Candida glabrata LM070 nd 0
Candida glabrata LTM082 nd 0
Candida glabrata LM121 10.3 25.7
Candida jaroonii LM039 nd 0
Candida maltosa LM069 10.0 121.4
Candida maltosa LM100 10.4 130.5
Candida maltosa LM103 10.6 237.1
Candida maltosa LM110 11.2 159.5
Candida maltosa LM114 11.6 3143
Candida metapsilosis LM077 11.4 81.0
Candida nivariensis LM102 nd 0
Candida nivariensis LM109 7.6 39.0
Candida nivariensis LM115 9.0 27.1
Candida nivariensis LM116 8.7 37.6
Candida nivariensis LM 123 8.5 51.4
Candida nodaensis LM014 nd 0
Candida parapsilosis LM099 11.2 71.4
Candida potacharoeniae LM013 nd 0
Candida rugosa LM050 nd 0
Candida rugosa LM053 nd 0

Candida rugosa LM060 11.1 98.6
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Species Cell Dry Weight (g/1) IAA (mg/l)
Candida rugosa LM066 11.3 101.9
Candida rugosa LM072 nd 0
Candida rugosa LM074 13.3 66.9
Candida sakaeoensis sp. nov. LM068 9.3 31.9
Candida sakaeoensis sp. nov. LM078 nd 0
Candida sirachaensis sp. nov. LM008 nd 0
Candida sorboxylosa LM084 nd 0
Candida stigmatis LM003 nd 0
Candida tropicalis LM019 nd 0
Candida tropicalis LM024 nd 0
Candida tropicalis LM049 11.2 329
Candida tropicalis LM051 11.8 543
Candida tropicalis LM055 nd 0
Candida tropicalis LM057 11.6 33.8
Candida tropicalis LM059 nd 0
Candida tropicalis LM062 11.7 31.9
Candida tropicalis LMO071 9.9 314
Candida tropicalis LM079 nd 0
Candida tropicalis LM096 nd 0
Candida tropicalis LM105 10.1 43.8
Candida tropicalis LM118 11.7 533
Candida tropicalis LM127 12.4 37.6
Candida trypodendroni LM026 nd 0
Clavispora lusitaniae LM083 nd 0
Debaryomyces nepalensis LM091 nd 0
Debaryomyces nepalensis LM095 nd 0
Debaryomyces nepalensis LM101 nd 0
Debaryomyces nepalensis LM 104 nd 0
Debaryomyces nepalensis LM107 8.8 324
Debaryomyces nepalensis LM108 9.5 36.2
Debaryomyces nepalensis LM124 nd 0
Debaryomyces nepalensis LN04 nd 0

130



131

M135199 16 (919)

Species Cell Dry Weight (g/1) IAA (mg/l)
Debaryomyces nepalensis LN13 nd 0
Hanseniaspora guilliermondii LM067 nd 0
Hanseniaspora guilliermondii LM 129 nd 0
Hanseniaspora opuntiae LM007 nd 0
Hanseniaspora opuntiae LM043 3.9 44.8
Hanseniaspora opuntiae LM064 nd 0
Hanseniaspora opuntiae LM080 nd 0
Hanseniaspora thailandica LM097 nd
Hanseniaspora thailandica LM098 nd 0
Hanseniaspora thailandica LM112 nd 0
Kazachstania siamensis LM002 6.4 43.3
Kazachstania siamensis LM009 nd 0
Kluyveromyces marxianus LMO081 nd 0
Kluyveromyces thermotolerans LM047 /x5 35.7
Kodamaea ohmeri LM037 nd 0
Kodamaea ohmeri LM052 9.9 25.7
Kodamaea ohmeri LM061 nd 0
Kodamaea ohmeri LM090 nd 0
Kodamaea ohmeri LM111 9.6 24.3
Kodamaea ohmeri LM130 nd 0
Metschnikowia koreensis LM029 nd 0
Hyphopichia burtonii LM022 nd 0
Hyphopichia burtonii LM046 11.0 38.6
Hyphopichia burtonii LM076 nd 0
Hyphopichia burtonii LM119 nd 0
Meyerozyma guilliermondii LM 120 8.3 68.1
Pichia galeiformis LM044 nd 0
Pichia galeiformis LM073 nd 0
Pichia kudriavzevii LM006 nd 0
Pichia kudriavzevii LM030 nd 0
Pichia kudriavzevii LM040 nd 0
Pichia kudriavzevii LM054 nd 0
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Species Cell Dry Weight (g/1) IAA (mg/l)

Pichia kudriavzevii LM063 nd 0
Pichia kudriavzevii LM089 nd 0
Pichia kudriavzevii LM128 10.4 27.1
Pichia rhodanensis LM075 nd 0
Starmerella meliponinorum 1LM032 nd 0
Starmerella meliponinorum LMO035 nd 0
Torulaspora delbrueckii LM041 7.4 27.1
Torulaspora pretoriensis LM045 7.5 36.2
Wickerhamomyces edaphicus LM028 nd 0
Similar to Candida sp. 05-7-186T (LM125) nd 0
Similar to Candida sp. 05-7-186T (LM126) nd 0
Similar to Geotrichum sp. SKK15 (LM092) nd 0
Similar to Pichia sp.ST-335 (LMO023) nd 0
Similar to Wickerhamia sp. ST-122 (LM117) 9.2 41.9
Closest to Candida sojae (LM093) 11.1 62.9
Closest to Meyerozyma guilliermondii (LM065) 9.4 31.9
Closest to Meyerozyma guilliermondii (LM086) nd 0
Closest to Meyerozyma guilliermondii (LM087) nd 0
Closest to Meyerozyma guilliermondii (LM088) nd 0
Closest to Meyerozyma guilliermondii (LM094) nd 0
Closest to Pichia bimundalis (LM106) nd 0
Closest to Pichia myanmaensis (LM016) nd 0
Closest to Pichia myanmaensis (LN06) nd

Basidiomycetous yeasts nd 0
Pseudozyma aphidis LNO5 6.0 27.1
Sporidiobolus ruineniae LMO015 5.6 84.3
Trichosporon asahii LM085 nd 0
Trichosporon asahii LNO3 nd 0
Trichosporon asahii LNO§ nd 0
Trichosporon mucoides LNO9 nd 0
Trichosporon mycotoxinivorans LNO7 nd 0
Trichosporon mycotoxinivorans LN10 nd 0
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Species Cell Dry Weight (g/1) IAA (mg/l)
Closest to Trichosporon mycotoxinivorans (LM113) nd 0
Methylotrophic yeasts
Candida chumphonensis sp. nov. LN15 nd 0
Candida mattranensis sp. nov. LN17 nd 0
Ogataea thermophila LN19 nd 0
Ogataea phyllophila sp. nov. LN12 nd 0
Ogataea phyllophila sp. nov. LN14 nd 0
Ogataea phyllophila sp. nov. LN16 nd 0
Ogataea sp. LN18 nd 0
Closest to Ogataea allantospora (LNO1) nd 0
Closest to Ogataea siamensis (LN11) nd 0
Yeast-like fungi
Aureobasidium pullulans LM017 9.9 52.9
Aureobasidium pullulans LM018 9.7 57.1
Aureobasidium pullulans LM020 7.8 333
Aureobasidium pullulans LM021 nd 0
Aureobasidium pullulans LM025 7.4 34.8
Aureobasidium pullulans LM027 9.8 29.5
Aureobasidium pullulans LM031 nd 0
Aureobasidium pullulans LM033 nd 0
Aureobasidium pullulans LM036 nd 0
Aureobasidium pullulans LM038 8.0 58.6
Aureobasidium pullulans LM042 8.4 43.8
Aureobasidium pullulans LM048 7.7 35.7
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Species Cell Dry Weight (g/1) IAA (mg/l)
Candida amphixiae LM 122 8.6 82.6
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Abstract Five strains (LN12, LN14", LN15", LN16
and LN177) representing three novel methylotrophic
yeast species were isolated from the external surface of
plant leaves by three-consecutive enrichments. On the
basis of morphological, biochemical, physiological
and chemotaxonomic characteristics, the sequence
analysis of the D1/D2 domain of the large subunit
(LSU) rRNA gene and the phylogenetic analysis, the
five strains were assigned to be one novel Ogataea
species and two novel Candida species. Three strains
(LN12, LN14" and LN16) represent a single novel
species of the genus Ogataea, for which the name
Ogataea phyllophila sp. nov. is proposed. The type
strainis LN14T (= BCC 426667 = NBRC 107780T =
CBS 120957). Strain LN15" was assigned to be
Candida chumphonensis sp. nov. (type strain
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LN15T = BCC 42667" = NBRC 1077817 = CBS
12096"). Strain LN177 represented another novel
species of Candida that was named Candida mattran-
ensis sp. nov. (type strain LN177 = BCC 42668 =
NBRC 1077827 = CBS 12097%).

Keywords Ogataea phyllophila sp. nov. - Candida
chumphonensis sp. nov. - Candida mattranensis sp.
nov. - Methylotrophic yeast - Phylloplane

Introduction

Methylotrophic yeasts can utilize methanol as a sole
source of carbon and energy. They represent a
relative small proportion of yeasts and belong to a
limited number of yeast genera, including Ogataea
(Yamada et al. 1994; Mikata and Yamada 1995; Suh
et al. 2006), Komagataella (Yamada et al. 1995;
Dlauchy et al. 2003; Kurtzman 2005), Kuraishia
(Yamada et al. 1994; Peter et al. 2005) and Candida
(Meyer et al. 1998). In the recent years member of
Ogataea increased rapidly not only because of
transferring many Pichia species to this genus after
emendation of the genus description for nitrate
assimilation, ascospores shaped and ascospores num-
ber but also from discovering many novel species in
the past few years (Glushakova et al. 2010; Kurtzman
and Robnett 2010; Limtong et al. 2008; Nagatsuka
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et al. 2008; Peter et al. 2008, 2009; Suh and Zhou
2010). At present more than 30 species are accepted
in the genus Ogataea.

The external surface of plant leaves usually refer
to the phylloplane or phyllosphere (Phaff and Starmer
1987; Fonseca and Inacio 2006). Phylloplane from
various regions of the world are found to be
colonized by members of both basidiomycetous and
ascomycetous yeasts (Fonseca and Inacio 2006;
Glushakova et al. 2007; Landell et al. 2010; Nakase
et al. 2001; Slavikova et al. 2009). Although most
common phylloplane yeasts are basidiomycetous
species (Fonseca and Inacio 2006; Nakase et al
2001) Peter et al. (2007) reported the occurrence of
methylotrophic ascomycetous species on leaves in
Hungary. It is suggested that the methylotrophic
yeasts on phylloplane utilize methanol that produced
by pectin demethylation inside the leaves and emitted
to the surface through stomata during transpiration
for their growth (Peter et al. 2007).

During investigation of methylotrophic yeasts on
phylloplane in Mattra island, Chumphon Islands
National Park, Chumphon province, Thailand, five
strains of novel species were isolated. Detailed
analysis demonstrated that they are belonged to
Ogataea clade. In this report one novel Ogataea
species and two novels Candida species are described.

Materials and methods
Yeast isolation

Leaves were collected from 21 different plants
included banana (Musa sapientum), cassava (Manihot
escilenta), coconut (Cocos nucifera), fig (Ficus
racemosa), sugarcane (Saccharum officinarum) and
the other 16 unknown plants in a small area of primary
rainforest in Mattra island (10°04'N 99°35’E), Chum-
phon Islands National Park, Chumphon province,
Thailand in May, 2009. Methylotrophic yeasts were
isolated by a technique involving three consecutive
methanol enrichments as described by Limtong et al.
(2004) but using 0.5% (v/v) methanol-yeast nitrogen
base (YNB) broth (0.67% Difco yeast nitrogen base
and 0.5% (v/v) methanol) instead of 1% (v/v)
methanol-YNB broth. Three grams of cut leaves,
derived from cutting few leaves to the size that can be
put into a 250 ml Erlenmeyer flask, was inoculated
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into 50 ml enrichment broth in the flask and incubated
on a rotary shaker at room temperature for 4-5 days.
After three consecutive enrichment cultivation a
loopful of the enriched culture was streaked on
0.5% (v/v) methanol-YNB agar and incubated at
room temperature until yeast colonies appeared. Yeast
colonies of different morphologies were picked and
purified by cross streaking on YM agar. Purified yeast
strains were suspended in YM broth supplemented
with 10% glycerol and maintained at —80°C.

DNA sequencing and phylogenetic analysis

Methods for DNA isolation and amplification of the
D1/D2 domain of the LSU rRNA gene were as
described previously by Limtong et al. (2007). The
PCR product was checked by agarose gel electro-
phoresis and purified by using the QIA quick
purification kit (Qiagen, Hilden, Germany). The
purified product was sequenced commercially by
Macrogen Inc. (Seoul, Korea) for sequencing with
primers, NL1 and NL4. The sequences were comi-
pared pairwise using a BLASTN search (Altschul
et al. 1997) and were aligned with the sequences of
related species retrieved from GenBank using the
multiple alignment program CLUSTAL_X version
1.81 (Thompson et al. 1997). A phylogenetic tree was
constructed from the evolutionary distance data with
Kimura’s two-parameter correction (Kimura 1980),
using the neighbor-joining method (Saitou and Nei
1987). The other phylogenetic trees were also con-
structed with the neighbor-joining and maximum
likelihood methods using MEGA 5.0 package (Tam-
ura et al. 2007) and the aligned sequences obtained
from MUSCLE version 3.8 alignment program
(Edgar 2004). Confidence levels of the clades were
estimated from bootstrap analysis (1,000 replicates)
(Felsenstein 1985).

Examination of taxonomic characteristics

The strains were characterized morphologically,
biochemically, and physiologically according to the
standard methods described by Yarrow (1998).
Mycelium formation was investigated on corn meal
agar in slide culture at 25°C for up to 7 days.
Ascospores formation was investigated on 5% malt
extract agar, Gorodkowa agar, Fowell’s acetate agar
and corn meal agar at 15 and 25°C for up to 4 weeks.
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Carbon assimilation tests were conducted in liquid
medium as described by Yarrow (1998). Assimilation
of nitrogen compounds was examined on solid media
with starved inocula following the method of Nakase
and Suzuki (1986). Growth at various temperatures
was determined by cultivation in YM broth. Ubiqui-
nones were extracted from cells cultivated in 500 ml
Erlenmeyer flasks containing 250 ml of yeast extract
peptone dextrose (YPD) broth (1% yeast extract, 2%
peptone and 2% dextrose) on a rotary shaker at 28°C
for 24-48 h and purified according to the method
described by Yamada and Kondo (1973) and Kuraishi
et al. (1985). Isoprenologues were identified by
HPLC as described previously (Limtong et al. 2007).

Results and discussion
Yeasts isolation and identification

Six methylotrophic yeast strains could be isolated by
the enrichment isolation using 0.5% (v/v) methanol-
YNB broth from six samples of leaves from cassava
and the other five unknown plants out of 21 samples
used for isolation. Identification on the basis of
similarities of the D1/D2 domain of the LSU rRNA
gene sequences revealed that five strains (LN12,
LN147T, LN15%, LN16 and LN17%) were found to
represent three novel species and one strain was
assigned to Ogataea polymorpha.

Member of the methylotrophic yeast have been
found associated with plant materials including tree
bark, tree exudate, flower, leaf, gall on leaf and rotten
wood (Dlauchy et al. 2003; Glushakova et al. 2010,
Limtong et al. 2004, 2008; Morais et al. 2004; Peter
et al. 2003, 2007, 2008, 2009). The result of this
investigation showed that methylotrophic yeasts were
detected on leaves collected from the small island in
Thailand though only a small number of samples
were investigated. However, methylotrophic yeast
could be detected on only 27% of the leaves which
was much lower than 45% that was reported in
Hungary (Peter et al. 2007) while 95% of leaves were
colonized by the other yeasts.

Novel species delineation

Among the five strains (LN12, LN14T, LN15T, LN16
and LN177), the sequences of the D1/D2 domain of

the LSU rRNA gene of three strains (LN12, LN14T
and LN16) were identical. In terms of pairwise
sequence similarity the closest species to the three
strains (LN12, LN14T and LN16) was Ogataea sp.
NCAIM Y.01896 but with 1.4% nucleotide substitu-
tions (9 nucleotide substitutions out of 568 nt) and the
three strains differed from Ogataea minuta, their
closest described relative, by 1.8% nucleotide sub-
stitutions (10 nucleotide substitutions and 1 indel out
of 567 nt). Strain LN15" differed from Candida sp.
ZIM 2322, it closest phylogenic relative, by 2.8%
nucleotide substitutions (18 nucleotide substitutions
and 2 gaps out of 570 nt) and from Ogataea
dorogensis, the known species closest to it, by 3.2%
nucleotide substitutions (18 nucleotide substitutions
and 3 gaps out of 570 nt). Strain LN177 was closest to
Candida sp. NRRL YB-2442 but with 3.5% nucle-
otide substitutions (20 nucleotide substitutions and 1
indel out of 566 nt) while it differed by 3.7%
nucleotide substitutions (21 nucleotide substitutions
and 1 indel out of 566 nt) from Ogataea cecidiorum,
it closest known species. Therefore, the three strains
(LN12, LN14" and LN16) were considered to
represent a single novel species while strains
LN15T and LN17" represented two other mnovel
species (Kurtzman and Robnett 1998).

The phylogenetic trees based on the sequences of
the D1/D2 domain of the LSU rRNA gene were
constructed by neighbor-joining method using the
aligned sequences obtained from CLUSTAL_X align-
ment program (Fig. 1) or MUSCLE alignment pro-
gram (data not shown) and by maximum likelihood
method using the aligned sequences obtained from
either alignment program (data not shown). Though
the trees constructed by both methods were not
congruent completely, they demonstrated that the five
strains were in the Ogataea clade. The neighbor-
joining tree using aligned sequences obtained from
CLUSTAL_X alignment program was selected to
show the phylogenetic placement of the new species
(Fig. 1). In this neighbor-joining tree the five strains
were in the same cluster that separated from the so-
called Pichia methanolica cluster proposed by Na-
gatsuka et al. (2008), which latter the Pichia species
of this cluster were transferred to the genus Ogataea
(Kurtzman and Robnett 2010). The three strains
(LN12, LN14T and LN16) were located in the same
position and formed a subcluster with Ogataea sp.
NCAIM Y.01896 and O. minuta, there closest
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Fig. 1 Phylogenetic tree
based on the sequences of
the D1/D2 domain of the
LSU tRNA gene, showing
positions of Ogataea

Ogataea paradorogensis CBS 109787 (AB437093)
Candid xyloterini CBS 11547" (F1381703)
Ogatzea dorogensis CBS 92607 (EU011620)

]——Ogataea allantospora CBS 10576" (EF471446)

Ogataea chonburiensis CBS 103637 (AB307721)

phyllophila sp. nov. (LN12,
LN14" and LN16), Candida
chumphonensis sp. nov.
(LN15") and Candida
mattranensis Sp. NOv.
(LN17") with respect to
closely relate species. The
phylogenetic tree was
constructed from
evolutionary distance data
corrected by two-parameter
transformation of Kimura
(1980), using the neighbor-
joining method. Numbers
indicate percentages of
bootstrap sampling, derived
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Ambrosiozyma cicatricosa CBS 61577 (U40128)

0. dorogenis with low bootstrap support its closet
described species. Strain LN17" was related to
Candida sp. NRRL YB-2442 in a separate subcluster.
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Therefore, it is clear that the five strains were
separated into three novel species belonging to the
Ogataea clade but their correct phylogenetic position
within the clade remains unclear which was also
happened in the case of using single gene sequences
for phylogenetic tree construction reported by Nagat-
suka et al. (2008); Nakase et al. (2010) and Peter et al.
(2010).

On the basis of the evidence of molecular and other
taxonomic criteria here we propose three novel
species, O. phyllophila sp. nov. (MycoBank no.:
MB561002) for strains LN12, LN14T and LN16,
C. chumphonensis sp. mnov. (MycoBank no.
MB561003) for strain LN15T, and C. mattranensis
sp. nov. (MycoBank no.: MB561004) for strain LN17".

The three novel species O. phyllophila sp. nov.,
C. chumphonensis sp. nov. and C. mattranensis sp.
nov. can be distinguished from each other and from
their closest known species O. minuta, O. dorogensis
and O. cecidiorum, respectively, not only on the basis
of the sequences of the D1/D2 domain of the LSU
rRNA gene and ascospores formation but also by
several phenotypic characteristics as shown in Table 1.

Latin diagnosis of Ogataea phyllophila
Koowadjanakul, Jindamorakot,
Yongmanitchai et Limtong sp. nov.

In medio liquido ‘cum extracto levidins et extracto
malti (YM)’, post dies 3 ad 25°C cellulae globosae
aut ovoideae (2-3 x 2—4 um), singulae aut binae, per
germinationem multipolarem reproducentes. In agaro
“YM’, post dies 3 ad 25°C, cultura butyrosa, cremea,
glabra et margo glabra. Pseudohyphae et hyphae non
formantur in agaro farina Zea mays post dies 7 ad
25°C. Ascosporae galeiformes aut pileiformes, 4 in
ascum. Asci inconjugati, conjugati cellularum vel,
conjugati cellularum gemmarum que oriumtur. Fer-
mentatio nulla. p-Glucosum, L-sorbosum, D-ribosum,
p-xylosum (lente), p-arabinosum (infirme), «-o-tre-
halosum, cellobiosum, salicinum, glycerolum, eryth-
ritolum, ribitolum, D-glucitolum, D-mannitolum,
acidum  2-keto-p-gluconicum  (infirme), acidum
5-keto-p-gluconicum, acidum bpr-lacticum (infirme),
acidum succinicum, acidum citricum, methanolum,
ethanolum, natrium nitrosum, kalium nitricum,
ethylaminum, L-lysinum et cadaverinum assimilantur
at non D-galactosum, N-acetyl-p-glucosaminum,

Table 1 Phenotypic characteristics of Ogataea phyllophila sp.
nov., Candida chumphonensis sp. nov., Candida mattranensis
sp. nov., Ogataea minuta, Ogataea dorogensis and Ogataea
cecidiorum

Characteristics 1 2 3 4 5° 6°

Fermentation
p-Glucose - 8§ W 4+/W/- 8 5
p-Galactose - - - = - -
Maltose - - = = — -
Sucrose - - - = - —
w-o-Trehalose = = = Wis —/Wis —
Lactose = = = = - N
Raffinose - & = = =

Carbon assimilation
p-Glucose S
p-Galactose - -

© o+
Ve
| o
I -

L-Sorbose + -

|
-+

|
gw
B
+ A A
£ < <<+ 24

N-Acethyl-p-glucosamine — — — — —
p-Ribose
D-Xylose

v o+
£

L-Arabinose - -
D-Arabinose
L-Rhamnose - - = Vit -
Sucrose - - = =
Maltose - = = -
x-o-Trehalose + =
«-Methyl-p-glucoside — == = =
Cellobiose
Salicin

Melibiose - -
Lactose - -
Raffinose - - - = -
Melezitose -
Inulin —
Soluble starch —

€
[
[
3
753

|
|

+ 4+ 1+

_+.
+ 4+ 1+
Z o+ +

€
[
|
[
[

Glycerol
Erythritol
Ribitol
p-Glucitol
p-Manitol
Galactitol =
Myo-inositol

+ o+ o+ o+t
#2223
+ 4+ 4+ + + +
+ 4+ + + +
Z Z 2+ + +

2-Keto-p-gluconic acid

+ =
£+ =

[

[

Z

[

5-Keto-p-gluconic acid
p-Gluconic acid -
p-Glucuronic acid = b ww e = .
pL-Lactic acid
VI+IS + A%
S+ + =

Succinic acid

Citric acid

+ + %
s
+ + 2
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Table 1 continued

Characteristics 1 2 3 4 50 6°

Methanol
Ethanol

Nitrogen assimilation

+ +
£ +
+ +
§+
+ +
+ +

Potassium nitrate Vit -
Sodium nitrite
Ethylamine HC1
L-Lysine HC1
Cadaverine HCl

Additional growth tests
Vitamin-free
Growth at 25°C
Growth at 30°C
Growth at 35°C
Growth at 37°C
Growth at 40°C
Growth at 42°C
Growth at 45°C - — -
0.01% Cycloheximide  — — -
0.1% Cycloheximide - - =
50% Glucose 4 — +
60% Glucose - — + -
10% NaCl/5% glucose +
16% NaCl/5% glucose — — —  —

Amyloid formation — - = E.

+ 4+ + + +
+

+ 4+ + + +

+ o+ + H

+ o+ +

iz 24

o+ 4+ + s
LTI Gt =
|0 Cad fremiEt

+ 4+ 1 1 HH+++

I Z g + + [ + + +

z

Urease — — - -

||||IZ\+ZIZ§+++ZI
|

Diazonium blue B — = — £S
Major ubiquinone Q7 Q7 Q7 Q7 Q7 N

1 O. phyllophila sp. nov., 2 C. chumphonensis sp. nov., 3 C.
mattranensis sp. nov., 4 O. minuta, 5 O. dorogensis, 6 O.
cecidiorum, + positive, S slow positive, W weak positive,
V variable, L latent, — negative, N no data

* Data from Kurtzman (1998) and Barnett et al. (2000)
 Data from Peter et al. (2003)
¢ Data from Glushakova et al. (2010)

L-arabinosum, L-thamnosum, sucrosum, maltosum,
a-methyl-p-glucosidum, melibiosum, lactosum, raff-
inosum, melizitosum, inulinum, amylum solubile,
galactitolum, inositolum, acidum p-gluconicum nec
acidum p-glucuronicum. Vitamina externa ad cres-
centiam necessaria non sunt (infirme). Crescere
potest in temperatura 25, 30 et 35°C at non crescit
in temperatura 37, 40, 42 nec 45°C. Crescit in 50%
glucosum, et 10% NaCl/5% glucosum. Non crescit in
60% glucosum, 16% NaCl/5% glucosum, 0. 1%
cycloheximido et 0.01% cycloheximido. Amylum
non formatur. Diazonium caeruleumn B non
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respondens. Ureum non hydrolysatur. Ubiquinonum
majus: Q-7.

Holotypus

Stirps LN147 isolatus ex folio, in Chumphon provin-
cia, Thailandia. Cultura et conservatus in Collectionie
Culturarum in BIOTEC Culture Collection (BCC),
National Center for Genetic Engineering and Bio-
technology (BIOTEC), Pathumthani, Thailandia ut
BCC 42666"; NITE Biological Resources Center
(NBRC), Department of Biotechnology, National
Institute of Technology and Evaluation, Chiba,
Japonia conservatus ut NBRC 1077807 et Centraal-
bureau voor Schimmelcultures (CBS), Utrecht, the
Netherlands ut CBS 12095".

Description of Ogataea phyllophila
Koowadjanakul, Jindamorakot,
Yongmanitchai and Limtong sp. nov.

Growth in yeast extract malt extract (YM) broth:
After 3 days at 25°C, cells are spherical to ovoid
(23 x 2-4 ym) and occur singly or in pairs
(Fig. 2a). Budding is multilateral. Growth on YM
agar: After 3 days at 25°C, the streak culture is
butyrous, cream-coloured, with a smooth surface and
has an entire margin. Pseudohyphae and true hyphae
are not formed in slide culture on corn meal agar after
7 days at 25°C. Ascospores were produced on 5%
malt extract agar and corn meal agar after 2 days at
15 and 25°C (Fig. 2b). Four hat-shaped ascospores
are formed in a deliquescent ascus that may be
produced unconjugation or conjugation between a
parent cell and its bud or between independent cells
and ascospores tend to agglutinate after liberation.
The other phenotypic characteristics of the species
are shown in Table 1. The MycoBank number is
MB561002.

Holotype

LN147 is the holotype of O. phyllophila. The strain was
isolated from leaves of an unknown tree on Mattra
island (10°04'N 99°35'E) in Chumphon Islands
National Park, Chumphon province, Thailand, col-
lected in May, 2009. The living culture from type was
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Fig. 2 Ogataea phyllophila sp. nov. (LN14™) a Budding cells
on YM agar after 3 days at 25°C and b hat-shaped ascospores
formed on cormm meal agar after 3 days at 25°C. Scale bar 5 pm

deposited at the BIOTEC Culture Collection (BCC),
National Center for Genetic Engineering and Biotech-
nology (BIOTEC), Pathumthani, Thailand, as BCC
42666T; NITE Biological Resources Center (NBRC),
Department of Biotechnology, National Institute of
Technology and Evaluation, Chiba, Japan, as NBRC
107780" and Centraalbureau voor Schimmelcultures
(CBS), Utrecht, the Netherlands as CBS 120957,

Etymology

The species epithet phyllophila refers to phylloplane
where the three strains of this species were isolated.

Latin diagnosis of Candida chumphonensis
Limtong, Koowadjanakul, Jindamorakot et
Yongmanitehai sp. nov.

In medio liquido ‘YM’, post dies 3 ad 25°C
cellulaec globosae aut ovoideae (2-4 x 2-4 pm),

singulae, binae, aut congregationibus, per germina-
tionem multipolarem reproducentes. In agaro “YM’,
post dies 3 ad 25°C, cultura butyrosa, cremea,
glabra, umbonatus et margo undulata. Pseudohyp-
hae et hyphae non formantur. Ascosporac non
formantur. p-Glucosum (lente) fermentature at non
D-galactosum, maltosum, sucrosum, «-¢-trehalosum,
lactosum nec raffinosum. p-Glucosum, D-ribosum
(infirme), cellobiosum (infirine), salicinam (in-
firme), inulinom (infirme), glycerolum (infirme),
erythritolam (infirme), ribitolum (infirme), p-gluci-
tolum (infirme), D-mannitolum (infirme), acidum
2-keto-p-gluconicum (infirme), acidum 5-keto-p-glu-
conicum, acidum D-gluconicum (infirme), acidum
succinicum  (infirme), methanolum, ethanolum (in-
firme), ethylaminum et cadaverinum assimilantur at
non D-galactosum, L-sorbosum, N-acetyl-D-glucosami-
num, D-xylosum, L-arabinosum, D-arabinosum,
L-thamnosuim, sucrosum, maltosum, o-«-trehalosum,
o-methyl-pD-glucosidum, melibiosum, lactosum, raffi-
nosum, melizitosum, amylum solubile, galactitolum,
inositolum, acidum D-glucuronicum, acidum DL-lacti-
cum, acidum citdcuwm, kalium nitricum, natriom
nitrosum nec L-lysinum. Vitamina externa ad cres-
centiam necessaria non sunt (infirme). Crescere potest
in temperatura 25, 30 et 35°C at non crescit in
temperatura 37, 40, 42 nec 45°C. Non crescit in 50%
glucosum, 60% glucosum, 10% NaCl/5% glucosum,
16% NaCl/5% glucosum, 0. 1% cycloheximido et
0.01% cycloheximido. Amylum non formatur. Dia-
zonium caeruleum B non respondens. Ureum non
hydrolysatur. Ubiquinonum majus: Q-7.

Holotypus

Stirps LN157 isolatus ex folio, in Chumphon provin-
cia, Thailandia. Cultura et conservatus in Collectionie
Culturaram in BIOTEC Culture Collection (BCC),
National Center for Genetic Engineering and Bio-
technology (BIOTEC), Pathumthani, Thailandia ut
BCC 42667%: NITE Biological Resources Center
(NBRC), Department of Biotechnology, National
Institate of Technology and Evaluation, Chiba,
Japonia conservatus ut NBRC 1077817 et Centraal-
bureau voor Schimmelcultures (CBS), Utrecht, the
Netherlands ut CBS 12096™.
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Description of Candida chumphonensis Limtong,
Koowadjanakul, Jindamorakot
and Yongmanitchai sp. nov.

Growth in YM broth: After 3 days at 25°C, cells are
spherical to ovoid (24 x 2—-4 um) and occur singly or
in pairs or in groups (Fig. 3a). Budding is multilateral.
Growth on YM agar: After 3 days at 25°C, the streak
culture is butyrous, cream-coloured, with an umbonate
surface and has an undulate margin. Pseudohyphae and
true hyphae are not formed in slide culture on corn meal
agar after 7 days at 25°C. Ascospores were not
produced on 5% malt extract agar, Fowell’s acetate
agar, Gorodkowa agar and corn meal agar after
4 weeks at 15 and 25°C. The other phenotypic
characteristics of the species are shown in Table 1.
The MycoBank number is MB561003.

Holotype

LN15" is the holotype of C. chumphonensis. The
strain was isolated from leaves of an unknown tree on

Fig. 3 Budding cells on YM agar after 3 days at 25°C of
a Candida chumphonensis sp. nov. (LN15%) and b Candida
mattranensis sp. Nov. (LN17%). Scale bar 5 um
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Mattra island (10°04'N 99°35'E) in Chumphon
Islands National Park, Chumphon province, Thailand,
collected in May, 2009. The living culture from type
was deposited at the BIOTEC Culture Collection
(BCC), National Center for Genetic Engineering and
Biotechnology (BIOTEC), Pathumthani, Thailand, as
BCC 42667"; NITE Biological Resources Center
(NBRC), Department of Biotechnology, National
Institute of Technology and Evaluation, Chiba, Japan,
as NBRC 107781" and Centraalbureau voor Schim-
melcultures (CBS), Utrecht, the Netherlands as CBS
12096".

Etymology

The species epithet chumphonensis refers to Chum-
phon province, Thailand, where the strain was
isolated.

Latin diagnosis of Candida mattranensis Limtong,
Koowadjanakul, Jindamorakot et Yongmanitchai
sp. nov.

In medio liquido “YM’, post dies 3 ad 25°C cellulae
subglobosae aut ovoideae (1-4 x 2-5 um), singulae
aut binae, per germinationem multipolarem reprodu-
centes. In agaro “YM’, post dies 3 ad 25°C, cultura
butyrosa, cremea, glabra et margo glabra. Pseudo-
hyphae et hyphae non formantur. Ascosporae non
formantur. p-Glucosum (infirme) fermentature at non
D-galactosum, maltosum, sucrosum, a-g-trehalosum,
lactosum nec raffinosum. p-Gucosum, D-galactosum
(infirme), 1-sorbosum (lente), D-ribosum (lente),
D-xylosum (infirme), «-o-trehalosum, cellobiosum,
salicinum, glycerolum, erythritolum, ribitolum,
D-glucitolum, D-mannitolum, galactitolum, acidum
DL-lacticum (infirme), acidum succinicum, acidum
citricum, methanolum, ethanolum, kalium nitricum,
natrivm nitrosum, ethylaminum, r-lysinum et cadav-
erinum at non N-acetyl-p-glucosaminum, L-arabino-
sum, D-arabinosum, L-rhamnosum,  sucrosum,
maltosum,  «-methyl-p-glucosidum, melibiosum,
lactosum, raffinosum, melizitosum, inulinum, amy-
lum solubile, inositolum, acidum 2-keto-pD-gluconi-
cum, acidum 5-keto-p-gluconicum, acidum p-gluconicum
nec acidum Dp-glucuronicum. Vitamina externa ad
crescentiam necessaria non sunt. Crescere potest in
temperatura 25, 30, 35 et 37°C (lente) at non crescit
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in temperatura 40, 42 nec 45°C. Crescit in 50%
glucosum, 60% glucosum et 10% NaCl/5% gluco-
sum. Non crescit in 16% NaCl/3% glucosum, 0. 1%
cycloheximido et 0.01% cycloheximido. Amylum
non formatur. Diazonium caeruleum B non respon-
dens. Ureum non hydrolysatur. Ubiquinonum majus:

Q-7.
Holotypus

Stirps LN177 isolatus ex folio, in Chumphon provin-
cia, Thailandia. Cultura et conservatus in Collectionie
Culturarum in BIOTEC Culture Collection (BCC),
National Center for Genetic Engineering and Bio-
technology (BIOTEC), Pathumthani, Thailandia ut
BCC 42668; NITE Biological Resources Center
(NBRC), Department of Biotechnology, National
Institute of Technology and Evaluation, Chiba,
Japonia conservatus ut NBRC 1077827 et Centraal-
bureau voor Schimmelcultures (CBS), Utrecht, the
Netherlands ut CBS 120977

Description of Candida mattranensis Limtong,
Koowadjanakul, Jindamorakot
and Yongmanitchai sp. nov.

Growth in YM broth: After 3 days at 25°C, cells are
subspherical to ovoid (1-4 x 2-5 um) and occur
singly or in pairs (Fig. 3b). Budding is multilateral.
Growth on YM agar: After 3 days at 25°C, the streak
culture is butyrous, cream-coloured, with a smooth
surface and has an entire margin. Pseudohyphae and
true hyphae are not formed in slide culture on corn
meal agar after 7 days at 25°C. Ascospores were not
produced on 5% malt extract agar, Fowell’s acetate
agar, Gorodkowa agar and corn meal agar after
4 weeks at 15 and 25°C. The other phenotypic
characteristics of the species are shown in Table 1.
The MycoBank number is MB561004.

Holotype

LN177 is the holotype of C. mattranensis. The strain
was isolated from leaves of an unknown tree on
Mattra island (10°04'N 99°35’E) in Chumphon
Islands National Park, Chumphon province, Thailand,
collected in May, 2009. The living culture from type
was deposited at the BIOTEC Culture Collection

(BCC), National Center for Genetic Engineering and
Biotechnology (BIOTEC), Pathumthani, Thailand, as
BCC 42668; NITE Biological Resources Center
(NBRC), Department of Biotechnology, National
Institute of Technology and Evaluation, Chiba, Japan,
as NBRC 1077827 and Centraalbureau voor Schim-
melcultures (CBS), Utrecht, the Netherlands as CBS
120977

Etymology

The species epithet mattranensis refers to Mattra
island, Chumphon province, Thailand, where the
strain was isolated.
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