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Rungluk Kaewwichian 2009: Diversity of Yeast in Forest Soil in the North Eastern Part of Thailand and
Their Ability in Degradation of Organic Compounds. Master of Science (Microbiology), Major Field:
Microbiology, Department of Microbiology. Thesis Advisor: Professor Savitree Limtong, D.Eng.

137 pages.

Diversity of yeast in forest soils from 2 wildlife sanctuaries, 9 national parks, 3 forest parks and 8 other
forests in the north-eastern part of Thailand was studied. Yeast strains were isolated using enrichment technique and
identified on the basis of sequences analysis of the D1/D2 domain of the large subunit rRNA gene and phylogeny.
A total of 102 yeast strains were obtained from 60 soil samples. Eighty-one strains were identified to be 32
ascomycetous yeast species namely Candida akabanensis, C. diversa, C. ghanaensis, C. glabrata, C. nivariensis,
C. orthopsilosis, C. pararugosa, C. pseudolambica, C. rugosa, C. saopaulonensis, C. tropicalis, Debaryomyces
hansenii var. fabryi, D. nepalensis, D. vanrijiae var. vanrijiae, Geotrichum fragrans, G. vulgare, Kazachstania
aquatic, K. bovina, K. siamensis, K. unispora, Kluyveromyces hubeiensis, Kodamaea ohmeri, Pichia caribbica,

P. galeiformis, P. kluyveri, P. kudriavzevii, P. occidentalis, P. pijperi, Tetrapisispora namnaoensis, Torulaspora
globosa, Williopsis saturnus var. mrakii, W. saturnus var. sargentensis and Zygosaccharomyces fermentati. One
strain was belonged to basidiomycetous yeast, Tricosporon mycotoxinivorans. Twelve strains were found to be
similar to six undescribed species i. e. Candida sp. ST-533, Pichia sp. ST84, Geotrichum sp. CICC1364,
Geotrichum sp. MTCC 3974, Pichia sp. RV60 and Torulaspora sp. WB17 whereas the other six strains could be
identified as known or new species. Moreover, two strains were identified to be two novel species. In this report,
four new species were proposed on the basis of polyphasic taxonomy. Candida mokdahanensis sp. nov. and
Geotrichum phurueaensis sp. nov. were proposed from two strains which were found to be new species while
Candida asiaensis sp. nov. and Candida sekii sp. nov. were proposed from the strains similar to undescribed
species. Results revealed high diversity of yeasts in forest soils from the north-eastern part of Thailand, especially
yeasts in the genus Candida were found as many as 15 species whereas Kazachstania siamensis was the most
frequently isolated species. Degradation of cellulose xylan and starch by the isolated yeast strains was investigated.
The ability to hydrolyze microcrystalline cellulose and carboxyl methyl cellulose were found in nine species i. .
Candida glabrata, C. nivariensis, C. pararugosa, Torulaspora globosa, Williopsis saturnus var. mrakii, species
similar to Candida sp. ST-533, species similar to Torulaspora sp. WB17, Candida mokdahanensis sp. nov. and
Candida sekii sp. nov. whereas six species namely Candida orthopsilosis, Kazachstania aquatic, K. unispora,
Kodamaea ohmeri, Pichia caribbica and Zygosaccharomyces fermentati were found to hydrolyze carboxyl methyl
cellulose only. Xylan degrading ability were observed in four species named Candida pararugosa, Torulaspora
globosa, Candida sekii sp. nov. and species similar to Torulaspora sp. WB17 as well as five species, Candida
pseudolambica, Geotrichum fragrans, Pichia sporocuriosa, Trichosporon mycotoxinivorans and species similar to

Geotrichum sp. MTCC 3974, were found to hydrolyze starch.
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vssansmsiu lauts@adoomilu 2 1Wdy Ao Phylum Ascomycota Tagdaa lunquiiizoni
v A v A 4 1 I~ v A v A o A A Y4 Y]
woa Indeddaveaa uiveenu uod IalsdFaaoaaszoyNINMITUNUTUUUDIFINA
. v A v A o Ao A v [l ]
(teleomorphic ascomycetous yeasts) uazuaﬁiﬂuﬂcmﬁslamﬁxﬂzmmiauwummﬂumﬁa

G J J dy 1
WA (anamorphic ascomycetous yeasts) (481 Phylum Basidiomycota Senge msluﬂ’qnum



10

an v Ao A 4 1 [ aa v Aw A 4 Aa A 4 [
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(teleomorphic basidiomycetous yeasts) u,azu‘uaﬂi’amcmﬁﬂﬁmzﬂzmmiﬁuwummﬂu
[ . g A o Y
D1FEULNA (anamorphic basidiomycetous yeasts) Taetitaalu 2 Tuldusiy 94 ana 1ag 689
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A dyq/ o % 1 Aq Y L ) = Jo A
al¥d tazuennNUTINMHUAAN YA 9 ﬂisﬁlﬂu!ﬂmcﬂiuﬂ’]iﬁ]ﬂ’ﬂuluﬂﬂﬁ@ﬂﬂu

o 13 (Y] 2.’1
1. MIMUNT Al AgaNHAULUUUA AN (Conventional characteristic)
o o o Aqy v o = s X
ANHUSEHN ﬂJuVIGlGIfGlUﬂﬁﬂ@‘muuﬂﬂﬁglﬂﬂﬂlﬂﬂﬂﬁﬂ “lNiTUS'J?JI@EJ Kurtzman and Fell
9
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1.1 anyUdug 1IN
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WumsendagiuIngvessaanined luszez NUMsauiuguIU IFaALAS
liedumet Taoia limssadwunlasododnyaznedugiuinonaunioswuntszanla
Tuszauananiogandiana anvagnudugineildlumsiadwun wu dnvauzgilsi

J a < 9 Y 9 Y ) Y
YOUFAA NI YUUDIMTUIWAZe T Maduduleunuaziaulomen nas
4 = 4 9 % 4
avesuvy lutimanielusag (asexual endospore) ﬂﬁﬁiNﬂmllﬂiﬂﬁﬂﬁli(chlamydospore)
a 4 4 aa 4

m3saswueaadladies (ballistospore) M3aiuedlnailos msadrauudaloaes uazms

a |
A5291M 1A 1n1) (mating type)
w ~ A = =S
1.2 anYaENNE3 5oz Fuail

= [V A A =~ == o o LY} = L
MIANMIANYAULNIES TInoazFuaditanud iy lumsdaswundanlu
[ == 0K4 1 = [ A A =1 =1 ule (== d‘ I~
seauailFduazana uamsAnianyazneas smeuasduaitu it minaaeuiiu
d‘ YR d? LY a Qt:lt:; A o

11A55 U wamsnadou ladeiniuegiumaiiauaz 35 Niaemitmadoy (Yarrow, 1998)
o o { A v o 1 % o
anvazn lndenlslumsdadwun laun msviinaisdsznoums 1u'lawsa nsly

o 9 a ~ a A
aszneumsuou mslvastsenou lulasnu miniyluemsidsierminiaiv

a Ao - P-4 Ao P-4

msniyluemshiinglad 50 esiduduay 60 losidud wazennsniing Ina 5 wlosidua

=

o a s -4 a A a ~ A aA
ﬂ‘UI“]ﬂﬂfJ‘JJﬂaf]ulﬁﬂ 10 L‘]Jl’i]il“]fuﬂ ﬂ"lilﬂiﬂgﬂ’ﬂﬂ!ﬁ{]ﬂ 37 DAL T uazmqmﬂﬂmu 9

q QU
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- 4
msasuniannmsldngIng msadeansdsgneveziivanen (amyloid) n3eutlinieusn
J 4 1 a 4 aan @
iaa M3 lalas laggiie manusae laslaaend lug (cycloheximide) Managoulfnseniy

#laoz Tantlowugll (diazonium blue b)
v o = J' % a2 =
2. madadwundanlageifaeynsNITIMAM

a S A a 4 = A AAa 09.:’ 14
PUNTVIT AL AD MIsziiuenlsznounauAlvoIdINAIw naasnve lad
a . . d Aa a .
ﬂﬁugu (primary metabolites) wazansunue lad 19894 (secondary metabolites) 591D
a = A A A A Aaa @ a AAa P4 @
NINITUNIUAN HI0ATIINVOITINFIA anyaznveynINITIANNToL 1 lunsda
° A YWY 1 a 7a a s A
Swundad laun ytiaveslawu laiaa (coenzyme Q) Mmsiasizrims 1u'lasaiilu
4 4 o 4 a 4 4 Y
p9RsznoVVeIrAn Wiuwaa uazuaiya MsAATIEHeeRLsEnouYeInsa luiu uazms
4 ad a o o o [
nseuieueu laiuaz TdsduTasoan Tns WEda Unamsdaduundaa laverdveynsy
k4
a [ Y] v o o Y] a v A a [
aﬁmmﬁﬂﬂ%"ﬁauﬂumsﬂmnmﬂ‘é‘]ﬁ@Tﬂamﬁﬂmgﬂsmmmmummmmz@uﬂﬁmmuimu

Tuiana (Yamada, 1998)
¥ o a % 2 U
3. madadwunganlagoifaeynsIsIUIzAUIMana

== o I A ax £ A Y v o = J ] 9
msanysza Tuanailudnismsuilangreldmsiadwundaaiiullodrgndes
b ]
HNUEINNTY 1HRIINMIANM AN AN AU IUING a553N1 Fual tazoynIuIT I
dogjl I o = J] = 4 A Ay ¥ =
witudlumsasrvanyuzneail IuIndvean msuaaseoniionai ldanmsnagonis
= A 1 z:;dg’ Vo ama 9 9 1 & o Y [
aniimanlasunlaslinanvuednuIsnld nazanmnadenlumsuy Falinai linsda
o a =S Qaj v Y 9 = 9 U v KR A o
TuunFanan annedidedlsussnutaznarlumsnadeuuinanaley Jagifudadimsi
a 1] £ Y A 1 ) 1 A I = o = o]
aynsuITWIzA Tuanada Idwaiiuiudin i et umsansanyuz el Tu nid
E4 v
Tagase ingelumssaswun uennniloynsuisiuszau Tuanalagmnizod 9o N3

[

d o A ~ o a g o 9 = v o JdAa av
IN31THAN umﬂaia"lmuumﬂum PITMVTOAENDUIIANUANUWUTIBIIIANUINITUDN

Q'ddalla}u [ &

9
AadiFia laod ety 3a35msiadwundreisauan liawnsoild msAnieynsuisu

)

o Y = v A g =] =2 a g
izﬂﬂmaqaﬂszﬂamw msfAne luszAUAD UL 91510Ue tazMsAnuIAD U Tu
A ' ° 3 a o .. . = &
Huadea laun masawewelevs lawdu (DNA hybridization) M3v1Usuaiatua
I 2 a Jad .. Y a
lasTndu (G+C contents) MIANHIANBNUNALDULD (DNA finger printing) AYNAUAN ©) LD

a do @ A =\ 4 . a aa a A
MIAATILH9UHIAE 1o Ina (DNA sequencing) Tunsatianaon (31303, 2549)
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a 1 { J o 1 1 a do w
TuussaIsmsan q #lananuwds luilagiunan1éd msdmszddeu

a = J a2 d I ax A A A Yo a A =
mﬂaT@"l‘wﬂuuﬂLaugmﬂunmﬁmumaaemz”lmummuaumﬂ%qﬂ MIANYIDYNTY

Jdo o

a @ a a 4 <} Y { {1
Auszav Tuanalaemsainsiznaauiing lo InauudueuuHanMINug N 3 Tun

]
[

YoudaliFIaNnyializnoudleuInuniion 1M ITamMsuana R ua1euT I ez
1 dy A 9 1 1 A Aaa Y o ng A
anuuanatiesiansalslumsuenanuuana9szrIedadliziala duiumsidon

[

a A 9 = @ [ v Jda a 2K A o W a Aa 9
vsnanee 1F lumsAnyIsEAUANNEUNUSIF) AUINTWWUANUTIAYNIN vsnanteu ]y
A <]

Tumsdnuldun 01510 weveels Tulsunioadueueels 1o e (ribosomal RNA/ ribosomal
DNA 130 rRNA/DNA) 111 luniinggesuunalng (Large subunit, LSU) tagviedosuia

< . a g =
180 (Small subunit, SSU) wazdeueved lu Innowasy (Valente et al., 1999)

Y
o U a [ Y a I~
dmsumsanmeunsuisiuszau Tuanavestadiiu doudnyies o ueves
3 o W o us.l} a §
IsTuTsunSeadwevosls Tulan Taldnnuddyiuiiusnaniinsuaaosn (coding
region) az 3NN 1UTM5UEALON (non coding region) USNMUNNMILAAIDRANHEN Y 11
o a J
fagiiufie Tawu DI/D2 493 LSU rRNA gene (AMe115zunas 600 Hand 1o Ing) uaz 18S
a = 4 1 a ~ 1 AAa 9 [
rDNA (Aueszina 1700 1203 1e'ng) druvsnai hilimsuanseeniieyldlumsda
1 Y

3UUNDNUTIUNTNAD internal transcribed spacer (ITS) M4 ITS1 ttag ITS2 (8171521191 600
a = < .. o v A = J Aa
17na 1o InA) (Scorzetii et al., 2002) 1NMIMIAMVHING 1o Inaueelawu DI/D2 Allvua

600 117nd 1o lnAvditatediu 5" vee LSU rRNA gene 14 S, cerevisiae fAniinnd 1o lnah 63-

U

I a Ana o 3 KX g a A 1
642 YUY rRNA gene L‘]JuﬂiL’Jm‘1/]3J’J’J¢JJ‘L!"IﬂTiLi’JiNL‘]J‘LHJiL’Jm‘V]%Jﬂ'NlJLmﬂ?‘lNiﬂﬂiH‘UiiﬂT

a

o W =) 4 1 a dy =\ ~ ] =4
an ”].Iu'!ﬂﬁi@ll'ﬂﬂsllﬂﬁ LSU rRNA gene AMULANA luuSnatimeswe ez ulwena e

v A

~ 4 a d o = o

Y04 18 Kurtzman and Robnett (1998) A5 1Wa1d11I0a 1o 1nd 1uTamy D1/D2 494 LSU
~ s Y 4 L= A z A A [ 4

rRNA gene vosgaandas 19uoa Inades 500 all3d s9uNe Candida nazanafimsauiug

vuyliordoma Taoth Tawu DI/D2 wuiudaudae PCR Taols lwsaied 2 ¥ila Ao NLI

(5-GCATATCAATAAGCGGAGGAAAAG-3) 1182 NL4 (5-GGTCCGTGTTTCAAGA

CGG-3) i IRusgniudvdwuvesiinond 1o Indiis 2 1o ¥o4 rDNA Tas ABI Tag

Dye Deoxy Terminator Cycle Sequencing Kit isiazfi0t19i1fAsemdduvesiong Ie Ind

4157501 Tael¥ lwsiwes 4 ¥ila Ao NL1, NL4, NL2A (5-CTTGTTGCCTATCGGTCTC-3)

118z NL3A (5-GAGACCGATAGCGAACAAG-3) MANAMI UATIEHIaAINaeius uatlad

dmlvaimsfunls 0-2 fndlelnd edelsAamlaeiuives 3 a1l¥d Aldanale'lnd

1 o A = Jd 1 o o Y A o 1 o R
UANANNU 3 H’Jﬂﬁiﬂll‘ﬂﬂ mum&wuw%ammnu Metschnikowia agaves IANANNUDI 5
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a = J o o

{ v 1
1ndalo lng d sy Williopsis califonica N951980U 17 A1BNUFUANNUANAN 0 - 6

a

2 J 1 R = Jd o a = 4 oaj <
ndalelna ua 3 eeiug Aina lo Inaaenu 5-6 ind Te lnatudumsname ljves

a JaAa o 1 { A 4
Hnalelnanaany (base contiguous deletion) MINANMTUNUNHIAG 10 INna

I A

o { < o U Y]
(base substitution) M3Auulsniu I nmanSsumsudredulsinnendraewusninms

a

ununiaa T lnaunni 1 Wesidualu 600 120310 Ina lulawu D1/D2 Ao Hilaalo

'
[ s A

J [ a = J v J 3 < Ay o o = J
Inaaniu 6 Hnale Ind meiugiuzgniatiuauazalldd nazamenugniiiinglo Ing

1 o a Jou 4 o I s A o
A9 0 - 3 117a3 1o Indsaluatlddieiu (conspecific species) H3ottuat/¥dn1ndsaiu

N (sister species)

= C o v A = J =~ J 9 AN J =
ﬂuﬂﬂﬂﬂﬂﬂuuﬂ’liﬁ’la'lﬂ'iJu'JﬂaI@hl'ﬂﬂsUﬁN rRNA gene mﬂﬂﬂﬁ@]ﬂa’lﬂﬁ@ﬂﬁﬂ%ﬁuagﬂ
m3sausmdeyamaril 13 luadsdoya # NCBI (http:/www.ncbi.nlm.nih.gov) H30 EMBL
(http://www.emblheidelberg.de) #50 DDBJ (http://www.ddbj.nig.ac.jp)

%3

= v a A d a
‘IJTI‘LIWI‘U@QEJﬁﬁﬂuﬂﬁﬂﬂﬂa’mﬂﬂuﬂiﬂ 41 “luma

Q

1 '
=< 9 v 1 A

a I a . = @ . A AAAa
AutluszuVUNA (ecological system) FINWAIN (dynamic) NUANNTIAYADAINTIN
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]
A o

09/’ 09.:’ dy a I VoA o 1 2 a d?
nanateun Tan Matims AU uurainnNNdIAYYeIs 190113 N 9 FunayuInnsuls
A o a [l Y v a Ado ~ a 1 [] I
ANNHTOHIIVRIHULAZUTHANAYIIARINUDUNT ST NUINTTTUMA TagdruTnajaziilu
A A Ao [ I o a 1 9 =& ~
eI NsUsHantuausuusvn Tasmwz luusnaih 1 sesdszneununn
~ A A 9 g/ =~ 1 Y] ] ] =
Ngaluiy Ao vag lad Usznevdiethvang InaGesdeiueganunnnlugiwan
. ) 1 = [~
(crystalline form) 1 lddosaate las1n sesasunfe wlwag Taa iuasidszneuszinn
Y
a 4 o a a [
wodwosvenhmaen Tea tmulaa uaz niaglatin awlaseaiwdnsiirag laddosaais
Y 1 a a Y] I~ 9 v Y Y] A [} A
lade ualusssumnaetwag TaadnmaiuInssadwdudounumsou wu wag lad no
A A oaq P ) 2 6 woa a A 19 A cd A 9
antu Mldesaamelfeniu dmsvaniniiogluiivdszuna 10-30 Wosidud ilaseasig
@ a I~ [ o
Tuanagudeou Taeliaslsznevlszinmuriues Isunanfunnunanvesluana il
1 9 dy a ada A v A = g; =
dosaans lagnun uenaniiensounsonnwu lunydadi Tusau uile tag whaa dees
1 dy [ a =4 a [l Q' S A zﬂy
Useneumaiiazgnassdais lnsgaunIsnalewila lasmnizog1aeanInuuANFaLazFos
= 9 P ' o ' vy ¥ A '
veiimsasruen laiaig o eonudesaarsansilszaeudananlit ldansiszneundesdie

o < 1 { o o
il 1ddunnasemsidnny (sagns uazame, 2541)
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) Y= 4 [ = 4 A A 1
dmsvdaanunidadusiaianiodossdsznovlszinnaag Tad lauau
Y Y] d! = =® o'ti' ] ,:‘ a
sazudlIduiy Feflisenumsanyueu lwinaunsodesameosag lad vaz lauauinda
0 Trichosporon cutaneum (Hrmova et al., 1984) Bastawde (1992) AnvTagaadravelsau
H a a o ng
unumveseu lxi lsanuainanangaunsdsmia Cryprococcus albidus tag JUHDIMS
A Aaaa [ ] v o 4 a
inansermsdosdatslaian Mokwena e al. (2000) AauenLaz s wUnGaaINAL U
a 9 ~ Jd YA I T A a 4 A o
wensmlanvdadatlad 1 Ao Candida mokoenaii wasou'land leauuanainisaiirla
o
UszgnaldTugaamnssuvateszinn Middelhoven (2004) WU Trichosporon wieringae
aa =1 a a a 4 o 2
gunsaueadime a1sdsznouil Tuanuwiia woaugna 1 tazanslszneuns uoudu

v Y
i lilaihanang Taanfuunasaivou

\ a \ (Y] = A
qmmummmmzﬂ1"lsﬂuﬂmﬂzmeanmmmuammﬂﬁzmﬂ"lm

9
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4 o & dy 4 . a & A
Faununquaselssnni 2 MLl znnved IUCN Ao “NUNFITNFIANIDNIAL/
A Ao 09: dgl Ay o a A dy A A 1 @
N3NNI NIAGVWNEAUATIT NS zUVTNANY g Tunuiedsemvuguilagiiv
A 19 Y=t ) ¢ A ¥ A Yya o '
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unauazioilaTomaldiins s Temidwade Anvvanuiuaziunuimsiaoandos
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nuanimusisunesow” daulszmdneldlsemansenyiyaagnouuvana w.e.
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FEFUALINT Lla’mﬂﬂuiﬁi}ﬁWﬁWﬁﬁﬂﬂﬂﬂ1ﬂi}\ﬂﬁﬁuﬂ nasnINHUNILenIEa luTunoU
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3. Msugndan

o [ L a Q' o . . o w 1 a
SNTUMITUENTAA 1HNATANTINUTIUIY (enrichment technique) TaeriidIpd19a
wszanm 1 05U 188914 yeast extract malt extract (YM) broth Midy Tastaen Tws i Totua 0.025
J 3 4 Aag A Aa A Aa o 1 A v A 9
nesisud uazasilgiiuzaasusuiiinea 200 taaniuaeans Usuiey 3.7-3.8 A1NIA

a Y 9 4 a Aa aa 4 o 4
Vlaiﬂiﬂaﬂiﬂﬂlﬁﬁ"lﬂﬁlu 1 wosuwa Usuas 40 uaaamﬂmaaimmmaaiWmﬁﬂmum 250

a A a9
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Y 1
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Wonmzaea 131aa3n (streak) A9UUDINIT YM agar YSUiitoy 3.7-3.8 Mau Taden Twsi-

a

R~ 4 a a a a o 1T Aa ] 4
Totua 0.025 ulesigud wazaslgrvzaasusuliinea 200 Jaansudeans UnNgungil
Y A A < AA G A 4 = 1 [ a 1
nedauilsngIalall @ennumnizlalatndludad tazlianuuana N dugIuINe 1wy
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U o = 3 Y a [ 14 = = oY A = d
4. m3vadmundanlagoideeynsuisuszaulaganlsmslsauiisudduiinalelne

d v o d [
°l1ﬂﬂmu D1/D2 4849 LSU rRNA gene HAZMIAUATIZHANVANNUTMIIINNINS

v ad
4.1 MIANAADULD
v ad ~ 4 AnA o as o A o

anaAuevewaanuITNAALYaI91nI5U09 Lachance ef al. (1999) lagiirdan
A o = N S 2 a s
MWIZVUDT YM agar 01¢ 24-48 B2 1049 W93 suIsaaoaauvIuay luiisnoesea

[ 9
pod IuganiumsnureUsu1as 50 luTnsans 1uriaea micro centrifuge Y11A 1.5 adans
o o o 1 Y [~ ~ ~ z o 9 c;y =
WuraadaauyIvaos laludusnde 20 esruwaiBod wiu 30 Wi indwi lauluivden

= o [ ] 9 [~ = A = A Py
w15 i vazindn Tuusluduande -20 esruvadod v 15 Wi Junidesluniesily

~ ~ <4 1 = = A
111389 (LABNET, USA) 191713157 14,000 50UAU1N WY 5 WA tnuaisazatelamile
1 [l < [~ {

AZNOU (supernatant) 1dHa®A micro centrifuge HaoA 11l LAZINULBLTVIN 20 DIFUALTOE

' Y
N9z 1%
A a < Aaaa 1 a
4.2 maivlsmaawue Taellgasegn lanedmelsa

indSinadsueluTamu DI/D2 489 LSU rRNA gene vosdagandingailaq
910 Kurtzman and Robnett (1998) Taeld NL1 (5°-GCA TAT CAA TAA GCG GAG GAA
AAG-3) ndJu forward primer (8¢ NL4 (5°-GGT CCG TGT TTC AAG ACG G-3°) ndJu reverse
primer 19383 PCR reaction mixture AMUAWULIIVOIUTHN é)wa@] Taq polymerase (Fermentas,

L:'d o [ dy
USA) Nloanilsznon aal

PCR buffer (10X) 3 lulasans
MgCI2 (25 mM) 24 lulasans
dNTP mix (2.5 mM) 24 lulnsans
Primer NL1 (10 pmol) 0.9 TuTasaas
Primer NL4 (10 pmol) 0.9 TuTasaas

Taq polymerase (Fermentas; SU/|LLI) 0.15 lulasans
DNA template 3 1uTnsans
Reverse osmosis sterile 1725 lulnsang

Y
1JSuasnariue 30 TuTasaas
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haurauuelfseildnnmanTsudedusniulSinaddwe Tanu D1/D2
] v Y
U89 LSU rRNA gene 1140389 PCR System 9700 (Applied Biosystems, USA) 194 11511n50M35

£
] [

=
NMNIUANU

1. QUi 94 DIAUHAIFBE 5 U1 (pre-denaturation)

)}

=

2. 9NN 94 BIAUFAFEA 1 UIN (denaturation)

Q Y

WU 55 DIRUAFHE 1 W1 (annealing)

hed
Fo)

4. QNN 72 DA UVATOA 1 UIN (extension)

5. ¥l 72 vaFNFalEYe 10 WA (final extension)

g 2-4 S1u91 35 30 Lﬁa?fyuqﬂmiﬁwm unansusdin ldnnmstiudSua
Adute Taw1l§i3e1 PCR (PCR product) ﬁqmwgﬁ 20 D9A AT E mnﬁaummu?qﬁ(
Y84 PCR product Tagn1sitesmIsamasianIng Twsda wea ldeudraendenTus lud
(cthidium bromide) 1Az desdrouassans 1l Teranlaein3eq UV transilluminator (Ultra-Lum

Inc., Canada) 1AMWEIAAY 254 U1 T1WAT TABT 100 bp DNA Ladder (Fermentas, USA) (11

Y a Q"’

a g 4 :JI o o .
A UIBIATDINUIY (DNA marker) 9101111 PCR product 1111405 qns Iae1d QIAquick
v Y
PCR Purification Kit (Qiagen, Germany) A35 Nug1i191nus indnaa ail 111 PCR product
WEUNY PB buffer (U51105 5 111909051105 PCR product) Tu1iasa micro centrifuge Y119
A aa o ng 1 o { { <3
1.5 Haaans warn i aniueiegaslu QIAquick spin column TuIsana5 3 6,000
1 a § [ o’Q" a’/‘ a
FOUADUIN WU 30 IUT NUBANAINAIUABANNNG 910U WAL PE buffer 84111 QIAquick
. Aa aa y A A <3 1 a d a =3
spin column 0.75 Haaans Jumlesnaui57 8,000 sounouN (Wural 30 I Mvoarad
A o e’g y A . . = qﬂll A < ] A g
N unaNUN JUMI89 QIAquick spin column 9NASINANIGT 8,000 SOUADUIN 1 ULIAN
o 1 [ 4 . . [} Aa aa
1 W1 haruvesneauiiieasluraoa micro centrifuge viaoalvid vu1a 1.5 Hagans
Yy aa Aa 1 v JY oy = J A A Il dy Py Ay
anauwenaneglunedmininiinesdosd TuFanmumsauie az1e ngungines
A o y A A 3 [ =1 =1 3
dszuna 10 Wi Tl humlesdnanus 14,000 seudeuIi w1 W1 RnuaIIIEEY
[ 4
AUITUDY PCR product NIt ¥ uTanae QlAquick PCR Purification Kit Taatiiun

o ad A a I aa A
MmozmIsawaoanIng 5w Tasll 100 bp DNA Ladder 1uaduoninaming
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4.3 MIM&WUiAa 1o 1nd Iawu D1/D2 484 LSU rRNA gene

A
=

111 PCR product Niumssi 1 uTans lude 3.2 119 cycle sequencing Taald
BigDye Terminator Cycle Sequencing Kit version 3.1 (Applied Biosystems, USA) Iwswes NL1

d d 1 aan
111 forward primer ttag NL4 111 reverse primer Inga@iunauuolfnsenlsznoudie

Sequencing buffer (5X) 1 Tulnsaas
BigDye (2.5X) 2 1ulnsans
Primer (1.6 pmol) 1 Tulasans
Reverse osmosis sterile 4 1ulnsans
DNA template (5-20 mg) 2 1ulnsans

U5inasiiaa 10 lulnsans

Y a

< 1 ] { ao o
EnudnduvesAduengluy N VT ENANEA BigDye tuziin)

U

o d‘d 1 aan 1 d‘ QSJI o
Umaea PCR ‘mJﬁ’JUWﬁiJeUfNiJj‘]ﬂiﬂﬂﬁclulﬂifN PCR uazad ldsunsumsinanu

€

1. QU1 96 DIRUFATYE 30 IUIN (pre-denaturation)

UNNN 96 DIFUTAFHA 10 1IN (denaturation)

»
Fe)

wNYN 50 DIFUAToA 5 1IN (annealing)

hat
o)

UNNN 60 DIFUTAITEOA 4 U (extension)

b
Fe)

5. QUM 60 DIAUTAITEA 10 UM (final extension)

O

Y
9

o o o QSJI o a o s o .
Mo 2-4 11U 25 500 N waasuain ldninmsh cycle sequencing
<3 Y
(sequencing product) WANAZNOUALD U IABH T sequencing product NUAITATDYBNIUDD/
a a = a aa a o
TRenozFan (onuoausqns 95 Naaans lnAsuezFananududu 3 Tua1s pH 4.6
a a aa g’ ~ 4 A A 1 dy A aa a
“]Jill'l@]i 4 Jaaang !Lagu'liﬂ'f]iﬁﬁ]ﬁ]ﬁiﬂcﬁﬁﬂN'luﬂ'li"{lﬂl"lfﬂ 1 yaaaag) “]Jill'l@]i 80

A . . A aa q’.:’ P a9y I )=}
luTasdas Turaon micro centrifuge YA 1.5 Hadans A ANgungineuilunal 15 wi

U

0 y B A < 1 A o A A ag
uﬂﬂﬂmmawmmgm 14,000 39 UNDUIN L‘]J‘L!L’Jiﬂ 20 UIN (NDLUYNASNDUALDULD @@’Iﬁ'li

[l o @ y 9 Y <] 9y & a
aga']fl'ﬂ’t’]ﬂi]'lﬂ’l’iﬁ’t’]ﬂ'f]El'l\ﬁgiJﬂig'J\uﬁ@VbJ‘lﬂﬁgﬂ@ual@ulﬁ]ﬂq@@@ﬂﬂ’]@’)ﬂ AMMNUUIOY
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3 7 (a a y A A 3 ' ~
BNI1UDa 70 L‘]Jf]il“]fuﬂ ‘]JﬂJW]ﬁ 250 llllTﬂiZWIi ilmmm‘nmm&m 14,000 39UADUIN UIU 5
= [ ] [V o a2 d Y 9 9 A
UIN @@?ﬂiaga"lﬂ@ﬂﬂ@fﬂxﬁzllﬂﬁ$'N !,Lﬁgﬂ'lﬁ%ﬂ@uﬂl’t’)ulﬂﬁlﬁLlﬂﬁiﬂﬂiﬁﬁlﬂﬁﬂﬁ Thermolyne

a =

H 1 o w A o
(Barnstead, USA) figauvifii 90 seruwaifod wiu 1 wiii daldmdrduiiong Telnaves

QU

v A

<3 4 ) 4 [ A
apue TaglnTeamdduiiing lo Inauuusa 1A (Automated DNA sequencer)

4.4 MITasUUNTAS IaenslTeuneudiguiionalo' Ing lulawy D1/D2 v09
LSU rRNA gene

v A

o o = Saa s Y = ~ A v o v A = s
idwuing lelndanimsed lauudSeuieuanumileusudvutiing Te'lngd
A AAa A 9 9 . .

YoIFdINFINA1 9] Nodlug1uveya GenBank 1ag1d BLASTn (basic local alignment search

Al @ 4
tool for nucleotide) homology search program (Altschul ez al., 1997) Taelnasingr 2 a 1NUT
= Aa = 4 . . . 1 J 2 4
IMsununiIng 1o e (nucleotide substitution) 110N 1 11/os1Fua TuTamu DI/D2 o4

J

£ A a = J A A A a = J o
LSU rRNA gene $a5vuatlszanat 600 11nale nd (Aelimsunuh 6 1inale Ind) aneiiusg

a

J @ a

z :JI v o Y I Ay J Y aa = = J @
14mmuu%mmuﬂ"lmﬂuﬂuamﬂ%ﬁ Llﬁ$ﬂ1nu’3ﬂﬁiﬂhl1/]ﬂ@l?\1ﬂu 0-3 u’)ﬂﬁiﬂll‘ﬂﬂ 91994
A S

o < A A @ . . A& Ja o . .
NuunuatFdiaeInu (conspecific species) M1 UaUFdN INa¥AN LN (sister species)

(Kurtzman and Robnett, 1998)
4.5 maadu 19 Sannms

o =~ = 0o v A = 4 S A

Mlae/Souneud1auiang le na lawu D1/D2 Yo LSU rRNA gene U03d 1/ d
Ao Y 2 1Y 9 . .
nuanulnamesiu Tagly multiple alignment program CLUSTAL X ver. 1.81 (Thompson et
al., 1997) rudu I3 Tannmsadnndeyannuuanaamadianmsais
two-parameter of Kimura (Kimura, 1980) Lt81 neighbor-joining method (Saitou and Nei, 1987)

[ Y 9

nazl3ziuANUUUFENRIINMTAATIZHA bootstrap TASMTING 1,000 AT

(Felsenstein, 1985)
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v v
=

= [ = ¢ A 1 d Yo [ a v A
5. ﬂ]iﬁﬂ‘l&ﬂﬁﬂ‘lelm%ﬂﬁﬂﬁﬂ%ﬁﬂﬂﬂﬂ1ﬂ!ﬂm°ﬂﬂi‘lﬁﬁ1ﬂiﬂﬂﬂﬂiN?ﬁ]H!!UUﬂQ!ﬂN!!@%

a IS)
AUNITNITIULIAN

o A oA Vg A S T A o o o a Y v
uWﬂﬁ@]ﬂWU’NLﬂuﬁﬂ%ﬁﬁl‘ﬁNLﬂJf]i]ﬂ%%tuﬂiﬂEJ’E)WTEJ?JHﬂﬁﬁJ?‘ﬁ1u5$ﬂUINLﬁﬂﬁﬂ’JﬂﬂT5

o v A J a 4 v o
WW@W@UH?ﬂaI@hl‘ﬂﬂIﬂlﬂJu D1/D2 993 LSU rRNA gene 4agN15UATIEUANUTUNUTNIG

Y]

a @ 1 A o [ a :JI a %
9 wu1ﬂ15ﬂ1ﬁﬂ‘ﬂ1ﬁﬂbﬂ!$ﬁ1\1ﬂ @ﬂillﬂil!m%i%ﬁWﬁiUﬂHﬂiﬂﬂﬁTuuUUﬂﬁLﬂﬁJ Gdﬁﬁﬂi$ﬂ@ﬂf§]}'m

= % 3 a A A =S = a = d! = =
MIANHIANHUSNNAUFIUINGT ATIINYUASTIUAN HAZDUNTNITIUAN FINTYASIDUN

[

N

=,

5.1 anyaedaugIUING

AnyanyUE dUgIUINGININITUD Yarrow (1998) 1111980 The Yeast, A
% LK a 4 { a [
Taxonomic Study, 4" edition ¥9'1auA dauguIneveuraannsylueImisivad dnvazms

a <3 J
s yuuomIuids miafuduladiouazdulond nagmsadruealaales
5.1.1 duguineveasaannig luemsiman

= o a s A o ~ A~
MIANEFugIUING Ve UTaa NIy lueMITah laemsimzdaanil
919 24-48 21139 1191413 YM broth UNT 25 paAsaiBae WM 2-3 TU ATIVTUFIUING
s Yy v S v R ' A o ' @ v A
youraanelandosganssend tuiinglsn na lnmsiuswaunun lderdeme msvaiFe
%] 4 { 1 1 3 1 ] 4 2/' [ Y] a
Avpuwan (9o, g neegitlungulva) vineveswas SIWNITUNAGNHULMINT YV
dy R ] dy < Aa Y . A v 1w
199 (culture characteristic) luevisman 1wy L%@ﬁﬂﬂ!ﬂﬂﬁWﬂN’Jﬁu1 (pellicle) ¥3DIUNQUNU
< < 3 . . S|
Hudeuan anaznay (flocculent) M3 o1l ulonanazNoY (mucoid sediment) 130111429

A . A o & Y ~ A o ' <
UHIUNUDUYIADA (ring) Hyomenuluneuie) (coherent) ®H3DNIZNULUULAUL (compact)
1% a <3
5.1.2 anHUSNTRTYUUDINITUUI
~ e ) oA =
ZYAANNDEY 24-48 ‘D’QT‘JN VUDIMIT YM agar LLagUNUN 25 DIl e

Y
o o 4 a
W 1-7 Ju asnvdevanyue InTatlve@adune1ms YM agar Tngqaiile (texture) A1

ANUYY L1azVoVVBI 1A Tail
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5.1.3 myasadulemeuvaziduloui

vy = ¥ o O |
msasreaulomouazidulounasivaeu Taen1s@earo UM corn
A 9 Aax dy dy 4 . ) P o
meal agar ¥17® potato dextrose agar A1edTMsiasuveud laa (slide culture) Taothalaaish
v A < & 4 S yy X o o
11(7‘]J5TﬁQWﬂL%ﬂﬂﬁJﬁ\ihl‘]Jju@"m"liwllQﬂﬁﬁ@lllﬁaflngQTHLW"lgl%ﬂ m“l’aﬁ]umm’immm 1

%

P 3 o 9 [ Y dy dy =
ﬁhlﬁﬂVI't’)TW15L!"]J\1@3Lla3ll‘]J'J"N‘]Jul!ﬂﬂllﬂ')gﬂ@]'!ﬂslui]"lulw'lglclfﬂ LW']%!%'E)‘]J']\‘]"]Iﬂﬂﬂ'ﬁﬁ@]ﬁﬂ

U
]

3 a A 4 o g 1 4
ueIUAN 12 1du Yadaenszanlaalagni ldsaainde Tasnisquueanssedaan lo
a o & &L A 4 A q v & o 9 S Y
L@llu'lﬂauﬂj’]ﬁi]']ﬂL(’])"E]a31Uﬂ1u!W1$L%aﬂ31\3ﬁ1a@lW'E_JGh’Tﬂjwuﬁﬁuﬂ@\iﬂuguuuﬁqaﬂuﬂq YU

~ = Y Y P Y
1125 oaraIFod HaznsI9gNIelandedganssainn 3 Ju
9 4
5.1.4 msas1avea lnalod

4 1 1 a o
MZBAAVUDIHIT YM agar LNNQUNYN 25 03 ssarsad U 1-2 Ju

v Y

Y o 1 o Y d
mﬂuummﬁmm%awuamﬁﬁmiumiﬁ%mﬂm 1% YM agar, acetate agar, malt extract
agar, corn meal agar 1182 Gorodkowa agar YN 25 BeFnIaIted as9deUMIas1aealn-

4 Y 9 Jd o ] 3 o 1 =
atesmelandesganssmivaannuuiiunan 3,5, 7, 14, 21 uag 28 1 Tagseuglsn a

uazdmauvewedIaales asenauglin & azanuninuveeand

% 2 A IS IS)
5.2 aNHUSATIINYULASHAUAY

= [ IS

2 A Ada 9
ANHINNHUSNINATIINYULASBIUANNUAINNET

12
v A

luszauaFduazlglumssasuundad aail

Y] [ o

ydmSumstuunilszandad

52.1 MmIneagiaaa1slsznoumsvou

aa J < I
ﬂ’lﬂl'ﬁ]ﬁcﬁlllﬁﬁﬁ"]iﬂigﬂ'E]‘]Jﬂ’lTU'E]‘NHJuﬂ’lﬁﬂﬂﬁ’ﬂﬂﬂ?’lﬂﬁ’lﬂ’liﬂﬂl@ﬁaﬁﬁGl,u

9 4 I 1 ] o ] a 9 Aa I
ﬂ’lijﬂfﬁ’liﬂigﬂi’]ﬂﬂ’lﬁ‘ﬂ'EJULIJu&lfﬁﬁ\1Wﬁ\3\3']u'ﬁ'l‘ﬂfl"]Jﬂ'lilfl]iiLlll‘]J‘]JGl,"lf@@ﬂG]ﬂi]u L‘]Juﬂ’liﬁ/lﬂﬁﬂﬂ

]
~

Y o [ v o Y = A ana a ] =
1/]16]17;1'1145‘]Jﬂﬁi]@ﬂTLLuﬂi%ﬂ‘Uﬁ"ﬂ"h’ﬁ f‘lﬁll@ﬁ"‘]ﬁJmG}’ﬁﬁﬂi%ﬂ@‘ﬂ‘ﬂN“]ﬁJ@ (YU ﬂﬁﬂ@-ﬂgiﬂii

a A a a Y A ~ 2 an
Un ﬂ-]l%Iaﬁ Llaz’ﬂ‘Ll’ﬂ’EJGlﬂ/l@ﬁﬁnJﬁﬂi“]ﬂWmLﬂﬂ’ﬁQaell@\‘iﬂﬁ@]ﬂlﬂ NTNATDUNTUDAHKULAN
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¢ p A ) %
m5dsznoumsvenlue mITHaIMININITY0Y Yarrow (1993) Taglyesdsznoumsvon

Y
U 40 Wi A1

Lan Ly

Tausnalsa

Tasuanalsed

a o
woauna l5a

a-ng Iag nuanIng uagwos lua

iwaTa luToe wan Ina woa Ind wad luTod g lasa
uaznsa lae

waad Ina wags vl Tua

oyau uazuils

i Ind @-0z311 Tud woa-og310 lud a-15 Tud
noa-usuTud nazd-lo Taa
1oaneaoa MUaNNea 93N3N0a A-NgFNOa DUDDENOA
A-uuutinea ndesoa 131UM0a PNIUDA
HAZIINIUOA
a ~ J a A a v Aaa a
NIADUNTY NIATATN NIAUAAAN NIAFNFUN NTAA-NY 1A TN
a = a
nsanang 15in uaznind-ng Iain
J a J aa
Tnalaled noanuunia-a-nglalad nazandsu
A < aa A = =2
asilsznovou PUozFAa-A-ng Inalu taz a-ng lalu-5-uan oy

9 v ]
‘]JNﬂ%JQ’O'IﬂSg]IENLWiJﬂﬁT]ﬂﬁ’t’)Uﬂ'lﬁLL’f)ﬁ“h’iJLaﬁﬁ'li°]JiZﬂ’éJ‘U‘]J"IQ’E)EJ"I\Hﬁ’E)LLEJﬂﬁgﬁ’J"IQ

S 7 1 09)’ A =) =) ) =S
alrdvesvnana arslsenoumianiv fe 2-A la-A-ng latia uaz 5-A le-A-ng Taue

Aan 4
minadeumsteagiaadsilsznoumsvouluemsmadldenns lulaswuud
{ 1A 4 I { <
nhiduensilsznoums vowilunasanruguit Iirailuay (negative control) taz 4o 1113

Aa < , s & sq ¥ S ..
"luiﬁil,i]l!mﬁ‘ﬂllﬂi;]Iﬂﬁ'L‘]JL!LmﬁQﬂ15‘]_l’t’)ulﬂuﬁﬁﬂﬂﬂ’lﬂﬂuﬂiﬁﬂmﬂuﬂiﬂ (posmve control)

5 g { < 3 ! § 091 o { 1
w3 suEadoTaIIUaesnileny 24-48 93103 TasldgiarereadliTushnauisu
' z A aa ] s 9}09: a 9 = Yy 9
M3 e 2 Haaans Anuyuvesdaanmsoy ldiulsziiulaemsldnszarmundadudie
2K o 9 Aa A 1 9 1 [ a A Y o [ A
windneiszanm 0.75 Hadwas uaazdurinny 5 Jadwes vdnihllmuduraoad
o o 1 S dNq Yo o o ¥ A 1o oA 1
UITPFadsaauyINaey ANNYUYDIBaan lrdmsuiunaudeninuaNuyuNLL 1Y

o 4 Y Y (=3 (Y = 1w A ] a
waam%aaﬂﬁmumua’aﬂummumugmmueu’ém"lmm (HIUNINY + LiJE]'t’]'luWaﬂ'lilﬁ]ﬁiy)
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a’/‘ tﬂy 9 I A ] dy o o
NANUIZYe lag l¥anestulaNEumsiuFoeayandanuyuINaoead 1ue1MI5
4 4 a 1 o 1 H
nagoUNNa15UsenoUMSUBUFHAAIIY 1M 1 Hea VNN 25 B9A s ed ATIINA
[ I'd @ 4 % [ a £ o 9 S Yy 9 =
nndlaiauasu 4 dlansi Taegnsiaiaszaumsnigysai laslsnszawuvaduaienin

o Y

a a 1 9) 1 @ a a [] =\ v A 9 = o
A1NINYsZ0 0.75 Haauas LAasdurINnY 5 Jaauas wu@eInunlFlumsaTousan

9
o v A

= 4 FY Yy v ] dy 491 Y o Yy A A
YOaALYIUDDY MUNADATIATUNUUT U UDINTUADALAYUBDUAITUNALT U AU +++ AD
A 49} A ) Y Ao [l 4 <3 9 1 < Y 13
MIRATYVIUFBINNANVYUMIICAULFTUTADYNANY T, ++ MU UNI, + I ULTULALTU

"o = (] Y v 3 o [ = ' dy
6IJ’EJ‘]J‘J]JJGI)'S"’] UAg — A9 I ULFULEUD UYL iﬂﬂuiﬁmﬂ"ﬁiTEN"IHWE’I@]Q?WEJEI%L@EJQ@]@"LIJH

a g .. A 3 A @ 2
+ = M3 uuIN (positive) ADBIUHAITIU ++ 1130 +++ Tudilaivin 1
o P
%30 dUa1¥iN 2
a I 1 1 I
| = ﬂﬁLi]iilJLﬂu‘]J’Jﬂm%H (delayed positive, latent) Ao KAl U ++ 130
] < 1 o o 4 1
++H DYWNIIALTI LN AN 2 ﬁﬂ@ﬂﬂ W%!’(’] HIUNIN
a ) . A & A D)
s = M3IYIULING (slow positive) ADDIMUHATIY ++ NTO +++ 319

~ 1 [ L4
Tuszeznamuiuni 2 ddas

a I J .. A 1 I
w = M33 Y] UUINBOU (weak positive) ADBIUNAITIY +
(=) a J <
- = lusimsnsy owmaiiluay
S A g
+) = ‘LlTLJ“]ﬂNﬁWﬁL‘]J‘L!‘U?ﬂ (seldom positive)
o [~ [~
v = AUl (variable) Aougenewufiuuin tazumewuguay
1 v Jd a 1 v Jd Aa
Hwo = 1IN 1150 VINBOU ADNNAOHUTIIS YUALNE R URT Yy oY
w~ = UINOOU NID Al

% o
52.2 ﬂﬁ‘l’TiJﬂﬂTiIll]lal,ﬂi@

% % 4 $ o, % oy

MINNHIINMIHTReaneded FasaaliaNuasalumsuimima
1 Y] o g} A 9 Y = d A =\
a9 i Taem lihihanainldasedeuanuansalumsninvestead Ae d-nglaa
a-nuanInd woalna g lasa nieTaa uanIna sl Tua uazwad luTod Taenadoums

Y
nUNIIA1aMNITUDY Yarrow (1998) 35nadeuiin laeas sue1v1sd M5 UNAgaeunIsHin
Y Il
o . . 1 Y (24
11910 (fermentation basal medium) ldaslunasanaaoudinieluussynasadnung
A aa o 2 0 & A ~ = & o

(Durham tube) ¥iaanaz 2 Haaans 11 11Has1aeNn 121 semusamded Wy 15 W1H 119U

a g’ { o ¢ o Y { v
ﬂ’lﬁl@llﬁ’lﬁazﬁ’]ﬂu'Wnaﬁﬁ@\?ﬂ’]ﬁﬂﬂﬁ@ﬂg\‘lﬂ'l‘lﬁﬂi']ﬁﬁnﬂlﬁlf@Iﬂﬂﬂ’liﬂiﬂ\iﬂ’lﬂlﬂﬂlﬂiumu'lﬂ
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o 1 .. A A [ @ ] a0 Y
+w = MINNNBBU (weak positive) ABNLAE MitAuriasaanuna (Nunatay
' £ AY a o ' &
anvialuauvesrasa luvaznoiunawinnvia luaiuves
v [~
¥l uLIn)
= % A [} [ [P=
- = lifimswiin aolunaoadnuna lutiuna

Y
v = pumenuinimiea’ld veeeiug hindn
5.2.3 msueagimadisdsznou Tulasinu

an =< 3 9
msueaguanaslsznoululasnuanuiuue1vsudslag 149 starved

. as . a a 9 =~ o <3 '
inoculum MUITVDI Nakase and Suzuki (1986) Baannytialduen Tutsugamaiuumvas
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TuTasnuld esvszrenlulasnunlslumsanumsueadimail 6 ¥Hia Taun
won Tulendamla (ammonium sulfate) Tounandenlumsa (potassium nitrate)

4 a 4
Tan@en 11105 (sodium nitrite) tonaiiulaTasnae 136 (ethylamine hydrochloride)

uoa-ladu (L-lysine) uazma1e3ula'lelnsnas 156 (cadaverinedihydrochloride)

= aa = 4 A I
Anvimsueasiiaaaisdszne lulasoulaumicd aduue1mis YM agar tiverilu
Y Y Y 1
AAFD 11NTUIIMIINBARIIUINTIoE 2911101915 Yeast Carbon Base (YCB) broth 1i1#
o s A o { I’
25 paAsased wu 1 diant e lddad 14 lulasnunazanineluwadoonldvua
& ] o/ o A '
nniuldmeanestilansawaddaaiviuases 1 H1eAaIUUIIUDINIT YCB agar NULHAY
A Y VoA ~ 9 AW 1A
TuTasundesmsnagon Uuh 25 esrasea lumsnaaealde111s YCB agar 7 1@y
' 3 o { 3 { o J
unas luTasnududmvguildwaduan wazems YCB agar fitluen Tudsudamlaiiu
1 I~ ] ~Aq Y I ] a ~ 4 o
unad lu Tasmududmuquildwaidluuin asrawalaedunamsaiguesdadnn 2-4 Tu

IUATV 28 U
o 4 o
5.2.4 msasuansdsenevezioaned (amyloid) Meuoniyad

o J a
ﬂ"liﬂ'%j"lﬂﬁ"lﬁﬂigﬂﬂﬂﬂzuﬂaﬂﬂ@fﬂgﬁiﬁ’ﬂﬁ’f]‘]J@]"l?J'J%sUf’J\‘] Yarrow (1998)
@ aa 4
Tagasirumenaimsnageumsieagiana1slsenounsueu u,azm'iﬂizﬂauuluimmu
< an J
Lﬁﬁﬂﬁﬂ‘ﬂ%ﬂﬂ Tagvion Lugol’s solution asluriaeanageumsueasiianaislseneumsveu
A [ U J aa A
ﬂﬂﬂgiﬂﬁlﬂullﬁa\iﬂ"ﬁﬂﬂu LLZWUuﬁ]”lu@TﬁTTnﬂﬁ’ﬂ‘UﬂWiu@ﬁ“ﬁﬂlﬁﬂﬁWiﬂﬁgﬂﬂﬂulUIﬂiL’ﬂuﬂ

= =1 [ I 1 FY A I =2 oy a 9 A A g; a =l
mmﬂmuﬂummwmLﬂmmm"luimmu 0101115 ae i uFmRUNHT e A S LN UAY)

uaaIiMIaduaslsenoveziisassduazilasgeaniimenuonisad
5.2.5 MINIYUUDIMIITNUT AN

MINIYVUDIMIINYIIAININTUILTININAADUAINITVDI Komagata

4 ] { [y U 4
and Nakase (1967) Tagtm8a@@auue1115 YM agar YN 25 o9ruyaibod U1l 2-3 71 010130
YSnafesqaslue1msnilseenIaniy (vitamin free medium) UM 25 daswaioa UM

[ di YA ’q Ya a d' 4 9 09.: o 1 dy a 9
7w e lvigaa ladunasauneluwaasen lvrua mindwihmsaiedwe/suaes o
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avluomsnnannImluraoa vy Uuh 25 s usaiod as1ana laedanansTavod

v
o 3,5, 7, 14 1ag 21 Ju
5.2.6 Myaiwnsannng lnd

msa3ensannng laaansoasivaen Idauitues Yarrow (1998) Tag
s

i Beraniiong 24-48 2 Tua Tu Custer’s chalk medium 1in7 25 parusaiFoa win 3 dand

9y
ATIIWANN 3, 5, 7, 14 1az 21 Julaggmunalosulausnason o %o
a 4
5.2.7 anud s Tnaend lud

Y a 4 an
as29aUANUMUMY ly Taaand luaa1uITuea Yarrow (1998) Iag
d'd = =) d‘d a a 4
naaoulusmnsmadriiivun Ia-dad lulasnuwe uag a-nglaa Aimaaylslnaend lud
I~ I~ 1 1 1 1 1 1 =~ o
Iafianududugamedu 100 daudedudiu tag 1000 druaearudIu MzdaRasly
] 4 [ 4 o
PIMINATOU VLN 25 o3rusaIFed WU 3 d1a1 asdawann 3, 5,7, 14, 21 uag 28 Tu lag

(% a J aa J
ﬁ'\'iLﬂ@]fﬂilﬂﬁmmﬂﬂaﬁﬂllﬁ%ﬁWUﬂuwaﬁﬁJﬂWﬁT]ﬂfff'fJ‘Uﬂ?ill@ﬁ“ﬁﬂlﬁ@lﬁTﬁﬂﬁZﬂfJ‘UﬂTi‘U’ﬂu

5.2.8 M3 Ry luo I NS AU TUTaga

Y
AA o Y

@]ﬁ’J%ﬁ@‘].lﬂ’)"ll]ﬁ'l‘JJ"IiﬂGlL!ﬂﬁLﬁ]?ﬂ]uﬂu’f)']ﬁﬁﬂiJU'lﬁWaﬂTmHJ?J%L!QQ“H?@

A Yy 9 ad = S M)
Lﬂﬁ@ﬂ’J'l‘JJL‘lJﬂJ"’Uuq\MﬂJTﬁ"U?N Yarrow (1998) IﬂﬂLW'IZ‘(’JﬁGWIN’E)'IfaI 24-48 GH?T‘JJ\‘]a\‘l‘]JuE]"IW"Ii

3 a A 3 A -4 -4 -
U3 4 YUA AD fJ"IWﬁLLGIJ\WlﬁJﬂQIﬂﬁ 50 L‘]Ji’)il,c]fu?l ﬂQTﬂﬁ 60 L‘]Ji’]i!,"])’u@ ﬂi;ﬂﬂﬁ 5 L‘]J?Jil“]ﬂ!@]
o P I sl o /3 LS a I s3
ﬂ‘]JI"]SLﬂfJEJﬂaf’Jhliﬂ 10 Lﬂf’]il"]ﬂm Llazﬂgiﬂﬁ 5 LﬂﬂiL%uﬁﬂﬂI%LﬂﬂNﬂa@"Liﬂ 15 Lﬂf’]il"]ﬂm

' { o Aa 3
”]_Illﬁ 25 aamwm%a UIU 3 E‘T‘]Jﬂ?ﬁ ﬁi?%ﬁ’ﬂ‘ﬂﬂ"ﬁ!ﬁ]iﬂgmﬂﬂﬁﬁﬁﬂui’ﬂﬁﬁum\inﬂ 3,5,7,14
a 21

'
a ~ 1

5.2.9 MIITYNYUNYUA1 9

a A a am ~ IS
ATIVADUNITRIYNYUNYUANAIUITUDI Yarrow (1998) I@fJL‘W'lgEJﬁG]‘VIiJ

Q U

01g 24-48 111111011115 YM broth taginludiin (incubator) 120, 25, 35, 37, 40 uag 42
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1] % a S I
DI ATHA WU 21 U ATIINANN 3, 5, 7, 14 LAz 21 TU Tasg NS YUIdaAIrUIAIND

ana J
MINTIHANTNATO UM aFlana1sUsenoumsuou

5.2.10 M3 laTas ladgise

s A

S A ad =
A329M3 lalas ladaiionniTved Yarrow (1998) Tasimztaaniieny
24-48 %2139 A9UUOIM1T Christensen’s urea agar LUN 25 oA uyaFeoa W1 21 U diims
d A A A A d? A = dy Ay Y3 A
lelas laggiFoiirnmuivazn)asudvesonisnoude lddudsunuas lumsnadoums

~

laTas ladySold0adluana Rhodotorula iudrauguilinaidiuuan
5.2.11 myhlgnsenudlaes Tmilougil

o Aaan =\ < an
nageumsnlgnsenud laes Imilenuglivuomsudennisues
2 ¢ v A < o o
Yarrow (1998) Iaaiaeqgedauue1115 YM agar VNN 25 a9 usaidod 10ual 7 31 9101y
o ] VA = ) A o 1 Y3 1 a 9
ilihinaed 55 osruwadod wiu 16 1 Tue Weasuimualdesldduvumgugiives

AAa 9 A Y a A 9 2K A ~A A a
1% DBB reagent mmmwuﬂﬂiau anﬂ@mgmmmumammw“lunm 1-2 N Uy

] 1 [
nouaaINauyIn
5.3 AnbayMuAUGioYNTUITIUIAL]

a ddtﬂy J = J 3 A d 4
’t']‘lzgﬂillD‘ﬁTLlLﬂll3JWuj”miﬂmﬂﬂﬂﬂﬂi%ﬂ@‘u%ﬁmil“lJ’ENL“Ifaa VIQ“I/]L‘]J‘HLML“V]“]J’E)UI@@]

a 4 a
ﬂgu;_]u (primary metabolite) uazgmmmllamnmgu (secondary metabolite) SINDININTTY

= A A A ~ g Y
NNUAN NIDATITINYIUDIYTANIY

a 4 a A o a, 'w
MIATIEHATUsznouglnd luuiiaisndanlau19in Yamada and Kondo
o a Aa aa

(1973) T8N IZBEA 1D yeast extract peptone dextrose (YPD) broth 151105 400 Uadans

oA =~ A A < 1 A @ I J
U 28 IR UFATEE VWIATOWVGNTANNGITOU 100 5oUADUIN 111 3 U nuaa
A y A A < 1 ~ a9 I Y S & A
gaa laomsilumIeaninus 2 8,000 SoUABUIN WU 15 UIN A1UsaaA 011N UNRNIUNT

] dy = oI 4 a 3’ o',: a Aaa ] <Y
9T¥o WIsuFanIaaLYIUanY laguingy 12.5 Jaaans uazmlalaaniunay (round

a 4 o 1] a aa
bottom flask) tou Tmdenlaasen lua 6 5 Inlsunasea 1.5 54 vazwuMuea 45 Naaans



29

wan 1w uazla glass bead iotloanumssziialuseriing refluxed 113 refluxed A8
oy o . 4 =4 3 ay < [
181 11 30 W17 Taeld heating mantle 110 refluxed @5 audd aana 3 lhaudlunan 45
Wi ey 40 daaaas uagoield funnel e ldsnuraiDMUOaNINAgA 1A
a A A 1 Y 1 1 Y A A 1 A l
gind luuned luumusalnazargluensussninawalvitlagniodesemained
< { 1 g} ) 3 v
Moy funnel 09N INUAITAZABIENFUNOGA MUY funnel H1AzA 190 NG 2-3 151 018
= 4 a =\ [ Y] a 9 A = g}
dsazanenuasludnnes vazau InfeusamateuleasalSnutioss edsiiesn
1 Jd o [ . o {
measazatwad lulaand M useIne (evaporating flask) MN35211EN 40 DIAUTATO
<
WwRazazaeRIeeza Iau 0.5 adans shgiad Tuuldusqns lag1d Thin layer
chromatography (TLC) VULHUFAN DA (F254TLC Merck, Germany) Isanau uag laona
4 o 1 1 I a A
DIN073 (diethyl ether) 18RI 1eIU 85 610 15 1111 mobile phase ATIVTDULOVVDIYTIAT 1LY
Y Y A A Aa A ~
melduasdanii T lermniinnuenaau 254 w1 Tuwas yauauveagind Tuuilsnguu
uAY TLC tazannaigozd Iay 1 Taaans n309a15a2a10AlHUIMNILTUYUIAENT09 0.2
0o q ¥ vy 9 & g WY o S a ¢ a
luasou vazildasazaeduduiudremshdreund lulasnu nnivinsizHriaves
gﬁﬂﬁiuuﬁ’wm?m high performance liquid chromatography (HPLC) (Waters, USA) 1@ o149
@ L4 @ a <
ADANY Cosmosil SC18 (Nacalai tesque, Japan) oz Ismueanauny le Ty Inshaueanssod
. [ 1 1 [~ . Ao a aa 1 =
(isopropyl alcohol) Tudas1eau 2 @0 1114 mobile phase N8I3 a1 Hadansaeui
! ' ° a a A { o a o &

ATIWANANINEIAAY 275 W1 Tuwas Swunytiavedgdnd luuAnINTAATIZH laaeuny

gind TUUNIATFIY
= ]
6. MsAnIANNEINIaluMsdoaamevaglaa lanau uazuils

6.1 Anmanuannsalumsdosaaroirag laa

mMsfnIMsgosdatoag lad Ing35Neau1laa191n Teather and Wood (1982)
Y Y Y Y
TaoReuro U115 YM agar 1M 1-2 U 1IN UWIZITOIUL point inoculation 841181113
Aa < A a sl &
carboxyl methyl cellulose (CMC) -YM agar mmimﬂmammwagim 1 tosisua ag
A a a 4
1415 microcrystalline cellulose-YM agar Miau luTasasaaoa lariag Taalugdves Avicel
2 J 1 A ~ o o
1 1Wlesidud Uuf 25 eeruradod w1 7 Tu asrana lasimndoudloa1saza1e congo red
2 Y g v a ¢ v v ¢ a Aa £ gy a
15 Wi udrdwesnade Imdsunae lsannududu 1 Tuars quinulaiinaduldniesou

~ A A 1 tﬂy 1 4
TaTadl mindiusnulaudarinFosunsndosaaiomag laa la
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6.2 Anvanuase lumsdesaas lauau

msaneIMIgosaais lsauiimulIznaaulaiuiin Teather and Wood (1982)
Y Y Y Y
TaoRearoUUDIMI5 YM agar UIU 1-2 U 910U HIWIZITOIUL point inoculation a41ue1M13
d' a s I d d‘ = [y
xylan - YM agar mm"lmuauslugﬂ oat spelts 1 lesiud YN 25 o usadea U 7 Ju
o 9 9 =} Yy 9 kY = 4

a529Wa 1ae1iadeuAI18815a2a18 congo red 15 WM udra19eenale lReunas 1sand1u

Y 9 o a A a ‘é’ Y A = A A U dy [
Wy 1 Tuans quinalanmnevuldnseseulnlall minlusnalataasingedniodes

aane lyuau'ld
= ]
6.3 Anranuasalumsdesaatontl

= ' o amnA o . g
MsAnEIMsdesaatenil g uITNaALan191n Limtong et al. (2002) Taeiaes
Y Y Y
FOUUDINIT YM agar YU 1-2 U MINUIM LD point inoculation aalu01%15 starch -
A a sk L 1 A ~ o
YM agar Nianansazaneuile (soluble starch) 1 tosidud i 25 osrisaidod w7 u
Qa: 9 =~ a 9y A ~ a A 1
nniuIAAIeasaza1e lo Teau ainvquinulaldnsesonlalail mindiusnalauaas

dy 1 9
Woausngosaaauileld
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NatazIa15al

LY d (Y]
1. fnﬁ!ﬁ‘]Jﬂ'J'P)EJ'N!!ﬁ3ﬂ1§!!ﬂﬂ§ﬁﬂ‘%1ﬂﬁ?i’)fj1\‘lau

o 3 %] [ a 1 9 [ v Jdou I 1 ] a ]
mﬂmﬂumammumﬂﬂﬂﬂummﬂmwu1§ﬁmﬂ1 (2 11919) YNUTULNIBIA (9 LUTIN)
WNITUUHINA (3 1i9) uazih 1fou (8 uva) 59u 22 urs lusaniavesninnz Tueen
= A [ @ 9 % Y] a 4 ] Y] [ =~ ]
Mountioveslszmalnesiu 8 3 lAun Sandagsuns G ure) SandasEaziny (1 49
o Y] ] Y] Y] ] Y] Y] < ] Y] Y a
19 IQUaTIwEIEl (3 ) I TAYNAIMIS (4 uW9) T indoudn (2 ) Janiadugil
(2 u¥9) Faniame (4 ura) tazdariaanauns (3 ura) 1aa198139591 60 f10819 191N

% 1 o a A o % 1 1
fveauuendad lagldmaiamaduiuauazedeanuuana1aved Ia lail wuaen

% ' a as.t‘ @ 1 J @ @ J Y @ a @ ll
f10619AUTINA 60 A0819 LonIdoad 102 aetiug aail Saniagiung 5 Aed1e uondead

a

Y @ =

o o @ Y 1 o o % 1
Hlﬁ) 10 YNUT WHIAATALINY 4 AI0U1 LLfJﬂ?Jﬁmﬂ 7 ﬁ']fJWl!T;', WHIAYUATIFEIU 5 AIDYN

=S 1 ¥ @ J o % % [l =S S ¥ @ d o v Y <3
Llﬂﬂﬂﬁ@llﬂ 8 MYNUT WHIAYNAINIT 5 AIDYN Llﬂﬂﬂﬁﬁllﬂ 7 AYNUT WHINTDULOA 3
% 1 =S 9 v o v o a % 1 =S 9 v o I
ATDYN L!ﬂﬂt’lﬁmﬂ 4 TIRINWUT WHIATINN 4 AU L!ﬂﬂﬂﬂ'ﬂﬂlﬂ & MYNUT WNIAAY 20
(% v 4

@ 1 =\ N ¥ Y] 4 [ l = N ¥ Y]
ATDYN Llﬂﬂﬂﬁ@]hlﬂ 42 MYNUT LAZIIHIATNAUAT 14 AIDYN Llﬂﬂﬂﬁ@]hlﬂ 16 aNgNUD

a

(B399 1)

F4

d' [ Y] 1 =S 4 o [l a 1 9/::' % 1 [ [
A3 N 1 UNAUNVAIDYI uaxwammaﬂﬂﬁmﬁnﬂma&nmuiuﬂﬂmﬂmagiu 8 WHIAUDY

@ = =)
n1ﬂ@153uaaﬂmmmuﬂmmﬂﬁzmﬁ%ﬂ

MIAUA061e e
o Tuipoud  qa 1fug dune swadadiuenld
(Miio) "z Tuo0on)
vg5ung
WPNIUNUNANY 8.UTIEM 2 WA 2550 | 14°46' 38.9"  103°21'47.0" SR
2 14°45'38.9" 103°21'42.6" SR3
3 14°45'46.8"  103°22'10.5"  SR7, SR9
waeysniusdadih 2W.A.2550 1 14°27'02.8"  103°42'00.8" SR16, SRI8,
MO U 0.7UIF SR19, SR20
thazwng fhuazaniann 2W.A.2550 1 14°28'49.6"  103°49'29.2" SR22, SR23

4

9. 171%9 393 10 18N UT

a
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TR R LYAN: Nia
il Tuipoudl  qa duda g avaBadiuen'ld
(i) (azTuoon)
vAAZINY
NeULMIRALlTIam 2N.A.2550 1 14°24' 023" 104°41' 02.6"  SSK1,SSK2
WNTEINT 0.AUNTaNY 2 14°25'23.1"  104°41'28.6"  SSK7
3 14°25'56.6"  104°42'21.2"  SSK8,SSK9
4 14°26'32.4"  104°43'53.9" SSK11, SSK13
59 7 A0WUT
2.9Ua3 1519
Ay I NHWUEN TN 3NA.2550 1 15°12'25.4"  105°25'22.8" UB2
9.a3U53 2 15°12'32.4"  105°26'31.0" UBS, UB6
NETUUHITIAUAINS UL 3N.A.2550 1 15°17'58.5"  105°28'37.1"  UB9Y
8. TvaRey 2 15°16'32.3"  105°28'58.6" UBI3,UB14
QNEMULHITIANLAD 3W.A.2550 1 15°23'50.3"  105°30'29.9" UBI19, UB20
0. Ty 521 8 g
2.4NAIN3
TUGNIIUYHY 3N.A.2550 1 16°19'44.9"  104°32'39.7" MDI
o.faudiases 2 16°18'36.3"  104°31'31.2" MD3, MD4
NEIUUHITIAYHUNL 4W.A.2550 1 16°26' 05.1"  104°48' 18.4"  MDS, MD9
9.A0UMA
1hazing 8.aouaa 4M.0.2550 1 16°13'38.4"  104°50'37.8" MDI2
NIUUYINAYATEADNTI 4 W.A. 2550 1 16°14'07.1"  104°47'03.2" MDI5
9.ADUATD 521 7 g
1500100
thazimne wyjihnies 4NA.2550 1 16°18'27.4"  104°20'38.0"  RAI
Audin 0. uvINEn
auqmmmﬁywé’aﬂ 4M.0.2550 1 16°19'44.6"  104°18'39.8" RA2, RA3
9.1 UBINDN 2 16°20' 00.8"  104°18' 07.4" RA4

J

59U 4 @1UWUT

a
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MIAUFIRE1 nna
il Tuipeud g duda B sWabadfuenld
(mtlo) (9zuo0n)
5891
QNEULYANATIHUN 70.0.2550 1 15°32'09.8"  101°25'14.0" CP1, CP2
o.IMNADA 2 15°32'06.1"  101°25'30.3"  CP3, CP4, CP5
niemindaiuih 70.0.2550 1 15°26'01.2"  101°25'45.1"  CP6, CP7
WIINHAN DINNEADA 2 15°26'02.9"  101°25'53.2"  CP8
59 8 AWUT
9.408
Tl e.a1d1e 70.0.2550 1 17°04'11.9"  101°10'14.7" LY1,LY2,LY4
2 17°13'02.2"  101°10'37.4" LY5,LY6
3 17°13'40.0"  101°11'28.2"  LY7,LYSMI,
LYSM2,
4 17°18'28.7"  101°14'35.9"  LYSM3, LYSM4
LYS,LY9,LY10
h1d 0.950 70.0.2550 1 17°20'12.2"  101°15'54.0" LYI11
8N.0.2550 2 17°19'27.0"  101°17'10.0" LYI2
§1.A.2550 3 17°20'13.0"  101°16'55.7" LY16
QNETUUHIIAYITO 81N.A.2550 1 17°28'07.1"  101°21'18.6" LY17,LYI8,LY19
0.0/30 2 17°28'42.2"  101°21'09.8"  LY20
3 17°29'21.0"  101°21'07.1"  LY21, LYSMS,
LYSM6, LYSM7
4 17°29'49.2"  101721'08.4"  LY22, LYSMS,
LYSM9
5 17°30'36.5"  101°20'45.6"  LY24,LY25
6 17°30'41.1"  101°2042.5"  LY26
7 17°30'44.3"  101°2040.2" LY27
8 17°30'46.0"  101°20'41.0"  LY28
9 17°3047.4"  101°20'39.7"  LY29, LYSMI10,

LYSMI11,LYSM12
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MIfufIeg Thil
il Tuipeudl qa i B sWatadiuen’d
(Miio) (9z3uo0n)
wasnuiuganith 8N.A.2550 1 17°21'38.7"  101°3029.6"  LY32
1A 0.91A 2 17°2120.2"  101°3021.8"  LY33
3 17°20'44.8"  101°30'31.7" LYSMI3,
LYSM14
4 17°19'57.2"  101°30'17.3"  LYSMIS5,
LYSM17
51 42 AU
.ANAUAT
QNOTUUHIAGHUNAD  9A.A. 2550 1 17°15'39.8"  103°27'22.7"  SKKI1,SKK2
0.d04A1) 2 17°15'56.5"  103°2725.8"  SKK3
3 17°1621.0"  103°27'35.2"  SKK4
4 17°16'40.1"  103°27'23.2"  SKK5
PNEUUMINIAYNIY 91.A.2550 1 16°58'58.0"  103°57'54.8"  SKK7
0.4 2 17°06'13.2"  103°59'41.6"  SKKS
3 17°06'56.9"  104°00'20.0"  SKK9
4 17°07'04.4"  104°01'41.6"  SKK10
10 1.A. 2550 5 16°58'12.7"  103°55'46.2"  SKK14,SKKI5
6 16°50'34.5"  103°54'24.2"  SKK16
7 16°49'05.4"  103°53'49.0"  SKK17
8 16°47'38.6"  103°51'46.5"  SKK20
ﬂuﬁﬁq M.Lﬂ‘]ﬂ@]ii’nﬁﬁiﬂ' 9 N.A. 2550 1 17017'52.3" 104006'43.5" SKK11
IguIAANAUAT 0. 103 2 17°17'57.1"  104°0632.6"  SKKI2

4

39U 16 18N UT
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U o = 3 Y a [ 14 = = oY A = d
2. msdadmundanlagadeeynsuisuszaulaganlsmslsauiisudduiinalelne

d v o d [
°l1ﬂﬂmu D1/D2 4849 LSU rRNA gene HAZMSAUATIZHANUANNUEMIIINNINS

[ ) = < Y a (% o =1 = A
MIIATWUNTAAN Y NINITIUTEAL TIanai Tag (1) MsnlFeumeunnumilou
o w A =S o a =y
Yo RuHIAa 1o Ind luTawu D1/D2 489 LSU rRNA gene (817135517184 500-600 HIAd
o, 4 v Ja [ ) v o w A L 4
To'lnd) vesdaadeiugndesmsiadwuniudnuiang lo lnaluTawu D1/D2 voBdaa
EaRl 3 4
alFdae 9 lugudoya GenBank 911031 194 http:/www.ncbi.nlm.nih.gov/blast Iag 1%
o
T1/51n53 BLASTn (Altschul ef al., 1997) t1az 141nausiueq Kurtzman and Robnett (1998) 114
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2.1.1 29 Candidaceae 1 2 ana Ao
1) Candida 11 ’s’ﬁj%ﬁ' 1&un Candida akabanensis, C. diversa, C. ghanaensis,
C. glabrata, C. nivariensis, C. orthopsilosis, C. pararugosa, C. pseudolambica, C. rugosa,
C. saopaulonensis 0 C. tropicalis
2) Geotrichum 2 a1l3d 18un Geotrichum fragrans \10% G. vulgare
2.12 WA Saccharomycetaceae 19 ana o
1) Debaryomyces 3 a1l¥d 1dun Debaryomyces hansenii var. fabryi,

D. nepalensis W& D. vanrijiae var. vanrijiae

4 9 1
2) Kazachstania 4 Al laun Kazachstania aquatic, K. bovina, K. siamensis

iae K. unispora
3) Kluyveromyces 1 a3 ldun Kluyveromyces hubeiensis
AN SNY
4) Kodamaea 1 6% 1&un Kodamaea ohmeri
5) Pichia 6 a3d 18un Pichia caribbica, P. galeiformis, P. kluyveri var.

kluyveri, P. kudriavzevii, P. occidentalis W% P. pijperi

2

6) Tetrapisispora 1 E’fﬂ%ﬁ’ 1dun 7 etrapisispora namnaoensis
A SNY
7) Torulaspora 1 a1lad laun T orulaspora globosa
8) Williopsis 1 alFd 18un Williopsis saturnus var. mrakii W& W. saturnus
var. sargentensis
9) Zygosaccharomyces 1 alFd 1aun Zygosaccharomyces fermentati

1 =S S a Y v o J aa v A v A 4 [} o
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Basidiomycota ¥} Hymenomycetes 1aun 7 richosporon mycotoxinivorans
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6U’EN‘]J‘JZn/]i?fhl‘vlEJ 1313] w. #1. 2550 ‘W%}EHJ GenBank accession number

Nucleotide identity in

Nucleotide different in

D1/D2 domain D1/D2 domain
Accession Closest Species with Accession Number
Strain nucleotides . L Result of identification
Number of DNA DataBank % no. nucleotide substitutions
identity / total
identity gap
nucleotides no. %
Ascomycetous yeasts
LYSM15 AB499000 Candida akabanensis (EU100744) 520/520 100 0 0 0 Candida akabanensis
LYy7 AB499012  Candida diversa (U71064) 533/533 100 0 0 0 Candida diversa
LY22 AB499024  Candida diversa (U71064) 533/533 100 0 0 0 Candida diversa
LY33 AB499032  Candida diversa (U71064) 533/533 100 0 0 0 Candida diversa
SR19 AB500188  Candida ghanaensis (AF271083) 523/524 99.8 0 1 0.2 Candida ghanaensis
LY6 AB499011  Candida glabrata (U44308) 580/581 99.8 0 1 0.2 Candida glabrata
LY17 AB499019  Candida glabrata (U44308) 578/581 99.5 0 3 0.5 Candida glabrata
LY18 AB499020  Candida glabrata (U44308) 542/544 99.6 0 2 0.4 Candida glabrata
UB14 AB500196  Candida glabrata (U44808) 580/581 99.8 0 1 0.2 Candida glabrata
SSK1 AB499984  Candida nivariensis (AY627305) 546/548 99.6 2 0 0 Candida nivariensis

LE



M519N 2 (AD)

Nucleotide identity in

Nucleotide different in

D1/D2 domain D1/D2 domain
Accession Closest Species with Accession Number
Strain nucleotides . L Result of identification
Number of DNA DataBank % no. nucleotide substitutions
identity / total
identity gap o
nucleotides no. %o
CP3 AB500000 Candida orthopsilosis (F1746056) 569/570 99.8 1 0 0 Candida orthopsilosis
CP4 AB500001  Candida orthopsilosis (FJ746056) 568/570 99.6 1 1 0.2 Candida orthopsilosis
UB2 AB500192  Candida orthopsilosis (F1746056) 567/570 99.4 1 2 0.4 Candida orthopsilosis
UB20 AB500198  Candida orthopsilosis (FJ746056) 569/570 99.8 1 0 0 Candida orthopsilosis
LY32 AB499031  Candida pararugosa (U62306) 542/543 100 0 0 0 Candida pararugosa
SR1 AB500183  Candida pseudolambica (U71063) 557/559 99.8 0 2 0.2 Candida pseudolambica
LYSM3 AB498988  Candida rugosa (U45727) 483/485 99.8 1 1 0.2 Candida rugosa
LYSM7 AB498992  Candida saopaulonensis (AY695398) 484/486 99.6 0 2 0.4 Candida saopaulonensis
RA4 AB499036  Candida sp. ST-533 (DQ404531) 450/450 100 0 0 0 Undescribed species
MDI15 AB499997  Candida sp. ST-533 (DQ404531) 450/450 100 0 0 0 Undescribed species
SR22 AB500190  Candida sp. ST-533 (DQ404531) 450/450 100 0 0 0 Undescribed species
UB6 AB500194  Candida sp. ST-533 (DQ404531) 450/450 100 0 0 0 Undescribed species

8¢
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Nucleotide identity in

Nucleotide different

D1/D2 domain in D1/D2 domain
Accession Closest Species with Accession Number
Strain nucleotides . o Result of identification
Number of DNA DataBank % no. nucleotide substitutions
identity / total
identity gap o
nucleotides no. °

MD9 AB499995  Candida sorbosivorans (AJ277846) 423/441 96 3 15 3.4 new specise
LYSM4 AB498989  Candida tropicalis (U45749) 590/590 100 0 0 0 Candida tropicalis
LYl1l AB499016  Candida tropicalis (U45749) 578/578 100 0 0 0 Candida tropicalis
SKK14 AB500210  Candida tropicalis (U45749) 578/578 100 0 0 0 Candida tropicalis
LYSM6 AB498991  Debaryomyces hansenii var. fabryi 570/570 100 0 0 0 Debaryomyces hansenii var.

(U94927) fabryi
LYSM11  AB498996  Debaryomyces nepalensis (U45839) 570/570 100 0 0 0 Debaryomyces nepalensis
LYSM10  AB498995  Debaryomyces vanrijiae var. vanrijiae 563/563 100 0 0 0 Debaryomyces vanrijiae var.

(U45842) vanrijiae
MD1 AB499991  Debaryomyces vanrijiae var. vanrijiae 570/570 100 0 0 0 Debaryomyces vanrijiae var.

(U45842) vanrijiae
LYSMS5 AB498990  Galactomyces geotrichum (U40118) 532/549 97 7 10 1.8 new specise
LYSM2 AB498987  Galactomyces reessii (U40111) 540/546 99.1 1 5 0.9 could be known/ new species
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Nucleotide identity in

D1/D2 domain

Nucleotide different

in D1/D2 domain

Accession Closest Species with Accession Number
Strain nucleotides . L. Result of identification
Number of DNA DataBank % 1no. nucleotide substitutions
identity / total
identity gap o
nucleotides no. Yo

LY19 AB499021  Geotrichum fragrans (U40119) 403/404 99.8 0 1 0.2 Geotrichum fragrans
LYSM17 AB499001  Geotrichum vulgare (AJ511334) 480/481 99.8 0 1 0.2 Geotrichum vulgare
LYl6 AB499018  Geotrichum sp. CICC1364 (DQ912840) 542/545 99.5 0 3 0.5 Undescribed species
RA1 AB499033  Geotrichum sp. CICC1364 (DQ912840) 541/545 99.3 0 4 0.7 could be Undescribed

species/ new species
SR23 AB500191  Geotrichum sp. CICC1364 (DQ912840) 542/545 99.4 0 3 0.6 Undescribed species
SKK15 AB500211  Geotrichum sp. CICC1364 (DQ912840) 547/550 99.5 0 3 0.5 Undescribed species
LYS AB499010  Geotrichum sp. MTCC 3974 (AY225313) 545/545 100 0 0 0 Undescribed species
RA2 AB499034  Kazachstania aquatica (AY881651) 572/573 99.8 0 1 0.2 Kazachstania aquatica
RA3 AB499035  Kazachstania aquatica (AY881651) 572/573 99.8 0 1 0.2 Kazachstania aquatica
SSK7 AB499986  Kazachstania aquatica (AY881651) 573/573 100 0 0 0 Kazachstania aquatica

o
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Nucleotide identity in

Nucleotide different

D1/D2 domain in D1/D2 domain
Accession Closest Species with Accession Number
Strain nucleotides . L. Result of identification
Number of DNA DataBank % 1no. nucleotide substitutions
identity / total
identity gap o
nucleotides no. Yo

SSK13 AB499990  Kazachstania aquatica (AY881651) 573/573 100 0 0 0 Kazachstania aquatica
UB19 AB500197  Kazachstania aquatica (AY881651) 573/573 100 0 0 0 Kazachstania aquatica
SKK4 AB500202  Kazachstania aquatica (AY881651) 573/573 100 0 0 0 Kazachstania aquatica
SKK10 AB500207  Kazachstania aquatica (AY881651) 572/573 99.8 0 1 0.2 Kazachstania aquatica
MD4 AB499993  Kazachstania bovina (AJ508556) 571/572 99.8 1 0 0 Kazachstania bovina
SSK11 AB499989  Kazachstania siamensis (AB258462) 573/574 99.8 1 0 0 Kazachstania siamensis
MD3 AB499992  Kazachstania siamensis (AB258462) 573/574 99.8 1 0 0 Kazachstania siamensis
MDS8 AB499994  Kazachstania siamensis (AB258462) 573/574 99.8 1 0 0 Kazachstania siamensis
CP5 AB500002  Kazachstania siamensis (AB258462) 573/574 99.8 1 0 0 Kazachstania siamensis
SR18 AB500187  Kazachstania siamensis (AB258462) 573/574 99.8 1 0 0 Kazachstania siamensis
SR20 AB500189  Kazachstania siamensis (AB258462) 573/574 99.8 1 0 0 Kazachstania siamensis

84
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Nucleotide identity in

Nucleotide different

D1/D2 domain in D1/D2 domain
Accession Closest Species with Accession Number
Strain nucleotides . L. Result of identification
Number of DNA DataBank % no. nucleotide substitutions
identity / total
identity gap o
nucleotides no. Yo
UB5 AB500193  Kazachstania siamensis (AB258462) 573/574 99.8 1 0 0 Kazachstania siamensis
UB9 AB500195  Kazachstania siamensis (AB258462) 573/574 99.8 1 0 0 Kazachstania siamensis
SKK3 AB500201 Kazachstania siamensis (AB258462) 573/574 99.8 1 0 0 Kazachstania siamensis
SKKS5 AB500203  Kazachstania siamensis (AB258462) 573/574 99.8 1 0 0 Kazachstania siamensis
SKK8 AB500205 Kazachstania siamensis (AB258462) 573/574 99.8 1 0 0 Kazachstania siamensis
SKK9 AB500206 Kazachstania siamensis (AB258462) 573/574 99.8 1 0 0 Kazachstania siamensis
LY2 AB499008  Kazachstania unispora (AY007912) 569/572 99.5 0 3 0.5 Kazachstania unispora
LYSM12  AB498997 Kluyveromyces hubeiensis (AY325967) 570/574 99.6 2 2 0.4 Kluyveromyces hubeiensis
LYSM14  AB498999  Kluyveromyces hubeiensis (AY325967) 570/574 99.6 2 2 0.4 Kluyveromyces hubeiensis
MD12 AB499996  Kodamaea ohmeri (AJ508563) 493/493 100 0 0 0 Kodamaea ohmeri
CP7 AB500004 Kodamaea ohmeri (AJ508563) 493/493 100 0 0 0 Kodamaea ohmeri

(44
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Nucleotide identity in

Nucleotide different

D1/D2 domain in D1/D2 domain
Accession Closest Species with Accession Number
Strain nucleotides . L. Result of identification
Number of DNA DataBank % no. nucleotide substitutions
identity / total
identity gap o
nucleotides no. Yo
LY1 AB499007  Pichia caribbica (EU348786) 570/570 100 0 1 0 Pichia caribbica
LY4 AB499009  Pichia caribbica (EU348786) 570/570 100 0 1 0 Pichia caribbica
LY28 AB499029  Pichia caribbica (EU348786) 570/570 100 0 1 0 Pichia caribbica
LY21 AB499023  Pichia galeiformis (U75738) 560/560 100 0 0 0 Pichia galeiformis
LY8 AB499013  Pichia kluyveri var. kluveri (U75727) 566/568 99.6 0 2 0.4 Pichia kluyveri var. kluveri
LY9 AB499014  Pichia kluyveri var. kluveri (U75727) 566/568 99.6 0 2 0.4 Pichia kluyveri var. kluveri
SKK20 AB500214  Pichia kluyveri var. kluveri (U75727) 525/526 100 0 0 0 Pichia kluyveri var. kluveri
LY12 AB499017  Pichia kudriavzevii (U76347) 573/573 100 0 0 0 Pichia kudriavzevii
CP8 AB500005  Pichia kudriavzevii (U76347) 572/572 100 0 0 0 Pichia kudriavzevii
SKK1 AB500199  Pichia kudriavzevii (U76347) 527/527 100 0 0 0 Pichia kudriavzevii
SKK?2 AB500200  Pichia kudriavzevii (U76347) 572/572 100 0 0 0 Pichia kudriavzevii
SKK12 AB500209  Pichia kudriavzevii (U76347) 572/572 100 0 0 0 Pichia kudriavzevii
SKK7 AB500204  Pichia occidentalis (U76348) 559/559 100 0 0 0 Pichia occidentalis

1974
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Nucleotide identity in

Nucleotide different

D1/D2 domain in D1/D2 domain
Accession Closest Species with Accession Number
Strain nucleotides . L Result of identification
Number of DNA DataBank % 1no. nucleotide substitutions
identity / total
identity gap o
nucleotides no. %o

SKK17 AB500213  Pichia occidentalis (U76348) 517/517 100 0 0 0 Pichia occidentalis
LYSM1 AB498986  Pichia pijperi (U75418) 566/568 99.6 0 2 0.4 Pichia pijperi
LYSM9 AB498994  Pichia sp. RV60 (AB334112) 542/545 99.4 0 3 0.6 Undescribed species
SR16 AB495287  Pichia sp. ST84 (DQ4044438) 531/531 100 0 0 0 Undescribed species
UBI13 ABA495288  Pichia sp. ST84 (DQ404448) 531/531 100 0 0 0 Undescribed species
LY20 AB499022  Pichia spartinae (U45764) 563/568 99.1 0 5 0.9 Could be known species/

new species
LY24 AB499025  Pichia spartinae (U45764) 563/568 99.1 0 5 0.9 Could be known species/

new species
CP1 AB499998  Pichia spartinae (U45764) 563/568 99.1 0 5 0.9 Could be known species/

new species
SKK16 ABS500212  Pichia sporocuriosa (EF550232) 554/559 99.1 0 5 0.9 Could be known species/

new species
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Nucleotide identity in

Nucleotide different

D1/D2 domain in D1/D2 domain
Accession Closest Species with Accession Number
Strain nucleotides . o Result of identification
Number of DNA DataBank % no. nucleotide substitutions
identity / total
identity gap o
nucleotides no. %o

LYSMS AB498993  Tetrapisispora namnaoensis (AB180480) 575/575 100 0 0 0 Tetrapisispora namnaoensis
LY25 AB499026  Tetrapisispora namnaoensis (AB180480) 575/575 100 0 0 0 Tetrapisispora namnaoensis
LY26 AB499027  Tetrapisispora namnaoensis (AB180480) 575/575 100 0 0 0 Tetrapisispora namnaoensis
LY27 AB499028  Tetrapisispora namnaoensis (AB180480) 521/521 100 0 0 0 Tetrapisispora namnaoensis
LY29 AB499030  Tetrapisispora namnaoensis (AB180480) 574/575 99.8 0 1 0.2 Tetrapisispora namnaoensis
SSK2 AB499985  Tetrapisispora namnaoensis (AB180480) 575/575 100 0 0 0 Tetrapisispora namnaoensis
SKK11 AB500208  Tetrapisispora namnaoensis (AB180480) 572/576 99.5 1 3 0.5 Tetrapisispora namnaoensis
LY10 AB499015  Torulaspora globosa (U72166) 570/573 99.5 0 3 0.5 Torulaspora globosa

SSK8 AB499987  Torulaspora globosa (U72166) 570/573 99.5 0 3 0.5 Torulaspora globosa

SSK9 AB499988  Torulaspora globosa (U72166) 570/573 99.5 0 3 0.5 Torulaspora globosa

SR3 AB500184  Torulaspora sp. WB17 (AB456554) 573/573 100 0 0 0 Undescribed species
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Nucleotide identity in

Nucleotide different in D1/D2

D1/D2 domain domain
Accession Closest Species with Accession Number
Strain nucleotides . L Result of identification
Number of DNA DataBank % 1no. nucleotide substitutions
identity / total
identity gap o
nucleotides no. /o

Williopsis saturnus var.
SR7 AB500185  Williopsis saturnus var. mrakii (U94929) 574/574 100 0 0 0

mrakii

Williopsis saturnus var.
SR9 AB500186  Williopsis saturnus var. mrakii (U94929) 574/574 100 0 0 0

mrakii
LYSM13  AB498998  Williopsis saturnus var. sargentensis 573/574 99.8 0 1 0.2 Williopsis saturnus

(U94936) var. sargentensis

Zygosaccharomyces
CP6 AB500003  Zygosaccharomyces fermentati (U84239) 570/570 100 0 0 0

fermentati
Basidiomycetous yeasts

Trichosporon
CP2 AB499999  Trichosporon mycotoxinivorans (AJ601388) 556/557 99.8 1 0 0

mycotoxinivorans

14
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Group
Family
Strain No. of strain
Genus
Species
Ascomycetous yeast
Candidaceae
Candida
Candida akabanensis LYSM15 1
Candida diversa LY7,LY22,LY33 3
Candida ghanaensis SR19 1
Candida glabrata UB14,LY6,LY17,LY18 4
Candida nivariensis SSK1 1
Candida orthopsilosis CP3, CP4, UB2, UB20 4
Candida pararugosa LY32 1
Candida pseudolambica SR1 1
Candida rugosa LYSM3 1
Candida saopaulonensis LYSM7 1
Candida tropicalis LY11,LYSM4, SKK14 3
Geotrichum
Geotrichum fragrans LY19 1
Geotrichum vulgare LYSM17 1
Saccharomycetaceae
Debaryomyces
Debaryomyces hansenii var. fabryi LYSM6 1
Debaryomyces nepalensis LYSM11 1
Debaryomyces vanrijiae var. vanrijiae MD1, LYSM10 2
Kazachstania
Kazachstania aquatica SSK7, SSK13, UB19, RA2, RA3, 7
SKK4, SKK10
Kazachstania bovina MD4 1
Kazachstania siamensis SR18, SR20, SSK11, UBS, UB9, MD3, 12

MDg, CP5, SKK3, SKKS5, SKKS, SKK9
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Group
Family
Strain No. of strain
Genus
Species
Kazachstania unispora LY2 1

Kluyveromyces
Kluyveromyces hubeiensis
Kodamaea
Kodamaea ohmeri
Pichia
Pichia caribbica
Pichia galeiformis
Pichia kluyveri var. kluyveri
Pichia kudriavzevii
Pichia occidentalis
Pichia pijperi
Tetrapisispora

Tetrapisispora namnaoensis

Torulaspora
Torulaspora globosa
Williopsis
Williopsis saturnus var. mrakii
Williopsis saturnus var. sargentensis
Zygosaccharomyces
Zygosaccharomyces fermentati

¢ v d
53 11 aqna 32 alvd 81 aeiug

Q

Basidiomycetous yeast
Trichosporon

Trichosporon mycotoxinivorans

d d
590 1 ana 1 aUvd 1 aeug

Q

LYSM12, LYSM14

MD12, CP7

LY1,LY4,LY28

LY21

LYS8,LY9, SKK20

CPg, LY 12, SKK1, SKK2, SKK12

SKK7, SKK17

LYSM1

SSK2, LY25,LY26,LY27,LY29,
LYSMS, SKK11

SSK&, SSK9, LY10

SR7, SR9
LYSM13

CP6

CP2
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uB2
CP4
94 Candida orthopsilosis ATCC 96139 (FI746056)
UB20
100|'cp3
SKK14
LYSM4
67 (Ly11
89 Candiida tropicalis CBS 94T (U45749)
100 |Candida glabrataCBS 138T (U44808)
LY6
UB14
LY18
LY17
98 SSK1
Candlida nivariensis CBS 9983T (AY627305)
100 LYSM3
58 L Candida rugosa CBS 6137 (U45727)
100 ySR1
| 90 - Ncandiaa pseuaolambicaCBS 20637 (U71063)
LY22
LY7
= ‘Candida diversaCBS 40747 (U71064)
100 |LY32
\Candiiga pararugosa CBS 10107 (U62306)
100 |LYSM15
80 \Candiida akabanensis CBS 50397 (EU100744)
100 ;LYSM7
L candida saopaulonensis CBS 100017 (AY695398)
100 |LYSM17
\Geotrichum vulgare CBS 100737 (AJ511334)
100 SR19
69 \Candida ghanaensis CBS 87987 (AF271083)
100{LY19

'Geotrichum fragrans CBS152.257 (U40119)
0.01 Knuc

Iy o d‘

d' 9J 9 o v A = L
MNN 1 ﬁulliJ’J’Jﬁl‘L!'lﬂ'liTIﬁﬁ'NﬂTﬂﬁTﬂUu’JﬂaT@vlﬂﬂﬁlUImllu D1/D2 4949 LSU rRNA gene

) 1 = S o < ¢S A I A v ' g .
Llﬁﬂ\m%muﬂﬂl’ﬂ\iﬂﬁ@]ﬂﬁ]'lLL‘Llﬂ!,‘]_]uﬂﬁ@ﬁﬂ%’ﬁﬂ@‘ﬁ‘ﬂ'lﬂllaﬂ ag“lmq'ﬁ Candidaceae

AN AN o v A = L Y ~ ax .
uazaﬂ%ﬁmmﬂumm'lm“lﬂmﬂmmqﬂ AUID two-parameter VYO Kimura
(Kimura, 1980) Tag s neighbor-joining method (Saitou and Nei, 1987) wazalsziu

[l v 4

ﬂmJmg%ﬁamﬂmmm:‘wﬁm bootstrap Tagn159191 1,000 A59 (Felsenstien, 1985)

' A v J 3 4
HAZHAANURNIZAT bootstrap NNUINNIT 50 SIGHET



93

Kazachstania siamensis CBS 103617 (AB258462)
SKK5
SKK8
SKK9
SKK3
CP5
MD8
UB9
MD3
SSK11
UB5
SR18
SR20
SKK4

B UB19
SSK13
97|SSK7

100

62 SKK10

84

Kazachstania aquaticaAS 2.07067 (AY881651)
RA3

-I RA2

98 —LY2

Kazachstania unisporaCBS 398T (AY007912)

LYSM14
99“LYSM12
Kluyveromyces hubeiensis AS 2.15367 (AY325967)

100  MD4

100

\kazachstania bovinaCBS 27607 (AJ508556)
LYSM11

94 } Debaryomyces nepalensis CBS 59217 (U45839)
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100

Debaryomyces hansenii var. fabryi CBS 7897 (U94927)

00 LYSM10
|MD1
Debaryomyces vanrijiae var. vanrifiae CBS 30247 (U45842)
100 |CP7
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(Kimura, 1980) Tag s neighbor-joining method (Saitou and Nei, 1987) sazalsziiu

] 4 a g o oy QSJ‘ .
ﬂ’J”IlIuWL%@ﬁ@mﬂmi’JmﬁxﬂﬂW bootstrap Tagn3ii 1,000 739 (Felsenstien, 1985)

' A ' s 2 4
HAZHEANURNIZAT bootstrap NNINNIT 50 wesiua
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Torulaspora globosaCBS 7647 (U72166)

LY10

97 99 |SSK9

SSK8

CP6

Zygosaccharomyces fermentatiCBS 7077 (U84239)

Ly27

69) LY29

F SKK11

LY25

LY26

100 |SSK2

LYSM8

98 Tetrapisispora namnaoensis CBS 10093 (AB180480)

100 LYSM13
Williopsis saturnusvar. sargentensis CBS 63427 (U94936)
SR9

| SR7

W/7//bp5/1s‘5atumusvar. mrakiiCBS 17077 (U94929)

88 rLyswvi
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LYl
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o
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jCP2
VTrichosporon mycotoxinivoransHB1175T (AJ601388)
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) 1 = A o I A S A v v g
uaasdrisvessaanswunduallyanosuienad agimw Saccharomycetaceae
A LA o w A = o Y A ~ ax
uag Trichosporon mycotoxinivorans LLaZE‘T‘]J%’ﬁ‘ﬂllﬁMﬂujﬂauhﬂﬂslﬂmﬂﬂﬁﬂf]"ﬂ MU
two-parameter U904 Kimura (Kimura, 1980) Taely neighbor-joining method
a ] 4 a g o

(Saitou and Nei, 1987) LLﬁzﬂi%LﬂJUﬂfﬂmu”ILGdIfﬂﬁ@ﬁnﬂﬂﬁ’JmiW%‘Hﬂ”l bootstrap Iﬂ&lﬂ"li‘l/n
J o . 1 { ' -4
%51 1,000 A59 (Felsenstien, 1985) LAaZLFAIURNITA bootstrap N1 50 1losidua

=~

=\ o A A v (= a
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A AA AW (=] a =2 a dd A o o o A = L
ﬂﬁ@]ﬁﬂ%’ﬁ%ﬂ\i‘luwﬂﬁﬂ‘ﬁ‘]ﬂﬂ RN ﬂﬁﬂ1/1mammﬂummiallm“luiﬂmu
I~ = v o w A = o 9 Y A A
D1/D2 4949 LSU rRNA gene nJﬁfmmfmﬂ‘uam‘uuaﬂaTa"lmﬂﬁlugmmeyjaumuﬂmmuﬂ

ihaale'lng 0-3 1andle InddudadniinenudwuiingTe Inalugudeya udde 143

4

Y
M3A¥e o5 1e LazAniud 9InMIIaTUNTad 102 Mewus wu 12 Mo

a

I o =

J 3 4 ~ A v A I @ 2 a 1 v
(11.8 nlesisudvesdaamiundny) mlounudaands lulimsesuie Tasodlulvdy
9

Ascomycota YU Hemiascomycetes oUAY Saccharomycetales 11 2 296 A9 297 Candidaceae WU
2 ana 1dun aeus MD15, RA4, SR22 1az UBG iiluaousimilouiy Candida sp. ST-
533 @0WWE LY16 SKK15 tag SR23 ifluaewusimiiiouniy Geotrichum sp. CICC 1364 uag
aoiug LS iWuaofusimilousy Geotrichum sp. MTCC 3974 dauluned

AN LYY o & 3 o g A o
Saccharomycetaceae Wi 3 a/Fd laun aewug LYSM ilumewugitilioun Pichia sp.
RV60 ae3ius SR16 uay UB13 ifluaowusimiiiouny Pichia sp. ST84 uazaoWus SR3

I v Ja A o
Humeiu§Mvieuny Torulaspora sp. WB17

J

A A J A A ~ J 1
2.3 Badnevzludaaairdnesurendmseat)¥d 111 (could be known or

new species)

A A [<T J Aa dA A Y A A 1 =R A S A =
gaaneIztudanall/yanesuieualivseailad vy vuene dannenlsey
= 0o v A = o [ A s A Y A
Meudauniing 1o Ina luTamwu D1/D2 489 LSU rRNA gene nUa)¥anoTuieudiinng
Aa = 4 1 A = 4 12 I 4 Aa = J Y ]
unuNIna 1o Imaunnii 3 waaa lo'lng ualinlosisudmsununiiiona o Indilosnii 6
a P el P o o ' Vg /A A < P 2
1nd Te'nanse 1 wlosidud auiuddasd lulaindudaanesviendmiodudanallsd
o

] A a ) 4 [ 4 o o
Tl AoalimsAnyundy Taslumsdadwundad 102 @efug wudau 6 aenusg

P-4 A A o = A Y A I A da A Y A A v
(5.8 nlosiFuavesdaaninNAnyl) Newezitludaaailydnesueuamseatlyd 1 edlu
[ qg./‘ [ [ 4 o
Il Ascomycota ¥U Hemiascomycetes 9UAL Saccharomycetales Tu 3 296 Ao e

Candidaceae WU 1 eia 1Aun eesius RAT A1ndiResny Geotrichum sp. CICC 1364 daulu

4 . A A [ 4 A Y Y]
WA Dipodascaceae WU 1 dU%d Ao deWuE LYSM2 Nl lnalRgeny Galactomyces reessii 10

Q

S J A v

4 { @
2 Saccharomycetaceae WU 1 @18 2 al)Fd Ao aeWuf LY20, LY24 uaz CP1 MlndiAeeiy
o, . 3 . .

Pichia spartinae 18z e10WWT SKK16 N1NAIR0RY Pichia sporocuriosa (M131990 4 azami

4,5)
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MINNN 4 AN UTNIHUDUNVITN T G]iﬁ'Vlﬂ\ihliJiJﬂ'liﬂ‘ﬁU1ﬂLLﬁ$ﬁ18WuﬁﬂﬂT%ﬂglﬂuﬂﬁﬁ

a

dFdnosuendvsedFd vy

Strain Similar to

o da A A A = a
iﬂﬂ‘WNﬁﬂ!ﬂuﬂuﬁﬂ‘ﬂﬁﬂﬂﬂﬂuﬂﬂ]ﬁﬂﬁﬂ1EJ

E]

SR22, UB6, MD15, RA4 Candida sp. ST-533
SR23,LY16, SKK15 Geotrichum sp. CICC1364
LY5 Geotrichum sp. MTCC 3974
LYSM9 Pichia sp. RV60

SR16, UB13 Pichia sp. ST84

SR3 Torulaspora sp. WB17

o

A J é
593 4 ana 6 aUvd 12 Meiiug

(%] r.’d' <| = r.’d' a kY G S v
maugnenazuiualsdneseandinseailsdlnu

Q

LYSM2 Galactomyces reessii
RA1 Geotrichum sp. CICC1364
LY20,LY24, CP1 Pichia spartinae

SKK16 Pichia sporocuriosa

Y]

A J
U 3 ana 4 aUva 6 MYWY

oEfa.

= OI?Jd{

2.4 vaaatlya 11y (new species)

o o 13 S 1 9 A '
dmsumsszynudsdIntaz lsnmsnarsanannasnved Kurtzman and
= ~ o ¥ A = o @
Robnett (1998) Tagmsilsoufivudiautiang e Inalulamwu D1/D2 499 LSU rRNA gene flJ

= ¢ A S Y A A 9 1A A a = o
ﬂﬁ@]ﬁﬂ%ﬁ%iﬂmﬂﬂ\i%E‘Iﬂ(lui”luﬁllﬂyja GenBank mﬂwmmm’nmummu’maia“lmmﬂ

[
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N1 1 tlesiyua ﬁ]gﬂﬂﬁ]?!LUﬂjWLﬂuﬁﬂ%ﬁ[‘lﬁN WaN1FIAVUUNNLIN 2 FIYWUT IAVULUN

I A I YA ] @ qgj . v W A
Wudaaatldd Ivailulnay Ascomycota ¥1 Hemiascomycetes ®UAU Saccharomycetales N9

4 v o v o $ < 7
1129 Candidaceae 1 @18WUT Ao @18WUT MDO ¥33) Candida sorbosivorans \WudlFdn

{ 4 o & o & :

lﬂglﬁﬂﬂﬁqmlaZ’Nﬁ Dipodascaceae 1 @18WUT Ao TINUT LYSMS ¥ qi] Galactomyces

. IS A A Yya A 2 & o o YR o ' A a
geotrichum \uallFdanIndiResiga &M 2 ewugoz IdAnuanbuzaN 9 i@Aua
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100[ Pichia sp. RV60 (AB334112)

l LYSM9

UB13

100 l

SR16

Pichia sp. ST84 (DQ404448)

100

100| SR3

Torulasporasp. WB17 (AB456554)

SR23

67

95|skk15
9%l 1, v16

100 Geotrichumsp. CICC 1364 (DQ912840)

100 LY5

Geotrichumsp. MTCC 3974 (AY225313)

RA4
98

MD15

UB6

SR22

0.02 Knuc Candida sp. ST-533 (DQ404531)

A Y yyaow A v o v A A P
NINN 4 ﬁullﬂJ’J'Jﬁlu'lﬂ']iV]ﬁﬁ'NﬂTﬂaT@]UuaﬂaT@qﬂﬂﬁlUIﬂlﬂu D1/D2 4893 LSU rRNA gene

) 1 =~ S o I~ A S @ 12 a AN AN o w
waasdmniavesdaanwuniluadlFanda lutimsesueuazatlFantiany
a = I Y A A an . . 9
1nd Ind IndifneaNgan 13T two-parameter Y99 Kimura (Kimura, 1980) Tagl1d
neighbor-joining method (Saitou and Nei, 1987) ttazysiluanuiienenms
a d o g} o’/’ . J
ATIZHA bootstrap 1ABNITNHT 51 1,000 A5 (Felsenstien, 1985) LAZLAAURNIZA

J

~ ' I3
bootstrap YNNI 50 wosiwua
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Geotrichumsp. CICC 1364 (DQ912840)

RAL
96

Galactomyces geotrichum (U40118)

100

LYSMS

Galactomyeces reessii (U40111)
100|
LYSM2

LY24

64

CP1
100

LY20

— Pichia spartinae (U45764)

10 Ol' Pichia sporocuriosa (EF550232)

L

100

SKK16

—— Candida sorbosivorans (AJ277846)

— MD9
0.02 Knuc

d’ 9 9y o A 9 o v A = J
i 5 duldITanmsiadnndrauiiongle lnalulawu D1/D2 ¥4 LSU rRNA gene

) ] ~ S o I A o T oA oA I Aa A A k)
tanaduvavesgaanuuntuayd vy adlsanewasziluaillsanesuiendn
A A d A ] dd!d‘dowa = o Y A ~ ax
Wiooaaallrd lvi nazall¥dniidauiang IndlndiResNgan1uds two-parameter
V94 Kimura (Kimura, 1980) Taalds neighbor-joining method (Saitou and Nei, 1987)
a ] 4 a g o g’ 3
tazlseiiunNU 091NN AATIZHA bootstrap 1AENTHT F1 1,000 A

1 § 1 S 3 4
(Felsenstien, 1985) UaZdAURNIL AT bootstrap AN 50 WeIFua
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a ~ I YA I 1 o =2 v 1 ~ 4 4 a
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3.1 Candida asiaensis sp. nov. (LYSM9, RV60T, SC5L04, GE19S05)

= o v A L = 4
NAMIHEUS VI 1o nd luTamww D1/D2 Y94 LSU rRNA gene Y8480
@ 4 Y] o 1 [
aeug LYSM9 nuatl3dlugiudoya GenBank Wil unilouny Candida sp. SC5L04
. £ g AN SR @ 12 a 12
(EF653946) 18 Candida sp. GE19S05 (FJ1527125) FautuatlFandalatimsesune ualimsg
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. J < J ~ c'oix' v J Y @ ' a
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A P w 12 a 12 o v A =2 L
ailvdnde lulinmseTuie ualimsseaudinuiing le Ina lulawu D1/D2 Yo LSU rRNA
gene 1311 GenBank (Limtong and Am-In, 2007) Tagiimsununiiona le Indiies 1
a ~ SR o o I A I A Y] A A S Ja o ~ o Y4
ndlolng FevaswuniuailFdaeriunioallidnlndsanuun Tagdaadeus RV6o
Y v
uen lanindlediaih luwagneuusnaumanay nidunegud1s 1y 19rinszued Yszimns
[ qﬂ// = 9 o A 0’3 o 4 = [ 1 A a 3 A
Ine daiuvslaveoyanmitdaans 3 MewuinAnanbuza1e 9 oo UodUaAIYo
A A I A Jd YA o (DL [ @ 4 =l =~ o @ A = o
sazanuidudadaildd lviswnumenug LYSM9 vinmsifSeuiisudduiiong Te lnalu
Y
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{ A < { A a
Tasimsununiinaale'lng 8.3 nlesidud @imsununiinalelng 47 iadle lnduazi
[l v A ) ] a = s R 1 P ) <) J YA o
FOIINNTO gap 31 Auririelu 563 10 To Ing) Feeglunasinzdaswuniudaaailsd
[l 4 { A 1 <3 § a R
T 1iloanniimsununiana le Induinndn 1 nlesidud Wennsananuduiusna
Aw 9 YA o A Y o v A = J
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A da o ¢ A & o Jadm v o do a2 o @
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:Jld O"?Jdo’

. T = o = A o 1A o I A ’
diversa CBS 4074 (11N 6) aauvutumssuduean 4 ETWEJW’L!‘EHJHEIEWIET %ﬁiﬁﬂlla%i}%

QaJJ 4 a a Jd 1 o
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@ 4 a QaJJ a a 1 4
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9
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@ Jd 1 1% ng ) I o ]
anvuzTuInta q miloudana Candida asiudssaswuniluailsdlviluana Candida

qﬂjl A g . . . = o J 3| . qﬂjl A A d
waza ¥e1llu Candida asiaensis sp. nov. Tﬂﬂumﬂwu‘q RV60 11l type strain MIAIroavd
' . . 4 v o Y A 4 Y o
N “asiaensis” 19910 2 MeWuguen 1o lulszmealne Ao aewug Rveo uon ldaindaodis
Y v
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T&andaedsaunngnenuvinagise sunegise saviame dausn 2 deuiuen lann

1 Y
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3 A ] S o v o a =4 = . o dy .
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Candida vini CBS 6397 (U70247)
96
o7|' Pichia fluxuum CBS 2437 (DQ104721)
100| L Kregervanriia fluxuum CBS 22877 (AY923241)
Kregervanrija pseudodelftensis CBS 101057 (EF550267)
Candida sithepensis S023T (AB120220)
100|: Citeromyces siamensis CBS 91537 (AB084231)
Citeromyces matritensis Y-24077 (EF550346)

Candida asiaensis SC5L04 (EF653946)

98

00
Candida asiaensis GE19S05 (FJ527125)

Candida asiaensis RV60T (AB334112)

Candida asiaensis LYSM9 (AB498994)

68 Candida diversa CBS 40747 (U71064)
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100

100 Candida abliesophila Y-11514T (EF550212)
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ANYULVON Candida asiaensis sp. nov. (LYSM9, RV60T, SC5L04, GE19S05)
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NN 7 ﬁ'mgm%ﬂwm Candida asiaensis sp. nov. (RV60T)
4 a A 1 I Y] ~ =S
A 1ad1ndalue1mns YM agar illoviuilunan 3 Su i 25 essnaiFod
@5 =10 luTpswag)
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3.2 Candida mokdahanensis sp. nov. (MD9T)

nndwuiinale InaluTam D1/D2 ¥99 LSU rRNA gene Y038ad ae1ius
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Kazachstania siamensis +(2) +(1) +(2) +(2) +( +(4)
Kazachstania unispora +()
Kluyveromyces
Kluyveromyces hubeiensis +(2)
Kodamaea
Kodamaea ohmeri +() +(1)
Pichia
Pichia caribbica +(3)
Pichia galeiformis +(1)
Pichia kluyveri var. kluyveri +(2) +(1)
Pichia kudriavzevii +(1) +() +@)
Pichia occidentalis +(2)
Pichia pijperi +(1)
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Group
. a s = = Y < @ a
Family qaum ATASINY UATITI U UNATHII YDA BN gy ANAUAT
Genus

5 @798 4 320814 5 @19819 5 @19819 3 @208 4 70819 20079819 14 §19819
Species

Tetrapisispora

Tetrapisispora namnaoensis +(1) +(5) +(1)
Torulaspora

Torulaspora globosa +(2) +(1)

Williopsis

Williopsis saturnus var. mrakii +(2)

Williopsis saturnus var. sargentensis +(1)
Zygosaccharomyces

Zygosaccharomyces fermentati +(D

Trichosporon

Trichosporon mycotoxinivorans +(1)
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Group
Family q5uny AAzINY  QUATWEIH  YNAIMs fouida Yol 10g anauns
Genus v o o o o o o o
5 AIBYN 4 279819 5 AIBYN 59819 3 MDY 4 279819 20 AIBYN 14 A9819
Species

Undescribed species
Candida sp. ST-533 +(1) +(1) +(1) +(1)
Geotrichum sp. CICC1364 +(1) +(D) +(D)
Geotrichum sp. MTCC 3974 +(1)
Pichia sp. RV60 +(D)
Pichia sp. ST84 +( +()
Torulaspora sp. WB17 +()

Could be known or new species
Galactomyces reessii +(1)
Geotrichum sp. CICC1364 +()
Pichia spartinae +(1) +(2)

+(1)

Pichia sporocuriosa
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Group
. a 4 ~ ~ Y < @ a
Family qIUNg ATACINY UATIVIIU HUNATHIT RN BN 1314} anauUng
Genus g U 4 1 g T Q 1 3 1 4 ! 4 ! 4 !
5 AI9YN 4 A8 5 AI9YN 5 AI9819 3 919 4 Q0819 20 A7 14 208N
Species

New Species

Candida mokdahanensis sp. nov. +(1)

Geotrichum phurueaensis sp. nov. +(1)

v d

RN (mawm;) 10 7 8 7 4 8 42 16

@ < o o I 1 [ o
vnewe: @aavlurvduaedwaumeiuginnuluuaaziania
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5. MsnageunNNaBNsalumstosamewaglaa lsuau nazuile
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nnmMInageuaNNanIe lumsdesaassag laed lauau uazuilvesdaaiiuen
k4 Y 1 a ' Y o v do i 1 a 1 a 1
lanindedauanihldluwasnuiiugdaith gneruusna augnenuurena uazth
94 v w1 Ao ' o a A A
Ifouludanianis q Nasedlumanz Tusenieuniiovoaszme Ing Tasasramsnsyuea
a 1 o ' 9 a Y A ~ &L A
daauarmMsgpsdalsalIsaanannmsas 1y lalanieseulnlativeusouueinisi
9 ) = 1 o o A 4 dy
1 lumsnaaen 1une madesamemag Taaii laethdda lmzi@esnuomis carboxyl
A A a - .
methyl cellulose (CMC) -YM agar ﬂumimﬂmmwawagiaﬁ 1 1o HUA 11201115 micro
. A a a s . P-4
crystalline cellulose-YM agar ian Tu Insasanoa lavivag Taalugives Avicel 1 nfosidud
[ S 0o A 4 da' A a
uazmsgosdale laaunihddd 1wizideauno1m1s xylan - YM agar iy lotanlugil oat
sl < o Y ) a
spelts 1 1051 UA 11N1TUATIING TABTIAT1TALA1Y congo red AN 1DONAY IBATNAND
J Yy 9 4 = 1 a Aa Y A
lsaanududu 1 Tuas minlimsdosameisag laduaz lynauszinauinulaldniosou
] 1 o 4 y
TaTadl (Teather and Wood, 1982) aaumsdesaatsudlaaziirdad 1imiziaeaune11is starch
A a -4
- YM agar tANa1sazateuile (soluble starch) 1 1osiud asiawalasmssiaansazaiy

= 9 a A a [] .
"laTaﬂuumamnmﬁlammﬂmﬂmﬁﬂeauﬂq (Limtong et al., 2002).

~ 4 v J ~ s 1 qﬂjl 4 a a
NN 102 MYNUT WUﬂﬁ@ﬁ/]fﬂll"liflEl’t’)ﬂﬁa"lﬂL“ﬂaQTﬁﬁﬂﬂiugﬂﬂTiUﬂﬂ‘ﬂ)’amﬂa

g

iwaglaauaz luTasnTanea latiwaglaa 19 meus daanannsodesaatorag laalugl
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% =

4 a a F=} 1 =
ﬂ”lﬁ‘]Jﬂﬂ“]iﬁLﬂJVlﬁL"])’ﬁQTﬁﬁllﬂLWENfJEJNLﬂfJ’J 18 e1gnu

s

7
7 s '

‘ﬁq ﬂﬁ@]%ﬁ']ﬂ"liﬂfl@ﬂﬁa"lﬂllqﬂlau 7

[

o 4 ~ o 1 v =~ =\ = [ dy
deug uazdaanaunsndesaasutls 5 aeug (a15197 6) Taslisoazideasil
S
(1) daangesameisag laa

Y
dmSumsnageuanuansomssosaatesag lamiuldeag lad 2 wiia fio
4 a a a 4 ~ P
msvengamnawag laduaz luTnsnsdanea lawag Taa MinHamsnadouddana 0
[l a 4 9 1 o a a vy
dooaaelulnsnidnoa lalwag Tad Idazannindosaaenis vongamnaag laa ladae
A o a a = < 1 a 4
ilosninasvendamnawag laalvualuanaannilulasasdaoa laiaag Taa Taeny
= s 1 9 z Y4 v oA 1
daanawnIndosdaioag lad lanavua 37 dewug Iagaenuinamnsndosdals
3 a 4 4 a a =\ @ o
wag laanslugllulnsnSanea laviwag Tacduazasvendamiawag laall 19 aewug lu
A S A
9 g1/¥d Ao Candida glabrata (LY6, LY 17, LY 18 utag UB14), C. nivariensis (SSK1), C.

pararugosa (LY32), Torulaspora globosa (LY 10, SSK8 1a SSK9), Williopsis saturnus var.
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mrakii (SR7 148¢ SR9), dJ¥dNMLT0UNY Candida sp. ST-533 (RA4, MD15, SR22 1ag UB6),
A I A [ A I 1A

AUBANYNOUNY Torulaspora sp. WB17 (SR3) wazdU¥d 1viune Candida mokdahanensis sp.

nov. (MD9) 118 Candida sekii sp. nov. (SR16 tiag UB13) daudadnamnindesaaioiyag lae

Tugmisvensamiamag Taaldilesed1amend 18 mesiug u 6 a113d flo Candida

orthopsilosis (CP3, CP4, UB2 taig UB20), Kazachstania aquatic (RA2, RA3, SSK7, SSK13,

UBI19, SKK4 a2 SKK10), K.unispora (LY2), Kodamaea ohmeri (MDI12 g CP7), Pichia

caribbica (LY1, LY4 e LY28) WA Zygosaccharomyces fermentati (CP6)
) daandosaais lsuan

mInadeuMIgosaas lesuan nudadnaunsodesaatslauanil 7 aeug Tu
4 al%d Ao Candida pararugosa (LY32), Torulaspora globosa (LY 10, SSK8 1iag SSK9),
A P A Y Ay I 1A
AUFTNNNOUNY Torulaspora sp. WB17 (SR3) tag el 1nane Candida sekii sp. nov.

(SR16 t1az UB13)
(3) Daandesaasnile

dmfumsnaaeumstesaasuils nudadiauniodesaaontlsils aeiug Tu
5 o1l%d Ao Candida pseudolambica (SR1), Geotrichum fragrans (LY19), Pichia sporocuriosa
(SKKS6), Trichosporon mycotoxinivorans (CP2) uazﬁ?ﬁéf’ﬁmﬁauﬁu Geotrichum sp. MTCC

3974 (LYS5)

[

' &2 @ a -4 A a
mﬂﬂﬁ‘ﬂﬂﬁ@llﬂﬁﬂﬂﬂﬁﬁml‘ﬂ)’a@jﬁﬁ ”lqmau uamﬂwuﬂuauma @]Q%ﬁgﬁﬂiuﬂu
a 9 A ! P 9 [ l a 3 v  Jax <o
NANNITNUDUUDINY W‘]J?nfJf‘WIﬂllﬂﬂhlﬂmﬂﬁ’mﬂﬁﬂuﬂﬂﬂﬂﬂ 102 YNUT HITAVTUIU

o o 73 2 a g o = ! A Adw A
42 geWug (41.2 nlesisudvesBaananyiiavun) Nansodosaarsansounidingrilala
a £ A a Y ~ I o o 1 '

Filanilansonaeriiald daudadonsmuiu 60 aeug luawisndooaaeag Tas

A Y dy [l =\ 4 1 @ I3 1
loypau wioudlaIdias uonnndianuaunsalumsdosaaevesdaauaazaeiugnuanaig
v v A o = 4 [ 1 3 J a a
AU nane Tududad 42 meiugausadesaaivyag laaialuglzlasvendgamia

a 4 YR v 1 = oA

iwrag Taauaz luTasaTanoa lariwag Tae 1884 19 mevug uaz lavdnIvgdadnaunsa

1 4 ) a a 4 1
dosaemsuengamiaag lad lulnsasanoalaviag lad waz lauauegluana

A Y A

. =& =} o ~ o o =~ 4 a a 9
Candida %QLWN@Uﬂ‘1J51€J\'111!T]1JﬂﬂuﬁUW‘mlﬂﬂL!ﬁgﬂﬂiﬂLLuﬂElﬁ'ﬂ%WﬂﬂuiulLﬂV‘lﬁﬂﬂﬁW‘U
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SaneatiFdlniedluena Candida fio Candida mokoenaii namen ol lyanuaiiennsoily
Uszgnd 1 ¥ lugaavnssuraiviszian (Mokwena et al., 2000) A ST TERHTRM e
finandamsndaen lmiivagaauas lyanuaiindnnnsadaiifdou 4 8n wu
Trichosporon pullulans (Stevens et al., 1997), Trichosporon cutaneum (Hrmova et al., 1984) L1ag
msanyuou 1o extracellular carboxymethy cellulase 910 Cryptococcus sp. S-2
(Thonggekkaew e al., 2008) dauﬁaﬁﬁmmiaeiaﬂuﬂq"lﬁ’wudwagﬂuﬁqa Candida,
Geotrichum, Pichia a2 Trichosporon $adeandesiuseaudounthiinaniamswan
ulmitoavhezVoaalaedad Debaryomyces occidentalis (Schwanniomyces alluvius)
(Wilson et al., 1982; Moranelli et al., 1982), Trichosporon pullulans (De Mot and Verachtert,
1986), Candida antarctica (De Mot and Verachtert, 1987), Lipomyces kononenkoae (Prieto et al.,
1995) wag Cryptococcus flavus (Wanderley et al., 2004) uaﬂmﬂfjé'quuﬁﬁmugnuﬁaﬁ
ansonaaeu lsdeziioad 187 fio Succharomycopsis fibuligera wazwuadFdou 9 8n 11y
Candida rhagii, C. glabrata, Pichia anomala, P. orientalis, P. burtonii, P. fabianii, P. mexicana,
P. heimii, Rhodotorula philyla, Saccharomyces cerevisiae, Torulaspora globosa, T. delbrueckii

and Trichosporon asahii (Limtong et al., 2002)

(K < RS [V a 1Y ' a S J
uaed 1 lspmudadunazaoiugaziiseauanuamnsa lumsdosdalsasounsd
o 1 o ] 1 J a a 1 J
agaany wulumsdesaaessag lad lugdasuendawnawag laa wugaauIgae
v o ' J ) a y3 Y A A Y Y a
Wugasndesaaremsuensamnawag lad lantoailosnnionagovudr liusnm
{ <] ' 1 v ' 4 a a

Tafivunaannimnalalail uauwamenuganiodesdalon1s uonsamnamag laa la

= 1 tﬂ' a Lﬂ'd 1w =
annesnnnuUIHu lanlviasmnuuaved I lail
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I o v

$ 1 9 [ ] a 1 { 1 (%]
M 6 anwawsalumsdesameawag laa lauau vazuilwedaandauen ldoindrededunnluaath ldndeegluninas SuseniBouniie

voulszme'lne

No. ability of degradation
Group .
Species Strain of carboxyl methyl microcrystalline xylan soluble
strain cellulose (CMC) cellulose (Avicel) (oat spelts) starch
Described species
Candida akabanensis LYSM15 1 - - - -
Candida diversa LY7,LY22,LY33 3 - - - -
Candida ghanaensis SR19 1 - - - -
Candida glabrata LY6,LY17,LY18, UB14 4 + + - -
Candida nivariensis SSK1 1 + + - -
Candida orthopsilosis CP3, CP4, UB2, UB20 4 + - - -
Candida pararugosa LY32 1 + + + -
Candida pseudolambica SR1 1 - - - +
Candida rugosa LYSM3 1 - - - -
Candida saopaulonensis LYSM7 1 - - - -
Candida tropicalis LYSM4,LY11, SKK14 3 - - - -
1 - - - +

Geotrichum fragrans

LY19

16



M3197 6 (70)

No. ability of degradation
Group '
Species Strain of carboxyl methyl microcrystalline xylan soluble
strain  cellulose (CMC) cellulose (Avicel) (oat spelts) starch
Geotrichum vulgare LYSM17 1 - - - -
Debaryomyces hansenii var. fabryi LYSM6 1 - - - -
Debaryomyces nepalensis LYSM11 1 - - - -
Debaryomyces vanrijiae var. vanrijiae  LYSM10, MD1 2 - - - -
Kazachstania aquatica RA2, RA3, SSK7, SSK13, UB19, 7 w - - -
SKK4, SKK10
Kazachstania bovina MD4 1 - - - -
Kazachstania siamensis SR18, SR20, SSK11, UBS5, UB9, 12 - - - -
MD3, MDg, CP5, SKK3, SKKS5,
SKKS8, SKK9
Kazachstania unispora LY2 1 w - - -
Kluyveromyces hubeiensis LYSM12,LYSM14 2 - - - -
Kodamaea ohmeri MD12, CP7 2 W - - -
Pichia caribbica LY1,LY4,LY28 3 w - - -

6



M3197 6 (70)

No. ability of degradation
Group .
Species Strain of carboxyl methyl microcrystalline xylan soluble
strain  cellulose (CMC) cellulose (Avicel) (oat spelts) starch
Pichia galeiformis LY21 1 - - - -
Pichia kluyveri var. kluyveri LY8,LY9, SKK20 3 - - - -
Pichia kudriavzevii LY12, CP8, SKK1, SKK2, SKK12 5 - - - -
Pichia occidentalis SKK7, SKK17 2 - - - -
Pichia pijperi LYSMI1 1 - - - -
Tetrapisispora namnaoensis SSK2, LY25, LY26, LY27, LY29, 7 - - - -
LYSMS, SKK11
Torulaspora globosa SSK8, SSK9, LY10 3 + + + -
Williopsis saturnus var. mrakii SR7, SR9 2 + + - -
Williopsis saturnus var. sargentensis LYSM13 1 - - - -
Zygosaccharomyces fermentati CP6 1 w - - -
Trichosporon mycotoxinivorans CP2 1 - - - +
Could be known or new species
Closest to Galactomyces reessii LYSM2 1 - - - -

€6



M3197 6 (70)

No. ability of degradation
Group .
Species Strain of carboxyl methyl microcrystalline xylan soluble
strain  cellulose (CMC) cellulose (Avicel) (oat spelts) starch
Closest to Pichia spartinae LY20,LY24, CP1 3 - - - -
Closest to Pichia sporocuriosa SKK16 1 - - - +
Closest to Geotrichum sp. CICC1364 RA1 1 - - - -
Undescribed species
Simila to Candida sp. ST-533 RA4, MD15, SR22, UB6 4 + + - -
Similar to Geotrichum sp. CICC1364 LY16, SR23, SKK15 3 - - - -
Similar to Geotrichum sp. MTCC 3974 LY5 1 - - - +
Similar to Pichia sp. RV60 LYSM9 1 - - - -
Similar to Pichia sp. ST84 SR16, UBI13 2 + + + -
Similar to Torulaspora sp. WB17 SR3 1 + + + -
New Species
Candida mokdahanensis sp. nov. MD9 1 + + - -
Geotrichum phurueaensis sp. nov. LYSMS5 1 - - - -

¥6
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Wuendead lasldmatanmsmusiuiu wazinudad lngerdeanuuanawuesinlail 1a
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gaa 102 ﬁ1EJW1!‘]§LLﬁ$u1ll'li]ﬂ"l]1&Luﬂ1ﬂﬂ'ﬁ]1ﬁﬂ@1§ﬂill'J‘ﬁ'l‘LliZﬂ“UIiJLaf]aﬂ'JfJﬂWiLﬂﬁEJ‘UWIEJ‘U
o v A L a 4 v o J
f1euiana 1o lngd luTamu D1/D2 U89 LSU rRNA gene 1Az AATILHANNTURUTN
aw 9 [ Y dy
Vs ldwaasl
) G J 4 g A A A A Y o
NNMITIANULUNYTA 102 TIYNUS wulueaddlranesueaItIUIU 82
o & - A odA o = N P ' AR o
oug (80.4 losiguavessaaninnmny) lagoaaaiulng (81 meiug) Hunedlals-
@ d o o I 4 1
Faaoad sadwumilu 11 ana 32 113 1Aun Candida akabanensis, C. diversa, C.
ghanaensis, C. glabrata, C. nivariensis, C. orthopsilosis, C. pararugosa, C. pseudolambica, C.
rugosa, C. saopaulonensis, C. tropicalis, Geotrichum fragrans, G. vulgare, Debaryomyces
hansenii var. fabryi, D. nepalensis, D. vanrijiae var. vanrijiae, Kazachstania aquatic, K. bovina,
K. siamensis, K. unispora, Kluyveromyces hubeiensis, Kodamaea ohmeri, Pichia caribbica, P.
galeiformis, P. kluyveri var kluyveri , P. kudriavzevii, P. occidentalis, P. pijperi, Tetrapisispora
namnaoensis, Torulaspora globosa, Williopsis saturnus var. mrakii, W. saturnus var. sargentensis
! v Jd o o < aa v Ay A J
Uag Zygosaccharomyces fermentati 0sUINYY 1 TYNUS ﬂﬁﬂlluﬂlﬂullﬂﬁﬂiﬂﬂﬂ‘ﬂmﬁﬂﬁ@]
A ;oA oA o o sl o A JA o
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v = [ 4 v o d A I A A a
Torulaspora sp. WB17 (1 eN8WuT) 1azdn 6 agnugornszsadwunilugaaalyanesuie
Y A A ' sl o s = dq YA o
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73 2 a s o A A Y . . .
28 4 losiduavesdaanidnin lavdaoglu 15 all%d 16un Candida akabanensis, C. diversa,
C. ghanaensis, C. glabrata, C. nivariensis, C. orthopsilosis, C. pararugosa, C. pseudolambica, C.
S v
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4 1
nov., C. mokdahanensis sp. nov. Uai& C. sekii sp. nov. 509091170 ?Jﬁ@]ﬁf}a Pichia Tﬂﬂwuag"lu
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K.unispora, Kodamaea ohmeri, Pichia caribbica W\ Zygosaccharomyces fermentati AIUMT
1 ~ I 1 [ 4 A d A
Tlﬂﬁf’]ﬂﬂTiﬂ’t’)fJﬁﬂ"lElvl“]ﬂLﬁu W‘]JEJ?WWIE‘TT?J”IﬁﬂﬂﬂﬂﬁﬁTﬂllcb’LLﬁu 7 YNUT 11! 4 a1l¥d Ao
s o
Candida pararugosa, Torulaspora globosa, dlsdnmlouny T orulaspora sp. WB17 liaig
A I 1A 1 ~ s 1
fT‘]JGIfﬁGLWll A9 Candida sekii sp. nov. LLﬁSﬂWﬁﬂﬂﬁ@ﬂﬂWﬁﬂ@ﬂLLﬁQ WUITANTINTDYDYTAY
4 A J A . . . . .
uila s a 1YNUT 1y 5 a1vd Ao Candida pseudolambica, Geotrichum fragrans, Pichia
P Y
sporocuriosa, Trichosporon mycotoxinivorans wazalFaNinilouny Geotrichum sp. MTCC

3974



98

PNAINAZTI91999

NSNAUATUAUNINFWNIARON NTZNTNNTNOINTTITUIA tazaaadon. .11,
ANNHANHAEMITIMNN. LUHAINN: http://www.environnet.in.th/evdb/info/bio/

bio.html, 19 4UIEY 2551.

1 a o d1 [ 4 @ a 2
NINYNITULUNITIA dadih uazwuﬁﬁ% NITNTNNTNYINTDTITUEIN uazﬁmmé’au. 2549.

QNENUIAINIA FITNWIA...azITuNIMs. w.aln.

A o o a J 4 4 o a
eYND Ii’]ﬁﬂﬁﬂ?, ANV WUFANANMN U, BITDAHY 219Au 1594 tag Foans No3Y. 2541.
X a @ J
UgiIneuliosd. uMINGIoINEATAEAT, NTUNN.
A A A = d a2 a 4 QsJ‘ ~
d17A7 aUNDY. 2549. gan: ﬂ’313~l“r’iﬁ1ﬂﬂﬁ1ﬂ!!a$mﬂi‘lﬂﬁﬂ‘lﬂﬂ]‘lﬁl. NUNATIN 2

UMINNSBIAYATINAAS, NTUNNC.

4
5 VAl AUATIND L ‘K\l,u‘Wllﬁ qITIUONT. 2541. fn‘éﬁﬂH1ﬂ'J1N“r‘iﬁ1ﬂﬁa1ﬂ°lli’N§ﬁGﬂu

Q

w d

(Y] o d A a a Y
!sllﬂiﬂH]WHﬁﬁﬂ’Jﬂ]ﬁ?ﬂm‘l!!sﬁlﬂ. ﬁ\‘]WiJﬁ u.n. Mﬁ??ﬂﬂWﬁﬂlﬂHﬂﬁﬁ?@i NTIUNN.

Altschul, S. F., T. L. Madden, J. Z. Schéffer, J. Zhang, Z. Zhang, W. Miller and D. J. Lipman.
1997. Gapped blast and PSI- blast: a new generation of protein database search programs.

Nucleic Acids Res. 25: 3389-3402.

Atlas, R. M., T. A. Horowitz and M. Busdosh. 1978. Prudoe crude oil in Arctic marine ice
water and sediment ecosystems: degradation and interactions with microbial and benthic

communities. J. Fish. Res. Board Can. 35: 585-590.

Bastawde, K.B. 1992. Xylan structure, microbial xylanases, and their mode of action. World J.

Microbiol. Biotechnol. 8: 353-368.



99

Connell, L., R. Redman, S. Craig and G. Scorzetti. 2008. Diversity of soil yeasts isolated from

south victoria land, Antarctica. Microb. Ecol. 56: 448-459.
Demain, A.L., H.J. Phaff and C.P. Kurtzman. 1998. The industrial and agricultural singnificance
of yeast, pp. 13-17. In C.P. Kurtzman and J.W. Fell, eds. The yeasts, A Taxonomic

Study, 4" edn. Elsevier Scince, Amsterdum.

De Mot, R. and H. Verachtert. 1986. Secretion of Ol-amylase and multiple forms of glucoamylase

by the yeast Trichosporon pullulans. Can. J. Microbiol. 32: 47-51.

and . 1987. Purification and characterization of extracellular Ol-amylase and

glucoamylase from the yeast Candida antarctica CBS 6678. Eur. J. Biochem. 164:

643-654.

Felsenstein, J. 1985. Confidence limits on phylogenies: an approach using the bootstrap.

Evolution. 39: 783-791.

Hrmova, M., P. Bielyl, M. Vrsanskal and E. Petrakoval. 1984. Induction of cellulose- and xylan-
degrading enzyme complex in the yeast Trichosporon cutaneum. Arch. Microbiol. 138:

371-376.

Jindamorakot, S., S. Limtong and T. Nakase. 2006. Direct Submission. BLAST. Available

Source: http://www.ncbi.nlm.nih.gov/nuccore/89146424, August 18, 2009.

Kimura, M. 1980. A simple method for estimating evolutionary rate of base substitutions through

comparative studies of nucleotide sequences. J. Mol. Evol. 16: 111-120.



100

Komagata, K. and T. Nakase. 1967. Reitoshokuin no biseibutsu nikannsuru kenkyu. V. Shihan
reituoshokushin yori bunri shita kobo no seijo (Microbiological study in foods. V.
General properties of yeasts isolated from frozen foods) (in Japanese). Shokuhin

Eiseigaku Zasshi. 8: 53-57.

Kurtzman, C.P. and J. W. Fell. 1998. The Yeasts : A Taxonomic Study, 4" edition. Elsevier,

Amsterdam.

and C.J. Robnett. 1998. Identification and phylogeny of ascomycetous yeasts from
analysis of nuclear large subunit (26S) ribosomal DNA partial sequences. Antonie van

Leeuwenhoek. 73: 331-371.

Lachance, M. A., J. M. Bowles, W.T. Starmer and S. F. Baker. 1999. Kodamaea kadaduensis and
Candida tolerans, two new ascomycetous yeast species from Australian Hibiscus

flowers. Can J Microbiol. 45: 172-177.

and W.T. Starmer. 1998. Ecology and yeasts, pp. 22-30. /n C.P. Kurtzman and J.W. Fell,

eds. The yeasts, A Taxonomic Study, 4" edn. Elsevier Scince, Amsterdum.

Lee, C.F. and C. H. Liu. 2007. Direct Submission. BLAST. Available Source:

http://www.ncbi.nlm.nih.gov/nuccore/150248364, August 18, 2009.

and C. W. Hsieh. 2008. Direct Submission. BLAST. Available Source:

http://www.ncbi.nlm.nih.gov/nuccore/223930774, August 18, 2009.

Limtong, S. and S. Am-in, 2007. Direct Submission. BLAST. Available Source:

http://www.ncbi.nlm.nih.gov/nuccore/165264000, August 18, 2009.

, S. Sintara, P. Suwannarit and N. Lotong. 2002. Yeast Diversity in Thai Traditional

Fermentation Starter (Loog-pang). Kasetsart J. (Nat. Sci.) 36: 149-158.



101

Limtong, S. W. Yongmanitchai, M. Tun, H. Kawasaki and T. Seki. 2007. Kazachstania siamensis
sp. nov., an ascomycetous yeast species from forest soil in Thailand. Int. J. Syst. Evol.

Microbiol. 57: 419-422.

Middelhoven, W.J. 2004. Trichosporon wieringae sp.nov., an anamorphic basidiomycetous yeast
from soil, and assimilation of some phenolic compounds, polysaccharides and other non-
conventional carbon sources by saprophytic Trichosporon species. Antonie van

Leeuwenhoek. 86: 329-337.

, G. Scorzetti and J.W. Fell. 2001. Trichosporon porosum comb. nov., an anamorphic
basidiomycetous yeast inhabiting soil, related to the loubieri / laibachii group of species
that assimilate hemicellulose and phenolic compounds. FEMS Yeast Res.

1: 15-22.

Mokwena, T.A., E. Jansen van Rensburg and J. Myburgh. 2000. The isolation and classification
of Candida mokoenaii sp. nov. A new yeast isolate from South African soil. Antonie van

Leeuwenhoek. 77: 43-47.

Moranelli, F., M. Yaguchi, B. Calleja and A. Nasim. 1982. Purification and characterization of
the extracellular Ol-amylase activity of the yeast Schwanniomyces alluvius. Biochem.

Cell Biol. 65, 899-907.

Nakase, T. and M. Suzuki. 1986. Bullera megalospora, a new species of yeast forming large
ballistospores isolated from dead leaves of Oryza sativa, Miscanthus sinensis and Sasa

sp. in Japan. J. Gen. Appl. Microbiol. 32: 225-240.

Phaff, H.J. and W.T. Starmer. 1987. Yeasts associated with plants, insects and soil. pp. 123-176.
In A.H. Rose and J. H. Harrison (eds). The Yeast. Vol. 1.2" edition. Academic Press,

London.



102

Prieto, J.A., , B.R. Bort, J. Martinez, F. Randez-Gil, C. Buesa and P. Sanz. 1995. Purification and
characterization of a new Ol-amylase of intermediate thermal stability from the yeast

Lipomyces kononenkoae. Biochem. Cell Biol. 73, 41-49.

Saitou, N. and M. Nei. 1987. The neighbor-joining method: a new method for reconstructing

phylogenetic trees. Mol. Biol. Evol. 4: 406-425.

Sato, I. H. Kobayashi, Y. Hanya, K. Abe, S. Murakami, G. Scorzetti and J.W. Fell. 1999.
Cryptococcus nodaensis sp. nov., a yeast isolated from soil in Japan that produces a salt-

tolerant and thermostable glutaminase. J. Ind. Microbiol. Biotechnol. 22: 127-132.

Scorzetii, G., J.W. Fell and A. Fonseca, A. Statzell-Tallman. 2002. Systematics of
basidiomycetous yeast: a comparison of large subunit D1/D2 and internal transcribed

spacer rDNA region. FEMS Yeast Res. 2: 495-517.

Spencer, J.F.T. and D.M. Spencer. 1997. Yeasts in natural and artificial habitats. Springer,

Berlin.

Stevens, B. J. H and J. Payne. 1997. Cellulase and xylanase production by yeasts of the genus

Trichosporon. J. Gen. Microbiol. 100: 381-393.

Sumpradit, T. 2005. Yeast diversity in soils from hill evergreen, mixed deciduous, dry

dipterocarp, and pine forest of Nam Nao National Park. Thesis. Kasetsart University.

, S. Limtong., W. Yongmanitchai., H. Kawasaki and T. Seki. 2005. Tetrapisispora
namnaonensis sp. nov., a novel ascomycetous yeast species isolated from forest soil of

Nam Nao National Park, Thailand. Int. J. Syst. Evel. Microbiol. 55: 1735-1738.



103

Teather, R.M., P. J. Wood. 1982. Use of congo red-polysaccharide interactions in enumeration
and characterization of cellulolytic bacteria from the bovine rumen. Appl. Environ.

Microbiol. 4: 777-780.

Thompson, J.D., T.J. Gibson, F. Plewniak, F. Jeanmougin and D.G. Higgins. 1997. The
CLASTAL_ X window interface: flexible strategies for multiple sequence alignment

aided by quality analysis tool. Nucleic Acids Res. 25:4876-4882.

Thongekkaew J., I. Hiroko, K. Masaki and H. Iefuji. 2008. An acidic and thermostable
carboxymethyl cellulase from the yeast Cryptococcus sp. S-2: Purification,
characterization and improvement of its recombinant enzyme production by high cell-

density fermentation of Pichia pastoris. Protein Expression and Purif. 60: 140-146.

Tinker, P. B. 1996. Inventorying and monitoring biodiversity, pp. 166—179. In F. di Castri, and T.
Younes, eds. Biodiversity, sciences and development: towards a new partnership.

CAB International, UK.

Valente, P., J.P. Ramos and O. Leoncini. 1999. Sequencing as a tool in yeast molecular

taxonomy. Can. J. Microbiol. 45:949-958.

Wanderley K. J., F.A.G. Torres, L.M.P. Moraes and C. J. Ulhoa. 2004. Biochemical
characterization of Ol-amylase from the yeast Cryptococcus flavus. FEMS Microbiol.

Lett. 231: 165-169

Wilson, J. J. and W. M. Ingledew. 1982. Isolation and characterization of Schwanniomyces

alluvius amylolytic enzymes. Appl. Environ. Microbiol. 44: 301-307.

Wuczkowski, M. and H. Prillinger. 2004. Molecular identification of yeasts from soils of the
alluvial forest national park along the river Danube downstream of Vienna, Austria

(“‘Nationalpark Donauauen’’). Microbiol. Res. 159: 263-275.



104

Yamada, Y. 1998. Identification of Coenzyme Q (Ubiquinone) homologs, pp. 101-102. In C. P.
Kurtzman and J. W. Fell (eds). The yeasts, A Taxonomic Study, 4" edn. Elsevier.

Amsterdam.

and K. Kondo. 1973. Coenzyme Q system in the classification of the yeast genera
Rhodotorula and Cryptococcus and the yeast like genera Sporobolomyces and

Rhodosporidium. J. Gen. Appl. Microbiol. 19: 59-77.

Yarrow, D. 1998. Methods for the isolation, maintenance and identification of yeasts, pp. 77-100.
In C. P. Kurtzman and J. W. Fell (eds). The yeasts, A Taxonomic Study, 4" edn.

Elsevier. Amsterdam.



105

MANUIN



106

MANUHIN D

E | =
DINILQYUTOLLASTITIAY



5 X
911i13la8al¥o

1. Yeast extract malt extract (YM) agar

= 3 4 <3 o
HAALDNHLUNT Aok
] o I J

UDANLONBLNS N
1w Inu

nglae

Y

u

Y 4

1Snosaesa Iuga

Y H
A A

10
15
1000

1 ~ < ~
HUFDN 121 DA UYL nJunm 15 UM

2. Yeast extract malt extract broth

=y I 3 4 <3 4

HAALDNHLUNT Aok
] o I J

DANLONKBLNS N

1w Tnu

nglaa

o - -
3nosaend Iuga

5
10
1000

1 491 a = I =1
1 UFoN 121 ararsed 11uan 15 UM

3. Acidified yeast extract malt extract agar

= 3 4 < o
HAALDNHLUNT Aok

] o I J
DANLONHBLNS N
1w Tnu
nglaa

Al a

naousutinea
Tasaen Tnsn Totua
Y
u

Y
4

1Snosaea Iuga

10
0.2
0.25

15

1000

107



v A 9 A o 1 dy ~ =
U5uNeY 3.7-3.8 AUNTANAD 1 UBSLNA LAz NN 121 DA UFAITYa

I =}
Wunat 15 wn

~ < 4 < 4

HAALDNHLUNT Aok 3
R~ o I~ o

UDANLDAHLNS N 3

1w Inu 5

nglaa 10

GIERERT 100

Y

o A o a

snesaend Iugd 1000

[l dy ~ ~ < =
1 UroN 121 ararsed 1Jiunal 15 Wi

5. Yeast extract peptone dextrose (YPD) agar

Jaaldndunsnd 10
il Tnu 20
nglae 20
yiinofaoealuda 1000

1 dy A =) I ~
0N 121 ararted 11unan 15 UM

6. 5% malt extract agar

s 3 o < 4
YDANIDNHUNS N 50
Au 15
o P “
13nesaend Iuga 1000
Y v
A A

[l = < =
1 UroN 115 erarseod 1Junal 15 W

A = S I 4
4. Yeast extract malt extract broth NU@1Taza1ena¥esoa 10 Wosisua

108



109

7. Fowell’ s acetate agar

TAeuozFIan 5 N3

Y 1Y)

u 20 N3
g}d 4 a Aa aa
1Snosaesa luga 1000 Haaans

1 491 A =) I =1
10N 121 ararsed 11uan 15 UM
8. Corn meal agar
Corn meal agar 1.7 N3y
Y
Wisneiased Tude 100 Nadans

1 491 A =) I =1
0N 121 ararsed 11uan 15 UM

9. Gorodkowa agar

nglaa 0.1 N5y
i Tau 1.0 nsu
Tydeunan 13 0.5 Asy
Au 2.0 nsu
yiinofaoenlude 100 iaaans

Y v
A A

[l = < =
1 UroN 121 aryarsed 1Junal 15 U

10. Potato dextrose agar (PDA)

Jupl5a 200 NS
< o [
N Ina 20 AT
A 15 n3u
15 nesaeod g 1000 Uaaans

1 dy A ~ [~ ~
1U¥oN 121 ararsed [Wunal 15 U



110

11. Stock carbon solution (10X)

ad luTasue (Difeo) 6.7 n3u
3lszneuMs U 5 NS

g‘d J a a aa
1snesaea luga 100 Uaaans

0o q ¥ & ' Ao <
“I/lﬂwﬂaaﬂ!ﬂfaIﬂ&lmiﬂimN1u!,3J3J!,1J‘§u‘1fliJﬁuumgﬂifN 0.2 Vlllﬂﬁ@u Lmzl,ﬂ‘iflu

Yy 13 =
FLLBLLUN -20 DAY AL
an 4
12. IMINAgeUMILATUand15UsznaunIsuou

A3 0.2 Yaaans V84 stock carbon solution (10X) adluriapavuIa 13 x 100 YaduAI
4! gld 4 a d' ] ] dy a Aaa Y I o 9}4‘ a 9
Fausspianesdesd luFandumsanyo 1.8 Jadans wavlddnu Nl ingumgiives

] 9
UIU 3-5 U Lﬁﬂﬁi’)%ﬁ'ﬂﬂﬂ1iﬂulﬂﬁ]u MIA3INOIMITNATOUNSLIFTNland15 YT N

Y
v A o

4 z =\ 4 a ~ 9 = [] 9 ra Aa
ANTUDUUY Nﬁ"li‘]Jigﬂ'E]‘]Jﬂ'ﬁ“U@u 7 BUA ‘1/]@]'E'J\imiﬂNiWNnﬂﬂiﬁﬂﬂ'lﬂWiﬂﬂﬁ@U llﬂl,!,ﬂ ayau

a =} =} = =
muea wmuea uils nuaninea 2-fla-A-nglama uaz 5-Ala-A-ng A
13. Yeast carbon base (10X)
= J J .
gAANST U UE (Difco) 11.7 N3
E
13nesaeod g 100 Uoaans

1 491 A =) I =1
1 UF0N 121 ararsed 11uan 15 UM

14. Yeast carbon base broth (1X)

1AY 0.2 4AAANT V4 yeast carbon base (10X) a3 1Ura0AYUIAL3 x 100 FaAIUATH
Y

) 4 a {1 1 4 a aa
Ussihsnesaeod IuFaNMIUMIN1F0 1.8 Jaaans



111

15. Stock nitrogen solution (10X)

= 4 4 . @
gaanITUeUILE (Difco) 11.7 N3y
asdsznevlulasau’ X nsu

Y

1i5nesaeod Iude 100 Haaang

0o 9 ¥ & ' A < )
mldlaeawe Tasmansowrnumuusunivingnsod 0.2 luasounazinylug

[~
AUV 20 DIAUF AT D

astsznonlulasou’: ueuTuilsnsama [(NH,),50, | 0.5 n5u Tuamdon
19350 (KNO,) 0.78 n5u TandenTu'lasd (NaNO,) 0.26 n§u tonaniiuleTasnae lsa
(ethylamine-HCI) 0.64 05U 1oa- ladu (L-lysine-HCI) 0.56 n31 uazmawoiulalalasnas

l5e (cadaverinedihydrochloride) 0.68 nN5Y

16. 9nInagoumsteasiaaaslsznoululasau

a'.l 9 (% oy ) 4 a a Aaa o 1 tﬂy d' a
W)U 1.67 NTU azaneluiiisnesaeod Iuga 90 aaans uasuﬂﬂmwamquu

3

<3| a a
121 eerugaFod 1Hunal 15 wiil seaudugungiidszunm 50-60 oeruvaITod @AY stock

[ Y
nitrogen solution (10X) Y5110510 Hadans nauliidniu uazmaaunanimumsainge

17. Fermentation basal medium

= = 4 < 4 o

g NBUNT Ny 4.5 NIy
11 Tnu 75 N5y

g’d 4 a Aa aa
u’]ﬁlﬂﬂﬁﬁﬂﬂﬁjﬂ“lﬁﬁ 1000 uanang

s A Y

° < 4
mau"l‘nmauqmmmaﬂﬁamﬁaiﬁuammmu

111]9 fermentation basal medium adluviapAvLA 13 x 100 Yadwas Fineluliviasa
[ [ A Aaa o v dy ~ = I ~ 3 Aa
Fnune vaonas 2 Haaaas 11 Ilduyen 121 eersaded Wunal 15 w1 31Uy
J Ay L o aqw & : e
asazaretimanasamsnado i lnisiannge lasmsnsewnumusunivuiag
A A aa 1 YA Y 9 9 ' v I3 J
309 0.2 luaseu Ysuas 1 Taddasaonaca Inianududuganeminy 2 nosidua

9 1

) [ S < A
@nAusil TualdFanududuaameminu 4 alosidud)

L)



18. Fermentation test of glucose

~ S 4 I o
HAALDNHLUNT Aok
i Inu
nglae

J A o “
1hsnesaea luga

o [~ A 9y A A 9
mau"lwma‘ugmmmaﬂuamwaiwnmmmmu

4.5

7.5
20
1000

112

Uaaans

nieldranauuia 13 x 100 Haawas senelulivaoadnudd viasaay 5 aaans

) 1 dy ~ = I =
Lla$u1llﬂm1lclf’f)1’| 110 29fusased 1Wumal 15 W

19. 911115711/519910IMHUY (vitamin free medium)

nglae

Vitamin assay casamino acids (Difco)

Tnunagoy la'laTasnuoama

~S A %
uuniFeuFamle
o
Tmaesunae'lsa
=S 4
upaeunan 154

o - -
Snosaesd Iuga

10
5
1
0.5
0.1
0.1
1000

= ] dy A = < =
Usuew 5.5 azauyen 121 ssmisased 1Wumal 15 U

20. Custer’s chalk medium

a I’ 3 J
gAABNFUNG N
nglae

~ 4
UAAITENAIT URIUA
14
u

Y
4

o A a
1Snosaea luga

50

5

20
1000

] di’ A ~ IS ~
HUBDN 121 DA UYL !,‘]J‘L!L’mW 15 UM

Uaaans



113

] [ k4
iegavgiiilszinm 50 oA imsmasuuwanim U de lage

A Y = 4 3 tﬂy = o
waie liuaaFeums votuaazaeluilo@enue1riis
Y a 4
21. o 1sasaouaNuA Uty Taatand lud
1) A131A3 8% Basal medium (10X)
a 4 [ a a Aaa
T Tnaeng lud 1 nsu azareluesdlau 2.5 Haaaas
ad luTasue (Difeo) 6.7 nsu
Y
1i5Snesaeod Iuge 100 Haaans
o Y dy ] A
mlaeare Taomsnsowrumuusunivuiagnied 0.2 luasou

2) Active medium

1A 0.2 aaaAS Y04 basal medium (10X) aslunasaruIa13 x 100 HaAWATFIVTTY

Y

o J a A 1 { a aa
Wisnesaeod IuFaNiIuNIN T 1.8 Haaans
22. M3y luoisnlusiaueod Tusaga

A -
1) Eﬂﬂﬁ‘ﬂuﬂ@jﬂﬁ 50 L‘].I’E)'il“]ﬂ!@]

nglnd 50 ATy

a I3 3 J @
BAAD NGNS NF 1 N5y

u 1.3 3w

g}d 4 a Aa aa
WInesaeod ludd 100 Naaans

Y H
A A

1 ~ IS ~
HUFDN 110 DIA UYL T !,‘]J‘L!L’mW 10 4N

A -4
2) ?J'Wﬂi‘ﬂiJﬂQTﬂﬁ 60 Lﬂﬁ]ilcﬁuﬁ

nglnd 60 sy
= = 4 < 4 o
gAADNFUNI N 1 N3

U 1.3 N5

It



114

Y
G 4

Snosaed Iuga 100 yaaans

Y
A A

[l = < =
10N 110 aryaFed 1J1a1 10 W

A /3 L w a s -
3) ﬂ"lﬂﬁ‘i/mﬂgiﬂﬁ 5 L‘]Ji’)il“]fl!@'l ﬂ‘]JIGBLﬂEJNﬂﬁﬂhliﬂ 10 L‘]_I?Jil,"]fu@

Tadeunaelsa 100 A5y
nglnd 50 ATy
Pad luTasnuue 6.7 N5
A 20 n3u
iinefaooaluda 1000 Haaans

] di’ A ~ IS ~
HUBDN 121 DA UYL !,‘]J‘L!L’mW 15 UM

A 3 o a s -4
4) fﬂﬁﬁ‘ﬂllﬂ@jﬂﬁ 5 Lﬂ@ilcﬁuﬁ ﬂ‘]JIG]fLﬂEliJﬂa’E)llﬁﬂ 16 L‘l]’f)ﬁlcliuﬁ

Tydeunan 13 160 Asy
nglaa 50 N5y
tad luTasuua 6.7 n5u
du 20 N3N
yiinofaooalude 1000 iaaans

Y v
A A

' = | =
¥ 121 evrwaded 1Wunal 15 N
23. Christensen’s urea agar
= = I3 4
1) MIATINTITASAYYLTY 20 wesiua

~

158 20 N5

e

Y

1i5nesaeod Iuge 100 Uaaans

o Y dy 1 A
Tl'l‘lﬁﬂaaﬂ!%@Iﬂﬂﬂ’liﬂiﬂ\iN’]uluulﬂiuv'lueuu']ﬂzﬂiﬂq 0.2 VliJﬂiE]u



115

J
2) MIMsEURIMITNAdOUMS lalas ladgise

nglaa 1 N5y
il Tnu 1 n5u
Tandeunaelsa (NaCl) 2 sy
Twunadonlalalaswuoama (KH,PO,) 2 N3
ol 20 n3u
Huoalsa 0.012 N5
iinefaooaluda 1000 Haaans

v A 1 1 a aa o 1 di’ ~ = I
Usudiey 6.8 utialaviasaaz 4.5 Haaans uaziin ldau¥en 121 esrusadee 11u

~ 09.: a ~ J 2 d (a a aa
387 15 U mﬂuumumiazmagﬁa 20 Lﬂ’ﬂilcﬁuﬁ ‘]JiJJW]i 0.5 vaaang

24. Carboxyl methyl cellulose (CMC) -YM agar

= =] 4 < -4 @
gAADNNIUNT N 3 Ny

=] 4 < -4 @
WOANDNHUNT N 3 N5y
)1/ Tnu 5 NSy
mivenFawnawaglod 10 N5
ol 15 N3N
oyd 4 a Aa aa
Inesaeod ludd 1000 Waaans

1 491 A = I =1
10N 121 araited 11uan 15 UM

25. Microcrystalline cellulose-YM agar

= 3 4 < o o
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26. Xylan - YM agar

= 3 4 <3 o 1
BAADNBLUNT A 3 N5y

] 4 I~ o 1Y
1PANIDNHLUNS N 3 A5
1) Tnu 5 n3u
losiau (oat spelts) 10 n5u
ot 15 3w
g‘d 4 a a aa
5 nesaend Iuga 1000 Haaans

] di’ A ~ IS ~
HUFDN 121 DA UYL !,‘]J‘L!L’mW 15 UM

27. Starch - YM agar

= =] 4 < o ]
R GICIE NG, 3 A5

J 3 J I~ o ]
1OANIDNHLUNS N 3 A5
1w Tnu 5 N3
gazaenila (soluble starch) 10 A3
9 @
ol 15 A5
oyd 4 a Aa aa
1snosaooa luga 1000 Haaans
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1. Bromthymol blue stock solution
A A o oy a Aa Aaa axg Y A a
axamm@u"lmaaug 50 Yaansy Glumﬂimm 75 Uaaang ’J‘ﬁﬁlflf 9 Al
bromothymol blue stock solution 151105 4 Jaaans aelu fermentation basal medium L@

fermentation test of glucose 31185 100 Hadaas

2. Lugol’s solution

ToTofu 1 A5
Tuaasou lolo'laa 2 A5
1i5nesdooaluGa 300 yaaans

3. Diazonium blue B reagent (DBB reagent)

Diazonium blue B salt 0.15 N3
0.25 M Tris hydroxymethyl aminomethane (pH 7.0) 10 Haaans

A a 3 Y 3 yq A< Y} A a <
HJE]LG]iEJﬂJLﬁii]LLa’Jﬂ’Jilﬂ‘]Jhl’JclUﬂLEJu uazhma“lu 30 YN NN TYULA T

4. 50X TAE buffer

[

Tris base 48.4 NI

0.5M EDTA (pH 8.0) 20 Hanans
an 9y 9 a Aaa

NINDTHEANLVNUU 11.5 uaaang

Y
azarelhdniulaslsisnesaeoa Iuge USulsuasliasu 100 Tadans uas

o [ dy ~ = I =}
‘Ll']llﬂc‘lﬂﬂfﬂcﬂ 121 e ugased 1Wumal 15 Wn



5. 10X TBE buffer

Tris base

NIAVDIA

0.5 mM EDTA (pH 8.0)

[

10.8
5.5
4.0
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Uoaans

Y
azaneliiiniulaslsinnesaeea Iuda UsuilSuas1vasy 100 Tadaas uas

v
=

) ] dy
i lsingeh 121 evrusald

6. Stock ethidium bromide

I =1
gd 11ua1 15 U

' Y
%4 ethidium bromide 1 N5 azateluiisnosaeoa ludda 100 Jadaas ldvradan

<3 P a9
uazmu"lmqmﬂﬂwm

QU

7. Loading dye

V301 UDA g

GIERERT

a g’d 4 a Y
wuisnesaoea lugalnasy

8. 1 kb DNA ladder (DNA marker)

DNA ladder
6X loading Dye

2 a ¢ A
1Snosaesa Iuga

9. 2.5 mM dNTP

dATP
dCTP
dGTP
dTTP

J A o “
1snesaesa luga

0.25
30
100

25
25
25
25
900

)
fa))
D)
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=3
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)
fa))
D)
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=3
an
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10. MU/ AN FIAN

3M sodium acetate (pH 4.6) 4 Uaaans
Absolute ethanol 95 yaaans

Y
o 4 a a Aaa
1hsnesaea luga 1 Haaans
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Abstract

Two asexual arthroconidial yeast strains, TM3-44" and LYSM5', were isolated,
respectively, from estuarine water in a mangrove forest and soil in a terrestrial
forest in Thailand. Analysis of the D1/D2 domains of the large-subunit rRNA gene
sequences revealed that strain TM3-44" differed from the closest species in terms
of pairwise sequence similarity, Dipodascus albidus, by 11.7% nucleotide substitu-
tions, while strain LYSM5" was closest to Galactomyces geotrichum with only 2.9%
nucleotide substitutions. The phylogenetic tree further demonstrated that strain
TM3-44" was at a distant position from the closest species, D). albidus, and other
related species in the Dipodascus clade, while strain LYSM5" clustered with G.
geotrichum, it closest relative in the Galactomyces clade. The phenotypic character-
istics of the two strains were typical of the genus Geotrichum. On the basis of the
above findings, strain TM3-44" was assigned as a novel species of Geotrichum, for
which the name Geotrichum siamensis sp. nov. is proposed. The type strain is TM3-
44" (BCC 29903" = NBRC 104880 = CBS 10929"). Strain LYSM5' represented
another novel species of Geotrichum, which was named Geotrichum phurueaensis
sp. nov. The type strain is LYSM5' (BCC 34756" = NBRC 105674 = CBS 11418").

Introduction

Geotrichum Link: Fries is an asexual state of the two
arthroconidial ascomycetous yeast genera Dipodascus Lager-
hein and Galactomyces Redhead & Malloch (Kurtzman &
Robnett, 1998). The arthroconidial yeast species were placed
in two widely divergent groups on the basis of small-subunit
(SSU) rRNA gene data including SSU rDNA sequences and
S5U rRNA secondary structure (Ueda-Nishimura & Mikata,
2000; de Hoog & Smith, 2004), large-subunit (LSU) rRNA
(Kurtzman & Robnett, 1998), internal transcribed spacer
(ITS) (de Hoog & Smith, 2004), nDNA/DNA reassociation
and morphological characteristics (de Hoog et al., 1986).
Group 1 consists of Galactomyces and Dipodascus with
Geotrichum anamorphs and group 2 consists of Magnusio-
myces with Saprochaete anamorphs (de Hoog & Smith,
2004). de Hoog & Smith (2004) suggested that taxonomy at
the species level should be based on ITS rRNA gene
sequences and nDNA/DNA reassociation data, and pro-
posed a key to the species. At present, the genus Geotrichum

FEMS Yeast Res W (2009) 1-7

consists of 13 recognized species. Eight species were con-
firmed as Geotrichum citri-aurantii, Geotrichum europaeum,
Geotrichum pseudocandidum, Geotrichum candidum, Geotri-
chum fermentans, Geotrichum decipiens, Geotrichum restric-
tum and Geotrichum klebahnii (de Hoog & Smith, 2004),
Geotrichwm silvicola in the Galactomyces clade was proposed
later for four strains associated with Drosophila flies in Brazil
and two strains from oak tasar silk worm larvae in India
(Pimenta et al., 2005). Three Geotrichum species, Geotri-
chum carabidarum, Geotrichum histeridarum and Geotri-
chum cucujoidarum, were proposed for the strains isolated
from the digestive tract of basidiome-feeding beetles and
lepidopteran larvae (Suh & Blackwell, 2006). Geotrichum
vilgare was proposed for two strains isolated from soil in an
alluvial forest in Austria and from a drain in a Turkish soft
drinks factory (Wuczkowski et al., 2006).

During the courses of the investigation of yeasts in
mangrove and terrestrial forest ecosystems in Thailand,
various yeast species, both known and novel species, were
found and two strains, one strain from each ecosystem, were
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found to represent two novel Geotrichum species. In this
paper, strain TM3-44" is described as Geotrichum siamensis
sp. nov. and strain LYSM5" is described as Geotrichum
phurueaensis sp. nov.

Materials and methods

Yeast isolation

Strain TM3-44" was isolated from a water sample collected
below the surface at a depth of approximately 3 m using a
Niskin Biosampler in a mangrove forest in Khao Lumpee-
Haad Thaimueang National Park {08°31'36.8"N), Phang-
Nga Province, in 2005 by membrane filtration following the
method of Limtong et al. {2007a). Fifty to 200 mL of water
was filtered through 0.8-pum pore size membrane filters,
which was placed on acidified yeast extract=malt extract
{YM) broth (0.3% yeast extract, 0.3% malt extract, 0.5%
peptone, 1% glucose, adjusted to pH 3.7-3.8 with 1 M HCI)
supplemented  with  0.025% sodium  propionate  and
200 mg chloramphenicol L™ and incubated for 2-3 days at
room temperature. Yeast colonies were picked and purified
by cross streaking on YM agar. Strain LYSM5 " was isolated
from a forest soil sample collected from Phu Ruea Mational
Park (17°29'21.0"M), Loei Province, in 2007, using an
enrichment technique as described by Limtong et al.
(2007b). The soil sample (5 g) was added to 50 mL acidified
YM broth supplemented with 0.025% sodium propionate
and 200 mgchloramphenicol L' in a 250-mL Erlenmeyer
flask and incubated on a rotary shaker for 3—4 days at room
temperature. The enrichment culture was then spread out
an YM agar supplemented with 0.025% sodium propionate
and 200 mg chloramphenicol L', When necessary, colonies
were restreaked onto YM agar. Purified yeast strains were
suspended in YM broth supplemented with 10% glycerol
and maintained at — 80°C.

DNA sequencing and phylogenetic analysis

The sequences of the D1/D2 domain of the LSU rRNA gene
were determined from PCR products from genomic DNA

extracted from yeast cells using a slightly modified version of

the method described b}' Lachance et al. {(1999). The D1/D2
domain of the LSU rRMNA gene was amplified by a PCR with
the forward primer NL-1 and the reverse primer NL-4
{O'Dannell, 1993). The PCR product was checked by
agarose gel electmphar‘esis} purified using the QlAquick
purification kit (Qiagen) and cycle-sequenced using the
ABI BigDye terminator cycle sequencing kit, version 3.1
{Applied Biosystems), with the external primers NL-1 and
NL-4 for the D1/D2 domain {Kurtzman & Robnett, 1998),
The sequences were determined using an ABI PRISM 3100
automated DNA sequencer (Applied Biosystems). The se-
quences were compared pairwise using erasty homaology

@ 2009 Federation of European Microbiological Societies
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search (Altschul er al, 1997) and were aligned with the
sequences of related species retrieved from GenBank using
the multiple alignment program crustar x version 1.81
{Thompson et al., 1997). A phylogenetic tree was con-
structed from the evolutionary distance data with Kimura's
(1980) two-parameter correction, using the neighbor-join-
ing method {Saitou & Nei, 1987). Confidence levels of the
clades were estimated from bootstrap analysis (1000 repli-
cates) (Felsenstein, 1985). The accession numbers for the
sequences of the D1/D2 domain of the LSU rRNA gene of
strains TM3-44" and LYSM5" are AB199616 and AB498990,
respectively,

Yeast characterization

The strains were characterized morphologically, bochemi-
cally and physiologically according to the standard methods
described by Yarrow (1998). Carbon assimilation tests were
conducted in liquid medium using the method described by
Yarrow (1998). Assimilation of nitrogen compounds was
examined on solid media with starved inocula following the
method of MNakase & Suzuki {1986). Growth at various
temperatures was determined by cultivation in YM broth.
Ubiquinones were extracted from cells cultivated in 500-mL
Erlenmeyer flasks containing 250 mL of yeast extract pep-
tone dextrose broth (19 yeast extract, 2% peptone and 2%
dextrose) on a rotary shaker at 28°C for 24—48h and
purified according to the method described by Yamada &
Kondo {1973) and Kuraishi et al. (1983). Isoprenologues
were identified by HPLC as described previously (Limtong
et al., 2007b),

Results and discussion

Phylogenetic analysis

The sequences of the D1/D2 domain of the LSU rRNA gene
revealed that strain TM3-44" differed by 11.7% nucleotide
substitutions (64 nucleotide substitutions and eight gaps
out of 547 nt) from the type strain of Dipodascus albidus, the
closest species in terms of pairwise sequence similarity.
Strain LYSM5" was closest to Galactomyces geotrichum, but
with 2.9% nucleotide substitutions {16 nucleotide substitu-
tions and one gap out of 546 nt). According to the observa-
tions of Kurtzman & Robnett {1998), yeast strains showing
nucleotide substitutions = 1% in the D1/D2 domain of the
LSU rRMNA gene are usunally different species. The phyloge-
netic tree based on the sequences of the D1/D2 domains of
the LSU rRNA gene further demonstrated that strain TM3-
44" was at a distant position from D. albidus and related
species in the Dipodascus clade (Fig, 1), Strain LYSM5"
occurred in a clade with G. geotrichum and the related
species in the Galacfomyees clade (Fig. 1); the branches were
supported by high bootstrap values.

FENS Yeast Res mm (2009) 1-7
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Geotrichum vulgare CBS 100737 (AJ511334)

Galactomyces geatrichum GBS 772717 (U40118)

is LYSMsT (AB )

plr

CBS 91247 (AY158042)
Galactomyces reessil CBS 179,607 (U40111)

Galactomyces citi-auranti CBS 175.807 (U84233)

100 I_D.fpod&scus albldus CBS 766.85T (U40081)

Ofp latus CBS 184.80T (U40130)

0 austraiensis CBS 625.747 (U40100)

a8 Geo trichum siamensis TM3-4a7 (AB 399616)
o Dipod: lariae CBS 817.747 {U40003)
5 & ii CBS 179.30T (U401 14)
| Dipod us CES 250 82T (U40121)
LE7] Dipod aggregatus CBS 175537 (U40120)

100[ " Geotrlehum histeridarum CBS 98927 (AY520357)
1

G f £ CBS 980T (AY520202)

99|

CBS 439,857 (40117}

- o,

CBS 98937 (AY520305)

0.02 k0

percentages of bootstrap sampling, derived from 1000 samples,

Phenotypic characteristics, identification and
ecology

Strains TM3-44" and LYSM5" showed the characteristics of
Geotrichum as follows: colonies were white, farinose, dry,
consisting of hyphae that disarticulated into rectangular
arthroconidia. Budding was not observed. No ascospores
were produced. Sugars were not fermented, and nitrate was
not assimilated. Diazonium blue B color and urease reac-
tions were negative,

On the basis of morphological, biochemical, physiologi-
cal and chemotaxonomic characteristics, and the sequence
analysis of the D1/D2 domain of the LSU rRNA gene, we
concluded that the two strains, TM3-44" and LYSM5%
represent two novel species of Geotrichuan. The name G.
siamensis sp. nov. is proposed for the strain TM3-44" and G.
phurueaensis sp. nov. is assigned for the strain LYSM5",

In practice, G. sinmensis sp. nov. can be distinguished
fram D. albidus, its closest species in terms of pairwise
sequence similarity, on the basis of the D1/D2 domain of the
LSU rRNA gene sequences and a few phenotypic character-

7
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Plichia mambranifaciens CBS 107T (U75725)

Fig. 1. Phylogenetic tree based on the sequences of the 01/02 domain of the LSU rRNA gene, showing postions of Geotrichum siamensis sp. nov.
(TM3-44"} and Geotrichum phuruesensis sp. nov. (LYSM5T), with respect to closely related species. The phylogenetic tree was constructed from
evolutionary distance data corected by two-parameter transformation of Kimura {1980), using the neighborjoining method, Numbers indicate

istics including the ability to assimilate ethylamine and the
inability to assimilate p-galactose, L-sorbose, p-mannitol
and p-glucitol {Table 1}, Geotrichum phurueaensis sp. nov.
is separated from G geotrichum by its ability to assimilate
inulin, soluble starch and p-glucono-8-lactone; and inability
to assimilate p-galactose, p-ribose, ribitol, p-mannitol, o-
glucitol and p-gluconate {Table 1.

Members of the genus Geotrichum have been isolated
mainly from plant materials {(de Hoog et al., 1998¢), but also
from clinical sources, soil and the drain in a soft drinks
factory (de Hoog et al., 1998¢; Wuczkowski et al., 2006). The
two novel Geotrichum species were obtained from different
habitats and geographic regions. Geotrichum siamensis were
isolated from estuarine water in a mangrove forest in the
southern part of Thailand, while G. phurueaensis was
obtained from forest soil in the northeastern part of Thai-
land. In addition to G. siamensis, the other yeasts isolated
from the same sampling area incduded Candida conglobata,
Candida membranifaciens, Candida parapsilosis, Candida
picinguabensis, Candida tropicalis, Lodderomyces elongis-
porus, Pichia  caribbica, Pichia  guilliermondii  and

£ 2009 Federation of European Microbiologic al Societies
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1 Table 1. Phenotypic characteristics of Geotrichum siamensis sp. nov,
2 and Geotrchum phuruesensis sp. nov, with their closest species,
3 Dipodascus albidus and Gafactomyces geotrichum
4 Species
" G o G. G
f‘ Characteristics siamensis  albidus® phurueaensis  geotrichum®
i Fermentation
8 o-Glucose v
9 o-Galactose v
10 Sucrose
11 Maltose
2 Lactose
13 Trehalose
14 Raffinose
B Assimilation of carbon compounds
15 o-Glucose + + + +
16 o-Galactose + +
17 1-Sorbose - i b i
12 Sucrose - - - -
19 Maltose - - - -
20 Cellobiose - - - -
31 Trehalose - - - -
- Lactose - - - -
- Melibiose - - - -
23 Raffinose - - - -
24 Melezitose - - - -
25 Inulin - - w -
26 Solublestarch — - w =
27 o-Rylose | | ' 4
28 L-Arabinose - - - -
9 t-Arabinose - - - -
- o-Ribose - - - v
30 1-Rhamnose
31 N-acetylo n - n
32 glucosaming
a3 Methanal n
534 Ethanal + + w +
IF_-; 15 Glyceral + + + +
P Erythritol
536 Ribsitol v
£ Galactitol
?2“8 o-Mannitol + v
239 o-Glucitol + v
E.. 0 w-Methyl-o
'E_. | glucoside
o salicin
g w-Glucanate W
gt o-Glucuronate n
:‘E. 4 r-Galacturonate n + n
'E"I-"i 2-Keto-n
6 gluconate
47 S-Keton n n
?-‘";-18 gluconate
g-lﬁ’ o-Glucana-& + W
% 50 lactone
3 i o-lactic acid | + W v
E:"' Succinic acid + + + v
852 Citric acid - - i v
53 Ingsitel - - - -
£
:I—G: @ 2009 Federation of European Microbiological Societies
@ Pulished ty Blackwell Publishing Ltd. All rights resereed
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Table 1. Continued.

Species

G. o G. G.
Characteristics siamensis  albidus® phurueaensis  geotrichum!

Nitrate

Nitrite n

Fthylamine + - +

L-Lysing + n

Cadaverine + n +
Other growth characteristics

Vitamin-frea - - + +

medium

10% NaCls% - n - n

glucose

16% NaCls% - n - n

glucose

+
> 3 4+ o

50% glucose - n + n
G0% glucose n n
0.01% n n
cyclohexemide
Growth at 25°C
Growdh at 30°C
Growth at 35°C w n W n
Growth at 37 °C v
Growh at 40°C

Acid formation  n

from glucose

Amyloid

production

Digzonium blue B

color reaction

Urease - - - -
Major ubiguinone Q-9 n Q-9 n

+
B
+ o
3+

*Data from de Hoog e al. (1998a) and Barnett ef /. (2000).

TData from de Hoog et ai. (1998b) and Barnett et &/, (2000).

+, positive, — | negative; |, delayed positive; w, weak; v, variable; n, no
data.

Rhodotorula mucilaginosa (Limtong et al, 2008). From the
forest soils in the same sampling area as G. phurueaensis,
various described yeast species were found: Candida akaba-
nensis, Candida diversa, Candida fermentati, Candida glab-
rata, Candida rugosa, Candida saopaulonensis, C. tropicalis,
Debaryomyces hansenii var. fabryi, Debaryomyces nepalensis,
Debaryomyces vanrifige var. vanrijiae, Galactomyces reessii,
Geotrichum fragrans, G. vulgare, Kazachstania wunispora,
Kluyveromyces hubeiensis, Pichia galeiformis, Pichia kuyveri,
Pichia kudriavzevii, Pichia pijperi, Torulaspora globosa, Tet-
rapisispora namnaoensis and Williopsis saturnus var. sargen-
tensis. From our investigations, a single strain of each novel
species was discovered. The result implies that only small
populations of these species exist in the environment.
Investigation of similar environments did not yield any
additional isolates, which may indicate that these species
are very rare. It was noted that the species of Dipodascus

FENS Yeast Res mm (2009) 1-7
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showed a strong substrate preference, particularly for plant
materials. The genus Galagomyces can be found in broader
habitats {de Hoog & Smith, 2004}, In this study, &
siantensis, which is dosest to D, alkidus, but obtained from
estuarine water. Therefore, estuarine water seems to be a
new habitat of asexnal species of the genus Dipodascus.
However, based on the limited number of strains the
ecological aspect is difficult to evaluate.

Latin diagnosis of Geotrichum siamensis sp. nov.
Limtong, Kaewwichian, Youngmanitchai, Srisuk
et Fujiyama

In agaro YM post dies 7 ad 25°C cultura plana, sicca,
capillata et candida. In agarc farinae Zeae maydis post dies
3 ad 25°C hyphae verum et arthroconidiies formantur.
Hyphae ramosae {2-5x 6-12pm} cum arthroconidiies
{2-3 »x 2-5 um}. Ascosporac non formantur.

Fermentatio nulla. n-Glucosum, p-xylosum, ethanolum,
glycerolum, acldum pi-lacticum {lente}, acidum succinicum,
ethylaminum, L-lysinum et cadaverinum assimilatur at non n-
galactosum, r-sorbosum, sucrosum, maltosum, cellobiosum,
trehalosum, salicinum, lactosum, melibiosum, raffinosum,
melezitosum, inulinum, amylum solubile, r-arabinosum, n-
arabinosum, p-ribosum, r-rhamnosum, N-acetyl-n-glicosa-
minum, methanolum, ervthritolum, ribitolum, galactitolum,
p-mannitelum, p-glucitolum, a-methyl-p-glucosidium, salici-
num, orgluconatum, acidum p-glicurenicum, acidum n-
galacturonicum, 2-keto-n-gliconatum, 5-keto-n-gluconatum,
p-glucono-3-lactonum, acidum citricum, inesitelum, kalium
nitricum nec nitrinm nitrosum. Crescit in temperatura 25, 30
et 35°C {infirme} at non in 37 °C. Ad crescentiae vitaminum
necessarium est. Non crescit in 0.01% cycloheximide, 50%
glucosum, 60% glucosum, 10% natrii chloridumy5% gluco-
sum nec 16% natrii chloridum. Amylum non formatur.
Ureum non hydrolysatir DHazonium caeruleum B non re-
spondens. Ubiquinonum majus: Q-5.

Typus: Stirps TH3 447 isolatus aqua, Phangnga Provicia,
Thailandia. Cultura et conservatus in Collectionie Culturarum
in BIOTEC Culture Collection {BCC}, National Center for
Genetic Engineering and Biotechndlogy {BIOTEC), Pathumtha-
ni, Thallandia ut BCC 20503T; NITE Biclogical Resources
Center {NBRC}, Diepartment of Biotechnology, National Insti-
tute of Technology and Evaluation, Chiba, Japonia conservatus
ut NBRC 1048207 et Centraalburean voor Schimmelcultures
{CBS}, Utrecht, the Netherlands ut GBS 109257,

Description of Geotrichum siamensis sp. nov.
Limtong, Kaewwichian, Youngmanitchai, Srisuk
& Fujivama

Growth on ¥M agar occurs after 7 days at 25°C, and
colonies are white, flat, dry and powdery to fine hairy. True
hyphae are 2-5x 6-12 um wide, which disarticulate into

FEMS Seast Res W {20093 1 7
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rectangular arthroconidia. Arthroconidia are abundandy
produced. Arthroconidia are hyaline with 2-3um width
and 2-5pm length, [n Dalmau plate culture on cornmeal
agar at 25 °C after 7 days, true hyphae and arthroconidia are
abundantly produced (Fig. 2a}. Budding is absent. No
ascospores were produced on ¥M agar, 5% malt extract
agar, Fowell’s acetate agar, com meal agar or Gorodkowa
agar after 6 weeks at 15 and 25 °C. After 3 weeks at 25°C in
TM broth, pellicles are thick, sink to the bottom of the tube
and the medium becomes viscous. The other phenotypic
characteristics are shown in Table L

The type strain of & sianensis, TM3-447, was isolated
from estuarine water in a mangrove forest in Khao Lumpee-
Haad Thaimueang National Park, Amphoe Thaimueang,
Phang-Nga Province, Thailand. The living cultur? frem type
was deposited at the BIOTEC Culture Collection fBCCY,
National Center for Genetic Engineering and Biotechnology
{BIOTEC), Pathumthani, Thailand, as BCC 25903T; NITE
Biclogical Resources Center {NBRC}, Department of Bio-
technology, National [Institute of Technology and

Fig. 2. Geotrichum samensi T34 {a) and Gestrichurn phuruesan-
g5 LYSMST {b) after 3 days an YW agar at 25°C. True hyphae and
arthrcccnid%;scale bar =10 prn.

© 2004 Fedemtion of Eurcpean Mi ical Secieties
Published by Blackwell Publshing Ltd. All rights reserved
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Evaluation, Chiba, Japan, as NERC 104880", and Centraal-
bureau voor Schimmelcultures (CBS), Utrecht, the Mether-
lands, as CBS 109297,

Etymology: The species epithet siamensis (sia.men/sis N.L.
fem. adj.) was chosen for this novel species referring to Siam,
the old name of Thailand, where the type strain was isolated.

Latin diagnosis of Geetrichum phurueaensis sp.
nov. Kaewwichian, Youngmanitchai, Srisuk,
Fujiyama et Limtong

Ascosporae non fiunt. In agaro ‘YM), post dies 3 ad 25°C,
candida, plana, sicca et capillata. In agaro farinae Zeae
maydis post dies 3 ad 25 °C hyphae verum et arthroconidiies
formantur. Hyphae ramosae {3—6 x 4-12pm) cum arthro-
conidiies {3=5 X 4=8 pm). Ascosporae non formantur,

Fermentatio nulla. p-Glucosum, c-sorbosum, inulinum
(infirme), amylum solubile (infirme), p-xylosum, ethano-
lum {infirme), glycerolum, acddum op-galacturonicum, o-
glucono-d-lactonum, acidium or-lacticum {infirme), acid-
um succinicum, acidum citricum, ethylaminum, c-lysinum
et cadaverinum assimilantur at non p-galactosum, sucro-
sum, maltosum, cellobiosum, trehalosum, lactosum, meli-
biosum, raffinoswmn, melizitosum, t-arabinosum, D-
arabinosum, p-ribosum, r-rhamnosum, N-acetyl-p-gluosa-
minum, methanolum, erytritolum, ribitolum, galactitolum,
p-mannitolum, p-glucitolum, a-methyl-o-glucosidium, sal-
icinum, p-gluconatum, acidum p-glucuronicum, 2-keto-p-
gluconatum, 5-keto-p-gluconatum, inositolum, kalium ni-
tricum nec nitrium nitrosum. Vitamina externa ad crescen-
tiam necessaria non sunt. Crescit in 50% glucosum. Non
crescit in 60% glucosum, 10% natrii chloridum/5% gluco-
sum, 16% natrii chloridum/5% glucosum et (.G1% cyclo-
heximidao. Crescere potest in temperatura 25, 30 et 35°C
{infirme) at non crescit in temperatura 37 °C. Amylum et
acidum non formatur, Diazonium caeruleum B non respon-
dens. Ureum non hydrolysatur. Ubiquinonum majus: Q-9.

Typus: Stirps LYSM5" isolatus ex solo, Loei Provincia,
Thailandia. Cultura et conservatus in Collectionie Culturar-
um in BIOTEC Culture Collection {BCC), National Center
for Genetic Engineering and Biotechnology (BIOTEC),
Pathumthani, Thailandia ut BCC 34756"; NITE Biological
Resources Center (NBRC), Department of Biotechnology,
Mational Institute of Technology and Evaluation, Chiba,
Japonia conservatus ut NBRC 1056747 et Centraalbureau
voor Schimmelcultures {CBS), Utrecht, the Netherlands ut
CBS 11418",

Ry
8 o Description of Geotrichum phurueaensis sp. nov.
EE;N Kaewwichian, Youngmanitchai, Srisuk, Fujiyama
%I\] & Limtong
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hyphae are 3-6 x 4-12 um wide, which disarticulate into
rectangular arthroconidia (Fig. 2b). The terminal part of the
hyphae may swell. Arthroconidia are abundantly produced.
Arthroconidia are hyaline with 3=5pum width and 4-8 pum
length in Dalmau plate culture on cornmeal agar at 25°C.
After 7 days, true hyphae and arthroconidia are abundantly
produced. Budding is absent. No ascospores were produced
on YM agar, 5% malt extract agar, Fowell’s acetate agar, corn
meal agar or Gorodkowa agar after & weeks at 15 °C. The
ather phenotypic characteristics are shown in Table 1.

The type strain of G. phurueaensis, LYSM5", was isolated
from forest soil collected from Phu Ruea National Park, Loei
Province, Thailand. The living culture from type was
deposited at the BIOTEC Culture Collection (BCC), Na-
tional Center for Genetic Engineering and Biotechnology
{BIOTEC), Pathumthani, Thailand, as BCC 34756%; NITE
Biological Resources Center (MBRC), Department of Bio-
technology, National Institute of Technology and Fvalua-
tion, Chiba, Japan, as NBRC 105674%, and Centraalbureau
voor Schimmelcultures (CBS), Utrecht, the Netherlands, as
CRS 11418~

Etymology: The species epithet phurueaensis (phu.r-
hea.en.sis NLL. fem. adj.) was chosen for this novel species
referring to Phu Ruea National Park, Loei Province, where
the type strain was isolated.
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Introduction

The Saturnispora clade was separated from the Pichia clade
by phylogenetic analysis of rRNA gene divergence (Liu &
Kurtzman, 1991; Kurtzman & Robnett, 1998). At present,
the Saturnispora clade consists of seven recognized species of
Saturnispora, Saturnispora ahearnii, Saturnispora dispora,
Saturnispora saitoi, Saturnispora zaruensis (Lin & Kurtzman,
1991), Saturnispora hagleri (Morais et al., 2005), Saturnis-
pora mendoncae and Saturnispora besseyi (Kurtzman, 2006),
but with three anamorphic species Candida diversa, Candi-
da silvae (Kurtzman et al, 2008) and Candida siamensis
(Boonmak et al., 2009). Strains in this clade were found in
various habitats.  Saturnispora dispora, S.
8. zaruensis were found in association with soil and plants,
especially exudates of trees (Kurtzman, 1998; Barnett et al,,
2000). Saturnispora ahearnii, S. besseyi, S. hagleri and
S. mendoncae were isolated from the muddy water in the
rhizosphere of oyster grass (Kurtzman, 2006), marsh water

FEMS Yeast Res B8 (2008) 1-9
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Abstract

Nine strains of three novel anamorphic yeast species were obtained from samples
collected in Thailand including six strains (RV96, RV152, R14, RS9, RS58 and
EA1) obtained from estuarine waters collected from two mangrove forests, one
strain (ST84) from insect frass and two strains (SR16 and UB13) from forest soils.
On the basis of morphological, biochemical, physiological and chemotaxonomic
characteristics, and the sequence analysis of the D1/D2 domain of the large subunit
rRNA gene, the nine strains were found to represent three novel Candida species in
the Saturnispora clade. Five strains (RV96, RV152, R14, RS9 and RS38) were
assigned as a single novel species, which was named Candida sanitii sp. nov. The
type strain is RV152" (BCC 25967" = NBRC 103864 " = CBS 10864 "), Strain EA1
was named as Candida suwanaritii sp. nov. The type strain is EA1" (BCC
29900" = NBRC 104877" =CBS 11021"). Three strains (ST84, SR16 and UB13)
represented another novel species, for which Candida sekit sp. nov. is proposed.
The type strain is ST84" (BCC 8320" = NBRC 105671" = CBS 109317).

(Kurtzman, 2006), two species of the Drosophila repleta
group (Morais et al, 2005) and sauerkraut (Kurtzman,
2006), respectively. While C. diversa was found in grape
must, C. silvae was observed in various habitats such as
vagina, sputum, horse intestine and water in mangrove
forest (Meyer et al., 1998; Am-In, 2008), and C. simmnensis
was found in sediments in the mangrove forest, rotten wood
and wild mushroom (Boonmak et al., 2009).

In Thailand, until recently, only anamorphic species in
the Saturnispora clade were reported. They were C. diversa,
which was found in forest soil, moss, insect frass and water
in mangrove forest (Sumpradit, 2005; Jindamorakot, 2006;
Boonmak, 2008), and C. silvae, which was reported to be
present in water and sediment in mangrove forest (Am-In,
2008; Boonmak, 2008; Boonmak et al., 2009).

During the investigations of yeasts in various natural
habitats in Thailand, nine strains were found to represent
three novel Candida species in the Saturnispora clade. In this
paper, strains RV96, RV152", R14, RS9 and RS38, which
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were isolated from estuarine water in a mangrove forest in
da
sanitii sp. nov. strain BA1Y, which was obtained from

Ranong province, are described as a novel species, Cang

estuarine water in a mangrove forest in Traf province, is
proposed as Candida suwanaritii sp. nov. and Candida sekii
sp. nov. s assigned to accommodate strains ST84%, SR16 and
UE13, which were derived from insect frass in Udon Thani
provinee, and forest soils in Surin and Ubon Ratchathani
provines, respectively.

Materials and methods

Yaast isolation

Strains of the proposed novel species are shown in Table 1,
Six yeast strains, RV96, RV1527, R14, RS9, R$58 and EALY,
were isolated from six water samples collected from two
mangrove forests by membrane filtration following the
method of Limtong et al. (2007a). Three yeast strains,
ST847, SR16 and UBI3, were isolated using an enrichment
technique. Strain ST84” was obtained from insect frass using
yeast extract malt extract (YM) broth supplernented with
0.29% sodium propionate and 100 pg mi ™" chloramphenicol
{Jindamorakot ef al., 2007), while strains SR16 and UB13
were derived from two forest soil samples by the satne
medium, but supplemented with 0.025% sodium propio-
nate and 200ugmL™ chloramphenicol {(Limtong et al,
2007b). Purified veast straing were suspended in YM broth
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(0.3% yeast extract, 0.3% malt extract, 0.5% peptone and
1% glucose) supplemented with 10% glycerol and main-
tained at —80°C.

DNA sequencing and phylogenetic analysis

Methods for DNA isolation, amplification of the D1/D2
domain of the Jarge subunit (LSU} rRNA gene by PCR and
sequencing with the ABI BigDye Terminator Cycle Sequen-
cing kit (Applied Biosystems) wsing an ABI PRISM 2100
automated DNA sequencer {Applied Biosystems) were de-
scribed previoudy (Limtong ef al, 2007b). The sequences
were compared pairwdse using srasme search (Aleschud ef al,
1997), and were aligned with the sequences of related species
retrieved from GenBank using the multiple alighment pro-
gram cLustaL x version 1.81 (Thompson ef al, 1997). A
phiglogenetic tree was constructed from the evolutionary
distance data with Kimwra’s two-parameter correction
(Kimura, 1980), using the neighbour-joining method (Saitou
& Nei, 1987). Confidence levels of the clades were estimated
from bootstrap analysis (1000 replicates) {Pelsenstein, 1985).

Yaast characterization

The strains were characterized morphologically, blochemically
and physiologically according to the standard methods de-
scribed by Yarrow (1998). Carbon assimilation tests were
conducted in liguid medium as per the method described by
Yarrow (1998). Assimilation of nitrogen compounds was

Table 1. Strains of Candida saniti sp. nov., Candids suwanariti sp. nov. and Candida sekiisp. nov. used in this study

Sample for yeast solation

GenBank

Els an Date of
Speciesistrain number of B1/02  Sourca collection
Candidla sanitii sp. nov.
RVS6 AB3324C Estuarine water from mangrove  Laem Son national park, Ranong 29 july 1929

forest nrovince

RY1527 (= BCC 25367 = NERC AB33387 Estuarine water from mangrove  Laem Son national park, Ranong 29 July 1989
103864" = CBS 108647 forest province
R14 AB332401 rine water frorm mangrave  Laem Son national park, Ranong 29 January 2005

RSS E
forest
R558 AB332403
forest
Candida stawvanaritii sp. nov, AB438256
EATT (= BCC 209007 = NEBRC forest
104877 = CBS 110217)
D4Cad48 Insact frass
AB485287 Forast soil
UBi3 AB495288 Forest soil

ring water frorm mangrove  La
Estuarine water from mangrave L

Estuaring water from mangrave

province
am Son national park, Ranong
province

m Son national park, Ranong
province

Prad Nai village, Trat provinee

9 Novamber 2006

9 Novernber 2006

10 October 2006

Haui Latng dam, Udon Thani 2 February 2001
province

Huai Thap Than wikdife sanctuary,
Surin pravince

Kaeng Tana naticnal nark, Ubon 3 May 2007
Ratchathani province

2 May 2007

@ 2009 Federation of European Microbiclogical Societies
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Fig. 1. Phylogenetic tree based on the sequences of the D1/D2 domain of the LSU rRNA gene, showing the positions of Canclic saniti sp. nov. (RVSE,

RV152", R14, RS9 and RS58), Candida suwanariti sp. nov. {EA1") and Candicla sekii sp, nov, (STB4', SR16 and UB13)with respect to closely related species. The

phylogenetic tree was constructed from the evolutionary distance data corrected by two-parameter transformation of Kimura (19803, using the neighbour-
joining method. Numbers indicate percentages of bootstrap sampling, derived from 1000 samples. Bold fort represents novel species in this study.

examined on solid media with starved inocula following the
method of Nakase & Suzuki (1986). Growth at various
temperatures was determined by cultivation in YM broth.
Ubiquinones were extracted from cells cultivated in 500-mL
Erlenmeyer flasks containing 250 mL of yeast extract peptane
dextrose broth (1% yeast extract, 2% peptone and 2%
dextrose] on a rotary shaker at 28 °C for 24—48h and purified
according to the method described by Yamada & Kondo
{1973} and Kuraishi et al. (1985). Isoprenologues were identi-
fied by HPLC as described previously {Limtong et al., 2007b).

Results and discussion

Phylogenetic analysis
The sequences of the D1/D2 domain of the LSU rRNA gene
of five strains {RV96, RV152%, R14, RS9 and RS58) were the

FEMS Yeast Res i (2009) 1-2
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same. Their closest species in terms of pairwise sequence
similarity was C. silvae, but with 12% nucleotide substitu-
tions (63 nucleotide substitutions and 11 gaps out of
525 nt), Strain EAL" differed from the five strains mentioned
previously by 1.7% nucleotide substitution (nine nucleotide
substitutions and no gap out of 534 nt) and from C. silvae by
13.7% nucleotide substitutions (74 nudeotide substitutions
and five gaps out of 541 nt). Three strains (ST84 T SR16 and
UB13) had identical sequences of the D1/D2 domain of the
LSU rRNA gene. In terms of pairwise sequence similarity of
the DI/D2 domain of the LSU rRMA gene, these three
strains were closely related to Candida sp. BG02-7-15-
015A-2-1 and Candida sp. FN7506, but with 1.1% nucleo-
tide substitutions (nine nucleotide substitutions out of
531nt) and 2.29% nucleotide substitutions (11 nucleatide
substitutions out of 506 nt), respectively. They differed by
11.1% nucleotide substitutions {59 nucleotide substitutions
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Published by Backwell Publishing Ltd. A rights reserved



and six gaps out of 533 nt) from the type strain of C. diversa,
their closest described species. According to Kurtzman &
Robnett (1998), yeast strains showing nucleotide substitu-
tions > 1% in the D1/D2 domain of the LSU rRNA gene are
usually different species. Therefore, we concluded that the
five strains (RV96, RV152", R14, RS9 and R$58) represented
one novel species, strain EA1" represented the second novel
species and the three strains (§T84", SR16 and UBI3)
represented the third novel species. The phylogenetic tree
based on the sequences of the D1/D2 domain of the LSU
rRNA gene further demonstrated that the three novel species
were placed in the Saturnispora clade, but at positions
distinct from each other and the other species of the clade
(Fig. 1). The five strains (RV96, RV152', R14, RS9 and
RS58) of the first novel species were in the same position
and clustered with C. silvae, their closest species in terms of
pairwise sequence similarity supported by a high bootstrap
value. The second species, strain EA1", was in the same clade
as the first novel species, but at a distinct position. The three
strains (ST84", SR16 and UB13) of the third novel species
were in the same position and clustered with Candida sp.
BG02-7-15-015A-2-1, their closest relative, with high boot-
strap support.

Phenotypic characteristics

Cells of the first novel species (RV96, RV152", R14, RS9 and
RS58) and the second novel species (EA1T) were spherical to
ovoidal (Figs 2 and 3) while cells of the third novel species
(ST84", SR16 and UB13) were ovoidal, ellipsoidal to cylind-
rical (Fig. 4). Cells of the three novel species were prolifer-
ated by multilateral budding. No pseudohyphae and true
hyphae were formed by the second novel species (EA1")
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while pseundohyphae were formed, but true hyphae were not
formed by the other two novel species. Ascospores were not
produced on 5% malt extract agar, Fowell’s acetate agar,
corn meal agar or Gorodkowa agar afier 6 weeks at 15°C.

Fig. 3. Candida suwanaritii sp. nov. (EA17). Yeast cells on YM agar after
3 days at 25°C. Scale bar=10um.

Fig. 2. Candida sanitii sp. nov. (RV1527),

(a) Yeast cells on YM agar after 4 days at 28°C.
(b, ¢} Pseudohyphae formed on carn meal agar
after 7 days at 28 °C. Scale bar=10um.

FEMS Yeast Res M {2009) 1-9
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Fig. 4. Candida sekii sp. nov. (ST84"). (a) Yeast
cells in YM broth for 3 days at 25°C.

(b) Pseudohyphae formed on corn meal agar
after 7 days at 25°C. Scale bar= 10um

The other phenotypic characteristics of the novel species are
shown in Table 2.

Species delineation and identification

On the basis of morphological, biochemical, physiological
and chemotaxonomic characteristics, and the sequence
analysis of the D1/D2 domain of the LSU rRNA gene, we
concluded as follows: strains RV96, RV152", R14, RS9 and
RS58 represent ane novel species of Candida and the name
C. sanitii sp. nov. is proposed. Strain EA1" represented the
second novel species and the name C. suwanaritii sp. nov. is
assigned to it. Similarly, C. sekii sp. nov. is named for the
third novel species consisting of strains ST84", SR16 and
UBI3.

Candida sanitii sp. nov. can be distinguished from
C. silvae, its closest species, by its inability to ferment
glucose, inability to assimilate ribitol and p-glucitol, and
ability to grow in a vitamin-free medium, on 50% glucose,
and at 40°C (weak) and 42 °C (weak) (Table 2). Candida
suwanaritii sp. nov. can be separated from C. sanitii sp. nov.
by its ability to ferment glucose, and to assimilate trehalose
(weak) and soluble starch, inability to assimilate glycerol
(weak) to grow at 40 and 42 °C and to produce acid from
glucose (Table 2). From C. silvae, C. suwanaritii sp. nov. can
be distinguished by its ability to assimilate trehalose (weak)
and soluble starch, inability to assimilate glycerol, ribitol
and p-glucitol, ability to grow in a vitamin-free medium and
on 50% glucose and inability to grow at 40 °C (Table 2).
Candida sekii sp. nov. is separated from C. diversa, its closest
phylogenetic relative, by its inability to assimilate p-manni-
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tol and p-glucitol, and ability to grow in a vitamin-free
medium (weak) and on 50% and 60% glucose (Table 2).

Latin diagnosis of Candida sanitii Limtong,
Am-In, Kaewwichian, Boonmak, Jindamorakot,
Yongmanitchai, Srisuk, Kawasaki et Nakase

Sp. nov.

In medio liquido: ‘YM) post dies 3 ad 28°C cellulae
globosae aut ovoideae (2.0-3.0 x 2.0-3.5um), singulae
aut binae, per germinationem multipolarem reproducentes.
In agaro ‘YM) post dies 3 ad 28°C, cultura butyrosa,
cremea, sublatum, glabra et margine glabra. Pseudohyphae
formantur nec hyphae non formantur. Ascosporae non
formantur.

Fermentatio nulla. p-Glucosum, ethanolum, glycerolum
(exigue), p-mannitolum, acidium pi-lacticum, acidum suc-
cinicum, ethylaminum, L-lysinum et cadaverinum assimi-
lantur at non p-galactosum, 1-sorbosum, sucrosum,
maltosum, cellobiosum, trehalosum, lactosum, melibiosum,
raffinosum, melezitosum, inulinum, amylum solubile, p-
xylosum, L-arabinosum, p-arabinosum, p-ribosum, -rham-
nosum,  b-glucosaminum,  N-acetyl-p-glucosaminum,
methanolum, erythritolum, ribitolum, galactitolum, p-glu-
citolum, a-methyl-p-glucosidum, salicinum, acidum n-glu-
conicum,  acidum  p-glucuronicum,  acidum -
galacturonicum, acidum 2-keto-p-gluconicum, acidum 5-
keto-p-gluconicum, p-glucono-s-lactonum, acidum citri-
cum, inositolum, nitrosum nec nitricum. Vitamina externa
ad crescentiam necessaria non sunt. Crescit in 50% gluco-
sum. Non crescit in 10% NaCl/5% glucosum, 15% NaCl/5%
glucosum, 60% glucosum nec 0.01% cycloheximido.
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Table 2. Phenotypic characteristics of Candida saniti sp. nov., Candida
suwananti sp. nov, Candids sekif sp. nov, and their closest described
species, Candids sifvae and Candids diverss

Species

C < [ C C

Characteristics sanitii - suwananti  seki  silvae™  diversa®

Fermentation
o-Glucose + + 50 +
o-Galactose
Sucrose
Maltose
Lactose
Trehalose
Raffinose

Assimilation of

carbon compounds
p-Glucose + + + + +
r-Galactose - - - - -
1-Sorbose - - - - -
Sucrose - — - - —
Maltose - - - - -
Cellobiose - - - - -
Trehalose - W - - —
Lactose - — - - —
Melibiose - - - - -
Raffinose - - - - -
Melezitose - - - - -
Inulin - - - - -
Soluble starch - i - - -
o-Xylose - — - - v
-Arabinose - - - - -
e-Arabinose - — - " —
o-Rihose
1-Rhamnose
o-Glucasaming n
N-Acetyl-p

glucosaming
Methanal
Ethanal + + + + +
Glyceral 5 W +A +i
Erythritol
Ribitel + i
Galactitol
o-Mannitol + + +
o-Glucitol + +
w-Methyl-o

glucoside
Salicin

+

r-Gluconate il
o-Glucuronate
o-Galacturanate
2-Keto-n
gluconate
S5-Keto-o
gluconate
t-Glucono-6- - - - f v
lactone
o-Lactic acid : i w v g -
Succinic acid : i i ¢ b
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Table 2, Continued.

Species
C C. C . C
Characteristics sanitii  suwanariti sekil sivee®  diversa®
Citric acid + W +
Inasital
Assimilation of nitrogen compaunds
Nitrate - - - - -
Nitrite - - - - -
Ethylamine + + + + +
-Lysing + + + + +
Cadavering + + + + +
Other growth characteristics
Vitamin-free + + w - -
medium
10% NaClin% - - = - -
glucose
16% NaCls% n v
glucose
50% Glucose + + +
6% Glucose +
0.01%
Cycloheximide
Growth at 20°C + + + n n
Growth at 25°C + + + + +
Growth at 30°C + + + + +
Growth at 37 °C w + w v wif
Growth at 40 °C w
Growth at 42 °C w
Growth at 45°C
Acid formation from +
glucose
Amyloid production - - - - -
Diazonium blue B - - - - -
colour reaction
Urease - - - - -
Major ubiguinone q-7 Q-7 Q- Q-7 Q-7

*Data from Meyer et a/. (1998) and Barnett et 3/, (2000).
+, positive; —, negative; |, latent; w, weak; 5, slow; v, variable; n, no data,

Crescere potest in temperatura 20, 25, 30, 37 (infirme), 40
{infirme) et 42 °C (infirme) et non crescit in temperatura
45 °C. Acidum formatur. Amylum non formatur. Diazo-
nium caeruleum B non respondens. Ureum non hydrolysa-
tur. Ubiguinonum majus: Q-7.

Holotypus: Stirps RV1527 isolatus aqua, Ranong provin-
cia, Thailandia. Cultura et conservatus in Callectionie
Culturarum in BIOTEC Culture Collection {BCC), National
Center for Genetic Engineering and Biotechnology (BIO-
TEC), Pathumthani, Thailandia ut BCC 259675 NITE
Biological Resources Center (NBRC), Department of Bio-
technology, National Institute of Technology and Evalua-
tion, Chiba, Japonia conservatus ut NBRC 1038647 et
Centraalbureau voor Schimmelcultures {CBS), Utrecht, the
Netherlands ut CBS 10864%.
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Description of Candida sanitii Limtong, Am-In,
Kaewwichian, Boonmalk, Jindamorakot,
Yongmanitchai, Srisuk, Kawasaki & Nakase

Sp. Nov.

Growth in YM broth: After 3 days at 28 °C, cells are spherical
to avoidal (2.0-3.0 % 2.0-3.5um) and occur singly or in
pairs (Fig. 2a). Budding is multilateral. Growth on YM agar:
After 3 days at 28 °C, the streak culture is butyrous, cream-
coloured, raised, with a smooth surface and has an entire
margin. Pseudohyphae are formed, but true hyphae are not
formed in slide culture on corn meal agar after 7 days at
28°C (Fig. 2b). Ascospares are not produced from indivi-
dual strains or strains crossed on 5% malt extract agar,
Fowell’s acetate agar, corn meal agar and Goroadkowa agar
after & weeks at 15 °C. The other phenotypic characteristics
are shown in Table 2.

Holotype: RV152" is the holotype of C. sanitii, The strain
was isolated from estuarine water collected from a mangrove
forest in Laem Son national park, Ranong province, Thai-
land. The living culture from the type was deposited at the
BIOTEC Culture Collection (BCC), Mational Center for
Genetic  Fngineering and  Biotechnology (BIOTEC),
Pathumthani, Thailand, as BCC 25967 NITE Biological
Resources Center (NBRC), Department of Biotechnology,
National Institute of Technology and Evaluation, Chiba,
Japan, as NBRC 103864"; and Centraalbureau voor Schim-
melcultures (CBS), Utrecht, the Netherlands, as CBS 10864 ™%

Etymaology: The species epithet sanitii  {sa.ni.tii
N.L.gen.n) was chosen for this novel species in honour of
Professor Dr Sanit Aksornkaew, who is the world expert in
mangrove ecology and biodiversity.

Latin diagnosis of Candida suwanaritii Limtong,
Boonmak, Kaewwichian, Am-In, Jindamorakot,
Yongmanitchai, Srisuk, Kawasaki et Nakase sp.
nov.

In medio liquido: “YM’, post dies 3 ad 25 °C cellulae globosae
aut ovoideae (2.0-3.5 % 2.5-4.5 um), singulae aut binae, per
germinationem multipolarem reproducentes. In agaro "YM),
post dies 30 ad 25 °C, cultura butyrosa, cremea, sublatum,
glabra et margine glabra. Pseudohyphae et hyphae non
formantur. Ascosporae non formantur,

p-Glucose fermentatur at non p-galactosum, sucrosum,
maltosum, lactosum, raffinosum nec trehalosum. p-Glucao-
sum, trehalosum (infirme), amylum solubile, ethanolum,
p-mannitolum, acidium pr-lacticum, acidum succinicum,
ethylaminum, t-lysinum et cadaverinum assimilantur at
non p-galactosum, L-sorbosum, sucrosum, maltosum, cello-
biosum, lactosum, melibiosum, raffinosum, melezitosum,
inulinum, p-xylosum, r-arabinosum, p-arabinosum, p-riba-
sum, L-rthamnosum, N-acetyl-v-glucosaminum, methano-
lum, glyeerolum, erythritolum, ribitolum, galactitolum,
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p-glucitolum, o-methyl-p-glucosidum, salicinum, acidum
p-gluconicum, acidum p-glucuronicum, acidum p-galactur-
onicum, acidum 2-keto-p-gluconicum, acidum  5-keto-
p-gluconicum, e-glucono-é-lactonum, acidum citricum,
inositolum, nitrosum nec nitricum, Vitamina externa ad
crescentiam necessaria non sunt. Crescit in 50% glucosum.
Mon crescit in 10% NaCl/5% glucosum, 13% NaCl/3%
glucosum, 60% glucosum nec 0.01% cycloheximido. Cres-
cere potest in temperatura 20, 25, 30 et 37 °C et non crescit
in temperatura 40, 42 nec 45°C. Amylum et acidum non
formagur. Diazonium caeruleum B non respondens. Ureum
non hydrolysatur. Ubiquinonum majus: Q-7.

Holotypus: Stirps FA1T isolatus agua, Trat provincia,
Thailandia. Cultura et conservatus in Collectionie Culturar-
um in BIOTEC Culture Collection (BCC), National Center
for Genetic Engineering and Biotechnology (BIOTEC),
Pathumthani, Thailandia ut BCC 29900%; NITE Biological
Resources Center (NBRC), Department of Biotechnology,
Mational Institute of Technology and Evaluation, Chiba,
Japonia conservatus ut NBRC 1048777 et Centraalbureau
voor Schimmelcultures (CBS), Utrecht, the Netherlands ut
CBS 11021%,

Description of Candida suwanaritii Limtong,
Boonmak, Kaewwichian, Am-In, Jindamorakot,
Yongmanitchai, Srisuk, Kawasaki & Nakase sp. nov.

Growth in YM broth: After 3 days at 25 °C, cells are spherical
to ovoidal {2.0-3.5x 2.5-4.5um) and occur singly or in
pairs {Fig. 3). Budding is multilateral. Growth on YM agar:
After 30 days at 25 °C, the streak culture is butyrous, cream-
coloured, raised, 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 (Fig.
2b). Ascospores are not produced on 5% malt extract agar,
Fowell's acetate agar, corn meal agar and Gorodkowa agar
after 6 weeks at 15 °C. The other phenotypic characteristics
are shown in Table 2.

Holotype: EALT is the holotype of C. suwanaritii, The
strain was isolated from estuarine water collected from a
mangrove forest in Pred Nai village, Trat province, Thailand.
The living culture from the type was deposited at the
BIOTEC Culture Collection {BCC), National Center for
Genetic  Engineering and  Biotechnology (BIOTEC),
Pathumthani, Thailand, as BCC 2990!."IT; NITE RBiological
Resources Center (MBRC), Department of Biotechnology,
Mational Institute of Technology and Evaluation, Chiba,
Japan, as NBRC 104877"; and Centraalbureau voor $chim-
melcultures {CBS), Utrecht, the Netherlands, as CBS 11021°%,

Etymology: The species epithet suwanaritii {(su.wana.
ritii. N.L.gen.n) was chosen for this novel species in honour
of Associate Professor Poonpilai Suwanarit, who is one of
the pioneers in Mjcrobial Bjodiversity research in Thailand.
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Latin diagnosis of Candida sekii Limtong,
Kaewwichian, Jindamorakot, Am-In, Boonmak,
Yongmanitchai, Srisuk, Kawasaki et Nakase sp.
nov.

In medio liquido: “YM), post dies 3 ad 25 °C cellulae ovoideae,
cllipsoideae, aut elongatac (2.0=45 x 2.5=8.5 um), singulae
aut binae, per germinationem multipolarem reproducentes.
In agaro “YM, post dies 30 ad 25°C, cultura griseo albida,
glabra, nittidae et margine grabra. Pseudohyphae formantur
nec hyphae non formantur. Ascosporae non formantur.

p-Glucose fermentatur at non p-galactosum, sucrosum,
maltasum, lactosum, trehalosum nec raffinosum. p-Glucosum,
cthanolum, glycerolum {infirme), acidium oi-lacticum {in-
firme), acidum succinicum, acidum citricum, ethylaminum,
L-lysinum et cadaverinum assimilantur at non c-galactosum,
t-sarbosum, sucrosum, maltosum, cellobiosum, trehalosum,
lactosum, mielibiosum, raffinosum, melezitosum, inulinum,
amylum solubile, p-xylosum, r-arabinosum, vp-arabinosum,
p-ribosum, L-rhamnosum, p-glucosaminum, N-acetyl-o-gluco-
saminum, methanolurn, erythritolum, ribitolum, galactitolum,
p-glucitolum, p-mannitolum, p-glucitolum, o-methyl-
p-glucosidum, salicinum, acidum p-gluconicum, acidum
p-glucuronicum, acidum p-galacturonicum, acidum 2-
keto-p-gluconicum, acidum 5-keto-p-gluconicum, p-gluco-
no-d-lactonum, inositolum, nitrosum nec nitricum. Vita-
mina externa ad crescentiam necessaria non sunt {infirme).
Crescit in 50% glucosum et 60% glucosum. Non crescit in
10% NaCl/2% glucosum, 15% NaCl/5% glucosum nec
0.01% cycloheximido. Crescere potest in temperatura 20,
25, 30 et 37 (infirme) at non crecit in temperatura 40, 42 nec
45 °C. Amylum et acidum non formagur. Diazonium caer-
uleum B non respondens. Ureumn non hydrolysatur. Ubiqui-
nonum majus: -7,

Holotypus: Stirps S§T-84" isolatus ex dejectus frassum,
Haui Laung Dam, Udon Thani provincia, Thailandia.
Cultura et conservatus in Collectionie Culturarum in BIO-
TEC Culture Collection {BCC), National Center for Genetie
Engineering and Biotechnology {BIOTEC), Pathumthani,
Thailandia ut BCC 83205 NITE Biological Resources Center
{NBRC), Department of Biotechnology, National Institute
of Technology and Evaluation, Chiba, Japonia conservatus
ut NBRC 1056717 et Centraalbureau voor Schimmelcultures
{CBS}, Utrecht, the Netherlands ut CBS 109317

Description of Candida sekii Limtong,
Kaewwichian, Jindamorakot, Am-In, Boonmak,
Yongmanitchai, Srisuk, Kawasaki & Nakase sp.
nov.

Growth in YM broth: After 3 days at 25 °C, cells are ovoidal,
cllipsoidal to cylindrical {2.0-4.5 % 2.5-8.5um) and occur
singly or in pairs (Fig. 3a). Budding is multilateral. Growth
on YM agar: After 30 days at 25°C, the streak culture was

@ 2009 Federation of Furopean Microbiological Societies
Putlished by Blackwell Publishing Ltd. All rights resereed

FEMSYR 566

135

S. Limtang et al.

greyish white, smooth, shining and had an entire margin.
Pseudomyeelig are formed, but true hyphae are not formed
in slide culture on corn meal agar {Fig. 3b). Ascospores are
not produced from individual strains or strains crossed on
5% malt extract agar, corm meal agar, Fowell's acetate agar,
Gorodkowa agar and YM agar after 6 weeks at 15°C. The
other phenotypic characteristics are shown in Table 2.

Holotype: $T84" is the holotype of C. sekii, The strain was
isol om insect frass collected from a tree in Khuan
Hauwrating, Udon Thani %{nvincc, Thailand. The living
culture from the type was deposited at the BIOTEC Culture
Collection {BCC), National Center for Genetic Engineering
and Biotechnology (BIOTEC), Pathumthani, Thailand, as
BCC 332{}T; NITE Biological Resources Center (NBRC),
Department of Biotechnology, National Institute of Tech-
nology and Evaluation, Chiba, Japan, as NBRC 10567 1% and
Centraalbureau voor Schimmelcultures {CBS), Utrecht, the
Netherlands, as CBS 10931

Etymology: The species epithet sekii {se.kii. N.L.gen.n)
was chosen for this novel species in honour of Professor Dy
Tatsuji Seki for the great contribution to Mijcrobial Technol-
ogy and Yeast Bjodiversity researches in Thailand.
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