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Sukanya Nitiyon 2010: Diversity of Xylose Utilizing Yeast and Selection of Xylose Fermenting
Yeast Strains for Ethanol Production. Master of Science (Microbiology), Major Field:
Microbiology, Department of Microbiology. Thsis Advisor: Professor Savitree Limtong, D.Eng.

170 pages.

Diversity of xylose-utilizing yeast was studied by isolation of yeast using enrichment technique in
D-Xylose medium and identification of yeast isolates by sequences analysis of the D1/D2 domain of the LSU
rRNA gene and phylogeny. A total of 133 xylose-utilizing yeast strains were obtained from 79 samples of
soils, plants and decaying agricultural residues, and others collected in various areas of Thailand. A total of
108 isolates (81.2 %) were identified to be described species. Seventy-three isolates were assigned to 18
described species in eight genera of the phylum Ascomycota consisted of Barnettozyma californica, Candida
blankii, C. coipomoensis, C. maltosa, C. membranifaciens, C. pseudointermedia, C. pseudolambica, C.
pyralidae, C. tropicalis, Debaryomyces fabryi, D. nepalensis, Geotrichum silvicola, Lindnera rhodanensis, L.
saturnus, P caribbica, P. kudriavzevii, Saturnispora saitoi and Zygoascus hellenicus. Thirty-five isolates were
assigned to nine described species in two genera of the phylum Basidiomycota consisted of Cryptococcus
heveanensis, Cryp. humicola, Cryp. laurentii, Cryp. terrestris, Trichosporon asahii, T. moniliiforme, T.
mycotoxinivorans and T. terricola. Eleven isolates (8.3 %) were similar to the undescribed species via three
isolates were similar to three ascomycetous yeast species namely Candida sp. NRRL Y-27159, Geotrichum
sp. LY16 and Geotrichum sp. LYS5, and eight isolates were similar to two basidiomycetous yeast species
namely Cryptococcus cf. podzolicus and Trichosporon sp. CBS 8686. Five isolates (3.8%) could be identified
as known or new species, which were closest to C. solani, G. silvicola, Sporopachydermia lactativora, Z.
hellenicus and T. mycotoxinivorans. Whereas the other nine isolates were identified to be seven new species
i.e. Candida sp. A6-2, Candida sp. NT31, Candida sp. NT36, Candida sp. NT40, Candida sp. KU-Xs34,

Candida saraburiensis sp. nov., and Pichia sp. NT29.

Selection for D-Xylose fermenting yeast was carried out and the results revealed that only eight
isolates of three yeast species could ferment D-xylose to ethanol. They were Candida blankii (A6-1, A8-1 and
A8-2), Candida saraburiensis sp. nov. (KU-Xs13", KU-Xs18 and KU-Xs20) and Zygoascus hellenicus
(SN1-1 and SN1-4). These isolates produced ethanol at 0.98-1.78 g/l when cultivation in 4% D-Xylose-YP

broth on a rotary shaker at 30°C for 96 h.
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Kazachstania unispora
Kazachstania telluris +
Kloeckera
Kloeckera lindneri + +
Kluyveromyces
Kluyveromyces hubeiensis
Kluyveromyces lactis + +
Kluyveromyces siamensis +
Kodamaea
Kodamaea ohmeri + + +

Lindnera

+



M9 1 (719)

Y a
RENIGH]

NAUIA, 2549

a

Sumpradit, 2005
Limtong et al., 2007

¢
,2552

auIn, 2551
99N

Fa, 2552

a

Limtong et al., 2008a

+ | Jindamorakot, 2006

Lindnera mrakii
Lindnera sargentensis
Lindnera saturnus 4= + +
Lindnera subsufficiens
Lindnera veronae
Lodderomyces
Lodderomyces elongisporus +
Metschnikowia
Metschnikowia koreensis 3
Pichia
Pichia burtonii
Pichia capsulata +
Pichia caribbica +
Pichia fabianii
Pichia galeiformis +
Pichia guilliermondii + +
Pichia kluyveri +
Pichia koratensis +
Pichia kudriazevii +
Pichia nakazawae var. akitaensis +
Pichia nongkratonensis +
Pichia occidentalis +
Pichia pijperi
Pichia pini +
Pichia siamensis +
Pichia spartinae +

Pichia sporocuriosa

+

+
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Y a
RENIGH]

Sumpradit, 2005

NgUIA, 2549

a

auan, 2551

Limtong et al., 2008a
Fa, 2552

Limtong et al., 2007

396wl 2552

a

Pichia stipitis
Pichia sydowiorum
Pichia terricola V-
Saccharomyces
Saccharomyces cerevisiae -3
Saccharomyces kluyveri +
Saccharomyces unisporus
Saccharomycopsis crataegensis +
Schwanniomyces
Schwanniomyces polymorphus +
Schwanniomyces polymorphus
var. africanus
Schwanniomyces
pseudopolymorphus
Schwanniomyces vanrijiae
Schwanniomyces vanrijiae +
var. yarrowii
Stephanoascus
Stephanoascus smithiae
Tetrapisispora
Tetrapisispora namnaoensis +
Torulaspora
Torulaspora delbrueckii
Torulaspora globasa
Torulaspora maleeae

Torulaspora pretoiensis +

+ | Jindamorakot, 2006

+

+
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Y a
RENIGN]
=~ 2
O
S = =
v < Q Q
s S o N . <5 a
a Q 5] o 3 3 - e)
R a 3 5 = &
h— ] o e Ve o=
2 3 (< en o0 S I =
s = e = = - - 2
= 5 S 8 8 & - =
g E & E E 2 = S
n = = — — © -l '
Wickerhamomyces
Wickerhamomyces sydowiorum +
Zygosaccharomyces
Zygosaccharomyces fermentati + +
q‘ =l S [ 1 a Ao o 1
M1319N 2 f"l’JHl‘ViﬂWﬂ‘l’iﬁWElaU’f)\iEJZ‘WWILLEJﬂi]Tﬂ@’mEJN‘ﬁiiﬁJGH”I@ﬂuﬂizmﬁnlﬂEmﬁ]ﬂml,mﬂ’f)iulﬁl‘u
Tldu Basidiomycota
Yy a
RENGN]
=~ 3
O
S = =
T S Q N
P = . o - A N
g ‘d_ WA K TA% e
£ % 9 3 3 v @ o
3 8 s &0 &0 & S
= =] o =] =] PN N 2
= s < 8 8 i = [
g = T £ £ =z = G
2] = (=g — — © & i
Bullera
Bullera dendrophila i
Bullera sinensis +
Cryptococcus
Cryptococcus heveanensis +
Cryptococcus humicola +
Cryptococcus laurentii +
Exobasidium
Exobasidium vexans +
Rhodotorula
Rhodotorula glutinis +
Rhodotorula mucilaginosa + + + +

Rhodosporidium paludigenum +

15
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Y a
RENRN
N} <
S S &
['a) Q S =
IS S . o N N o
ava S o 3 o % 0
- ~ (l(]’ N N ; N N
= S & 3 3 el A o=
g g ¢ g g o9 5
a = o o ) & ) c
E -3 =4 é ‘é @ o G
= .E (=3 o= o= = G; Lrd
n = = — — [ ) il
Rhodotorula toruloides +
Rhodotorula nothofagi +
Sporidiobolus
Sporidiobolus ruineniae +
Sporobolomyces
Sporobolomyces bannaensis +
Sporobolomyces odoratus +
Sporobolomyces poonsookiae +
Trichosporon
Trichosporon asahii + +
Trichosporon coremiiforme +
Tricosporon japonicum +
Trichrosporon mycotoxinivorans +
Trichosporon siamense +
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= G'd' d‘ a
4. ANUVAINHAWVOIBAANT I amWen s ey
a A A 9 I U J 3 A A = 4
yaunsonansold le Tamdunvasmivoununelu nuaiiiGe 51 uazddd
=y 9 a [ =~ 4 3’ A 7
113) .71 2000 Barnett ef al. 1@57105maz0F e NBUZVRIBTANIINA 678 ATIFT Tu
o 1 S a I
1190 Yeasts : Characteristics and Identification Wuiiioaanennsoniy laeld lylamiu
1 4 Y 1 AaA kY an < .. o
unasms o lded 19 Ao Tinanmsuoagian lasTamiunan (positive : +) 112U 350

7

Ay I A A S A a [ o o A S A @
a1 3 28 a)ad NANIDRTYNAIN 7 T (delay: D) 91149U 154 adFd Nursaneiugilu
v 7 ' @ A Y}
vanuazuNaenuiiuay uanwaunsalumsviinle Taains1aaeu Tagld Durham
%) a = {
fermentation tube HATATIINITA1UNETMNNITUBY Yarrow (1998) 369 Pichia segobiensis N
% I 1
Tiwamsvainles Taadluuoan (positive : +), @#3U Brettanomyces naardenensis, Candida tenuis
wagPachysolen tannophilus 813150390 1o Tagna91n 7 3 (delay: D), luvaiz? Candida
intermedia, Candida lyxosophila, Candida shehatae W% Scheffersomyces (Pichia) stipitis AR
v o v W 1 dyw =\ 1
vumenuguin laTae laueaewugainle Taa 1318 (variable:v) uonandidaiisieaiun
a ar A 4
winalaInsWndaa Hansenula polymorpha (Ryaboya et al., 2003) U8 Enteroamus dimorphus
! o
Faiu yeast-like fungus Nuen 18181 1dueeA39 (Odontotaenius disjunctus) waziinny

1NAFARY Scheffersomyces (Pichia) stipitis @11130% K neN1Moa9n los Taa'ld (Suh er al., 2004)

s I ' s o '
Anuvannatevessaan 14 e lasuuvaimsveuluilsyme'lneda lameiinng
1 ] o @ { [ o
5189011 MsAnynNuraterateaIulvalnanuddynertuanuraniatevedan lu
[ 9 A I v o ) @ = 4 =
uraennee) Taglyervisniing lnaiuunasmsveudmsumsuendaa 141 a.a. 2008 Rao
o o = s o I 9
etal. 518\1”I‘L!Nﬁﬂ"lil,!,ﬂﬂllﬁgﬂﬂiﬂ!l,uﬂfJﬁ'@'l‘VlﬁTll13‘0Wllﬂulgﬁiﬁﬁlﬂulﬂﬂ"luﬂﬁﬁ]”lﬂﬂﬁ“lm lag
waenld Tulszmadwde Tasuendad 1@ 374 lolwan vazilonagoumsvdnlueims
1 A A A % I a
]1%'12’1?{ WUNUINENS 27 ulf’JI“D'Lﬁ@ mmmiamm"lcﬂamﬂum%maa Iﬂﬂﬁ?ﬂ?ﬁﬂﬂﬁﬂl@ﬂ?‘uﬂﬁ
[l ] Y] [ o A o o a (% [
'E'J‘QGI,HGH'N 0.12-0.38 ﬂ‘il]ﬁ'f]ﬂillll“]fjﬂﬁ mafﬂmmuﬂiﬂaauﬂma‘ﬁm‘izﬂﬂmaqawmuﬂu
L =04
vaa luall¥d Candida albicans, C. maltosa, C. parapsilosis, C. tropicalis, C. viswanathii,
Clavispora lusitaniae, Cryptococcus saitoi, Debaryomyces hansenii, Kluyveromyces marxianus,
Metschnikowia chrysoperlae, Pichia barkeri, P. galeiformis, P. guilliermondii, P. kudriazevii, P.
membranaefaciens, P. mexicana, P. veronae, Rhodotorula minuta, R. mucilaginosa, I\& R.

pallida
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a K = dJ
5. uunuead Vel aalastian

]
=1

Badiamsaueadianlylaadulng ilelyTamshqiwadiad Tnsordodam
Ralfasesanduden s Taaiu ladnealaven lsflsTaasdnna (Xylose reductase)
Tavf NADPH ifusa 1i8idansounazifnlfaseeendandu waew lsdneadiulyg Taa
Taaou'laf lanead lalassma (Xylitol dehydrogenase) Taai NAD iuiiudidnasou ¥
l,mmshemmmﬂﬁﬁﬂﬁmmamﬂﬁﬂugﬂ“lcﬂamflu"lcnqTaﬁiwﬁyuﬁamﬁmiﬂﬂmu”lmﬁ"lcﬂaﬁ
loTasaiser (Xylose isomerase) wé’w1ﬂﬁuﬁﬂ1iganwgwaﬁLWQ1ﬁ1mgTaﬁ Taetou'las]

Jovq Taar lauuer (Xylulose kinase) Iiilu g Taar-s-woala Fushgiaimu Tnavloania 1@
naetad las-3-woala (i 2) FuTluansdanans (intermediate) A1W150141g Embden-
Meyerhof pathway 1 Ingnaiundasasigamediamnsandougiifiuesdaa Tae (Acetyl
CoA) taziingia lasmsvendanuoda (TCA cycle) dmsumanigae 11 niamananiin
Wuemuealasordoou lmilngnafdnisuendiad (Pyruvate decarboxylase) HazLlOaAND R
@ lalas3ua (Alcohol dehydrogenase) Lﬂﬁﬂugﬂgﬂu 92 TR 186 (Acetaldehyde) 1Ay

PNALDANDFOANINSIAL (Mishra and Singh, 1993)

a < I A
Taon@uda Saccharomyces cerevisiae IIVBaANIoN 1% ugadINTTUNMIIONIUDA

iesmnenansandauaznuemueannuudugwe iawisold lsTaalumsnsyuaz

=

mM3naaeMuea teannva lylaasanwe (Xylose reductase) tag ksanead lalasdud

% ) IS) 3

% o o 4 Av
(Xylitol dehydrogenase) uiluou laiddaylumsleyle Taauesdad Jetanuiseduauann

S 9 @

= a @ @ @ ~ J A A A
f”fﬂ‘]&l'l!,ﬂfJ’Jﬂ‘iJﬂ"IiﬂﬂLL‘]JaQWH‘Eﬂﬁﬁiﬁl@\it’lﬁﬁ S. cerevisiae IﬂﬂlWiJfJu‘mﬂfJ')‘ll@ﬂﬂUﬂWﬁ

o 1 o w S a o
Llﬁﬂ\‘l@@ﬂﬂlﬂﬁlﬂuq“ﬁﬁjﬂ\iﬂﬁT} ﬁﬂ XYL ag XYL2 a1uaial mﬂ?mﬂﬁmmmmtyuazwuﬂ
emueann lylaa 1w Scheffersomyces (Pichia) stipitis CBS 5773 W' lie 19 S, cerevisiae

9) | 1 J o o a = @

Z‘Tﬁﬂiﬂi“]fll“]fiaﬁlLa3ﬂQIﬂﬁLﬂuLLWaﬂﬂTiﬂ@uﬁTﬁiUﬂTiWEIG]L’E]‘V]TL!@a HAgUNITNAUIFY
o ¢ A A qu a J Yy v 1 .
Wu‘qmmﬂﬁﬂswaiﬁmmmNamamuaamﬂmma'lclfiaﬁmmmmquu (Aristos et al.,

2000; Matsushika et al., 2008)



In Fungi
D-Xylose
. NADPH
In Bacteria Xylose reductase
. NADP
Xylose isomerase Xylitol
NAD
Xylitol dehydrogenase
NADH
—— Xylulose
ATP
Xylulose kinase
ADP

Acetyl-P <4y Xylulose-5-P == Ribulose-5-P

| }

Acetate Pentose phosphate
pathway

k= === Erythrose-4-P

A J

1

1

GI\,fcr-_-raldehyde-S-P4—I
1

Erythritol
!
Pyruvate l
Pyruvate decarboxylase 1\
€02 Acetyl CoA
Acetaldehyde
NADH
Alcohol dehydrogenase K
= TCA cycle
Ethanol

i 2 29veams 19 s Taauazmsnaneniuea

flan: faulas1n Mishra and Singh (1993)
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U o d
6. M5V MUNE AR

4

a <3| aw ! [ o o
BUNTUITIU (Taxonomy W?ﬂ Systematics) L']Juﬂ"liﬁﬂkl”I’Ji]EJLﬁEJ'JﬂTJﬂ"Iﬁ]"ILLuﬂWHTJ

a

= Y] v A Aaa B = 9 1 [ Y
A9 NITIANVIAHNYUVDIAINTIN “ﬁd%%ﬂﬂyﬂuﬂ"luﬁﬁ 3 anyUe "lmm

9
[ Y 1

o o A a I 1 o . .
1. M3vadmundaliFIneeniluruiany lua1duduag o (Classification)
A a I Y A AAa g .
2. MIATVADVHIFOINNAMAATNYNABIVOITINF I (Identification)

A

o i Ag ' a A
3. ﬂﬁﬂﬂ’iuﬂ‘d]f’f)ﬁLﬂuﬁ1ﬂﬁﬂlﬂﬂﬁh3ﬂﬂuﬂ!lﬂ$%uﬂﬂl’t]\iﬁ\ill%’i]ﬁ (Nomenclature)

a qgj 4 a 4 ]
mmﬂj;]summgﬂ'imﬁmuu%maziwuﬂﬁuagma“ls?f International Code of Botanical
Nomenclature (Kurtzman and Fell,1998)

a = d A d? = A Yo A
PUNTUIFIU (Taxonomy) YoBa@sNAIL UL A4, 1838 110 Mayer Idfmuavoana
¥ 9 1 Y
Saccharomyces MINFINHINTAIN sakehar Fau/ainiiana uag Mayers F9Hu189F051
I A 9 o o a ~ 4 =t
Hansen 11 uauusnNas19ssuudmsvoynsuIs uvessda Iaglull a.f. 1878 Hansen t1arag
Y 3 (= o A o aa 1 [~ A 9 43} a = =l o 3
Tamudaadusnimsssadiadiulvapiluaadfouas lausniseusgnivestadiily
u’j v o o v A v o o a
asusnlull a.d. 1881 MIdadwundad luaioiFunsnodeanH e NNA U IUING
a v o a 4
(morphology), @353Ne1 (physiology) tasFuAl (biochemistry) TuMITATUUNFHAVDIDHA
=& an o ' AY o w A 9 1o oA A
FITNMIAINAILUTEIINATUIT0UBITLEL1I ANNYNABINUE HAZANNUUFOADVDY
~ Y 09.11 ~ = [ = o ] [ [
waf lannnsnaaey vaasanmsanmanyaznail Tuniluausotsuenanuuaneia
9 A v 2 o MY o Y a v o A A dAaA v o o
yosanvazindeaaiula silmnailamlumsiaswunsiavesdaaninnuduiug
Ja o A a A a ] =\ Y Y dgl
Tnaganiu (closely related species) mamﬂuﬂmwammimﬂmaQammmmmmmﬂﬂm
[} @ a { A o <
UM TWAUUNAUA Polymerase Chain Reaction (PCR) N unsatiiuduiuaoue lunaona
o v A = J A d . INya a 1 =3 )
NABDY LATNMTHIAIALNIAGE 1o InAuesAd e (DNA sequencing) N Ial31iinsna1nnansh
I'd a a g
Lﬂﬂl“ﬂﬂl@ﬂﬂuﬂ’iuﬁ‘ﬁWULﬂﬁ (chemotaxonomy) uazauﬂﬁmﬁmimﬂmaqa (molecular
] = 4 v A =) o A g
taxonomy) 1¥U M3ANYI4RLsEARUVEUDA LA T TNGU (G+C contents) M31HIADULD
law3 lasd (DNA hybridization) M3¥d1euveanaly rRNA gene Faldnarlumsnaaey
4
tosniMsmsdadwunuuuauan 3eih Idmaiiaszau Tuanagminnlumssaswunyiia

~ J d? a A
VDIIAANINVU (T1I913, 2549)
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o ) J a a . ¢ o o
Pagtiumsvasmundanldoynsuisuneansn (polyphasic taxonomy) 9T UIUN
Y
Tagl¥oynsuasuunuauan oynsuAITIUAT LazoynsNATIUTEAL Tuanas iy ¥old

Jd o J

v o = (Ulslw dg} A o 1 Aq ¥ L v o = A
FIITDIAVULUNYTA LAYALIUVY Iﬂﬂilﬁﬂ‘]zlﬂ!%ﬁwc] Wi%tﬂummcﬂﬁluﬂTﬁ]ﬂﬂHluﬂElﬁﬁﬂ\‘]u
v o ) o a 3 a
6.1 ﬂ'liﬂﬂ%'ll,l,uﬂﬂﬁ@]jﬂﬂﬂuﬂ'ﬁll')‘ﬁWulL‘U‘]JﬂQlﬂll (Conventional characteristic)

] 9 1
anvazdingnlylunmsiaduun Tagoynsuisuuuuauan #3315 Iag

Kurtzman and Fell (1998) 15znoUAY

6.1.1 anbAUTAUFIUING

9
d v

< = o a G A Aa A v [

AumsAnydaugiuInevesdaananoeglusssgnimsduiu§HUDeAY
mstaz luedoma Taena lmsdaduunTaeodoanbaiz nedaugiuinerawnsnduun
Uszinn1dluszdvananioganiana anvagnedugiuinennldlumssaswun laun

[ J a < Y Y 9) 9y =
JUTvRUTAA MINTYUU MUV IMISIHad Maadwauleunuazidulaey
4 [} 4 % 4
msafadesuuy lufmanieliusad (asexual endospore) M3ai1enansis lnaos
a 4 4

(chlamydospore) Msaseueada nailes (ballistospore) msasruealnates msada

an 4 Qy o
wuda leades uazminsenuuda Inil (mating type)
[ S Aa = =
6.1.2 ANHULNNATIING WAL T UAL

= o A a = A o w v o e
ﬂ”liﬂﬂ']elTaﬂ‘]elil!8‘1/]1QZ‘Tii’J“VlEﬂLm8Gb"JLﬂ1111ﬂ’J”Illﬁ1ﬂilﬂuﬂ”liilﬂi]"luuﬂﬂﬁ¢]‘lu
[ A o 1 = @ A A 2 a qul 1Aan A
5zﬂuﬁﬂ%auazaqa Lmﬂﬁﬁmﬂ”Iﬁﬂ‘lelil!%‘]/]"lﬂﬁii’J‘V]EJ"Il,La$"If’JLﬂiJuulliJiJ’J‘ﬁﬂ”liTlﬂﬁmeﬂu

a YR @ dgl (K a An A A o [ M A
NI WaﬂWE%QﬁE’JUTIHlﬂiNiJﬂGUu?)EJﬂ‘UmﬂHf"luag’J‘ﬁ‘V]LﬂﬂﬂuﬁJWIﬂﬁﬂ‘Uaﬂymz‘ﬂ’lhlll‘ﬂ

G

J

a Y v o Y o o 9
denldlumsdadwun 1dun msndnansidszneuaslulansa msldaisisznoumsuon
9 a d' a a a d‘d
mslFasisznonlulasnu msniyluenstdsamnniaiu mansyluemsiiingInd
/3 =T Ao 73 Jdo = 4
50 wlesiduduaz 60 wlosidua uazeninshiing lna 5 weosiudny Indsuaaslsa 10

a =

P-4 a A A a4 ] Y}
osigud M3nTyNguNll 37 eersalied tazNgUNYUdU 9 MITTNNIAING 1Y
P o s . v ? A
ngIna myaiumsdsznovetivaosa (amyloid) Minageumsasiaeu leigiod (urease)

m3nuae Iy Taaendiia (cycloheximide) Minadoulfnseiud oz Taiouugil

(diazonium blue b) (Yarrow, 1998)
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6.2 MIvaTwunBad lavedeoynsuIT 1AL

a S A a J = 2 Aaa qaj
BUNTNITIULAN 7D MsUsziuesnlsznoumunlveIa NI In Neans

a

J J a a
ummua"l,aﬁﬂgmm (primary metabolites) uazasuuunye lad 17894 (secondary

U

A %

metabolites) SINDININTTUMUAT 1H30H3 51N UITINT I ANHULNIOYNINIT AN
a 9 v o = 4 9 1 a Ia 4 Y]
HoulFlumsdaswuntad 1aun yHiavealaen laial (coenzyme Q) 84f1lsznoUVDINITS
4 < a v . g . 2 g
ad Awue laus ladu (DNA hybridization) Usunanitiuuay la Tn®u (G+C contents)
a o o 4 @ a 1 [y o o o Y]
Unamsdadwundad lagerdeoynsuisiuaiisg 145 mnumsiaduundad lnseiro

9
DUNTVITIULVVAUANIAL OYNTVITIUIZAY TaNa (Yamada, 1998)
[} =S o [ a [
6.3 ’mi‘ﬂﬂ%1LluﬂEJEWITﬂﬂ@?ﬁﬂﬂuﬂﬁuﬁ‘muﬁzﬂﬂjmaQﬁ

a @ I @ | [l {
pynsuIsszay TuanadumsAnmanyugd TulniTeoase 39 lunlasumlag
A A kY 1 = @ = [ o a A A = =
WenldsuanimuadouruReINUMIANYIdNIANIFUTIUING a359001 Funll naz
a at g o = E a o = a o
aynsuIsANFuumIasvanusi Tulnivesdad msfnyieunsuIsiusza luana

o Y A

a 4 = J ] A ] Y Ai’ A1 a A AAda
Tagmswns1zia1auang o InauuaouedueguunanmM s ugIUN 3 Tuurodiidia
1 Y
nnrialszneudsUsNANTonTINTITAUINSUANANAUKA1BLT N LAZANNIANAINL
A 9 1 ' A AAa Y o qazl A a A L
wanamnsalFlumsuenanuuanaesznindadiiia 1d auiumsdenusnuig 14l
= [ v o Jda av =2 A o @ a A A EY =
MIANEITZAUANUANNUTIFOITaNTlaNudAyuIn usnuntelslumsng
Y 1adg 4 . Qg}/ ] [} ]
laun A ueuazesouovuod ls TuTawy (ribosomal DNA/RNA) N luniiiedesyuialvin
1 1 [ 4 1
(Large subunit, LSU) ttag v U8g88u11aLan (Small subunit, SSU) Lﬁmmﬂ“lﬂuicmﬂimgag
4 a a a a av 1 @ 1 o &
luadvesdeliziannwiia uazliyasuduvesdiauinsiwiu ivaeya lutsazivaddss

AaAa v ]

1 = [ dyo v A = 4 a g s a
UARYANIINUIN TV UAIINU wanniiduiiing le lnduudeuevedls Tu Ty daiun
QB/I ao a [ 4 1 'Qu
kR mmﬂﬁﬁhw%mnmamﬂy (conserved region) HazaIUN I AUINTINKT
awv 3 Aa 1 a @ . . o 9 9y a o 3
AN IS INGINNUTIUAULLST (variable region) ﬂflﬁmmiﬂ%mnmmﬁﬂmﬂu
Y a A o 1 a o Y
fgﬂmqmlfw’e‘)mElmim’nmwmmwmmnmwuuﬂi”lﬂ (Valente et al., 1999)
=< a @ ~ c':xl a = a g .
m'iﬁﬂmmgﬂﬁmmuﬁzﬂuImaQammaa@]uuuﬂnﬁﬂmmaum"lﬂﬂcm (ribosomal
A Y 0o v W 3 a A . . A
DNA; rDNA) (1NN 3) Tﬂﬂwmmmﬂq‘mummnmmﬂmm@q@@ﬂ (coding region) A9
=\ a 4
Tay D1/D2 ¥84 LSU/26S rDNA Hanue11szana 600 1aa 1e 1nd, SSU/ISS rDNA T

a = J a ~ 1= . . 2
ANuelszia 1700 1102 1o 'Ind uazuSnan lulinsuaaiesn (non coding region) A1
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internal transcribed spacer (ITS) 114 ITS1 18 ITS2 $a1ANe1I152019 600 18 1o Ind
(Scorzetti et al., 2002) MAMIHIAGUTING 1o IndvoaTamu DI/D2 AvwA 600 1IAd 1o

Indegnilarediu 5" vea LSU/26S rDNA Tu Saccharomyces cerevisiae Aeiianale’lnan 63-

U

v
AaAa v

~ I a ~ < 1 Aa A = g a A 1
642 UUIUUDI rRNA WUUTHANLIIAUINSEINVTNUD U UDTHUNTANNLANA
o w A = o 1 a dy =1 d‘
mﬂ‘luuismmﬂumﬂaia"lmeum LSU/26S rDNA mmummﬂumnmumﬂdwamz

] A S =) 9
LL‘]NLLEJﬂﬂ‘]J“Ifﬁ“]Ji’NEJﬁ@{"lﬂ (Kurtzman and Robnett, 1998)

—/ |:| 5.85 LSU |:| 5.85 LSU —//—

ETS1

IT$1 Imsa! ETS1 ETS2 ITS1 ms2!

.« ‘—
D12 D1/D2

MNN 3 1aag rDNAs; 18S rDNA, 5.8S rDNA, LSU/26S rDNA, ETS (external transcribed
spacer) (482 ITS (internal transcribed spacer)

do o A

Kurtzman and Robnett (1998) 331z 1a1duina 1o Ind luTamwu D1/D2 veq LSU
rDNA veaoa Inieddabad 500 ail5d s9uia Candida nazananimsduiuguu hiende
et Tagni Ty DI/D2 wwiinsandae PCR TaeldInsmes 2 #ila fio NLI (5-GCATAT
CAATAAGCGGAGGAAAAG-3’) 118z NL4 (5°-GGTCCGTGTTTCAAGACGG-3°)

Tagti1 PCR 36 59U N 52 09 saies §115Y annealing agmMsvensdie 1y 72 oarm

4
=

= = o Y A Y ~ = 3 o Y a
aFed 2 W wazmMsm 1id@oan e 04 esrusadoa 1 11N NI lHUTgn
v
A28 Gene clean 11 M1EWLUUBIHIAG 10 1NAN4 2 @18 V03 rDNA 1Ay ABI Tag Dye Deoxy
Terminator Cycle Sequencing Kit usinzd081391fasenidwuvesiiong Te Ing 4 UfnTe
4 Aaaa U dy Y 4 a A
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Mo unade 1InHUIMINNered1IUTI089 a3 lUe1M15 Yeast Carbon Base (YCB) broth
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1.) ’Nﬁ' Candidaceae 1 2 @ HGRY ﬁ’“ﬂ%ﬁ) ﬁf) Candida blankii, C. coipomoensis,
C. maltosa, C. membranifaciens, C. pseudointermedia, C. pseudolambica, C. pyralidae, C.

tropicalis W0 Geotrichum silvicola

2) ’Nf;f Saccharomycetaceae is anasg ﬁﬂ%ﬁ’ ﬁi’) Barnettozyma californica,
Debaryomyces fabryi, D. nepalensis, Lindnera rhodanensis, L. saturnus, P caribbica, P.

kudriavzevii, Saturnispora saitoi

3) 1 Dipodascaceae 01 anal a1l3d Ao Zygoascus hellenicus

Faanmaosiuau 35 loTaaa sadwundudluunuda Tetesdaoas Tulnduy

9
L o ¢ A . .
Basidiomycota ¥ Hymenomycetes 2 @f)a 8 dUFd no Cryptococcus heveanensis, C. humicola,
C. laurentii, C. terrestris, Trichosporon asahii, T. moniliiforme, T. mycotoxinivorans o T.

terricola (15199 7 1agn N 6)
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Nucleotide Identity Nucleotide different
in D1/D2 domain in D1/D2 domain
Accession Closest Species with Accession Number
Isolate necleotide no. Result of identification
Number of DNA DataBank % nucleotide substitution
identity / total
identity Gap

nucleotides no. %
SN1-1 AB557754  Zygoascus hellenicus (U40125) 524/525 99.8 0 1 0.2 Zygoascus hellenicus
SN1-2 ABS557755  Candida tropicalis (U45749) 569/570 99.8 0 1 0.2 Candida tropicalis
SN1-3 ABS557756 Trichosporon mycotoxinivorans (AJ601388) 595/596 99.8 1 0 0 Trichosporon mycotoxinivorans
SN1-4 ABS557757  Zygoascus hellenicus (U40125) 562/566 99.3 0 4 0.7 Known or New Species
SN2-2 AB557758  Candida tropicalis (U45749) 569/570 99.8 1 0 0 Candida tropicalis
A6-1 AB557759 Candida blankii (U45704) 560/560 100 0 0 0 Candida blankii
A6-2 AB557760 Candida sp. HA174 (AF272395) 468/475 98.5 2 5 1.1 New species
A8-1 ABS557761 Candida blankii (U45704) 560/560 100 0 0 0 Candida blankii
A8-2 ABS557762  Candida blankii (U45704) 560/560 100 0 0 0 Candida blankii
Al5-1 ABS557763 Pichia caribbica (EU348786) 570/570 0 0 0 0 Pichia caribbica

Al15-2 AB557764  Trichosporon asahii (AF105393) 597/597 100 0 0 0 Trichosporon asahii
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Nucleotide Identity

Nucleotide different

in D1/D2 domain in D1/D2 domain
Accession Closest Species with Accession Number
Isolate necleotide no. Result of identification
Number of DNA DataBank % nucleotide substitution
identity / total
identity Gap
nucleotides no. %
Al15-3 ABS557765  Pichia caribbica (EU348786) 570/570 0 0 0 0 Pichia caribbica
Al6-1 AB557766  Pichia caribbica (EU348786) 570/570 0 0 0 0 Pichia caribbica
Al7-1 ABS557767  Trichosporon mycotoxinivorans (AJ601388) 597/598 99.8 1 0 0 Trichosporon mycotoxinivorans
Al7-2 AB557768  Pichia caribbica (EU348786) 570/570 0 0 0 0 Pichia caribbica
A18-1 ABS557769  Trichosporon asahii (AF105393) 597/597 100 0 0 0 Trichosporon asahii
Al19-1 ABS557770  Candida tropicalis (U45749) 570/570 100 0 0 0 Candida tropicalis
A20-1 ABS557771  Trichosporon mycotoxinivorans (AJ601388) 591/596 99.2 1 4 0.7 Known or New Species
A20-2 AB557772  Candida tropicalis (U45749) 570/570 100 0 0 0 Candida tropicalis
A20-3 ABS557773  Candida tropicalis (U45749) 570/570 100 0 0 0 Candida tropicalis
A21-1 AB557774  Candida tropicalis (U45749) 570/570 100 0 0 0 Candida tropicalis
A22-1 ABS557775  Cryptococcus laurentii (AF075469) 596/597 99.8 0 1 0.3 Cryptococcus laurentii
KU-Xs01 ABS557776  Trichosporon asahii (AF105393) 596/597 99.8 1 0 0.2 Trichosporon asahii

IS
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Nucleotide Identity

in D1/D2 domain

Nucleotide different

in D1/D2 domain

Accession Closest Species with Accession Number
Isolate necleotide no. Result of identification
Number of DNA DataBank % nucleotide substitution
identity / total
identity Gap
nucleotides no. %
KU-Xs02  AB557777  Trichosporon asahii (AF189882) 597/598 99.0 1 0 0 Trichosporon asahii
KU-Xs03  AB557778  Cryptococcus laurentii (AY315663) 597/597 100 0 0 0 Cryptococcus laurentii
KU-Xs04 AB557779  Candida pseudointermedia (U44816) 518/518 100 0 0 0 Candida pseudointermedia
KU-Xs05 AB557780  Pichia caribbica (EU348786) 570/570 100 0 0 0 Pichia caribbica
KU-Xs07 AB557781  Pichia caribbica (EU348786) 570/570 100 0 0 0 Pichia caribbica
KU-Xs08 AB557782  Candida pyralidae (AY013715) 558/563 99.0 2 3 0.5 Candida pyralidae
KU-Xs09 AB557783  Candida tropicalis (U45749) 570/570 100 0 0 0 Candida tropicalis
KU-Xs10  AB557784  Pichia caribbica (EU348786) 570/570 100 0 0 0 Pichia caribbica
KU-Xsl1  AB557785  Geotrichum silvicola (AY 158042) 536/541 99.1 1 4 0.7 Known or New Species
KU-Xs12  AB557786  Trichosporon asahii (AF189882) 597/597 100 0 0 0 Trichosporon asahii
KU-Xs13  AB534915  Candida lodderae (U45755) 559/571 97.9 1 11 1.2 New species
KU-Xsl4  AB557787 Candida tropicalis (U45749) 570/570 100 0 0 0 Candida tropicalis

[4S
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Nucleotide Identity

in D1/D2 domain

Nucleotide different

in D1/D2 domain

Accession Closest Species with Accession Number
Isolate necleotide no. Result of identification
Number of DNA DataBank % nucleotide substitution
identity / total
identity Gap
nucleotides no. %
KU-Xs15 AB557788  Pichia caribbica (EU348786) 570/570 100 0 0 0 Pichia caribbica
KU-Xs16  AB557789  Pichia caribbica (EU348786) 570/570 100 0 0 0 Pichia caribbica
KU-Xs17  AB557790  Pichia kudriavzevii (U76347) 564/564 100 0 0 0 Pichia kudriavzevii
KU-Xs18 AB534916 Candida lodderae (U45755) 558/571 97.7 2 11 1.9 New species
KU-Xs20 AB534917  Candida lodderae (U45755) 559/571 97.9 1 11 1.9 New species
KU-Xs24  AB557791  Trichosporon mycotoxinivorans (AJ601388) 595/596 99.8 1 0 0 Trichosporon mycotoxinivorans
KU-Xs25 AB557792  Trichosporon mycotoxinivorans (AJ601388) 595/596 99.8 1 0 0 Trichosporon mycotoxinivorans
KU-Xs29  AB557793  Pichia caribbica (EU348786) 570/570 100 0 0 0 Pichia caribbica
KU-Xs30 AB557794  Cryptococcus laurentii (AY315663) 597/598 99 1 0 0 Cryptococcus laurentii
KU-Xs31  AB557795  Trichosporon mycotoxinivorans (AJ601388) 595/596 99.8 1 0 0 Trichosporon mycotoxinivorans
KU-Xs32  AB557796  Pichia caribbica (EU348786) 570/570 100 0 0 0 Pichia caribbica
KU-Xs33  AB557797  Pichia caribbica (EU348786) 570/570 100 0 0 0 Pichia caribbica

€S
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Nucleotide Identity
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KU-Xs34  AB557798 Candida yuanshanicus (EF460670) 550/565 97.0 6 9 1.6 New species
KU-Xs35  AB557799  Candida tropicalis (U45749) 570/570 100 0 0 0 Candida tropicalis
KU-Xs36  AB557800  Pichia caribbica (EU348786) 570/570 100 0 0 0 Pichia caribbica
KU-Xs37 AB557801 Candida tropicalis (U45749) 570/570 100 0 0 0 Candida tropicalis
KU-Xs38 ABS557802 Candida tropicalis (U45749) 570/570 100 0 0 0 Candida tropicalis
KU-Xs39  AB557803  Pichia caribbica (EU348786) 570/570 100 0 0 0 Pichia caribbica
KU-Xs40  AB557804  Pichia caribbica (EU348786) 570/570 100 0 0 0 Pichia caribbica
KU-Xs41  AB557805  Trichosporon mycotoxinivorans (AJ601388) 595/596 99.8 1 0 0 Trichosporon mycotoxinivorans
KU-Xs42  AB557806  Pichia caribbica (EU348786) 570/570 100 0 0 0 Pichia caribbica
KU-Xs44  AB557807 Candida tropicalis (U45749) 570/570 100 0 0 0 Candida tropicalis
KU-Xs45  AB557808  Pichia caribbica (EU348786) 570/570 100 0 0 0 Pichia caribbica
KU-Xs46  AB557809  Cryptococcus laurentii (AF075469) 596/597 99.8 0 1 0.2 Cryptococcus laurentii
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KU-Xs47  AB557810  Pichia caribbica (EU348786) 570/570 100 0 0 0 Pichia caribbica
KU-Xs48  ABS557811  Candida membranifaciens (U45792) 542/542 100 0 0 0 Candida membranifaciens
KU-Xs50 AB557812  Candida tropicalis (U45749) 570/570 100 0 0 0 Candida tropicalis
KU-Xs51  AB557813  Cryptococcus heveanensis (AF075467) 598/599 99.8 0 1 0.2 Cryptococcus heveanensis
KU-Xs52  AB557814  Lindnera rhodanensis (U73571) 571/573 99.7 0 2 0.4 Lindnera rhodanensis
KU-Xs54  ABS557815  Candida tropicalis (U45749) 570/570 100 0 0 0 Candida tropicalis
KU-Xs55 AB557816  Debaryomyces nepalensis (U45839) 569/570 99.8 0 1 0.2 Debaryomyces nepalensis
KU-Xs56  ABS557817  Candida membranifaciens (U45792) 542/542 100 0 0 0 Candida membranifaciens
KU-Xs57 AB557818  Candida tropicalis (U45749) 570/570 100 0 0 0 Candida tropicalis
KU-Xs58  ABS557819  Candida tropicalis (U45749) 570/570 100 0 0 0 Candida tropicalis
KU-Xs59  AB557820 Lindnera rhodanensis (U73571) 572/573 99.8 0 1 0.2 Lindnera rhodanensis
KU-Xs60 ABS557821 Lindnera rhodanensis (U73571) 572/573 99.8 0 1 0.2 Lindnera rhodanensis
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KU-Xs61  AB557822  Lindnera rhodanensis (U73571) 572/573 99.8 0 1 0.2 Lindnera rhodanensis
KU-Xs62 AB557823  Candida tropicalis (U45749) 570/570 100 0 0 0 Candida tropicalis
KU-Xs63  AB557824  Trichosporon mycotoxinivorans (AJ601388) 595/596 99.8 1 0 0 Trichosporon mycotoxinivorans
KU-Xs64 ABS557825 Candida tropicalis (U45749) 570/570 100 0 0 0 Candida tropicalis
KU-Xs65 AB557826 Lindnera rhodanensis (U73571) 572/573 99.8 0 1 0.2 Lindnera rhodanensis
KU-Xs66  ABS557827  Trichosporon mycotoxinivorans (AJ601388) 595/596 99.8 1 0 0 Trichosporon mycotoxinivorans
KU-Xs67 AB557828 Candida tropicalis (U45749) 570/570 100 0 0 0 Candida tropicalis
KU-Xs68 ABS557829  Candida tropicalis (U45749) 570/570 100 0 0 0 Candida tropicalis
KU-Xs69  AB557830 Cryptococcus laurentii (AF075469) 596/597 99.8 0 1 0.2 Cryptococcus laurentii
KU-Xs72  AB557831  Candida tropicalis (U45749) 570/570 100 0 0 0 Candida tropicalis
KU-Xs73  AB557832  Sporopachydermia lactativora (U45851) 567/571 99.3 0 4 0.7 Known or New Species
KU-Xs74 AB557833  Candida tropicalis (U45749) 570/570 100 0 0 0 Candida tropicalis
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KU-Xs75 AB557834  Candida tropicalis (U45749) 570/570 100 0 0 0 Candida tropicalis
KU-Xs76  AB557835  Pichia caribbica (EU348786) 570/570 100 0 0 0 Pichia caribbica
KU-Xs77  AB557836  Cryptococcus laurentii (AF075469) 596/597 99.8 0 1 0.2 Cryptococcus laurentii
KU-Xs78  AB557837  Cryptococcus laurentii (AF075469) 595/597 99.7 0 o 0.3 Cryptococcus laurentii
KU-Xs79  AB557838  Pichia caribbica (EU348786) 570/570 100 0 0 0 Pichia caribbica
NTO1 ABS557839  Trichosporon sp. CBS 8686 (AF444718) 595/595 100 0 0 0 Trichosporon sp. CBS 8686
NTO02 AB557840  Debaryomyces nepalensis (U45839) 567/570 99.5 0 3 0.5 Debaryomyces nepalensis
NTO03 ABS557841  Trichosporon sp. CBS 8686 (AF444718) 595/595 100 0 0 0 Trichosporon sp. CBS 8686
NTO04 AB557842  Cryptococcus laurentii (AF075469) 596/597 99.8 0 1 0.2 Cryptococcus laurentii
NTOS ABS557843  Cryptococcus cf. podzolicus (FJ743620) 597/598 99.8 1 0 0 Cryptococcus cf. podzolicus
NTO06 AB557844  Cryptococcus humicola (AF189836) 593/594 99.8 0 1 0.2 Cryptococcus humicola
NTO7 ABS557845  Cryptococcus terrestris (EF370393) 597/597 100 0 0 0 Cryptococcus terrestris
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NTO08 ABS557846  Candida pseudointermedia (U44816) 518/518 100 0 0 0 Candida pseudointermedia
NT09 ABS557847  Cryptococcus terrestris (EF370393) 597/597 100 0 0 0 Cryptococcus terrestris
NT10 AB557848  Candida sp. NRRL Y-27159 (EU011604) 486/486 100 0 0 0 Candida sp. NRRL Y-27159
NTI11 ABS557849  Trichosporon terricola (AB086382) 595/596 99.8 0 1 0.2 Trichosporon terricola
NTI12 AB557850  Geotrichum silvicola (AY158042) 537/541 99.3 1 3 0.6 Geotrichum silvicola
NT13 ABS557851  Cryptococcus terrestris (EF370393) 597/597 100 0 0 0 Cryptococcus terrestris
NT14 ABS557852  Cryptococcus humicola (AF189836) 594/594 100 0 0 0 Cryptococcus humicola
NTI15 AB557853  Cryptococcus cf. podzolicus (FI743620) 597/597 100 0 0 0 Cryptococcus cf. podzolicus
NT16 ABS557854  Debaryomyces fabryi (U94927) 570/570 100 0 0 0 Debaryomyces fabryi
NT17 AB557855  Cryptococcus cf. podzolicus (FI1743620) 597/597 100 0 0 0 Cryptococcus cf. podzolicus
NT18 ABS557856  Saturnispora saitoi (U94932) 532/534 99.6 1 1 0.2 Saturnispora saitoi
NT19 ABS557857  Candida tropicalis (U45749) 570/570 100 0 0 0 Candida tropicalis
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NT20 ABS557858  Candida pseudolambica (U71063) 557/559 99.6 0 2 0.4 Candida pseudolambica
NT21 AB557859  Geotrichum sp. LY16 (AB499018) 545/545 100 0 0 0 Geotrichum sp. LY16
NT22 AB557860  Candida tropicalis (U45749) 570/570 100 0 0 0 Candida tropicalis
NT23 AB557861 Candida solani (U70179) 564/568 99.3 0 4 0.7 May be new/known
NT24 AB557862  Lindnera saturnus (U75958) 573/574 99.8 0 1 0.1 Lindnera saturnus
NT25 ABS557863  Trichosporon moniliiforme (AF105392) 596/596 100 0 0 0 Trichosporon moniliiforme
NT26 ABS557864  Cryptococcus cf. podzolicus (FI1743620) 597/597 100 0 0 0 Cryptococcus cf. podzolicus
NT29 ABS557865  Pichia exigua (EF550237) 545/559 97.5 0 14 2.5 New species
NT30 ABS557866  Cryptococcus terrestris (EF370393) 597/597 100 0 0 0 Cryptococcus terrestris
NT31 AB557867  Pichia pijperi (U75418) 545/570 95.6 2 23 4.0 New species
NT33 AB557868  Candida maltosa (U45745) 568/572 99.3 2 2 0.4 Candida maltosa
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NT34 AB557869  Pichia kudriavzevii (U76347) 564/564 100 0 0 0 Issatchenkia orientalis
NT35 AB557870  Cryptococcus cf. podzolicus (FI1743620) 597/597 100 0 0 0 Cryptococcus cf. podzolicus
NT36 ABS557871  Candida chiropterorum (U45822.1) 557/578 96.4 4 17 3.0 New species
NT37 ABS557872  Cryptococcus humicola (AF189836) 594/594 100 0 0 0 Candida tropicalis
NT38 ABS557873  Cryptococcus humicola (AF189836) 594/595 99.8 1 0 0 Cryptococcus humicola
NT40 AB557874  Debaryomyces fabryi (U94927) 563/570 98.8 0 7 1.2 New species
NT41 ABS557875  Candida coipomoensis (U45747) 560/562 99.6 0 2 0.4 Candida coipomoensis
NT42 ABS557876  Candida coipomoensis (U45747) 554/556 99.6 0 2 0.4 Candida coipomoensis
NT43 ABS557877  Barnettozyma californica (U75957) 414/414 100 0 0 0 Barnettozyma californica
NT44 AB557878  Cryptococcus cf. podzolicus (FI1743620) 525/525 100 0 0 0 Cryptococcus cf. podzolicus
NT45 ABS557879  Barnettozyma californica (U75957) 540/540 100 0 0 0 Barnettozyma californica
NT46 AB557880  Cryptococcus terrestris (EF370393) 596/597 99.3 0 1 0.2 Cryptococcus terrestris
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NT47 AB557881  Cryptococcus laurentii (AF075469) 596/597 99.8 0 1 0.2 Cryptococcus laurentii
NT48 AB557882  Cryptococcus humicola (AF189836) 594/594 100 0 0 0 Cryptococcus humicola
NT49 ABS557883  Geotrichum sp. LY5 (AB499010) 544/545 99.8 0 1 0.2 Geotrichum sp. LYS
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Group
Family No.
Strain
Genus of strain
Species
Ascomycetus yeast
Candidaceae
Candida
Candida blankii A6-2, A8-1, A8-2 3
Candida coipomoensis NT41, NT42 2
Candida maltosa NT33 1
Candida membranifaciens KU-Xs48, KU-Xs56 2
Candida pseudointermedia KU-Xs04, NT08, 2
Candida pseudolambica NT20 1
Candida pyralidae KU-Xs08 1
Candida tropicalis SN1-2, SN2-2, A19-1, A20-2, A20-3, A21-1, 25
KU-Xs09, KU-Xs14, KU-Xs35, KU-Xs37,
KU-Xs38, KU-Xs44, KU-Xs50, KU-Xs54,
KU-X57, KU-Xs58, KU-Xs62, KU-Xs64,
KU-Xs67, KU-Xs68, KU-Xs72, KU-Xs74,
KU-Xs75,NT19, NT22,
Geotrichum
Geotrichum silvicola NT12 1
Saccharomycetaceae
Barnettozyma
Barnettozyma californica NT43, NT45 2
Debaryomyces
Debaryomyces hansenii NT16 1
Debaryomyces nepalensis KU-Xs55, NT02 2
Lindnera
Lindnera rhodanensis KU-Xs52, KU-Xs59, KU-Xs60, KU-Xs61, 5

Lindnera saturnus

KU-Xs65
NT24



A '
MINN 7 (919)

63

Group
Family No.
Strain
Genus of strain
Species
Pichia
Pichia caribbica A15-1, A15-3, A16-1, A17-2, KU-Xs05 20
KU-Xs07, KU-Xs10, KU-Xs15, KU-Xs16,
KU-Xs29, KU-Xs32, KU-Xs33, KU-Xs36
KU-Xs39, KU-Xs40, KU-Xs42, KU-Xs45
KU-Xs47, KU-Xs76, KU-Xs79
Pichia kudriavzevii KU-Xs17, NT34 2
Saturnispora
Saturnispora saitoi NT18 1
Dipodascaceae
Zygoascus
Zygoascus hellenicus SN1-1 1
Basidiomycetus yeast
Cryptococcus
Cryptococcus heveanensis KU-Xs51 1
Cryptococcus humicola NTO06, NT14, NT37, NT38, NT48 5
Cryptococcus laurentii A22-1, KU-Xs03, KU-Xs30, KU-Xs46, 9
KU-Xs69, KU-Xs77, KU-Xs78, NT04, NT47
Cryptococcus terrestris NTO07,NT09, NT13, NT30, NT46 5
Trichosporon
Trichosporon asahii A15-2, A18-1, KU-Xs01, KU-Xs02, KU-Xs12 5
Trichosporon moniliiforme NT25 1
Trichosporon mycotoxinivorans SN1-3, A17-1, KU-Xs24, KU-Xs25, KU-Xs31, 8
KU-Xs41, KU-Xs63, KU-Xs66
Trichosporon terricola NT11 1
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nucleotide substitution

Isolate Closest Species

nt sub/total nt %
BadnisaswunduatFdiss liimsesue
NTOI1, NTO3 Trichosporon sp. CBS 8686 (AF444718) 0/595 0
NTOS5 Cryptococcus cf. podzolicus (F1743620) 0/598 0
NTI15,NT17,NT26, NT35  Cryptococcus cf. podzolicus (FJ743620) 0/597 0
NT44 Cryptococcus cf. podzolicus (FJ743620) 0/525 0
NT10 Candida sp. NRRL Y-27159 (EU011604) 0/486 0
NT21 Geotrichum sp. LY16 (AB499018) 0/545 0
NT49 Geotrichum sp. LY5 (AB499010) 1/545 0.2
Sasnonsznduaiifdiesuendmseailad i
A20-1 Trichosporon mycotoxinivorans (AJ601388) 4/596 0.7
KU-Xs 11 Geotrichum silvicola (AY158042) 4/541 0.7
KU-Xs 73 Sporopachydermia lactativora (U45851) 4/571 0.7
NT23 Candida solani (U70179) 4/568 0.7
SN1-4 Zygoascus hellenicus (U40125) 4/566 0.7

2.4 Baraai)vd Ina

o J a A A = ~
NUANUNUNNITWIITUIVDY Kurtzman and Robnett (1998) AB Wenlseuney

9 a =

° o A A Y o o o A o
a1y u’maTa"lm“luTmaJu D1/D2 493 LSU rRNA gene VBNYTANABDINITIANIUNNUYITA

A A Y A 9 =\ Aa = 4
avydnlnanesngalugmdoeya mnlimsunuiitiindTeInd TuTamu DI/D2 ve9 LSU

v I3 o v o Y = O 122 v o 1A
rRNA gene 411171 1 weosiua ﬁ]gﬂﬂ‘UWLLuﬂmlﬁLﬂuﬁﬂ%ﬁslﬁiJ SHIVINAANITIAVULUNWUIY
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9 loTaaa saswuniluatlad vy @eadly 6.8 nlesiyuduesdadnanyi) Tu 7 adl3d Ao
loTaan A6-2 IndiResiaaiy Candida sp. HA174 uatimsunuiiiong To'lnd luTamu

A 4
D1/D2 494 LSU rRNA gene 1.1 Wosidud, loTaan KU-Xs 13, loTyan KU-Xs18 uay
ToTaan KU-Xs 20 fidrauveaualulamu DI/D2 409 LSU rRNA gene Indifissiigany
Candida lodderae u@imMsununiiinglo1ng 1.9 nlosisus Tas'le Taan KU-Xs13 tag KU-

Ao v A = s Y 1 J a 1 J
Xs20 mmumﬂaTa‘lmmﬁauﬂuummﬂmwm vl’EJIG]ﬂaGI KU-Xs18 Iﬂﬂlﬂﬂﬂfﬂd’ﬂ\i 1
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o ] 4! Y 2 d' = A A =S o
AU, KU-Xs34 G]fﬂﬂmﬂflﬂ‘ﬂfmﬂﬂ Candida yuanshanicus LLmJﬂﬁLWlu‘VI‘LJ’JﬂﬁI@]lVIﬂ 1.6
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P-4 Y A = Aa o s
Lﬂﬂﬁl‘ﬂﬂ!@, llﬂi‘ﬁﬂﬂﬁ NT29 Glﬂﬁmf]ﬂ%ﬁﬂﬂﬂ Pichia exigua LL@NﬂTﬁLW]HV]u?ﬂaIﬂqﬂﬂ 2.5
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= % 1

P-4 Y A ~ Aa o s
Lﬂﬂﬁl%’u@],llﬂj%'mﬁ NT31 Glﬂﬁlﬂf]\?‘ﬂﬁﬂﬂ‘ﬂ Pichiapljperi Lmllﬂ?ﬁll'i/]u‘ﬂu'lﬂaiﬂul‘ﬂﬂ 4.0

L)

S I o [ 1 { A
nesidua, leTman NT36 IndiReanaaniy Candida chiropterorum WaimMsununiIng lo

s -4 £ ya A o =
hl“l/lﬂ 2.9 Lﬂ@il“ﬁu@l, ngllﬂiclﬂﬁ@ NT40 ‘ﬂ)’\ﬂﬂﬁlﬂﬂ\‘l‘i’li’!ﬂﬂﬂ Debaryomycesfabryi LANNIT
Aa o % 73 A
Llﬂuﬂuﬂﬂﬁiﬂ“l‘ﬂﬂ 1.22 Lﬂ@il“ﬁuﬁ (mM3°19N 9)

s o

H < 0
A3190 9 daandsaswunduailsdlng

nucleotide substitution

Isolate Closest Species

nt sub/total nt %
A6-2 Candida sp. HA174 (AF272395) 5/475 1.1
KU-Xs 13 Candida lodderae (U45755) 11/571 1.9
KU-Xs 18 Candida lodderae (U45755) 11/571 1.9
KU-Xs 20 Candida lodderae (U45755) 11/571 1.9
KU-Xs 34 Candida yuanshanicus (EF460670) 9/565 1.6
NT29 Pichia exigua (U76349) 14/559 2.5
NT31 Pichia pijperi (U75418) 23/570 4.0
NT36 Candida chiropterorum (U45822) 17/578 3.0

NT40 Debaryomyces fabryi (U94927) 7/570 1.2
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3. myesueailvdlvia

a ~ d YA I 1" o = v 1 ~ 4 J a
ﬂﬁ@‘ﬁ‘]_l188ﬂ@]ﬁﬂﬂfﬁiﬁlﬁ/]ﬂﬂﬂﬂﬂy"laﬂ}lmx@n\m VDIYAAANNINUNDUYNTNITIU
= a d! Y a Qaj a a = a [
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Ti\ll,aQﬁ5’JiJ1/]\1ﬂTi'Jl,ﬂ31$Wﬂ31ﬂﬁﬂwu‘ﬁﬂ1\ﬂ?wu1ﬂ1§ ﬂ\iﬁ
3.1 Candida sp. A6-2

o w A = L ~ 4
naMsieudutiing lo Inalulamy D1/D2 ¥89 LSU rRNA gene US0da
o Ay 9 1 Y ~ o =&
loTaan A6-2 i atlFd lugrudoya GeneBank wunIndiesigany Candida sp. HA174 &4
I AN S W (= a 12 A A = J J Jd A A A =
iy dFanda liimsesune ualimsununiina o na 1.1 nleswud Emsununiing le
o a = 14 S 1 o ] a = SR [l I @ o
Ina 5 indTo Ind nazlivesing 2 Awmiia Tu 475 Thad Tond) deedlunusinaziasuun
g P ' 4 { A s ' /S S A A
WuadlFd lnd'ld wWiosnmniinmsununiina Te lnauinnn 1 mosidud diediarsandu’ls
Aawv ~ 9 o w A = L =l 4
Manmsiaennautiang le nd luTawu D1/D2 Y09 LSU rRNA gene ¥940a A
= o @ o’t:;d [ o LY 1 1 o [y
loTwan A6-2 uazdadamenugnianuduiusiu wuiloTwan A6-2 egauazdumiiany
[ d
Candida sp. HA174 LAz AN ANDT 808 Candida sp. NCAIM Y.01890 uag Candida sp.

~

BGO02-7-18-018A-2-2 {11} Candida sp. HA174 (MW 7) uazammesuennnadydniims

d'tl]:Jdc'

a ¥ A @ z 2K A o I A 1
DIUNYLAIDUS mumwuﬂuaﬂaima@ A6-2 Wugaad G]fﬁﬂlﬁﬁJ

[ 4 a v a a 1
ﬂ']ﬂﬂ']ﬁﬁﬂ‘]sﬂaﬂ‘ﬂﬂ!gﬂ'lﬂJLﬂﬂ!CV]ﬂlgﬂﬁiJ'J‘ﬁTul!‘U“]JﬂQLﬂiJ LLﬁg'@HﬂiﬂJTﬁWHLﬂﬁ WUN

aS o

[l 4
dadlolman Ac-2 luafrauealaailes uaziidl TuIndoug milouana Candida f1iuseda
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601 Candida sp. NRRL Y-27117
82 Candida sp. NRRL YB-2263
4 Candida sp. NRRL YB-1336
90L candida sp. NRRL YB-1473
91

Candida novakii (AY618511)

Candida castrensis (U45807)

100 L candida paludigena (U45826)

—————————— Candida bertae (U70251)
93

o Candida santjacobensis (U45811)

0.01 Knuc

Candida valdiviana (U45835)

100 Candida sp. NRRL YB-1835
100

Candida sp. NRRL YB-3827

Candliaga sp. BG02-7-18-018A-2-2

69 ’7 Candliga sp. NCAIM Y.01890 (GQ340915)

100 AG-2

100 Candida sp. HAL74 (AF272395)

Saccharomyces cerevisiae (AY048154)

Il v o 7

d' 9 I o d' ) 1 = A
a7 aulidanmsnuansdirusvessad o amaa A6-2 uazdlFanianudunus
[ 9 o w A = o an
A adranndduiiing e Inalulamy D1/D2 ¥89 LSU rRNA gene A3373 two-
parameter UDN Kimura (Kimura, 1980) Taely neighbor-joining method (Saitou and
a 1 4 a d o :’
Nei, 1987) tazdseluanuiidene1nn13Ans1eHa bootstrap 1A8A1THEH

& ' a ! 73 o
1,000 A33 (Felsenstien, 1985) UASLEANRNIZ AN bOOtStI’ap NUINHNIA 50 Lﬂ@ilﬁﬁu@

ANYUSYDI Candida sp. A6-2

v
=1

a 4 & Y a v
ﬂTﬁWﬁﬂJiu@’]ﬁ’]ﬁ YM broth Lﬁa‘um‘ﬂunm 39U NYUNNY 25 @Qﬁ']l,"]fal‘ﬂdfﬂﬁ NWUN

q U

J A a 1

I 1 ~ 1S A < ua.:}
Lmaangﬂiwﬂammzﬂni VUIA 3-4 x 3-7 vlllIﬂ‘iliJGl‘i @ggﬂuma !ﬂf]’)ﬁif]ﬁ]‘iﬂluﬂ’é)l,ﬂuﬁu@]
v

uanuU s nuuuy liedemalagmsuanuiouuuvalsdl (NN 8a)
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a 4 ] I @ {
MINTYUUDINIT YM agar totmilunar 3 Ju Nguw

AN A Y A ul v a B A 9 A ~
TaTatii@asy an waguuuy duimimensumsaiadulenveuIalail

4
msadravealnaosuueIns acetate agar, malt extract agar, corn meal agar

I [ ¢ A 1 1 4
1182 Gorodkowa agar 1Hua1 6 §Ua¥ #1 25 esrugasea wu liasealnades

a
U

9y

0i 25 DT ALTIE WU
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Yy 9 ~ 9 D, S & Y an
fniﬁi’]\uﬁuglﬂlﬂﬂllllazlﬁuiﬂllﬁjﬂﬂﬂ"ﬁlﬁENL“F@‘]JH@']W']S corn meal agar AYITNIT

dsl dy J 9 Y = Aa A v m Y Y 9/
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Y % J J
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mansalu 0.01 nefidud lalaaend lua

mansylu 0.1 nlefidud lolaaend lua
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a J 2 4
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ﬂﬁl“’l]iilluﬁui’)”lﬁ”liﬂ@jﬂﬂ 5 SIGHE AN ﬂﬁicﬁlﬂﬂuﬂﬂ@]liﬂ 10 est

a

7 I o 2 % 3 <
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arsisenevgiing Tuu Q9

MWA 8 FUFIUING1U Candida sp. A6-2'

a y [ o { a
(2) M3w3gyluemsmad YM Wevwilunar 3 u Nigamngil 25 oam
14
iaBed (115 = 10 TuInswas)
(b) myairudulefionuuonis com meal agar N8 U 5 0 Ngmvigil 25

pamalFea (113 = 10 luTaswas)
3.2 Candida saraburiensis sp. nov. (KU-Xsl3T, KU-Xs18, KU-Xs20)

NAMIINeUaIFUTHINa 1o IndluTamwy D1/D2 v99 LSU rRNA gene Y038a6
loTanan KU-Xs13", KU-Xs18, KU-Xs20 W91 KU-Xs13" tiag KU-Xs20 Naeuusare i
Tamu D1/D2 ¥849 LSU rRNA gene MR UNULAZLANA1IIN KU-Xs 18 Taainazeding |1
o [ A =) = [ (= BEA 9 1 3 Y 2 ~ [
Aumiia iwenlSeuieuiuailFd lugudoya GeneBank wu11ma 3 loTamaalndiResigany

' { A o s d o { A F
Candida lodderae U9 1M3uNUNIIAE T Ind 1.9 nlosigud (Imsununiinaleng 11
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4 A ' o 1 a = s =R 1 P v o |
u’maT@"hnﬂ HAZHEDNIIN 1-2 AU Glu 571 ‘L!'Jﬂﬁif]lhlﬂ) magiummmmzmmuumﬂu

~

¢ ] 4 P 4 1 A~ ¢ A a
a3 d Inal'ld Wieannimsununiinaa lo Inauinni 1 wesiFud dienasandulsd

Aav a 9 o v A =) o =l o
’J’JmlﬂﬂﬁﬂﬁiN"lﬂﬂﬂWﬂ’Uu’JﬂaIi’ﬂﬂﬂiuTﬂlllu D1/D2 999 LSU rRNA gene Y9380 6

v Jdo v

loTanan KU-Xs13", KU-Xs18, KU-Xs20 Lagaaanenugninnuduius i wuioed

A ] osf [l o (= [ 9 [ &Y .
Z‘T‘]J"]f’d&l‘ﬁuﬂﬂ 3 ]’lE]I“IﬂEW]E]Qll!ﬁ%!ﬁl!ﬂlﬂﬂi]ﬂ‘l!tlﬁgf’fiNﬂiﬁW]@iﬂﬂ Candida lodderae,

Jd A

T [y} 4 { a
Candida aquaetextoris W% Candida viswanathii /aggaIVUINUdaadlsdnunsedine
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¥ A A v o R A o T A F A S
AU (MNN 9) AIUUIWYUIUN Ulf]j“‘]ﬂa@] KU-Xs13 ', KU-Xs18, KU-Xs20 lﬂu&lﬁﬁﬁﬂ“ﬁﬁ

Ty

MNMIANIAAYULAUNUROYNTUI ULV UAUAY 1aZOYATUITIUAT WU
' s o AA g
dad loTaan KU-Xs13", KU-Xs18, KU-Xs20 liadealaaies sfisfidiongilule Ixan
{ <3| 1o 4 o A @ 3 v o
wemaznauiugiulo Tsandu nagliiTuInilous mloudna Candida fariuvadaduun

I A ] 5’ A g = I
1Ty d U 1viNve9 Candida waz@s¥o1llu Candida saraburiensis sp. nov. agll KU-Xs13 11y

A

4 1 [
type strain MIAFOAVFT N “saraburiensis” 1B 1Uen IdAdI081959912 Tna Lazen

vanfiunnianiaasyys Yszmalne dmsuleTaan KU-Xs137uilu type strain 1811111

Q

o

[ E2
I?hﬂlfd}llﬁﬁuilﬂ%lﬂklWﬁTﬂWH‘ﬁ:ﬂauﬂiET iazdl accession number A4 BIOTEC Culture Collection
(BCC 39601T) ﬂixmﬁ”lma, NITE Biological Resource Center (NBRC 106721T) ﬂixmﬂﬁjﬂu
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Candida saraburiensis KU-Xs13" (AB534915)
Candida saraburiensis KU-Xs18 (AB534916)

Candida saraburiensis KU-Xs20 (AB534917)

65
Candida lodderae (U45755)

Candida aquaetextoris (GU142862)
Candida viswanathii (U45752)

Candida prachuapensis WB15" (AB439258)
71 Candida tetrigidarum (EF120599)
Candida neerlandica (AF245404)

84 Candida labiduridarum (DQ655687)

0.01 Knuc 71 Candida frijolesensis (EF120596)

Candida tropicalis (U45749)
Candida sojae (U71070)

Lodderomyces elongisporus (U45763)

Saccharomyces cerevisiae (AY048154)

a Y Y Yoo A o , = T
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mshgnsenud laeg Tmilonvgd -
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mw’?; 10 dugIUINGIVOI Candida saraburiensis sp. nov. (KU-Xs13")
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MINMSANHIANHUZAUNUNDUNTUITIULLUALAY 1AZDUNTUAT AT WU
1 J o A @ oa.:
dad loTman KU-Xs34 liasauealnaes uaziifl TuIndlouq milouana Candida d01iuva
v o < o 1
e muniualyd lvives Candida

100 r Candida yuanshanicus (EF460670)

L KU-Xs34

62 Pichia bovis (UT5417)

Pichia canadensis (U75415)
99 { Candida odintsovae (U70182)
81 Pichia rabaulensis (U75423)

——— Candida peoriaensis (EF550305)

0.01 Knuc

99

Pichia silvicola (U74588)

Saccharomyces cerevisiae (AY048154)

A 9 9 o A o 1 = T AN s
HNINN 11 ﬁu“lmammmimmmmgmuwmamﬂaimaﬁ KU-Xs34 L!ﬁgﬁﬂﬂfﬁﬂll
[ 9 &Y 9 0o w A = I
ANUFURUT Y a5 191U tiang Te Ind luTamy D1/D2 Y94 LSU rRNA gene
AT two-parameter Y94 Kimura (Kimura, 1980) Taels neighbor-joining method
a 1 4 a a0
(Saitou and Nei, 1987) az1sziiiuanui1donoa1nn13 A 12HAT bootstrap A8
Y 4 v
NINEH 1,000 A59 (Felsenstien, 1985) LaZLHAURNIZAT bootstrap NNINNI 50

S I 4
1osiFua

ANHULYDI Candida sp. KU-Xs34

a =

a 4 1 I o { '
mmmﬂumms YM broth Lﬁa‘umﬂunm 37U ﬁqmwnu 25 DALY WU

U

= 1 =) 1 3 ¢ A A g A o
L‘ﬂ)’aﬁﬂzﬂiNﬂﬁNL!ﬁzi YUIR 2-6 X 2-6 thTﬂiLllGli @ggﬂuwaammmmﬂuﬂ INHTUIULUY

k4 ]
lieodamalasnsuanrueonyuialsd? (ﬂW‘Iﬁ 12a)
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4
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I o ¢ A 1 1 4
1182 Gorodkowa agar 1lu1a1 6 §Ua¥ 71 25 esruaiea wud liaswealnades

a

U

N4 25 PIAUTATOE WU
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Yy 9 ~ 9 D, S & Yy an
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qy dy J Y Y ~ A A v m Y Y 9/
Lﬁﬂﬂl%ﬂﬂuﬁqﬁﬂ W‘]Jﬂ”lSﬂ’SNLﬂ"LﬂEJmEJ‘JJVIiJﬂ"IiLLGIﬂﬂQﬂ11!ﬁ1GU1LL@]I13JW1Jﬂﬁﬁiﬁlﬁuiﬂlm

(MW 12b)
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woa Ing
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W03 lud
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PULBFNA-A-Ng AT 1N
a-1s Tua

a-laTaa
oa-0x311 Iua

= a

A-93511 lud

uoa-usy Tug

ylasa

yoa lna

n3a lad

ueavhiwiia-a-ngIalaa

njen lad
wad luled

wanIna

19N Tue

uile

=
NALEDIDA

)

A-unutinea
nuaniinea
9U0IN0A
a-nglalu-s-uanlau
2-ala-a-ng laa
5-ala-a-ng laa

S a
nyaa-ng Intin

nyaa-nglalsdin



iwalaluTod + nsanany) 1stin

F1AFY + NIALAAAN
waa lulea - NTAFNFUN
wan Ine - NIAFATN
1 Tua w WMUea
Waay Ing + PNIUOA
2yau w

msueagianaslizaeululnsau

wou TuHeuaaa + Tdupadeoy luasa

Tadenlulasd - wihaiulalasnanlsa

1ea- ladu + mamesulalalasnanlsd
é’ﬂymzéuq:

msasunsannng laa

MINIYUUDIMITNUT AN

Y % J J
msainasliznovezlivassaniousniyaa

a J 2 4 a J
mssglu 0.01 Woesigua lalnaend lud

a J 2 4 a J
sy lu 0.1 Wesigua lalnaend lud

a J 2 (4
MITYUUIMITNg Ind 50 1Wesidud

a s 2 4
MINTYUUIITNG Ine 60 1losidud

<3 4

a J 3 d @ = 4 J
ﬂﬁli]iillu‘]Jui’J"ﬁ’i"liﬂQIﬂﬁ 5 1osiFua ﬂiJI"]fLﬂlelﬂﬂi’)lliﬂ 10 tlosigua

a J 2 d @ = J s 2 4
ﬂ"lili]iilluﬂuﬂ”lﬂ”liﬂgiﬂﬁ 5 1os1FuUa ﬂiJT‘ﬁfLﬂElllﬂa@]liﬂ 16 tosiFua

]
a

M3AsN 15 o9 usasd

o

)

mm?ty;ﬁ' 25 DarnI ALY
mm?mﬁ' 30 DA UHATY A
mm?tyﬁ 37 A UH AT
mm?ﬂujﬁ 40 DI AIT
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arsisenevgiing Tuu Q7

MW 12 U WING1V0 Candida sp. KU-Xs34"

a

a 4 1 [~ @ {
(a) M3y luomsal YM wietinilunal 3 Su fgungil 25 o9

U

walFed (115 = 10 lulaswas)

a

(b) Mmaardrudulefouune11is corn meal agar ¥ Uy 5 1 Nguwngdl 25

U

parsaFed (W13 = 10 lulasmag)
3.4 Pichia sp. NT29

~ o w A = LA = 4
nMstieudnutiing 1o Inalulamwu DI/D2 489 LSU rRNA gene ¥048a#
[ == BKA 9 1 9 o (=

loTaan KU-Xs34 fiu atgd lugiudoya GeneBank Wi Indifeany Pichia exigua ualims

ununinale'lng 2.5 Wosisud @msununiiinalelng 14 tadale'lng lu 559 11aaTo

[

] 1 A o I A Wy A = RN a2 4 [
Ine) seeglunuainaziaswunduailFdingla Wiosnniimsununiing Te lnawnnn

S I s A A 9 YA o A 9 o v A =} o
1 1osua !MﬂWﬁ)']iil!']ﬁullll'J'JGJJL!']ﬂWi‘VIZ‘TiNﬂWﬂﬁTﬂ‘Uu’mﬁIﬂll‘Vlﬂslu Tﬂmu D1/D2 494

v o Jdo 1

LSU rRNA gene 404084 1o Isstan NT29 uagdaaaowugninnuduiusiu wuh lelyas

Il a

NT29 og TUHyUaReINY P. exigua (MW 13) uaziuenandllddninmsesuiondaoug lu

J

Pichia clade #atiudsoudulolaan NT29 Sudaadalad v

MINMIANHIANHUZAUN AN OUNTUIT ULV UAY tazeUnTNITIAY wud
J  w ] o
daa loTaan NT29 adrauea lnalesnaanntiy 5 SUUUDINIT acetate agar, malt extract agar,

: iy
corn meal agar 1182 Gorodkowa agar 11 25 ossiusarsod wazii Tu lnilouq milouana Pichia
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o1 — Pichia exigua (U76349)

— NT29
82 Pichia occidentalis (U76348)
Candida rugopelliculosa (U71069)

Pichia cecembensis (AM159112)

73

0.02 Knuc 66 |
Pichia jaroonii (AB436766)

Candida pseudolambica (U71063)

Pichia sporocuriosa (EF550232)

Saccharomyces cerevisiae (AY048154)

'
I o ~

d’ 9 o 1 =~ T AR S A
MAUN 13 mu"lu’;mmmimmmmgmuwmﬂﬁeﬂaima@] NT29 tazalFaninm

o

Fuiusiu a$199nd19uiana Te' lna lu Tamy D1/D2 Y99 LSU rRNA gene m433
two-parameter Y94 Kimura (Kimura, 1980) Taely neighbor-joining method (Saitou
Y

a ] 4 a g o
and Nei, 1987) LLﬁ%ﬂiglﬁJuﬂ’ﬂuu1L%@ﬁi’]%1ﬂﬂ1i’3lﬂ§1$ﬂﬂ1 bootstrap Taan159id

3 1 { v 3
1,000 53 (Felsenstien, 1985) LASLAAURNIZAT bootstrap AN 50 Lﬂaimuéf
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ANYULVOY Pichia sp. NT29

v
= a =

a 4 1 1< @ v
mmmﬂummﬁ YM broth Lﬁa‘umﬂunm 39U NQAUNHY 25 DIMIFAUFYT WU

L= (=t [/ P A g T A o '
iraaiigalaneien vine 2-5 x 2-8 lulaswas egiluraa@ernsetlug tius o'l

9 v
21 NA AN SUANHUOLLUHA1EU) (iﬂWﬁ 14a)

a 4 ] Y ! a 1
NITRTYUUDINIT YM agar Lﬁa‘umﬂunm 39U ﬁqmwgu 25 @Qﬁ“%ﬁ@ﬂﬁ NUN

TaTatifaasy oy e voulalan liGey

J
msadruea lnaosune s acetate agar, malt extract agar, corn meal agar
@ 1 [ { ~ J
I8¢ Gorodkowa agar Had1nNUN 5 AU ﬁ 25 afs Ly e Wﬂﬂ1iﬁ%’1\illﬁ]’ﬁ1ﬂﬁﬂﬂ‘i 1-4 llfl’diﬂ

g1 % ~
atlesae 1 upand (MWN 14b)

) ~ 9 v < A Y ax
ﬂ'lﬁﬁﬁ']\uﬁuslﬂlﬂﬂﬂllaglﬁuiﬂllfﬂIﬂﬂﬂ']ilafl\clquﬂﬂu@'lw'li corn meal agar A1383ITN1T

v v
4 ' 9 Y 9 9
Laﬂ\uﬂ?aﬂuﬁ]laﬂ llllW1_1ﬂ']f!'ﬁﬁ?\ilﬁuiﬂllﬂllaglﬁuiﬂlﬁlel

msninas 1u'laase
nglad s niglad -
nuan Ing - wada luloa y
woa Ina - wan Ine -
AGED - A Tua -
a-los Tae -

ana 4
msuedTuand1slsznoumsueu

ng Ina + utls -Iw
=

nuan Ina - G RERT -
4 aa A

W03 1Ud - 93N3N00 -

I ana =) = a

PutesNa-n-ng lnwliu - 151inea -

= = a

a-l5Tua - A-NgaNea -

= = a

a- 1o Tag W A-uULNDa -

Hoa-0x 311 lua - NUanNNoa -



= =Y
A-923511 lud

MINTYUUOIITNUTIAINIAIIU

dUDENOA

uoa-tsy Tud - a-nglalu-5-uanlau

ylasa + 2-ala-a-ng laa

woa Ind “w  5-ala-a-nglawe

niglad Jw NIAA-Ng AN

uoavuuiia-a-nglnlyd - nyaa-nglalsiin

iwalaluTod Jw - nsanuany Isin

WIAYU - nIaLanfn

waa lulea - ATAFNEFID

wan Ine [ NIATATN

s Tue . WNIUeA

waad Ind - NIUoA

2yau W
msueasianaisdseneylulasiou

wou TuHeugavla + Tupanden lunsa

Tadenlulasd - wihaiulalasnaelsd

1ea-ladu + mameiulalalasnanlse
ﬁﬂymzﬁuq:

msasunsannng e

myadaslsznevezisavenmousnisad

mansalu 0.01 nlefidud lalaaendlua

mansgylu 0.1 nlefidud laTnaendlua

a

I3 J
MIRIYUULIMIING IAd 50 nlesidkua

a

sl o
MSRIWVUDIMITNA lAd 60 1Wos5isua

g U

a

7l o a s sl o
MSIYVUDIMTNY lad 5 1losiFua ﬂﬂicﬂlﬂﬁlhﬂﬁ@vl‘iﬂ 10 1osigua

g U
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+

+

a sl o a ¢ sl o
MSRIYVUDIMITNG lad 5 1oy ﬂ‘]JIG]fL@]EliJﬂaE]Ul‘iﬂ 16 1Wos1Fua

g U

M3ATYN 15 0aA ULy

M3RTYN 25 0IR BT
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MIIYN 30 IR UFAITOA +
MINTYN 37 DA saIsen -
MINITYN 40 DI UFAITOA -
MINIYN 42 D IFaIToA -
4
m3lalasladgse -
o aaa v A = =
myhgnsenud laes TmilenngD -

asilsznevgiindTuu Q7

MW 14 FUFIUINGWOI Pichia sp. NT29'

a =

a 4 1 [~ @ {
(a) M33gyluemsmal YM Wetiuilunal 3 u fguvgil 25 serusaitod

U

@13 =10 Tulasmag)

a

J @ 1 @ {
(b) M3ar31ned Ind1los UueIMT acetate agar HHd LN 5 Tu NQungll 25

U

paraFee (13 = 10 lulasmag)
3.5 Candida sp. NT31

= o w A = o = 4
NAMseUaautIng 1o Ina luTamu D1/D2 Y83 LSU rRNA gene ¥040dA
[ Ay 9 U Y A [ =
loTaan NT31 i a3 d lugudoya GeneBank wunIndifeangan Pichia pijperi 1aNM3
AAa = 4 4 J A Aa = 4 a = 4 S 1
ununing le'lng 4.0 Woesiud @msununiinale Ina 23 1iadle Ina vaziivesine 2
o ] A J & [ s o o I o [ 4
A Tu 570 1@ To' Ing) FeeglunainezsadwuniuailFdlnila Wweniing
Aa A s ' sd & A a Y Y Yaw A v o v A a
unuiing le lndunna 1 Wesiwuad wenwnsandu 1 ammsnainnndrauiiingle

Tnalulawu D1/D2 499 LSU rRNA gene ¥930a4 1o Taasn NT31 Lazdadaenuing
g ]
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v o Jdo J 1 o (IR ) [
ANVUTUNUDINU W'IJ'NUl’E]IG]f!ﬁﬁ NT31 agimmm@ﬂaﬂmmagﬂuazmxmmﬂu Pichia pijperi

A A A A a Y A wzddwl I A I
(mnn 15) HazuenNNAUvd UNITDDTVLLAIDUS muumﬂuﬂmﬂaimaﬁ NT31 ilueaaa

Ve Inai

[ 4 a v A a 1
MINMIANEIANHUZANUNOYNTUITIUUUUAUAN LAZDUNTUIF AT WU

[ J =1 Eq 4 [ qa: @
dad loTwan NT31 liafrauealnailes uaziidl Tulniloug wmilouana Candida da1iusedn

) I A o ]
uuntuatya lvinves Candida

Candida easanensis (AY634570)

Pichia mississippiensis (U74597)

99 Candida mycetangii (EF550330)

Pichia meyerae (U73578)

86 Williopsis mucosa (U75961)

Pichia rabaulensis (U75423)

Pichia strasburgensis (U74591)

0.01 Knuc 99

Pichia hampshirensis (U74598)

Pichia lachancei (EF550313)

Candida solani (U70179)

100 ———— NT31

Pichia pijperi (U75418)

Saccharomyces cerevisiae (AY048154)

'
Y o ~

A 9 o 1 = T A S
MAUN 15 ﬁu”lmaammmimmmmgmuwmaaﬁ”laicma@ NT31' uazasdnuau

@

dFuitusiy adrenndrduiiong lelnalulamu D1/D2 ¥84 LSU rRNA gene A1433
two-parameter Y94 Kimura (Kimura, 1980) Tagly neighbor-joining method (Saitou

a 1] 4 a g o
and Nei, 1987) LLﬂ%ﬂigllluﬂ’Nllu1L%®ﬁﬂﬁ]1ﬂﬂﬁ?tﬂﬁ$ﬁﬂ1 bootstrap Tagn15iid

o ' { ' sl o
1,000 733 (Felsenstien, 1985) LASLAAURNIZAT bootstrap Au1nNI 50 ulosisua
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ANYULVOY Candida sp. NT31
a A 1 [~ o A A = '
ﬂﬁl%ii‘lﬂu01ﬁﬁ YM broth tiavutilunan 3 NYUNYN 25 DIHALFYT WU
2= 1 1 = [~ s A A I VA o
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A v
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a 4 [ @ ! a 1
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J
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nyaa-nglalsdin
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FIAFUY nsALAAAN
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s Tug WNIUOA
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wou TuHeusama
Tadeulu'lasd
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ANHULDUY:

msasunsanInng Ine

Tuaangeulumsa
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mamosulalalasnaelsa

MINTYUUOIITNUIIAINIAIU

myaduaslszneveyivassdneuenyad
a J 3 L4 a g

mansgylu 0.01 Woeigua lalnaend lua

mawsalu 0.1 wesidud lalnaend lud

a
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a
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MSRTYVUDINITNG 1A 60 1o5IFUA
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a
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MINTYN 37 DA AT -

MINTYN 40 DI UFAITIA -

a

MINITYN 42 I FAITIA -

=y

mslalaslagese -

myhgnasenud laes TmilenngD -

asilsznovginl Tuy Q7

MWA 16 TUTUING1V0N Candida sp. NT31"

a

a 4 1S @ {
ﬂm%mﬂummimm YM Lﬁﬂ‘]JiJL‘ﬂuL’m'l 37U ﬁ’t)ﬂl"ﬂﬂu 25 938

q Rl

wrarFea (U5 = 10 T Iaswas)
3.6 Candida sp. NT36

~ o w A = o =S 4
NAMIHsUARUHIAGE 1o Ind luTamy D1/D2 Y84 LSU rRNA gene ¥o48aa
(% 4 1 { %
loTaan NT36 U a1l3d Tugiudoya GeneBank wulndifeangany Candida
. = d' a =) 4 o d A d’ a = 4 a =
chiropterorum WANMIUNUNNIAGE T 1nd 3.0 Woswud @msunuiniiindlelng 17 Hndle
4 =] 1 o ] a = P 1 P v o I = BEA 1
In@ nazlizeeing 4 duis lu 578 1nd o Ind) Feeglunaminzsaswuniduaddd
Y A ~ Aa A s ' sk & A a 9 ya o A g
14 Wiosnnimaununigd Ie lnduinnii 1 aesidud wenasandu i annmsnada
o w A = L =~ ~ 4
& wuiingTe InaluTamy DI/D2 499 LSU rRNA gene Ua3aad Ja Toian NT36 wazdad
Y] J { [ 1] J v 1 1 ) [
dewugniauduiusiu wule Taan NT36 ogauas@wnuany Candida chiropterorum
A 1 A Al A a 9 A @ 3 KR A o 1
(MW 17) wazgeguuuuiiuennnallddniimseTendrdug aniudsguiuiloTyan

J

NT36 Hudaaatlsd vy
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MINMSANHIANHUZAMUNUNDUNTUITIULLUAUAY 11AZDUNTUAT AT WU

1 Y
dad loTwan NT36 liafraealaailes uaziil TuIndloun milouana Candida da1iuiedn

o I = = BEA 1
uunluayd 1vives Candida

100

L‘O[ Candida chiropterorum (U45822)
Arxula terrestris (U40103)

78

— NT36

Stephanoascus ciferrii (U40138)
74
100 . ..
Candida allociferrii (AB041003)

0.01 Knuc

88

Arxula adeninivorans (U40094)

Candida santjacobensis (U45811)

Candida novakii (DQ438196)

85

Sympodiomyces parvus (U40096)

Trichomonascus petasosporus (DQ442691)

Blastobotrys proliferans (U40098)

'
9 o ~

Saccharomyces cerevisiae (AY048154)

4' Y o 1 = T AN S A
MAUN 17 @Llulll’JTJ@JH”Iﬂ”IiVILLﬁﬂWI"ILmuﬁJ%Nﬂﬁ’ﬁﬂlﬂimaﬁl NT36' tazalFaninim

o

Fuiusiu 5199108198 1o Ina lu Tam DI/D2 Y84 LSU rRNA gene M1433

two-parameter Y94 Kimura (Kimura, 1980) Taely neighbor-joining method (Saitou

a ] 4 a g o g’
and Nei, 1987) LLﬁ%ﬂigLlluﬂ’ﬂllu1L%®ﬁf’]%1ﬂﬂ1i’llﬂ§1$ﬂﬂ1 bootstrap Taan159id

09}1 1 { v 3
1,000 59 (Felsenstien, 1985) LAZLAAURNIZAT bootstrap AU1NNN 50 Lﬂaimuéf
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ANYULVOI Candida sp. NT36

a =

a 4 1 I @ { 1
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myasdulameuvaziauloun lagms@eu¥oUUoIMT corn meal agar A2835015
dy dy -4 9 Y ~ A A v ! ' Y Y 9
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ylasa + 2-ala-a-ng laa
yoa Ina + 5-fla-A-ng late
n3a lag + nyaa-ng latin
uoavuuiia-a-nglnlyd + nyaa-nglalsiin
iwalaluToa - nyanany 1stin
YrayY + nIALAAADN

wad luTod - NIAFNFIN
wanIna W NIATATN

1 Tua + MU

aas Ina + (BN

2uau w

msueaguana1slszaeululasau

wou TaHeugava + Tupadeon lunase

Taden'lulasd - wiaiulalasnaelsd

ioa- ladu + mameiulalalasnanlsa
é]"ﬂymz?;u@]:

msasnsannng e

MINITYUUOIIINUTIAINIAIIU

myaduaslsznevesivassaneuenisad
a J 3 4 a J

masgylu 0.01 Woesisua lalnaend lua

mansalu 0.1 nefidud laTnaendlua

a

I3 J
MIRIYUULIMIING IAa 50 nlesikua

a

sl o
ﬂﬁmifg‘ﬂu@WWTiﬂ@lIﬂﬁ 60 1031 UA

sl o a s sl o
MSIYVUDIMTNY lad 5 1losiFua ﬂﬂi“ﬁlﬂ&lﬂﬂa@ul‘iﬂ 10 1osigua

g Y

a sl I a ¢ sl o
MSRIYWVUDIMTNY lad 5 1losiFua ﬂ‘]JIG]fL@]EliJﬂaE]Ul‘iﬂ 16 1Wos1Fua

g u

M3RTYN 15 0aR ULy

M3TYN 25 0IR BTy

+

+
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MIIYN 30 IR UFAITOA +
MINTYN 37 DA saIsen -
MINITYN 40 DIFUFAITOA -
MINIYN 42 D IFaIToA -
4
m3lalasladgse -
o aaa v A = =
myhgnsenud laes TmilenngD -

asilsznevgiindTuu Q9

MW 18 FUFIUINGWOI Candida sp. NT36'

a =

a 4 1 [~ @ !
() M33gyluemsmal YM Wetiuiunal 3 u figuvgil 25 serusaitod

U

4
W15 = 10 luTaswas)
(b) Mmiaradulefiontnoms com meal agar nad UN 5 11 Ngmvigil 25

paraFed (U3 = 10 lulasmag)
3.7 Candida sp. NT40

~ o w A = o = 4
nMstieudnuniing 1o Inalulamwu DI/D2 489 LSU rRNA gene ¥048a#
[ o U 1 [
ToTanan NT40 0 aT3d lugrudoya GeneBank wuhIndifeangany Debaryomyces fabryi
= d' a = 4 o A= dl a =% I'd a = 4
ualmsununiinalo'lng 1.2 weoswud Gmsununiiiaalelng 7 inale'lng lu 570
a d & (] P v o I o [ 4 { a s
inalelnd) dseglunasinezdadwuniuailFd Ind1d esnimsununiiag Tolng
' sk A A Y Ya o A 9 6o v A a P
1AM 1 1WosiFud tienasandu i iannmsnaiiindwuiinna Is na lu Tamu

D1/D2 U84 LSU rRNA gene ¥040a4 1o Itan NT40 uagdaaaioiugnianuduiusiu
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wuleTaan NT40 adeasanes iy Debaryomyces etchellsii, D. fabryi, D. hansenii, D.
melissophilus, D. nepalensis W% D. polymorphus Tﬂﬂ@gi“lu@‘immiqﬁu@lﬂ@iwﬁu (NNAN 19)

9
v W Jd =

faiudaduduile Taaa NT40 Hludaaatlsd 1w

Y] 4 a v A a 1
VINMIANEIANHUZANUNOYNTVITIULUUAUAN LHAZOUNTUIF AN WU

[ 4 o A [ 3 [
dad loTman NT40 liarauealaailes uaziitl TuIndloun wmilouana Candida da1iusedn

) I A o ]
uuntuailad vuvea Candida

Debaryomyces fabryi (U94927)
65
95 Debaryomyces nepalensis (U45839)

97 Debaryomyces hansenii (U45808)

— NT40

0.01 Knuc 92

Debaryomyces etchellsii (U45809)

Debaryomyces polymorphus (U45836)

Debaryomyces melissophilus (U45740)

Saccharomyces cerevisiae (AY048154)

'
YA o ~

4’ 9 o 1 ~ T Aa A
HNNN 19 @u"lmammmimmmmgmuwmamsﬂaima@ NT40 uaxﬁﬂ%ﬁﬂumm
[ @ &Y 9 0o w A = I an
Fusiusou adenndduiing lo Inalulamu D1/D2 Y89 LSU rRNA gene m335
two-parameter U84 Kimura (Kimura, 1980) Taely neighbor-joining method (Saitou
a 1 4 a g o g’
and Nei, 1987) L!ﬁgﬂ‘igmuﬂ’ﬂllH1L‘d]5’é)ﬁ’€]%1ﬂﬂ1i’3m51$ﬁﬂ1 bootstrap T@amn“mm

o ' { ' sl o
1,000 A54 (Felsenstien, 1985) LAZLHAAURNIZAT bootstrap AU 50 1osiua
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ANYULVOI Candida sp. NT40

=

a 4 1 I @ a 1
ﬂ1imii‘giu’fﬂ°ﬁTﬁ YM broth Lﬁaumﬂunm 33U NYUNYY 25 DIAIAIFIE WU

E]

2= 1 1 3 <A A 3 T A o [
!Gh'ﬁﬁllzﬂ‘ﬂ\‘iﬂm\l YUIA 3-5 x 3-5 Ullliﬂim@]i aggﬂuwaammmmﬂuﬂ mnmmmmu"ln

U

A v
DRI LAgNITUANHUBLL UMY (AN 20)

a 4 ] Y { a T
NTRTYUUDINIT YM agar Lﬁ@‘]JNL‘]J‘HL'Ja'] 39U ﬁqmw{]u 25 @Qﬁ'llclfﬁ@ﬂﬁ NUN

TaTatnansy Ju Talatinay yu vouiFew

J
msadruea lnaosuueIny acetate agar, malt extract agar, corn meal agar

I o 7 A = 1 "9 J
1182 Gorodkowa agar 1Wu13a1 6 d1an¥i 9 25 esryasea wu luadaealnades

) ~ 9 D, s Y aa
ﬂ’]ﬁﬁ'ﬁ’]\uﬁu‘lﬂﬁﬂfJNLlaglﬁu‘lﬂl!fﬂIﬂﬂﬂ’]ﬁmﬂ%%@ﬂu@WﬁWﬁ corn meal agar AYITNIT

Y Y
o [
AeuFovua laa hinumsasaduledeuuaziduloun

o o
ﬂ'liﬂﬂJﬂﬂ'lﬁI‘]Jllalﬂﬁﬁ

nglaa - nig lad -
muan Ing ) waa luloa -
uoa Ing - wan Ine -
g lnse - A Tua -
a-laTag g

MIueasiandslsznoumsuou

ng Ing + utle -
=

Auan Ing + NAIFDIDA w
4 aa A

B3 U + 93N3N00 +

< aa =S =\ a

wueFNa-a-ng Inaniiu + 151inoea n

= = a

a-lsTue + A-nganoa +

= = a

a-lo Tag n A-unuiinoa n

110a-03511 lua - NANNNOa -

A-0x510 Iud - DUOFNOD n



oa-usN lud + a-nalalu-5-uanlau

U

ylasa + 2-ala-a-ng laa
yoa Ina + 5-A la-A-ng Tatue
n3a laa + nyaa-ng Intin
ueavuuiia-a-nglnlod + nyaa-ng Inlsdin
walaluTod + nsanany) 1stin
YrawY + nIALAAAN

wad luTod - NIAFNFIN

wan Ina W NIATATN

1 e + WMUea

aads Ina + PN

puaY +

msueagiana1slsznoululasau

wou Tuteugava + Tdupendon lunsa

Tandonlulasd ) a1y lalasnaelsa

ioa-ladu + mameiulalalasnanlsad
5ﬂymz§uq:

msasunsanInng e

MINTYUUOIIINUIIAINIAIU

myaduaslszneveyivassdneuenwsad
a J 3 4 a J

masgylu 0.01 wesisua lalaaend lud

mawsaylu 0.1 wesidud lalnaend lud

a

/3 7
ﬂﬁ!ﬂ'ﬁi}}muﬁﬂﬂﬁﬂ@jﬂﬁ 50 1losiua

a I3 J
MIRITYUULIMIING IAd 60 1nlosikua

sl 7w a e sl o
MSRIYWVUDIMITNY lad 5 1losiFua ﬂﬂjcﬁlﬂﬂhﬂaﬂlliﬂ 10 1losiFua

g U

a I3 J o = J I3 J
msnsyuuemsnglad 5 wesidud nulmfeunas lsa 16 osibua
M3ATYN 15 0IR ULy
M3TYN 25 9IRSy

M3TYN 30 DIRUTALTYE

+



MIIYN 37 DA UTAITO
MINTYN 40 DI UFAITIA
MINITYN 42 I FAITIA
4
m3lalasladgSe
o Aaaa Y= ~ ~
mshgnsennud laeg Tandlenugl

assznovging luu

MNN 20 FUFIUINGWOI Candida sp. NT40'
a A 1o o A
Manayluemsmal YM Wotuiumal 3 u i

@3 =10 lulasuas)

q

G

a

DUNNU 25 DALy
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4. anuviannagvesdadnly lalamemsnsalialszmealneg

¥ o o Jaq Y A a A Y [l a '
ﬁ]1ﬂﬂ1iﬁ]ﬂﬁ]”ll,Luﬂﬂﬁ@]%‘l%llgﬁiﬂﬁl,waﬂ”ﬁlﬂiﬂluT]LLEJﬂi]"Iﬂ@]’J’E]EJ"N au, aauilsenouves

'
% 1 N

4 Y
Wyuaz Yaqumasanamsinyas wazded1ous Taun dwazdle $1uau 133 ToTyaa Wy

J?Jd(d a

) o o I [ 9 ~ (] [~/

1UIU 108 ll'ﬂjclﬂ,ﬂ@] IuUnugaaalsanesuionan (M3 19N 6 L 7)Iﬂ8ﬁﬁuiﬁiy}ﬂu
v Ao A o A S A

wod InNuTANTA 1Y 8 ana 17 dUvd no Barnettozyma californica, Debaryomyces fabryi, D.

nepalensis, Candida blankii, C. coipomoensis,C. maltosa, C. membranifaciens, C.

pseudointermedia, C. pyralidae, C. tropicalis, Geotrichum silvicola, Lindnera rhodanensis, L.

saturnus, P caribbica, P. kudriavzevii, Saturnispora saitoi Qs Zygoascus hellenicus HazIA

o <3| <3| aa v Ao A I A S A

SwunuilunnadTetedaadad 2 dna 8 dad Ao Crprococcus heveanensis, Cryp.

humicola, Cryp. laurentii, Cryp. terrestris, Trichosporon asahii, T. moniliiforme, T.

. . dycu v A o AR I @ A
mycotoxinivorans Q% T. terricola UBNINNUIINUIN 11 loTmanmiounuailFdndslaiinms

v A (4

asu1elae 3 leTmaailuea lndeddadad As'lo latan NT10 Aniouny Candida sp.
NRRL Y-27159, loTastan NT21 Mnilouny Geotrichum sp. LY16 wa 1o Tesian NT49 1

Y A A o dy A @ Ala I an %
IndiResigany Georrichum sp. LYS wonunii 8 loTsaamieunuailFdnilunudaloe
Faadad 1ao 6 loTaan Ao NTOS, NT15, NT17,NT26, NT35 iag NT44 Mijouny

Cryptococcus cf. podzolicus L1 2 loTwan Ao NTO1 Az NTO3 widouny Trichosporon sp.

4

o A <TG s a 9 Al A Ay o '
CBS 8686 taznusuau 5 loTgaa Neonvsziludaanesuioudmsedanatlidinalu 5 ana

'
= %

a0 loTasan NT23 Indifosngany Candida solani, 1o Twan KU-Xs11 Indifesiganiy

Q

Geotrichum silvicola , loTasian KU-Xs 73 Glﬂ%!?]ﬁlx‘]ﬁﬁﬂﬁﬂ Sporopachydermia lactativora,
Y A ~ [ Y A ~ [
loTwian SN1-4 IndiRoangany Zygoascus hellenicus waz lo Taan A20-1 IndiRvsigany T

mycotoxinivorans

a 9 9

v o A dAq Y A ' s 3 o
ﬁnﬂNﬁﬂ"liﬁ]ﬂil"ILLL!ﬂﬂﬁﬁﬂl%uleﬁiﬁﬁ!W@ﬂWiL%iiUﬂlN@]uuﬁﬂﬂ’ﬂ 67.6 L‘]J’EJ?L‘%’UWU’EN

9

4 ?Jd S a A oA

=) Y o o I v Aou A 4 ~
daadsdnimssiuiendl (73 lolaan) saswundluuea latesdatad lasatlsdnny
= Ca~1 4
WA A0 C. tropicalis 25 1o 1aaa) wag P. caribbica (20 loTsan) uag 32.4 nlosidudves
H Aa v o I I aa o ] 1
dasdlsdnimssiuiendl 35 lolaan) saswundluduunudalodeddavad Insailsdn

WUNIN AD Cryp. laurentii (9 llﬂi"]ﬂﬁ@]) uae T. mycotoxinivorans (8 ]1’01"])’!,6@)
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A a 4 ~ SAq Y 1w 1 ~ 1 Y
LiJfJ’JLﬂ'ﬂgﬁﬂ'NﬁJﬁa'lﬂ“l"ia'lﬁl“llf)\iﬂﬁ@]‘ﬂcl“]ful“]iiﬁﬁiﬂﬂllﬂﬂﬂ'mﬂ'qu@l']ﬂfﬂ\‘l‘m!ﬂ\‘lulﬂlﬂu 3
= a 1 A [ A Qy d’ 9 1 g’
GEN ) (M au Q) ﬁﬁuﬂigﬂ'ﬂﬂﬂl@\??\l‘mmg'}ﬁﬂlﬁaf)“ﬂﬂ“ﬂNﬂﬁ'Lﬂ‘Hﬁi Hag (3) auq Vlﬂllﬂ "1

v b4
uazilo (m13197 10) Tawansil

A oA @ 1A @ 1 ° '

(1) gAANUININAIDYNAU 37 AIDYIN ATUIU 61 U],’E)Iclﬂﬁﬁ WU 23 Vlfﬂcﬁlﬁﬁ
v o < v Ao A 4 A A
T muniuted Ialsdaavad 9 ana 13 dU¥d A9 Barnettozyma californica, Candida
maltose, C. pseudointermedia, C. pseudolambica, C. tropicalis, Debaryomyces fabryi, D.
nepalensis, Geotrichum silvicola, Lindnera rhodanensis, L. saturnus, Pichia caribbica, P.

A '
kudriavzevii, Saturnispora saitoi Tasad)Fdnnuios Ao C. tropicalis (10 loTaan) uag 22
v o | [ aa v Aoy A & A A )\

loTaan dadwunidhuilunndalodedaadan 2 ana 7 alldd Ao Crprococcus humicola,
Cryp. laurentii, Cryp. terrestris, Trichosporon asahii, T. moniliiforme, T. mycotoxinivorans, T.

terricola

wennnidanu 11 leTsmamilouduatlddands luimsesuielas 3 lolman
I v Ao A d A ~ A o
Wuuedalageddatan nelo lsan NT10 Mmilouny Candida sp. NRRL Y-27159, 1o Taian
NT21 Mwidiouny Geotrichum sp. LY16 tag 1o Taian NT49 #lndifesdaany Geotrichum sp.
Ly5 upnnil 8 lo Tsaamdeusudisdniunuda Tosedaaoas Iag 6 lolman Ao
NTO5, NT15, NT17,NT26, NT35 i1lag NT44 WMoUNY Cryptococcus cf. podzolicus 1o 2
loTwan Ao NTO1 1Ay NTO3 WNOURY Trichosporon sp. CBS 8686 3113 2 lo Taan 8199

Jd A

<) A A Y A A 2 1A Y A o
Wudadnesuondiviedanallid bl Ao loTwan NT23 Indifesigany C. solani uaz

ya A o o A S
loTaan A20-1 IndiResigany T. mycotoxinivorans tagiuau 3 lo Tmamiludaadailad

=

T3 Ao o Tanan NT29 IndiResiaany P. exigua, 1o 191aa NT31 Indinesiganu P. pijperi

q

uaz'lo Taan NT36 Indinesiaany C. chiropterorum

Y
@ 1 1 @ a J
) ?I’JE]EJN?(’JHﬂi%ﬂ@ﬂﬂl@\‘]ﬁ‘mlﬁgﬂﬁﬂlﬁaﬂﬂQﬂNﬂTﬂﬂ‘Hﬁﬁ NMIUINTAAIN
1 = [ A Qy [ 1 =S 9
ﬂ’)u'ﬂigﬂ'E)’U"ll’ENW“If!LﬁZ’Jﬁﬂlﬁﬁ@ﬂ\‘iﬂwﬂﬁlﬂyﬁi 38 AU LLEJﬂElﬁGﬂﬂ 64 Vlﬂicﬁ!ﬁﬁ Tag 45
@ o 3 % @ 4 J

loTaan sadwuniluuoaladedaadad o ana 14 ail%d Ao Candida blankii, C.
coipomoensis, C. membranifaciens, C. pseudointermedia, C. pyralidae, C. tropicalis,
Debaryomyces nepalensis, Lindnera rhodanensis, Pichia caribbica W P. kudriavzevii Tag

s ] 1
AUBINNUU0E A® Candida tropicalis (14 o 1%1@aa) uag Pichia caribbica (14 loTwian) du

= o o I I aa v Ao A 4 A A
on 11 loTwaa dadwunduiluundalodeddadan 2 ana 4 alldd Ao Crprococcus
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7 '
heveanensis, Cryp. laurentii, Trichosporon asahii \\@¢ T. mycotoxinivorans Tagatlyannuos

Ao C. tropicalis (5 ”laicma@\)

wenanigany 2 lolwan ervszidludadnesunsudmsesadalad i Ao
loTman KU-Xs11 1n&1Re98 Geotrichum silvicola waz 1o Tasian KU-Xs73 IndiAaany
o I A ¢ YA A
Sporopachydermia lactativora Waz3117u 6 lo Tsaaludaaallsd lvi Ao loTwsan Ac-2
IndiResNaany Candida sp. HA174, lo Tanaa KU-Xs 13, ToTaan KU-Xs18 1oz loTyian
KU-Xs 20 Iﬂﬁlﬁﬂﬂﬁﬁm MU C. lodderae, KU-Xs34 @ﬂﬂ’glﬁm‘ﬁﬁmﬁﬂ Candida yuanshanicus

uaz loTwan NT40 Indifoangany Debaryomyces fabryi

@ ' A Y 1 :I + = J o [l [ 1 o @ '
(3) MIBYNDUY lII;@]l,l,ﬂ umazﬂﬂ INNITHINYTAVINAIDYWAINATIVIUIU 4 AIDYN
= v o I v Ao A 4
uondad 1a 8 loTaan Tao 5 ToTsan daswunilunealnioddadad 3 ana Ao Candida
. . . . . . . =) g 4 d d Sy
tropicalis, Pichia caribbica W\ Zygoascus hellenicus U 2 loTsan adwunduiuundale

v A S J A

@ o
eFaatan 2 ana 2 dUFd no Trichosporon asahii Ws T. mycotoxinivorans

dyw ' < s a Y A A A X 1A
UDNIINUIINVUI 1 Ul’E]TGb'mG] ’E]ﬁ]i]mﬂuEJZW]VI?J‘ﬁ‘]JWLm’J‘I’iiE]EJﬁG]ﬁ“]J‘HﬁGl‘I’TSJ o

loTawan SN1-4 iﬂglﬁﬁlﬁﬁfmﬁlﬂ Zygoascus hellenicus
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d‘ =i ~ a ~ ¢ A A A Y A 9 A A A
M1319N 10 L‘]JiEJ‘]JL‘V]EJ‘]J%L!WU’ENEJE‘W\E‘T‘]J%ﬁ"ﬂ?J‘TJ‘]J1EJLLE]’31/]bl‘lf]l“]fiaﬁLW@ﬂTiL%iiy}mmﬂmﬂ
v
A10614 3 N Ao AU dIusznoDvesNHIaz TAQIHADNININIINYAT HaY

feg19ouq Tutlszma'lne

Group
Family R drulsznouueaiy B
AU Ve )
Genus AANADNINNNITNYAT
Species
Ascomycetus yeast
Candidaceae
Candida
Candida blankii +(3)
Candida coipomoensis +(2)
Candida maltosa +(1)
Candida membranifaciens +(2)
Candida pseudointermedia +(1) +()
Candida pseudolambica +(1)
Candida pyralidae +()
Candida tropicalis +(10) +(14) +(1)
Geotrichum
Geotrichum silvicola +(1)
Saccharomycetaceae
Debaryomyces
Debaryomyces fabryi +(1)

Debaryomyces nepalensis +(1) +(1)
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Group
Family R drulszneuveiiy 4
au L. U

Genus AFAAUNADNMINNNITINYAT
Species

Barnettozyma
Barnettozyma californica +(2)

Lindnera
Lindnera rhodanensis +(1) +(4)
Lindnera saturnus +(1)

Pichia
Pichia caribbica +(1) +(16) +(3)
Pichia kudriavzevii +() +(1)

Saturnispora
Saturnispora saitoi +(1)

Dipodascaceae

Zygoascus

Zygoascus hellenicus +(1)
Basidiomycetus yeast

Cryptococcus
Cryptococcus heveanensis +(1)
Cryptococcus humicola +(5)
Cryptococcus laurentii +(4) +(5)
Cryptococcus terrestris +(5)

Trichosporon
Trichosporon asahii +(1) +(3) +()
Trichosporon moniliiforme +(1)
Trichosporon mycotoxinivorans +(5) +(2) +(1)
Trichosporon terricola +(1)
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Group
Family - drnlsznouveaiy B
AU Y w2 U
Genus IAANADYNNWNITINYAT

Species

Undescriped species
Candida sp. NRRL Y-27159 +(1)
Cryptococcus cf. podzolicus +(6)
Geotrichum sp. LY5 +(1)
Geotrichum sp. LY16 +(1)
Trichosporon sp. CBS 8686 +(2)

May be known or new species
Candida solani +(1)
Geotrichum silvicola +(1)
Sporopachydermia lactativora +(1)
Trichosporon mycotoxinivorans +(1)
Zygoascus hellenicus +(1)

s (lelman) 58 58 8

o S A o
HUELTiA mmm‘lmqmmammu‘laimaﬁ

A = ~ o ~ 4 ' 1
LllﬂlﬂifmmEJ‘]Jﬂ‘]Jﬂﬁi"IEN"I“L!ﬂ’JﬁJ‘Via"Iﬂ‘l’iﬁ”lﬂ"ll’f]ﬂ&lﬁ@ﬁ]”lﬂ!,ma%ﬂﬁ@] 11!']J’i$ﬁ/lﬂl11/lﬂ

1 Y dy = P I A a A ) = dyogj == K4
NDUNUIU W‘UﬂEJﬁ@mﬁHJﬁﬂalGlfhl%IﬁmWE)ﬂTiLEﬂ‘iﬂlUmLEJﬂhlﬂmﬂﬂﬁﬁﬂ‘]sﬂu‘VN?iﬂJﬂ 26 aUFd

=\ A I A S =\ @ [ [ A o
115 alwd Lﬂuﬁﬂ“ﬁﬁ‘ﬂLﬂElll‘ﬂﬂ\‘]1uﬂ1iW‘Umﬂ@]’JﬂﬂN@]N“]Gluﬂ‘i%mﬁhlﬂEJ‘VIVHﬂTiLLEJﬂ’E)’E)ﬂiﬂ

= o - 2 s & 4~ < ' ¢
ﬁﬂ‘kﬂiﬂUl‘]ﬂcﬂﬂuﬂﬂ'li!WN%']ujuclu@11’“5&35\3!%@ YM broth GﬁﬁﬂﬂgiﬂﬁlﬂuuﬁaﬂﬂWiﬂ@u

(Gﬂ‘iN‘ﬁ 11) Ao C maltosa, C. membranifaciens, C. pseudointermedia, C. pseudolambica, C.

tropicalis, D. fabryi, D. nepalensis, L. saturnus, P. caribbica, P. kudriazevii, Cryp. heveanensis,

Cryp. humicola, Cryp. laurentii, T. asahii, T. mycotoxinivorans (Sumpradit, 2005; Jindamorakot,

2006; NEUIIA, 2549; AUIA, 2551; Wil 2552; 98NV, 2552; Limtong ef al., 2008a) taaali

Jd

< G A Jdo 1 9}03: A a Y @ A S
mu’ﬂﬂﬁ@]ﬁﬂ%ﬁﬂdﬂﬁ1’)ﬁ1hﬁﬂ51“])’1/1\1ﬂQIﬂﬁL!ﬁ$1°ﬁTﬁﬁlW@ﬂﬁmiiyllﬂmm$ﬂ\ﬂ/‘ﬁj 11 g%dn
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'
Jy A v

] & a = v v a A o
ﬁnﬂﬁﬂﬁlsﬁvlclfjaﬁLWfJﬂWimﬁi‘gl‘lﬂﬂﬂENhlﬁJﬁJﬁ']EN'luﬂTiﬂuW‘U%']ﬂﬂ']‘ii‘lﬂﬂﬂuﬂﬂWﬁ!WiJ%Wu'Juqlu
VR 4 < ' ¢
prnsneusedsding lnafluunasmsvenluilszmelne Ao B. californica, C. blankii,
C. coipomoensis, C. pyralidae, G. silvicola, L. rhodanensis, Sat. saitoi, Z. hellenicus, Cryp.

terrestris, T. terricola W g T. moniliiforme

a o G S Y A a A @ ]
ﬁ]”IﬂNﬁﬂ"li?]!ﬂ'ﬁ%?iﬂ?TﬂJWﬁTﬂﬁﬁTﬂﬂJ@\iﬂﬁ@]ﬂi“ﬁbl"]ijﬁﬁ!Wf’]ﬂTiﬁ]ﬁiy‘V]LLﬂﬂﬁ]Tﬂﬁ?@ﬂTQ
2 1
au, drulsznovvosiviag IaqmMaoNInmMIINEAT 1azA108190us 311U 133 loTyian
= Al P 9 Y 1 a 1 3 A . , .
WUNY 11 ﬁﬂﬁmmwﬂ"lﬂmﬂmammummu A9 B. californica, C. maltosa, C. pseudolambica,
Cryp. humicola, Cryp. terrestris, D. fabryi, G. silvicola, L. saturnus, Sat. saitoi, T. moniliiforme,
_ [l A 9 @ ] 1 = (% A Qy
T. terricola @34 5 dUsd Llﬂﬂulﬂﬂ]ﬂ@n@fJNﬁ"Ju‘iJSZﬂi’)‘]JGIJ@QWGIﬂLﬁgQﬁﬂ!ﬁﬁﬂﬂﬂﬂNﬂTﬁlﬂHﬁﬁ
Y
MY Ao C. blankii, C. coipomoensis, C. membranifaciens, C. pyralidae, Cryp. heveanensis I101&
A o AN R 9 [ [l A g’ 1 3 A Qa: =
UAUIU 1 ﬁﬂﬂ)’ﬁ Gﬁﬁllﬂﬂiﬂﬂ?ﬂﬁﬂ@ﬂ'l\?@u”] (W) IMUU AB Z. hellenicus UONINUUWUANU 5
A S A Y o ll J A @ 1 a @ ' 1 A o A
ﬁﬂﬂfﬁ T]Llﬂﬂhlﬂinﬂgnﬂﬂ'l\? 2 Ny Av G]'J'OEJ'Nﬂ'L!LLa39’]')’{’]Eﬂ\iﬁ’)uﬂi%ﬂ'ﬁ]ﬂﬂlﬂ\iw%uagﬁﬁﬂlﬂﬁ@
Y
NINNNMIAYAT Ao C. pseudointermedia, D. nepalensis, L. rhodanensis, P. kudriavzevii g
A I 9y o ll qaj 1 A
Cryp. laurentii LN 4 a5 ven'ldandiedana 3 Nau A C. tropicalis, P. caribbica, T.

asahii, $ag T. mycotoxinivorans

A =~ ~ ~ o~ 9 a 1 3 = dy A I A 3 .
WonfSeuievdadnuen ldnnaumniulumsdaeil 11 ad)3d Ao B. californica,
C. maltosa, C. pseudolambica, Cryp. humicola, Cryp. terrestris, D. fabryi, G. silvicola, L.
1] L a
saturnus, S. saitoi, T. moniliiforme, T. terricola NUMITIBNUMIANEIBaa luaululszmelne
] 9 dy 1 =4 = 4 S A
ApuNTE WU 5 a3 wetiseanumsnyluilsemalnends Tae 3 a1l5d Ae C maltosa
= ¥
(loTasian NT33), D. fubryi (o Taaa NT16) uae L. saturnus (1o Tosian NT24) Fausn'laan
% 1 a A = dy = 9 A Ad 1
aree19aulumamiie lumsanutnelsisnumsauny luaunmnuointhlusa
I LY 4 a 1 a 2’ Y] o 4
Az Tuponoiile (39anyal, 2552) nazau lugneuurematiimung 39 Iamesysal
. 1o 1 % 1 a A 1 1A <3| 1
(Sumpradit, 2005) uad lainy ludreeariadug lullszmealne 39e1ananlanauduuvas
~ = ) = 4 A o’dy 1 . a 1
Nogmunzandwsudad 3 allFdil dau C pseudolambica (1o Twan NT20) 1neiis1ea1ui
A 1 A a 1 [y = A LY 4
nunnuraInegranyiats as auluihlumanzJuesniRsamile (33dnyal, 2552), 910
Y v
NNUUHIVIAIIMUIT (Sumpradit, 2005), I we@u (¥Ha, 2552; AU, 2551) tag
a 1 a A A S
aznauauNtheay (i, 2552) Tuvaenadl¥d Cryp. humicola (1o T9an NT06, NT14,
Y v = 1
NT37, NT38 tag NT48) 1518UMIAUNUINNAIDE11¥A (Jindamorakot, 2006) 399190817

1891 C. pseudolambica 8% Cryp. humicola lii'lalinnudumziuunasiiog 1ifoannuenaIn
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a = dy Y o 1A 1A Y ogz’ ~ 4 A S A
%zwﬂuﬂumﬂmiﬁﬂmuuaamwummmmmgauq A28 UONINUUNVIAA 6 aLFd Ao B.

californica, Cryp. terrestris, Geotrichum silvicola, S. saitoi, T. moniliiforme, T. terricola 4 lsime

= 9
nﬂsmumawwu“luﬂazmﬂm

o oA Y] o ' ' A o a2 " o
daanuen landledediuilszneuvesisuas Taamas MaN1IMsINEASINIIY
o | 4
37U 5 a1lvd Ae C blankii, C. coipomoensis, C. membranifaciens, C. pyralidae \10& Cryp.
(= A S A = Y A A
heveanensis WU% 2 dUBd Nnetisrearumsnuludszmalneuds fe adl3d ¢
Il 9
membranifaciens ¥4 Tumsaneiiuen lanvhaie (leTman KU-Xs48) wazvhansin
Y
(lo TanKU-Xs56) nelisieaunmsaunuaindiosathnnthmeauusnugneuiana
o Y = [ [ 1Y » . ti! 9
WA -MaMemieg 19RIANIN (Limtong et al., 2008a) 1ag Cryp. heveanensis Fauen'la
11no19Aumg3 (loTwan KU-Xs51) 1nslis1o91umIdunuaIndiod19yennas
Y A A o 1=
(Jindamorakot, 2006) t1ae 3 94U A0 C. blankii, C. coipomoensis Wag C. pyralidae & 133
4 s : o ' J
srenumsaunyludsemalne Saaatlad Z hellenicus Satonldnndledreii (loTuan

SN1-1) &4 luisieanumsaunyluilszmea Ine

A JAq Y A a A S
u’E]ﬂinﬂi]%‘W‘]JEJETG]‘I/]Gl,“H"lGIfTaﬁlwaﬂﬁmiiyﬁﬂﬂfﬁ Candida pseudointermedia, C.
tropicalis, Cryptococcus laurentii, Debaryomyces nepalensis, Lindnera rhodanensis, Pichia
kudriavzevii, P. caribbica, Trichosporon asahii, W& T. mycotoxinivorans NA0EUINNI
£ a = dy 9 v A 9 ~ ¢ A J v 1 @ [l A [
WuﬂﬂiuﬂiuﬂTiﬁﬂHWUlla’J EN?J?RNTL!ﬂ?ﬁﬂl!‘W‘Llﬂﬁ@lﬁﬂﬂfﬁﬂﬂﬂa13%1ﬂ@]3681\1@u@]\1uﬁ@]\1‘1u

~ 9 A Ao (=} 9 = ~
A15199 11 anIua e L. rhodanensis ‘VIENUlll11ﬂ'liS'Iflﬂuﬂﬁﬂuv\nﬂuﬂi%mﬁul%‘c’l SFANIIN
&

~ 4 oA 1 = dy o 1A o oA
‘W‘]JElf’fﬁﬂWﬂWa18&1’[@\1‘1/]@Q@ﬁ]ﬂ?ﬁl‘ﬂﬁ]%15]1ﬂﬂ”|51]1!!ﬂ61!ﬂ1!5$‘ﬂ”31\18ﬁ@]ﬂ1ﬂlﬁ’iﬁ\1ﬂﬁ]§1’iu\1

= VoA V& A 9 ] (] 4 Y [
llﬂ?f’f)ﬂlﬁfiaQﬂﬂﬂﬂﬂﬂiﬂﬁﬁlﬂﬂﬂ@ﬂI@]EJ@”I?[EJW”I‘H% FU AU G973 anuaziy LLE‘TﬂQi‘ViL‘ViU’N

Y U

s 4

A 1 dy 9 d‘ a 9 a [
ﬂﬁ@ﬁﬂ%ﬁﬁ’?aTL!fﬁil15‘0blslffﬁ5@1W15LW’E)ﬂ”IiLiliilJ]lﬂWﬂ"IﬂGHumlagﬁ"lll”l'iﬂ@ﬁjl‘lu

Y Y A 3 o IAA A Y
ﬁmwumaaﬂwmmm’;x mammﬂuﬂammm1ﬂ1umu’maau

=2 dyé dy Y a A o dy dy A <
mﬂmiﬁﬂmumuﬂﬂwaiﬂﬂhmmﬂﬂmwummﬂumwmammsam"lcﬂamﬂu

i
=

1 o 9 1 dy 9 I~ 1 4 dy dy
Llfﬁaﬂﬂﬁ‘ﬂBuiﬁﬂﬁ“ﬂ!mﬂ@]%‘iiﬂﬂﬂﬁllﬂﬂﬁfﬂiﬂﬂi%ﬂgiﬂﬂlf]J‘L!llﬂa\iﬂﬁﬂ’ﬂuiu@WﬂﬁmENL“K’EJ

4 ?Jd Il a

A aa v Aov A 4 = IS 3 4 ~

Ao wuuuaa leNeddadaduinns 32.4 lesigua (35 lelwan) vesaaailsdninsesune
9 @ (] A & g 1 Aas 4 a @ (N1 o Aaa v Aov A 4

1ad Tagludregnausailunvasnisadvatsriaedeagsuny nuunaa lededaavedd

o @ o I A= . ..

s 22 o Taan Saswunilu 2 ana 7 d13d Ao Cryp. humicola, Cryp. laurentii, Cryp.

terrestris, T. asahii, T. moniliiforme, T. mycotoxinivorans, T. terricola HAZHINUI 8 "laicmam
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A o AR A @ (=) a A
mileudvat)¥anda lilimsesune fe Cryptococcus cf. podzolicus W& Trichosporon sp. CBS
A =~ = @ . &£ = ~ J a
8686 LiJ’E]L‘lJiEJ“]JL‘V]EJUﬂ‘UiWEJ\ﬂHﬂJE]\‘] Sumpradit (2005) “ﬁ\?ﬁﬂ‘]&ﬂﬂ?WﬂWﬁWﬂ‘ﬁﬁWEJ"llfNElﬁﬁGluﬂu
I a 1 1 S o 1 1 a 3’ A = S Y
%Wﬂ‘lhﬂﬂl"lﬂ ﬂW!UﬂJﬂWiim uagﬂnma'a LlﬂZ‘]hﬁu VIMNYNGTUUTITIA U U Wllﬂﬂﬂﬁﬂulﬂ
1 ] 1 I aa Y Y] 4 {1 o 4 {
340 'loTasraa ua laiwuaii le TnaaladlunudaTededaatas luvmenjeanyal (2552) ¥
= ~ 4 a 1 @ = A =~ 9
ﬁﬂ‘k!'lﬂ’)'mﬁa'lﬂﬂﬁ'IEJEJﬁ@]ﬁ]'lﬂﬂuﬂ11Hﬂ1ﬂﬁ$3u@@ﬂmﬁlﬂ!ﬂuﬂﬂl@ﬂﬂiglﬂﬁqﬂfJ LLEJﬂEJﬁGﬂﬂ 102
v o QA I A a v 1 a v Aw A J A
Vl,'éliclﬂaﬁ ﬂ@m'llluﬂlﬂuﬂﬁﬁﬂllﬂ'lif]‘ﬁﬂ'lﬂlm? 82 ul'é]I“]ﬂﬁﬁ LL@WHLLH%I@NS%@@YE&T@!W&Q 1
A > A = g <
loTman Ao T mycotoxinivorans ﬁ%ﬁ@]“]/]W‘]JNﬁﬂ”liﬁﬂH”ILL‘]J‘]J‘L!@”I%]%%L‘}JMLW'EB Cryptococcus
) A a Y = A A
e Trichosporon ﬁ?ﬂ?ﬁﬂiﬂ)’]‘l‘ﬂ)’jﬁﬁLW@ﬂ”lﬁlﬁ]iiy”lﬂﬂﬂ'ﬂﬂgiﬂﬁ %QWUNTﬂLN@LLﬂﬂIﬂﬂﬂTiLWN

o 2 & da
v luevinsaearsenil los Tae



]
= =

a = a a A JAq Y A A A Y av o A dAq Y A A o
13190 11 L‘]JiEJ‘]JL‘V]ﬂu%uﬂﬂl@dEJﬁ@]ﬂi%llcﬁiaﬁLW’eJﬂ”I’i!,i]’iq,WILLEJﬂllﬂi]”lﬂﬂ”lu’silflu llagﬁﬂﬂ@miﬂfﬂgIﬂﬁlWﬂﬂ’]ﬁ'Lﬂjﬂlw!ﬂﬂuﬂ’]jﬁ’]ﬂ\ﬂuﬂ’ﬁﬂuwrl_l"lnﬂ

9

f08190199 Tutlszma'lne

4

., aulsznouve s é‘uq AznNOUAU 1 dunidiag
Al fu X —— youuas  wea e’
Jaquidenamainuas e e Vaar’  thoeau®®  Thneey’
Candida maltosa + +
Candida membranifaciens + .
Candida pseudointermedia + + +
Candida pseudolambica + + + +
Candida tropicalis i + + + -1 T
Debaryomyces fabryi - i\
Debaryomyces nepalensis + + + +
Lindnera saturnus + 2
Pichia caribbica + + + b +
Pichia kudriavzevii + + 4 + +
Cryptococcus heveanensis + +
Cryptococcus humicola + +

601



M3190 11 (919)

4

., aulsznouve s U9 AznNOUAU 11 dunidiag )
a1lFd AU o e I i youuad'  wed 1A
o A A o A + U 3 U 34,5 U 6
Jaquiaonamainyas e de thmaay’  thaeau thaaay
Cryptococcus laurentii + + +
Trichosporon asahii i + + + +
Trichosporon + + + +

mycotoxinivorans

Waenig) 1 Sumpradit, 2005; 2 J9ANBAL, 2552; 3 WA, 2552; 4 AUIA, 2551; 5 Limtong et al., 2008a; 6 NFN1IA, 2549; 7 Jindamorakot, 2006
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]
g

v A = [
4. ﬂﬁﬂﬂ!af’)ﬂﬂ’dﬂTl?‘i%lﬂ!’e)ﬂ'luﬂainﬂll“ﬂiaﬁ

A o oA = sa % =2 o A Iaq Y A a A 9
ioAaaendaanvinemueann lyTaaduihdadn 1y ls Tagonssyiuenla
Y
Narua 31131 133 lelanan wnaaeuanuasa lumsvinemueann lslaalaens
Y
M12188911014115 4% D-Xylose-YP broth 1/51103 50 Haaans lurlardnvina 250 Jadans
[ { 4 (] < 1 o a 4
U1 30 oer¥aEod UUIATOUVEIAINEITOY 150 TOUABUIN UIU 96 ¥ 1He AATIZHINS
a o [ oA A a Jd a A
W3Ry IagdamanuyunaueInaY 660 1 Iuwas tazinznlTuaenuealagniod
Gas chromatography W31 Hoades 8 loTwan 3 a1)%d Av Candida blankii (1o 1wan A6-1,
A8-1 Ua¥ A8-2), Candida saraburiensis sp. nov. (KU'XSl3T, KU-Xs18 u1ag KU-Xs20) tag
Zygoascus hellenicus (18 1aaa SN1-1 1az SN1-4) a13nsansinlieniuean Nty 1.70,
o 1A o w a s I
0.98, 1.53,1.56 , 1.78, 1.64, 1.03 1ag 1.45 nsuasans Auaey uazwsylirad Jadlunnu

v
1 =

YUNAMNEINAU 660 U1 TUINAT N 45.5, 43.6, 50.1, 23.1, 24.9, 31.3, 47.4 LAz 41.8
auday luvagimsniguazmaminemiueann les laaues Scheffersomyces (Pichia)
& A o { = o
stipitis CBS 5773 Fuilugaanwinemueaninly Taa lan1ddumeiugnlsouiiould
1 A 1 1T A Aa Y Jou & VoA A
PNIUDAFINIINN AD 5.27 NTUABANT Az Iy IaaIat] uANUYUNAVEIINAY 660
1T o A = o A &2 I a oA '
W TUasIMNY 6.5 Manaeinu luvazh Saccharomyces cerevisiae M30 Failudeaan lu
a o 9/3 = a < 9 ) s

dunsonsyuazrinemueann ks laa lauu wunlimsnsyanios liead iaiunim

A A (Y = ] I 9 4 a 9 Aa
YUNANVIAAU 660 U TUIWATININY 1.90 FarhaziTluwaninms lsamsuenlsuatiosni

4 a o A 1 < ]
T yeast extract 1182 peptone tvom sy ldimsvvesnuuiiisuantioslas liny

MINaANILDA (GﬂiNﬁ 12)

Y 1 [l
waNNi laniinanageuaNuaIsa lunmsviinenueann b Taaiuauie
a ~ d A J 1 . . ) A T
o5 V08aAallvd 11N Candida saraburiensis sp. nov. 3 1o laaa Am KU-Xs13", KU-Xs18 ua
[ [ [ [ A,
KU-Xs20 Tagmsdunamsasraundlurasadnund (Durham tube) ATNABUDY Yarrow (1998)
1 (= 9 (74 d' 1 d' a =1 [ o dy
wun hifimsadude WotnNgumngil 25 ossadeauiu 28 u nagshimsmizidesly
a A Aaa 4
91115 4% D-Xylose-YP broth 1tag 8% D-Xylose-YP broth /51105 50 4adans lunardn
YUIA 250 HAAANT LNN 30 0IAFATI VUIATOUVSIANNISITOU 150 TOUADUIN 1A
Y] [l o o a 4 a o 1 1 { 4
A29619109 24 %2109 W 120 32T AATIZEMInig laeiamanuyuinnnueInau 660
a J a d‘ 1 d' dy
w1 Tumas tazinsznlsuatenivea lag 11599 Gas chromatography Wy uilemiziaeelu
81117 4% D-Xylose-YP broth Lag 8% D-Xylose-YP broth loTaan KU-Xs13, KU-Xs18 tag

KU-Xs20 (Suiimsnineniueaiistnuiy 24 27049 aansoviinlilenusannududu
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4 ] ) I o A 1
Muoagegaliotnuu 72 92 T uazanududuemuoaanauduguaiiouuuu 96
o A dy A 9y 9 I3 J o Y
#1119 Taaslamnziaes luemsninnuuduveslolaa 4 Wesidudamnsoninly
lpMuoanNUINI e MUBAgIEe AU 3.11, 3.58 LAY 3.57 NTNADAAT AWAIAL LALD

g Ao Y v 73 2q U Y 9

mzidesluomsnianududuvedlylaa 8 nosigud Idanududuenuoagega

"o o o & o oA A Aa I
WA 2.79, 2.43 tag 2.58 MUSI9U Fedmnude@eslueinsni o laa 4 Wesidbud luvae
1 Scheffersomyces (Pichia) stipitis CBS 5773 Téanudnduoniueagiga 8.43 niuaoans

A o A Y 9 sd o 1 a
Weotuwu 72 ¥ Tueluemsidanududuveslylag 4 iosisud az 16.44 nSuaedans
A o A Y 9 s 3 & ' o
Wotuuu 96 %1 Tueluemsidanududuveslylaa 8 iosisua waz lunumsnidn

Y
MU 1Al Saccharomyces cerevisiae M30 1191115 14T0I%1A

9 30

8
- 25
ﬁ(% ) =
-2 =
% 6 20 =

=

ag u§
g 3 2
= 15 £
5 4 S
= =
=
§ 3 10 €5
ap —
z 5
iy W
= 5

1

0 0

0 24 48 72 96 120

I (2139

M 21 anuduTuveueNIUDa (A1) 1ATMINTYY (V12) V09 Candida saraburiensis sp.
nov. loTyian KU-Xs13" (@, O), KU-Xs18 (M, (), KU-Xs20 (@, ),
Scheffersomyces stipitis CBS 5773 (A, ) Uag Saccharomyces cerevisiae M30 (¥,

V) diemziaes1ue1mis 4% D-Xylose-YP broth
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18 50
s 0 _
=] ™
= =
_g g
B =
& o
- 2
5 O
s oo =
EH E
2 =
ag e?-g
E =

s 10

0

0 24 48 72 96 120

e (F2139)

MW 22 ANuTuT U IeNIUDA (A1) uazmmﬁig (V1) V9 Candida saraburiensis sp.
nov. loTgan KU-Xs13" (@, O), KU-Xs18 (M, (), KU-Xs20 (@, ),
Scheffersomyces stipitis CBS 5773 (A, ) ag Saccharomyces cerevisiae M30 (¥,

V) iilomnziaealuenng 8% D-Xylose-YP broth

Y J

4 a o a A Yy v sI '

wednnzimansyluemsiianududuvedlyTaa 4 woesidud nuanleTwman
a o o ' { 4

KU-Xs13, KU-Xs18 ag KU-Xs20 1039y Iisadgegaiaduanuguinanuennnanu 660 u1Tu

1 ' Y
WA NN 25.55, 27.45, 26.15 MU0 tHoUuUIU 96 ¥ Tud taznasINiuM I il

9 A dy ==\ Y 9 S I 4 VAo
LLL!’JT‘L!llﬁﬂﬁQ l,!,azmmwmam“lumwﬁmmmfumumm”lmiaﬁ 8 1losiFua W‘U’JWIGH’JT?N

#1120 TaanuauiaueIAY 660 U1 TumAT N 42.65, 44.40, 45.20 AN LAz

1 4 v
msnsdalinud Tunng v Tuvaegh Scheffersomyces (Pichia) stipitis CBS 5773 103 qy 1%

Y]

4 3 oA 4 [ 4 [
aagagaiaiuanuuiinue1Inan 660 11 THWAT BNAD 16.45 1Az 16.20 WOUNUIU 96
o A Y 9 d I 4 o w £ o [ a
219 Tuemsiianududuveslalad 4 uaz 8 nlosiud mud vy Fedinamsnsa
Y 1 qu Y
voa lo Taan KU-Xs13, KU-Xs18 tag KU-Xs20 taadliimiunma 3 leTsan aunseld

d' a Y 1 % A
"lcﬂam‘wamimty"lﬂﬂmmﬁwumamuaamﬂ”lcﬂaﬁ (MWN 21, 22)
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o % o 1
Toivola et al. (1984) “VnﬂTi‘V]ﬂﬁf]‘Uﬂ151"il1ﬂ!ﬂﬂWH@a%Wﬂllcb'Iﬁﬁellf)\??lﬁﬁiﬂﬂﬂ'ﬂ 200
4 dy dy A a a aa
TYNUT Iﬂﬂlﬁﬂﬂ!%@iu@WﬁWiﬂﬁJ 2 % D-Xylose 1g 1% Yeast extract 1511035 5 Uaaans
{ @ ) 1 { a
V357 1UHa0ANAABINUITIHADAANUNE (Durham tube) UNNQUIHAN 25 DIAUYAT A
[ dy @ 1A A A A
NAIVINWIZIQBIUIY 10 TU WUNUNGS 6 dUFT Ao Brettanomyces naardenensis CBS 6042,
Candida shehatae CBS 5813, C. tenuis CBS 4113, Pachysolen tannophilus CBS 4044, Pichia
[2) @
segobiensis CBS 6857, Scheffersomyces (Pichia) stipitis CBS 5773 ansaaunaly vasadn
[ 4 y 4 o 1 a 4 1
una vazledunideathaulaliAnsziieniuealasly gas chromatography Wuuenan
v N Ay o v @Y o ' o &
6 mﬂwuﬂu 6 dUva ﬂﬁi?ﬂllﬂﬁiuﬁﬁﬂﬂﬂﬂuﬂﬁuﬁ'J GINUNUNTWWNU[UDN C. albicans, C.
chilensis, C. entomophila, C. insectamans, C. intermedia, C. lodderae, C. maltosa, C. steatolytica,
C. succiphila, C. torresii, C. tropicalis, C. viswanathii, Metschnikowia bicuspidate, M. zobellii, P.
guilliermondii, P. naganishii, P. segobiensis, Sporopachydermia quercuum \aE Wingea robertsii
% v oA [+ @ %)
aunsaninemueannlylad 1d Ias 6 aeiuinadrunalunasadnunalnanududue
1 1 @ 1A { v o
‘1/]']1!’5]@0@11!“]5’)\1 1.8-6.6 NTUHNDANT Glummzﬁmawun;mmmwumamuaamﬂ"lcﬂaﬁ I@‘(’J
o da ] Y [+ Y Yy 9 1 ] [ 1 a 1
’(?ﬂEJWH‘QﬂhliJWUﬂ'liﬁiWQLLﬂﬁFﬂ31Wﬂ31ﬂlﬂ]ﬂﬂlul@ﬂ1u’ﬁ]ﬁ@'(;Jﬂlu%'N 0.1-1 NIUADAAT @IU Rao
v o o oA o = E
et al. (2008) 5']5\1']1!W'ﬁﬂ?illﬂﬂlmgﬂﬂﬂuluﬂﬂﬁ@]‘ﬂﬁ'lll'liflWiJﬂ]lC]fTaﬁ'LﬂuLE]WWUE]aFt]'lﬂWﬁvl,ll
uazgﬂﬁaﬂ”l‘ff Gluﬂ‘szmﬁ@mﬁﬂ ﬁ1lﬂiﬂuﬁ]ﬂ§ﬁ¢ﬂ@g{ 374 hl'ﬂiclﬂ,ﬁ@] L!ﬁ&ﬁ’ﬁ]ﬂﬂﬁﬂﬂﬂ'ﬁﬂﬁﬂmﬂW
woalues lalaa wuniiiies 27 Te laaa Rensondaeniueaninlylaa Taoliiem
[ o A o o a [ 1A 7
uoa 0.12-0.38 nfuaeniu Iy Taa TasovasuunTagoynsuisuszan Tuana wudaan
Aa 2 S S A y
ﬁ']il']'iﬂNﬁﬂl’ﬂﬂTHflaﬂTﬂll“BTﬁﬂﬂSZﬂﬂUﬂ'Jﬂ 20 dU%e Av C. albicans, C. maltosa, C.
parapsilosis, C. tropicalis, C. viswanathii, Clavispora lusitaniae, Cryp. saitoi, D. hansenii,
Kluyveromyces marxianus, M. chrysoperlae, P. barkeri, P. galeiformis, P. guilliermondii, P.
kudriazevii, P. membranaefaciens, P. mexicana, P. veronae, Rhodotorula minuta, R.

mucilaginosa Q& R. pallida

Lﬁ' =) ~ = QEJ} dyo/ .
WenlSeumeuramsAne luATINAUNMTTIBNUUDI Toivola ef al. (1984) 11ag Rao

A 1 9 9 1 dy = J YA o . .
et al. (2008) NNANINWIVINAY nuNluuiansanensaadllya C. maltosa, C. tropicalis, D.

A oA

&£ ~ ' 9 o o
hansenii, P. kudriazevii, P. membranaefaciens ¥uduatl¥dn linumsairaunaluvaoadn
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Oh 96 h
Isolate Species/Closest species
OD., ‘temuea (g/) OD,, tonmuea (g/1)

SN1-1 Zygoascus hellenicus 0.92 0 4735 1.03
SN1-2 Candida tropicalis 0.16 0 12.55 0
SN1-3 Trichosporon mycotoxinivorans 2.95 0 22.00 0
SN1-4 Zygoascus hellenicus 1.06 0 41.75 1.45
SN2-2 Candida tropicalis 0.34 0 18.70 0
A6-1 Candida blankii 0.92 0 45.50 1.7
A6-2 Candida sp. HA174 0.55 0 18.75 0
A8-1 Candida blankii 0.93 0 43.55 0.98
A8-2 Candida blankii 0.74 0 50.10 1.53
Al5-1 Pichia caribbica 2.78 0 31.95 0
Al15-2 Trichosporon asahii 1.06 0 16.40 0
Al5-3 Pichia caribbica 2.67 0 32.20 0
Al6-1 Pichia caribbica 2.76 0 40.00 0
Al7-1 Trichosporon mycotoxinivorans 1.16 0 24.80 0
Al7-2 Pichia caribbica 2.62 0 30.85 0
Al8-1 Trichosporon asahii 1.18 0 16.80 0
Al19-1 Candida tropicalis 0.68 0 14.95 0
A20-1 Trichosporon mycotoxinivorans 1.38 0 25.70 0
A20-2 Candida tropicalis 0.29 0 3.06 0
A20-3 Candida tropicalis 0.55 0 11.98 0
A21-1 Candida tropicalis 0.61 0 9.38 0
A22-1 Cryptococcus laurentii 1.06 0 12.18 0
KU-Xs 01  Trichosporon asahii 0.59 0 11.75 0
KU-Xs 02  Trichosporon asahii 0.80 0 17.60 0
KU-Xs 03 Cryptococcus laurentii 1.26 0 18.08 0
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Oh 96 h
Isolate Species/Closest species
OD,, ‘lemuoa (g/) 0D, tanuea (g/)

KU-Xs 04  Candida pseudointermedia 0.61 0 13.63 0
KU-Xs 05  Pichia caribbica 0.94 0 23.88 0
KU-Xs 07  Pichia caribbica 1.08 0 22.38 0
KU-Xs 08  Candida pyralidae 0.48 0 20.10 0
KU-Xs 09  Candida tropicalis 0.62 0 10.55 0
KU-Xs 10 Pichia caribbica 1.81 0 26.10 0
KU-Xs 11 Geotrichum silvicola 0.74 0 20.12 0
KU-Xs 12 Trichosporon asahii 1.10 0 30.20 0
KU-Xs 13 Candida saraburiensis 0.73 0 23.10 1.56
KU-Xs 14 Candida tropicalis 0.59 0 10.80 0
KU-Xs 15 Pichia caribbica 2.67 0 35.60 0
KU-Xs 16  Pichia caribbica 2.19 0 42.90 0
KU-Xs 17 Pichia kudriavzevii 0.06 0 1.92 0
KU-Xs 18  Candida saraburiensis 0.53 0 24.90 1.78
KU-Xs 20  Candida saraburiensis 0.52 0 31.30 1.64
KU-Xs 24 Trichosporon mycotoxinivorans 1.21 0 35.10 0
KU-Xs 25  Trichosporon mycotoxinivorans 0.99 0 31.20 0
KU-Xs 29  Pichia caribbica 2.66 0 36.65 0
KU-Xs 30  Cryptococcus laurentii 2.14 0 39.15 0
KU-Xs 31  Trichosporon mycotoxinivorans 0.97 0 29.10 0
KU-Xs 32  Pichia caribbica 2.18 0 41.15 0
KU-Xs 33  Pichia caribbica 2.44 0 37.45 0
KU-Xs 34  Candida sp. KU-Xs34 2.18 0 61.45 0
KU-Xs 35  Candida tropicalis 1.31 0 15.50 0
KU-Xs 36  Pichia caribbica 2.11 0 39.70 0
KU-Xs 37  Candida tropicalis 1.33 0 20.30 0
KU-Xs 38  Candida tropicalis 1.45 0 19.85 0
KU-Xs 39  Pichia caribbica 2.19 0 38.75 0
KU-Xs 40  Pichia caribbica 1.90 0 35.35 0
KU-Xs 41  Trichosporon mycotoxinivorans 1.43 0 35.40 0
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Oh 96 h
Isolate Species/Closest species
OD,, ‘lemuoa (g/) 0D, tanuea (g/)

KU-Xs 42  Pichia caribbica 2.16 0 36.40 0
KU-Xs 44  Candida tropicalis 1.61 0 18.00 0
KU-Xs 45  Pichia caribbica 245 0 40.00 0
KU-Xs 46  Cryptococcus laurentii 2.30 0 31.55 0
KU-Xs 47  Pichia caribbica 2.19 0 52.20 0
KU-Xs 48  Candida membranifaciens 229 0 43.70 0
KU-Xs 50  Candida tropicalis 1.85 0 11.85 0
KU-Xs 51  Cryptococcus heveanensis 1.88 0 36.85 0
KU-Xs 52 Pichia rhodanensis 1.62 0 32.65 0
KU-Xs 54  Candida tropicalis 4.36 0 7.75 0
KU-Xs 55  Debaryomyces nepalensis 2.19 0 37.10 0
KU-Xs 56  Candida membranifaciens 2.70 0 44.00 0
KU-Xs 57  Candida tropicalis 0.59 0 10.30 0
KU-Xs 58  Candida tropicalis 2.34 0 12.60 0
KU-Xs 59  Pichia rhodanensis 1.46 0 31.90 0
KU-Xs 60  Pichia rhodanensis 1.21 0 32.80 0
KU-Xs 61  Pichia rhodanensis 1.45 0 27.35 0
KU-Xs 62 Candida tropicalis 1.42 0 10.10 0
KU-Xs 63  Trichosporon mycotoxinivorans 1.38 0 31.75 0
KU-Xs 64  Candida tropicalis 0.85 0 12.50 0
KU-Xs 65  Pichia rhodanensis 1.05 0 49.30 0
KU-Xs 66  Trichosporon mycotoxinivorans 0.79 0 28.65 0
KU-Xs 67  Candida tropicalis 1.20 0 19.20 0
KU-Xs 68  Candida tropicalis 1.00 0 12.80 0
KU-Xs 69  Cryptococcus laurentii 1.42 0 45.95 0
KU-Xs 72 Candida tropicalis 1.24 0 20.85 0
KU-Xs 73 Sporopachydermia lactativora 2.21 0 69.50 0
KU-Xs 75  Candida tropicalis 1.28 0 18.45 0
KU-Xs 76  Pichia caribbica strain 1.69 0 35.65 0
KU-Xs 77  Cryptococcus laurentii 1.83 0 23.05 0
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Oh 96 h
Isolate Species/Closest species
OD,, ‘lemuoa (g/) 0D, tanuea (g/)

KU-Xs 78  Cryptococcus laurentii 1.29 0 21.75 0
KU-Xs 79  Pichia caribbica strain 1.84 0 32.50 0
NTO1 Trichosporon sp. CBS 8686 1.51 0 27.30 0
NTO02 Debaryomyces nepalensis 1.89 0 33.50 0
NTO3 Trichosporon sp. CBS 8686 1.44 0 26.30 0
NTO04 Cryptococcus laurentii 1.45 0 23.56 0
NTOS5 Cryptococcus cf. podzolicus 1.18 0 20.10 0
NTO06 Cryptococcus humicola 1.44 0 21.70 0
NTO7 Cryptococcus terrestris 1.72 0 37.00 0
NTO08 Candida pseudointermedia 1.18 0 22.20 0
NTO09 Cryptococcus terrestris 1.68 0 38.10 0
NTI10 Candida sp. NRRL Y-27159 0.58 0 24.00 0
NT11 Trichosporon terricola 0.35 0 23.20 0
NT12 Geotrichum silvicola 0.60 0 29.40 0
NT13 Cryptococcus terrestris 1.66 0 37.10 0
NT14 Cryptococcus humicola 1.32 0 23.50 0
NT15 Cryptococcus cf. podzolicus 1.31 0 22.00 0
NT16 Debaryomyces fabryi 1.96 0 57.50 0
NT17 Cryptococcus cf. podzolicus 1.51 0 26.30 0
NT18 Saturnispora saitoi 0.31 0 2.54 0
NT19 Candida tropicalis 1.24 0 12.60 0
NT20 Candida pseudolambica 0.61 0 15.20 0
NT21 Geotrichum sp. LY16 1.64 0 51.30 0
NT22 Candida tropicalis 1.30 0 11.80 0
NT23 Candida solani (U70179) 0.13 0 1.93 0
NT24 Lindnera saturnus 0.52 0 20.40 0
NT25 Trichosporon moniliiforme 1.46 0 27.10 0
NT26 Cryptococcus cf. podzolicus 1.35 0 22.40 0
NT29 Pichia exigua 0.46 0 7.50 0
NT30 Cryptococcus terrestris 1.69 0 38.20 0
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Oh 96 h
Isolate Species/Closest species
OD,, temuoa (g/) 0D, tanuea (g/)

NT31 Pichia pijperi 1.34 0 24.10 0
NT33 Candida maltosa 1.17 0 20.34 0
NT34 Pichia kudriavzevii 0.77 0 2.21 0
NT35 Cryptococcus cf. podzolicus 1.32 0 20.50 0
NT36 Candida chiropterorum 1.33 0 28.00 0
NT37 Cryptococcus humicola 1.36 0 20.10 0
NT38 Cryptococcus humicola 1.50 0 25.30 0
NT40 Debaryomyces fabryi 1.11 0 20.30 0
NT41 Candida coipomoensis 1.28 0 27.20 0
NT42 Candida coipomoensis 1.35 0 25.00 0
NT43 Barnettozyma californica 2.03 0 34.80 0
NT44 Cryptococcus cf. podzolicus 1.44 0 27.00 0
NT45 Barnettozyma californica 2.04 0 37.40 0
NT46 Cryptococcus terrestris 1.54 0 39.00 0
NT47 Cryptococcus laurentii 2.10 0 30.50 0
NT48 Cryptococcus humicola 1.13 0 20.40 0
NT49 Geotrichum sp. LY5 2.31 0 40.10 0
Scheffersomyces stipitis CBS 5773 0.91 0 6.50 5.27
Saccharomyces cerevisiae M30 2.5 0 1.90 0
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1.1 uod Insloddadani 73 loTwan Sadwundui7 alldd 1u 8 ana Ao
Barnettozyma californica, Debaryomyces fabryi, D. nepalensis, Candida blankii, C.
coipomoensis,C. maltosa,C. membranifaciens, C. pseudointermedia, C. pyralidae, C. tropicalis,
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1. D-Xylose yeast nitrogen base (Xylose-YNB) broth

T Taa 20 A5
Fara luTasuud (Difeo) 6.7 A5

Y
15 nesaeod ludd 1000 Haaang

Y] I~ a 4
Usudiewilu 5.5 drenia lalasaassnanududy 1 ussuoa

a =

[l dy A < =~
NUFDNQUUYY 121 93U aLFY Wuan 15 UM

U

2. D-Xylose yeast nitrogen base (Xylose-YNB) agar

losTae 20 n5u
Bad luTaswue (Difco) 6.7 nFU
Au 15 N3N
Viinosaoenluda 1000 iadans

[ I~ a I'4
Usuiemilu 5.5 drensalalasnansnanududy 1 uosuoa

a =

1 dy A < =
NUFDNYUUYN 121 DIAUFALFYE Wuan 15 un

QU

3. 2% D-Xylose yeast extract peptone (YP) broth

Ny Taw 20 A3y
=1 s I3 4 I~ o Y]
dadonFUNT N 20 A5
1w Tnu 10 nSu
115 ne5 aeod lude 1000 Haaang

a =

1 dil A < ~
NUFONYUUYN 121 DIAUFALKY Wuan 15 UM

G

4. 2% D-Xylose yeast extract peptone (YP) agar

Ny Taer 20 A3

- =4 3 @
YAALDNBUNTNY 20 NIy
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o A 4 a
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5. 4% D-Xylose yeast extract peptone (YP) broth

T Taa
=l 3 4 < 4
BAADAFUNT A
1w Inu

2 a ” .4
1snesaood lusd

a =

[l &y A [ =
NUFONYUWYN 121 DIF UK ALTY T Wunan 15 un

@

6.4% D-Xylose yeast extract peptone (YP) agar

T Taa
~ R 4 < 4
HAADNHUNS oK
1w Tnu

v
U

q

J A ¢ P
1Snosaood lusd

a =

I dgll A S ~
NUFONYUWYN 121 9IAUBALBY T Wunan 15 UM

U

7. 8% D-Xylose yeast extract peptone (YP) broth

N Taa
=1 =] 4 < J
BAADNFUNT A
1wl Tnu

g’d 4 a
15neiaood luga
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[l dy A | =~
NUFDNYUNYY 121 93y aLre Wuan 15 UM
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8. Yeast extract malt extract (YM) agar

= =] o < 4 %
dAADNBLNT oK 3 N3y

=~ 4 I 4 %
YOANDNFUNT N 3 nsu
1w Ty 5 N5
nglaa 10 nsu
ol 15 nsu
g’d J a Aa aa
snesaood lusd 1000 Unaansg

9

A A A = < ~
mistﬂﬂqmﬁﬂuiJ 121 23FLs Ly e Lﬂuna'] 15 4N

9. Yeast extract malt extract (YM) broth

= =~ 4 < o o
AAAD NGNS N 3 nsu

a1 4 I J [}
UDANLONHBLNS N 3 nsu
1 Tnu 5 nsu
nglad 10 Ny
gld 4 a a Aaa
MInesaood luga 1000 Uaaans

] dy A~ a a | ~
NUBONYUN YU 121 a9 usased 1unan 15 U

A = S 3 4
10. Yeast extract malt extract (YM) broth NUE1TaLAYNALYDIDA 10 1WoTIH U

=1 =] 4 < 4 o
DAADNHLUNT Aok 3 nsu

S 3 4 I~ 4 Y]
UDANLONHFLNS N 3 N5
) Tnu 5 nSu
nglaa 10 N5y
G RERT 100 Uaaans
v
5 nesaood Iudd 1000 yaaans

Y v
A A

1 a <
WUFDNYUNHY 121 @Qﬁn“h’ﬁ!“?fflﬁ Wuran 15 mﬁ
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11. Yeast extract peptone dextrose (YPD) broth

= =] o < 4 %
dAADNBLNT oK 10 N3y

1w Tnu 20 NS
nglae 20 a5y

g’d 4 a Aa aa
1Snesaood luga 1000 yaaans

¥

A A A = < A
GJJ”ILGD'E’J‘VIQ‘EIMQJJ 121 23R s Ly e L‘]J‘L!L’Jm 15 4N

12. 5% malt extract agar

=] 4 < J [
UDANBNHFLUNTNY 50 NIy
A 15 N3N
gld J a a aa
Wsnesdeod lugse 1000 yanang

a =

[l dy ~ [ =
NUFOINYUUYY 115 DIFUKALTYE wWunal 15 wn
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13. Fowell’ s acetate agar
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Y o
Au 20 N3
:}d 4 a a aa
1Inosaood lusd 1000 iaaans

a =

Il dy A [ ~
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14. Corn meal agar

Corn meal agar 1.7 N3y

Y
o o a A Aaa
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15. Gorodkowa agar

nglaa 0.1 N5
il Tau 1.0 N5
Tyfeunanlse 0.5 n5u
M 2.0 N5
yiinosaoonlude 100 iaaans

¥

A A PN = < ~
mil%ﬂﬂqmﬁﬂuu 121 D3FLs Ly e l‘]_]una'] 15 U

16. Stock carbon solution (10X)

aa lulasud (Difco) 6.7 nsu
o 1%
31UsznoUAS VDU 5 a5
g’d 4 a Aa aa
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o 9 dy 1 A I~
“lflﬂ‘l”iﬂﬁﬂﬂl%ﬂiﬂﬂﬂﬁﬂﬁﬂﬁNWHL&JM‘]JiuVliJSUH1ﬂ§ﬂifN 0.2 LliJﬂif]u uazm‘u“lu

1 3 a
é}LL"]fLL"]NQﬂ!WQN -20 ’E]\iﬁ'llclfﬁ!,‘%ﬂﬁ
aa J
17. ﬂ'l‘ﬂ'lﬁ‘l/]ﬂﬁ@llﬂ']ill@ﬁclfllm@ﬁ']ﬁﬂizﬂ@ﬂﬂ1§ﬂ@u

1013 0.2 YaAaNT VD4 stock carbon solution (10X) a4 1UKADAVLIA 13 x 100 HAAUAT
d! :ld o a d' ] [} d’l a Aaa Y J o 9}4‘ a9y
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' 9
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18. Yeast carbon base (10X)
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Y
1i5nesaeod ludd 100 Uaaans

k4
a IR

A A < =
NUFDNYUNUYY 121 DIF UG QLY Wuan 15 UM

U



138

19. Yeast carbon base broth (1X)

1AX 0.2 Jaaans Y4 yeast carbon base (10X) asluraoavuini3 x 100 Jaamuasw
Y

o J a { 1 1 { a aa
Us5Ihanesaood INFa i IUMIA Y0 1.8 Jadans

20. Stock nitrogen solution (10X)
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21. 1vInaaoUMIeaFimaa1slsznou luTasau
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v Y
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22. Fermentation basal medium
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23. Fermentation test of glucose
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24. 911115015179179910 U (vitamin free medium)

nglaa 10 Ny
Vitamin assay casamino acids (Difco) 5 N5
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S A v [
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Tsdeunaelsg 0.1 N5

= 4 [
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Y
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25. Custer’s chalk medium

= (=] J < 4
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nglae 50 nsu

= J

UAAIFENAITUBIUA 5 nsy
9
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9

13nesaood Tudd 1000 i

A a I [ =~
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1] v Y
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q QU
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vame IHuaaFeunsusiaazateiluio@medInue1vig
9 a 4
26. 91¥13aTaaUANNA UMY s Taaand lua
1) M34938%4 Basal medium (10X)

N Taaendlug 1 n5u azaneluezdlau 2.5 Tadans

Faa lulasnud (Difco) 6.7 A5

15 nesaeod Tudd 100 i

0 Y ﬁy 1 A
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2) Active medium
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Y
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A 20
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A 3 7w a g cd &
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28. Christensen’s urea agar

J 3 4
1) MIw3suaIsazaegse 20 osigua

=\
giso
2 a ” 4
Snesaood lugsd
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1000 yaaans
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i Tnu
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Twunengou la'laTasnuodvla (KH,PO,)
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1 nyy
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2 3w
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0.012 N3N
1000 Hanans
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1. Bromothymol blue stock solution

A A o 3’ a a Aan adqg Y A a
azmﬂmam"lwmaug 50 Haansy 1uu1ﬂ3mm 75 yaaang 'J‘ﬁblGIf 19 1
bromothymol blue stock solution 151105 4 Haaans aelu fermentation basal medium 1A

fermentation test of glucose 151105 100 Uaaans

2. Lugol’s solution
loTedu 1 a5y
Tlunmien lole'lad 2 n5y
snesaea luda 300 iadans

3. Diazonium blue B reagent (DBB reagent)
Diazonium blue B salt 0.15 NIY
0.25 M Tris hydroxymethyl aminomethane (pH 7.0) 10 Hanans

A = < Y < yq A ) A o = 3
mmmﬂmmmm3mimu"1ﬂumﬂu uaz%maiu 30 UIN AN TYULAID

4. 10X TBE buffer

Tris base 10.8 N5y
NSALDIN 55 N5
0.5 mM EDTA (pH 8.0) 4.0 Hanans

Y
azaneliiiniulaelittnesaeed ludea UsuilSuasldasu 100 Tadans uag

a

0 I dil A ~ | ~
m"lﬂmwwqmmu 121 pafusassed 1Wunan 15 U

U
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5. Stock ethidium bromide

14
~
bl

o (% o 4 a A Aaa 1
¥4 ethidium bromide 1 51 azaeluiiisnesaood lusa 100 Haaans lauIATW

a9

o P
uazmu"l’mqmwnuwm

£

6. Loading dye
=
Vseuuea UQ 0.25 nsu
NAIFI0a 30 Haaans

a oyd 4 a Y Aa aa
@I Ao luga 1NATY 100 Haaans

7. 1kb DNA ladder (DNA marker)

DNA ladder 1 Tulasans
6X loading Dye 1 lulnsans
3’ G 4 a a

1Snesaood lusd 4 Tulasans

8.2.5 mM dNTP

dATP 25 Tulasans
dCTP 25 Tulasans
dGTP 25 Tulasans
dTTP 25 Tulasans

g’ S 4 a a
1snesaood lusd 4 Tulasans
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Summary

Four strains of two novel xylose-utilizing yeast species were obtained from samples
collected in Thailand from decaying corncobs (KU-Xs13 and KU-Xs18), a decaying grass
(KU-Xs20), and estuarine water in a mangrove forest (WB15). 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 four strains were
found to represent two novel Candida species in the Candida albicans/Lodderomyces
elongisporus clade. Three strains (KU-Xs13, KU-Xs18 and KU-Xs20) were assigned as a
single novel species, which was named Candida saraburiensis sp. nov. The type strain is
KU-Xs13" (= CBS 11696" = NBRC 106721" = BCC 39601"). Strain WB15 represented
another novel Candida species which was named Candida prachuapensis sp. nov. The type

strain is WB15" (=CBS 11024" = NBRC 104881" = BCC 29904").
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Introduction

At present lignocellulose in plant biomass is of interest as a substrate for production
of many microbial products, such as xylitol, acetic acid, and ethanol (Carvalho ef al., 2002;
Doran-Peterson et al., 2008; Hahn-Hégerdal et al. 2006). D-Xylose is the second most
abundant sugar in the lignocellulose of plant cell walls. It is a major sugar component of
xylan, which is one of the principal polysaccharides constituent of lignocellulose. Many yeast
species can assimilate xylose as a sole carbon source. Also, many species have been tested
for D-xylose fermentation (Barnett ef al., 2000; Kurtzman & Fell, 1998; Toivola ef al., 1984).
Only a few yeast species have been reported to ferment D-xylose to ethanol. These include
Brettanomyces naardenensis, Candida lyxosophila, C. intermedia, C. shehatae, C. tenuis,
Pachysolen tannophilus, Pichia segobiensis, Scheffersomyces (Pichia) stipitis (Barnett et al.,
2000; Kurtzman & Fell, 1998), Candida jeffriesii, Spathaspora passalidarum (Nguyen et al.,

20006), and Spathaspora arborariae (Cadete ef al., 2009).

During investigations of xylose-utilizing yeasts and yeasts in mangrove forest
ecosystems in Thailand, four xylose utilizing yeast strains were found to represent two novel
Candida species in Candida albicans/Lodderomyces elongisporus clade based on the analysis
of'the D1/D2 domain of the large subunit (LSU) rRNA gene sequence. In this present paper,
three D-xylose fermenting strains (KU-Xs13", KU-Xs18 and KU-Xs20) are described as
Candida saraburiensis sp. nov. and one D-xylose assimilating strain (WB15"), is described

as Candida prachuapensis sp. nov.
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METHOD

Yeast isolation and characterization

Xylose-utilizing yeasts were isolated from decaying agricultural residues and soil,
using an enrichment technique. Each sample (1 g) was added to 50 ml of D-xylose-yeast
nitrogen base (YNB) broth (2% D-xvlose, 0.67% Difco yeast nitrogen base; adjusted to pH
5.5 with 1M HCI) supplemented with 0.025% sodium propionate and 200 mg
chloramphenicol L™ in a 250 ml Erlenmeyer flask and incubated on a rotary shaker at 25 °C
for 48 hours. The enrichment culture was spread on D-xylose-YNB agar and incubated at 25
°C. After incubation, yeast colonies were picked and purified by streaking on yeast extract
malt extract (YM) agar (0.3% yeast extract, 0.3% malt extract, 0.5% peptone, 1% glucose and
1.5% agar). Yeasts in estuarine water were isolated by a membrane filtration technique
following the method of Limtong et al. (2007a). 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 amplified from genomic DNA extracted from yeast cells by using a slightly
modified version of the method described by Lachance ef al. (1999). The D1/D2 domain of
the LSU rRNA gene was amplified by PCR with the forward primer NL-1 and the reverse
primer NL-4 (O’Donnell, 1993). The PCR product was checked by agarose gel
electrophoresis and purified by using the QIAquick purification kit (Qiagen). The purified
PCR product was submitted to Macrogen Inc. (Korea) for sequencing with the external
primers NL-1 and NL-4. The sequences were compared pairwise using a BLASTN search

(Altschul er al., 1997) and were aligned with the sequences of related species retrieved from
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GenBank using the multiple alignment program CLUSTAL X version 1.81 (Thompson ef
al., 1997). A phylogenetic tree was constructed from the evolutionary distance data with
Kimura’s two-parameter correction (Kimura, 1980), using the neighbor-joining method
(Saitou & Nei, 1987). Confidence levels of the clades were estimated from bootstrap analysis

(1000 replicates) (Felsenstein, 1985).

Phenotypic characterization and xylose fermentation test

The strains of novel species were characterized morphologically, biochemically, and
physiologically according to the standard methods described by Yarrow (1998). Assimilation
of nitrogen compounds was 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 a 500 ml
Erlenmeyer flask containing 200 ml of yeast extract peptone dextrose (YPD) broth (1% yeast
extract, 2% peptone and 2% dextrose) on a rotary shaker at 28 °C for 72 hours and purified
according to the method described by Yamada & Kondo (1973) and Kuraishi et al. (1985).
The isoprenologues were identified by HPLC as described previously (Limtong ef al.,

2007b).

The fermentation of D-xylose was tested by cultivation in a 50 ml of 4% D-xylose
yeast extract peptone (YP) broth (4% D-xylose, 2% peptone and 1% yeast extract) in a 250
ml Erlenmeyer flask on a rotary shaker at 150 rpm and 30 °C. Ethanol production and growth
were measured at every 24 h for 120 h. Ethanol was analysed by gas chromatography
(Shimadsu GC-9A, Japan) with n-propanol as internal standard and the cell concentration
was determined as optical density at 660 nm. Scheffersomyces stipitis CBS 5773 was used as

a positive control and Saccharomyces cerevisiae M30 was used as a negative control.
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RESULTS AND DISCUSSION
Species delineation, classification and ecology

A total of 133 xylose-utilizing yeast strains were isolated from 84 samples of
decaying agricultural residues and soils collected in various areas of Thailand. Seventy-eight
strains were assigned to 18 described species in nine genera of the phylum Ascomycota
(Barnettozyma californica, Candida blankii, C. coipomoensis, C. maltosa, C.
membranifaciens, C. pseudointermedia, C. pyralidae, C. solani, C. tropicalis, Debaryomyces
hansenii var. fabryi, D. nepalensis, Geotrichum silvicola, Lindnera rhodanensis, Pichia
caribbica, P. kudriavzevii, Saturnispora saitoi, Sporopachydermia lactativora, and
Zygoascus hellenicus). Forly-lwo strains were assigned o nine described species in two
genera of the phylum Basidiomycota (Cryptococcus cf. podzolicus, C. heveanensis, C.
humicola, C. laurentii, C. terrestris, Trichosporon asahii, T. moniliiforme, T.
mycotoxinivorans and T. terricola). Four strains were similar to three undescribed species and
nine strains were found to represent seven novel species.

All 133 strains were tested for D-xylose fermentation using shake flask cultivation.
The results revealed that only eight strains could ferment D-xylose to ethanol. They were two
strains of Zygoascus hellenicus (SN1-1 and SN1-4), three strains of Candida blankii (A6-1,
A8-1 and A8-2) and three strains of a novel species (KU-Xs13, KU-Xs18 and KU-Xs20).
Among the xylose-fermenting strains of the novel species, two strains (KU-XslB"I and KU-
Xs18) were isolated from decaying corncobs and one strain (KU-Xs20) was obtained from
decaying grass leaf collected in Saraburi province. The sequences of the D1/D2 domain of
the LSU rRNA gene of two strains, KU-Xs13" and KU-Xs20 were identical and differed
from that of strain KU-Xs18 by only one gap out of 571 nucleotides (nt). With respect to their

closest species in term of pairwise sequences similarity the three strains differed by 2.3%
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nucleotide substitution (13 nucleotide substitutions and one to two gaps out of 571 nt) from
the type strain of Candida viswanathii and by 1.9% nucleotide substitutions (11 nucleotide
substitutions and one to two gaps out of 571 nt) from the type strain of Candida lodderae.
The two yeast species, Candida viswanathii and Candida lodderae, were reported to be
synonymous because they differ from each other by only two nucleotides in the D1/D2
domain of LSU rRNA gene sequences (Kurtzman & Robnett, 1997) and belong to the
Candida albicans/Lodderomyces elongisporus clade. According to Kurtzman & Robnett
(1998), yeast strains showing nucleotide substitutions of greater than 1% in the D1/D2
domain of the LSU rRNA gene are usually representative of different species. The
phylogenetic tree based on the sequences of the D1/D2 domain of the LSU rRNA gene
further demonstrated that the three strains (KU-Xs13', KU-Xs18 and KU-Xs20) formed a
clade that is distinct from C. viswanathii, C. lodderae and other related species in the

Candida albicans/Lodderomyces elongisporus clade (Fig. 1).

From another investigation of yeasts in mangrove forest ecosystems strain WB15",
which was isolated from estuarine water collected in a mangrove forest in Prachuap Khiri
Khan province, showed the ability to assimilate but not ferment D-xylose, and represented
another novel species. The closest species in terms of pairwise sequence similarity of the
D1/D2 domain of the LSU rRNA gene were C. viswanathii and its synonymous species, C.
lodderae, but with 2.3% nucleotide substitutions (13 nucleotide substitutions out of 570 nt)
and 1.9% nucleotide substitutions (11 nucleotide substitutions out of 570 nt), respectively.
The sequence of strain WB15' differed from those of the three xylose fermenting strains
(KU-Xs 13", KU-Xs18 and KU-X5s20) by 2.1% nucleotide substitutions (12 nucleotide

substitutions and one to two gaps out of 571 nt). In the phylogenetic tree (Fig. 1), strain
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WB15" was placed in the Candida albicans/Lodderomyces elongisporus clade at a separate

branch from C. viswanathii, C. lodderae and the three strains of another novel species.

Cells of the two novel species proliferated by multilateral budding, were negative for
Diazonium bule B and urease reactions. Starch-like compounds were not produced as do the
other member of Candida albicans/Lodderomyces elongisporus clade. Ascospores were not
produced from individual strains or strains paired on 5% malt extract agar, Fowell’s acetate
agar, Gorodkowa agar and YM agar after 5 weeks at 25 °C. The characteristics fit well with
those of the genus Candida. Therefore, we concluded that the four strains represent two novel
species for which the name Candida saraburiensis sp. nov. is proposed to accommodate the
three strains KU-Xs13", KU-Xs18 and KU-Xs20, and Candida prachuapensis sp. nov. for

strain WB15".

In practice, C. saraburiensis sp. nov. and C. prachuapensis sp. nov. can be
distinguished from each other and from C. viswanathii and C. lodderae, their closest

described species, by many characteristics as show in Table 1.

The Candida albicans/Lodderomyces elongisporus clade consists of more than 20
species and includes some medically important species such as Candida albicans, C.
parapsilosis, C. tropicalis and C. viswanathii. The members of this clade have been isolated
not only from humans, but also from soils, water, plants, insects, and from industrial
processes (Ji ef al., 2009; Kurtzman ef al., 2001; Meyer ef al., 1998; Nguyen et al., 2007; Rao
et al., 2007, Suh et al., 2008; Vallini ef al., 1997). The two novel Candida species in this
work were obtained from different habitats. Strains of C. saraburiensis were isolated from

decaying corncobs and a decaying grass while C. prachuapensis was isolated from estuarine
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water in a mangrove forest. The two novel species are closely related to C. viswanathii,

although it is not known whether they are pathogenic.

Xylose fermentation

Ethanol fermentation from xylose of the four strains of the two novel species was
determined by shaking flask cultivation using 4% D-xylose-YP broth. The result revealed
that three strains of Candida saraburiensis sp. nov. produced ethanol at 3.1-3.6 g/l at 72 h but
all ethanol was either consumed or evaporated after 96 h (Supplementary Fig. S1). The strain
WBI15" of Candida prachuapensis sp. nov. did not produce ethanol from xylose, similar to
the non-D-xylose fermenting reference yeast, Saccharomyces cerevisiae M30. In the same
experiment Scheffersomyces stipitis CBS 5773, the D-xylose fermenting reference yeast,
produced the highest ethanol concentration at 8.4 g/l after 72 h, although ethanol was also
reduced to 6.3 g/l and 2.2 g/l after 96 h and 120 h, respectively. In contrast, when D-Xylose
fermentation was tested by the standard methods described by Yarrow (1998) i.e. Durham

fermentation tube test, all four strains gave negative result.

Latin diagnosis of Candida saraburiensis Nitiyon, Boonmak, Am-In, Jindamorakot,

Kawasaki, Yongmanitchai e Limtong sp. nov.

In agaro YM post dies 3 ad 25 °C cellulae ovoidae aut cylindricae, (2-6 x 4-10 pm),
singulae, binae, aut pseudohyphae fiunt, per germinationem multipolarem reproducentes.
Cultura butyrosa, cremea, glabra, seminitidae, centrum colonia altum, margine glabra. In
agaro YM post dies 5 ad 25 °C pseudohyphae formantur, hyphae non formantur. Ascosporae
non formantantur. D-Glucosum, D-galactosum (infirme), maltosum (infirme), sucrosum et

o,a-trehalosum fermentantur at non melibiosum, lactosum nec raffinose. D-Glucosum, D-
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galactosum, L-sorbosum, N-acetyl-D-glucosaminum, D-xylosum, sucrosum, maltosum, o, a-
trehalosum, a-methyl-D-glucosidium, cellobiosum (infirme), salicinum (infirme),
melezitosum, glycerolum, ribitolum, D-glucitolum, D-mannitolum, D-glucono-1,5-lactonum,
acidum 2-ketogluconicum, acidum D-gluconicum, acidum DL-lacticum, acidum succinicum,
acidum citricum, ethanolum, ethylaminum, L-lysinum et cadaverinum assimilantur. D-
Ribosum, L-arabinosum, D-arabinosum, L-rhamnosum, melibiosum, lactosum, raffinosum,
inulinum, amylum solubile, erythritolum, galactitolum, inositolum, acidum 5-ketogluconicum,
acidum D-glucuronicum, acidum D-galacturonicum, methanolum, kalium nitricum nec
natrum nitrosum non assimilantur. Vitamina externa crescentiae non necessaria sunt. Crescit
postest in temperatura 40 °C at non in 42 °C. Non crescit in (.01% cycloheximido nec 0.1%
cycloheximido. Crescit in 50% glucosum, 60% glucosum, 10% natrii chloridum/5%
glucosum et 16% natrii chloridum/5% glucosum. Amylum non formatur. Ureum non

hydrolysatur. Diazonium caeruluem B non respodens. Ubiquinonum majus: Q-9

Typus stirpis, KU-Xs13"(= CBS 11696" = NBRC 106721" = BCC 39601") isolatus digesta
granum core, Saraburi provicia, Thailandica, conservatur in collectionibus culturarum quas
Centraalbureau voor Schimmelciltures (Utrecht, The Netherlands), NITE Biological
Resource Center (Chiba, Japan) et BIOTEC Culture Collection, Nationnal Central for

Genetic Engineering and Biotechnology, Thailand (Pathumthani, Thailand) deposita est.

10
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Description of Candida saraburiensis Nitivon, Boonmak, Am-In, Jindamorakot,

Kawasaki, Yongmanitchai & Limtong sp. nov.

Candida saraburiensis (sa.ra.bu.ri.en’.sis. N.L. fem. adj. saraburiensis, belonging to

Saraburi, Thailand).

After growth on YM agar for 3 days at 25 °C, cells are ovoid to cylindrical (2-6 x 4-10 um)
and occur singly, in pairs or in short chain (Fig. 2). Budding is multilateral. Colony is
butryous, cream-colored, smooth, semi-glistening, umbonate and has an entire margin.
Pseudohyphae are formed, but true hyphae are not formed in slide culture on cornmeal agar
after 5 days at 25 °C. Ascospores are not produced from individual strain or strains paired on
5% malt extract agar, Fowell’s acetate agar, Gorodkowa agar and YM agar after 5 weeks at
25 °C. The major ubiquinone is Q-9. Fermentation of D-glucose, D-galactose (weak), maltose
(weak), sucrose and u,u-trehalose are positive but negative for melibiose, lactose and
raffinose. D-Glucose, D-galactose, L-sorbose, N-acetyl-D-glucosamine, D-xylose, sucrose,
maltose, a,0-trehalose, a-methyl-D-glucoside, cellobiose (weak), salicin (weak), melezitose,
glycerol, ribitol, D-glucitol, D-mannitol, D-glucono-1,5-lactone, 2-ketogluconic acid, D-
gluconic acid, DL-lactic acid, succinic acid, citric acid, ethanol, ethylamine-HCI, L-lysine-
HCI and cadaverine are assimilated, but D-ribose, L-arabinose, D-arabinose, L-rhamnose,
melibiose, lactose, raffinose, inulin, soluble starch, erythritol, galactitol, inositol, 5-
ketogluconic acid, D-glucuronic acid, D-galacturonic acid, methanol, potassium nitrate and
sodium nitrite are not assimilated. Growth in vitamin free medium is positive. Growth at 40
°C is positive, but at 42 °C is negative. Growth with 0.01% cylcloheximide and 0.1%
cylcloheximide are negative. Growth on medium containing 50% (w/v) glucose, 60% (w/v)

glucose, 10% (w/v) sodium chloride/5% (w/v) glucose or 16% (w/v) sodium chloride/5%

11
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(w/v) glucose are positive. Starch like compounds are not produced. Diazonium blue B color

and urease reactions are negative.

The type strain KU-Xs13" (= CBS 11696" = NBRC 106721" = BCC 39601") was isolated

from decaying corncobs collected in Saraburi province, Thailand.

Latin diagnosis of Candida prachuapensis Boonmak, Nitiyon, Am-In, Jindamorakot,

Kawasaki, Yongmanitchai ef Limtong sp. nov.

In agaro YM post dies 3 ad 25 °C cellulae ovoidae aut cylindricae, (3-6 % 3-13 um), singulae
aut binae, per germinationem multipolarem reproducentes. Cultura butyrosa, cremea,
centrum colonia altum et margine filamentum. In agaro farina Zea mays post dies 7 ad 25 °C
pseudohyphae formantur, hyphae non formantur. Ascosporae non formantur. D-glucosum,
sucrosum et maltosum fermentantur at non D-galactosum, lactosum, raffinose nec a,a-
trehalosum. D-Glucosum, L-sorbosum, sucrosum, maltosum, cellobiosum, melibiosum
(infirme), raffinosum, melezitosum, inulinum, amylum solubile, D-xylosum, ethanolum,
glyecerolum, ribitolum, D-mannitolum, D-glucitolum, a-methyl-D-glucosidium, salicinum,
acidum DL-lacticum, acidum succinicum, acidum citricum, N-acetyl-D-glucosaminum,
acidum 2-ketogluconicum, acidum 5-ketogluconicum, acidum D-gluconicum, D-glucono-1,5-
lactonum, xylitolum, ethylaminum, L-lysinum et cadaverinum assimilantur. D-Galactosum,
lactosum, L-arabinosum, D-arabinosum, D-ribosum, L-rhamnosum, erythritolum,
galactitolum, inositolum, methanolum, acidum D-glucuronicum, acidum D-galacturonicum,
kalium nitricum nec natrum nitrosum non assimilantur. Vitamina externa crescentiae non
necessar sunt. Crescit in temperatura 42 °C (infirme) at non in 45 °C. Non crescit in 0.01%

cycloheximido nec 0.1% cycloheximido. Crescit in 50% glucosum, 60% glicosum et 10%

12
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natrii chloridum/5% glucosum. Amylum non formatur. Ureum non hydrolysatur. Diazonium

caeruluem B non respodens. Ubiguinonum majus: Q-8

Typus stirpis WB15" (=CBS 11024" = NBRC 104881" = BCC 29904") isolatus aqua,
Prachuap Khiri Khan provicia, Thailandica, conservatur in collectionibus culturarum quas
Centraalbureau voor Schimmelciltures (Utrecht, The Netherlands), NITE Biological
Resource Center (Chiba, Japan) ef BIOTEC Culture Collection, Nationnal Central for

Genetic Engineering and Biotechnology, Thailand (Pathumthani, Thailand) deposita est.

Description of Candida prachuapensis Boonmak, Nitiyon, Am-In, Jindamorakot,

Kawasaki, Yongmanitchai & Limtong sp. nov.

Candida prachuapensis (pra.chuap.en’.sis. N.L. fem. adj. prachuapensis, belonging to

Prachuap Khiri Khan, Thailand).

After growth on YM agar for 3 days at 25 °C, cells are ovoid to cylindrical (3-6 x 3-13 pm)
and occur singly, in pairs or in short chain (Fig. 3). Budding is multilateral. Colony is
butryous, cream-colored, umbonate with mycelial margin. Pseudohyphae are formed, but true
hyphae are not formed in slide culture on corn meal agar after 7 days at 25 °C. Ascospores
are not produced on 5% malt extract agar, Fowell’s acetate agar, Gorodkowa agar and YM
agar after 6 weeks at 15 °C. The major ubiquinone is Q-8. Fermentation of D-glucose,
sucrose and maltose are positive but negative for D-galactose, lactose, raffinose and a-a
trehalose. D-Glucose, L-sorbose, sucrose, maltose, cellobiose, melibiose (weak), raffinose,
melezitose, inulin, soluble starch, D-xylose, ethanol, glycerol, ribitol, D-mannitol, D-glucitol,

a-methyl-D-glucoside, salicin, DL-lactic acid, succinic acid, citric acid, N-acetyl-D-

13
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glucosamine, 2-ketogluconic acid, 5-ketogluconic acid, D-gluconic acid, D-glucono-1,5-
lactone, xvlitol, ethylamine-HC]I, L-lysine-HCI and cadaverine are assimilated, but D-
galactose, lactose, L-arabinose, D-arabinose, R-ribose, L-thamnose, erythritol, galactitol,
inositol, methanol, D-glucuronic acid, D-galacturonic acid, potassium nitrate and sodium
nitrite are non-assimilated. Growth in vitamin free medium is positive. Growth at 42 °C is
positive (weak), but at 45 °C is negative. Growth with 0.01% cylcloheximide and 0.1%
cylcloheximide are negative. Growth on medium containing 50% (w/v) glucose, 60% (w/v)
glucose or 10% (w/v) sodium chloride/5% (w/v) glucose are positive. Starch like compounds

are not produced. Diazonium blue B color and urease reactions are negative.

The type strain WB15" (=CBS 11024 = NBRC 104881" = BCC 29904 ") was isolated from

water collected in a mangrove forest in Prachuap Khiri Khan province, Thailand
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Table 1. Differential phenotypic characteristics of Candida saraburiensis sp. nov. and
Candida prachuapensis sp. nov., Candida viswanathii and Candida lodderae.

Species: 1, C. saraburiensis; 2, C. prachuapensis; 3, C. viswanathii & C. lodderae

+, Positive; w, weak; v, variable; -, negative. Data for C. viswanathii and C. lodderae were

taken from Meyer et al. (1998) and Barnett et al. (2000)

Characteristic 1 2 3
Fermentation of :

D-Galactose W - v
Maltose W + \t/
Sucrose + + v
Trehalose + - v
Assimilation of:

D-Galactose + - +
L-Sorbose + + v
D-Ribose - - v
L-Arabinose - - v
Cellobiose W + +
Salicin W i \
Melibiose - ow- -
Raffinose - + 5
Inulin - = -
Soluble starch - + +
5-Ketogluconic acid - + +
DL-Lactic acid & - -
Growth at/with

Vitamin-free medium + + J
0.01% Cyclohexamide - - +
0.1% Cyclohexamide - - +
60% Glucose + + -
16% NaCl/5% Glucose + nd -
Acid formation form glucose + nd -
40 °C + =2 A
42 °C - W -
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Figure legends

Fig. 1. Phylogenetic tree based on the sequences of the D1/D2 domain of the LSU rRNA
gene, showing positions of Candida saraburiensis sp. nov. (KU-Xs13", KU-Xs18 and KU-
Xs20) and Candida prachuapensis sp. nov. (WB1 5"\) with respect to closely related species.
The phylogenetic tree was constructed from evolutionary distance data with correction
Kimara’s two-parameter (Kimura, 1980), using the neighbor-joining method. Numbers

indicate percentages of bootstrap sampling, derived from 1000 samples.

Fig. 2. Candida saraburiensis KU-Xs13". (a) Cells grown on YM agar afier 3 days at 25 °C

and (b) pseudohyphae produced on cornmeal agar after 5 days at 25 °C; Bar, 10 pm.

Fig. 3. Candida prachuapensis WB1 5. (a) Cells grown on YM agar after 3 days at 25 °C

and (b) pseudohyphae produced on cornmeal agar after 5 days at 25 °C; Bar, 10 um.

Supplementary

Fig. S1. Ethanol concentration (close symbol) and cell growth (open symbol) of strains KU-
Xs13 (@, O), KU-Xs18 (M, [), KU-Xs20 (¥, &) Scheffersomyces stipitis CBS 5773 (A,
A) and Saccharomyces cerevisiae M30 (W, V) in 4% xylose-YP broth by shaking flask

cultivation on a rotary shaker at 150 rpm and 30 °C.
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