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Somjit Am-In 2008: Yeast Diversity in Water from Mangrove Forest in Laem Son National Park,
Ranong Province. Master of Science (Microbiology), Major Field: Microbiology, Department of

Microbiology. Thesis Advisor: Associate Professor Savitree Limtong, Dr.Eng. 198 pages.

Diversity of yeast in waters from a mangrove forest in Laem Son National Park, King Amphoe
Suksamran, Ranong Province was studied by isolation using membrane filtration technique and identification
based on comparative sequence analysis of the D1/D2 domain of the 26S rDNA. The fifty-six strains obtained
from waters collected in 1998-1999 were identified to be 17 described species in the Phylum Ascomycota
namely Candida berthetii, C. boidinii, C. glabrata, C. pseudolambica, C. rugosa, C. silvae,

C. thaimueangensis, C. tropicalis, Debaryomyces nepalensis, Issatchenkia occidentalis, I. orientalis,

1 siamensis, Kodamaea ohmeri, Pichia caribbica, P. sporocuriosa, Torulaspora maleeae, Williopsis
saturnus, four described species in the Phylum Basidiomycota namely Trichosporon asahii, T. coremiiforme,
T. japonicum and Rhodotorula mucilaginosa and two undescribed ascomycetous species, similar to Candida
sp. NRRL Y-27127 and Hanseniaspora sp. ST-464. Thirty-two strains isolated from waters collected in 2005
were identified as six described species in the Phylum Ascomycota namely C. phangngensis,

C. picinguabensis, C. rugosa, C. thaimueangensis, C. tropicalis, K. ohmeri, one described species in the
Phylum Basidiomycota namely 7. asahii and two undescribed ascomycetous species similar to Candida sp.
NRRL Y-27127 and Hanseniaspora sp. CS-2008b. Among 61 strains isolated from waters collected in 2006
were identified to be 14 described species in the Phylum Ascomycota namely C. butyri, C. parapsilosis,

C. silvae, C. tropicalis, D. nepalensis, Galactomyces geotrichum, I. occidentalis, 1. orientalis, I. siamensis,

1 terricola, K. ohmeri, P. burtonii, P. galeiformis and P. kluyveri and four undescribed ascomycetous species
similar to Candida sp. NRRL Y-27665, Hanseniaspora sp. CS-2008b, Hanseniaspora sp. ST-250 and
Hanseniaspora sp. YS DN19. From this study, 34 strains obtained from the water samples collected in the
three collecting periods were identified to be seven novel species. They were named as Candida
andamanensis sp. nov. (3 strains), Candida laemsonensis sp. nov. (2 strains), Candida mangrovei sp. nov.

(1 strain), Candida ranongensis sp. nov. (2 strains), Candida sanittii sp. nov. (8 strains), Kluyveromyces
siamensis sp. nov. (17 strains) and Pichia ranongensis sp. nov. (1 strain). The results of this study showed that
different yeast species could be detected in different period. This may result from different water conditions.
Yeast species which were found in all three collecting periods were Candida tropicalis, Kodamaea ohmeri

and Candida sanittii sp. nov.
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= 4 Y q'.; A Y a 1 1 d' 1 . = o
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o ] 3’ 3 [
Baany laaue luuish neaay vinses nza LaguNINYNT (Spencer and Spencer,

] P 1 g’ ™ I~ o = 1 o g’ {
1997) Hswanusaannuluuraainalaen livziluaanegsmnumihniivanie
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o [ S @ 1 U oy 1 ] {
dmSudaanedoegluuvanirie 18un ana Rhodospora, Sporobolomyces 1oz ioonsaf

¢ aN

v
ANIOUBN Debaryomyces hansenii NNUINLLA G Candida parapsilosis uenldaniiive
oy =l o’ddo'dyd v o Jdo ¢ A [ g’td‘d nm v
sazthmzia daaadlydulanuduiusiunypditesnned luhitvanziazamnioog 1a
9 Y Y v
nelnivanaziimeia luvwzi C diddensiae sinwnluyviraynsidla uaz C. intermedia Wu
J < N oA Aa o o a o od
Tuinauneilanzianazihvaniuan1ie (Hagler and Ahearn, 1987) §115USHAV0BAANNL
09} ~ (= 3 v [ o [ I g} A A 09} I 1
Tushi lulinannziu linesuanatsnu ludneduluiivanse lwivau anuuanaiaee
dgl K% a A Y ] = v o ~ s Y
Yuegnuilsinavessigemsngnazdeanuuun wudsnuswvvessaang lilu
A ) ~ 4 A 1 Iy 4?’ A
NZAAUNTONMIAYNT 1AIATI IUIUYDITAAAAAINDH NIINHININVUTBININTIT01413
o a oA v 3 a ¢ A
uaziauvestaangnrzanaslllinianas dadunsiaannsomunue lad lalas
s L o qua 0o q ¥ & o w v a oA
msveuzi linavan1z lunza mlvmsdudleuvenimiulunzatiosas daannulu
7 o a Aa 9 <] 9 . .
neauazannsomunue lad laTasasvounariani Insaadrauuuiludunsa (aliphatic)
{ J a
waziduavez Isuan (aromatic) AD Yarrowia lipolytica, Candida guilliermondii, C. tropicalis,
a 4
C. maltosa, Debaryomyces hansenii W& Rhodosporidium spp. (ﬁ’n@ﬁ, 2549) NNMIANTAA
Y
1 o [l 1 o
Tuivhwagnzaaulug sl arulvawusadluana Candida, Cryptococcus, Pichia
! 2 A d o oA o
(Hansenula) Wag Rhodotorula $3uWall¥d lugnamartiamnsalfiludisszauuannizues
g’ Y A Ja ] Y . ..
114 atlFdnnusies 1aun Cryptococcus albidus, Cryptococcus laurentii, Debaryomyces
v v
hansenii (Candida famata), Rhodotorula mucilaginosa (Rhodotorula rubra) HazI¥eINAaNY
% ! J A
van (yeast- like fungi) ANV Ao Aureobasidium pullulans (Nagahama, 2005) 910013 Ay
Y
o 4
wanmzunnlunzieainavesnis WBaAana Trichosporon, Rhodotorula 1oz Candida
Y 1 A 1 A 1 ~ = =2 ~ o g;
TudasidrmnunnNanadue) (Cooke et al., 1960) vounlull a.a. 1970 UmsanyIaaa luii
{ o a I o a [ oy Qy
FaNTuan1ILUeIans oS NMNY Candida Ui numnnluysnaumaninanniusou
] Q'J 1 t;y d‘ 9 3 1 3’ A d‘
UATWY Rhodotorula N3 080gM 11 lunmash vzl Cryprococcus wulanaluumanirnai
liifinanznsetinaniiziies (Woollett and Hedrick, 1970)
= J A = Y A o Y A A o A A Aaa
gaatlusinuinn lunzadwdizidudooiomeunuuuaiise lagnunuda lo
v Ao A Y gl ) 1 v Ao A 4 1 g’ A Y 9
Veddadad laluimzania ) drvvealadeddadadazny luunaninianududuves
a -4 { {
A150UNI I ANANWVNIN AO Rhodotorula 18z Candida (Fell et al., 1960) Tuaaizi
v A Y
Debaryomyces WUIWIUNNUTUINER (Sieburth, 1979) HOAINITUTITIBNIUINVIATINDY

J 4 s ' <A
Kluyveromyces aestuarii Wiimzia Tagdaaalsdinulvdeunaslsa ldumnnnailddonlu

anNa Kluyveromyces (Lachance and Starmer, 1998) aimzaniivaniz 1y Dead sea,
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NZ@a1V Enriquillo LaLNL@eUNI wHW NOAANNUUOY AB Pichia guilliermondii,
Debaryomyces hansenii, Yarrowia lipolytica Was Candida parapsilosis (Butinar et al., 2005)

&MU Metschnikowia Wuegsmiudaiuaziivhoglunza wu a1 wagensie (Fell, 1976)

ﬂTiﬁﬂH"I?Jﬁ@r{‘ﬁLl,flﬂi]"lﬂ‘ﬁﬁﬁyﬂﬁﬂaluﬂiSLVIﬁi’)TgLﬁ]uaUT azdnduun lnge e
ANuFNRUEMITanms uazeynsnisuszay Tuana wuBaa luana Cryprococcus,
Leucosporidiella, Dioszegia, Rhodotorula, Rhodosporidium, Mrakia, Sporobolomyces,
Udeniomyces Wag Candida 814 %’uaqaﬁwuumﬁa Cryptococcus W& Leucosporidiella Aoty

/2 o s2 o o A Jo .
50 nlosiua uag 20 1WoT1FUA VOITIUIUBFANIHNA (Garcia ef al., 2007)

a A & A Ia :j 1 1 3 13
dAATIAN (red yeast) i udaanwuayeluth awlvailudna Rhodotorula U
TIUNTONY Rhodosporidium Qe Sporobolomyces MU SmSumsanyidadnnan
= L g’ J a o o Jd o < = A
f‘ﬂIi“V]'HfJﬂﬂGLHUWﬂWﬂﬂigLﬂﬁﬂWilﬂUQU'l TUIU 64 TIWWUT NuuUNdu 6 ana 15 alvd uay
4 ot 1 4
nUiaaal¥d v 2 a3 Ao Sporidiobolus longiusculus sp. nov. k& Sporidiobolus
patagonicus sp. nov. TagMsIndULUND 1Y microsatellite-primed PCR (MSP-PCR) profile (182
= =\ o v A =) S a dyo./ ~ I Y
fnﬁlﬂﬁﬁl‘]_]mﬁlﬂa’lﬂﬂuﬂﬂﬁiﬂqﬂﬂﬂﬁwm D1/D2 494 26S rDNA HUBNIINUIINVITANT I
a a <3| o . .
voadad Innoinglueana Sporobolomyces Wag Sporidiobolus \WUIIUINNN (Libkind ez al.,

2005)

= =~ sa o a & g
m'iﬂﬂywﬁﬂmmmmmneu“lummmu Jakubov ﬂ’”l‘ﬁﬁillﬁﬁﬁia’nmﬂ SN

[

o 1 1 4 [ o ' J
avgrlugaiounazgeluldsne uen1doad 183 meus dadwunedlu 16 ana 26 a1l3d
' oA I { o 1 aa
Taenunluggdoudadnnuiduwinidinnuansalumsnidn lugglulisrmunudaTle
v Ay A J A g ~
Nﬂ%ﬁﬁﬂﬁ@iuﬁf]‘ﬁ Cryptococcus, Trichosporon & Sporobolomyces Tﬂﬂ‘]JNﬁ‘]J%ﬁﬂl@QﬁQﬁ‘ﬂ
|dyd 1 9 P A Y R Y1 4 lqs/ld
wumaiiswanunaiweu laindgesaaeisuas 137 vuilulllansadmaniudunum
o @ [] A a A A :j a dy
drrgylumsgesaarensuazasounidnny lutiwazazneuluusnumzaauil
. . 1 Ee A g =
(Vadkertiova and Slavikova, 1994) daumsuegngaannaznouininulungaanveslszma
A aa v Ay A I YA X 1A .
igﬂu WuLU A levesdadaaallyd ln Ao Cryptococcus surugaensis sp. nov. (Nagahama et

al., 2003b) 1a Rhodotorula pacifica sp. nov. (Nagahama et al., 2006)
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4 v do a ] 1 3’
?Jﬁﬂﬁ"lll1§mlﬂﬂll§gl}fﬂ1ﬂﬁ@nu1ﬁﬁ"lﬂﬁb'uﬂ U HOYUNITY DIN1U MOULUANT) R
] 4 o ]
WUNga fgjﬂ uaz‘q Tasuen ' ladadailad 1na Ao Kluyveromyces nonfermentans sp. nov. 91f)
voemyu tazlTunziailinnuan 1000-2000 was Tulszmegiju Tasmsdaduuneide
v o J av o v A J a .
ﬂ’JTZJE‘T?JWH‘ﬁVITQ'JUﬁJJHTﬂTiﬂl@ﬂa"lﬂﬂuﬁﬂaiﬂllﬂﬂﬂiﬂm 18S, 5.8S rDNA LI8% internal
. 1 ~ ~ 4 o oA v =
transcribed spacer (ITS) (Nagahama ef al., 1999) mmummﬂﬂaﬁmmﬂﬁmwagiumaaﬂmm
{1 % 7 ' 7 !
Uszmeqtju wudaaailsdlvi 2 all3d Ao Rhodotorula benthica sp. nov. MeNIN
Lamellibrachia sp. 4% Rhodotorula calyptogenae sp. nov. Nennvey Calyptogena sp.

(Nagahama ef al., 2003a)

) o = ~ S :j = a ~
dmsumsanusaanuenaniudevod 1ssnunannszas lulszmeau wy
v Ao A d A I 1A .
wod InloBATIaAa1LTd vl Ao Kazachstania aquatica sp. nov. (Wu and Bai, 2005) LA W1
Y Y
Candida khmerensis sp. nov. 11Min@eved lssnunaainlarluilssmeanuyms (Nagatsuka ez

al., 2005)

2. mmﬁmnﬁmﬂmmﬁmﬂuau

1 s a
Phaff 118¢ Starmer (1987) 318143 8a@NLen lAtdueINAY D Lipomyces spp.,
Debaryomyces (Schwaniomyces) occidentalis, Schizoblastosporion sp. Wa& Cryptococcus albidus
o v A a 1 a 4 a { 1 [ 3 1 4
dmsuauluuTnanlanmmugimans taz)loManuanANAUEILeNUINUBTA
a 1 [ ] a a 9
AN 1Y AU TueTnIAWY Saccharomyces pretoriensis, Kloeckera lodderi, Pichia
terricola WY Hansenula beijerinckii W H. satwrnus W38 1 luauluewsnuniie
) a A s v A A 4 a
W5 Fuaua uazsmde auludszmmaunnsnwy Debaryomyces polymorphus aulu
S 4 a a 4 4 a
Uszimadlutauany Torulopsis castellii AuluaI s UaUANY Candida humicola @111
ﬂizmﬁm‘:ﬂuwu Pichia methanolica \ag Candida hydrocarbofumarica wazduluszmer
.. a Y o Ay [l
1AWy Debaryomyces nepalensis (Kreger van Rij, 1984) auludsemaldnunual)Fd lui
) o ]
VB Arthroascus Ao A. fermentans sp. nov. (Lee et al., 1994) wazdU¥d 1Muves Kazachstania
a A o 1 <
A9 Kazachstania jiainicus sp. nov. (Lee ef al., 2007) aululszmagiunuad¥d vy 3 dlad
Ao Saccharomyces naganishii sp. nov., Saccharomyces humaticus sp. nov. W& Saccharomyces

yakushimaensis sp. nov. (Mikata ez al., 2001) auluszmeRunuea Iatoddadadailyd i
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a a o ]
A9 Kazachstania solicola sp. nov. (Wu and Bai, 2005) auluiszmedudenydadatlad 1ny
Ao Debaryomyces singareniensis sp. nov. (Saluja and Prasad, 2007) auludlsemaioauiuny
an v Aov A d YA A
HUAR loNoBAaaaadyFd 11iu A9 Rhodotorula cycloclastica sp. nov., Rhodotorula retinophila
. . v Aow A Jd A
sp. nov., Rhodotorula terpenoidalis sp. nov. (Thanh ef al., 2004) wazued Inlesdaoandy¥d
143 f® Lipomyces orientalis sp. nov. (Thanh, 2006) aIUNaMIANEIDAE IUALNLEUAITAAN
wudaanw'ldtawue Av Criptococcus albidus (Atlas et al., 1978) HAZABNNT UM TN
= d A T A . o [ =)
daaa¥d 11l Ao Cryptococcus watticus sp. nov. (Guffogg et al., 2004) dmsudszmalneil
a 1 a I a 1 1 1 <Y
seaumsuentaannauluih 4 siia fe thav Thwgyanssa thawn vazihifads u
] a g’ v Ao A 4 =4 .
WARNEUUMITIATIYU Wutea Inledaadad 34 a1lsd 1uana Candida, Debaryomyces,
Hanseniaspora, Issatchankia, Kazachstania, Kloeckera, Kluyveromyces, Kadamaea, Pichia,

4

Saccharomyces, Saccharomycopsis, Torulaspora, Williopsis W& Zygosaccharomyces UonNIINH
o A A d A S ' a A A a
aswnumsnuddaatyd lvuluauluna1eg Ao Candida krabiensis sp. nov. wuluaulu
[ [ { a wva 4 Y 1Y
WNIANTEY Candida sithepensis sp. nov. Wuluaulugneuilss iamansaamn 1ania

t4 a 1
IW¥T1Y 3 (Limtong et al., 2004), Tetrapisispora namnaonensis wuluauani ﬂqunu

Y
UHIHIANI U (Sumpradit ef al., 2005) 1182 Kazachstania siamensis sp. nov. WU luau1n1h

Y
Tugunedainded IMIAUATIIFTNT (Limtong ef al., 2007a)

3. ﬂ]nJﬂﬁ1ﬂﬂﬁ1ﬂm®ﬂ§ﬁﬂﬂuﬂiiﬂ1ﬂ1ﬁ

= s 1 A A A = 3 9 = s 1
EJfT@WI‘W‘]_Iulu‘lJiiEﬂﬂﬁﬂﬁﬁluﬁﬂﬂwﬂlﬁu@NTJﬂ‘L!LWENLﬁﬂHﬂEJ TﬂEJEJﬁ@WI‘WlI YU
Cryptococcus spp., Rhodotorula spp., Sporobolomyces spp. & Debaryomyces spp. (Walker,
dyw = =2 ~ I a Y aa v A v
1998) ‘L!'E]ﬂiﬂﬂufJ\ilIﬂ'liﬁﬂ']&ﬂEJﬁ@WlLLﬂﬂiﬂﬂ’Uii‘(’ﬂﬂTﬁGLHLLE‘IULLfJ‘V‘Iiﬂ'IGlG] ‘W“lJLL“lJ’ﬁﬂIE]iJEJ"BGI’ﬁ
= Jd A I 1A Ao ' A [ @
daAdlyd v Ao Cryptococcus anemochoreius sp. nov. “VIENUhJW‘]Jﬂﬁﬁ"lJWH‘QLLU‘lJENﬁEJLWﬁ

(Pohl et al., 2006)
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= d Y Y t4
4. anuvanviagvastanuuaan iy walsl uazlulsd

= ~ L 9 a [ a 1 a =
ﬂ1§ﬁﬂﬂ1€lﬁﬁ‘luﬂ’f]ﬂnlllWﬁ'lﬂalﬂlﬂﬂlﬂﬂﬂiglﬂﬁlmu1ﬂ1lla$ﬁﬂigﬁllﬂiﬂ'l NUNJUNIAY
1 1 a 4 1 {
HAADAINUANANUDIFUAYDIDAATIoNN 1AW Cryprococcus albidus LipeNgn
4
UONNNUUNY T orulopsis apicola, Sporobolomyces roseus, Metschnikowia reukaufii, M.
pulcherrima, Cryptococcus maceran Wae Cryptococcus Infirmominiatus (Kerger van Rij, 1984)
1 ~ J 9 = ~ Jd YA I 1 A A
daumsuendaaninaen liana Hiviscus Tuilszimavodiasi@ewudaddilFd Ina 2 ailFd Ao

Kodamaea kakaduensis sp. nov. 8% Candida tolerans sp. nov. (Lachance et al., 1999)

A oA 1 ' 9/ ' Y T2~ P ' = o
YAANNUUUTIUAN ﬂlﬂiﬂﬁhlﬂﬂgllﬁﬂﬁ%iﬂu]lﬂ [512%! Elﬁ@]ﬂiJgﬂiNlﬁiJfJuiJ%uTN]ix‘l
Y
a0 Hansenula WQ Kloeckera 3 WNA Trichosporon atellata Wog Candida krusei & eIETEANTE
{ A o J a '
MANSUIMSHUNNUIFAaTHA 1TU Hanseniaspora uvarum, Kloeckera apiculata 19
A = = o 9 A A 1= 4 a 1A
Pichia spp. TuvagimsAnyvaauuraauuuua s U ndslulszmasnuau woni
oA 1 o 09/’
BAANUFUTI MV VUL UINGT a0 Kloeckera WONINUUNY Pichia oy Geotrichum candidum
I 1 Q) a a 09/’ 4 J J . 1 1
(Phaff, 1990) Baanwveditlulnavui luisnsnsludesquazirludesdsd dalvaiiu

~

9
an @ @ J 1 <,
HUAR loNoTATTAA 131 Sporobolomyces spp., Rhodotorula 10& Cryptococcus UDNITNUUNU
~

Candida 1198e1)%d fiw C. Javanicia, C. foliarum, C. diffuens, C. bogoriensis W% Pichia spp.

9 o Yo S MY Ys a A
uginseneena lddeeanvtad 18 wu o1 1318aNY Saccharomycodes ludwingii (813913, 2549)

5. ﬂ]1Nﬂﬁ]ﬂﬁﬁ1ﬂﬂli’)ﬂ§ﬁﬂ&luﬂgmmﬁﬂ

=2 N oA . IS = DA | I PR 1A 9~
MIANHIYTANLYNIINYYLLUA (insect frass) W‘]J'J'HJﬂﬁ@]ﬁﬂ“ﬁﬁiﬁﬂﬂllﬂﬂﬂ'lﬂﬂ!ﬂulilﬂ
a @ 9 9 9 9/ o A A . . .
LﬂﬂﬂWﬂUﬂJa\?ﬂﬂ!%'whlilm@ﬁ@luﬁullﬂgﬂuqﬂﬂiglﬂ‘ﬂﬁu 1UIU 3 ﬁ'l]"]fﬁ f® Pichia ramenticola
sp. nov. (NRRL YB-1985), Candida wyoningenesis sp. nov. NRRL YB-2152) L8 Candida
Y v
piceae sp. nov. (NRRL YB-2170) WonINTUEINY P. ramenticola 1@z C. piceae NHumuoa
< 1 1% 7 | v o = s
HJU!LWa\‘]W'ﬂQQ']ULL'ﬁgﬂ']iU@u (Kurtzman, 2000) Glu‘]_lﬁglﬂﬁvlﬂﬂuﬂ1§%ﬂﬂ1lluﬂﬂﬁﬂﬂllﬂﬂ
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Candida nakhonratchasimensis sp. nov. (Jindamorakot et al., 2004), Candida thailandica sp. nov.

Wag Candida lignicola sp. nov. (Jindamorakot et al., 2007)
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Y = @ o’gl 3 A o o’gl <] a a o3| Y
adel1sauvesdadtingn edadinang wigydnIaaznaretluerisuena i uazia
v luaiae luaviaglgens fdenuedunaderiniliineanuuandueslaseaiig

Yy 9 Y

Thaneau fie giiilszmewerls (coastal physiography) 901N (climate) 111311114 (tides)
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4 oy I cy .. a { g'
AdULAZATZIAL (wave and currents) ANANUDIU (water salinity) ponFUNazae Ui
Y
a U @ 1 [ I
(dissolved oxygen) AU (soil) 1AL T19D11 1T (nutrients) ‘]Jfﬂﬁ]EJGING] warhduuuanalums

AR AMNTITUIA Taesuvesthaemu (aiin, 2541)

o [ L 1 1 cL 1
dmsumsdayidad luthaaay wuhansawudad ldne Tdlhmenau Tae
= o = o W =y 1 I ' o J
saauaz NunumMa IRy lumsnyueusIge s luthansay taziluiraiemsvedda?

g} 4 = oS VoA (B 1 9 1
U UAZHUNAINADY (Nagahama, 2005) ﬂﬁ@]mWUiut!ﬁaﬂﬂ@g@]’N"] GLU‘]JTGD'TEJL'QU ]'l,ﬂl!ﬂ
1. ¥

= ~ = ~ J :’ g’ 1 As
Tudl a.q. 1981 Imsanpgaa luimzanazi luthsmeaaunivang lulszima
a . ) oy A U Aa 1 Y g;
VI WU Candida krusei mmumﬂaluumLﬂ‘umﬂﬂwmaumuamammwuuaﬂiuuw
A =Y dyw ~ L . .
mzaﬂmmmaz uammumwmmiuaqa Candida, Rhodotorula, Torulopsis,
oy A g 1 A a Y
Hanseniaspora, Debaryomyces W Trichosporon Twihmnuannthmneaunivanizonaie
g’ 1 = v Ao A ¢ YA o
(Hagler etal., 1981) HTGlU‘IJT‘D'WEJLau‘U@\‘]LﬂTgU'I%13\”1]ﬁ']fJ\‘]"IuﬂWiW‘ULLE]ﬁIﬂiJﬂ“ﬁﬁﬁﬂﬁ@]ﬁﬂ%’ﬁ
1A oy 1
1% A0 Lachancea meyersii sp. nov. (Fell et al., 2004) Wi luthanaauveatlszmea Tl sena
WU Candida catenulate, C. intermedia, C. parapsilosis, Clavispora lusitaniae, Debaryomyces
hansenii, Pichia gulliermondii, Rhodotorula mucilaginosa 0% Rhodosporidium diobovatum
4
v @ an % [ 4 []
(Almeida, 2005) WoNINHUENTwUMINDUUFAR losoTdddananalvi Ao Kwoniella
g’ { g 1 A
mangroviensis gen. nov., sp. nov. Tuwihnnunnthanemuuauassanmzmzuign (Statze

Tallman et al., 2007)

=2 ~ J g’ U ' a o A 9) A
fl]']ﬂﬂ'lﬁﬁﬂ'hl'lﬂ’ﬁﬁcluu'li]'lﬂﬂ'l“]f'lfllﬁuel,umﬁ’q‘ﬂEJ'IHLLWQ%T@Lﬂl?ﬁTﬂ-WTﬂ‘ﬂ'lﬂLWll@ﬂ
HAZYNITUUHINANYNZTZ-IMENTEND SanIanea Tasmsuendremaiinnisniodie
NI Y (membrane filtration technique) WU C. conglobata, Candida cf. glabrata,
C. membranifaciens, C. parapsilosis, C. picinguabensis, C. tropicalis, Lodderomyces
elongisporus, Pichia caribbica, P. guilliermondii, P. fabianii 1§00 Rhodotorula mucilaginosa
. -~ = P ' A A . . .
(Limtong et al., 2008b) ttaz51eudanallyd Ini 2 a1lvd e Candida thaimueangensis sp.

nov. (Limtong et al., 2007b) 18 Candida phangngensis sp. nov. (Limtong et al., 2008b)



2. ASNDU

v o ~ oA ' A a
flnﬂﬂ'lii]@m1&!,1!ﬂﬂﬁ@]ﬂllﬂﬂﬂ'lﬂ@gﬂ@ubluﬂ1%181@“1/]3Jnﬁﬂ13$1uﬂ531‘1/]?(“1J§'l°]fa

o v J 1 JAA o 4
19U 93 MEWUF WUNBAANUUINUINNYA A Candida krusei 0% Pichia

14

yw : J aa % % 4 1 o
membranefaciens WONANEINY Rhodotorula rubra ¥4V unaa loNeddadad uanudiuiu

% v 4 o ]
o8 (Hagler et al., 1982) lulszmalnewvuea lnsieddatanatldd 1nu Ao Torulaspora
maleeae sp. nov. Muennaznoulumenuluagneuusnaunayay 191 Iaseues

(Limtong et al., 2008a)

Y
1 v

a Y 9 Sa o o = ~ Jd YA I 1A
UIIUTOU 51ﬂmamumymuum’Jmﬂumigwqm%m W‘]Jﬂﬁﬂﬁﬂclfﬁelﬂll 19
[ [ oA Y 1 A
Saturnospora ahearnii sp. nov. (Kurtzman, 1991) fsumsanydaanuenandlenanali
' ' ' { U v o
529 11599 nlden'ld wazgnldsre MinuluhaneauveslszmsIne wazdaswunTae
@ a do o A = o a v o Y

i’)1ﬁﬂﬂ1§?tﬂ5”ISWEI"I@‘]JH’JﬂaiﬂllVlﬂGlUUEL’Jm D1/ D2 494 26S rDNA ﬁmmuuﬂ”lmﬂu
Issatchenkia orientalis, I. occidentalis, Debaryomyces vanrijae, D. pseudopolymorphus var.
yarrowia, Pichia sydowiorum, P. guilliermondii, Kodamaea ohmeri, Williopsis saturnus var.
subsufficiens, Candida pseudointermedia, C. silvae, C. intermedia, C. tropicalis,

C. palmioleophila, C. fermentati, C. fukuyamaensis, C. natalensis & C. parapsilosis Tuvme

~

A [BR] [ =
nelwd Inudiulvaegludna Candida (Ngu1IA, 2549)

¢ o Ja A o
?Jﬁﬂﬁ1u'liﬂLlﬂﬂhlf"gl}ﬂ1ﬂﬁ@]3u’]ﬁﬁ1ﬂ°ﬁuﬂﬁ?uﬂ\17iﬂ‘(’Ju"NﬁiJ H“ounN1uy We)EJLLiJmQ fsj\i

4 v o

d' = LY 9 9 9 1 1 [ a oy
uazﬁj Iﬂﬂm@ﬂﬁ@@g ‘UﬁmumﬂﬂmiaWiﬁmmgmmuqammgamqamﬂum e

v

Y] Y] 4 U = o =1 A A 9 U dy = o @ % = o
ﬂ’ﬂllE‘T?JW‘L!‘ﬁ'i%W’JNElﬁ@]ﬂllﬁ@]ﬂmaﬂuvlhlﬂlﬁﬂ"luﬂgﬂﬂ'JTNﬁ?ﬂﬂljh!ﬂ"liﬂi%iﬂﬂ@’ﬂlﬂﬂﬂﬁ@]
= v A v A LR o U a o
11518\111!ﬂTi'W’LILL@ﬁiﬂuﬂ%@]ﬁﬂﬁ@ﬂgﬁ’Jllﬂ‘]JW?JfJLLﬁ%‘]JJGlu‘]_I”I%TEJLE’IU"UFN‘]J?SW]?(‘U?"IGHﬁ 11U
322 @1OWUT 3
Candida valida-like, Candida krusei, Candida sorbosa, Candida colliculosa-like, Candida

famata-like, Kloeckera spp., Candida guilliermondii, Candida albicans, Candida silvae,

U

° IS o ' 7 s ' '
aswunuatlsd vy 44 ad3d dadnwues 1Aun Pichia membranaefaciens,
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Geotrichum spp., Rhodotorula spp., Cryptococcus spp. uazwialalnsindad (methylotrophic

yeast) A0 Candida boidinii (de Araujo et al., 1995)
a v _ o d
DIILUEN ﬂHﬂiN?ﬁ'lu !!ﬁ%ﬂTﬁ%ﬂ%'l!!Hﬂaﬁﬂ

a8 ¢
1. Mugnaan

[ [

= 4 1A 1T 9 o Y o 4 A dy
’(?f'l’l’ii'Uﬂ?illﬂﬂﬂﬁ@ﬂ?ﬂu‘ﬂﬁ{l‘ﬂ’f]gl@nx‘]"] @]’E'Nﬂ'lﬂuﬂclfﬂ‘]fﬂﬁ]u’ﬂﬁﬂiﬂ151/ﬁ]$1’i']!°]f@

09/’ A g J Id‘lusj A 9 Slddyd'd o v A 1A
mwmmﬂumﬂﬂizﬂauglmmamaguu ’Hi@@]@\‘iﬂ15gﬂQL“]f’E’JVliJﬂ'J'liJ’ﬁ1ﬂilluVIq€°]{1uLLWﬁQVI’E'JEJ

U

9
%

as < ] ] as di} 4 ~Aq Y ;

HU ITNITINUAIDYIN ITNITLUYNLYD ﬂﬂﬂﬂi%ﬂ@ﬂﬂl@\i@ﬂ’i151/]1“]161uﬂﬁu8ﬂ!ﬂfﬁ] LA HANIITUDI
da’ A g @ o @ = J VA o S J 3 o
NIILLYNLYD ﬂfJLﬂuﬂﬂﬂElﬁ'WﬂflﬂuﬂﬁL!ﬂﬂﬁlﬁﬁiﬂﬂlmﬁiﬂﬂQGINC] NTLYNYTAUUAITNINUA
J A o 1 = 4 3 A = A » anAq Y

i]ﬂ‘l]igﬁ’f\?ﬂGUfJ\iﬂﬁllﬁlﬂ‘ﬂ%ﬂmu’JW%LLEJﬂEJﬁ@WN‘IﬁJWI’i3@LLEJﬂEI€WW]3Jﬂﬂ‘Hﬂ!%mWW ’J‘ﬁ‘lflsl,%slu
msuen limsasunlasdnyaznedunil ANudoInssINeIMIT LAZAATNNIINIENIN

da’ 1 dy 3 9 9 A A [
GU@QL%?JIM?%W’JNﬂTiLLEIﬂ LL'ﬁ%GlufﬂiL!EJﬂL“IffJ‘1@ﬂﬂluﬁ@uﬂﬂﬂ‘vmﬂuﬂ‘ﬂ‘ﬂﬁ)ﬂﬂuﬂﬁﬂ%ﬂu%ﬂﬂ
dy A a A o ] =S 4 a Qg)/ 9 =\ o w A o
OOU (A1INT, 2549) AN TUMITUINYTAIINTITUF IO UUDIIADINNITNIVANTDAAITUIU

S J

a tﬂ' d‘d 1 (% 1 a o 9 .. .
%aumaaumagiumamq Unaun1¥e11i15 acidified yeast extract malt extract medium agar
==

A v A a A 7 s L o ..
NUNLOY 3.7-3.8 (ﬂﬁ‘UWLfJ“])’IﬂfJﬂ'lilﬁiJﬂﬁﬂLﬂa@ 1 Uosu9a 0.7 L‘]J’E)ﬁL“l)”Ll@']) (Kreger van Rij,

d' 1Y QsJ‘ a A A 1 S A d' a a Q‘ o 9
1984) PNREVINNITLVTYUDILUANLITY LL@]LL‘UﬂVILﬁfJ“VWI‘L!ﬂiﬂ‘UN%’uﬂﬁTﬂJﬁm‘ﬂii‘ngNmu’)‘u‘lﬂ

9
[ Y

A [ a A A o 9 a Aag A Ax
wiweilesiumsnigvewuaiseinunsainild laemsAuasdgFiuz riaiing
[ 3 Y = 1 qs/l qs/l A A 1 1 A a = [ 3
VIININ DnagemsduduuaiGovatenguadluems 1wy aasusuilinoa Feezdudims
Y] o = = o [ 1Y 3 a 9 o a
dunsizd lsaululuInaewese dmsumsdudimansavessuduloonniilaenmsan
Tan@en Tns i Tota ¥5o uaamen Tnsn lotua a1lue1vng acidified yeast extract malt extract

y
{ ] | $ [ qﬂll 3 o
medium agar M/5Suanmldidunsaded ldanududugeendudusudule vazans oy

=) s a k4 A 2 . .
mawﬁwmm%mwwmamaﬂcmu (obligate aerobic yeasts) (Beech and Davenport, 1971)

S o a 9 . . 3 axa
MIUENTAN IAUINATANITNTDIAIUNNIUTU (membrane filtration technique) WuIsh
9o Aado 1 g < o 1 Ad ¢ ¥ o a &
GlGKVlilcl,uﬂiﬂ!‘ﬂ@’JﬂfJNL“lJlJ"lJEJ\‘]L’Viﬁ’JLLﬁ%ﬂJ@\‘IL!“II\‘I Iﬂﬂ@]’JGEJN‘VI!,‘]JHGU’ENLLGUQGIENIH'IN'I!GWEliJlf]JLl
v ) o qu 1 { 9y Y
’(?f'lﬁﬁZﬁWSW%‘ﬂﬁTillmﬁuﬁ@ﬁlﬂ@u ’(?fTI’ii“]Jﬂ'liﬂi@\‘luulmuﬂﬁﬁl\‘lﬁLﬁﬂﬂiﬂf@1%ﬂ$@]@\1ﬁﬂlu1ﬂﬂl@\‘l

. A YA I < 9 Y £
INION (pore size) 0.8-1.2 UlﬂJﬂ‘ifJu mamaammmmaﬂnmmﬂmﬂwum 0.45 UlﬂJﬂ‘ifJu BN
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a sA

= 4 = Aa [ a [ ] o’/’ ° ] Y Aa Y
‘c’JﬁmLazﬂaumﬂﬂu%mumGlW%mﬂagummuﬂﬁm fl]'lﬂuuu’]LLWUﬂﬁﬂﬁVlﬂll'JUUW'JWU']

q

2 A

o = 4 = ~ = Jd A dg’ a A
’E']"I‘Vi13LL“N“VIM?JRﬁ’NﬁWﬁﬁ‘UEJﬁ@fﬂuﬂﬂhjﬂiauﬂlﬂﬂﬂﬁmﬁ]iﬂluélluﬂﬂ (71a9, 2549)
2 a2 d
2. 3UNINITIUVBIYAN

a =) S A 421 =Y [
9UNINIFIU (taxonomy) VosdaAT NI UL .7, 1838 TasordanHAUZNN
@ A A A ~ A & a o 1 Y o w A ] Y
dugIuINe d35IMenaz ¥ ual FTMIaananldedinalusesvesszeznaindosly
[l v Y
nau ANNgNAewiug tazaNNU oo AN 1ANINMINATOU DNATINITANY

@ = o ] 1 ~ sy 2 o YR a
ﬁﬂ‘]elil!%‘ﬂN1’\]Tu]’lﬂﬂvmﬁWNﬁﬂuﬁlﬂﬂ’ﬂmmﬂ@]NGU’ENEJﬁ@W]ﬂaWﬂﬂQﬂuhlﬂ i]\i!ﬂﬂﬂi‘gﬂﬂuﬂﬁ

[

o = I A v o Jya o 0 4 a @ 9y = o @
atwungaaniaNuduius Inasaiy silvmeadaszan Tuananiunumdag lums
) =~ J @ C= a A A o a g A
vaswungad Uszneunuilgiivimaianaunsamuiiuaue luvasanaaed 1ie
Ufn3e1gn Isweamerse (Polymerase Chain Reaction, PCR) ¥ umsfinyiszay luana

Y 0o v A 4 <3 { A o Aaaa I A {
Pagtiumsmaravuiing T lnavesdiowen ldonnmsmudmaudredjnser PCR (U35

Yo a ) v o = s A 9 9 1 Aam v o Qg)/ a

lasuanuienlumsihundadwungad wesnnlsnaniosnismsiasmununuaudy
Y 9 1 ) =4 2R 9 a = o w A =
winuaz ldwagndoaiud tazaseunagualldd ldedianinieTastisudnidwuiiong lo

InduTa DI/D2 ¥4 268 rDNA #itluuna 500-600 12aa 1o Ind uavegniediulas 5° ves

aw

A o3| a Ao 3 XK o a Ao o a = I
26S rDNA eI UUTIUNNITANUINGIS) wﬂumnmmamumﬂa%%ﬂmmmﬁﬂ

9
A o

1 [ = 9 A 9 = =) 0o w A = 4 1
ANNU uaﬂmﬂuflmgmmagam‘lﬂuﬂmﬂiﬂmmuamuuaﬂaia"lmum ANULANA1G 11

=

a dy [ ) = L [ a2y Y |l 1 o
USnatiasadadwundad lussauatlad laed1aniud (Kurtzman and Robnett, 1998)

1 < a ~ o = = 1 < A =\ )
o819 lsnaweynsuisuveddaa luilegiulimanldeunilasediesias wilesnniinsii

a Y] Y o Y v o [ [P=) A o [ 09.:’ [ )
madaszay Tuananly dldmssaswunds lidinnuasiin auiumsiaswunilszmnm
13 { o {

14 The Yeasts, A Taxonomic Study. 4" edition do3uduszuvndenalims)asunasld uas

Wee1vazmslasunilaslunainent (Nakase, 2001)

v o =) L % @ a = a Y o
msdadwungdaa luilagiueideoyninds i Inavhdn dszneudie anyazni

[

2
AUgIUING A5 MASTAAY OUNTNITINAY HazoYNINITIUIZAD Tuana IUNINT

a J v o awv = 1A J < v A
AATIZHANVTUARUTNIITAUING LNsadaoomily 2 kh"lﬁll f® Ascomycota Ling

[l v
Basidiomycota %933180z10890 91
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Inlew Ascomycota

9 9
v AA o

= s Aa A v 1 o A a 1

daanodlu Iauiiinsananimmeszoz duiuiuun luedemanseniiana

I . Aa A v @ A a 1
zUINBTNN (anamorphic genus) HAZANANUISITNITUNUFUUUDIAYNANLIINIANA

I 4 a J
a lowasWn (teleomorphic genus) Tasmsaswatesuvuimasiiatealnates 395un
o 1 v Ao A o 9 3 A .
TﬂEJVI’J]lﬂTJWLL’EJﬁIﬂNEJ%@]ﬁEJﬁ@] (ascomycetous yeast) sznounie 3 ¥U AD Archiascomycetes,
v 9 Y

Euascomycetes {Ll1¢ Hemiascomycetes Aanaaalua1sen 1 193 Fu fe (Kurtzman and Fell,
1998)

o A

4
@ [~ @
YU 1 Archiascomycetes uitlu 4 oUAY Ao Schizosaccharomycetales, Taphrinales,

E4

. o e v S 9 Ay
Protomycetales, Pneumocystidales ttag lTugutiiimsaswed lagdeos uaviataulenasn
4 = A [ 4 ] @ ] A @
wod Inailos (ascogenous hypha) 11ﬂﬁTcT‘]J‘Wu‘lj‘LLUUUliJfJ1ﬁEJLWﬁIﬂEJﬂﬁLLG]ﬂ‘lfiuﬂﬂifJWﬁ‘]ﬂ!

aaa v A ~ A
saznaaslfnsennud laoz Tadlewuglifuauy

z [ 1 :;I
YU 2 Euascomycetes uuadu 2 ana Ao afa Endomyces 1WWNS E. scopularum WNTUU

1 Y Y
Naaeglusuil uazana Oosporidium

9 E4 ]
% v A % I

Qle . o = A Y A Ja A
YU 3 Hemiascomycetes FmsurudnasnnnImsasunlasseneuavaaaning

Yy A 4

SuTasmsuanvivdeuazananaawdda 15U scoidea 1102 Cephaloascus Fauaianog 1y

v W =

v Y 9
OUAL Endomycetales Taenyu Hemiascomycetes 1l 1 9UAY Ao Saccharomycetales
1 9
Uszneuals 15 ana FITINN Debaryomyces, Pichia, Saccharomyces, Torulaspora 1iag
o

[ [ 4 . I
Zygosaccharomyces §1%5129 Candidaceae 13znouade 12 dna wagynanailuszezi

v J 1 v ]
auuguoulaedonst 15 Candida, Geotrichum, Kloeckera 18 Trigonopsis
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Class
Order
Family?® Family?®
Genus Genus
Phylum: Ascomycota Lipomycetaceae E.K. Novak & Zsolt
“ Archiascomycetes’ Babjevia
Schizosaccharomycetales Prillinger, Dérfler, Laaser, Dipodascopsis
Eckerlein & Lehle ex Kurtzman Lipomyces
Schizosaccharomycetceae Beijerinck ex Klocker Zygozyma
Schizosaccharomyces Metschnikowiaceae T. Kamienski
Taphrinales Gd&umann & C.W. Dodge Clavispora

Taphrina
Lalaria (Anamorph of Taphrina)
Protomycetales L uttrell ex D.Hawksworth & O.E.
Eriksson
Protomycetaceae Gray
Protomyces
?Saitoella (Anamorphic genus)
Pneumocystidaceae O.E. Eriksson
Pneumocystis
Euascomycetes
? Endomyces®® (E. scopularum)
Oosporidium
Hemiascomycetes
Saccharomycetales Kudryavtsev
(synonym Endomycetales Gaumann)
Ascoideaceae J. Schriter
Ascoidea
Cephaloascaceae L.R. Batra
Cephaloascus
Dipodascaceae Engler & E. Gilg
Dipodascus
Galactomyces
? Sporopachydermia
? Stephanoascus
? Wickerhamiella
?Yarrowia
? Zygoascus
Endomycetaceae J. Schréter
? Endomyces™® (E. decipiens)
? Helicogonium
? Myriogonium
? Phialoascus
? Trichromonascus
Eremotheciaceae Kurtzman
Eremothecium
? Coccidiascus

Metschnikowia
Saccharomycetaceae G. Winter
? Arxiozyma
? Citeromyces
? Cyniclomyces
? Debaryomyces
? Dekkera
? Issatchenkia
Kluyveromyces
? Lodderomyces
?Pachysolen
?Pichia
Saccharomyces
? Saturnispora
Torulaspora
? Williopsis
Zygosaccharomyces
Saccharomycodaceae Kudryavtsev
? Hanseniaspora
? Nadsonia
Saccharomycodes
? Wickerhamia
Saccharomycopsidaceae von Arx & van
der Walt
? Ambrosiozyma
Saccharomycopsis
Candidaceae Windisch ex van der Walt
Aciculoconidium
Arxula
Blastobotrys
Botryozyma
Candida
Geotrichum
Kloeckera
Myxozyma
Schizoblastosporion
Sympodiomyces
Trigonopsis

a A o A 9 A Y3 1 gdu a o o Ay A
HNELHA Lﬂﬁ@leﬂﬂﬂTﬂ11|T]@g‘ﬂu'mf@ﬁf!ﬁllﬁﬂﬂiﬁlﬁu?qa\jﬁuEN?Jﬂ'ﬁﬂﬂﬁnlluﬂﬂ]lilﬂ\jﬂ

1 i Y '
*inFeananefin g udu Hemiascomycetes ugaanmsiasuunds hined

©1nT0INNEM0WNENA Endomyces 11ag 1A Endomycetaaceae Haraaiiinidaswunii linai

3N Kurtzman and Fell (1998)
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Inlew Basidiomycota
= s 1 [ dyd as.:‘ Ao A v [l o Ao
daanodlu Ivlduiilinsananimmeszez duiusuuu luedoma tazananiszes
A Y] 4 [ 9 o = a Aaa R A o 1
ﬂTiE‘T‘]JW‘L!‘]j‘LL‘]J‘]J?JWﬂEJLWﬁIQElﬂﬁﬁ'iNE‘T‘]Ji’)ﬁ!L‘]J‘]JﬂJLWﬂ“BHﬂLL‘]JﬁﬂIi’Jﬁ‘IJﬂi %QL?EJﬂTﬂfJVI’J"l‘]J’J”I
aa v Aow A .. @ o aa v Aw A d A A
nuaa lodeFaaoan (basidiomycetous yeast) aﬂ‘HmSﬁWﬂﬂJﬂli’NLLUﬁﬂTﬂuﬂ%’ﬂﬁﬂﬁ@ ABISYSN
= a 9 o’d'd 1 = A Q' o ]
llﬂ”IﬁLi]iﬂluilgﬂigﬂi’)ﬂﬂﬁﬂ!,%ﬁaﬂﬂgﬂiNﬂflll 9 I8 L‘Wlﬁ]TIJ’JuIﬂEJﬂﬁLmﬂ‘ﬁuf’JLL”]J”]J
puma lsuaadn adueums Isuaraanuara Inaviliae (enteroblastic blastoconidia) Wadfu
A 9 4 Aa A A 9 a Aaa A = us.:} I
Wﬁ@ﬁi1\1@1ﬁi1ﬂiﬂ'ﬁ]um€l LLﬁ%/WiﬂﬁiNUﬂaﬁﬁIﬂﬂ@umEJ Mﬂ?il!ﬁlﬂﬂﬂﬂ“ﬂ%ﬁiﬂﬂﬂﬁllﬂuﬂ'ﬁ
v & A A ' o 9 ~ S A = ~ A o
UANYUBDVAUAYINTOUNN U UD T DIV 61%WULﬁu18ﬂLGﬁﬁﬁﬂJﬁﬂﬂu3LﬂﬁEl’ﬁ MﬂWiLﬂf@iJLLﬂallﬂ

= ) ~ . =\ Y a 4 aa
IMsuannanIugad IniGea (haustorial branch) M3sa31ana lealesuazuudney

aa o o 4 ] I 09/’
Huaa lovedaddaaseonili 3 %1 Ao Urediniomycetes, Hymenomycetes LA
[ { @ o an @ [ 4 [
Ustilaginomycetes AAA9 11013199 2 M3sdaiunanaveuda loNsdaataaeids
Y] [ a A A = = o o A 9 Yo A A
anyULdUTIUING 359301 LazF Al dIumMITaduundlFd IFanyaenaisImeas

IS IS o 1 3 IS 1 dy a A
Fundl anvazdinnlunaazsuliaeae 1l (@13a3, 2549)

QSJ‘ .. S @ 09/’ = =) =} =
¥U 1 Urediniomycetes NHUINULDUNFHITUAN mmmummu"lmmvxlm !Lﬁ%vliJll
] Jd 1 1 o
Woronin body g3 msiszneuadreuilsesnuuenwas aaulvailiTaoulaad Q-9 uas

Q-10 8N Reniforma strues N3 Q-7

QsJ‘ 9 = o ng 3 a J A [

¥ 2 Hymenomycetes tau lodimianuiunuulaawes daddiulvgaieds
Yszneundiondlald

9 v k4

o . . @ J 9y a = v o Y

%1 3 Ustilaginomycetes Hivaaailszneuaiong Inadsuamnnige misnudule
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3. Ustilaginomycetes

Rhodosporidium
Leucosporidium
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Sporidiobolus
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Mastigobasidium

Erythrobasidium
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Cystifilobasidium
Fibulobasidium
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Cryptococcus
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Pseudozyma
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18S rDNA NIKUA bt A
18S rDNA 185-1627 (1451-1618) +¢ I
25S rDNA 255-635 (D2, V3, B 30 463-622)  +° ERER— +
25S rDNA 255-1841 (1611-1835) +° ++
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a g b
AL ULDUDY
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wanenng ‘190500 188 (188-1627) 1Az 25S rDNA (25S-1841 11az 255-635) 1sznounu
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31 Valente ef al. (1999)
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5S rDNA M9HUa
5.8S tDNA 19HuA

Fa
18S rDNA 191 ua

18S tDNA 119tua

18S rDNA
188-1627
(1451-1618)

258 rDNA
258-635

(D2, B, V3 1i50
493-622)

258 rDNA
255-1841
(1611-1835)

258 rDNA D1/D2

ITS

IGS

a

Sequenced with the entire ITS region

Direct sequencing

5’ TGGAATTACCGCGGCTGCTGGCACC 3’

5’ CCGTCAATTCCTTTAAGTTTCAGCC 3’

5’ TCTGGGCCGCACGCGCGCTACACTG 3’

5 GACGGGCGGTGTGTACAAAGGGCAG 3’
Sequencing of PCR product

NSI1-5 GTAGTCATATGCTTGTCTC 3’

NS8-5 TCCGCAGGTTCACCTACGGA 3’

Basid2-5° CTGTTAAGACTACAACGGAGCAGGC 3’
Basid3-5" AGAGTGTTCAAAGCAGGA 3’

Direct sequencing

5> ACGGGCGGTGTGTAC 3’

Direct sequencing

5 GGTCCGTGTTTCAAGACGG 3’

Direct sequencing

5’ TTGGAGACCTGCTGCGG 3’

Sequencing of PCR product

NL1-5> GCATATCAATAAGCGGAGGAAAAG 3’
NL4-5> GGTCCGTGTTTCAAGACGG 3’
Sequencing of PCR product

ITS1-5 TCCGTAGGTGAACCTGCGG 3’

or ITS5-5 GGAAGTAAAAGTCGTAACAAGG 3’
ITS4-5 TCCTCCGCTTATTGATATGC 3’
Sequencing of PCR product

AC10-5 GAGGCTAGAGGTGCCAG 3’

AC19-5 ATTCGAGAAGTTATTATG 3’

120 bp
150 bp

1750 bp

1800 bp

167-172 bp

200-300 bp

225 bp

600 bp

fruuals 1@

(<400->800 bp)

Fuls'lé

(~2.4 kb)
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ARG 1anale Inanianudume
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Piperidine formate pH 2.0 A+G

Hydrazine C+T

Hydrazine + 1.5 M NaCl C

1.2 M NaOH (90°C) A>C

a1 Alphey (1997)

o Aaaa 1 1 o I ¢ a3 ' v
nnmsmgnsenvuguluuaazasai i ldaedowevinauana1eni
) o ad a a a J o o
wwuenTaeiivanIns TS salunedesaiar ludwa (polyacrylamide gel) uazinva lii

Yy 9 a g A a dg’ 1 an a
1A uunIzaynIod astvaouuauaRwenavu lutsazinl Ined oo Iasa Tonsiu
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27.3-29.3 parisaEed WO 6.9-7.5 ANNAYN 0-21 dIU TUWHEIN LazNIaAIIUIY 76-202
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KEARRNOUT 100 UAAANT (A1T1NN 8) Iﬂﬁll!ﬁlﬂ&lﬁ'%ﬂﬂ 61 MYNUT mﬂ@]’)ﬁ)ﬂNuﬂuﬂﬂﬁNﬂ

Y J { % 1 g; { g U aw [
Vni"lﬂ“ﬁ 7 BaAs¥d RV taz R1 Nenaindleavihinnuannihmsauvesgaoiidinensneins
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“]f'lﬂ?\l\ﬁ%‘u@\‘l ADIUUIVYLAS WA U IUUIINGIAUNHATAITAT

Fro6nai
v A umis Suiden T ity
RV1, RV2, RV3, RV4, RV5, RV6, RV7 1/uu 13 5.9. 41
RV9, RV10 2/UU 13 5.9. 41
RVI1 3/UU 13 5.9. 41
RV19 5/uuU 13 5.9. 41
RV22, RV24, RV25 /a1 13 5.9. 41
RV28 2/aN 13 5.9. 41
RV29, RV31 3/a1 13 5.9. 41
RV17 4/ 13 5.9. 41

RV35 4/a04 13 5.91. 41
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Fro610ii
sHa pafiAudume  Suideu T Aify
RV39, RV40, RV42 5/a18 13 5.9. 41
RV57, RV59 1/uu 26 130.9. 42
RV60, RV61, RV62, RV63 2/UU 26 130.9. 42
RV64 3/UU 26 130.9. 42
RV74 5/uuU 26 130.4. 42
RV85, RV86 3/ 26 13.8. 42
RV87, RV88, RV89, RV90, RV91, RV93, RV94 4/ 26 130.8. 42
RV96 5/a19 26 1.9, 42
RV132 /U 29 1.9, 42
RV134, RV137 /a1 29 .9 42
RV138, RV140 2/UU 29 1.9, 42
RV144, RV145, RV147 3/UU 29 n.A. 42
RV 148, RV149 3/a1 29 .9 42
RV152, RV153 41U 29 1.9, 42
RV155 4/ 29 .9 42
RV158 5/uuU 29 n.A. 42
RV162, RV165 5/814 29 n.A. 42
R1-1,R1-2, R1-3, R1-4, R1-5, R1-6, R1-21 1/aN 29 15.9. 48
R1-7,R1-8, R1-9, R1-10, R1-11, R1-20, R1-22 /U 29 15.9. 48
R1-12, R1-13, R1-14, R1-15, R1-16, R1-17, R1- 2/aN 2915.9. 48

18, R1-19, R1-23, R1-25, R1-26, R1-27, R1-29,

R1-30, R1-31, R1-32, R1-33, R1-34
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~ 3w ' 091 Y @ 1 o S J A A 4
MAINNN 8 NITNVUAIDYNNUT ANHUZUDIAIDYIN D1UINYAA l!agﬂﬁmﬂllﬂﬂl’lﬂ

iy qa  duds qumgll fiey  avwdy  SwauBad sWadadiuen’d
f10619 1 11’:1 (°C) (ppt) (mfaﬁ/loo ua.)
9 W.A. 49 1 ‘L{TIJL! 28.3 7.28 0 120 RS34, RS35, RS36,
g 28.1 7.15 0 100 RS39, RS41, RS42,
RS43
9 N.M. 49 2 “L{HJL! 27.4 6.86 14 178 RS16, RS17, RS18,
‘1::/11’;1'1\1 27.3 7.01 13 202 RS19, RS20, RS21,
RS22, RS23, RS24,
RS25, RS26, RS27,
RS28, RS29, RS30,
RS31, RS32
9 N.A. 49 3 ﬂ?‘WUU 27.8 6.90 12 126 RS1, RS2, RS3,
‘1::/151\1 28.0 6.88 12 146 RS5, RS6 RS7, RSS,
RS9, RS10, RS11,
RS12, RS13, RS14
9 N.M. 49 4 L{WUH 29.3 7.47 19 146 RS47, RS48, RS49,
‘1::1151\1 29.1 7.47 21 76 RS50, RS52, RS53,
RS54, RS55, RS56,
RS57, RS58, RS60,
RS61
9 N.A. 49 5 L{TU“L! 28.7 7.10 17 188 RS62, RS63, RS64,
‘frﬁiN 28.5 7.11 18 122 RS65, RS66, RS68,

RS70, RS71, RS74,

RS75,RS76
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U o = 3 Y a [ 14 = = o Y A = d
2. msdadwundanlagedeeynsuisiuszaulmaganlsmsilsauiisudduiinglelne

d v o d [
U312 D1/D2 Y949 26S rDNA 4azn5AATIZHANNANWHENIIIAUUINS

v o =S 4 [ a [ 9 0o v A =S 4
NNMIIATWUNTAA TagedeoynTUITIUTZAY TUanaaIsMsma 1 uiIng 1o na
a = 4 Y] Al = =) A [ o w A =
U319% D1/D2 04 26S rDNA vodaad1ewuga1ee nulfouisuanumlounudiauilong
4 A a [ { ]
To'lnavesdsflizina1e Noglugudoya Tasld BLASTN homology search program
= d1 9 = Aa = 14 1 I 4
(Altschul et al., 1997) TaeRinami 1101 2 eneWusinmsununiing le lnaunni 1 nlosidua
a 5 a o lQ
Tuu3a D1/D2 ¥94 268 rDNA Faluualszana 600 11aa 1s na (AeolimMIununiiing 1o
o a = o o chﬂ;/ 3 I =4 Y Aa = EdRl Y]
Ind 6 1ndle Ing) mewuinsaoaiuiuauaz dllFd uazdlitiang To Inagdanu 0-3

A dA %

A 4 v o I I P Aa o
inale'lng enndaswundluadlFdinedu vsoluatlddanlndFaiuuin (Kurtzman and

v
d v ' A v

Y
Robnett, 1998) HaNM3IALUNTAATI 3 NGY Neail

2.1 MITAMUNTAATH T RV

Y
A A

HAMIIATUUNTARTHE RV Nuennd10e1athnuilot] w.er. 2541-2542

o [ 4 ) ~ I J
TUIU 56 AYNUTF mnsoIaduungaailu 3 GEN ﬁﬂ

S a A A Yo
2.1.1 a1lFdniinseTureudn (described species) 1130 al)Fan3anud7 (known

. A a Aa A 7Y 1 -4 a
species) Luﬂ\iiﬂﬂllﬂﬁ'Lmu‘ﬂu’JﬂﬂIvalﬂﬂu@Elﬂ’N 1 1osiaua “1umnm D1/D2 494 26S
o v Jda & - A dd o = I a
rDNA 914U 42 TYNUT aatlu 75 oS suAveBdANINISANE Tﬂﬂﬁﬂ“ﬁﬁﬂﬂﬂﬁﬂ‘ﬁ‘ﬂWﬂ
1 [~ o @ Jo o 4 § o
udrdulngduned Indedaadaniaduun’la 7 ana 17 dll3d (@15199 9) Tulldn
F4
o v W 1 14
Ascomycota U Hemiascomycetes ®UAU Saccharomycetales Ta EJfJgaluNﬁ Saccharomycetaceae
4
6ana9 a3 Ao Debaryomyces nepalensis, Issatchenkia occidentalis, Issatchenkia orientalis,
Issatchenkia siamensis, Kodamaea ohmeri, Pichia caribbica, Pichia sporocuriosa, Torulaspora
7 . &£ g A A o &
maleeae Wag Williopsis saturnus 182N Candidaceae %Qgﬂuizﬂzmmwwmsﬁuwummu
v [ 4
luendena 1 ena 8 allFd Ao Candida berthetii, Candida boidinii, Candida glabrata, Candida
pseudolambica, Candida rugosa, Candida silvae, Candida thaimueangensis W& Candida
(] aa v A wv A S a Y o o I =4 A
tropicalis ﬁTJuLL‘]Jﬁﬂi@uﬂ%@]ﬁﬂﬁ@ﬂuﬂ"ﬁﬂ‘ﬁﬂTEJLLﬁ'Ji]ﬂi]"ILLUﬂL‘]Ju 2dna4 alyd (M3 1N 9)

k4

Tulvldu Basidiomycota ¥4 Hymenomycetes 1 @ a3 a3d fe 1 richosporon asahii,

Y
Trichosporon coremiiforme W& Trichosporon japonicum ER Y Urediniomycetes 1 €@
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A A ¢ Ao o & s a v
M1519N 9 FaasHa RV Nasuun ualsaninisesuienan

= =\ a k) ~
Y ﬂ‘llfnﬁ’E)‘ﬁ“U"IfJLm’JLLﬁﬂﬂu@ﬁNVI 10

v
A

A S A ° [ =S v o = J A
aUvd A9 Rhodotorula mucilaginosa A1V TUTIYALIDYAVDINITIAVULUNYTATUE RV N

Species Strain No. of strain
Ascomycetous yeast
Candida
Candida berthetii RV22, RV62 2
Candida boidinii RVI11 1
Candida glabrata RV144 1
Candida pseudolambica RV63,RV134,RV149 3
Candida rugosa RV2,RV147 2
Candida silvae RV7 1
Candida thaimueangensis RV88, RV90, RV158 3
Candida tropicalis RV132,RV138 2
Debaryomyces
Debaryomyces nepalensis RV61 1
Issatchenkia
Issatchenkia occidentalis RV28, RV74, RVI1 3
Issatchenkia orientalis RV31, RV85,RV145 3
Issatchenkia siamensis RV10, RV6, RV25, RV4, RV40 5
Kodamaea
Kodamaea ohmeri RV29 1
Pichia
Pichia caribbica RV148, RV155 2
Pichia sporocuriosa RV137 1
Torulaspora
Torulaspora maleeae RV17,RVI19 2
Williopsis
Williopsis saturnus var. mrakii RV39, RV64, RV86 3

Williopsis saturnus var. subsufficiens

d o
534 7 ana 17 alvd 37 meriug

RV93



M319N 9 (A0)

Species Strain

No. of strain

Basidiomycetous yeast

Rhodotorula
Rhodotorula mucilaginosa RV162, RV165
Trichosporon
Trichosporon asahii RV24
Trichosporon coremiiforme RV1
Trichosporon japonicum RV59

59U 2 ana 4 dilTd 5 ey

Q
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a v o a2 Jd v A AN A a Y A o I
AN 10 NITIAVULUNYTATHE RV ‘VIL“]J“L!Z‘Tﬂ‘]f’m/mﬂﬁ’f]‘]i"lﬂﬁlua’,]‘l/lll,ﬁlﬂi]'lﬂ@ﬁﬂEJ'N

NSMONTFIORITEU0 Ao uIToLaT RAILIHINH T INaUINEATAAAT

Y
g A

TN udiell w.e. 2541-2542 3nthaneauveIaniiine

Nucleotide identity

Nucleotide different

in D1/D2 domain in D1/D2 domain

Strain Closest species (Accession number) no. of % no. of % no. of Result of identification

nucleotides identity nucleotide substitution gap

identity / total substitutions

nucleotides
Ascomycetous yeast
RV22 Candida berthetii CBS 5452 (U62298) 474/476 99.6 1 0.2 1 Candida berthetii
RV62 Candida berthetii CBS 5452 (U62298) 570/577 98.8 2 0.4 5 Candida berthetii
RVI11 Candida boidinii NRRL Y-2332 (EU011598) 562/564 99.6 1 0.2 1 Candida boidinii
RV144  Candida glabrata CBS 138 (U44808) 579/581 99.7 2 0.3 0 Candida glabrata
RV63 Candida pseudolambica CBS 2063 (U71063) 550/552 99.6 2 0.4 0 Candida pseudolambica
RV134 Candida pseudolambica CBS 2063 (U71063) 557/559 99.6 2 0.4 0 Candida pseudolambica
RV149 Candida pseudolambica CBS 2063 (U71063) 557/559 99.6 2 0.4 0 Candida pseudolambica
RV2 Candida rugosa CBS 613 (U45727) 483/485 99.6 1 0.2 1 Candida rugosa
RV147  Candida rugosa CBS 613 (U45727) 483/485 99.6 1 0.2 1 Candida rugosa
RV7 Candida silvae CBS 5498 (U71065) 541/541 100 0 0 0 Candida silvae
RV8S8 Candida thaimueangensis TM1-01 (AB264009) 559/559 100 0 0 0 Candida thaimueangensis
RV90 Candida thaimueangensis TM1-01 (AB264009) 559/559 100 0 0 0 Candida thaimueangensis

8¢



M3 10 (99)

Nucleotide identity

Nucleotide different

in D1/D2 domain in D1/D2 domain
Strain Closest species (Accession number) no. of % no. of % no.of  Result of identification
nucleotides identity nucleotide substitution gap
identity / total substitutions
nucleotides
RV158  Candida thaimueangensis TM1-01 (AB264009) 559/559 100 0 0 0 Candida thaimueangensis
RV132  Candida tropicalis CBS 94 (U45749) 532/532 100 0 0 0 Candida tropicalis
RV138  Candida tropicalis CBS 94 (U45749) 569/570 99.8 0 0 1 Candida tropicalis
RV61 Debaryomyces nepalensis CBS 5921 (U45839) 502/502 100 0 0 0 Debaryomyces nepalensis
RV28 Issatchenkia occidentalis CBS 5459 (U76348) 559/559 100 0 0 0 Issatchenkia occidentalis
RV74 Issatchenkia occidentalis CBS 5459 (U76348) 559/559 100 0 0 0 Issatchenkia occidentalis
RVI1 Issatchenkia occidentalis CBS 5459 (U76348) 494/494 100 0 0 0 Issatchenkia occidentalis
RV31 Issatchenkia orientalis NRRL Y-5396 (EF550222) 582/582 100 0 0 0 Issatchenkia orientalis
RVS85 Issatchenkia orientalis CBS 5147 (U76347) 564/564 100 0 0 0 Issatchenkia orientalis
RV145  Issatchenkia orientalis CBS 5147 (U76347) 564/564 100 0 0 0 Issatchenkia orientalis
RV4 Issatchenkia siamensis (AB247501) 555/555 100 0 0 0 Issatchenkia siamensis
RV6 Issatchenkia siamensis (AB247501) 555/555 100 0 0 0 Issatchenkia siamensis
RV10 Issatchenkia siamensis (AB247501) 555/555 100 0 0 0 Issatchenkia siamensis
RV25 Issatchenkia siamensis (AB247501) 555/562 98.8 0 0 7 Issatchenkia siamensis
RV40 Issatchenkia siamensis (AB247501) 504/504 100 0 0 0 Issatchenkia siamensis

6S



M3 10 (99)

Nucleotide identity
in D1/D2 domain

Nucleotide different
in D1/D2 domain

Strain Closest species (Accession number) no. of % no. of % no.of  Result of identification
nucleotides identity nucleotide substitution gap
identity / total substitutions
nucleotides
RV29 Kodamaea ohmeri ATCC 46053 (AF335976) 512/512 100 0 0 0 Kodamaea ohmeri
RV148  Pichia caribbica ACE11 (EF063131) 580/580 100 0 0 0 Pichia caribbica
RV155  Pichia caribbica NRRL Y-27274 (EU348786) 540/540 100 0 0 0 Pichia caribbica
RV137  Pichia sporocuriosa NRRL Y-27347 (EF550232) 574/578 99.3 4 0.7 0 Pichia sporocuriosa
RV17 Torulaspora maleeae IFO 11061 (AB087395) 572/573 99.8 1 0.1 0 Torulaspora maleeae
RVI19 Torulaspora maleeae IFO 11061 (AB087395) 572/573 99.8 1 0.1 0 Torulaspora maleeae
RV39 Williopsis saturnus var. mrakii 574/574 100 0 0 0 Williopsis saturnus
CBS 1707 (U94929) var. mrakii
RV64 Williopsis saturnus var. mrakii 530/530 100 0 0 0 Williopsis saturnus
CBS 1707 (U94929) var. mrakii
RVS86 Williopsis saturnus var. mrakii 547/552 99.1 2 0.3 3 Williopsis saturnus
CBS 1707 (U94929) var. mrakii
RV93 Williopsis saturnus var. subsufficiens 573/574 99.8 1 0.1 0 Williopsis saturnus

CBS 5673 (U75960)

var. subsufficiens

09



M3 10 (99)

Nucleotide identity

Nucleotide different

in D1/D2 domain in D1/D2 domain

Strain Closest species (Accession number) no. of % no. of % no.of  Result of identification

nucleotides identity nucleotide substitution gap

identity / total substitutions

nucleotides
Basidiomycetous yeast
RV162  Rhodotorula mucilaginosa CBS 8383 (AF189959) 574/574 100 0 0 0 Rhodotorula mucilaginosa
RV165  Rhodotorula mucilaginosa CBS 8383 (AF189959) 574/574 100 0 0 0 Rhodotorula mucilaginosa
RV24 Trichosporon asahii CBS 7137 (AF189882) 598/599 99.8 1 0.1 0 Trichosporon asahii
RV1 Trichosporon coremiiforme CBS 2478 (AF189863) 585/585 100 0 0 0 Trichosporon coremiiforme
RV59 Trichosporon japonicum CBS 8641 (AF308657) 573/573 100 0 0 0 Trichosporon japonicum

19



62

{ o 1 a o o a I
2.1.2 aFdndaliiinseFune (non-described species) $14IU 4 eneiug Anilu

a

I 4 =~ A o = A S o (= Aa v o Y
7.1 WesIFUAVD@AANIMINTANYA Tﬂﬂﬁﬂ%ﬁmﬂuumiaﬁmmm1Lmﬂ'lm‘ﬂu 2 @na

q

IS A ~ Y o . v W
2 ¥ ®M31n 11) Tu'lvlaw Ascomycota ¥U Hemiascomycetes ®UAU Saccharomycetales

A [

Tﬂﬂﬂéiui)ﬂﬁ Saccharomycodaceae 1 a1l3d Nmilouny Hanseniaspora sp. ST-464 U

2 aesiug nazegluded Candidaceae 1 a1)Fd Mnilouny Candida sp. NRRL Y-27127

I3 4 = v o S Jd o A g A I v =) a
TUIU 2 TYNUT F19a0YAVDINITIAVUNITAATHE RV %Lﬂuﬁﬂﬂfﬁ‘ﬂﬂdhlllllﬂﬁ@‘ﬁll"lﬂ

tanaluaisnan 12

A = J Ao o <3| A A w =) a
AN 11 IaATNd RV “I/]flmm!mﬂ!ﬂuﬁﬂ‘b'ﬁﬂﬂﬁ‘lllllﬂﬁf)‘ﬁ‘]ﬂt’l

Species Strain No. of strain

Candida sp. NRRL Y-27127 RV9, RV57 2

Hanseniaspora sp. ST-464 RV3,RV87 2
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a v o a Jd w A A IA @ =) a A @ [ o A =) ' Aa o
AN 12 NTIAVULUNYTATHE RV Tllﬂu?fﬂ‘]f’ﬁﬂm]lllllﬂﬁﬁ]‘ﬁﬂ'lﬂ‘ﬂllﬂﬂiﬂﬂ@n’f]‘c’JNUW]Lﬂ‘U!JJE]‘]J W.F. 2541-2542 iﬂﬂ“]h“]f’lﬂ!,auell’ilﬁﬁﬂ'lu’ﬁ]ﬂ

NSMeNTFIRITE U0 Ao fuIToUaT RAIHINH T INaUINEATAAAT

Nucleotide identity Nucleotide different
in D1/D2 domain in D1/D2 domain

Strain Closest species (Accession number) no. of % no. of % no.of  Result of identification

nucleotides identity nucleotide substitution gap

identity / total substitutions

nucleotides
RV9 Candida sp. NRRL Y-27127 (EF550293) 575/575 100 0 0 0 Candida sp. NRRL Y-27127
RV57 Candida sp. NRRL Y-27127 (EF550293) 573/573 100 0 0 0 Candida sp. NRRL Y-27127
RV3 Hanseniaspora sp. ST-464 (DQ404527) 591/591 100 0 0 0 Hanseniaspora sp. ST-464
RV&7 Hanseniaspora sp. ST-464 (DQ404527) 590/591 99.8 1 0.2 0 Hanseniaspora sp. ST-464

€9



P ' X A = Aa  a s '
2.1.3 ﬁ'ﬂﬂfﬁﬁlﬁll (new species) Lummfmmmwumumaia"lmmﬂmw 1
I 4 a A = = [ Al da Y A
1Wesua Gluumm D1/D2 494 26S rDNA LiJfZJHJiﬂﬂlﬂﬂﬂﬂﬂﬁﬂ%ﬁﬂiﬂalﬂﬂ\iﬂqﬁ (closest

species) Gl”liJ!,ﬂmCV?I"U?N Kurtzman 582 Robnett (1998) 314U 10 AenUT ﬁmﬂu 17.9

a

/3 oA o = A A A To o ! o
Lﬂ@il“ﬁuﬁﬂlﬂ\iﬂﬁ@]ﬂﬂ"lﬂ"ﬁﬂﬂﬂ"l Tﬂﬂﬂﬁ@]ﬁﬂ%ﬁiﬁﬂﬁ]ﬂﬁnlluﬂf’)giuuh\lﬁﬂ Ascomycota

9
v . v W v 4
¥4 Hemiascomycetes ®UAL Saccharomycetales Ta El’t]EﬂuNﬂ Saccharomycetaceae @f)a

'
A JA

Kluyveromyces 1 a1l3d NlndiReany Kluyveromyces aestuarii Wag@fa Pichia 1 dUFaN

[
[

1Y 1 4 4
IndReany Pichia flwuum 1az0g119A Candidaceae AN Candida 2 a3 ARy
{ o [ [V 4
Candida berthetii Was Candida silvae (913197 13) 115U 108208AVDINTIAUNT TR

o A d Ay S 1 ~
svia RV miiduadlad lvunanaluaisian 14

d' =l Jd Ao o 3 S [
M35190 13 Faasra RV Nvaswundluadlsea vy

Species Closest species Strain No. of strain
Candida sp. 1 Candida berthetii RV5,RV140 2
Candida sp. 2 Candida silvae RV35,RV96, RV152 3
Kluyveromyces sp. 1 Kluyveromyces aestuarii ~ RV42, RV89, RV94, RV153 4
Pichia sp. 1 Pichia fluxuum RV60 1

d d
53 3 ana 4 alyd 10 e
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d‘ ) ~ Jd @ A J Ay I o (] o A & ~ 1 AAa o o o
M35190 14 e undansvia RV nluallsa lninuenanalsenatinmuiiod) w.a. 2541-2542 911n1hae@uueaan1iilvens wens e

J2Ud AU AT WAL INRUNEATAAAT

Nucleotide identity Nucleotide different
in D1/D2 domain in D1/D2 domain

Strain Closest species (Accession number) no. of % no. of % no. of Result of identification

nucleotides identity nucleotide substitution gap

identity / total substitutions

nucleotides
RVS5 Candida berthetii CBS 5452 (U62298) 563/573 98.3 6 1.1 4 New species
RV140 Candida berthetii CBS 5452 (U62298) 499/510 97.8 6 1.2 5 New species
RV35 Candida silvae NRRL Y-6725 (EF550215) 399/445 89.7 42 9.5 4 New species
RV96 Candida silvae NRRL Y-6725 (EF550215) 451/525 85.9 63 12.0 11 New species
RV152  Candida silvae NRRL Y-6725 (EF550215) 476/550 86.5 63 11.5 11 New species
RV42 Kluyveromyces aestuarii CBS 4438 (U69579) 537/544 98.7 6 1.1 1 New species
RV89 Kluyveromyces aestuarii CBS 4438 (U69579) 537/544 98.7 6 1.1 1 New species
RV94 Kluyveromyces aestuarii CBS 4438 (U69579) 537/544 98.7 6 1.1 1 New species
RV153  Kluyveromyces aestuarii CBS 4438 (U69579) 536/544 98.5 7 1.3 1 New species
RV60 Pichia fluxuum CBS 2287 (U75719) 367/493 93.2 43 8.7 83 New species

S9
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2.2 MITAMUNTAARTI e R1

v o = J A Y ] oy A g A~ o
HANSIATWUNTAATHE R1 NiLon1na10e19 NN uiel) w.e. 2548 143U

[

v J o Y o 1 A
32 awviug daswunldilu 3 ngu de

Al S A a ) A =\ Aa = Jd Y [
2.2.1 alydanumsesurenan L‘L!’t’)\‘lil"lﬂilﬂ"lﬁll‘i/ll!ﬂﬂ?ﬂﬁi@ul‘ﬂﬂu@EJﬂ’J"I
J 3 4 a o v Jda J J <2 4
1 1ossua Glumnm D1/D2 494 26S rDNA 914U 23 TINUG Aautlu 71.9 BIRHEATETRR
A A o =2 AR A a A 1S v Aoy A v o 4
daanimsane TaoatlFanimsesueudrdiulvaiuneaTadedaadan saswunld
I Ay o ~ 1% 09: . [
W 2 ana 6 d1lFd (15199 15) Tu'lWdn Ascomycota U Hemiascomycetes GU#1
1 g ] 4 A S A .
Saccharomycetales LL‘]NL‘]J“L!?JQGLU’N?( Saccharomycetaceae 1 @ U¥d Ao Kodamaea ohmeri 1182
4 . & g A = v 7 ] o A A
A Candidaceae Fuiluszoznimwizmsduiuguuy o dond 1 ana 5 all3d Ao Candida
phangngensis, Candida picinguabensis, Candida rugosa, Candida thaimueangensis \0¢ Candida

@ ~ I

Y
tropicalis @2unUAA TedeTaadaanimsesuteuaIiasuunegluldy Basidiomycota Hu

?Jdo’d

Hymenomycetes 1 §UBH AD Trichosporon asahii (GﬂﬁN‘ﬁ 15) FMSUT 0 DIAVDINITIA

o = J A A A A a Y A
UWUNYTATN A R1 ‘ﬂL'ﬂuﬁﬂ‘lﬂﬁ‘ﬂllfﬂi’E]‘ﬁ‘]ﬂfll!ﬁf]uﬁﬂ\'iﬁlugni%iﬂ 16



[

19197 15 Dadsyid R1 199

o | A SAA a Y
Suunlualyaninisesuienad

Species Strain No. of strain
Ascomycetous yeast
Candida

Candida phangngensis R1-34 1

Candida picinguabensis
Candida rugosa

Candida thaimueangensis

Candida tropicalis
Kodamaea
Kodamaea ohmeri

d d
33 2 ana 6 alvd 22 Mg

E]

Basidiomycetous yeast
Trichosporon
Trichosporon asahii

d o ¢
590 1 ana 1 alvd 1 meiug

R1-7,R1-9,R1-10

R1-5,R1-21

R1-3,R1-§,R1-11, R1-15, R1-16,
R1-26,R1-29, R1-30, R1-33

R1-6,R1-12, R1-13, R1-19, R1-20, R1-23

R1-25

R1-18
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Nucleotide identity

Nucleotide different

in D1/D2 domain in D1/D2 domain

Strain Closest species (Accession number) no. of % no. of % no. of Result of identification

nucleotides identity nucleotide substitution gap

identity / total substitutions

nucleotides
Ascomycetous yeast
R1-34 Candida phangngensis PT1-17 (AB304772) 498/498 100 0 0 0 Candida phangngensis
R1-7 Candida picinguabensis UNESP 00-89 (AY566407) 439/439 100 0 0 0 Candida picinguabensis
R1-9 Candida picinguabensis UNESP 00-89 (AY566407) 488/488 100 0 0 0 Candida picinguabensis
R1-10 Candida picinguabensis UNESP 00-89 (AY566407) 488/488 100 0 0 0 Candida picinguabensis
R1-5 Candida rugosa CBS 613 (U45727) 479/484 99 2 0.4 3 Candida rugosa
R1-21 Candida rugosa CBS 613 (U45727) 483/487 99.1 1 0.2 3 Candida rugosa
R1-3 Candida thaimueangensis TM1-01 (AB264009) 559/559 100 0 0 0 Candida thaimueangensis
R1-8 Candida thaimueangensis TM1-01 (AB264009) 557/566 100 0 0 9 Candida thaimueangensis
R1-11 Candida thaimueangensis TM1-01 (AB264009) 558/559 99.8 1 0.2 0 Candida thaimueangensis
R1-15 Candida thaimueangensis TM1-01 (AB264009) 559/559 100 0 0 0 Candida thaimueangensis
R1-16 Candida thaimueangensis TM1-01 (AB264009) 559/559 100 0 0 0 Candida thaimueangensis
R1-26 Candida thaimueangensis TM1-01 (AB264009) 559/559 100 0 0 0 Candida thaimueangensis
R1-29 Candida thaimueangensis TM1-01 (AB264009) 557/560 99.5 2 0.4 1 Candida thaimueangensis
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Nucleotide identity

Nucleotide different

in D1/D2 domain in D1/D2 domain

Strain Closest species (Accession number) no. of % no. of % no. of Result of identification

nucleotides identity nucleotide substitution gap

identity / total substitutions

nucleotides
R1-30 Candida thaimueangensis TM1-01 (AB264009) 557/560 99.5 2 0.4 1 Candida thaimueangensis
R1-33 Candida thaimueangensis TM1-01 (AB264009) 559/559 100 0 0 0 Candida thaimueangensis
R1-6 Candida tropicalis CBS 94 (U45749) 570/570 100 0 0 0 Candida tropicalis
R1-12 Candida tropicalis CBS 94 (U45749) 568/568 100 0 0 0 Candida tropicalis
R1-13 Candida tropicalis CBS 94 (U45749) 570/570 100 0 0 0 Candida tropicalis
R1-19 Candida tropicalis CBS 94 (U45749) 570/570 100 0 0 0 Candida tropicalis
R1-20 Candida tropicalis CBS 94 (U45749) 570/570 100 0 0 0 Candida tropicalis
R1-23 Candida tropicalis CBS 94 (U45749) 570/570 100 0 0 0 Candida tropicalis
R1-25 Kodamaea ohmeri ATCC 46053 (AF335976) 512/512 100 0 0 0 Kodamaea ohmeri
Basidiomycetous yeast
R1-18 Trichosporon asahii CBS 7137 (AF189882) 599/599 100 0 0 0 Trichosporon asahii
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Species Strain No. of strain

Candida sp. NRRL Y-27127 R1-4 1

Hanseniaspora sp. CS-2008b R1-1,R1-22 2
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Nucleotide identity

Nucleotide different

in D1/D2 domain in D1/D2 domain

Strain Closest species (Accession number) no. of % no. of % no. of Result of identification

nucleotides identity nucleotide substitution gap

identity / total substitutions

nucleotides
R1-4 Candida sp. NRRL Y-27127 (EF550293) 594/594 100 0 0 0 Candida sp. NRRL Y-27127
R1-1 Hanseniaspora sp. CS-2008b (EU285515) 586/591 99.2 5 0.8 0 Hanseniaspora sp. CS-2008b
R1-22 Hanseniaspora sp. CS-2008b (EU285515) 587/591 99.3 4 0.7 0 Hanseniaspora sp. CS-2008b
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Species Closest species Strain No. of strain

Candida sp. 1 Candida conglobata R1-27,R1-31, R1-32 3

Candida sp. 2 Candida silvae R1-2,R1-14,R1-17 3
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Nucleotide identity Nucleotide different
in D1/D2 domain in D1/D2 domain

Strain Closest species (Accession number) no. of % no. of % no. of Result of identification

nucleotides identity nucleotide substitution gap

identity / total substitutions

nucleotides
R1-27 Candida conglobata CBS 2018 (U45789) 525/530 99 5 0.9 0 New species
R1-31 Candida conglobata CBS 2018 (U45789) 525/530 99 5 0.9 0 New species
R1-32 Candida conglobata CBS 2018 (U45789) 525/530 99 5 0.9 0 New species
R1-2 Candida silvae NRRL Y-6725 (EF550215) 484/565 85.7 66 11.7 15 New species
R1-14 Candida silvae NRRL Y-6725 (EF550215) 486/562 86.5 64 11.4 12 New species
R1-17 Candida silvae NRRL Y-6725 (EF550215) 484/559 86.6 64 11.4 11 New species
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Species Strain No. of strain
Ascomycetous yeast
Candida
Candida butyri RS55 1
Candida parapsilosis RS32 1
Candida silvae RS1, RS57 2
Candida tropicalis RS13, RS22, RS31, RS60, RS64 5
Debaryomyces
Debaryomyces nepalensis RS11 1
Galactomyces
Galactomyces geotrichum RS74 1
Issatchenkia
Issatchenkia occidentalis RS5, RS26, RS29 3

Issatchenkia orientalis

RS6, RS34, RS35, RS39, RS52, RS56, RS61, RS66 8

Issatchenkia siamensis RS12 1

Issatchenkia terricola RS30 1
Kodamaea

Kodamaea ohmeri RS25, RS43, RS48, RS49 4
Pichia

Pichia burtonii RS36 1

Pichia galeiformis RS3 1

Pichia kluyveri RS19, RS21, RS47, RS75 4

d

590 6 ana 14 a1lvd 34 meug

a
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Nucleotide identity

Nucleotide different

in D1/D2 domain in D1/D2 domain

Strain Closest species (Accession number) no. of % no. of % no. of Result of identification

nucleotides identity nucleotide substitution gap

identity / total substitutions

nucleotides
Ascomycetous yeast
RS55 Candida butyri CBS 6421 (U45780) 531/531 100 0 0 0 Candida butyri
RS32 Candida parapsilosis CBS 2617 (U45754) 565/570 99.1 5 0.9 0 Candida parapsilosis
RS1 Candida silvae CBS 5498 (U71065) 541/541 100 0 0 0 Candida silvae
RS57 Candida silvae CBS 5498 (U71065) 541/541 100 0 0 0 Candida silvae
RS13 Candida tropicalis CBS 94 (U45749) 570/570 100 0 0 0 Candida tropicalis
RS22 Candida tropicalis CBS 94 (U45749) 498/498 100 0 0 0 Candida tropicalis
RS31 Candida tropicalis CBS 94 (U45749) 570/570 100 0 0 0 Candida tropicalis
RS60 Candida tropicalis CBS 94 (U45749) 570/570 100 0 0 0 Candida tropicalis
RS64 Candida tropicalis CBS 94 (U45749) 570/570 100 0 0 0 Candida tropicalis
RS11 Debaryomyces nepalensis CBS 5921 (U45839) 570/570 100 0 0 0 Debaryomyces nepalensis
RS74 Galactomyces geotrichum GSXR (EF564398) 520/520 100 0 0 0 Galactomyces geotrichum
RS5 Issatchenkia occidentalis CBS 5459 (U76348) 559/559 100 0 0 0 Issatchenkia occidentalis
RS26 Issatchenkia occidentalis CBS 5459 (U76348) 559/559 100 0 0 0 Issatchenkia occidentalis X
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Nucleotide identity

Nucleotide different

in D1/D2 domain in D1/D2 domain
Strain Closest species (Accession number) no. of % no. of % no. of Result of identification
nucleotides identity nucleotide substitution gap
identity / total substitutions
nucleotides
RS29 Issatchenkia occidentalis CBS 5459 (U76348) 559/559 100 0 0 0 Issatchenkia occidentalis
RS6 Issatchenkia orientalis CBS 5147 (U76347) 564/564 100 0 0 0 Issatchenkia orientalis
RS34 Issatchenkia orientalis CBS 5147 (U76347) 564/564 100 0 0 0 Issatchenkia orientalis
RS35 Issatchenkia orientalis CBS 5147 (U76347) 564/564 100 0 0 0 Issatchenkia orientalis
RS39 Issatchenkia orientalis CBS 5147 (U76347) 564/564 100 0 0 0 Issatchenkia orientalis
RS52 Issatchenkia orientalis CBS 5147 (U76347) 564/564 100 0 0 0 Issatchenkia orientalis
RS56 Issatchenkia orientalis CBS 5147 (U76347) 564/564 100 0 0 0 Issatchenkia orientalis
RS61 Issatchenkia orientalis CBS 5147 (U76347) 562/562 100 0 0 0 Issatchenkia orientalis
RS66 Issatchenkia orientalis CBS 5147 (U76347) 564/564 100 0 0 0 Issatchenkia orientalis
RS12 Issatchenkia siamensis ( AB247501) 555/555 100 0 0 0 Issatchenkia siamensis
RS30 Issatchenkia terricola CBS 2617 (U76345) 552/554 99.6 2 0.4 0 Issatchenkia terricola
RS25 Kodamaea ohmeri ATCC 46053 (AF335976) 512/513 99.8 0 0 1 Kodamaea ohmeri
RS43 Kodamaea ohmeri ATCC 46053 (AF335976) 512/512 100 0 0 0 Kodamaea ohmeri
RS48 Kodamaea ohmeri ATCC 46053 (AF335976) 512/512 100 0 0 0 Kodamaea ohmeri
RS49 Kodamaea ohmeri ATCC 46053 (AF335976) 512/512 100 0 0 0 Kodamaea ohmeri
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Nucleotide identity

Nucleotide different

in D1/D2 domain in D1/D2 domain

Strain Closest species (Accession number) no. of % no. of % no. of Result of identification

nucleotides identity nucleotide substitution gap

identity / total substitutions

nucleotides
RS36 Pichia burtonii CBS 2352 (U45712) 524/524 100 0 0 0 Pichia burtonii
RS3 Pichia galeiformis CBS 7324 (U75738) 495/495 100 0 0 0 Pichia galeiformis
RS19 Pichia kluyveri CBS 188 (U75727) 567/568 99.8 1 0.2 0 Pichia kluyveri
RS21 Pichia kluyveri CBS 188 (U75727) 567/568 99.8 1 0.2 0 Pichia kluyveri
RS47 Pichia kluyveri CBS 188 (U75727) 567/568 99.8 1 0.2 0 Pichia kluyveri
RS75 Pichia kluyveri CBS 188 (U75727) 539/542 99.5 2 0.4 1 Pichia kluyveri

8L



79

a o

AN s Y 1 v Jda & - N o
2.3.2 aﬂ%ﬁmﬂmmsa‘ﬁma UIU 9 TYNUTF Aty 14.8 Wosisuavesada
{ o sy a v o I 4 { o
nihmsane TeeatlFanda lutimsesuedadwuniu 2 ana 4 d13d (15190 23) Tu'lday
9
o v W [ 1
Ascomycota U Hemiascomycetes ®UAU Saccharomycetales uanuagﬂluNﬁ
s A v
Saccharomycodaceae 1 @f)a 3 alad Mmdlouny Hanseniaspora sp. CS-2008b, Hanseniaspora
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Species Strain No. of strain
Candida sp. NRRL Y-27665 RS16 1
Hanseniaspora sp. CS-2008b RSI18 1
Hanseniaspora sp. ST-250 RS71 1

Hanseniaspora sp. YS DN19 RS7, RS10, RS24, RS41, RS50, RS62 6
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Nucleotide identity

Nucleotide different

in D1/D2 domain in D1/D2 domain

Strain Closest species (Accession number) no. of % no. of % no. of Result of identification

nucleotides identity nucleotide substitution gap

identity / total substitutions

nucleotides
RS16 Candida sp. NRRL Y-27665 (DQ839394) 468/472 99.2 4 0.9 0 Candida sp. NRRL Y-27665
RS18 Hanseniaspora sp. CS-2008b (EU285515) 587/591 99.3 4 0.7 0 Hanseniaspora sp. CS-2008b
RS71 Hanseniaspora sp. ST-250 (DQ404489) 560/560 100 0 0 0 Hanseniaspora sp. ST-250
RS7 Hanseniaspora sp. YS DN19 (AM3978438) 572/572 100 0 0 0 Hanseniaspora sp. YS DN19
RS10 Hanseniaspora sp. YS DN19 (AM3978438) 572/572 100 0 0 Hanseniaspora sp. YS DN19
RS24 Hanseniaspora sp. YS DN19 (AM397848) 585/585 100 0 0 0 Hanseniaspora sp. YS DN19
RS41 Hanseniaspora sp. YS DN19 (AM397848) 585/585 100 0 0 0 Hanseniaspora sp. YS DN19
RS50 Hanseniaspora sp. YS DN19 (AM3978438) 585/585 100 0 0 0 Hanseniaspora sp. YS DN19
RS62 Hanseniaspora sp. YS DN19 (AM397843) 585/585 100 0 0 0 Hanseniaspora sp. YS DN19
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Tﬂﬂ@gﬂ,uﬂﬁ Saccharomycetaceae ﬁiﬂé}!ﬁﬂﬂﬁﬂ Kluyveromyces aestuarii Lmzagj‘lmﬁ
Candidaceae RNAIRGINY Candida silvae, Candida sp. BG02-7-17-001A-1-1 % Candida sp.
CIDX4-Y5 (15197 25) s1eazideavesmssasuundansia RS MiluaiFd niuaasly

A
AITNN 26

d' =l Jd Ao o 3 S 1
M15190 25 Baasha RS Noauuniuatlad lviy

Species Closest species Strain No. of strain
Candida sp. 1 Candida silvae RS9, RS58 2
Candida sp. 2 Candida sp. BG 2-7-17-001A-1-1  RS17, RS28 2
Candida sp. 3 Candida sinolaborantium RS42 1
Kluyveromyces sp. 1 Kluyveromyces aestuarii RS2, RS8, RS14, RS20, 13

RS23, RS27, RS53, RS54,
RS63, RS65, RS68, RS70,
RS76
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Nucleotide identity Nucleotide different
in D1/D2 domain in D1/D2 domain

Strain Closest species (Accession number) no. of % no. of % no. of Result of identification

nucleotides identity nucleotide substitution gap

identity / total substitutions

nucleotides
RS9 Candida silvae NRRL Y-6725 (EF550215) 469/543 86.4 63 11.6 11 New species
RS58 Candida silvae NRRL Y-6725 (EF550215) 487/562 86.7 64 11.4 11 New species
RS17 Candida sp. BG02-7-17-001A-1-1 (AY520387) 467/492 94.9 25 5.1 0 New species
RS28 Candida sp. BG02-7-17-001A-1-1 (AY520387) 467/492 94.9 25 5.1 0 New species
RS42 Candida sinolaborantium CBS 9940 (AY520328) 505/515 98.1 8 1.6 2 New species
RS2 Kluyveromyces aestuarii CBS 4438 (U69579) 537/544 98.7 6 1.1 1 New species
RS8 Kluyveromyces aestuarii CBS 4438 (U69579) 537/544 98.7 6 1.1 1 New species
RS14 Kluyveromyces aestuarii CBS 4438 (U69579) 537/544 98.7 6 1.1 1 New species
RS20 Kluyveromyces aestuarii CBS 4438 (U69579) 537/544 98.7 6 1.1 1 New species
RS23 Kluyveromyces aestuarii CBS 4438 (U69579) 537/544 98.7 6 1.1 1 New species
RS27 Kluyveromyces aestuarii CBS 4438 (U69579) 537/544 98.7 6 1.1 1 New species
RS53 Kluyveromyces aestuarii CBS 4438 (U69579) 537/544 98.7 6 1.1 1 New species
RS54 Kluyveromyces aestuarii CBS 4438 (U69579) 537/544 98.7 6 1.1 1 New species

RS63 Kluyveromyces aestuarii CBS 4438 (U69579) 537/544 98.7 6 1.1 1 New species
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Nucleotide identity

Nucleotide different

in D1/D2 domain in D1/D2 domain

Strain Closest species (Accession number) no. of % no. of % no. of Result of identification

nucleotides identity nucleotide substitution gap

identity / total substitutions

nucleotides
RS65 Kluyveromyces aestuarii CBS 4438 (U69579) 536/544 98.5 7 1.3 1 New species
RS68 Kluyveromyces aestuarii CBS 4438 (U69579) 537/544 98.7 6 1.1 1 New species
RS70 Kluyveromyces aestuarii CBS 4438 (U69579) 474/479 98.9 5 1.0 0 New species
RS76 Kluyveromyces aestuarii CBS 4438 (U69579) 537/544 98.7 6 1.1 1 New species
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Strain
Species RV R1 RS
(collected in 1998-1999) (collected in 2005) (collected in 2006)
Ascomycetous yeast
Candida berthetii RV22, RV62 - -
Candida boidinii RVI11 - -
Candida butyri - - RS55
Candida glabrata RV144 - -
Candida parapsilosis - - RS32
Candida phangngensis - R1-34 -
Candida picinguabensis - R1-7,R1-9,R1-10 -
Candida pseudolambica RV63,RV134, RV149 - -
Candida rugosa RV2,RV147 R1-5, R1-21 -
Candida silvae RV7 - RS1, RS57

Candida thaimueangensis

Candida tropicalis

Debaryomyces nepalensis

Galactomyces geotrichum

Issatchenkia occidentalis

Issatchenkia orientalis

Issatchenkia siamensis

Issatchenkia terricola

RV88, RV90, RV158

RV132,RV138

RV61

RV28,RV74,RVI1

RV31, RV85, RV145

RV4,RV6,RV10, RV25,

RV40

R1-3,R1-§, R1-11,
R1-15,R1-16, R1-26,
R1-29,R1-30, R1-33
R1-6, R1-12,R1-13,

R1-19, R1-20, R1-23

RS13, RS22, RS31,
RS60, RS64

RS11

RS74

RSS5, RS26, RS29
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RS39, RS52, RS56,
RS61, RS66

RS12

RS30
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Strain
Species RV R1 RS
(collected in 1998-1999) (collected in 2005) (collected in 2006)

Kodamaea ohmeri RV29 R1-25 RS25, RS43, RS48,
RS49

Pichia burtonii - - RS36

Pichia caribbica RV148, RV155 - -

Pichia galeiformis - - RS3

Pichia kluyveri - - RS19, RS21, RS47,
RS75

Pichia sporocuriosa RV137 - -

Torulaspora maleeae RV17,RVI19 - -

Williopsis saturnus var. RV39, RV64, RV86 - -

mrakii

Williopsis saturnus var. RV93 - -

subsufficiens

Basidiomycetous yeast

Rhodotorula mucilaginosa ~ RV162, RV165 - -

Trichosporon asahii RV24 R1-18 -

Trichosporon coremiiforme RV1 - -

Trichosporon japonicum RV59 - -
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Candida sp. NRRL Y-27127 RV9, RV57 R1-4 -
Candida sp. NRRL Y-27665 - - RS16
Hanseniaspora sp. CS-2008b - R1-1,R1-22 RS18
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Strains

Species Closest species RV R1 RS

(collected in 1998-1999) (collected in 2005) (collected in 2006)
Candida sp. 1 Candida berthetii RVS5, RV140 - -
Candida sp. 2 Candida conglobata - R1-27,R1-31, R1-32 -
Candida sp. 3 Candida silvae RV35, RV96, RV152 R1-2,R1-14, R1-17 RS9, RS58
Candida sp. 4 Candida sp. BG02-7-17-001A-1-1 - - RS17, RS28
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Kluyveromyces aestuarii

Pichia fluxuum
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- RS2, RS§, RS14, RS20,
RS23, RS27, RS53, RS54,
RS63, RS65, RS68, RS70,
RS76
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2541-2542 Tuggenae

1l

N.A.

Species

Strain

Summer season

(February-April)

Rain season

(May-October)

Winter season

(November-January)

Ascomycetous yeast
Candida berthetii
Candida boidinii
Candida glabrata
Candida pseudolambica
Candida rugosa

Candida silvae

Candida thaimueangensis
Candida tropicalis
Debaryomyces nepalensis
Issatchenkia occidentalis
Issatchenkia orientalis
Issatchenkia siamensis
Kodamaea ohmeri

Pichia caribbica

Pichia sporocuriosa
Torulaspora maleeae
Williopsis saturnus var.
mrakii

Williopsis saturnus var.
subsufficiens
Basidiomycetous yeast
Rhodotorula mucilaginosa
Trichosporon asahii
Trichosporon coremiiforme

Trichosporon japonicum

RV62

RV88, RV90

RV61
RV74,RVI1

RV85

RV64, RV86

RV93

RV59

RV144
RV134,RV149
RV147
RVI158

RV132,RV138

RV148,RV155

RV137

RV162,RV165

RV22
RVI11

RV2

RV7

RV28

RV31

RV4,RV6, RV10,RV25, RV40

RV29

RV17,RVI9
RV39

RV24

RV1
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2541-2542 Tuggenae

Strain
Species Summer season Rain season Winter season
(February-April) (May-October) (November-January)
Candida sp. NRRL Y-27127 RV57 - RV9
Hanseniaspora sp. ST-464 RV87 - RV3

9 v Jd YA I 1 = A 1A Y A Y
dsveaadsd Inunuadl¥alvinlnaReangany Candida silvae NRRL Y-6725

E4 1 k4
o A v =

uag Kluyveromyces aestuarii CBS 4438 Tudaeenainitnuna 3 g aualdd ninlndifes

Y H
=

{ [ @ ] o { <
NQANY Candida berthetii CBS 5452 wiludegaimnuluggru tazgarund luvash
Ay ld‘ Y 2 d’ [ . . o 1 g’ A 2 9
atlwd Inunlnameangany Pickia fluxuum CBS 2287 wumniz ludedraihnnuluggiou
(13199 32)
= d,; Y I 1 g' 1 AAa o [ o
NMsAnEIRLaad M LI1InThnsauve g tIVeNIT nenIsHeiasuea
v Av o 1 a @ o [ 4 1 % 5 3
AU Aveuar WANUHINHINeReINBATEAS TUGAA1a NUBdAUAna1NIY Feoaiu

9
HADINANNUANA NUBIANHULN NN INUBIAIDYIIUN ngﬁﬂTJmL’Jﬂé}’f)iJﬁN“]



a = = R~ [ P 1A o 1 d A a A 1
3199 32 ManfFeunensaaalydIvunuenandlredraihinnumel) w.a. 2541-2542 Tuggene

Species

Closest species

Strain

Summer season

(February-April)

Rain season

(May-October)

Winter season

(November-January)

Candida sp. 1
Candida sp. 3
Kluyveromyces sp. 1

Pichia sp. 1

Candida berthetii
Candida silvae
Kluyveromyces aestuarii

Pichia fluxuum

RV96
RV89, RV94
RV60

RV140
RV152

RV153

RV5
RV35

RV42

¥6
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4 ?Jd Za A a

A = = ~ Y @ ' oy A Y ~
L?J’E)LTJ?EJ‘]JL“VI?J‘U?Jﬁ@]ﬁ GI)'ﬁ“I/IiJﬂ"li@‘ETJ'IEJLLa’W]LLEJﬂ%']ﬂWJ’EJEJNu'mLﬂUiuf]ﬂi’ﬂ‘Ll‘iJ N.A.
@ = ¢ A A a 9 ~ o 1 g‘ A g 3 0’/’
2541-2542 N1 NW.f. 2549 W‘U’Nﬂﬁﬁﬁﬂ%ﬁﬂﬂﬂ"li@‘ﬁﬂ?ﬂllﬁ')“l/lW‘Uﬁluﬁ'J’E)fJN“LH“VILﬂ‘U‘VI\‘l 2 A3
{ 7
A9 Candida tropicalis W& Issatchenkia orientalis Tuvagniv19all¥sd Ao Candida glabrata,
C. pseudolambica, C. rugosa, C. thaimueangensis, Pichia caribbica, P. sporocuriosa 10
. . A % ' g’ A g Y ~
Rhodotorula mucilaginosa ﬂwumww‘lumaaanmmﬂﬂqumuﬂ N.F. 2541-2542 1ay
Candida butyri, C. parapsilosis, C. silvae, Debaryomyces nepalensis, Galactomyces geotrichu,
Issatchenkia occidentalis, I. siamensis, I. terricola, Kodamaea ohmeri, Pichia burtonii, P.
o 1 g’ A g 9 =~ A
galeiformis o Pichia kluyveri Womwiz lugaognaihiny luggiond) w.a. 2549 (113199 33)
1 A A S w (=) a @ ] g’ A g ' Y = A
dgadallddnds luiimseFuenummiz ludredraihmny lursggeudl w.a. 2549 fie
P @
qUFaMMiloUNY Candida sp. NRRL Y-27665, Hanseniaspora sp. CS-2008b, Hanseniaspora

sp. ST-250 1% Hanseniaspora sp. YS DN19 (M15199 34)
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3] WA, 2541-2542 (RV) N1 W.A. 2549 (RS)

Strain

Species Rain season Rain season

(2541-2542) (2549)
Ascomycetous yeast
Candida butyri - RS55
Candida glabrata RV144 -
Candida parapsilosis - RS32
Candida pseudolambica RV134,RV149 -
Candida rugosa RV147 -
Candida silvae - RS1, RS57
Candida thaimueangensis RVI158 -

Candida tropicalis
Debaryomyces nepalensis
Galactomyces geotrichum
Issatchenkia occidentalis

Issatchenkia orientalis

Issatchenkia siamensis
Issatchenkia terricola
Kodamaea ohmeri
Pichia burtonii

Pichia caribbica
Pichia galeiformis
Pichia kluyveri

Pichia sporocuriosa
Basidiomycetous yeast

Rhodotorula mucilaginosa

RV132,RV138

RV145

RV148,RV155

RV137

RV162,RV165

RS13, RS22, RS31, RS60, RS64

RS11
RS74

RSS5, RS26, RS29

RS6, RS34, RS35, RS39, RS52,

RS56, RS61, RS66

RS12

RS30

RS25, RS43, RS48, RS49
RS36

RS3

RS19, RS21, RS47, RS75
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A ~ ~ ~ J YA o (=) a A @ ' 3} A g Y
M1919N 34 ﬂﬁl‘]JiEJ“]JL“I/]EJ‘]JEJﬁ'G]ﬁ"]J"HﬁTIfN]’l,iJlIﬂﬁ@‘ﬁ‘]J18]“]/]LLEJﬂiﬂﬂG]’J’E]EJNuﬁ/]Lﬂ‘]Jslui]@iﬂu

3] WA, 2541-2542 (RV) N1 W.A. 2549 (RS)

Strain
Species Rain season Rain season
(2541-2542) (2549)

Candida sp. NRRL Y-27665 - RS16

Hanseniaspora sp. CS-2008b - RS18

Hanseniaspora sp. ST-250 - RS71

Hanseniaspora sp. YS DN19 - RS7, RS10, RS24, RS41, RS50, RS62

S A gq a2 aysga 1A o 1 d A & &

dmsvdadatldd Ind wuhdadatldd lmunnuludieraihinuia 2 a5 fe Sad
ﬁﬂ%ﬁiﬁﬂﬁiﬂ&ﬁmﬁq’ﬂ N Candida silvae NRRL Y-6725 Lia Kluyveromyces aestuarii CBS
) v A Jd A I 1A % 1 g' A g Y =~ = & A Ad
4438 dmiveadalyd lminnumwz ludrearnihnmnuluggiewmmizillailvile Ao My
o) w.at. 25412542 wummzBadatl3d lwin ndiResiaany Candida berthetii CBS 5452
A d A~ =S Jd YA I = Y 2 P [
tazin U w.a. 2549 wumwizdaadlsd lvunlndinesngaiy Candida sp. BG02-7-17-
v Y
001A-1-1 1182 Candida sinolaborantium CBS 9940 (115197 35) HamsiTouneuiiingsie

A v @ a < a a ~ (5 A a
JUIUINHANININATUIY %uﬂmmﬂﬁmmﬁLﬂaﬂuuﬂm"lﬂmﬂmm

= z dyd Y] [ ~ S\ Y g; 1 =S 9 1 L= 4

NAMIAREIATIHIUGUNToNUTad 18 luinthaeau Tagignagaauas
= o = 1 I~ [ v 3’
Iunumaaylumsryudsusige s luthmeau uaztuurasemsvesdadiiuag

4 ] = Jd YA A o 9 qu/ o = [ 1

LNAIRADY (Nagahama, 2006) ddutaaalsd lrinsadwun lariueiir lU@nuanyazeaieg
4 a qul a b [ [} a a

ANUNOYNTUITIUUVVAUAL F91lseneudie mIfnuIdnaEdugIUINe d55IN0az

Y ¥ Y

FuaN 1azoynINITIUAL SINIAATIEHANUFURUT NI AT IN00 5N o

wedidedhudaaaiisdinige
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a = = ~ = 1 o ' d A Y A~ Y
M3199 35 ManfFeunesaaalydIvunuenandlredrnihinuluggiow el w.e. 2541-2542 (RV) A1 W.7. 2549 (RS)

Strain

Species Closest species Rain season Rain season

(2541-2542) (2549)
Candida sp. 1 Candida berthetii RV140 -
Candida sp. 2 Candida silvae RV152 RS9, RS58
Candida sp. 3 Candida sp. BG02-7-17-001A-1-1 - RS17, RS28
Candida sp. 4 Candida sinolaborantium - RS42
Kluyveromyces sp. 1 Kluyveromyces aestuarii RV153 RS2, RS8, RS14, RS20, RS23, RS27, RS53,

RS54, RS63, RS65, RS68, RS70, RS76
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a ~ I YA I n Y= v = A ] 4 a
My uedaadilFd i lddnuanyuzdadalldd lvdaunusioynsuisuuny
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v a

a = Y a J v o 7 aw A 3| =4
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3.1 Candida andamanensis sp. nov. (R1-27, R1-31T, R1-32)

aQ

HAINMINIAAUIIAE 1o InduS A DI/D2 Y94 26S rDNA Yosdadaeius
\ A o sd < " o o ¢ & A
R1-27, R1-31 #ag R1-32 WUIWHUBUNY 100 1loisud uaaadnng 3 anewus dluatfad
@eny wazilonfSeumeudduiiona T Indusna D1/D2 v04 26S rDNA fuad)Fd lu
g1udoya GenBank WU INAR8INY Candida conglobata CBS 2018" Taeiiion/Souifieuy
o A Aa o 4 -4 a a s
feWug R1-27, R1-31 uag R1-32 imsunuiiiiand 1o na 0.9 wlesisud (5 iandale lna lu
a = P ] (] P v o 3 A A =\ A A =
530 ind 1o 1na) &9 lueglunaainaziaswuniluallFd v iosnnlimsunuiiinglo
Indifosnii 1 wlesidud uadisiarsananuduiusnadsannmsnndu 183 5munsn
afunndsuiionale Induiine DI/D2 ¥4 268 rDNA Yes8aaaoWus R1-27, R1-31 1z
v Y
R1-32 (MW 2) wudigaans 3 meingodludumisdsasuoudu i3 5aums was
a9 MA0S Y Candida aaseri CBS 1913", Candida butyri CBS 6401", Candida conglobata
CBS 2018', Candida trypodendroni CBS 8505', Candida insectorum CBS 6213 e Candida
tenuis CBS 615" uaogludnviiafd 1990 Candida conglobata CBS 2018" FuiluatlFdi

~ I

DNA tazall¥an

[

{ 4 o v A o a
Indifeangaiion)souisuanumilouvesdiuiiong o' Ind lunsnm DI/D2 ¥e3 268
74 v & < o 1 <
Sanudatlidoun antudauilumstuduii R1-27, R1-31 uaz R1-32 13w

alFed vl

Y
Y 4 a v A a 1
iﬂﬂfﬂﬁﬁﬂ‘kﬂaﬂ]elill%@]'llll,ﬂm"l/lﬂuﬂih’)ﬁ1uuﬂﬂﬂﬂm1l uazauﬂimmumﬁ NWUN

e

J J.

= o o = 1 A @ A "9 4 =] 1
daana 3 Aewugianyuza1ee milounu e Ligdwwealnales nazlianuazaie
o o o o & A g oA
MilpUANa Candida faviudsdaswuniluallyd Inives Candida nazas¥orilu Candida
. = [~ . ule A A J . A
andamanensis sp. nov. 1983 R1-31 11U type strain NM15A9¥0aUFHI1 “andamanensis” 1199910
a s o &

v 1
daaina 3 aeius uen ldenaredinih luwagneuuvsnanravau saniaszuo ¥og

O (Y 7 9 @ . Y o g A | S o v J Aa A d
mMaranziaouaiu dmsuy type strain llﬂuTUhJPhﬂlﬂﬂ“l/lﬁu'lﬂlﬂ‘ﬂiﬂ‘]eﬂﬁ"lf]“l/\lu‘lj‘ﬂauﬂﬁﬂ Hag
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Y
3 accession number 743 BIOTEC Culture Collection (BCC 25965T) ﬂﬁzmﬁll‘ﬂﬂ, NITE
Biological Resources Center (NBRC 103862T) 15 zmﬂnjﬂu 118 Centraalbureau voor

Schimmelcultures (CBS 10859") Uszineiinsosuaus

Candida andamanensis R1-317 (AB334210)
Candida andamanensis R1-32
Candida andamanensis R1-27 (AB334211)

Candida aaseri CBS 19137 (U45802)
Candida butyri CBS 64017 (U45780)
Candida conglobata CBS 20187 (U45789)
Candlida trypodendroni CBS 85057 (AF017240)

68 i
Candida insectorum CBS 62137 (U45791)

Candida tenuis CBS 6157 (U45774)
92

100 Pichia nakazawae var. akitaensis CBS 67017 (U45766)
|; Pichia philogaea CBS 6696 (U45765)

] Candida naeodendra CBS 60327 (U45759)

99 | Candida diddensiae CBS 22147 (U45750)

Candida dendronema CBS 62707 (U45751)

99 Candida atmosphaerica CBS 45477 (U45779)
|: Candida atlantica CBS 5623 (U45799)

Saccharomyces cerevisiae CBS 11717 (U44806)

0.01 £,

nuc

a 9 9y o A o ' S [ 4 T P
NN 2 ﬁu"lmmmmsmmmﬁumuwawﬁﬂmﬂwuﬁ R1-27,R1-31,R1-32 wazdlFdan

tanuduiuiiu aenndrduiiond Te InduSna DI/D2 Y94 268 rDNA ANIE
two-parameter U9 Kimura (Kimura, 1980) Taels neighbor-joining method (Saitou

1 Y
and Nei, 1987) t1a1)52151A1101H 19D 09103 AATIZHAT bootstrap 1ASAITIH

QSJ} 1 { 1 <3
1,000 754 (Felsenstien, 1985) LaZLd@AIURWIL A bootstrap N1IANI 50 L‘iJfJ'id’!,G])'LlGT

ANYULUDN Candida andamanensis sp. nov. (R1-27, R1—31T. R1-32)

a =

a 4 1o [ { '
ﬂﬁﬁ]iﬂﬂﬂﬂ"ﬁ’iﬁ YM broth Lﬁi’)‘UllL‘]J‘L!L’JaW 39U ﬁqmwﬂu 28 DA UBALHYET WL

G

I T 1 o A 1 A~ a g
isaaiiga1es vua 3-5 x 3-7 luTaswas egiiluwadine wie iug elimanTailuig
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{ Y AR < A o ] [
LLﬁUUﬁﬂJ@Uﬂﬁﬂﬂ LlﬁgﬂUﬂQNﬂulﬂUﬁ@umﬂ‘] ANFIENOU LWllﬁ]"Iu’JuLL‘]JTJVbJ’E)"IﬂfJLWﬁIﬂfJﬂ'Iﬁ

Y v
UANVUBLLUYAEU) (ﬂ'lWﬁ 3A)

a 4 [~ @ { a v
NIRTUUUDIYIT YM agar Lﬁﬂumﬂunm 43U ﬁf‘]ﬂﬁ’i{]ﬂ\l 28 ’eNﬂmfaLéTfEJﬁ NUN

g Q

' ' ]
o ~ A Y

dﬂl = a dﬂl A A =} 1
L‘B@?Jﬂ"li!ﬁ]iigﬁﬂTL?{?JFJGHNLLH’NI‘]JQNGH@ Talatllaasy ilondomead TﬂIﬁug‘]JiNﬂﬂll

a Y 3| Y 9 3 Y a v A Y
WNINUNITYD m@ﬂlﬂuiﬂﬂl')“w&ﬂlaﬂu@ﬂ !Lﬁgli]iflluLLTJU'iTUhlﬂﬂiJW')ﬁuT@']1’1']'5

Y J
Msas1ued lagdesuue1rls YM agar, acetate agar, malt extract agar, corn meal agar

I [ s A = 1 v 9 4
1182 Gorodkowa agar 1Hu1a1 6 dUa 71 28 esrugates wud liaswed lnades uas

a =

4 ) § 09: a Y Jd {
Lﬁauu%m 3 G]ﬂ!ﬂ3J1Wﬁllﬂu“Uu®1ﬁ1iﬂﬂﬁﬂﬂﬂ1iﬁ§j1@ﬁﬂﬂi uuﬁqmwm 15 DALl

U

4

< o ¢ RRE ) ¢ A o o ¢ g o
Wunan 6 dlad wu luiimsased Tnades uaasindons 3 aewus iWudewus

Q

A Ax a o 2 [
LaWIE]Ii‘VHﬁaﬂ'V]iJLiJG]\‘ill‘]/]ﬂLﬂfJ'Jﬂu
) Y = Y} 9 s 4 Y ax
ﬂ'lﬁﬁ'iNLﬁuﬁlﬁl!‘ﬂﬂN!Lﬁ%LﬁuiﬂLlﬂIﬂﬁlﬂWiLaﬂQL%GUHfJWWTi corn meal agar P18ITNIT
S & s ] Y A Aa A v m o ) Y 9
mmwauuﬁllaﬂ W°UﬂTiﬁ‘i'NLﬁuGlEJLﬂﬁlﬂJ‘ﬂﬂJﬂWﬂLﬁﬂﬂ\‘lﬂWl‘!ﬁT’lﬂ!L@]thW‘Uﬂ13ﬁ51\1lﬁuﬁlﬁluﬂ

(MW 3B)

% o
ﬂ"lﬁﬂ?Jﬂﬂ”liI‘iJulﬁlﬂiﬁ

nglaa - wan Ing -
nuan Ing - sl Tua -
ylasa - n3a laa -
woalnd - waa lulea -

MIuedsanIlznouas Uou

ng lad + utla -
=
auan Ina + GIERERE +
o aa Aa
¥03 1A + 93N3N0a +
< aa = ~ a
DUz FAa-A-ng Inaniiu + 1siinoa +
= = a
a-1s Tua + A-NgaNea +

= = a
a-laTaa + A-uuutinoea +



1oa-0x311 lud +
= =Y

A-9511 lud +
toa-uyu lua -
ylase +
yoa lng +
=

nignlaa +
uoavhwiia-a-nglalaa +
wra Ta luTod +
BIAFU n
wad luTlod -
wanIna -
W e -
Waaw Ing +
aau -

msueazianaslsznov lulasau
wou Tuiausama +
Taden lu'lasa -

=
oa- ladu +

ANHULDUY:
9
m3asensaanng aa

MINIYVUOMIINUTIAININTU

AMuaniinea
9100TN0A
a-nglalu-5-anTau
2-ala-A-ngTauan
5-ala-a-nglaua
nsaa-ng AN
nsaa-nglalsiln
nsanang 15in
nIALAAADN
NIAFNFIN
NIAFATN
MUea

Nuaa

Tduaemzey luwse

namulalasnaslsg

maeiulalalasaaslsa

% J J
ﬂ'lﬁﬁ'%j'l\iﬁ'liﬂﬁgﬂﬁ]ﬂﬂgllﬂa@ﬂ@ﬂ']ﬂu@ﬂl“ﬁaa

m3niylu 0.01 nlefidud TeTnaand lud

maniylu 0.1 nlefidud Ty Tnaand lud

a

/3 7
ﬂ"li!,ﬂiﬂlu‘ﬂu’fﬂﬁ']ﬁﬂgiﬂﬁ 50 1losigua

a /3 <
MIATYVUHITNY Ind 60 1)oT1HUA

) U

M3RTYNYUKNN 20 DIFUTAToA

M3RTYNQUKYN 25 DIFITAITod
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MINTYNYUNYI 37 DarUyaIdyer +
MINITYNYUNYI 40 DIV AIT Y +
MINTYNYUNYI 42 DIy aITyer Weak

M3TYNYUNYL 45 DIr ATy -
S

4

mylalas ladgise -
myngnsenud laes Tmilonvgd -
aslsznevgiind Tuu Q6
a I < d o = J I < 4
m3nsyuuemnnglag 5 nesisud fulmAennaslsd 10 nlosigua +

a I < d o = J I < 4
ﬂ'lili]iﬂluﬂuﬂﬁ’ﬂﬁﬂ@jﬂﬁ s osiud nulmAounaslsa 15 1Wesidua +

M 3 ﬁ’mﬁmﬁﬂﬂwm Candida andamanensis sp. nov. (R1-27, R1-31T, R1-32)

(@ m3ansyluonamad YM dievuilunat 3 Su figavgi 28 eem
aiFod (115 = 10 TuTasmas)
(b) maadradulefonnuei11is com meal agar a9 1y 7 71 Ngangil 28

parusaaa (U3 = 10 Tulaswag)
3.2 Candida laemsonensis sp. nov. (RVST, RV140)

namsmawuiiang Ie Inausna D1/D2 ¥ed 26S rDNA vesdadaeiiug RVS

@ ' A Y < 3 4 1 q’/’ v J A I Y A
AU RV140 WUIUHUDUNU 100 1WoTIHUA LFAAIING 2 ﬁ']flwu‘ﬁ.LﬂUﬁ‘lJ‘]fﬁlﬂU']ﬂu LUAaZIuD
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= = 0o v A =) S A [ A 9
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Auaeus RV140 imsunuiiiing Tolna 1.2 nlesidud (6 1andaTeInd 1u 510 1indTe

o A A [ @ 4 XY 9 Ya o A Y o w A =)
Ina) Wonnsananuduiusmadiannmsnndu i ianmsnainnnmsdauiong

Jd a A 1A 0’3 v J 1 o 1A o

To'lnAusa DI/D2 ¥04 26S rDNA (MNH 4) WUTBAAN 2 aeiuT ogludumiudernu
9 9 o Y o J 1% . . T A & = A
yudu 183 5annms uazadundanes (cluster) 1 Candida berthetii CBS 54527 luailsd

A a Y £ g AN IA @ =) a (R o oA
NUMIBTVLAI UaE Candida sp. ST-239 G]f\i!ﬂu?fﬂ‘]fﬁﬂilx‘]hliluﬂﬁ’i]‘ﬁﬂw LL@@QIH@TLL%UQ%

=

1 & A I Y 2 A =l = A o w
#1990 Candida berthetii BiluatlyanlndifesnaadionlSsumeuanumiouveagiay

L)

e

a v K

inale'lnaluusim D1/D2 ¥4 268 tDNA @dtiuIudlunssudu RS tag RV140 13

alFd vl

4
[ J a v A a 1
mﬂmiﬁﬂmaﬂymwmmmmmgﬂ‘immmmummu LLaVi)HﬂiN')‘ﬁWHlﬂﬁ NWUN

4
Jd o [ 4

2 A o 1 A v A vy J S o 1
daAnT 2 Aewugianyuza1ee milounu e Ligdwealnales nazlidnyazaiee
v o o o Ay gq oA
MipUANa Candida faviudsdaswuniluallyd Inaves Candida nazas¥orilu Candida
. = [~ . 3 A Ay J < oy A
laemsonensis sp. nov. Taedl RVS WU type strain N1TANBO 1y “laemsonensis” 1199910

= J [ 4

Y
dadns 2 meiuguon ldonindredianihluagneuuenaurasau Saniaszued
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%

ANYULVD Candida laemsonensis sp. nov. (RVS', RV140)
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a d 1 [ @ { '
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4
msadravealnadosuueving YM agar, acetate agar, malt extract agar, corn meal agar

I o ¢ A 1 1 4
1z Gorodkowa agar 1uan 6 et 91 28 esmatea nuluasedalaailes was

4 ) { o’/’ [V 4 @ 1 A
Wieru¥eis 2 meRufwauiuuueIINaaeuMsasuaes taztuNgaungil 15 o9

J

~ I o 4 1 (= 9 4 1 3 Y] I o
wardod 1una 6 dat wun ludimsadwadesuaasinmg 2 mewugiudieiu

oA,

A Aa a Jq [
Lamaiimaaﬂﬂmmﬂwﬂmmﬂu

Candida norvegica CBS 42397 (U62299)

69 99 candida stellimalicola CBS 78537 (U84234)

Pichia caribaea CBS 76927 (U75426)

Pichia quercuum CBS 2283T(U75416)
Pichia nongkratonensis JCM125507 (AB191049)

Pichia dryadoides CBS 61547 (U75422)

100

Candida dendrica CBS 61517 (U62301)

99 2 Candida sp. ST-239

Candida berthetii CBS 54527 (U62298)

100
Candida laemsonensis RV140 (AB438206)

Candida laemsonensis RV5T(AB438205)
100 Candjda solan/ CBS 19087 (U70179)
4|__ Pichia pijperi CBS 2887T (U75418)

Pichia misumaiensis CBS 8062 (U73581)

Candida chilensis CBS 57197 (U45821)

93
87
Cephaloascus albidus NRRL Y-7343 (U39474)
72 ~|
Pachysolen tannophilus NRRL Y-2460 (U76346)

Candida silvicultrix CBS 62697 (U69879)

Pichia alni CBS 69867 (U74596)

94 :/ch/a bispora CBS 18907 (U74589)

Candida quercuum CBS 64227 (U70184)

Schizosaccharomyces pombe CBS 3567 (U40085)
0.02 A

—

ya o

i 4 Gl wmmiﬁuﬁmﬁumﬁwm%ﬁmﬂﬁufRVST, RV140 wazaiFdniin
Fuius iy ad199nd1euiiinaTe lnduse DI/D2 ¥4 26S rDNA 1437 two-
parameter U9 Kimura (Kimura, 1980) Taely neighbor-joining method (Saitou and
Nei, 1987) tazalsziiuauiiiodonnmsinsieian bootstrap Tasmssing 1,000

:/l 1 { 1 S 3 4
A94 (Felsenstien, 1985) LAZLAAURNIEAT bootstrap A1 50 1leosidua
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vy v ~ v P < & Y ax
ﬂﬁliﬁiﬁl\uﬁuﬁlﬂlﬂleI!!,agLﬁuﬁlﬂllﬂTﬂﬂﬂ'ﬁmﬂ\iﬁb’@ﬂu@']ﬁ'ﬁ corn meal agar AYITNIT
2 2 P 9 Y} a AN 1A o . . 4
LafJ\‘]LGD"ﬂ‘]JL!ﬁulaﬂ WUﬂ']ﬁﬁi'NLﬁuiﬂlﬂﬂﬂl!ﬂﬂﬂqﬂuﬂ'ﬁWﬁJHW (rudlmentary) LmulllWllﬂ'liﬁﬁ'l\‘]

iduleust (M 5B)

% o
ﬂﬁﬁiJﬂﬂTiI‘]Jll?JM'i@

nglnd Weak  tanIna -
nuan Ind - sl Tua -
ylase - nianlaa -
woa lnd - waa lulea -
MIueagiianaslsznoumsueu
ng lag + utla -
nuan Ind - NGIERERD) +
¥ lue Latent  ©3N3N0Q -
iDuozFaa-a-ng lagniiu - l5iinea -
a-l5 Tua - A-ngrnoa -
a-losTag - A-uuuiinea -
1oa-02510 lud - NUaNNNea -
A-oz 11 Tue - U NOA -
woa-tsyTud - a-nglalu-5-uanTau Weak
ylasa - 2-ala-A-ng laa -
woalna - 5-ala-a-ng laua -
n3a laa - nsaa-ng Iaiin -
uoavhwiia-a-nglnlaa - nsaa-nglalsin -
walaluTon + nsanang 15in -
WIAYU + NIALANAN +
waa lulea - NIAFNFUN +
wan Ine - NIAFATN +
s Tua - WU -
waag Ina - NU0A +
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pyau -

maueazianaslsznovlulasau

wou TauHeusamla + Tuaazeon luasa +

Tanden'lulasd + wihaiulalasnanlsd +

1ea- ladu + mameiulalalasnan’lss  +
ﬁ’ﬂymz%ﬁim:

m3aseniaanng lna +

m3nwSyuuemnsiUsrniaiu +

% J
ﬂﬁlﬁﬁéjﬁl\iﬁ’li‘l]izﬂ@‘ﬂ’ﬂgllﬂﬁ@ﬂﬁﬂ’]ﬂu@ﬂl“ﬁaﬁ -

a J 3 J a J
Mgy lu 0.01 wosiwud o Tnaend lus +
a J 3 J a J
Mgy lu 0.1 wesimud o Tnaend lua +
a J 3 4
MINIYUUIMIING Iaa 50 1losidua +
a J 3 4
MINIYUUDIMIING IAd 60 1)osidua +
MIIYNYUNYI 20 DI AITYE +
MIIYNYUNYI 25 DaruyaITye +
MIRIYNQaUNN 37 0IRIHTYd +
MIRTYNQUNNN 40 DIRUFTo A +
MIRIYNQUNNN 42 0IRUFTod Weak
4

MINIYNQUNNN 45 0IR BT -
o
m3lalas ladgise -
o aan v A =} =
msinlgnsenud laos Tanteuugd -

asiseznavgiing luu Q7

< < J

a % ¢ o = ¢ %
ﬂﬁli]‘iﬂ];ﬂl.l’fﬂ‘l”iﬁﬂgiﬂﬁ 5 1losisua ﬂ‘]JT“]SLﬂEJiJﬂﬂfJVl‘iﬂ 10 wosidua -

< J < J

a % Y a ¢ %
ﬂﬁ!ﬁ]‘ifﬂu‘uu’fﬂﬂﬁﬂ@jﬂﬁ 5 1losisua ﬂ‘]JTG]SLﬂEJZJﬂﬂfJVl‘iﬂ 15 wodidua -
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MNN5 o uI MWINBY Candida laemsonensis sp. nov. (RVST, RV140)

a

a 4 1 g @ {
(2) My luenismad YM dotmilunar 3 Ju fgumgil 28 04
4
wraea (U135 = 10 luTasuas)
(b) Mmaairudulefionnue1ms com meal agar Hasy 7 3u gyl

= J
28 NAALKeE (W19 = 10 llﬂJIﬂi!llﬁi)

3.3 Candida mangrovei sp. nov. (RS42")

aQ

HAINMIMIAIAUIIAE 1o InduSa DI/D2 Y94 268 rDNA Yosdadaeus
RS42 agthunlSeuieudduiiong Te InduSna D1I/D2 ves 268 rDNA Auadlad lugu
Foya GenBank W 1n&iRSY Candida sinolaborantium CBS 9940 Fafimsunuiifindlo
Ing 1.6 wlosiFud 8 Trndalelnd Tu 515 fndle lng) nazidefiarsananuduiuing
Fannmsondu 183 5anmsiaenngiwuiiing Te lndusnm DI/D2 ves 265 rDNA a4
Badaneug Rs42 (Mndl 6) nudBadaneiug Rs42 ofludumisiiuandsnnailFdad
msesinendrvudu i fannms wavadandmnes iy Candida sinolaborantium CBS 9940"

uag Candida sp. CIDX4-Y5

9
@ 4 a v A a 1
%1ﬂﬂ15ﬁﬂ‘kﬂaﬂ]sJil!%@'lTMlﬂﬂJ“ﬂﬂHﬂﬁJ'J‘ﬁ']ull‘UUﬂﬂlﬂll lLﬁZ@Hﬂill'J‘ﬁTutﬂﬁ NWUN

a v J T 9 4 A o 1 A [ :J’ =2 o
gaaaIgnUg RS42 ”ljJﬁi'N!mﬁTﬂﬁﬂﬂi HAZNaNHUSAN tHUBUANA Candida A94UUIIA
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o < o ] 09/’ 4 I i<
Swunuad)¥d Inived Candida woed oty Candida mangrovei sp. nov. Taell RS42 11lu
. ogzld' g .”d| G A Ia o 1 oy 1

type strain MIsAFoalFdan mangrovel mmmmﬂuﬂﬁmmwmmmaamquﬂuﬂwmmu
) 1% . Y o s A ] S o v Jd a A = .
A1 I U type strain "lﬂuﬂﬂmﬂ!,ﬂ”]ﬂlﬂu%mﬂUiﬂ‘]sﬂmflwuﬁjauﬂﬁt’l IaEY accession number

4
¢41 BIOTEC Culture Collection (BCC 25963T) ‘]J‘szﬂulﬂﬂ, NITE Biological Resources Center

(NBRC 103860") 15 $L‘Vlﬂﬂj‘]!u 1182 Centraalbureau voor Schimmelcultures (CBS 10862")

4 J
Usemeusosiaua

Pichia mexicana CBS 70667 (U45797)
Candlida veronae CBS 58157 (U45783)
100 candida entomaea CBS6306T (U45790)

80 Candida terebra CBS 60237 (U45784)

—— Candida conglobata CBS 20187(U45789)

99
Candida aaseri CBS 19137 (U45802)

60 _99‘
Candida butyri CBS 64217 (U45780)

Pichia scolyti CBS 48027 (U45788)

61 l
o Candida tenuis CBS 6157 (U45774)

Pichia philogaea CBS 6696" (U45765)

Candlida atmosphaerica CBS 45477 (U45779)

Candida temnochilae CBS 99387 (AY242344)

60 Candida heliconiae CBS 100007 (AY566406)

61 24[— Candida sinolaborantium CBS 99407 (AY520328)
97 I; Candida mangrovei RS427 (AB334209)

Candida sp. CJDX4-Y5 (EF216313)

Saccharomyces cerevisiae CBS 11717 (U44806)

0.01 K,

it

o v @

ot 6 duli3annmsfiuaasdumisvesdadmeiug Rs42 nazallSdifinwduiug
fu adranndwuiinna e Inausina DI/D2 ¥e4 26S rDNA A143T two-parameter
U949 Kimura (Kimura, 1980) Tag s neighbor-joining method (Saitou and Nei, 1987)
azdlszifiuanuiuFeiennminzran bootstrap Tasmsvien 1,000 A%y

1 { [ s I 4
(Felsenstien, 1985) LagLtadAURWIZ AT bootstrap U1 50 BloFiua
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ANYULVDI Candida mangrovei sp. nov. (RS42")

a =

a 4 1 [ @ { '
ﬂ"li!,fﬂiﬂﬂufﬂﬁﬁ YM broth Lﬁ’i)‘]JﬂJL‘].I‘L!L’m1 379U ﬁqmﬂﬂu 28 DALY WU

QU

I 1 1 9 1 = 3| 1A g U
iraaiigilanaeudienan vina 3-6 x 3-6 lulaswas egiluwaamen Wug nsetlungy
dy = a ~ zg F) @ U 9y 3 Ay =
L“B@?Jﬂ”liLﬁ]iil{JjLL‘]J“]J‘]JHEU‘LHJNWEI@ﬂ Llazﬂﬂﬂquﬂulﬂuﬂﬂumﬂﬂ ANASNOUNNUNADA UNIT
' v '
muf{hmmmu”l:umé’r’ﬂmﬁiﬂﬂmsl,mnwummuwawsﬁ’a (ﬂTWﬁ 7A)

a =

a 4 1 I @ { J
MINIYUUDINT YM agar iiotiuiiluman 4 Tu Ngungil 28 oarusaiFod Wi

U

Y
a A =

dy =) a o A dy A Y 1 1 1
l,‘]fEHJﬂ15Li]imﬁiﬂlﬁuﬂ@ﬂhuu’)ﬂﬂgﬂ!%@ Iﬂiauh’ﬁﬂill HIAYIUHYLNA gﬂﬁﬂmmuw

a Y @ a v A Y
N’JWLAH?EJ‘U VDU EUN uazmmuu,umm”lﬂﬂumwmmmi

o
msafruealnadesuuems YM agar, acetate agar, malt extract agar, corn meal agar

I~ [ S A = 1 [ 4
18 Gorodkowa agar 11uan 6 eyt 91 28 esratea wun luaswedlaailes

Yy 9 a Y Y EO P
myasudulameutaziduloun lagnsaeu¥o VUM corn meal agar A3875N17

S & 7 Y Y = o ) Y 9 A
Lﬁﬂﬁl“ﬁf]ﬂuﬁllﬁﬂ W”]JﬂTiﬁ'iN!ﬁuiElm&lllehlﬂJW‘Uﬂﬁﬁ'ﬁNlﬁuﬁlﬁlLlﬂ (51NN 7B)

% o
ﬂ"lﬁﬂ'JJﬂﬂ"IiI‘iJulﬁLﬂi@]

nglaa Latent  uanIna -
nuan Ind - sl Tua -
ylasa - n3an laa -
woalnd - waa lulea -

MIeasiandIlznouas uou

ng lae + utla -
=

auan Ina + NALEDI0A +
o aa Aa

$03 1A + 93N3N0a -

< aa ~ ~ a

DUz FAa-A-ng Inaniiu + Isiinoa +

= = a

a-1s Tua + A-NgANea +

= = a
a-loTaa + A-unuinea +



1oa-0x311 lud +
= =Y

A-9511 lud +
toa-uyu lua -
ylase +
yoa lng +
=

nignlaa +
uoavhwiia-a-nglalaa +
wra Ta luTod +
BIAFU n
wad luTlod -
wanIna -
W e -
Waaw Ing +
aau -

msueazianaslsznov lulasau

wou Tuiausama +
Taden lu'lasa -

=
oa- ladu +

QJ lﬂ'
ANHUSDUY:

msa3ensannng lae

MINITYVUO TN NI U

AMuaniinea
9100TN0A
a-nglalu-5-anTau
2-ala-A-ngTauan
5-ala-a-nglaua
nsaa-ng AN
nsaa-nglalsiln
nsanang 15in
nIALAAADN
NIAFNFIN
NIAFATN
MUea

Nuaa

Tduaemzey luwse

namulalasnaslsg

maeiulalalasaaslsa

MIasaslsznouozifvaosameuonsad

mansnlu 0.01 nlefidud laTaaandlud

masaylu 0.1 wesiFud o laaend lud

a J 3 4
MIDIYUUDIMING LAd 50 1)osidua

a

J 3 J
MIDIYUUDIMIING IAT 60 1)osidua

[
a =

MIIYNYUNYI 20 D3I AITYE

g

MIRTYNQUNN 25 0IRUBATYd

111

Latent

+

Weak

_l’_

_l’_
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MINTYNYUNYI 37 DarUyaIdyer +
MINITYNYUNYI 40 DIV AIT Y +
MINTYNYUNYI 42 DIy aITyer Weak

M3TYNYUNYL 45 DIr ATy -

Jd A

mylalas ladgise -

myngnsenud laes Tmilonvgd -
a < 3 d o = 4 < 3 4

m3nTyuuemsng Iaa s wlesidud nulmAsunas lsa 10 nlesisua +

a I < d o = J I < 4
ﬂ'li!,"l]iillu‘]Juﬂﬁ’ﬂﬁﬂQTﬂﬁ s osiyua nulmAounaslsa 15 Wesidua -

MNN 7 ﬁ'mgm?mwm Candida mangrovei sp. nov. (RS42")

a

(@ msnTyluennamad YM detudlunat 3 Ju figangil 28 asm

U

waFed (115 = 10 lulaswas)

a

() maadradulefennue1vis com meal agar vasLY 14 Y1 Ngaingil

U

= 4
28 perusase (U135 = 10 lulnswas)
3.4 Candida ranongensis sp. nov. (RS17, RSZST)
HaNAMIMSWuiana To lnduSa: DI/D2 04 26S rDNA vosdadaBwus

RS17 U9y RS28 NUdadaeus RS17 uaz RS28 ilouiu 100 nlofidud uaasini

R~ A I A @ A = = o v A = J a
2 amwumﬂuaﬂ%mamu uazma1Jiﬂumauamuuaﬂﬂa"lmﬂumm D1/D2 4943 26S
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rDNA AuatlFdlugrudoya GenBank wu1ndiReady Candida sp. BG02-7-17-001A-1-1
£ & A S o (= a A =I =} o v (=
suiluatldandshitimsesue TasdlonlSoufeusumewus RS17 uag RS28 wuiins
ununinaale'lng 5.1 weosiFud 25 1nale'lng lu 492 faaale Ind) wazdl Candida

I Al I A a Y A Y A A = Aa =
tritomae NRRL Y-27912 iiluailfdniimsesinoudrnlndifesniaa lasiimsunuiiiingle
né 10.03 lesidua (52 aaale Ing 1u 518 1ndle'lng) oo sanaNudun Ui

aw

annsnnau 1 Taunnsnadenndiduiinnale Inausa D1/D2 Y09 26S rDNA 104

4 v J

v k4
AREeUS RS17 1Az RS28 (AT 8) Wuoaana 2 deiufogludumiaudenfiuun

)}

A o 9y Y J o A A S W =)
Wi Tannms vasadwadamesnY Candida sp. BG02-7-17-001A-1-1 Ml uatlFandalais

SBe

A A a

a A =2 J U IR Y A SA
N1395UY Iﬂﬁlllfﬂ bootstrap ’LZNIEN 100 LmﬂQWN%WT‘I‘]J“H’(?(‘V]SJﬂﬁ’i)‘ﬁﬂwuﬁﬂﬁﬂﬂiﬁﬂuﬂ U

Y
v @

gadududumstuduin RS17 uaz RS28 15uatldd n)

Y
Y 4 a v A a 1
iﬂﬂfﬂﬁﬁﬂy'laﬂ]&lﬂl%@]'llll,ﬂm"l/lﬂuﬂi‘n’)ﬁ1uuﬂﬂﬂﬂm1l LLa&ﬁJl&!ﬂﬂJD‘]ﬂulﬂﬁ NWUN

v
= Jd o v I v 1

@ 1 4 @ 1
darana 2 eneuiidnyazaag wmieudu liadauealaailes uariidnyazaiae wilou

]
4
v R v o

. o 3 == WA 1 . z A I .
AN Candida AU MU UAFT 1iv0 Candida wazdavoillu Candida

. = < . Qa: A A d . A s J
ranongensis sp. nov. 1983 RS28 11U type strain N15AIT0 AT “ranongensis” (HOIINIAA

Y

Waesaeiuiuon ldnndietaih luagneuuranauvavau Saviaszues Smsy
. Y o 3 A ] 3 o v A S = . o dy
type strain llﬂm"lﬂvhﬂmuwwmmﬂmﬂmmﬂwumaumﬂ UaEY accession number AU
BIOTEC Culture Collection (BCC 25964T) 1l5 sz”{‘l‘ﬂﬂ, NITE Biological Resources Center
(NBRC 103861T) 15 $L°I/]ﬁtljﬂu 1182 Centraalbureau voor Schimmelcultures (CBS 10861T)

J J
Usemausosuaua

SNYULVO Candida ranongensis sp. nov. (RS17 uag RS28")

a =

a 4 [ [ { '
ﬂﬁﬁ]iilﬂi!ﬂ”l‘l’i”li YM broth Lﬁi’)‘]JllL‘]J‘L!L’JﬁT 39U ‘ﬁqmwgu 28 DA UBALHYE WL
I 1A 1 S A I ' ay = a ~
iraaiigaa19s vua 3-4 x 4-7 luTaswas egilhuwadien wie Wug relimanTyuuuiy
£ g Y = < Ay A o I
VUHUVNHADA Lgazwﬂquﬂmﬂuﬂamaﬂq ANASNOUNNUTIADA LW?J%H“L!’JHLL“U“UVIJJE]W(EJLW?{

Y [
TagmMsuanruosUUKa1eyl (MNA 9A)
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< a =

] v Y
NISRTYUVUDINIT YM agar Lﬁa‘umﬂunm 49U ﬁqmwﬂu 28 oLl Y “IN‘]J’NL‘dIf@

QU

Y
A A =

= a c'u t:; zﬂy 9 1 [ [
llﬂ'liL(ﬂiﬂluﬁiﬂlﬁllﬂ@"mLLu'J“VI‘]JQﬂL‘H@ Talatuaasu ilondigeaman gﬂsn"lmmuau

a Y Y A 3 9 A A v A 9
WINUNITIU ‘lJE)‘lJTﬂQLWENmﬂLl@EJ uaﬂﬂiaummamusm"11Jﬂum1/immmi

o

4
msa e laadesuuenis YM agar, acetate agar, malt extract agar, corn meal agar

I [ { 1 l
1182 Gorodkowa agar (U1 6 d1la¥ 71 28 eeraFea wunliasraealaaes uaz

a =

[ k4 9 v
o u¥ena 2 siamwautuuue IMINATRUMIas waes UuNigavail 15 esruvaiFod

U

4

< o ¢ R ) ¢ A s v ¢ g Y
Wunan 6 dlad wu lulimsased Tnades uaaeiidadans 2 aewus Humenug

]

A Ax a q A [
LS!‘VIE]Iiﬂ?ﬁﬁﬂﬂhlﬂ@]\ﬂﬂﬂmﬂ’{]ﬂu

Pichia mexicana CBS 70667 (U45797)
Candida veronae CBS 58157 (U45783)
100| candida entormaea CBS63067 (U45790)

68 Candida terebra CBS 60237 (U45784)

Pichia scolyti CBS 48027 (U45788)
99

100 Candida diddensiae CBS 22147 (U45750)
| Candida naeodendra CBS 6032T (U45759)

96 57 100 Pichia nakazawae var. akitaensis CBS 67017 (U45766)

Pichia philogaea CBS 66967 (U45765)

53 oo [ Candida palmioleophila CBS 74187 (U45758)

L Candida fluviatilis CBS 67767 (U45717)

100 Candida pallodes NRRL Y-27653 (AY640184)

\— Candida tritormae NRRL Y-27912 (DQ173680)

100 Candida ranongensis RS17 (AB334213)

100 Candida ranongensis RS28T (AB334212)

Candida sp. BG0O2-7-17-001A-1-1 (AY520387)

Schizosaccharomyces pombe CBS 3567 (U40085)

0.02 A,

—

'
ya o ~

MW 8 aulfiATannmsfuaasduviisvesBadaeius RS17, RS28" wazadlFdiil
ANuFNITUSAY a19nd1duiinna Te lnausin DI/D2 ¥4 268 rDNA a1475
two-parameter Y94 Kimura (Kimura, 1980) Taely neighbor-joining method (Saitou and
Nei, 1987) tazalsziiuauniniodonnmsinsieian bootstrap Tasnssing 1,000

& ' A ' 73 o
A5 (Felsenstien, 1985) LAZLAAURNILAT bootstrap NUINNI 50 Wosisua
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Yy 9 ~ Py o 2 & Y aa
ﬂ1iﬁi1\1lﬁuﬁlﬂ!ﬂﬂllllagLﬁuﬁlﬂllﬂiﬂﬂﬂ'ﬁlﬁﬂqL%’@‘Uu@’]ﬁ’]i corn meal agar 8IDNIT

2 2 v v ¥ ~ Ao Ay o Y 9
laﬂﬂl%ﬂﬂu@’fulaﬂ numsasredulafeuuuniimsuannsmuaviea inumsairadule

U (MW 9B)

% o
ﬂﬁ‘l’TiJﬂﬂTiI‘]Jll?JM'i@

an J
msuedTuandslsznaumsveu

nglae
Awan Ina
ylase

yoa lng

nglaa

nuan Ind

¥03 I
BuozFaa-a-ng lasniiu
a-1s Tua

a-laTaa
1oa-02511 Tud
A-0510 Tud

woa-usu lud

ylase

woa Ind

niglad
uoavluiia-a-nglalya
walalulea

WIAYU

wad luTea

wan Ine

sl Tua

Waaw Ing

uanIna
W Tua
nIgnlaa

wad luTod

uila

=
NALYDIDA

AMuaniinea
9U00TNOA

a-ng Ia Tu-5-uan oy
2-ala-A-nglaua
5-ala-a-ng laua
nsaa-ng laiin
nsaa-nglalsin
nsanang 15in
NIALANAN
ATAFNFN
AIATATN
MU

NuUaa

Latent

Latent
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pyau -

maueazianaslsznov lulasau

wou TauHeusavla + Tuaazeon luasa -

Tanden'lulasd - wihaiulalasnanlsd +

1ea- ladu + mameiulalalasnan’lss  +
ﬁ’ﬂymz%ﬁim:

m3aseniaanng lna :

m3nwSyuuemnsiUsrniaiu +

o 4
mIasumslsgneusyisansaniouonasaa -
a J I 4 a J
Mgy lu 0.01 wosiwud o Tnaend lus +

m3niylu 0.1 wesidud T Tnaand lud -

a J 3 J
MINIYVUDIMIING Ind 50 1losiFua +

a J 3 J
MINIYVUDIMIING Ind 60 1lo3IHUA +
MIIYNYUNYI 20 DI AITYE +
MIIYNYUNYI 25 DaruyaITye +
MIRIYNQaUNN 37 0IRIHTYd +
MIRTYNQUNNN 40 DIRUFTo A +
MIRIYNQUNNN 42 0IRUFTod Weak

4

MINIYNQUNNN 45 0IR BT -
o
m3lalas ladgise -
o aan v A =} =
msinlgnsenud laos Tanteuugd -

asiseznavgiing luu Q9

<

a % ¢ o = ¢ /3 7
ﬂﬁ!ﬁ]‘ii‘g‘ﬂl&’fﬂﬂﬁﬂgiﬂﬁ 5 1losisua ﬂ‘]JT“]SL@EJiJﬂﬂfJVl‘iﬂ 10 Wosigua +

< J

a % Y a ¢ 73 7
ﬂﬁ!ﬁ]‘ii‘ll;ﬂl.l’fﬂ‘l”iﬁﬂ@jﬂﬁ 5 1losisua ﬂﬂjcﬁlﬂﬂmﬂﬂﬂqiﬂ 15 wodidua -
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MNN 9 ﬁmgm‘imwm Candida ranongensis sp. nov. (RS17, RSZ8T)

(@) mstTyluermsmar YM Wetuilunat 3 Ju fguwgil 28 osm
4
iraiFed (115 = 10 Tulaswas)
(b) Maadrudulefionnuo1ms com meal agar waiy 7 Ju Ngaivgi 28

parusasea (U135 = 10 Tulaswas)
3.5 Candida sanittii sp. nov. (R1-2, R1-14, R1-17, RS9, RS58, RV35, RV96, RV152T)

HaNMIMARuana o Indusina DI/D2 484 268 rDNA YosTad 8 deus
fio R1-2, R1-14, R1-17, RS9, RS58, RV35, RV96 LA RV152 WUNOAA 6 a1oWus Ao R1-14,
A @ S 3 4 1A =~ ~ [ v
R1-17, RS9, RS58, RV96 t1ag RV152 iioufiu 100 nlefidud uaionlsoufeuiuaieiug
R1-2 wuhiimsunuiiong o Indiies 2 andTe'lng lu 556 nalelnd uaziie
nSeuReudueeiug RV3s wuniimsunuiitiindlolnd 1 daale’lng lu 448 findle
J 1 3 v J S A I A Y A = Aa = Jd Y 1
Ind waasinis 8 meiuiiiluailFdideaiu iiesnniimsunuiitang le Inatesndt 1
wlosidud luusina DI/D2 ¥4 268 rDNA taziiiolssuisusiduiiang Te Indusnu
D1/D2 94 26S rDNA vodad 8 a1ewus nuaildd lugiutoya GenBank wudlndifeeiu
Candida silvae NRRL Y-6725" Taoiijoulssuifiousuaoiug R1-14 uaz RS58 Imsunui
ihadlelnd 11.4 nlesidud (64 iadle Ind lu 562 tndle'lng) nlFvufsusameius

R1-2 msunuiiinga 1e'lng 11.7 nlesidud (64 117aa 1o lng lu 565 1aa 10 Ina)
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= = Y V4 = A a = J J < J a = J
nlFeufeunueneiug R1-17 Smsunufiiinglo 1na 11.4 nlesisua (64 inale lna
A 7 o o { A s 73
Tu 559 1and 1o Ind) WSsuiiounuaieiug RS9 imsununiing lo'lng 11.6 wlofidud
a = J a = J = = o V4 = Aa = J
(63 Wand To'lna Tu 543 hadlolna) WSeuieurumeinus Rv3s imsunuiiaaglolna
J 3 J a = J a = J =~ = Y v =
9.44 1Wlos1duA (42 11na 1o Ind 1 445 1aad 1o Ind) nlSeuiisunuaeiug RV96 Ims
{ A <3 a a 4
unuiiiiang Te'lng 12 wlesisud (63 fandale Ina Tu 525 fad To'Ing) wazien/Ssuitey
Y [ 4 = Aa = J J 3 J a = J a =
Auaeus RV152 Bmsunuitang lolna 11.5 nlesidud (63 1andTeInd u 550 1indTe
s A A v o av Y Y Yaw A 9 o v A A
Ina) WonnsananuduitusmaITannmsnndu i iannmsnaiwnndauiong le
Indusna DI/D2 ¥4 268 rDNA Y090aAa10WUE R1-2, R1-14, R1-17, RS9, RS58, RV35,
A 1A :(oa.;‘ v o 1A Y 9 9
RV96 11az RV152 (MWl 10) wunoaans 6 menugogludwmiadeanuuudu i
av 1 <] @ [
FAuIMs uAd1990 R1-2 Az RV3S iiiouantios tazaiwnaanes iy Candida silvae
T ] ° oA T X A A
NRRL Y-6725" 11108 1uA 1 U9NA19910 Candida silvae NRRL Y-6725" uiluai)¥dn
Indifsangaiionlssueunumidouvessiauiiong loInd lunsna D1/D2 ¥03 268
NS IAYe Yy FA v o = o Ao
rDNA tagatladnianuaratfdous aninsailumssududn R1-2, R1-14, R1-17, RS9,

I~ =T [
RS58, RV35, RV96 itag RV152 tiluatase vy

4
[ J a v a a 1
ﬂ?ﬂfﬂﬁﬁﬂ‘bﬂaﬂHm%ﬁWllLﬂﬂl"ﬂﬂléﬂiﬂJ'J‘ﬁWl!LlU‘Uﬂ\Hﬂll LLaVi)HﬂiN')‘ﬁWHlﬂﬁ NWUN

a Jo /o o '

o [ 1 J @ 1
daana 8 eneuiidnyazaa mieusu liadrauealaailes uariidnyazaia milou

Q

9
=KX o

o o o < 9 1 oA g
anNa Candida viudsdas wumiluailsd 1vives Candida waz@sso1ilyu Candida sanittii sp.
IS | . o A IS A . A a 1%

nov. 1Al RV152 11y type strain MIAFOAUTTN “sanittii” MUFOVO f. AT. TUN ONBT

Yy 9y A o 1 And o [ o [ . Y
N1 Ejl“])'ﬂ')"]f']ﬂglﬂﬂ')ﬂlll]"IG]f"IfJLausU'E)Q‘lJﬁ&’Lﬂﬁllﬂﬂﬂllsb"ﬂlﬁﬂﬁizﬂﬂjﬁﬂ A1 I type strain Ulﬂ
o g A ' S o v J A S J 2 . Y dy
‘m"hJmmﬂuwwmmﬂmﬂmmﬂwug@auma 1ALy accession number ANUH BIOTEC Culture
Collection (BCC 25967T) ﬂszmﬁ"lm, NITE Biological Resources Center (NBRC 103864T)

‘]J‘szﬂiﬁ‘]!u 1tag Centraalbureau voor Schimmelcultures (CBS 10864T) Uszmeninsosuaug
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95

119

Candida sanittii R1-17

— Candida sanittiiR1-2 (AB332400)
Candida sanittiiRV152T (AB332397)
Candida sanittiiRV96 (AB332399)
87 candida sanittii RS9 (AB332402)
100 [

Candlida sanittii RS58 (AB332403)

\\Candida sanittiiR1-14 (AB332401)
Candida sanittii RV35 (AB332398)

Candida silvae CBS 54987 (U71065)

100

98

100

84

85

Saturnispora dispora CBS 7947 (U94937)

Saturnispora zaruensis CBS 57997 (U94933)

99
Candida agrestis CBS 80557 (U71074)

Saturnispora ahearnii CBS 61217 (U94935)

99
Pichia besseyi CBS 63437 (U75729)

100

L Saturnispora saitoi CBS 49107 (U94932)
Candida diversa CBS 40747 (U71064)
Pichia heedii CBS 6930T (U75733)
Pichia kluyverivar. kluyveri CBS 1187 (U75727)

Pichia norvegensis CBS 65647 (U75730)

Saccharomyces cerevisiae CBS 11717 (U44806)

0.02 K,

nuc

mvi 10 duldISannmsiuaasdumiavesdadaneug R1-2, R1-14, R1-17, RS9, RS58,

v

RV35, RV96, RV152" azatladninnuduiusniu adnndiduiiinale lna

13198 D1/D2 U84 26S rDNA f112F two-parameter Y94 Kimura (Kimura, 1980) Tag

1% neighbor-joining method (Saitou and Nei, 1987) 1azl)sziiuanu1¥091NMNI

a d o oy 09/’ . 1
AATIEVIA bootstrap Tasn131i190 1,000 A3 (Felsenstien, 1985) LAZUTAURNIZA

A ' I3
bootstrap NUINNIT 50 wosisua

4

ANV Candida sanittii sp. nov. (R1-2, R1-14, R1-17, RS9, RS58, RV35, RV96,

RV152)

a 4 [ @ { a 1
ﬂ']ﬁﬁ]iflljlﬂf‘]"lﬂ"li YM broth Lﬁa‘umﬂunm 39U ‘ﬁqmw{]u 28 @Qﬁ'ﬂ‘ﬂ)’ﬁ!ﬁfﬂﬁ NUN
14

= 1 1 9 1 = I 1 A g [
iraaiigilaneaeudienan vina 3-5 x 3-5 lulaswas egiluwaaifen Wug nsetlungy
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tﬂy = a <3| ~ o A Y <} Ay =
Lﬂf’f)iJﬂﬁLﬁ]iﬂJLﬂuN!,m?lui/l"’lJfJ‘Uﬁaﬂﬂ llﬁgﬂUﬂQNﬂUEHUﬂaulﬁﬂ‘:’] ANASNDUNNUNIADA U

v 9 ]
msnduuuy iodama Tagmsuanrienyuialey? (fIW‘Iﬁ 11A)

a [ 4 [ [ { a
NITRTYUUDINITUUI YM agar Lﬁaumﬂunm 44 ﬁ@qﬂ!ﬂf}vll 28 ﬂ\?ﬁ"l!ﬁ]fa@ﬂﬁ

a X Yy 2 9

wunlalaiiidnsy ieadiemevad 3Us1nan Avthiou veuTauantios uaznyuuy

510 Tl fuRIve 1M

Y J
Msas1ued lagdesuue1rls YM agar, acetate agar, malt extract agar, corn meal agar

I [ 7 A = 1 "9 4
118¢ Gorodkowa agar 1Hu1a1 6 dUa 71 28 esrusates wud liaswed lnades uas

a =

4 ) § 09: a Y Jd {
Lﬁauu%m 8 G]ﬂ!ﬂ3J1Wﬁllﬂu“Uu®1ﬁ1iﬂﬂﬁﬂﬂﬂ1iﬁ§j1@ﬁﬂﬂi unﬁqmwm 15 DRIl

U

4

< o ¢ R R ) ¢ A o o ¢ g Y
Wunan 6 dlad wu luiimsasedTnades uaasindons 8 aewus iWudewus

a

A Ax a Jq [
LS!‘VIE]Iiﬂ?ﬁﬁﬂﬂhlﬂﬂﬁqﬂﬂlﬂﬂ’{]ﬂu

Yy 9 a 9 9 & 4 P
myasudulameutaziduloun Iagnsaeu¥o VUM corn meal agar A3875N17

< & ¢ Yy g ~a o Yy ¥ 9 A
Laﬂ\‘ll"]fﬂﬂuﬁulaﬂ WiJﬂTiﬁ‘iNmuGlEJm&lmmUliJW“UﬂﬁﬁﬁNLﬁlﬂElLLﬂ (JTW‘W] 11B)

% o
ﬂ"lﬁﬂ?Jﬂﬂ”liI‘iJulﬁlﬂiﬁ

nglaa - wan Ind -
muaning - sl Tua -
ylasa - n3a laa -
woaIna - wad luTea -

MIueasandIlznouas uou

ng lae + utle -
=

Auan Ing - NAIYDIDA +
o aa a

$03 1A - 93N3N0a -

< aa = ~ a

DUz TAA-A-ng Inaniiu - Isiinoa -

= = a

a-1s Tua - A-NgaNea -

= = a

a-laTaa - A-uuUiNea +

1oa-02310 Tud - MuanNnNea -



A-0z5 11 Tue -
woa-usu lud -
ylasa -
woa Ind -
nig lad -
uoavhwiia-a-nglnlaa -
walalulea -
WIAYU -
waa lulea -
wan Ine -
s Tua -
waag Ina -

aau -

msueazianaslsznovlulasau
woy TuHausama +
Taden lu'lasa -

=
1oa- ladu +

ANHULDUY:
9
m3asensaanng aa

MINTYVUIMIINYIAINIAITY

9100%N0A
a-nglalu-5-tanTau
2-ala-A-ng lata
5-ala-a-ng laua
n3aa-ng AN
nsaa-nglalsin
nsanang 15in
nIALAAAN
NIAFNFIN
NIAFATN
WMUea

BNIUDA

Tuaaden lumsa
enamulalasnanlsa

maeiulalalasnaelsa

% J J
ﬂ'lﬁﬁ'%j'l\iﬁ'liﬂﬁgﬂﬁ]ﬂﬂgllﬂa@ﬂ@ﬂ']ﬂu@ﬂl“ﬁaa

maniylu 0.01 nlefidud TeTnaand lud

maniylu 0.1 nlefidud Ty Tnaand lud

a

/3 7
ﬂﬁ!ﬁ]‘iﬂluﬂl.l’éﬂﬁﬁﬂ@jﬂﬁ 50 1losigua

a 73 7
MIATYVUHI5NY Ind 60 1)oT1HUA

) U

M3RTYNYUKYN 20 DIFUTAIToA

M3RTYNQUNYN 25 DIFITAITo

M3RTYNQUKYN 37 DIrIsaIFod

121

Weak
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MIRTYNYUNYI 40 DIV AIT B Weak
MINTYNYUNYI 42 DUy AITyer Weak
MINITYNYUNYI 45 DAY -

N

4

mylalas ladgise -
myngnsenud laes Tmiionvgd -
aslsznevgiind Tuu Q8
a < 3 d o = 4 < 3 4
m3nsyuuemsng laa 5 wesidua nulmAeunas 15a 10 nlesisua -

a I < d o = J I < 4
ﬂ'li!,"l]iillu‘]Juﬂﬂ’ﬂﬁﬂQTﬂﬁ s osiyua nulmAounaslsa 15 Wesidua -

MW 11 FUFWING1V0N Candida sanittii sp. nov (R1-2, R1-14, R1-17, RS9,

RS58, RV35, RV96, RV152")

a 4 1o @ { a
(@ maniylueismad YM Wotmiunal 3 u fgumngil 28 oam

waFed (115 = 10 luTaswas)

a

(b) miadradulefennue1nis com meal agar HaILN14 Y1 Ngangdl 28

U

parusasea (U135 = 10 Tulaswag)
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3.6 Kluyveromyces siamensis sp. nov. (RS2, RS8T, RS14, RS20, RS23, RS27, RS53,
RS54, RS63, RS65, RS68, RS70, RS76, RV42, RV89, RV94, RV153)

4

HAINMIMIEWDTIAA 1o InauSa D1/D2 94 26S rDNA Uosdadeiius
RS2, RS8, RS14, RS20, RS23, RS27, RS53, RS54, RS63, RS65, RS68, RS70, RS76, RV42,
RV89, RV94 118 RV153 WUOaAa8ius RS2, RS8, RS14, RS20, RS23, RS27, RS53, RS54,
RS63, RS68, RS70, RS76, RV42, RV89 11az RV94 thijaufiy 100 11losidud uaiionl3sumen
Y] v (= A A =\ 4 S I o a =\ 4 a =)
Auaeus RS6s wuniimsununianglolna 0.2 wesidua (1 Handlelna Tu 562 Haad
Toln@) uaziionSeuifsusumeniug RV1s3 wohiimsunuiiinalelnd 0.2 wlesidua
(1 17810 Ind 11 562 1ndTle'lng) Taeh RS65 tiaz RV153 imsunuiniiing I lna lu
o VoA v A A v A da o IR Yia da v I d A S
durdafantuieiounudanon 15 aewus 3eagd lddadns 17 menugiuaildd
=) [ A = A A =\ < 9 1 3 4 a
@eNUieanniinmsununiing 1o Indilesni 1 nlesisud 1uusa D1/D2 ¥949 268 rDNA

A = )=} o w A = Jd a ] A I 9

uazilolFouieudiauiiond Te Inausim DI/D2 ¥e4 268 rDNA fuallFd lugiudoya

J

GenBank WU 1n&1R0anU Kiuyveromyces aestuarii CBS 4438 Taonilon/Soufiounuaionus

RS2, RS8, RS14, RS20, RS23, RS27, RS53, RS54, RS63, RS68, RS76, RV42, RVS9 LIagRV94

Imsununinalelng 1.1 nlesiFud (6 11nale'lng lu 544 fiaale Ind) W5 sumeuny

aoWug RS 70 imsunuiiiindlelng 1.0 wosidud (5 ndle’lng lu 479 findlelng)
A a a o o A Aa o s s

nazionlSouifisunuaienug RS65 Loz RVI1S3 imsunuiiing le'lng 1.3 nlosidud

(7 inale'lng lu 544 f17aaTe Ind) Weninsananudunusmadiannmsannduld

@ o

Wannmsiadunndwuiiang Te Tnausna DI/D2 ¥ed 268 rDNA vesdad 17 awiusg
v Y

(MW 12) nuNBEaNe 16 mesiugegludumiudernuuudu i3 annms udarenn
RV153 tiisadntios tazaduadmaesruailidiimsesinoudavesana Kiuyveromyces

=} == 4 (] o oA Y o == K4 T £ g
on 6 a¥d uazed ludwmianIndineanuatlad Kiuveromyces aestuarii CBS 4438" il

A S Y A A = = o w A = I a @ 3

avadnlndineangaionlSouiisudauiiing Te Ind luuSia D1/D2 ¥e4 268 rDNA fiy
AU RS2, RS8, RS14, RS20, RS23, RS27, RS53, RS54, RS63, RS65, RS68, RS70, RS76,

I Ay o [
RV42, RV89, RV94 tiaz RV153 iluailad 1vy

Y
Y 4 a v A a 1
mﬂmﬁﬁﬂmaﬂymzmmﬂmmmgﬂimﬁmmmmmu LLa&@k!ﬂﬂJ')‘ﬁ1ulﬂfl NWUN

v
Jd o I o

[ 1 [ o
Fadna 17 aneRutanyazaee ilouny Ae imsadwealaadesuue1mis YM agar,

aQ

acetate agar, malt extract agar, corn meal agar {l0¥ Gorodkowa agar HAIINUN 3 U 9 28 09N
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= 9 o [ o d [ [
gLy Iﬂﬂﬁ'i”l\ﬂl@ﬁiﬂﬁﬂ@i?jﬂi']\iﬂ'ﬂll NUIU 1-4 Llﬂﬁiﬂﬁﬂﬂﬁﬁ'ﬂ 1 UDENT Llagioand
[ ] dy Y 4 o A I 1%
"lijm‘ﬂu GGRENAK] uﬂﬂmﬂumiﬁﬁﬁuaiﬂﬂﬁﬂﬂmamﬂymsauﬂ Lﬂuaﬂymzﬂlmaf}a
v & 2w . & Aysgq S A g
Kluyveromyces AHUIRATWUND UaUFd 11iuvos Kiuyveromyces Lazai¥oidu
~ I . S A aa . .

Kluyveromyces siamensis sp. nov. Taoil RSS 11U type strain NIANBO T %1 “siamensis”

A A o 1 g} A g £ Al a ) Y . Y
Lumﬁnﬂuﬂﬂﬂﬁwmﬂm’mEmumLﬂ‘}flu‘ﬂ’izmﬂ"lmﬂcmmmmmmmu AN T type strain ]'l,ﬂ
o g A ' 3 o v J a aJ = . Y dy
Lﬂ‘lﬂP\hﬂlﬂ’].Wl‘ViLl'Jleﬂ‘]JﬁﬂHTﬁTﬂWHﬁﬂﬁu‘ﬂﬁﬂ 1AL Y accession number AN BIOTEC Culture
Collection (BCC 25962") ‘]JS%WI?{"L‘VIEJ, NITE Biological Resources Center (NBRC 103859")

ﬂi&mﬁm‘:ﬂu 1tag Centraalbureau voor Schimmelcultures (CBS 10860") Uszmenusesuaua

o v A Jd YA I Idy Yy 1 A a s A . .
g sudadatlad vt ldlnsaamanu@nu 5eq Kluyveromyces siamensis sp.
nov., an ascomycetous yeast isolated from water in a mangrove forest in Ranong Province,
. v a Y o Y A a o
Thailand Tumsasszavuuna Taelasumseenusulniimsanuilunsais FEMS Yeast

Research (NANUIN A1)

ANHUSVOI Kluyveromyces siamensis sp. nov. (RS2, RSST, RS14, RS20, RS23, RS27,

RS53, RS54, RS63, RS65, RS68, RS70, RS76, RV42, RV89, RV94, RV153)

a =

a 4 1 [ @ { '
ﬂ"li!,fﬂiﬂﬂufﬂﬁﬁ YM broth Lﬁ’i)‘]JﬂJL‘].I‘L!L’m1 37U ﬁqmﬂﬂu 28 DALY WU

= ' ' 9 =R A 1 P A &
L“lfﬁai]gﬂﬁ'l\‘]ﬂ@usll'mﬂﬁﬂﬂua\ﬁ YUIA 2.3-5.4x 2.3-6.9 uliJTﬂi!iJ@]ﬁ ﬂglﬂul“ﬁaﬁlﬂﬂ’l mmﬂu
= a [ A o 1 v & FY <] Ay A
f] Nﬂ?ﬁlﬁ]ﬁﬂ]uLﬂujﬂllﬁﬂuﬂmﬂﬂﬁaﬂﬂ LLaZ%Uﬂ@Nﬂutﬂuﬂﬂumﬂﬂ ANASNBUNDUTIADA [N
v '
%o']u'J‘L!L!‘U‘UUllJf]']ﬁfl!WﬁTﬂfJﬂ']ﬁLmﬂﬁu’ﬂllﬂﬂ‘ﬂa'lﬂ‘fh (ﬂ']Wﬁ 13A)

a =

a 4 ] @ ! ' 4
NITRTYVUDINIT YM agar Lﬁﬂ‘um‘ﬂunm 43U ﬁ@‘ﬂ!‘l’iﬂﬂ\l 28 DALy E ‘W‘]J'NL%@

Y

= a o A dy A A dy Y 1 a Y
11ﬂﬁﬁ]iﬂluﬁiﬂ!ﬁwﬂ@HJLL‘L!TJ‘VI‘]JQﬂL“If@ TaTatli@nsy (HonaatUeIa) qij‘]JSN'ﬂfflll WINUN

Y
a =< a

= = = 9 I 9
138U Yo ULTYU uaﬂﬂiaumiﬂngumﬂw’mmmmnaﬂuﬂsl

o
msafruealnadesuuems YM agar, acetate agar, malt extract agar, corn meal agar
v 1 o A I 1A Y 4 1
110¢ Gorodkowa agar Had91NUN 3 IU N 28 DIAULALG YT W‘]J’JHJﬂﬁﬁﬁNLL@ﬁ'Iﬂﬁﬂﬁli?j‘]JiN

naw .U 1-4 wedladlosao 1 uoddd Lazuedad JUAINY dalediy
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vy v ~ v P < X Y ax
msadrudulofeuuazidulond laen131@eu¥0UU0IM5 corn meal agar AI8ITN3
y 4 4 { ] @ [
@euvovnalad (slide culture) wWumsadradulodmeonuuun lauiimsiau (rudimentary) U@

Tuwumsadraduleui (mwn 13B)

Kluyveromyces siamensis RV42 (AB330825)
Kluyveromyces siamensis RV89 (AB330826)
Kluyveromyces siamensis RS8T (AB330824)
Kluyveromyces siamensis RS20 (AB330828)
Kluyveromyces siamensis RS54 (AB330829)
Kluyveromyces siamensis RS65 (AB330830)
Kluyveromyces siamensis RV94
Kluyveromyces siamensis RS2
Kluyveromyces siamensis RS14
Kluyveromyces siamensis RS23

| Kluyveromyces siamensis RS27
Kluyveromyces siamensis RS53
Kluyveromyces siamensis RS63

92 Kluyveromyces siamensis RS68

Kluyveromyces siamensis RS76

88 Kluyveromyces siamensis RS70

59 \— Kluyveromyces siamensis RV153 (AB330827)
Kluyveromyces aestuarii CBS 44387 (U69579)
Kluyveromyces nonfermentans CBS 87787 (AF398490)

g1 Kluyveromyces lactis CBS 6837 (U94922)
83

Kluyveromyces marxianus CBS 7127 (U94924)

68 Kluyveromyces wickerhamii CBS 27457 (U9577)
Kluyveromyces dobzhanskii CBS 21047 (U69575)
Saccharomyces cerevisiae CBS 11717 (U44806)

0.005 &

nuc

M 12 é’fu"lﬁ"’?ﬁ’wmﬂ15‘ﬁuﬁm@‘iumﬁwaﬁaﬁawﬁuﬁRsz, RS8', RS14, RS20, RS23,
RS27, RS53, RS54, RS63, RS65, RS68, RS70, RS76, RV42, RV89, RV94, RV153
wazaiEdnianuduRuE iy adnndduiongle Tnausine DI/D2 ved 268
rDNA 21475 two-parameter Y93 Kimura (Kimura, 1980) Tagly neighbor- joining
method (Saitou and Nei, 1987) ttaztszifiuanuinFedoninnsinszrem
bootstrap Iﬂﬁlﬂﬁﬁm% 1,000 ﬂiza (Felsenstien, 1985) LAZIAAUNWIZA bootstrap

~ 1 72 o
NUINNI 50 lﬂﬂﬁl“ﬁu@]



% o
ﬂ"lﬁﬂ?Jﬂﬂ”liITJUlﬁL@Ii@]

nglaa
awan Ina
ylase

yoa lng

MIeasiandIlznouas uou

nglae

nuan Ind

¥ lua
Buezdia-a-ng Taanii
a-1sTua

a-loy T
1oa-02311 ud
A-02510 Tud

woa-usu lud

ylasa

woa Ind

nig lad
uoavhwiia-a-ngTalyd
walaluled

WIAYU

waa lulea

wan Ine

sl Tua

waag Ina

puaY

wanIna
W Tua
nignlaa

wad luTlod

uile

=
NALEDIDA

A-uNUiInea
MUanNoa
8UBOANOD
a-nglalu-5-tanTau
2-ala-a-ng laa
5-a In-a-ng Iaa
nsaa-ng Intin
nsaa-ng Inlsdin
nsanang 15in
NIALAAADN
NIAFNFUN
NIAFATN
MU

MNIUDA

126

Weak

+
Latent
+

+
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maueazianaslsznovlulasau

o Tuiudamla + Tuaaidon Tuasa -
4 a J
Tandou'lulasa - iaiivlalasnae l5a +
4
uoa- ladu + maoiulalelasnanlsd  +
. 4
anyULdU:

msasunsannng Ina +
MIRTYVUIMIINYIIAINIAINY +

9 % J J
mMIainmslsznovsziivassaniouenisan -

a J 3 4 a J
m3sylu 0.01 Woesidua loTnaend lug -

a J 3 4 a J
m3ssylu 0.1 wlesidua loTnaend lud -

a 3 4
MIsIYUUIMIINg Ina 50 losidua +

a J I 4
MINFYVUDIMIING Ind 60 1losiFua +
M3 YNYUNNN 20 DIFTAITH +
M3RTYNYUNNN 25 DIFITAIFoA +
M3RTYNYUNNN 37 DIFIsAIFoa Weak
M3RTYNQUKNN 40 DIFUTAIToA Weak
M3RTYNQUNYN 42 DIFUTATo Weak
M3RTYNQUNYN 45 DIFUTAIToA -

4
M3 lalas ladgise -
) Aaaa v A =\ =

msilfnsenudlaes Tmiesuugll -
arslsznevging luu Q6

a J 3 Jd o = s J 3 4
ﬂﬁﬁ]iill;ﬂ‘l&?ﬂﬁﬁﬂ@jﬂﬁ 5 1osirud ﬂ‘]JI"])’LﬂfJiJﬂflﬂnliﬂ 10 Wosigua +

< 4

a J v = J I3 4
ﬂﬁﬁ]iill;ﬂ‘l&?ﬂﬁﬁﬂgiﬂﬁ 5 1osiua ﬂ‘]JI"])’LﬂfJiJﬂaﬂnliﬂ 15 wosiFua -
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NN 13 éf”mg UINYIVDY Kluyveromyces siamensis sp. nov. (RS2, RSST, RS14, RS20,
RS23, RS27, RS53, RS54, RS63, RS65, RS68, RS70, RS76, RV42, RV&9,
RV94, RV153)

S a S i g o
(a) waalndtazioa lnades le1M1s YM agar ievmdunat 4 3u

a =

figaungil 28 ssraiioa (115 = 10 luTaswms)

RY

9 a

(b) msadrudulefionnue¥is com meal agar WAL Tu Ngavigil 28

u

paraFed (113 = 10 TulAswas)

3.7 Pichia ranongensis sp. nov. (RV60")

J

HAINNITHIA G UIAE 10 INAUST IS D1/D2 U949 26S rDNA U0I0aaa1oWus

E]

RV60 taztinnnlssuieuduiiong le lndusna D1/D2 ¥4 268 rDNA fuat¥d lugu
foya GenBank NUNINARENY Pichia fluxam CBS 2287" TasfimsunudiiondleIng 8.3
alofisud (43 fanale'lng 1 403 fiadTe Ing) uazdlofinsananuduiuimed Sannms
nndulf3Sannnsiianndduiond Te Inaus i DI/D2 464 268 rDNA Yosdad
neiiug RV60 (MWl 14) wudad e Rveo egludumiafiedtu Candida sp.
SC5L04 vudu 193 5annms wazadaadanes iy Pichia fluxuum CBS 2287, Pichia sp.

NRRL Y-11513, Candida abiesophila NRRL Y-11514, Candida sp. BG02-7-17-007A-1-1,
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Issatchenkia occidentalis CBS 5459 ag Candida diversa CBS 7064" ﬁqv‘imwsﬁﬂmé’ﬂymz

J a 09/’ a a A A A o [ V= A [l
MUNUNDUNTUITIULUUAUAN LASDYNTUITIULAY IWDIUIUIT RV60 Lﬂuﬂ'ﬂﬂfﬁﬁl‘ﬂﬂ

—— Pichia methanolica CBS 65157 (U75523)
100

97 L Candida sithepensis S0237 (AB120220)

Citeromyces siamensis CBS 91537 (AB084231)

Pichia fluxuum CBS 22877 (U75719)

Pichia sp. NRRL Y-11513 (AF017409)
100

100 Candida abiesophila NRRL Y-11514 (AY923245)

Candida sp. BG02-7-17-007A-1-1 (AY520359)

97

Candida sp. SC5L04 (EF653946)
1oo|

| Pichia ranongensis RV60T (AB334112)

Issatchenkia occidentalis CBS 54597 (U76348)

88

Candida diversa CBS 7064 (U71064)

Schizosaccharomyces pombe CBS 3567 (U40085)

Ja v ~ g J

d' 9 o 1 = 4 Y] 4 T A SA A [
MAUN 14 ﬁu"lmmmmi‘muﬁmmuwuwawmmﬂwuﬁ RV60' asdUBanianuaunus

Y o

o v A d A a

A 8319910810 uHana 1o InAuS e D1/D2 Ye4 268 rDNA A1u3T two-parameter

U949 Kimura (Kimura, 1980) Tagld neighbor-joining method (Saitou and Nei, 1987)
1 v Y

wazdsediuaNuuFeonMTIUATIZHA bootstrap 1ABNITIE 1,000 AT

J

[ { [ d I
(Felsenstien, 1985) LiagtdAURWIZ AT bootstrap AU 50 nloFirua
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ANHULVOA Pichia ranongensis sp. nov. (RV60")
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a 4 1 I Y { 1
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a Y A ~ A A v A 9
WINUUTID UBULTIV Lm%IﬂIﬁuWiﬂJLLUUﬂUll‘]Jﬂ‘]JW?l‘ViuTmﬁﬁ

[ @ {
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= U 9 o ] L @ v A
parnesaae wunaswealaaesgisenan 1-2 uealames v 1 ueadd Tasuoddal

ANMUAINY JO8H1BYN

Y 9 - Y % < A Y aa
msadradulefieuuazidulond laon31@e4¥0 U0 IM5 corn meal agar AI83ITN3
dy di’ J Y Y ~ A (=Y 1 . 1 1 9
AeuFovua lad wumsadradulomeonuuun luimsiau (rudimentary) ua lnumsai

iduleudt (n i 158)
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nglaa Weak  uanIna

awan Ina - W Tua

ylase - n3a laa

woalng - wad luTlod
MIeasiandIlznouas uou

nglae + utla

auan Ina - NALEDI0A n

%05 lud + 95N3N0a

< aa = ~ a

PUoFAa-A-ng Inaniu - Isiinoa +

= = a

a-1s Tua + A-NgANea +

= = a

a- oy Taer + A-uuiinea +

1oa-02311 lud - NuanNNea +

A-0511 1ud - DUDOFNDA

oa-tsyTud - a-nglalu-5-uanlau

ylasa - 2-ala-A-ng lata -

yoa Ina - 5-a In-a-ng Iaa -

= = a

n3an laa - nsaa-ng Intin -

uoavhwiia-a-ngTalyd - nsaa-ng Inlsdin -

iwalaluTod - nsanang 15in -

BIAWU - nIALAAAD +

wad luTlod - ATATNFIN +

wanIna - NIALATA +

W Tua - WNIUDA -

Waaw Ing - eNIUDA n

puaY -
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maueazianaslsznovlulasau

o Tuiudamla + Tuaaidon Tuasa -
4 a 4
Tandou'lulasa - iaiivlalasnae l5a +
4
uoa- ladu + maoiulalelasnanlsd  +
U d’
AnyULIUY:
msaseniaanng lna -
MINIYVUOMIINUTIAININTU +
o 4

msasumslsgneueyisaeaniouonasaa -
a J I 4 a J

Mgy lu 0.01 wosimud o Tnatend lud +
a J I 4 a J

Mgy lu 0.1 wesimud o Tnaend lua -
a J I 4

MY UUeIMIINg Ind 50 1lesiHua +
a J I 4

MIRFYUUeIMIING Ind 60 1losiHua +

MIIYNYUNYI 20 DI AIT Y +

MINIYNYUNYI 25 DaruyaITye +

MIIYNYUNYI 37 o3Iy Weak

0 DI UHAITY e Weak

MIRIyNgunl 4

MIRTYNQUNNN 42 0IRUFBTod -

MINIYNQUNNN 45 0IR BT -
~

mslalasladgse -

=

mshgasennud laos Tadlewugll -

U

a J 3 J = J J 3 J
mMsnsyuueisng lag s wesidua nulmAeunas 15a 10 nesiua

< J

a % Y = ¢ /3 7
ﬂﬁ!,i]iilluﬂl.l’fﬂﬂﬁﬂgiﬂﬁ 5 1losisua ﬂ‘]JTG]SLﬂEJZJﬂﬂfJVl‘iﬂ 15 Woidua
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MR 15 ﬁmgm?mwm Pichia ranongensis sp. nov. (RV60T)

J a o 4 [ 1Y
(a) waaUnauazuedlnades 1ue1M13 YM agar ievmilunar 7 5u
P a = J
NQUNNV 28 BIAUFALKYH (U137 = 10 luTasas)
(b) Mmaaudulefionnuo1ms com meal agar Waa 1y 7 Tu Ngavgil

=\ o
28 oA asedE (U135 = 10 ”lﬂmmm)
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4 ' v J J Al SAA a Y ' 1%
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4
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1 1% J
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1 ~ L 4
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[

aswuniluallFdandaliimseFueimiouny Candida sp. NRRL Y-27127 (2 aowus )
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[

o o R o @ ° < A S
Ia Hanseniaspora sp. ST-464 2 ﬁ']fJW“L!‘]j‘) uazggaaniyiae 10 ﬁ?ﬂwu‘lj‘ ﬂmuumﬂuﬁﬂ 3
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(RV60")



136

9
Y ]

A I~ a [} = A o 1 g; A g A ] 1
WolSoUNeUNaNITINNUUNTAANLINIINAIDENHITAVTIN 3 $I9981 D AIBYIN
oy A g A~ o £ & 1 1 a K Aa o 1 oy A d A~
WUl w.e. 2541-2542 (Ivg RV) “KQL‘]_IHGIS'NDaWﬂ’EIULﬂWD'u']‘JJ, e uel
o & J 1 v a K Aov A % 1 oy A g A~
W.F. 2548 (3Vier R1) FUY U AUNAFUINNUN LazA0e19 AU W.¢1. 2549
o & g ' v a X a g = 1A ¢ AN S a Y A
(3vig RS) Faurramaunaguiingd 11 nunvaaads muﬂwsaﬁuwua’mwﬂu
o ' 3’ { g 3 ' v
#0810 NN VNG 3 HI981 A Candida tropicalis Wag Kodamaea ohmeri Uiz Ainy
Candida rugosa, C. thaimueangensis, C. tropicalis, Kodamaea ohmeri \\0¢ Trichosporon asahii
@ ' 31 A A @ v g} A A 1 = S Y
11!@3681\11111/]Lﬂlllllﬂﬂ W.A1. 2541-2542 agalee i ued N.F1. 2548 ﬁﬂuﬂﬁﬂﬂ‘wu"lﬂ
@ ' 3} A g A~ @ [l g’ A g A~ A
‘IHGI'JGEJNUTWLT]“UHJE]‘]J W.F. 2541-2542 uazmammmmmmﬂ N.¢. 2549 Av C. silvae, C.
tropicalis, Debaryomyces nepalensis, Issatchenkia occidentalis, I. orientalis, I. siamensis J0s K.

) 4 o 4 e 1 Zda A a
ohmeri Tuvsiziny C. tropicalis W% K. ohmeri Tudenuhnnuiel] w.a. 2548 uag ..

) = ¢ A A Aa 9 ~ %] 1 :j P (] ] 2L A
2549 dwmsvdaaalyaninsesureudrnnummz ludlrearainmulusislasranied

Y Y
o o A g A

aatl Tudredrahinuiilet] w.e. 2541-2542 WURWE C. berthetii, C. boidinii, C. glabrata,
C. pseudolambica, P. caribbica, P. sporocuriosa, Torulaspora maleeae, W. saturnus,
1 % 1 g' { g d
R. mucilaginosa, T. coremiiforme Q& T. japonicum dludegrahninuiiel) w.e. 2548
@ 1 :I { g d
WURWIE C. phangngensis W C. picinguabensis tazludiegrairinuiiol) w.a. 2549
WURNIE C. butyri, C. parapsilosis, Galactomyces geotrichum, I. terricola, P. burtonii,
) . . 1 = ¢ A I w (= a ~ o [ oy Ad
P. galeiformis Wag P. kluyveri aiutaaat¥ands luiinmsesuennyludiedraiimny
[ ] A A A =} o . ] 1 g‘ A g
WINNIT 1 BINLIAT AD ﬁﬂclfﬁﬂlﬁilﬂuﬂll Candida sp. NRRL Y-27127 WﬂﬂluﬁﬁﬂﬂNlﬂﬂlﬂﬂ
A o A A A v
ol W.A. 2541-2542 uag .. 2549 ez lyaMWNoUNY Hanseniaspora sp. CS-2008b WU
Y ' 2 Ad A a ' A A A @ ' A
Glumammmm‘umaﬂ WA, 2548 LIng N.¢A. 2549 ﬁ’Juﬂﬁﬁﬁ‘].]“lfﬁVIWUGlUGI'J@fJNUWVILﬂ‘UGlu
1 = A Ay oA A 1] . ] 1 3‘ A g A
FNLINUAYI D ﬁﬂ“lfﬁ‘ﬂl‘ﬁﬂ’ﬂuﬂll Hanseniaspora sp. ST-464 Wumwwﬁlumamﬁmmﬂmm
= = ? AN S G a A A o
W 2541-2542 Fadatlsande luimsesureMiilouny Candida sp. NRRL Y-27665,
v ' 3/ { g 4
Hanseniaspora sp. ST-250 Wtag Hanseniaspora sp. YS DN19 wumwiz ludiedraihinuiiol)
) v A Jd A I 1 A o o l g} A g qﬂ// ]
W.f1. 2549 ﬁ?ﬁﬁﬂﬂﬁﬂﬁﬂ%ﬁjﬁhv\lﬂ Candida sanittii sp. nov. GLHG]’J@EJNH"ITILWUVN 3 PI9L3A1
yw % ' t;y { 4
WONNHUBINY Kluyveromyces siamensis sp. nov. Tua0e 10N uilol) w.a. 2541-2542 wag
o v A IaA Y 1 g’ A g ~ ] = = . .
WA, 2549 d@msvdaannummne lua10819 NN UINESINAEI AB Candida laemsonensis
@ [ g/ { < d
sp. nov. Q& Pichia ranongensis sp. nov. numwe ludegiaihinuiiel w.a. 2541-2542
o o dda A a A
Candida andamanensis sp. nov. WUmW1z luatee10iinuied) w.a. 2548 Tuvmziny

o l g’ { g 4
Candida mangrovei sp. nov. Ila& Candida ranongensis sp. nov. mwgludedrnhinuiied)



137

9

= dy Y I = P o 1 cy A d 1 1 =Y a
W.#1. 2549 mﬂmiﬁﬂmuuaﬂﬂwmumﬁwwﬂum@mmmmﬂmmazmmamm%uﬂ

A A @ 1 @ £ S a A 1 [ QSJ‘ [ a = a
NHVOUNUUAZUANA NN FIRAAFUANNULANA NI UT U 1VUT UHANINMTINATUIN



138
PNAINAZTI919949

A
ds I\

U o ot
NEuIA Uszamas. 2549. msdaswundaniivanaindunidingilaoimhsiaaulae

23 () a a J a
oYNTIIITIUIVDABANIaZEYNsHIT MszAVTana. Inentinusisya In,

a Y 4
UUINGAULNHATATTNT.

v a1l A a a 4 v o a 4
wal AUATING. 2544, matanedueg InguiomsIadunyiavedad. enals
d o W o Y]
szneumstlneusudian: msdwunidszan madadwun msdushy vazmsly
Uszlemal. MnAr9aFiine aazinermnans unAIneduABATINEAT, NFUNNA.
a = 9 = 9
Aans Tuld. 2538, amummanuvanvaemesimnvesdszmalng. dninaunsamu

AUVAYUNIIVY, NTUNNC.

F4
¢ o A

aun onuIudl. 2541, Thaneau SNINGazMIIANS. NUNATIN 2. UnInedy

¢
INHATATAT, NTUNNA.

9
' d v

Aa A Aa = d an a ~
AT aUNod. 2549. gan: ﬂ'J'I?J"r’iﬁ1ﬂﬁﬁ1ﬂ!!ﬁ$!ﬂﬂiﬂiﬁﬂ‘lﬂﬂ1w. WUNATIN 2.

UMINNSBAYATINAAS, NTUNNC.

Y
s w A

a d a (% 4 a2 a v
g5uns Telyanana. 2548, Wugdsanssubesdu. WUNATIN 3. Y1 INe1AY

s
INHATATAT, NTUNNA.

Aksornkoae, S., W. Arirob, K. G. Boto, H. T. Chan, P. F. Chong, B. F. Clough, W. K.Gong, S.
Hardjowigeno, S. Havanond, V. Jintana, C. Khemnark, J. Kongsangchai, S.
Limpiyaprapant, S. Muksombut, J. E. Ong, A. B. Samarakoon and K. Supappikul. 1991.
Soil and forestry studies, pp. 35-81. In The Integrated Multidisciplinary Survey and
Research Programmed of the Ranong Mangrove Ecosystem. UNDP/UNESCO

Regional Mangroves Ecosytem. Project RAS/86/120. Final Report.



139

Alphey, L. 1997. DNA Sequencing from Experimental Methods to Bioinformatics.

Springer-Varlag, Berlin.

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

programs. Nucleic Acids Res. 25: 3389-3402.

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

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

Barnett, J. A., R. W. Payne and D. Yarrow. 2000. Yeasts: Characteristics and Identification.

Cambridge University Press, Cambridge.

Beech, M. J. and R. R. Davenport. 1971. Isolation, purification and maintenance of yeasts, pp.
153-182. In C. Booth, ed. Methods in Microbiology Vol. 4. Academic Press,

NewYork.

Boekhout, T. and C. P. Kurtzman. 1996. Principles and methods used in yeast classification and
an overview of currently accepted yeast genera, pp. 1-81. In K. Wolf, ed. A Handbook:

Non conventional Yeasts in Biotechnology. Springer-Verlag, Berlin.

Butinar, L., S. Santos, 1. Spencer-Martins, A. Oren and N. Gunde-Cimerman. 2005. Yeast

diversity in hypersaline habitats. FEMS Microbiol. Lett. 244: 229-234.

Clemon, K. V., P. S. Park, J. H. McCusker, M. J. McCullough, R. W. Davis and D. A. Stevens.
1997. Application of DNA typing methods and genetic analysis to epidemiology and

taxonomy of Saccharomyces isolates. J. Clin. Microbiol. 35: 1822-1828.



140

Cooke, W. B., H. J. Phaff, M. W. Miller, M. Shifrine and E. P. Knapp. 1960. Yeasts in polluted

water and sewage. Mycologia. 52: 210-230.

de Almeida, J. M. G. C. F., 2005. Yeast community survey in the Tagus estuary. FEMS

Microbiol. Ecol. 53: 295-303.

de Araujo, F. V., C. A. Soares, A. N. Hagler and L. C. Mendonca-Hagler. 1995. Ascomycetous
yeast communities of marine invertebrates in Southeast Brazilian mangrove ecosystem.

Antonie Van Leeuwenhoek. 68: 91-99.

de Garcia, V., S. Brizzio, D. Libkind, P. Buzzini and M. V. Broock. 2007. Biodiversity of cold-
adapted yeasts from glacial meltwater rivers in Patagonia, Argentina. FEMS Microbiol.

Ecol. 59: 331-341.

Dunlap, P. V. 2001. Microbial Diversity. Academic Press, New York.

Fell, J. W. 1976. Yeast in oceanic regions, pp. 93-124. In E. B. G. Jones, ed. Recent Advances

in Aquatic Mycology. Elec, London.

, D. G. Ahearn, S. P. Meyers and F. J. Roth. 1960. Isolation of yeasts from Biscayne

Bay, Florida, and adjacent benthic areas. Limnol. Oceanogr. 5: 366-371.

, T. Boekhout, A. Fonseca, G. Scorzetti and A. Statzell-Tallman. 2000. Biodiversity and
systematics of basidiomyces yeasts as determined by large-subunit rDNA D1/D2 domain

sequence analysis. Int. J. Syst. Evol. Microbiol. 50: 1351-1371.

, A. Statzell-Tallman and C. P. Kurtzman. 2004. Lachancea meyersii sp. nov., an
ascosporogenous yeast from mangrove regions in the Bahama Islands. Mycologia. 50:

359-363.



141

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

Evolution. 39: 738-791.

Guffogg, S. P., S. Thomas-Hall, P. Holloway and K. Watson. 2004. A novel psychrotolerant

member of the hymenomycetous yeasts from Antarctica: Crypfococcus watticus sp. nov.,

Int. J. Syst. Evol. Microbiol. 54: 275-277.

Hagler, A. N. and D. G. Ahearn. 1981. Yeasts from Marine and Estuarine Waters with Different

Levels of Pollution in the State of Rio de Janeiro, Brazil. Appl. Environ. Microbiol. 41:
173-178.

and . 1987. Ecology of Aquatic Yeasts, pp. 181-205. In A. H. Rose and

Harrison, eds. The Yeasts. Vol. 1, 2™ edition. Academic Press, London.

, R. B. de Oliveira and L. C. M. Hagler. 1982. Yeasts in the intertidal sediments of a

polluted estuary in Rio de Janeiro, Brazil. Antonie van Leeuwenhoek. 48: 53-56.

Jindamorakot, S., S. Am-In, T. T. Thanh, D. D. Ngo, H. Kawasaki, W. Potacharoen, S. Limtong,
M. Tanticharoen and T. Nakase. 2004. Candida easanensis sp. nov., Candida
pattaniensis sp. nov. and Candida nakhonratchasimensis sp. nov., three new species of

yeasts isolated from insect frass in Thailand. J. Gen. Appl. Microbiol. 50: 261-269.

, S. Limtong, W. Yongmanitchai, M. Tuntirungkij, W. Potacharoen, H. Kawasaki and T.
Nakase. 2007. Two new anamorphic yeasts, Candida thailandica sp. nov. and Candida

lignicola sp. nov., isolated from insect frass in Thailand. FEMS Yeast Res. 7: 1409-
1414.

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

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



142

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

Eiseigaku Zasshi. 8: 53-57.

Kreger-van Rij, N. J. W. 1984. The Yeasts: A Taxonomic Study, 3" edition. Elsevier,

Amsterdam.

Kurtzman, C. P. 1991. Saturnospora ahearnii, a new salt marsh yeast from Louisiana. Antonie

van Leeuwenhoek. 60: 31-34.

. 1992. rRNA sequence compairisons for assessing phylogenetic relationships among

yeasts. Int. J. Syst. Bacteriol. 42(1): 1-6.

. 2000. Three new ascomycetous yeasts from insect associated arboreal habitats. Can.

J. Microbiol. 46: 50-58.

and P. A. Blanz. 1998. Ribosomal RNA/DNA Sequence comparisions for assessing
phylogenetic relationships, pp. 69-74. In C. P. Kurtzman and J. W. Fell, eds. The

Yeasts: A Taxonomic Study, 4" edition. Elsevier, Amsterdam.

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

Amsterdam.

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

Leeuwenhoek. 73: 331-371.



143

and J. Sugiyama. 2001. Ascomycetous yeasts and yeast-like taxa, pp. 179-200. In D. J.
Mclaughlin and P. A. Lemke, eds. The Mycota: A Comprehensive Treatise on Fungi
as Experimental Systems for Basic and Applied Research VII Systematics and

Evolution, Part A. Springer-Verlag, Berlin.

Lachance, M. A., J. M. Bawies, W. T. Atarmer and J. S. F. Barker. 1999. Kodamaea
kakadeuensis and Candida tolerans, two new ascomycetous yeast species from

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

and W. T. Starmer. 1998. Ecology and yeasts, pp. 21-30. In C. P. Kurtzman and J. W.

Fell, eds. The Yeasts: A Taxonomic Study, 4" edition. Elsevier, Amsterdam.

Lee, C-F., F. L. Lee, W. H. Hus and H. J. Phaff. 1994. Arthroascus fermentans, new species

isolated from soil in Taiwan. Int. J. Syst. Bacteriol. 44: 303-307.

, C-H. Liu, S-S. Young and K-S. Chang. 2007. Kazachstania jiainicus sp. nov., an

Ascomycetous yeast species isolated from soil in Taiwan. FEMS Yeast Res. pp. 1-5.

Libkind, D., M. Gadanho, M. V. Broock and J. P. Sampaio. 2005. Sporidiobolus longiusculus
sp. nov. and Sporobolomyces patagonicus sp. nov., novel yeasts of the Sporidiobolales
isolated from aquatic environments in Patagonia, Argentina. Int. J. Syst. Evol.

Microbiol. 55: 503-509.

Limtong, S., Y. Imanishi, S. Jindamorakot, S. Ninomiya, W. Yongmanitchai and T. Nakase.
2008a. Torulaspora maleeae sp. nov., a novel ascomycetous yeast species from Japan

and Thailand. FEMS Yeast Res. pp. 1-7.

, N. Srisuk, W. Yongmanitchai, H. Kawasaki, H. Yurimoto, T. Nakase and N. Kato.
2004. Three new thermotolerant methylotrophic yeasts, Candida krabiensis sp. nov.,

Candida sithepensis sp. nov., and Pichia siamensis sp. nov., isolated in Thailand.



144

J. Gen. Appl. Microbiol. 50: 119-127.

, W. Yongmanitchai, H. Kawasaki and T. Seki. 2007b. Candida thaimueangensis sp.
nov., an anamorphic yeast species from estuarine water in mangrove forest in Thailand.

Int. J. Syst. Evol. Microbiol. 57: 650-653.

, , and . 2008b. Candida phangngensis sp. nov., an anamorphic
yeast species in the Yarrowia clade, isolated from water in mangrove forest in Phang-

Nga Province, Thailand. Int. J. Syst. Evol. Microbiol. 58: 515-519.

s , M. M. Tun, H. Kawasaki and T. Seki. 2007a. Kazachstania siamensis sp.

nov., an ascomycetous yeast species from forest soil in Thailand. Int. J. Syst. Evol.

Microbiol. 57: 419-422.

Mikata, K., K. Ueda-Nishimura and T. Hisatomi. 2001. Three new species of Saccharomyces
sensu lato van der Walt from Yaku Island in Japan: Saccharomyces naganishii sp. nov.,
Saccharomyces humaticus sp. nov. and Saccharomyces yakushimaensis sp. nov. Int. J.

Syst. Evol. Microbiol. 51: 2189-2198.

Nagahama, T. 2005. Yeast Biodiversity in Freshwater, Marine and Deep-Sea Environments. pp.
241-262. In C. A. Rosa and G. Peter, eds. The Yeast Handbook: Biodiversity and

Ecophysiology of Yeasts. Springer-Verlag, Berlin.
, M. Hamamoto and K. Horikoshi. 2006. Rhodotorula pacifica sp. nov., a novel yeast
species from sediment collected on the deep-sea floor of the north-west Pacific Ocean.

Int. J. Syst. Evol. Microbiol. 56: 295-299.

, T. Nakase and K. Horikoshi. 1999. Kluyveromyces nonfermentans sp. nov., a

new yeast species isolated from the deep sea. Int. J. Syst. Evol. Microbiol. 49: 1899-
1905.



145

, and . 2003a. Rhodotorula benthica sp. nov. and Rhodotorula

>

calyptogenae sp. nov., novel yeast species from animals collected from the deep-sea
floor, and Rhodotorula lysiniphila sp. nov., which is related phylogenetically. Int. J.

Syst. Evol. Microbiol. 53: 897-903.

, Y. Takaki and K. Horikoshi. 2003b. Cryptococcus surugaensis sp.

=] =]

nov., a novel yeast species from sediment collected on the deep-sea floor of Suruga Bay.

Int. J. Syst. Evol. Microbiol. 53: 2095-2098.

Nagatsuka, Y., H. Kawasaki, K. Mikata and T. Seki. 2005. Candida khmerensis sp. nov., a novel
cation-tolerant yeast isolated from dry salted shrimp and sewage in Cambodia. J. Gen.

Appl. Microbiol. 51:235-243.

Nakase, T. 2001. What is the yeast?: The definition and general properties of yeast. Lecture
Note for Workshop on Yeasts: Classification, Identification, Preservation and
Application. At Department of Microbiology, Faculty of Science, Kasetsart University,

Bangkok, Thailand.

and M. Suzuki. 1986a. Bullera megalospora, a new species of yeast forming large

ballistospores isolated from dead leaves of Oryza sativa, Miscanthus sinensis and Sasa

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

and . 1986b. The ubiquinone system in strains of species in the ballistospore-

forming yeast genera Sporidiobolus, Sporobolomyces and Bullera. J. Gen. Appl.

Microbiol. 32: 251-258.

Phaff, H. J. 1990. Isolation of yeasts from natural sources, pp. 53-76. In D. P. Labeda, ed.
Isolation of Biotechnological Organisms from Nature. Mc Graw Hill Publishing

Company, New York.



146

. 1998. Chemotaxonomy based on the polysaccharide composition of cell walls and
capsules, pp. 45-47. In C. P. Kurtzman and J. W. Fell, eds. The Yeasts: A Taxonomic

Study, 4" edition. Elsevier, Amsterdam.

and W. T. Starmer. 1980. Specificity of natural habitats for yeasts and yeast-like
organisms, pp. 79-101. In F. A. Skinner, S. M. Passmore and R. R. Davenport,.eds.

Biology and Activities of Yeast. Academic Press, London.

and W. T. Starmer. 1987. Yeast associated with plants, insects and soil, pp. 123-180.
In A. H. Rose and J. S. Harrison, eds. The Yeasts Vol. 1: Biology of Yeasts. Academic

Press, New York.

Piskur, J., S. Smole, C. Groth, R. F. Petersen and M. B. Pedersen. 1998. Structure and genetic
stability of mitochondrial genomes vary among yeasts of the genus Saccharomyces. Int.

J. Syst. Bacteriol. 48: 1015-1024.

Prescott, L. M., J. P. Harley and D. A. Klein. 1999. Microbiology 4" edition. McGraw Hill

Publishing Company, New York.

Pohl, C. H., J. L. F. Kock, P. W. J. van Wyk and J. Albertyn. 2006. Cryptococcus
anemochoreius sp. nov., a novel anamorphic basidiomycetous yeast isolated from the

atmosphere in central South Africa. Int. J. Syst. Evol. Microbiol. 56: 2703-2706.

Roeijmans, H., H. Prillinger, C. Umile, J. Sugiyama, T. Nakase and T. Boekhout. Analysis of
carbohydrate composition of cell walls and extracellular carbohydrates, pp. 103-105. In
C. P. Kurtzman, and J. W. Fell, eds. The Yeasts: a Taxonomic Study, 4" edition.

Elsevier, Amsterdam.

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

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



147

Saluja, P. and G. S. Prasad. 2007. Debaryomyces singareniensis sp. nov., a novel yeast species

isolated from a coal mine soil in India. FEMS Yeast Res. 7: 482-488.

Sieburth, J. M. 1979. Sea Microbes. Oxford University Press, New York.

Spencer, J. F. T. and D. M. Spencer. 1997. Ecology: Where yeast live, pp. 35-58. InJ. F. T.
Spencer and D. M. Spencer, eds. Yeasts in Natural and Artificial Habitats. Springer-

Verlag, Berlin.

Statzell-Tallman, A., C. Belloch and J. W. Fell. 2007. Kwoniella mangroviensis gen.nov., sp.
nov. (Tremellales, Basidiomycota), a teleomorphic yeast from mangrove habitats in the

Florida Everglades and Bahamas. FEMS Yeast Res. pp. 1-11.

Stillan, J. 2008. Eukaryotic ribosomal gene structure (tandem repeats). Biology 221-
Molecular Biology. Available Source: http://departments.oxy.edu/biology/Stillman

/61221/110300/rna_polymerases.html, April 8, 2008.

Sumpradit, T. 2006. Yeast diversity in soils from hill evergreen, mixed deciduous, dry
dipterocarp, and pine forest of Nam Nao National Park. Ph. D. thesis, Kasetsart

University.

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

Nam Nao National Park, Thailand. Int. J. Syst. Evol. Microbiol. 55: 1735-1738.
Takashima, M. 2001. Molecular phylogeny. Lecture Note for Workshop on Yeasts:
Classification, Identification, Preservation and Application. At Department of

Microbiology, Faculty of Science, Kasetsart University, Bangkok, Thailand.

Thanh, V. N. 2006. Lipomyces orientalis sp. nov., a yeast species isolated from soil in Vietnam.



148

Int. J. Syst. Evol. Microbiol. 56: 2009-2013.

, S. S. Martha, N. Moleleki and J. W. Fell. 2004. Rhodotorula cycloclastica sp. nov.,
Rhodotorula retinophila sp. nov. and Rhodotorula terpenoidalis sp. nov., three limonene-

utilizing yeasts isolated from soil. FEMS Yeast Res. 4: 857-863.

Thompson, J. D., T. J. Gibson, F. Plewniak, F. Jeanmougin and J. D. Higgins. 1997. The Clustal
X windows interface: flexible strategies for multiple sequence alignment aided by quality

analysis tools. Nucleic Acid Res. 24: 4876-4882.

Vadkertiova, R. and E. Slavikova. 1994. Yeasts from sediment and soils along the lake Jakubov.
Abstract Book of IUMS Congress’ 94, 7" International Congress of Bacteriology
and Applied Microbiology Division and 7" International Congress of mycology

Division Prague. Czech Republic.

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

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

Walker, G. M. 1998. Yeast Physiology and Biotechnology. Wiley, Chichester.

Wei, Z. W. and F. Y. Bai. 2005. Kazachstania aquatica sp. nov. and Kazachstania solicola sp.

nov., novel ascomycetous yeast species. Int. J. Syst. Evol. Microbiol. 55: 2219-2224.

Woollett, L. L. and L. R. Hedrick. 1970. Ecology of yeasts in polluted water. Antonie van

Leeuwenhoek. 36: 427-435.

Yamada, Y. 1998. Identification of coenzyme Q (ubiquinone) homologs, pp. 59-77. In C. P.
Kurtzman and J. W. Fell, eds. The Yeasts: A Taxonomic Study, 4" edition. Elsevier,

Amsterdam.



149

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

edition. Elsevier, Amsterdam.



150

MANUIN



151

MANUHIN N

E | =
DINILQYUTDLLASTITIAY



152

5 X
[AVRRIGIINIY iG]

1. Yeast extract malt extract (YM) agar

=y 3 4 <3 o @
SAALDNHLUNT Aok 3 N3y

] o I 4 [y
YDANLONKBLNS N 3 N3
1w Inu 5 n3u
nglna 10 AsY
ot 15 3w
g}d 4 a Aa aa
1Snosaea luga 1000 yanans

] di’ A a a | ~
NUBONYWUHHN 121 DA UY ALK L“]J“L!!,’Jfﬂ 15 UM

2. Yeast extract malt extract broth

= 3 4 <3 o @
HAALDNHLUNT Aok 3 N3

] o I J [y
UDANLONKBLNS N 3 N3
1w Inu 5 N3
nglaa 10 N5y
oyd 4 a Aa aa
1Snosaend Iuga 1000 yaaans

a =

[l dy ~ 3| ~
NUFDNYUNYY 121 DA UK ALHY T Wunan 15 UM

G

3. Acidified yeast extract malt extract agar

= 3 4 <3 o @
HAALDNHLUNT Aok 3 N3
] o I J [y
YDANLONKBLNS N 3 N3
1w Inu 5 N3
nglaa 10 N5y
S a [
faousuliinea 0.2 N3
Tasaen Insn Totua 0.25 AT

Au 15 A5

q



Y

15 nesaeod TG 1000

153

D)

Uaaans

a =

v A 9 A o [ dy A
U5uiey 3.7-3.8 AUNTANEGD 1 UOTNOA HAZHUFINGUNWNY 121 93Kl ye

3 =\
Wuwnan 15 wn

QU

A = S 3 4
4. Yeast extract malt extract broth NU@1Taza1ena¥esoa 10 1WoFisua

~ S S 4 < 4

HAALDNHLUNT Aok 3
s 3 o < 4

UOANLONKBLNS N 3

1 Tnu 5

nglaa 10

GIERERT 100

o v “

13nesaend Iuga 1000

a IS

[l tﬂy A <3| =
NUFDNYUNYN 121 DA UKALHY T Wual 15 wn

U

5. Yeast extract peptone dextrose (YPD) agar

Baaldnduns n 10
il Tnu 20
nglae 20
yiinofaooaluda 1000

] di’ A a a IS ~
NUBONYWUHHN 121 A UYL ulunm 15 UM

6. 5% malt extract agar

] o < 4
YDANIDNHUNS N 50
ol 15
o - -
Snosaend Iuga 1000

a IS

[l tﬂy ~ <3| =
NUFDNYUNUYN 115 DIFUKALHY T Wual 15 wn

U



7. Fowell’ s acetate agar

THAeu0zFan 5
A 20
Y

13nesaeod Iude 1000

a =

[l 491 ~ 3| ~
NUFDNYUNYY 121 DA UK ALHY T wWunan 15 UM

G

8. Corn meal agar

Corn meal agar 1.7

v
15 nesaeod Iude 100

a =

[l dy ~ [ ~
NUFDNYUNYY 121 DA UK ALKY T wWunan 15 UM

G

9. Gorodkowa agar

nglaa 0.1
i Tau 1.0
Tyaeunan 13 0.5
Au 2.0
yiinofaoenlude 100

Y
]

A A a = <3| =
NUFDNYUNYN 121 9IFUKALHY T Wunan 15 un

10. Potato dextrose agar (PDA)

HUAS 200
< o

N Ina 20
A 15
1i5Snesaeod Iuge 1000

Y
a =

A A <3 =
NUFDNYUNDU 121 DIFUGQLTYT Wua 15 wn

U

Uaaans

154



155

11. Stock carbon solution (10X)

fad luTasue (Difeo) 6.7 n3u
a3lszneUMs UoU 5 NS

g‘d J a a aa
1snosaea luga 100 Uaaans

0 q 9 £ ' A <
mldaeawe Tasmsnsowrnumuusuilvungnsed 0.2 Tuasou naziholu

[ a
Auandaguungil -20 o uvaiTed
an 4
12. IMINAgIUMILOATUand15UsznaunIsUau

A3 0.2 Yaaans Ve stock carbon solution (10X) adluriapavuIa 13 x 100 YaduAI
4! oyd 4 a d' ] ] dy a Aaa Y J o 9}4‘ a 9
Fausipianesdesd luFandumsanyo 1.8 Jadans wawlddnu nelingugiives

] 9
UIU 3-5 U Lﬁﬂﬁi’)%ﬁ'ﬂﬂﬂ1iﬂulﬂﬁ]u MIA3INOIMITNATOUNSLOFTNand15 YT N

Y
v A o

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

a =} =} = =
emuea wmuea uils nuaninea 2-fla-A-nglama uaz 5-Ala-A-nglaa
13. Yeast carbon base (10X)

FaamsuouLe (Difco) 11.7 a5

Y
13nesaeod Iuge 100 Uaaans

a =

[l 491 ~ 3| ~
NUFDNYUNYY 121 DA UK ALHY T wWunan 15 UM

G

14. Yeast carbon base broth (1X)

1AY 0.2 4AAANT V4 yeast carbon base (10X) a3 lUra0AYUIAL3 x 100 FaAIUATH
Y

) 4 a {1 1 4 a aa
Ussihsnesaeod IuFaNIUMIN1Fo 1.8 Jaaans



156

15. Stock nitrogen solution (10X)

= 4 4 . [
gaanITUeUILE (Difco) 11.7 N3y
asdsznevlulasou’ X nsu

Y

15 nesaeod TG 100 Haaang

0o 9 ¥ & ' A < )
mldaeawe Tasmsnsosrumuusunivinngnsod 0.2 luasounazinylug

[ a
UMY -20 E]\’lﬁ'll“]falﬁfflﬁ

astsznonlulasou’: ueuTuilendama [(NH,),50, ] 0.5 n5u Tduamdon
lumsa (KNO,) 0.78 n§u Tandonlu'lasd (NaNO,) 0.26 n§u eiaiiuleTasnaelsa
(ethylamine-HCI) 0.64 n5U 1oa-ladu (L-lysine-HCI) 0.56 n51 uazmaweiulalalasnas

l5e (cadaverinedihydrochloride) 0.68 N5Y

16. onInageumsueasiaaaslsznoululasau

=

a'.l 9 (% oyd 4 a Aa Aaa o 1 dy { a
W)U 1.67 NTU azaneluiiisnesaeod Iuga 90 Uaaans uazm'lﬂmwawqmwgu

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

[ Y
nitrogen solution (10X) Y511@510 Hadans naulidniu uazmaaunanimumsainge

17. Fermentation basal medium

= = 4 < 4 o

g NBUNTNY 4.5 NIy
11 Tnu 75 N5y

Y

o A 4 a A Aaa
uWﬁlﬂ@ﬁﬁfJ@ﬁIN“ﬁﬁ 1000 uanang

A A Y

° < 4
mau"l‘nmauqmmmaﬂﬁaﬂlﬁaiﬁuagmmmu

111]9 fermentation basal medium adluaoAYLNA 13x100 Haawas Famelulivaoa

a =

1Y (4 a aa ) T dy A < ~ 3
ANUNET MO0AaL 2 Uaaans m‘lﬂmwamqmwnu 121 e9Asasee 1010 15 N NUU

u
v

a 3/ 2 9 £ o Y 491 ' Ao
mllfﬂiaza”lfm1ﬁ1aﬂﬁﬂdﬂ1iﬂﬂﬁﬂﬂ%’ﬂ‘ﬂﬂﬁﬂiTﬁmﬂ!ﬂf’ﬂIﬂﬂﬂﬁﬂii’)QWWmNm‘Uiuﬂlﬁlu1ﬂ



157

a A aa 1 Y 9y 9 9 ' o I I J
3N3930.2 'lamif)u 151105 1 Yaaansaoviasa El“l’TiJﬂ'J']'JJL‘U?JGUUZ’IﬂVI"IfJWI'Iﬂ‘U 2 1losirua

9 1

a @ J 3 J.
enAus i Tualdanududugaieminy 4 ulesigud)

18. Fermentation test of glucose

= SIS 4 < o [
dAALDNHLUNS Aok 4.5 N3y

1w Inu 75 N3
nglaa 20 N5y

oyd 4 a Aa aa
13nesaend Iuga 1000 Uaaans

13 3 9 A yA A 9
Uiﬂi]ulﬂﬂﬂﬁllg %TLJ’JL!L'QﬂuﬂﬂLWﬂﬁlﬂﬂJﬁLﬂlﬂ’Jﬂm

] 1 a A % (% %) a aa
Lmﬂﬁwaamum 13 x 100 Waaluag Gﬁﬂﬂ1ﬂiuﬁﬂﬁ@ﬂﬂﬂ!mﬁ NavDAAY 5 UaaaA T

0 ] ; A a ~ o3| ~
uazm"lﬂmu%a‘ﬂqmwgu 110 A UYL L‘]J‘Ll!,’mW 15 UM

19. ©1%11501/517910 300U (vitamin free medium)

nglaa 10 N5y
Vitamin assay casamino acids (Difco) 5 N5
TnunangeulalaTasnuroala 1 A3

S A (%] [
TG s 8L LS 0.5 N5
Tmdeunanlsd 0.1 nsu

= 4 [
upaFeuna lsa 0.1 N5

Y

13nesaeod Iude 1000 Uoaans

= ] ; ~ a = I ~
“]Ji‘]J‘WLE]“]f 5.5 memﬁmqmwgu 121 93fssalye o !,‘]J‘L!L’J'GT 15 UIMN
20. Custer’s chalk medium
= = 4 < 4 o
gaonNBUNT Ny 5 N3y

nglaa 50 N5y

4 @
UADLTENAIT UBIUA 5 NIy



158

ol 20 N3N
oyd 4 a Aa aa
mﬁnaiﬁa’aﬁiu%ﬁ 1000 uaaang

Y
]

A A a = <3| =
NUFDNYUNYN 121 DA UK ALHY T Wuran 15 un

] H v
iieguMgiiszanm 50 esrwaITed HIMsmauuHanikIuMId 1T Taaiue

A Y = 4 3 dy = o
vias IunaFsunsusiuaazatedluilio@eIn U111
Y a 4
21. 91sasaeuaNud LIy ly Taaand lua
=) .
1) N5 584 Basal medium (10X)

N Taaendlug 1 nFu azaneluezdlau 2.5 Tadans
Fera luTasuue (Difeo) 6.7 N3

Y

o 0’ a =) an
3nesaeod Iugd 100 Iaaans

o Y dy 1 A
ﬂ11ﬁﬂﬂ@ﬂ!°ﬁ@Iﬂﬂfﬂﬁﬂiﬂ\?WWU!NN!UiuWN%u'IWZﬂi@Q 0.2 vlllﬂﬁ@u

2) Active medium

1AL 0.2 JaAAAT Y04 basal medium (10X) a9lunaoAvUIA13 x 100 VANATHIVITY
9

o A J a A ' dy A Aaa
Wsnesaeea luganiumMId e 1.8 Naaans
22. MRy lueIMIsNNus I Uee e Tudag.

A -
1) ﬂ"lﬂ"lﬁ‘i/mﬂgiﬂﬁ 50 L‘ﬂmwum

nglnd 50 nsy
= = 4 < 4 o
IAAID NGNS N 1 N5y
A 13 3w
g‘d 4 a a aa
WInesaeod ludd 100 yaaans
4 H
A A

] a |
A urpNYUNYI 110 oA uwaae 11ual 10 w1



159

Aa -
2) ﬂ?ﬂ?ﬁ‘ﬂﬂﬂ@jﬂﬁ 60 L‘].I’E)'il“])"l!@]

nglnd 60 ATy

S - =4 3 @
HAAD BN DY 1 N5y

u 1.3 3w

g}d 4 a Aa aa
WInesaeod ludd 100 iaaans

Y H
A A

] a |
AuwpNYUNYI 110 oA uwaFae 11ual 10 w1

A sl a s -4
3) ﬂ'l‘ﬂ1i‘1/liJﬂ§]Tﬂﬁ 5 Lﬂ@imﬂu@] ﬂ‘]JIG]fLﬂﬂiJﬂﬁ'Ohliﬂ 10 Lﬂﬁ]ilcﬁuﬁ

Tadeunaelsa 100 A5y
nglaa 50 N5y
dad lulasua 6.7 nsu
Au 20 nsu
yiinofacenalude 1000 Haaans

Y
1

A A a = <3| =
NUFDNYUNYN 121 9IFUFALHY T Wunan 15 un

A /3 I w a s -
4) fﬂﬂﬁ‘ﬂuﬂ@jﬂﬁ 5 !,‘]_I’t’)i!,“]ﬂm ﬂiJI“IfLﬂfJiJﬂaﬂulﬁﬂ 15 L‘].I’E)'il“]ﬂ!@]

Tadeunae s 150 A5y
nglnd 50 ATy
dad luTasnuuwe 6.7 A5y
u 20 3w
yiinofaoealuda 1000 liadans

Y H
A A

] a o
AurpNYUNYI 121 oaruwaiae 11ual 15 w1



160

23. Christensen’s urea agar
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Abstract

Seven strains of a novel Kluyveromyces species were isolated from seven water samples
collected from a mangrove forest. Analysis of the D1/D2 domain of the large subunit (LSU)
rRNA gene sequences revealed that the sequences of five strains (RS8", RS20, RS54, RV42,
and RV89) were identical and differed from the other two strains (RS65 and RV153) by only
one nucleotide substitution in 544 nucleotides. The closest species in terms of pairwise
sequences similarity was Kluyveromyces aestuarii, but the level of nucleotide substitution
(6-7 nucleotide substitutions in 544 nt) was sufficient to justify the description of a separate
species. The phylogenetic tree based on the sequence of the D1/D2 domain of the LSU rRNA
gene rather suggested that the new species is a sister species of K. aestuarii and form a clade
with the other six recognized species of Kluyveomyces. Sequence analysis of the internal
transcribed spacer (ITS1-5.85 rRNA gene-1TS2) region supported their distinct status as a
species. The phenotypic characteristics of the seven strains were typical of the genus
Kluyveromyces. On this basis the seven strains were assigned to a single novel species of the
genus Kluvveromyces, for which the name Kluyveromyces siamensis sp. nov. is proposed.

The type strain is RS8" (BCC 25962" = NBRC 103859" = CBS 10860").

Introduction

The ascomycetous yeast genus Kluyveromyces was first proposed by van der walt (1956)

to accommodate K. polysporus. Van der walt (1965) transferred a number of Saccharomyces
species to the genus Kluyveromyces. In the description of the genus Kluyveromyces in “The
Yeasts, A Taxonomic Study, 4™ edition, Kluyveromyces consisted of 15 species which

K. polysporus, the type species, was included (Lachance, 1998). Nagahama et al. (1999)
described a novel species of the genus Kluyveromyces as K. nonfermentans. On the basis of

multigene analyses of Kurtzman (2003) only six species, K. aestuarii, K. dobzhanskii, K.
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lactis, K. maxianus, K. wickerhamii and K. nonfermentans are continued 1o be the recognized
species of the genus Kluyveromyees. Though the original type species K. polysporus, was
transferred to the genus Vanderwaltozyma, Kurtzman et al. (2001) proposed to conserve the
genus Kluyveromyces. The proposal has been officially accepted by the International

Botanical Congress and K. maxianus was chosen as the new type species (Lachance, 2007).

In mangrove ecosystems yeasts play an important role in the detrital food web that
they may be a food source of some marine invertebrates and zooplanktons (Nagahama,
2006). Yeasts are abundant in the water adjacent to and within mangrove swamps (Fell er al.,
2004). Recently, Lachancea meyersii was described for 18 strains isolated from waters in
mangrove habitats in the northern Bahamas (Fell er al., 2004). In Thailand, we reported that
yeasts could be isolated from all 32 water samples collected from the surface and below the
surface the two mangrove forests in Khao Lumpee-Haad Thaimueang National Park (8'N,
98" E) and Mu Ko Ra-Ko Prathong National Park (9° N, 98" E), Phang-Nga Province, and the
two novel species, Candida thaimueangensis and Candida phangngensis were described

(Limtong et al., 2007b; 2008).

In the course of investigation of yeasts in waters in a mangrove forest in Laem Son
National Park (9° N, 98° E), Ranong Province, Thailand. Seven strains (RSS8', RS20, RS54,
RS65, RV42, RV8Y and RV153) were found to represent a novel species of the genus
Kluyveromyces, therefore, in this study we describe and propose Kluyveromyces siamensis

Sp. nov.
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Materials and methods

Yeast strains

Seven yeast strains, RS8', RS20, RS54, RS65, RV42, RV89 and RV153. were isolated
from seven water samples collected from a mangrove forest in Laem Son National Park
(9" N. 98" E). Ranong Province, Thailand by membrane filtration following the method of
Limtong et al. (2007b). Purified yeast strains were suspended in yeast extract malt extract
(YM) broth (0.3% yeast extract, 0.3% malt extract, 0.5% peptone and 1% glucose)

supplemented with 10% glycerol and maintained at -80"C.

DNA sequencing and phylogenetic analysis

The sequences of the D1/D2 domain of the large subunit I(LSU] rRNA gene and the internal
transcribed spacer (ITS) (ITS1-5.8S rRNA gene-1TS2) region were determined from PCR
products from genomic DNA extracted from yeast cells by using a slightly modified version
of the method described by Lachance et al. (1999). The D1/D2 domain of the LSU rRNA
gene was amplified by a PCR with the forward primer NL1 and the reverse primer NL4

(O’ Donnell, 1993), amplification of the ITS region including the 5.8S rRNA gene was done
with the forward primer pITS-F and the reverse primer pITS-R (Sugita et al., 1999). The PCR
product was checked by agarose gel electrophoresis, purified using the QlAquick purification
kit (Qiagen) and cycle-sequenced using ABI BigDye terminator cycle sequencing Kit, version
3.1 (Applied Biosystems) with the external primers, NLI and NL4, for the D1/D2 domain
(Kurtzman & Robnett, 1998) and the external primers, pITS-F and pITS-R, for the ITS region
(Sugita ef al., 1999). The sequences were determined with ABI PRISM 3 100 automated DNA
sequencer (Applied Biosystems) according to the instructions of the manufacturer. The
sequences were compared pairwise by using BLASTn homology search program (Altschul er

al.. 1997) and were aligned with the sequences of related species retrieved from GenBank by
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using the multiple alignment program CLUSTAL_X version 1.81 (Thompson e al., 1997). A
phylogenetic tree was constructed from the evolutionary distance data with Kimura’s two-
paramelter correction (Kimura, 1980), by using the neighbour-joining method (Saitou & Nei,
1987). Confidence levels of the clades were estimated from bootstrap analysis (1000

replicates) (Felsenstein, 1985).

Examination of taxonomic characteristics

The strains were characterized morphologically, biochemically and physiologically according
to the standard methods described by Yarrow (1998). Assimilation of nitrogen compounds
was investigated on solid media with starved inocula following the method of Nakase &
Suzuki (1986). Vitamin requirement was determined according to the method of Komagata &

Nakase (1967). Growth at various temperatures was determined by cultivation in YM broth.

Ubiquinone system

Ubiquinones were extracted from intact cells cultivated in yeast extract peptone dextrose
(YPD) broth (1% yeast extract, 2% peptone and 2% dextrose) on a rotary shaker at 28 oC for
24-48 h and purified according to the methods described by Yamada & Kondo (1973) and
Kuraishi ef al. (1985). Isoprenologues were identified by HPLC as described previously

(Limtong er al., 2007a).

Results and discussion

Phylogenetic analysis

The sequences of the D1/D2 domain of the LSU rRNA gene of the five strains (RS8', RS20,
RS54, RV42, and RV89) were identical and differed from the other two strains (RS65 and

RV 153) by only one nucleotide substitution in 544 nucleotides (nt). The closet species in
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terms of pairwise sequence similarity was Kluyveromyces aestuarii but with 1.1-1.3%
nucleotide substitutions (6-7 nucleotide substitutions in 544 nt). According to Kurtzman &
Robnett (1998), yeast strains showing nucleotide substitutions greater than 1% in the D1/D2
domain of the LSU rRNA gene are usually different species. The phylogenetic tree based on
the sequence of the D1/D2 domain of the LSU rRNA gene rather suggested that the new
species is a sister species of K. aestuarii and form a clade with the other six recognized
species of the genus Kluyveromyces, K. aestuarii, K. dobzhanskii, K. lactis, K. maxianus,

K. wickerhamii and K. nonfermentans which constitute a monophyletic clade (Fig. 1).
Therefore, the seven novel strains are considered to represent a single novel phylogenetically
distinct species. As the difference in the D1/D2 domain of the LSU rRNA gene was relatively
small, therefore the ITS region was determined to confirm the distinct status of the novel
species. The sequences of the ITS region of the five strains (RS8", RS54, RV42, RV89 and
RV 153) were identical and differed from the other two strains (RS20 and RS65) by only one
nucleotide substitution in 636 nucleotides. The closet species to the seven strains in terms of
pairwise ITS region sequence similarity was K. aestuarii but with 1.0 -1.1% nucleotide
substitutions (6-7 nucleotide substitutions in 636 nt). Sugita et al. (1999) indicated that
conspecific yeast strains usually have a nucleotide difference of less than 1% in the internal
transcribed spacer (ITS) (ITS1-5.8S rRNA gene-ITS2) region. These results lend further
supported to the conclusion that the seven strains represent a single novel species of the

genus Kluyveromyces closely related to K. aestuarii.
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Phenotypic characteristics
Cells of Kluyveromyces siamensis were spheroidal to ellipsoidal, proliferated by multilateral
budding, and formed one to four spheroidal ascospores in a conjugated and evanescent ascus
that may be produced parthenogenetically or by conjugation between a cell and its bud or
between independent cells. Pseudohyphae were formed but true hyphae were not formed.
Kiuyveromyces siamensis fermented glucose, did not assimilate nitrate, gave negative results
for the diazonium blue B and urease reactions and had Q-6 as the major ubiquinone as do
other members of the genus Kluyveromyces.

The novel species, Kluyveromyces siamensis differed from Kluyveromyces aestuarii,
its closet phylogenetic relative by some phenotypic characteristics as shown in Table 1.

On the basis of the data reported above, it is therefore concluded that the seven strains
represent a single novel species of the genus Kluyveromyces. The name Kluyveromyces

siamensis sp. nov. is proposed for these strains.

Latin diagnosis of Kluyveromyces siamensis Am-In, Yongmanitchai et

Limtong sp. nov.

In medio liquido: “YM’, post dies 3 ad 28 °C cellulae globosae aut ellipsoideae
(2.3-5.4 x 2.3-6.9 um), singulae aut binae, per germinationem multipolarem reproducentes.
In agaro *YM’, post dies 3 ad 28 °C, cultura butyrosa, cremea, sublatum, glabra et margine
glabra. Pseudohyphae formantur nec hyphae non formantur. Ascus formatur per
parthenogenesis vel conjunction, Ascosporae globosae, 1-4 in asco.

D-Glucosum, sucrosum et raffinosum (exigue) fermentantur at non D-galactosum,
maltosum, lactosum, trehalosum nec melibiosum. D-Glucosum, D-galactosum, L-sorbosum,
sucrosum, cellobiosum, lactosum, raffinosum, D-xylosum, ethanolum, glycerolum, ribitolum

(lente), D-mannitolum, D-glucitolum, salicinum, D-glucono-3-lactonum, acidum DL-
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lacticum, acidum succinicum assimilantur at non maltosum, trehalosum, melibiosum,
melizitosum, inulinum, amylum solubile, L-arabinosum, D-arabinosum, D-ribosum, L-
rhamnosum, N-acetyl-D-gluosaminum, methanolum, erytritolum, galactitolum, a-methyl-D-
elucosidum, acidum D-gluconicum, acidum D-glucuronicum, acidum D-galacturonicum,
acidum 2-keto-D-gluconicum, acidum 5-keto-D-gluconicum, acidum citricum nec
inositolum. Ethylaminum, L-lysinum et cadaverinum assimilantur at non nitrosum nec
nitricum. Vitamina externa ad crescentiam necessaria non sunt, Crescit in 10% NaCl/5%
elucosum et non crescit in 15% NaCl/5% glucosum. Non crescit in 0.01% cycloheximido et
0.1% cycloheximido. Crescit in 50% glucosum et 60% glucosum. Crescere potest in
temperatura 37 (infirme) et 42°C (infirme). Diazonium caeruleum B non respondens. Ureum
non hydrolysatur. Ubiquinonum majus: Q-6.

Holotypus: Stirps RS8 isolatus aqua, Ranong Provincia, Thailandia. Cultura et
conservatus in Collectionie Culturarum in BIOTEC Culture Collection (BCC), National
Center for Genetic Engineering and Biotechnology (BIOTEC), Pathumthani, Thailandia ut
BCC 25962"; NITE Biological Resources Center (NBRC), Department of Biotechnology,
National Institute of Technology and Evaluation, Chiba, Japonia conservatus ut NBRC
103859" et Centraalbureau voor Schimmelcultures (CBS), Utrecht, the Netherlands ut

CBS 10860".

Description of Kluyveromyces siamensis Am-In, Yongmanitchai & Limtong
Sp. nov.

Growth in YM broth: After 3 days at 28 °C, cells are spheroidal to ellipsoidal

(2.3-5.4 x 2.3-6.9 um) and occur singly or in pairs (Fig. 2). Budding is multilateral. Growth

on YM agar: After 3 days at 28 °C, the streak culture is butyrous, cream-coloured, raised,
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with a smooth surface and have an entire margin. Formation of hyphae: Slide culture on corn
meal agar after 7 days at 28 °C, pseudohyphae are formed but true hyphae are not formed
(Fig. 2).

Formation of ascospores: Acospores are produced on YM agar, 5% malt extract agar,
corn meal agar, Gorodkowa agar and Fowell's acetate agar after 3 days at 28 °C. The ascus is
evanescent and formed parthenogenetically or by conjugation between a cell and its bud or
between independent cells. Ascospores are spheroidal and one to four ascospores are formed

in one ascus. No pellicle is present on the surface of assimilation medium.

Fermentation
n-Glucose +
p-Galactose -
Sucrose +
Maltose -
Lactose R
Trehalose -
Raffinose Weak

Melibiose -

Assimilation of carbon compounds

p-Glucose +
p-Galactose +
L-Sorbose +
Sucrose +
Maltose =
Cellobiose +
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Trehalose

Lactose

Melibiose
Raffinose
Melizitose

Inulin

Soluble starch
p-Xylose
L-Arabinose
p-Arabinose
n-Ribose
L-Rhamnose
N-Acetyl-p-glucosamine
Methanol

Ethanol

Glycerol
Erythritol
Adonitol (Ribitol)
Galactitol
p-Mannitol
p-Glucitol
a-Methyl-p-glucoside
Salicin
u-Gluconic acid

o-Glucuronic acid
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1 p-Galacturonic acid -
2 p-Glucono-8-lactone +
3 2-Keto-p-gluconate -
4 5-Keto-p-gluconate .
5 pr-Lactic acid +
6 Succinic acid +

7 Citric acid -

8 Inositol -

10 Assimilation of nitrogen compounds

11 Nitrate -
12 Nitrite -
13 Ethylamine +
14 L-Lysine +
15 Cadaverine +
16

17 Growth in vitamin-free medium +
18  Growth on NaCl 10% and Glucose 5% +

19 Growth on NaCl 15% and Glucose 5% =
20 Growth on medium containing 0.01% cycloheximide -

21 Growth on medium containing 0.1% cycloheximide -

22 Growth on medium with 50% glucose +
23 Growth on medium with 60% glucose +
24 Growth at 20 °C +
25  Growth at 25 °C +
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Growth at 37 °C Weak
Growth at 42 °C Weak
Diazonium blue B color reaction -
Urease -
Acid formation from glucose +
Amyloid production -

Major ubiquinone Q-6

Holotype: RS8 is the holotype of Kluyveromyces siamensis. The strain was isolated
from estuarine water collected from a mangrove forest in Laem Son National Park, Ranong
Province, Thailand. The living culture from type was deposited at the BIOTEC Culture
Collection (BCC), National Center for Genetic Engineering and Biotechnology (BIOTEC),
Pathumthani, Thailand, as BCC 25962"; NITE Biological Resources Center (NBRC),
Department of Biotechnology, National Institute of Technology and Evaluation, Chiba,
Japan, as NBRC 103859" and Centraalbureau voor Schimmelcultures (CBS). Utrecht, the
Netherlands as CBS 10860" .

Elymology: The species epithet siamensis (si.a.men’sis N.L. fem. adj. siamensis)

referring to Siam, the old name of Thailand, where the strains were isolated.
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Table 1. Characteristics that distinguish Kluyveromyces siamensis sp. nov. from

Kluyveromyees aestuarii

‘Characteristic K. siamensis K. aestuarii*
Fermentation:
Galactose - v
Raffinose w +
Assimilation:
D-Xylose + -
Ribitol ] -
Growth:
At37°C w .
At42°C w ;
With 50% glucose + -
With 60% glucose + -
Vitamin-free medium + -

+, positive; -, negative; 1, latent; w, weak; v, variable

* data from Lachance (1998)
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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 the seven strains of the novel species, Kluyveromyvces siamensis
sp. nov., with respect to closely related species. The phylogenetic tree was constructed from
evolutionary distance data corrected by two-parameter transformation of Kimura (1980),
using the neighbour-joining method. Numbers indicate percentages of bootstrap sampling,

derived from 1000 samples.

Fig. 2. Kluyveromyces siamensis sp. nov. RS8'. (a) Vegetative cells and ascospores on YM

agar after 4 days at 28 °C. (b) Pseudohyphae formed on corn meal agar after 7 days at 28 °C.

Scale bar = 10 pm.
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Kluyveromyces siamensis RV42 (AB330825)
Kluyveromyces siamensis RS54 (AB330829)
— Kluyveromyces siamensis RS65 (AB330830)
Kluyveromyces siamensis RS8T (AB330824)

96|| Kluyveromyces siamensis RV89 (AB330826)
9% Kluyveromyces siamensis RS20 (AB330828)
57 — Kluyveromyces siamensis RV153 (AB330827)
1 —— Kluyveromyces aestuarii CBS 4438T (U69579)

89

Kluyveromyces nonfermentans CBS 87787 (AF398490)
95|-— Kiluyveromyces marxianus CBS 7127 (U94924)

Kluyveromyces lactis CBS 683" (U94922)
Kluyveromyces wickerhamii CBS 27457 (U69577)
Kluyveromyces dobzhanskii CBS 21047 (U69575)

0.01 Koo
i

Fig.1.

Saccharomyces cerevisiae CBS 11717 (U44806)
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Strain Species GenBank accession number
RV22 Candida berthetii AB437374
RVe62 Candida berthetii ABA437375
RV11 Candida boidinii AB437376
RS55 Candida butyri AB437377
RV144 Candida glabrata AB437378
RS32 Candida parapsilosis AB437379
R1-34 Candida phangngensis AB334208
R1-7 Candida picinguabensis AB437380
R1-9 Candida picinguabensis AB437381
R1-10 Candida picinguabensis AB437382
RV63 Candida pseudolambica AB437383
RV134 Candida pseudolambica AB437384
RV149 Candida pseudolambica AB437385
RV2 Candida rugosa AB437386
RV147 Candida rugosa AB437387
R1-5 Candida rugosa AB437388
R1-21 Candida rugosa AB437391
RV7 Candida silvae AB437390
RS1 Candida silvae AB437391
RS57 Candida silvae AB437392
RVS8 Candida thaimueangensis AB437393
RV90 Candida thaimueangensis AB437394
RV158 Candida thaimueangensis AB437395
R1-3 Candida thaimueangensis AB437396
R1-8 Candida thaimueangensis AB437397
R1-11 Candida thaimueangensis AB437398
R1-15 Candida thaimueangensis AB437399
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Strain Species GenBank accession number
R1-16 Candida thaimueangensis AB437400
R1-26 Candida thaimueangensis AB437401
R1-29 Candida thaimueangensis AB437402
R1-30 Candida thaimueangensis AB437403
R1-33 Candida thaimueangensis AB437404
RV132 Candida tropicalis AB438113
RV138 Candida tropicalis AB438114
R1-6 Candida tropicalis AB438115
R1-12 Candida tropicalis AB438116
R1-13 Candida tropicalis AB438117
R1-19 Candida tropicalis AB438118
R1-20 Candida tropicalis AB438119
R1-23 Candida tropicalis AB438120
RS13 Candida tropicalis AB438121
RS22 Candida tropicalis AB438122
RS31 Candida tropicalis AB438123
RS60 Candida tropicalis AB438124
RS64 Candida tropicalis AB438125
RV61 Debaryomyces nepalensis AB438126
RS11 Debaryomyces nepalensis AB438127
RS74 Galactomyces geotrichum AB438128
RV28 Issatchenkia occidentalis AB438129
RV74 Issatchenkia occidentalis AB438130
RVI1 Issatchenkia occidentalis AB438131
RS5 Issatchenkia occidentalis AB438132
RS26 Issatchenkia occidentalis AB438133
RS29 Issatchenkia occidentalis AB438134
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RV31 Issatchenkia orientalis AB438135
RV85 Issatchenkia orientalis AB438136
RV145 Issatchenkia orientalis AB438137
RS6 Issatchenkia orientalis AB438138
RS34 Issatchenkia orientalis AB438139
RS35 Issatchenkia orientalis AB438140
RS39 Issatchenkia orientalis AB438141
RS52 Issatchenkia orientalis AB438142
RS56 Issatchenkia orientalis AB438143
RS61 Issatchenkia orientalis AB438144
RS66 Issatchenkia orientalis AB438145
RV4 Issatchenkia siamensis AB438146
RV6 Issatchenkia siamensis AB438147
RV10 Issatchenkia siamensis AB438148
RV25 Issatchenkia siamensis AB438149
RV40 Issatchenkia siamensis AB438150
RS12 Issatchenkia siamensis AB438151
RS30 Issatchenkia terricola AB438152
RV29 Kodamaea ohmeri AB438153
R1-25 Kodamaea ohmeri ABA438154
RS25 Kodamaea ohmeri ABA438155
RS43 Kodamaea ohmeri AB438156
RS48 Kodamaea ohmeri AB438157
RS49 Kodamaea ohmeri AB438158
RS36 Pichia burtonii AB438159
RV148 Pichia caribbica AB438160
RV155 Pichia caribbica AB438161
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RS3 Pichia galeiformis AB438162
RS19 Pichia kluyveri AB438163
RS21 Pichia kluyveri AB438164
RS47 Pichia kluyveri AB438165
RS75 Pichia kluyveri AB438166
RV137 Pichia sporocuriosa AB438167
RV17 Torulaspora maleeae -
RV19 Torulaspora maleeae -
RV39 Williopsis saturnus AB438168
RV64 Williopsis saturnus AB438169
RV86 Williopsis saturnus AB438170
RV93 Williopsis saturnus AB438171
RV162 Rhodotorula mucilaginosa AB438172
RV165 Rhodotorula mucilaginosa AB438173
RV24 Trichosporon asahii AB438174
R1-18 Trichosporon asahii AB438175
RV1 Trichosporon coremiiforme AB438176
RV59 Trichosporon japonicum AB438177
R1-1 Hanseniaspora sp. CS-2008b AB438207
R1-22 Hanseniaspora sp. CS-2008b AB438208
RSI18 Hanseniaspora sp. CS-2008b AB438209
RS17 Hanseniaspora sp. ST-250 AB438210
RV3 Hanseniaspora sp. ST-464 AB438211
RV87 Hanseniaspora sp. ST-464 AB438212
RS7 Hanseniaspora sp. YS DN19 AB438213
RS10 Hanseniaspora sp. YS DN19 AB438214

RS24 Hanseniaspora sp. YS DN19 AB438215
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RS41 Hanseniaspora sp. YS DN19 AB438216
RS50 Hanseniaspora sp. YS DN19 AB438217
RS62 Hanseniaspora sp. YS DN19 AB438218
RV9 Candida sp. NRRL Y-27127 AB438219
RV57 Candida sp. NRRL Y-27127 AB438220
R1-14 Candida sp. NRRL Y-27127 AB438221
RS16 Candida sp. NRRL Y-27665 AB438222
R1-27 Candida andamanensis sp. nov. AB334210
R1-31 Candida andamanensis sp. nov. AB334211
R1-32 Candida andamanensis sp. nov. -
RV5 Candida laemsonensis sp. nov. AB438205
RV140 Candida laemsonensis sp. nov. AB438206
RS42 Candida mangrovei sp. nov. AB334209
RS17 Candida ranongensis sp. nov. AB334213
RS28 Candida ranongensis sp. nov. AB334212
R1-2 Candida sanittii sp. nov AB332400
R1-14 Candida sanittii sp. nov AB332401
R1-17 Candida sanittii sp. nov -

RS9 Candida sanittii sp. nov AB332402
RS58 Candida sanittii sp. nov AB332403
RV35 Candida sanittii sp. nov AB332398
RV96 Candida sanittii sp. nov AB332399
RV152 Candida sanittii sp. nov AB332397
RS2 Kluyveromyces siamensis sp. nov. -

RSS8 Kluyveromyces siamensis sp. nov. AB330824
RS14 Kluyveromyces siamensis sp. nov. -
RS20 Kluyveromyces siamensis sp. nov. AB330828
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Strain Species GenBank accession number
RS23 Kluyveromyces siamensis sp. nov. -
RS27 Kluyveromyces siamensis sp. nov. -
RS53 Kluyveromyces siamensis sp. nov. -
RS54 Kluyveromyces siamensis sp. nov. AB330829
RS63 Kluyveromyces siamensis sp. nov. -
RS65 Kluyveromyces siamensis sp. nov. AB330830
RS68 Kluyveromyces siamensis sp. nov. -
RS70 Kluyveromyces siamensis sp. nov. -
RS76 Kluyveromyces siamensis sp. nov. -
RV42 Kluyveromyces siamensis sp. nov. AB330825
RV89 Kluyveromyces siamensis sp. nov. AB330826
RV9%4 Kluyveromyces siamensis sp. nov. -
RV153 Kluyveromyces siamensis sp. nov. AB330827
RV60 Pichia ranongensis sp. nov. AB334112




