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Abstract

Several yeast strains were isolated from leaves collected from Mt. Daedun and Mt. Chilgap in
Korea. A total of 79 strains of 32 species were isolated from 44 leaves obtained from Mt.
Daedun. Cryptococcus spp., including Cryptococcus magnus, were found to be dominant, while
16 strains of Aureobasidium pullulans were isolated. Among the strains isolated from Mt.
Daedun, Asterotremella humicola JSL502, Barnettozyma californica JSL503, Bullera unica
JSL501, Bulleromyces albus JSL505, and Candida vaccinii JSL507 are considered rare yeast
species in Korea. All of these rare strains, except for Bulleromyces albus JSL505, formed
ascospores. Bullera unica JSL501 was able to grow in yeast extract-peptone-dextrose (YPD)
medium containing 10% NaCl. Twenty-five yeast strains of 18 species were isolated from 43
leaves obtained from Mt. Chilgap. Six strains of Pseudozyma spp., including three strains of
Pseudozyma aphidis, were isolated in the dormant state. Of these strains, the occurrence of
Rhodotorula phylloplana JSL515, Rhodotorula pinicola JSL516, Schwanniomyces vanrijiae
JSL517, and Sporisorium loudetiae JSL518 is rare in Korea. Only Sporisorium loudetiae
JSL518 formed ascospores, while Rhodotorula pinicola JSL516 and Sporisorium loudetiae
JSL518 formed pseudomycelia. The halophilic yeast Schwanniomyces vanrijiae JSL517 was
isolated and observed to grow in YPD medium containing 5% NaCl.
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Table 1. Yeast isolated from leaves of Daedunsan Mountain in Korea

No. Putative species Isolated no. Relat;z&(i]iiribank Identity (%) Remarks
1 Asterotremella humicola JSL502 KY110010.1 637/637 (100%)  North site
2 Aureobasidium pullulans JSLO105 AY213693.1 604/617 (98%)

JSLO0106 KX893329.1 608/617 (99%)

JSLO0107 KX893325.1 575/576 (99%)

JSL0108 AY213693.1 608/615 (99%)

JSL0109 KX893324.1 608/615 (99%)

JSLO110 KX893328.1 609/614 (99%)

JSLO111 KX893323.1 606/614 (99%)

JSLO112 KX893324.1 574/574 (100%)

JSLO113 AY213693.1 597/604 (99%)

JSLO114 KX893323.1 588/590 (99%)

JSLO115 KX893323.1 594/594 (100%)

3 Barnettozyma californica  JSL503 KY106171.1 633/633 (100%)
4 Bullera unica JSL501 AY887945.1 401/401 (100%)
5 Bulleromyces albus JSL505 DQ377658.1 637/637 (100%)
6 Candida sp. JSLO116 EF550331.1 597/597 (100%)
JSLO117 JN936885.1 604/607 (99%)

JSLO118 AB294739.1 590/591 (99%)

Candida pseudolambica JSL506 KU316731.1 604/606 (99%)
Cryptococcus aureus JSLO119 EU304246.1 587/590 (99%)

9 Cryptococcus bestiolae JSLO0120 FJ534903.1 628/635 (99%)
JSLO121 FJ534903.1 604/606 (99%)

10 Cryptococcus magnus JSLO0122 AY242120.1 640/644 (99%)
JSLO123 JX188126.1 627/634 (99%)

JSLO0124 AY242120.1 637/644 (99%)

JSLO125 JX188126.1 616/616 (100%)

JSLO0126 JX188126.1 604/604 (100%)

11 Cryptococcus sp. JSLO127 JQ327851.1 613/626 (98%)
JSLO128 GQI181171.1 577/580 (99%)

JSLO0129 JX067803.1 573/578 (99%)

JSLO130 JQ327851.1 639/642 (99%)

12 Cryptococcus tephrensis JSLO131 JN400781.1 593/598 (99%)
JSLO0132 JX188134.1 618/629 (98%)

JSLO0133 JN400781.1 624/632 (99%)

JSLO0134 JN400781.1 621/630 (99%)

JSLO135 JX188134.1 632/639 (99%)

JSLO136 JX188134.1 605/606 (99%)

13 Hannaella oryzae JSLO0137 JQ754134.1 602/604 (99%)
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Table 1. (Continued)

Related Genebank

No. Putative species Isolated no. sequence Identity (%) Remarks
14 Microstroma juglandis JSLO138 EU069497.1 637/642 (99%)
JSLO0139 EU069497.1 637/644 (99%)
15 Plowrightia periclymeni JSLO0140 FJ215702.1 589/606 (97%)
JSLO0141 FJ215702.1 600/616 (97%)
JSLO0142 FJ215702.1 605/615 (98%)
16 Pseudozyma prolifica JSLO143 KU316746.1 633/638 (99%)
JSL0144 KU316746.1 643/649 (99%)
17 Starmerella bombicola JSLO0145 U45705.1 510/516 (99%)
1 Aureobasidium pullulans JSLO0146 KX893328.1 637/638 (99%)  South site
JSL0147 KX893325.1 604/606 (99%)
JSL0148 AY213693.1 605/606 (99%)
JSL0149 KX893324.1 546/550 (99%)
JSLO150 KX893328.1 637/639 (99%)
2 Candida sp. JSLO151 AB294739.1 548/553 (99%)
JSLO152 EF621560.1 616/616 (100%)
JSLO153 JN936885.1 604/604 (100%)
JSLO154 EF550331.1 604/604 (100%)
3 Candida vaccinii JSL507 U45708.1 449/450 (99%)
4 Cryptococcus aureus JSLO155 FJ534903.1 578/578 (100%)
JSLO156 EU304246.1 584/585 (99%)
JSLO157 EU304246.1 587/590 (99%)
JSLO158 EU304246.1 589/591 (99%)
JSLO159 EU304246.1 593/593 (100%)
5 Cryptococcus bestiolae JSLO160 FJ534903.1 594/597 (99%)
6 Cryptococcus flavescens JSLO161 AB698750.1 590/591 (99%)
JSLO162 FJ743610.1 598/602 (99%)
7 Cryptococcus magnus JSLO163 AY242120.1 594/594 (100%)
JSLO164 JX188126.1 597/597 (100%)
JSLO165 IX188126.1 604/607 (99%)
8 Cryptococcus sp. JSLO166 GQI181171.1 613/613 (100%)
JSLO167 AY508880.1 639/639 (100%)
9  Cryptococcus tephrensis JSLO168 JX188134.1 588/590 (99%)
10 Cryptococcus terrestris JSLO169 KC006535.1 595/600 (99%)
11 Metschnikowia reukaufii JSLO170 FJ455114.1 513/517 (99%)
JSLO171 I1X067756.1 519/523 (99%)
JSLO172 I1X067756.1 519/525 (99%)
12 Metschnikowia sp. JSLO173 IJX257178.1 648/648 (100%)
13 Rhodotorula mucilaginosa  JSLO174 HE660055.1 573/575 (99%)
14 Rhodotorula slooffiae JSLO175 EU583485.1 595/596 (99%)
JSLO0176 AB566328.1 596/600 (99%)
15 Yarrowia lipolytica JSLO177 HF545658.1 510/512 (99%)
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B L% 175 46u-0] R E 72|, A0 Ee| W= 3 Aureobasidium pullulans?}t
152 7P BRI Cryptococcus tephrensis?t 63, Cryptococcus magnus S 40|
Aok Fgh A E2] FF 5 Cryptococcus?y w0 182 A 9] 40%E ZFAJot 7 o
o] 2] H.

TheAte] B 2|9 Q1 HehE L ow0] thieit 7100l AASHL Qs U 224l
= Cryptococcus aureus2t Aureobasidium pullulans7} ZY2t 5555 6] ILH15%33
-] PRI 2P| E QLA At FEeA L 2ol Cryprococcus® wto] 1552 71
El=g

o] e Feopn tREA $ET} U A1 URASe)A 7P gol el opa
W= CryptococcusZs 71013l & ol M =Aureobasidium pullulans7} 16352 7P o
Srom 3502 BalH GHE2 Cryptococcus magnus "5 75C1 AT T FE 2| SH Tt
5 o] AAIST Sl LS ] Slol] oPiAR 2% 1377} B Relslole,

271 tizate] nPdE & w el tiet 7= Cho2t Kim[15]0] HEAT 3-890
i T ol et AtellA] EFHA, FARA, THAFHA, FAHA, S 5o
HATHREC] ThdshA RSk QS-S HAIsIGS B gl A1 50| tieidof fet
A= AA] 7] ofott. mEbA] tiEAre] E 1 el AT AVEL tiEAe] B F
o SH G824 7 Sl ASE AmE B8 EH 4 e Ao ® AZEL

CHEA OB 3 T 517 ERES] M U 4

tlzttellA 722, 5783t oPa ™ 5 HH[4, 6, 11]ofA] FA] = 1715 8RS0
Asterotremella humicola JSL502, Barnettozyma californica JSL503, Bullera unica JSL501,
Bulleromyces albus JSL505, Candida vaccinii JSL507 =] S]] G5 F5-2] phylogenetic
treei=Fig. 12} 211 o] 52 | £ ZARRE A= Table 29} 2t

o5 W5% Bulleromyces albus JSL505%0] Z2-E- FAISIR] IR Asterotremella
humicola JSL5022} Barnettozyma californica JSL503 52 SdALS @451t ot
Barnettozyma californica JSL503%re] H[EIo] Gli= vlz|ollA 2 M-851 1! Bullera
unica JSL501%} Bulleromyces albus JSL505%= 10% NaCl-= 273t yeast extract-peptone-
dextrose (YPD) HIZ|o|A] gtz S @A AR EA o|Z=27E HHE ai At 5o 4F
PA S8l Tt F7F A7 8k ol =] 39 B RS titt o= ke B2
L Cadete 161 ok 4 BE 2|ojo] O %) A 2SR E] Relgh 2045-] P

= % xylitol & A= w2 Asterotremella humicolas 411851 o529 EAS Bl
SR Barnettozyma californicas LU E ol A 22 B2] =2 9 H[17], D-xylose S
9§ AZ AL xylanase A4S RE G W2 &= WV EICH 18], Bullera unica®ll B3t =2] A2
Golubeve} Nakase[19]= Bullera unica’} wA| 2= A= Killer toxin2] 324 v}
o]E2] TAY Sof thsto] B 1 519911 Nakase[20]= 198001 4] 200017}2] ofx]o}-EfH
& At =752l G (phyllosphere)ol] A2151al QA= Ballistosporous S%Z Bullera
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KY106261.1 Bullera alba
NG 042387.1 Bulleromyces albus
g2 |KY106263.1 Bullera alba
HEG50890.1 Bulleromyces albus
KM232490.1 Bullera unica
Bulleromyces albus JSL505
AF075524 1 Bullera unica
KC006675.1 Buflera unica
Bullera unica JSL501
I JF706621.1 Bullera unica
KC006675.1 Buflera unica
o5 AM262324.1 Cryptococcus rajasthanensis

g

w

97

KJ507291 1 Cryptococcus rajasthanensis
78| KY108740.1 Papiliotrema laurentii
85'KP789312.1 Cryptococcus laurentii
—— FJ841891.1 Auriculibuller fuscus
a0 KC585415.1 Vanrija musci
HME27087.1 Vanrija musci
AM265553.1 Vanrja albida
Vanrija humicola JSL502
KY110010.1 Vanrja humicola
37 |KY110011.1 Vanrija humicola
AF189836.1 Vanrja humicola
Barnettozyma californica JSL503
KY106171.1 Barnettozyma californica

93

93

G5

KY106164.1 Bamnettozyma californica
KU954350.1 Zygowilliopsis sp.
AJ510200.1 Williopsis californica
DQB62839.1 Zygowilliopsis californica

93

EUE42633.1 Zygowilliopsis californica
KJ630499.1 Candida vaccinii
499{ U45708.1 Candida vaccinii
Candida vaccinia JSL507
DQ404532.1 Candida sp.
0g| 85)LC015264.1 Candida sorbosivorans
JNO31573.1 Candida sorbosivorans

68 LT584205.1 Candida magnoliae
—_—
0.050 93/ LT594204.1 Candida magnoliae

Fig. 1. Phylogenetic tree of rare yeasts isolated from Daedunsan Mountain based on the
nucleotide sequences of large subunit 26S ribosomal DNA D1/D2 region. The tree was
generated by the neighbor-joining method, using MEGA?7.

unicaS X194 Q)

Moriyama 512112 Bulleromyces albus7} *8%*}5}= decaprenyl diphosphate synthase -+
HAkE ol BHEAZ Co Quif Co Qs AMIBIATHL B3 519 Sampaio 5
[22]-2 2 =5F29] Arrabida 24520l E2I_ Bullera alba®} Bulleromyces albus®©] &

Fob 02 ohls] The BB E et S40] 9188 B 519k, Candida vaceiniiol T
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Table 2. Characteristics of the rare yeast species from leaves of Daedunsan Mountain in Korea

Asterotremel Barnettozyma , Candida
la humicola  californica Builg}]:czsgrlzlca GBZ)Z?J(Z;_? gg vaccinii
JSL502 JSL503 JSL507
Morphological
characteristics
Shape E E (0] (0] o
Vegetative reproduction B B B B B
Size (um) 0.2x0.8 0.3x0.7 1.3 x1.7 0.7 x 1.1 1.9x1.2
Ascospore + + + - +
Pseudomycelium + + - - -
Cultural characteristics
g;;)“/ftmp]) media A+ A A 4+ A+
Color on YPD medium P C W C C
Growth on Vitamin-free 3 i 3 3 3
medium
Growth on 50% B B B B B
glucose-YPD medium
Growth on 5%/10%/20%
NaCl-YPD medium - o = e ol
Growth on temp/pH 25~37°C 25~37°C 25~30°C 25~30°C 25~30°C
range /pH 6~7 /pH 4~7 /pH 6~7 /pH 6~7 /pH 6~10

YM, yeast extract-malt extract; YPD, yeast extract-peptone-dextrose; PD, potato-dextrose; E, ellipsoidal; O, oval;
B, budding; +++, very good growth; ++ or +, good growth; —, no growth; P, pink color; C, cream color; W,
white color.

=2 AF=Z Sipiczki[23]+= Syria®] Malva Zof|X 22|39t WAA Starmerella syriaca?}
Candida vaccinii®} 7V 2 9] #9-8 H 11549t

iRy SR o 22l Y 53

A AH iz 2ol f1IRt ARt o] Ak, HuR, shbR Fo] vl
437&9& E1 oRIgRES B EAgH 3’4— Table 337} At}

A7 M= 18F2 e R 25 & \113]- 11 0] - Pseudozyma aphidis 3v<+5 ZeFs}
= Pseudozyma?; v-=°| 692 7P WAL Debaryomyces hansenii®t Kuraishia
capsulate, Schwanniomyces vanrijiae? } ZY2} 24 £ =31t

Az Op E2 5 Ay 3j7) EDS0| S4

At A RS2 Zefgt oPa s - ZH[ 11, 14]0l 4 GA] =i m)7 & a
S9°|09 Rhodotorula phylloplana JSL5152F Rhodotorula pinicola JSL516, Schwanniomyces
vanrijiae JSL5173} Sporisorium loudetiae JSL5182] phylogenetic tree+= Fig. 22} 717 ©]
So] e, ujors EAS ZAR ATHS Table 49} 2} AEO] Wel 7R-elgo

The Korean Journal of Mycology Vol. 45, No. 1,2017 = 37



Table 3. Yeasts isolated from leaves of Chilgapsan Mountain in Korea

No. Putative species Isolated No. Genebank No. Identity (%)

1 Aureobasidium pullulans JSL619 EF595769.1 602/616 (98%)

2 Cystobasidium minutum JSL623 JQ768913.1 628/642 (98%)

Debaryomyces hansenii JSL613 KU316714.1 607/613 (99%)

JSL612 KU316714.1 608/614 (99%)

4 Kluyveromyces yarrowii JSL616 AF313367.1 569/575 (99%)

Kuraishia capsulata JSL605 DQ409142.1 597/606 (99%)

JSL621 DQ409142.1 598/606 (99%)

Lachancea thermotolerans JSL608 CU928180.1 607/614 (99%)

Meyerozyma guilliermondii JSL609 KU316708.1 605/613 (99%)

JSL618 LC134306.1 604/614 (98%)

Moesziomyces antarcticus JSL606 LC176928.1 444/444 (100%)

9  Ogataea naganishii JSL611 EUO011601.1 567/571 (99%)

10 Plowrightia periclymeni JSL622 FJ215702.1 604/618 (98%)

11 Pseudozyma aphidis JSL614 JN940519.1 637/648 (98%)

JSL615 JN940519.1 633/649 (98%)

JSL602 JN940519.1 640/648 (99%)

12 Pseudozyma hubeiensis JSL617 XR 001099828.1 636/649 (98%)

13 Pseudozyma tsukubaensis JSL603 LC177041.1 593/596 (99%)

JSL610 JQ219313.1 605/616 (98%)

14 Rhodotorula phylloplana JSL515 KY108550.1 609/613 (99%)

15 Rhodotorula pinicola JSL516 DQ377682.1 600/601 (99%)

16 Schwanniomyces vanrijiae JSL607 KU316748.1 600/613 (98%)

JSL517 KY109646.1 601/603 (99%)

17 Sporisorium loudetiae JSL518 KY109604.1 615/618 (99%)

18 Wickerhamomyces silvicola JSL604 KJ410349.1 606/615 (99%)
ol oJs)] US4 5FAAL Sporisorium loudetiae ISL51-2 APFEALE FAJ5H= FE
2} G| M#U% Sporisorium loudetiae JSL5183} Rhodotorula pinicola JSL516-2 Sl5tAt

= sttt
5 B 5 YPD 2|2} yeast extract-malt extract B} Z], potatoes dextrose B Z]of|A] 2t A4
S5FAL Schwanniomyces vanrijae 1SL5172 Rhodotorula phylloplana JSL515+ B[EFT]
o] §l= vl R|of| M = 2 -85St £5] Rhodotorula pinicola JSL5163} Schwanniomyces
vanrijiae JISL517-2 5% NaCl= $F3-$HYPD B R]of| A & A-L-51= 5 JA] g =]}t EsH
olE 3] A1 FF5-220~302} pH 4.0~7.00114] 8313t
ol auEol High ¢=F ek&x] WEZ Janisiewicz 51242 A+ EHA EH
Rhodotorula phylloplana®] 72| & A=5H4 0 2 Aol ] 23 -8 a =S
B3 5} Zhou 512512 SZWE(Eupatorium adenophorum)®] Fo| Gl oA el
3t Ustilaginomycetes v=°| Rhodotorula phylloplana®}t ++9S Bl ogich 5t
Vaca 5126]2 E= slit siAs=0lA A-2WAd B2 Rhodotorula pinicola’s -5}

38
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EU194448 1 Cystobasidium laryngis
g5 |AF 189937 1 Cystobasidium laryngis
ABOT78500.1 Cystobasidium laryngis
76| 1JQ768910.1 Cystobasidium laryngis
Rhodotorula pinicola JSL516
~{ DQ377682 1 Cystobasidium pinicola
JX124713.1 Cystobasidium pinicola
— KJ507284.1 Cystobasidium minutum
KY107442 1 Cystobasidium pallidum
KY107428.1 Cystobasidium benthicum
AB026001.2 Cystobasidium minutum
FJ515246.1 Cystobasidium benthicum
Rhodotorula phylloplana JSL515
KY108550.1 Microstroma phylloplanum
KJ507286.1 Microstroma phylloplanum

100| g5

50

KJ507276.1 Microstroma juglandis

AF459716.1 Microstroma sp.

AYT40110.1 Sponisorium nervosum
KU316791.1 Anthracocystis destruens
AYT40095.1 Sporisorium andropogonis

Sporisorium loudetiae JSL518
AYT740106.1 Anthracocystis loudetiae-pedicellatae
52 |AYT40157 1 Sporisorium elionuri

AYT40140.1 Anthracocystis themedae-arguentis

54

Schwanniomyces vanrijiae JSL517

KY1098646.1 Schwanniomyces vanrijiae

100\ KU316748.1 Schwanniomyces vanrijiae

KY109604.1 Schwanniomyces capriotti

LN875196.1 Schwanniomyces sp.

— U45842.1 Debaryomyces vanrijiae

KY109636.1 Schwanniomyces pseudopolymorphus

—— ‘|7
0.0z0 531 KY109629.1 Schwanniomyces polymorphus

Fig. 2. Phylogenetic tree of rare yeasts isolated from Chilgapsan Mountain based on the
nucleotide sequences of large subunit 26S ribosomal DNA D1/D2 region. The tree was
generated by the neighbor-joining method, using MEGA?7.

of o 5] 2] 9] 4 A 78 BRI s} AT T, 2] Rl 2ol Qo] ok
o] AFFA o7 e FQsh o] H Aog HSITE Maksimova §{27]& #AJo}t
Novosibirsk ©42] Birch-Pine Grass 2=2] Anthill material ol|4] 8 a2 2 H &1519] 5]
A &5l Schwanniomyces vanrijiaes R SIS Ingold[28]= Sporisorum loudetiae-
pedicellatae’s ‘FoFL2]7} E-5 Chippind 4] E2|5t] o]52] E0]& ]l FE K teliospore)
O] dtotof| tijsto] B skt

)

St R AA = tieitt S8E e Aot 2ke] 25 el 874
= THs5le] opiaRES #e, FAHSGE diett URSEelse Cryptococcus
tephrensis JSLO1315 Eokh= CryptococcusZy w°| 1852 714 Ho

The Korean Journal of Mycology Vol. 45, No. 1,2017 = 39



Table 4. Characteristics of the rare yeasts species from leaves of Chilgapsan Mountain in
Korea

Rhodotorula Rhodotorula  Schwanniomyces ~ Sporisorium
Pphylloplana JSL515 pinicola JSL516 vanrijiae JISL517 loudetiae JSL518

Morphological

characteristics

Shape (0] o G E
Vegetative reproduction B B B B
Size (um) 0.9 x1.2 1.3x1.9 1.1x1.2 0.8 x0.2
Ascospore - - - +
Pseudomycelium - + - +
Cultural characteristics

Growth on YPD/YM/PD

media

Color on YPD medium C C P C
Growth on Vitamin-free

medium

Growth on 50%

glucose-YPD medium

Growth on 5%/10%/20%

NaCl-YPD medium

Growth on temp/pH
range

—/=1- +=1- =~ —/=1-

25~30°C/pH 4~7 20~30°C/pH 6~7 20~30°C/pH 4~7 25~30°C/pH 6~7

YM, yeast extract-malt extract; YPD, yeast extract-peptone-dextrose; PD, potato-dextrose; O, oval; G, global; E,
ellipsoidal; B, budding; +++, very good growth; ++ or +, good growth; —, no growth; C, cream color; P, pink
color; W, white color.

Aureobasidium pullulansT. 16557} E2]=|tt. o5 oA Asterotremella humicola
JSL502, Barnettozyma californica JSL503, Bullera unica JSL501, Bulleromyces albus
JSL5058} Candida vaccinia JSL5070] =W 3|7 &W-50|Q3L Bulleromyces albus
JSL505%} Bullera unica JSL501-2 10%2] NaCl= g2t BiZ]ol A= FSok= 298 &
ot A RO M= Pseudozyma aphidis ISL614S 2ESH= PseudozymaZs 3]
7 wro] Be X1t} Rhodotorula phylloplana I1SL515, Rhodotorula pinicola JSL5161}
Schwanniomyces vanrijiae JSL5173} Sporisorium loudetiae 1SL518 5 4vt5°] =Y 3]
A 011 Sporisorium loudetiae 1SL518-2 AR} OlWtANE: /351312 Rhodotorula
pinicola JSL516X} Schwanniomyces vanrijiae JSL517-2 5% NaCl-& $F3-H YPD 82| o]l 4]
ASohe 29 g Rolqlch
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