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Biodiversity of yeasts in various natural environments including soils, swamps and plants was inves-
tigated. By molecular identification methods based on the partial sequences of 26S rDNA, 69 isolates
were assigned to 44 taxa including 27 known species. The remaining 17 taxa could potentially form new
species. All of them were classified into Ascomycota, Hymenomycetes, Urediniomycetes and Ustilag-
inomycetes. Ascomycetous and ustilaginomycetous yeasts were generally isolated from flower samples,
and hymenomycetous and urediniomycetous yeasts were generally isolated from soil samples. Distri-
bution of yeast groups exhibited geographical variation. Yeast biodiversity of root soil also varied

according to the associated plant species.
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Yeasts are very important microorganisms in food and bev-
erage fermentation. They are also important infectious
agents (Lachance and Starmer, 1998). Various yeasts have
been isolated from natural and artificial environments
(Lachance et al., 2001; Lee et al., 2001). However, the most
extensive work has been focused on the population change
and roles of yeasts during the fermentation process of food
and beverages (Nunez et al., Strauss et al., 2001). Studies of
yeast biodiversity in the natural environment have been
neglected because yeasts have been regarded as playing a
rather minor role in the biosphere, compared with other
microorganisms that may act as primary producers, preda-
tors, pathogens, or important agents of nutrient cycling in
natural environments (Lachance and Stamer, 1998).

As a result of extensive phylogenetic studies on asco-
mycetous (Kurtzman and Robnett, 1998) and basidiomyc-
etous yeasts (Fell et al., 2000), identification of yeasts
based on the 26S rDNA sequence data became possible.
From the nucleotide comparison, it was predicted that
strains showing greater than 1% substitutions in the ca.
600-nucleotide D1/D2 domain are likely to be different
species and that strains with 0-3 nucleotide differences are
either conspecific or sister species (Kurtzman and Rob-
nett, 1998). Identification of yeasts based on the 1% sub-
stitution criterion of D1/D2 sequence is very quick and
reliable in contrast to the identification based on morpho-
logical or physiological data.
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In this study, we investigated the biodiversity of yeasts
from various natural sources in Korea, using molecular
identification methods based on the phylogenetic analysis
of D1/D2 domain of 26S rDNA

Materials and methods

Isolation of yeasts

Yeasts were isolated from various natural habitats includ-
ing algae, flowers, fruits, plants, sediment, soil and water
from Changnyong, Kunwi, Daejon, Wando and Yeongju
regions in Korea (Fig. 1). Flowers, plants, sediment and
soil samples were suspended in distilled water, mixed by
vortex at high speed and allowed to settle for 1 min. The
supernatants were spread on YM agar (0.3% yeast extract,
0.3% malt extract, 0.5% peptone, 1% glucose, 2% agar,
pH3.7 adjusted with HCI after autoclaving). Water sam-
ples were directly spread on YM agar. The plates were
incubated at 20°C or 24°C for 3 days. Single colonies
were transferred to new YM agar plates and pure colonies
were stored at -70°C in 10% glycerol.

DNA extraction and sequence determination

Yeast cells were broken with glass beads and a TOMY
micro tube mixer (TOMY, Seiko, Japan). Total DNAs
were extracted using a Genomic DNA Isolation Kit
(Nucleogen, Ansan, Korea) according to the supplier's
guide. The D1/D2 domain (ca. 600-nucleotide) of 26S
rDNA was amplified using the primer pair, No.4 (ACCCG
CTGAA YTTAA GCAT AT) and No.11 (CTCCT TGGTC
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Fig. 1. Distribution of 5 sampling sites in Korea. Abbreviation: C,
Changnyong; K, Kunwi; T, Daejon; W, Wando and Y, Yeongju.

CGTGT TTCAA GACGG) (Van der Auwera et al., 1994)
and purified using a Wizard PCR prep kit (Promega, Mad-
ison, WI, US.A). The nucleotide sequences were deter-
mined with BigDye terminator cycle sequencing kits
(Applied Biosystems, Foster City, CA, U.S.A.) following
the manufacturer's instructions using the same primers.
The gel electrophoresis and data collection were per-
formed on an ABI 310 Genetic Analyzer (Applied Bio-
systems, Foster City, CA, U.S.A.). The sequences were
proofread, edited, and merged into composite sequences
using the PHYDIT program version 3.1 (Chun, 1995)
(available at http://plaza.snu.ac.kr/~jchun/phydit).

Phylogenetic analysis and identification of yeast isolates
The 26S rDNA sequences of isolates were aligned with
those of neighboring taxa based on secondary structure
information using the PHYDIT program. Phylogenetic
trees were reconstructed with Kimura's 2-parameter dis-
tance model (Kimura, 1980) and the neighbor-joining
method (Saitou and Nei, 1987) using the PHYLIP 3.57¢
package (Felsenstein, 1995). Confidence levels for the
individual branches of the resulting tree were assessed by
bootstrap analysis (Felsenstein, 1985) in which 1000
bootstraped trees were generated from the resampled data.
The resultant phylogenetic trees were visualized using the
TreeView program (Page, 1996). Yeast isolates were
identified by the 99% similarity criteria of 26S tDNA D1/
D2 domain (Kurtzman and Robnett, 1998) with reference
to the phylogenetic relationships.

Results and Discussion

Details of 69 yeast isolates among 125 identified strains
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are presented in Table 1. Yeast isolates with the same 26S
tDNA sequences from identical samples were omitted in
the table. The list contains ascomycetous, hymenomyce-
tous, urediniomycetous, and ustilaginomyctous yeasts from
various natural samples. Ascomycetous yeasts were iso-
lated from flowers (5 isolates), fruits (2 isolates), soils (2
isolates), and water samples (1 isolate). Hymenomycetous
yeasts were isolated from soil samples (26 isolates), water
samples (7 isolates), and flower samples (6 isolates). Ure-
diniomycetous yeasts were isolated from soil samples (13
1solates), water samples (3 isolates), and flower samples (2
isolates). Two ustilaginomycetous yeasts were isolated from
flowers. It was found that ascomycetous and ustilagino-
mycetous yeasts were usually isolated from flower sam-
ples. In contrast, hymenomycetous and urediniomycetous
yeasts were usually isolated from soil samples.

It is not practical to discuss the geographical distribu-
tion of yeasts from the above observation since the sample
sources for isolation varied from region to region. How-
ever, it is notable that only one ascomycetous yeast was
found out of 34 isolates in the Yeongju region. It could be
related with the fact that ascomycetous yeasts were usu-
ally found in flowers, and that yeasts were isolated mostly
from soil samples in Yeongju. However, considering that
the soil sample from Wando contained two ascomycetous
yeasts out of six isolates, it suggests geographical ine-
quality in yeast distribution.

In order to study the interaction of yeasts with plants,
yeast distribution of the rhizosphere soil of apple trees
(Malus pumila var. dulcissima), ginseng (Panax ginseng),
and Chinese balloon flowers (Platycodon grandiflorum)
from the same locality were investigated. The rhizosphere
soil of apple trees contained yeasts grouped into Cysto-
filobasidiales (1 isolate), Filobasidiales (4 isolates), Tri-
chosporonales (1 isolate), and Sporidiobolus clade (2
isolates). The rhizosphere soil of ginseng contained yeasts
grouped into Cystofilobasidiales (2 isolates), Tremellales
(7 isolates), Microbotryum clade (2 isolates), and Sporid-
ioblus clade (2 isolates). The rhizospher soil of Chinese
balloon flowers contained yeasts grouped into Cystofilo-
basidiales (1 isolate), Filobasidiales (1 isolate), Trichos-
poronales (1 isolate), Tremellales (2 isolates), Microbotryum
clade (1 isolate), and Sporidioblus clade (1 isolate). It is
interesting that the rhizospher soil of Chinese balloon
flowers showed an even distribution of the six major lin-
eages of basidiomycetous yeasts in contrast to the con-
centration of the Filobasidiales in the rhizospher soil of
apple trees and of the Tremellales in the rhizospher soil of
ginseng. It is not certain, however, whether the difference
in yeast distribution originated from specific interaction
with plants or physico-chemical characteristics of the soil.
In order to elucidate the interaction of yeasts and plants,
it is necessary to compare the biodiversity of yeasts in
various rhizospher soil samples of the same kind of plant
collected from different regions.
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Sporidiobolus johnsonii CBS 54707
Dothidea ribesia CBS 195.58
100 Discosphaerina fagi CBS 171.93
100 Aureobasidium pullulans ATCC 62921
811 Aureobasidium sp. KCTC 26209
100 Aureobasidium sp. KCTC 26211
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Metschnikowia pulcherrima NRRL Y-71117
Candida sp.KCTC 17041
Metschnikowia gruessii NRRL Y-178097
Metschnikowia australis NRRL Y-174147
58 Metschnikowia reukaufii NRRL Y-71127
98 1 Metschnikowia koreensis KCTC 79987
100 -Metschnikowia koreensis KCTC 7828
69 [~ Kioeckera lindneri NRRL Y-17531
100 Hanseniaspora guiliermondii NRRL Y-16257
LW[[ Hanseniaspora uvarum NRRL Y-16147
89' Hanseniaspora uvarum KCTC 7834
Pichia fabianii NRRL Y-1871T
Candida vartiovaarae NRRL Y-67017
Williopsis saturnus var. subsufficiens NRRL YB-1657T
Williopsis saturnus var. mraki NRRL Y-13647
Williopsis saturnus var. saturnus NRRL Y-173967
63 Williopsis saturnus var. sargentensis NRRL YB-41397
Williopsis saturnus var. suaveolens NRRL Y-173917
61 Williopsis saturnus compiex KCTC 17042
Candida maltosa NRRL Y-176777
Candida neerlandica CBS434
60 Candida sojae NRRL Y-179087
951y Candida tropicaiis NRRL Y-129687
99! Candida tropicalis KCTC 7830
Pichia guilhermondit NRRL Y-20757
100! Pichia guilliermondii KCTC 7832
l- Debaryomyces hansenii NRRL Y-74267
73 100 Debaryomyces hansenii var. fabryi NRRL Y-179147
Candida oleophifa NRRL Y-23177
Candida raifenensis NRRL Y-177627

Euascomycetes with yeastlike form

Metschnikowia clade

Saccharomyces clade

Pichia anomala clade

Debaryomyces/
Lodderomyces clade

Fig. 2. Ascomycetous yeasts. A phylogenetic tree was reconstructed by a neighbor-joining algorithm based on the distances calculated by Kimura's
two-parameter model from the sequences of D1/D2 domain of 26S rDNA. Bootstrap values greater than 50% are shown alongside the branch con-

sidered.

The phylogenetic relationship of yeast isolates and
neighboring species is presented in Figs 2-4. Ten asco-
mycetous yeast isolates were distributed in a Euasco-
mycetes clade with yeast-like form and four yeast clades
including Metschnikowia, Saccharomyces, Pichia anom-
ala, and Debaryomyces/Lodderomyces clades out of ten
major clades defined by Kurtzman and Robnett (1998).
Among them, Metschnikowia koreensis was first described
with the two isolates (KCTC 7828 and KCTC 7998)
included in this study (Hong et al., 2001). Candida sp.
KCTC 17041 (86.42% similarity with Metschnikowia auts-
tralis) is also a species first found in Korea. Many yeast
species with affinities to the genus Metschnikowia have
been found on flowers and associated vector insects
(Miller and Phaff, 1998). Two strains of M. koreensis and
Candida sp. KCTC 17041 were also isolated from flow-
ers of Ipomoea batatas and/or Lilium sp.

Hymenomycetous yeast isolates were distributed in four
orders, Cystofilobasidiales, Filobasidiales, Trichosporon-
ales, and Tremellales. The biodiversity of 39 hymenom-
ycetous yeasts identified in this study covers nearly all the
major phylogenetic lineages of hymenomycetous yeasts.

Among them, sixteen strains were not matched to any
established species by the 99% similarity criterion of D1/
D2 domain of 265 rDNA. These strains could be grouped
into eleven species. Cryptococcus sp. [A] KCTC 17100
isolated from soil samples was closely related to Cysto-
filobusidium infirmominiatum (98.69%) and Cystofiloba-
sidium bisporidii (98.83%). Three strains labeled as
Cryptococcus sp. [B] were closely related to Cryptococ-
cus nyarrowii (96.39%) and Holtermannia corniformis
(97.21%). They were related to the soil environment. Six
strains labeled as Cryptococcus sp. [C], Cryptococcus sp.
[D] or Cryptococcus sp. [E] were closely related to Cryp-
tococcus victoriae (99.02%, 98.20%, and 96.73% respec-
tively). Cryptococcus sp. [C] was isolated from swamp
water and flowers. Cryptococcus sp. [D] was isolated
from two flower samples. Two strains of Cryptococcus
sp. [E] were isolated from the same root sample but
showed one base difference in the D2 domain of the 26S
rDNA. Cryptococcus sp. [F} KCTC 17071 and Crypto-
coccus sp. [G] KCTC 17074 were closely related to Cryp-
tococcus luteolus (95.91% and 97.87% respectively) and
Bullera sinensis (96.22% and 96.72% respectively). The
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100 Cystofilobasidium bisporidii CBS 63467
Cystofilobasidium infirmominiatum CBS 3237
1~ Cryptococcus sp. [A]KCTC 17100
Cryptococcus feraegula CBS 7201
70 Cystofilobasidium capitatum CBS 683587
100" Cystofilobasidium lari-marini CBS 74207

Filobasidium uniguttulatum CBS 17307
Cryptococcus wieringae CBS1937T
73 Cryplococcus chernovii CBS 86797
Filobasidium globisporum CBS 7642
Cryptococcus oeirensis CBS 8980
741] Filobasidium floriforme KCTC 17081

83| Filobasidium floriforme CBS 62417
Cryptococcus magnus CBS 1407
Filobasidium elegans CBS7640

Cryptococcus terricolus KCTC 17057
_WICryptococcus terricolus CBS45177
Cryptococcus terricolus KCTC 7837

Cryptococcus aerius CBS 1557
Cryptococeus fuscescens CBS 71897
Cryptococcus sp. [K]KCTC 17080
Cryptococcus phenolicus 1GC 46847
94 (I cryptococcus phenolicus KCTC 17054

100
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oq 74|y Cryptococcus elinovii CBS 70517
821y Cryptococcus terreus CBS 18957
70’ Cryptococcus terreus KCTC 17056
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Cryptococcus nyarrowii CBS 88047
Cryptococcus sp. [B] KCTC 17063
100| Cryptococcus sp. [B] KCTC 17061
Cryptococcus sp. [B] KCTC 17062
Trichosporon laibachii CBS 57907
65 Trichosporon sporotrichoides CBS 82487
] 100 Trichosporon porosum PTZ-214
67 Hyalodendron lignicola KCTC 17082
oGly Hyalodendron lignicola var. undulatum CBS 222.347
91 Hyalodendron lignicola var. simplex CBS 220.34
Cryptococcus dimennae CBS 57707
{ Cryptococcus sp. [E] KCTC 17069
100% Cryptococcus sp. [E] KCTC 17070

96

Cryptococcus sp. [D] KCTC 171066
73 98 W‘l Cryptococcus sp. [D] KCTC 17068
Cryp sp. [C] KCTC 17064
99| [69%- Cryptococeus sp. [C] KCTC 17065
73] r Cryptococeus victoriae CBS 8908
3|]Cryptococcus victoriae KCTC 17059
86| Cryptococcus victorize CBS 86857
Cryptococcus victoriae KCTC 17058
= Bullera unica CBS 82907
56 _WL_LBulleromyces albus CBS 5017
100-Bulleromyces albus KCTC 17044
Cryptocossus sp. [J] KCTC 07079
Cryptococcus nodaensis G607
100" Cryptocossus nodaensis KCTC 17053
Cryptococeus cellufolyticus CBS 82947
100! Bullera pseudoalba CBS 72277
Cryptocossus laurentiiKCTC 7831
Cryptocossus laurentiiKCTC 17047
Cryptococcus laurentii CBS 1397
1} Cryptocossus lfaurentii KCTC 17048
Cryptocossus laurentii KCTC 17045
Cryptocossus laurentii KCTC 17046
Cryptococcus flavus CBS 3317
Cryptocossus sp. [I] KCTC 17078
] Ooli Cryptococeus podzolicus CBS 68197
84'Cryptocossus podzoiicus KCTC 17055
Cryptocossus sp. [H] KCTC 17077
108, Cryptococcus hungarnicus GBS 42147
Bullera armeniaca CBS 70917
Cryptococcus statzellii 87a
74 Bullera crocea CBS 67147
93 94 Bullera coprosmaensis CBS 82847
Bullera oryzae CBS 71947
Bullera sinensis CBS 72387
100" Bullera sinensis KCTC 17043
Cryptocossus sp. [F] KCTC 17071
Cryptococcus luteolus CBS 9437
81 Cryptocossus sp. [G] KCTC 17074
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Sporidiobolus johnsonii CBS 54707

Cystofilobasidiales
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Fig. 3. Hymenomycetous yeasts. A phylogenetic tree was reconstructed by a neighbor-joining algorithm based on the distances calculated by Kimura's
two-parameter model from the sequences of D1/D2 domain of 26S rDNA. Bootstrap values greater than 50% are shown alongside the branch con-

sidered.
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Cryptococcus magnus CBS 1407
Tilletiaria anomala CBS 436.72

Tilletiopsis sp. KCTC 26212

Tilletiopsis penniseti JCM 10216

Tilletiopsis minor CBS 543.50

Exobasidium vexans CBS 247.52

Rhodotorufa bacarum CBS 65267

Sympodiomycopsis paphiopedili CBS 74297

Rhodotoruta hinnulea CBS 80797

92

Microstroma juglandis FO 39211

85 Microstroma sp. KCTC 17099
Rhodotorula vaniliica CBS 74047

Rhodotorula ingeniosa KCTC 17089

Rhodotorula ingeniosa KCTC 17090

Leucosporidium felli CBS 72877
ge[ Leucosporidium scottii CBS 59307

72

65 Rhodotorula fragaria CBS 62547

Rhodotorula sp. KCTC 17091

91

100

100

Urediniomycetous
fungi

Sporidiobolus ruineniae CBS 50017

58
95k Rhodosporidium fluviale CBS 65687

89

Mastigobasidium intermedium CBS 72267

Rhodotorula creatinivora CBS 86207
5 Rhodotorula creatinivora KCTC 17084
Rhodotorula muscorum CBS 69217

Sporidiobolus johnsonii CBS 54707
Sporobolomyces ruberrimus CBS 75007
100 Sporobolomyces ruberrimus var. albus CBS 75017
Sporidiobolus pararoseus CBS 4917
Sporidiobolus pararoseus KCTC 17092
Sporobolomyces roseus CBS 4867
Sporobolomyces marcillae CBS 42177
Sporobolomyces sp. KCTC 17098
Sporobolomyces sp. KCTC 17097
Sporobolomyces sp. KCTC 17096
Sporobolomyces sp. KCTC 17095
Sporobolomyces sp. KCTC17093
Sporobolomyces sp. KCTC 17094
Sporobolomyces odoratus IGC 56947
Sporobolomyces nylandii JCM 102137

961 Rhodosporidium azoricum 1GC 50627
Rhodosporidium azoricum KCTC 17083

Sporidiobolus microsporus CBS 70417
Rhodosporidium sphaerocarpum CBS 59397
99y Rhodotorula glutinis var. dairenensis CBS 44067

Diversity of yeasts 61

Georgefischeriales

Ustilaginomycetous
fungi

Microstromatales

Microbotryum clade

Sporidiobolus clade

Rhodot

ula g

var. dair
Rhodotorula mucilaginosa CBS 3167
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79! Rhodotorula mucilaginosa KCTC 7829
Rhodosporidium toruloides KCTC 71347
100'  Rhodosporidium toruloides KCTC 7833
Rhodosporidium paludigenum CBS 65677
Rhodosporidium Kratochvilovae CBS 74367
Rhodotorula araucariae CBS 60317
Rhodosporidium diobovatum CBS 60857
Rhodotorula graminis CBS 28267
Rhodotorula graminis KCTC 17086
Rhodotorula graminis KCTC 17088
Rhodosporidium babjevae CBS 78087
Rhodotorula glutinis var. glutinis CBS 207
Rhodotorula graminis KCTC 17087

Fig. 4. Urediniomycetous yeasts, ustilagiomycetous yeasts and related fungi. A phylogenetic tree was reconstructed by a neighbor-joining algorithm
based on the distances calculated by Kimura's two-parameter model from the sequences of D1/D2 domain of 26S rDNA. Bootstrap values greater

than 50% are shown alongside the branch considered.

strain KCTC 17071 was isolated from an aquatic sample
and strain KCTC 17074 was isolated from a flower sam-
ple. Flower-associated yeast Cryptococcus sp. [H]
KCTC 17077 was closely related to Bullera armeniaca
(97.71%), Bullera crocea (96.73%), Cryptococcus hun-
garicus (97.72%), and Cryptococcus statzellii (96.57%).
Cryptococcus sp. [1]) KCTC 17077 isolated from soil sam-
ples was closely related to Cryptococcus podzolicus

(99.32%). Soil-associated yeast Cryptococcus sp. [J]
KCTC 17079 was closely related to Cryptococcus
nodaensis (97.82%). Cryptococcus sp. [K] KCTC 17080
was closely related to Cryptococcus elinovii (99.50%),
Cryptococcus phenolicus (99.50%), and Cryptococcus
treus (99.33%).

Cryptococcus laurentii, Cryptococcus macerans, and
Cryptococcus sp. [B] were each isolated from more than
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two samples. In particular, C. laurentii was found to be a
widespread species.

Urediniomycetous yeasts were recovered in the two major
clades, Microbotryum and Sporidiobolus clades, among four
major clades (Fell et al., 2000). The major taxa was Sporobo-
lomyces sp. isolated from various sources including soil,
flowers, and water samples. Two ustilaginomycetous fungi
were related to Tilletiopsis minor and Microstroma juglan-
dis. They were regarded as potentially new species based
on the 26S rDNA data.

There have been many studies for bacterial diversity to
elucidate distribution and role in natural environments.
However, diversity and ecology of yeasts in natural envi-
ronments have been neglected because they have been
regarded as playing a minor role in the biosphere. From
this study, we can suggest that there might be geograph-
ical inequality in yeast distribution and host-specific inter-
action between yeasts and plants. In addition, the high
ratio of new species (39% of 44 taxa) suggests that there
is an urgent need for extensive studies on the biodiversity
and the ecological roles of yeasts in natural environments
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