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IntroductIon

In this study, wild yeasts were isolated from the soil 
samples in Daegu City and Cheongyang County, Repub-
lic of Korea. As a result of isolation and identification, 
many yeast strains were shown to be previously reported 
species and a few unrecorded species were found. The 
unreported species were identified to belong to the gen-
era Mrakia and Slooffia.

The genus Mrakia is basidiomycetous yeast in the class  
Tremellomycetes. Mrakia species were isolated from 
snow, soil, and glaciers in cold environments (Tsuji et 
al., 2019; Turchetti et al., 2020; Yurkov et al., 2020). 
The Mrakia clade consists of 20 recognized species and 
has type species as Mrakia frigida (https://www.myco-
bank.org). The species in Mrakia are cream colored and 
often mucoid, teliospore is produced at the end or in the 
middle of the mycelium (Li et al., 2020) and the major 
CoQ system is CoQ-8 (Park et al., 2021).

The genus Slooffia is basidiomycetous yeast in the 
class Tremellomycetes, phylum Basidiomycota. Slooffia 
species are usually isolated from soil (Tsuji et al., 2019; 
Turchetti et al., 2020; Yurkov et al., 2020). The genus 

Slooffia clade consists of six species, has type species as 
Slooffia tsugae (https://www.mycobank.org), has a mu-
coid colony texture on potato dextrose agar (PDA), and 
the major CoQ system is CoQ-10 (Wang et al., 2015).

MaterIals and Methods

The soil samples were collected from Daegu City and 
Cheongyang County, Republic of Korea and serially 
diluted in distilled water. The suspension was spread in 
a Yeast Extract Peptone Dextrose (YPD) agar (Difco, 
USA) and incubated at 25°C and 10°C for 3 days. The 
strain PG3-4-10C is preserved in a metabolically inac-
tive state at the Korean Agricultural Culture Collection, 
Korea, and strain CY-9-10C is preserved in a metabol-
ically inactive state at Korea Collection for Type Cul-
tures, KRIBB, Korea.

The cell morphologies of strains were done by the 
LEICA (DM500), using yeast strains incubated in YPD 
agar for 3 days. Phase contrast microscope images and 
the colonies of the strains GW1-3 and PG1-1-10C are 
shown in Fig. 1. To characterize the biochemical fea-
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tures, API 20C AUX (bioMérieux) were tested according 
to the manufacturer’s instructions.

Genomic DNA was extracted after being incubated 
on YPD agar for 3 days. The D1/D2 region of the 26S 
rRNA gene sequence was amplified by PCR using NL1 

(5ʹ-GCATATCAATAAGCGGAGGA AAAG-3ʹ) and 
NL4 (5ʹ-GGTCCGTGTTTCAAGACGG-3ʹ) primers 

(Kurtzman and Robnett, 1998). 
Pairwise sequence comparisons were done using the 

Basic Local Alignment Search Tool (BLAST) (Altschul 
et al., 1997) and used Clustal W to align the sequences 
of related species retrieved from GenBank. The MYCO-
BANK (https://www.mycobank.org/) database identified 
each species and closely related species, and D1D2 gene 
sequence were obtained from the NCBI (https://www.
ncbi.nlm.nih.gov/).

The phylogenetic trees based on the D1/D2 domain 
of LSU rRNA gene sequence were reconstructed by the 
neighboring joining algorithm of MEGA 11 program 

(Tamura et al., 2021) The evolutionary distance was 
calculated using the two-parameter model of Kimura 

(Kimura, 1983) and bootstrap analysis are done (1,000 
replicates) (Felsenstein, 1985).

results and DIscussIon

Eleven wild yeasts strains were isolated from soil sam- 
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Fig. 1. Morphology of the unrecorded yeast cells incubated at 10°C. 
The colonies of Mrakia frigida CY-9-10C (A) and Slooffia cresolica 
PG3-4-10C (B). The budding cells of Mrakia frigida CY-9-10C (C) 
and Slooffia cresolica PG3-4-10C (D). Bars, 10 μm and 5 μm, re-
spectively. All strains were grown after 3 days on YPD agar.

(A)

(B)

(C)

(D)
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ples collected in Daegu City and Cheongyang County 
in Korea. The yeast strains were identified by analyzing 
D1/D2 domain of 26s rRNA gene sequence similarities 
that were calculated by the NCBI BLAST. Result of 
identification based on the D1/D2 domain of 26s rRNA 
gene sequence, two yeast strains were identified as do-
mestic unrecorded yeast species. The taxonomic com-
position and identification results are listed in Table 1. 
Strain CY-9-10C was closely related to the species Mra-
kia frigida with 100% D1D2 sequence similarity. Strain 
PG3-4-10C was closely related to the species Slooffia 
cresolica with 100% D1D2 sequence similarity.

The 11 strains were assigned to the family Mrakiaceae 

(1 strain), Trimorphomycetaceae (5 strains) Piskurozy-
maceae (3 strains), Chrysozymaceae (1 strain) and Spo-
ridiobolaceae (1 strain) of the phylum Basidiomycota. 
The unrecorded yeast strains CY-9-10C and PG3-4-10C 
belong to the phylum Basidiomycota and the genera 
Mrakia and Slooffia, respectively. 

The phylogenetic analysis shows that the strain CY-9-
10C is closely related to the Mrakia frigida and belongs 
to the genus Mrakia (Fig. 2). The phylogenetic analysis 

Fig. 2. A neighbor-joining phylogenetic tree reconstructed from 
a comparative analysis of 26S rRNA gene sequences showing 
the relationships of strain CY-9-10C with closely related species. 
Bootstrap values (>70%) based on neighbor-joining methods are 
shown at the branch nodes. Bar, 0.02 substitutions per nucleotide 
position.

Fig. 3. A neighbor-joining phylogenetic tree reconstructed from a 
comparative analysis of 26S rRNA gene sequences showing the 
relationships of strain PG3-4-10C with closely related species. 
Bootstrap values (>70%) based on neighbor-joining methods are 
shown at the branch nodes. Bar, 0.01 substitutions per nucleotide 
position.

Table 2. Mycological characteristics and differential carbon as-
similation result of Mrakia frigida CY-9-10C and closely related 
species.

Strain ID 1 2 3

Morphological characteristics
Shape Oval Oval Oval
Reproduction Budding Budding Budding

API 20C AUX
Glycerol - - v
2-keto-d-gluconate - + +
l-arabinose w + +
d-xylose w w +
Adonitol - + +
Xylitol - + +
d-galactose w + +
Inositol - w -

d-sorbitol - + +
N-methyl-d-glucoside w w -

N-acetyl-d-glucosamine + w -

d-lactose (bovine origin) w - +
d-maltose - + +
d-trehalose w + +
d-melezitose - + +
d-raffinose - + +

Taxa: 1, Mrakia frigida CY-9-10C; 2, Mrakia niccombsii CBS 8917T; 3, 
Mrakia aquatica JCM5443T. 
Data of reference strains were obtained from previous study (Liu et al., 
2015).
+ , positive; v, variable; w, weakly positive; - , negative; ND, no data.
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shows that the strain PG3-4-10C is closely related to the 
Slooffia cresolica and belongs to the genus Slooffia (Fig. 
3). 

Result of carbon source assimilation test using API 
20C AUX kit is described in species description. Char-
acteristics of two unrecorded strains and related species 
are shown in Table 2 and Table 3.

Description of Mrakia frigida CY-9-10C

Cells are oval shaped, and budding is polar (Fig. 1). 
Colonies are convex, smooth, and cream colored after 3 
days of incubation on YPD agar at 10°C. In the API 20C 
AUX test, strain CY-9-10C is positive for N-acetyl-d-glu-
cosamine, glucose, d-saccharose (sucrose), and d-cello-
biose; weak positive for l-arabinose, d-lactose (bovine 
origin), d-trehalose, 2-keto-d-gluconate, d-galactose, and 
d-xylose; but negative for d-melezitose d-raffinose, glyc-
erol, l-arabinose, adonitol, inositol, d-sorbitol, N-meth-
yl-d-glucoside, d-glucose, and d-maltose. 

Strain CY-9-10C was isolated from the soil collected 
in Cheongyang County, Republic of Korea.

Description of Slooffia cresolica PG3-4-10C

Cells are oval shaped, and budding is polar (Fig. 1). 
Colonies are convex, smooth, and beige with red after 
3 days of incubation on YPD agar at 10°C. In the API 
20C AUX test, strain PG3-4-10C is positive for 2-ke-
to-d-gluconate, l-arabinose, glucose, d-xylose, d-sorbi-
tol, N-acetyl-d-glucosamine, d-cellobiose, d-lactose (bo-
vine origin), d-maltose, d-melezitose, d-galactose, ino-
sitol, N-methyl-d-glucoside, d-saccharose (sucrose), and 
d-raffinose; weak positive for xylitol and d-trehalose; but 
negative for glycerol and adonitol.

Strain PG3-4-10C (KACC 410363) was isolated from 
the soil collected in Daegu, Republic of Korea.

ConflIcts of Interest

The author of this paper has no affiliation with any in-
terests and is solely responsible for the paper.

acknowledgeMents

This work was supported by the National Research 
Foundation of Korea (NRF) grant funded by the Korean 
government (No.2021R1F1A1061389), also supported 
by National Institute of Biological Resources (NIBR) 

(2022M3H9A1082984) and a grant from the National 
Institute of Biological Resources (NIBR) funded by the 
Ministry of Environment (MOE) of the Republic of Ko-
rea (NIBR202304104).

references 
Altschul, S.F., T.L. Madden, A.A. Schäffer, 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(17):3389-3402.

Felsenstein, J. 1985. Confidence limits on phylogenies: an 
approach using the bootstrap. Evolution 39(4):783-791.

Kamura, K., G. Stecher and S. Kumar. 2021. MEGA11: Mo-
lecular Evolutionary Genetics Analysis Version 11. Mol. 
Biol. Evol. 38:3022-3027.

Kimura, M. 1983. The neutral theory of molecular evolution. 
Cambridge University Press.

Kurtzman, C.P. and C.J. Robnett. 1998. Identification and 
phylogeny of ascomycetous yeasts from analysis of nucle-
ar large subunit (26S) ribosomal DNA partial sequences. 
Antonie Van Leeuwenhoek 73(4):331-371.

Li, A.H., F.X. Yuan, M. Groenewald, K. Bensch, A.M. Yurkov, 
K. Li, P.J. Han, L.D. Guo, M.C. Aime, J.P. Sampaio, S. 
Jindamorakot, B. Turchetti, J. Inacio, B. Fungsin, Q.M. 

Table 3. Mycological characteristics and differential carbon as-
similation result of Slooffia cresolica PG3-4-10C and closely re-
lated species.

Strain ID 1 2 3

Morphological characteristics
Shape Oval Oval Oval
Reproduction Budding Budding Budding

API 20C AUX
Glycerol - + +
2-keto-d-gluconate - + ND
l-arabinose w - -

d-xylose w + w
Adonitol - + w
Xylitol - + ND
d-galactose w - w
d-sorbitol - ND ND
N-methyl-d-glucoside w + -

N-acetyl-d-glucosamine + w ND
d-cellobiose + w -

d-lactose (bovine origin) w - -

d-maltose - + +
d-trehalose w + +
d-melezitose - + +

Taxa: 1, Slooffia cresolica PG3-4-10C; Slooffia cresolica G36T; Bannozyma 
yamatoana CBS 7243T

Data of reference strains were obtained from previous studies (Middelhoven 
and Spaaij, 1997 and Nakase et al., 1987).
+ , positive; w, weakly positive; - , negative; ND, no data.



146 JOURNAL OF SPECIES RESEARCH Vol. 13, No. 2

Wang and F.Y. Bai. 2020. Diversity and phylogeny of ba-
sidiomycetous yeasts from plant leaves and soil: proposal 
of two new orders, three new families, eight new genera 
and one hundred and seven new species. Stud. Mycol. 
96(1):17-140.

Liu, X.Z. Q.M. Wang, M. Göker, M. Groenewald, A.V. 
Kachalkin, H.T. Lumbsch, A.M. Millanes, M. Wedin, A.M. 
Yurkov, T. Boekhout and F.Y. Bai. 2015. Towards an inte-
grated phylogenetic classification of the Tremellomycetes. 
Stud. Mycol. 81(1):85-147.

Middelhoven, W.J. and F. Spaaij. 1997. Rhodotorula cresolica 
sp. nov., a cresol-assimilating yeast species isolated from 
soil. Int. J. Syst. Bacteriol. 47(2):324-327.

Nakse, T., M. Suzuki and M. Itoh. 1987. Sporobolomyces ya-
matoanus, a new species of ballistosporous yeast equipped 
with ubiquinone-9 isolated from dead leaves of various 
plants in Japan. The Journal of General and Applied Mi-
crobiology 33(5):445-454.

Park, Y., S. Maeng, J. Oh, G.H. Sung and S. Srinivasan. 2021. 
Mrakia terrae sp. nov. and Mrakia soli sp. nov., Two Nov-
el Basidiomycetous Yeast Species Isolated from Soil in 
Korea. Mycobiology 49(5):469-475.

Tsuji, M., Y. Tanabe, W.F. Vincent and M. Uchida. 2019. 
Mrakia hoshinonis sp. nov., a novel psychrophilic yeast 
isolated from a retreating glacier on Ellesmere Island in 
the Canadian High Arctic. Int. J. Syst. Evol. Microbiol. 
69(4):944-948. 

Turchetti, B., C. Sannino, A. Mezzasoma, L. Zucconi, S. 
Onofri and P. Buzzini 2020. Mrakia stelviica sp. nov. and 
Mrakia montana sp. nov., two novel basidiomycetous 
yeast species isolated from cold environments. Int. J. Syst. 
Evol. Microbiol. 70(8):4704-4713. 

Wang, Q.M., A.M. Yurkov, M. Göker, H.T. Lumbsch, S.D. 
Leavitt, M. Groenewald, B. Theelen, X.Z. Liu, T. Boek-
hout and F.Y. Bai. 2015. Phylogenetic classification of 
yeasts and related taxa within Pucciniomycotina. Stud. 
Mycol. 81:149-189.

Yurkov, A.M., C. Sannino and B. Turchetti. 2020. Mrakia fib-
ulata sp. nov., a psychrotolerant yeast from temperate and 
cold habitats. Antonie Van Leeuwenhoek 113(4):499-510.

Submitted: November 15, 2023 
Accepted: December 14, 2023


