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Introduction

In this study, wild yeasts were isolated from the soil 
samples collected in Daegu and Daejeon City, Republic 
of Korea. As a result of isolation and identification, many 
yeast strains were shown to be previously reported spe-
cies and a few unrecorded species were found. The un-
reported species were identified to belong to the genera 
Holtermanniella and Goffeauzyma.

The genus Holtermanniella is a basidiomycetous yeast 
in the class Tremellomycetes, phylum Basidiomycota. 
Holtermanniella species were isolated from plants and 
fruits (Wuczkowski et al., 2011). The genus Holterman-
niella comprises five distinct species and has Holter-
manniella takashimae as the type species (https://www. 
mycobank.org). Members of the genus Holtermanniel-
la have been consistently isolated from cold regions, 
with two out of the five known species (Holtermanniella  
wattica and Holtermanniella nyarrowii) originally discov-
ered in Antarctica. Consequently, the majority of Holter- 
manniella species exhibit limited growth above 25℃. 
Furthermore, three Holtermanniella species have demon-
strated significant concentrations of polyunsaturated 
fatty acids (particularly linolenic acid) in comparison to 
Holtermannia corniformis and Saccharomyces cerevisiae,  

both of which lack this lipid (Reiersöl and de Menna, 
1958; Golubev et al., 2004; Guffogg et al., 2004). Such 
fatty acid compositions align with the characteristic pro-
file of yeasts adapted to cold environments (McMurrough 
and Rose, 1973; Libkind et al., 2008; Rossi et al., 2009).

The genus Goffeauzyma is a basidiomycetous yeast  
in the class Tremellomycetes, phylum Basidiomycota. 
Goffeauzyma species were isolated from soil (Boekhout 
et al., 2011a; Fonseca et al., 2011a; 2011b). The genus 
Goffeauzyma comprises nine distinct species and has 
Goffeauzyma gastrica as the type species (https://www. 
mycobank.org). The genus Goffeauzyma is classified 
within the family Filobasidiaceae. Typical characteristics 
associated with the family Filobasidiaceae include hyphal  
structures that may exhibit clamp connections and possess 
haustorial branches. The holobasidia are tubular or elon-
gated, featuring terminally sessile basidiospores. Both 
pseudohyphae and true hyphae may sporadically emerge. 
Sexual reproduction manifests in select species, while 
budding cells are evident. Ballistoconidia are notably ab-
sent (Sampaio, 2011a; 2011b). Fermentation processes  
are not observed, and nitrate is utilized by several spe-
cies. The predominant coenzyme Q system comprises 
either CoQ-9 or CoQ-10 (Liu et al., 2015).

As a result of this study, two unrecorded yeast strains 
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were found in domestic ecosystems of Korea, and we  
investigated the phenotypic characteristics of the unrec- 
orded species.

Materials and Methods

The soil samples were collected from Daegu and Dae-
jeon City, Republic of Korea, and serially diluted in dis-
tilled water. The suspension was spread on Yeast Extract 
Peptone Dextrose (YPD) agar (Difco, USA) and incubated  
at 10℃ for 3 days. The strains are preserved in a meta-
bolically inactive state at the Korean Agricultural Culture 
Collection (KACC), 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 features, API 20C AUX 
kit (bioMérieux, France) was used according to the manu-
facturer’s instructions.

The genomic DNA was extracted after incubated on 
YPD agar for 3 days. The D1/D2 region of the 26S rRNA  
gene sequence was amplified by PCR using NL1 (5ʹ-GCA 
TATCAATAAGCGGAGGA AAAG-3ʹ) and NL4 (5ʹ-GGT 
CCGTGTTTCAAGACGG-3ʹ) primers (Kurtzman and 
Robnett, 1998; Fell et al., 2000). 

Pairwise sequence comparisons were made using the 

Fig. 1. Morphology of cells from the unrecorded strains incubated 
at 10℃. The colonies of Holtermanniella wattica PG2-2-10C (A), 
Goffeauzyma gastrica DJ2-14-10C (B). The budding of Holter-
manniella wattica PG2-2-10C (C), Goffeauzyma gastrica DJ2-14-
10C (D). All strains were grown after 3 days on YPD agar. Bars, 5 

μm and 10 μm, respectively.
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Basic Local Alignment Search Tool (BLAST) (Altschul et 
al., 1997) and to align with the related sequences retrie- 
ved from GenBank. The MYCOBANK (https://www.myco 
bank.org/) database identified type strains for each species 
and gene sequence of close strains were obtained from 
NCBI (https://www.ncbi.nlm.nih.gov/) for 26s rDNA.

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

(Tamura et al., 2021) The evolutionary distance was calcu-
lated using the two-parameter model of Kimura (Kimura,  
1983) and bootstrap analysis was done (1,000 replicates) 

(Felsenstein, 1985).

Results and Discussion

Fifteen wild yeasts strains were collected from soil 
samples in Daegu and Daejeon City 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. Based on the result of the phylogenet-
ic analyses, two yeast strains were identified as domestic 
unrecorded yeast species. The taxonomic composition 
and identification results are listed in Table 1. Strain PG2-
2-10C was closely related to Holtermanniella wattica 
with 99.62% D1/D2 sequence similarity. Strain DJ2-14-
10C was closely related to Goffeauzyma gastrica with 
100.00% D1/D2 sequence similarity.

All strains were assigned to the families Holtermanni-
aceae (1 strain), Filobasidiaceae (1 strain), and Piskuro-
zymaceae (13 strains) of the phylum Basidiomycota. The 
unrecorded yeast strains PG2-2-10C and DJ2-14-10C  
belong to the phylum Basidiomycota and the genera Gof-
feauzyma and Holtermanniella, respectively. The phy-
logenetic analysis shows that the strain PG2-2-10C is 
closely related to Holtermanniella wattica (Fig. 2). The 
phylogenetic analysis shows that the strain DJ2-14-10C is 

Fig. 2. A neighbor-joining phylogenetic tree reconstructed from comparative analysis of 26S rRNA gene sequences showing the relation-
ships of strain PG2-2-10C 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 (Trees, 1987).

https://www.mycobank.org/
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closely related to Goffeauzyma gastrica (Fig. 3). 
Result of carbon source assimilation test using API 20C 

AUX kit is described in species description. Character-
istics of two unrecorded strains and related species are 
shown in Table 2.

Description of Holtermanniella wattica PG2-2-10C

Cells are oval shaped and budding is polar (Fig. 1). Col-
onies are convex, smooth, and white cream-colored after 
3 days of incubation on YPD agar at 10℃. In the API 
20C AUX test, strain PG2-2-10C is positive for d-melezi-
tose, inositol, glucose, d-sorbitol, d-saccharose (sucrose), 
calcium-2-keto-d-gluconate, d-xylose, N-acetyl-d-glu-
cosamine, d-cellobiose, d-maltose, and d-trehalose; weak 
positive for methyl-α-d-glucopyranoside and d-raffinose; 
but negative for adonitol, d-galactose, d-lactose (bovine 
origin), xylitol glycerol, and l-arabinose.

Strain PG2-2-10C (KACC 410362) was isolated from 
soil collected in Daegu, Republic of Korea.

Description of Goffeauzyma gastrica DJ2-14-10C

Cells are circular shaped and budding is polar (Fig. 1). 
Colonies are convex, smooth, and cream-colored after 
3 days of incubation on YPD agar at 10℃. In the API 
20C AUX test, strain DJ2-14-10C is positive for calcium 
2-keto-d-gluconate, l-arabinose, glucose, d-trehalose, 
d-galactose, d-maltose, and d-melezitose; weak positive 
for d-xylose and d-cellobiose; but negative for methyl-α- 
d-glucopyranoside adonitol, xylitol, inositol, d-sorbitol, 
N-acetyl-d-glucosamine, glycerol, d-saccharose (sucrose), 
d-lactose (bovine origin), and d-raffinose.

Strain DJ2-14-10C was isolated from soil collected in 
Daejeon, Republic of Korea.
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Fig. 3. A neighbor-joining phylogenetic tree reconstructed from a comparative analysis of 26S rRNA gene sequences showing the relation-
ships of strain DJ2-14-10C 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 (Trees, 1987).



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

Acknowledgements

This work was supported by the National Research 
Foundation of Korea (NRF) grant funded by the Korea 
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 Korea 

(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.

Fell, J.W., T. Boekhout, A. Fonseca, G. Scorzetti and A. 
Statzell-Tallman. 2000. Biodiversity and systematics of 
basidiomycetous yeasts as determined by large-subunit 
rDNA D1/D2 domain sequence analysis. Int J Syst Evol 

Microbiol 50(3):1351-1371.
Felsenstein, J. 1985. Confidence limits on phylogenies: an  

approach using the bootstrap. Evolution 39(4):783-791.
Fonseca, A., T. Boekhout and J.W. Fell. 2011a. The yeasts:  

a taxonomic study. In: Kurtzman, C.P., J.W. Fell, T. Boek-
hout (eds.). Elsevier, Amsterdam, pp. 1661-1737.

Fonseca, A., T. Boekhout, and J.W. Fell. 2011b. The yeasts:  
a taxonomic study. In: Kurtzman, C.P., J.W. Fell, T. Boek-
hout (eds.). Elsevier, Amsterdam, pp. 1591-1594.

Golubev, W.I., J.P. Sampaio, L. Alves and N.W. Golubev. 
2004. Cryptococcus festucosus sp. nov. a new hymenomy-
cetous yeast in the Holtermannia clade. Canadian Journal 
of Microbiology 50(12):1001-1006.

Guffogg, S.P., S. Thomas-Hall, P. Holloway and K. Watson. 
2004. A novel psychrotolerant member of the hymenomy-
cetous yeasts from Antarctica: Cryptococcus watticus sp. 
nov. Int J Syst Evol Microbiol 54:275-277.

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

Kurtzman, C.P. and C.J. Robnett. 1998. Identification and phy-
logeny of ascomycetous yeasts from analysis of nuclear  
large subunit (26S) ribosomal DNA partial sequences. An-

Table 2. Microbiological characteristics of the unrecorded yeasts strains and closely related species

Strain ID 1 2 3 4 5 6

Morphological characteristics
Shape Oval Oval Oval Oval Oval Oval
Reproduction Budding Budding Budding Budding Budding Budding

API 20C AUX
Glucose + + + + + -

Glycerol - - - w ND w
Calcium 2-keto-gluconate + + ND + ND ND
l-arabinose - + - + + +
d-xylose + w + + ND +
Adonitol - - ND ND ND ND
Xylitol - - ND w + +
d-galactose - + + w + +
Inositol + - + + ND +
d-sorbitol + - - - ND +
Methyl-α-d-glucopyranoside w - ND ND + ND
N-acetyl-d-glucosamine + - ND + ND -

d-cellobiose + w + + ND +
d-lactose (bovine origin) - - + w - +
d-maltose + + - + + +
d-saccharose (sucrose) + - ND ND - ND
d-trehalose + + + w ND +
d-melezitose + + - + + ND
d-raffinose w - + w ND +

Taxa: 1, Holtermanniella wattica PG2-2-10C; 2, Goffeauzyma gastrica DJ2-14-10C; 3, Holtermanniella wattica CBS:9496T; 4, Holtermanniella festucosus 
CBS:10162T; 5, Goffeauzyma gastrica CBS:2288T; 6, Cryptococcus agrionensis CBS:10799T (Russo et al., 2010).
+ , positive; w, weakly positive; - , negative; ND, no data.



May 2024	 Kim and Srinivasan. Report of two unrecorded yeast species in the class Tremellomycetes	 141 

tonie van Leeuwenhoek 73(4):331-371.
Libkind, D., M.T. Arts and M. Van Broock. 2008. Fatty acid 

composition of cold-adapted carotenogenic basidiomycet-
ous yeasts. Rev Argent Microbiol 40:193-197.

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 81:85-147.

McMurrough, I. and A.H. Rose. 1973. Effects of temperature 
variation on the fatty acid composition of a psychrophilic 
Candida species. J Bacteriol 114:451-452.

Reiersöl, S. and M. di Menna. 1958. A new Cryptococcus spe-
cies. Antonie van Leeuwenhoek 24:27-30.

Rossi, M., P. Buzzini, L. Cordisco, A. Amaretti, M. Sala, S. 
Raimondi, C. Ponzoni, U.M. Pagnoni and D. Matteuzzi. 
2009. Growth, lipid accumulation, and fatty acid compo-
sition in obligate psychrophilic, facultative psychrophilic, 
and mesophilic yeasts. FEMS Microbiol Ecol 69:363-372.

Russo, G., D. Libkind, R.J. Ulloa, V. de García, J.P. Sampaio 
and M.R. van Broock. 2010. Cryptococcus agrionensis sp. 
nov., a basidiomycetous yeast of the acidic rock drainage 
ecoclade, isolated from an acidic aquatic environment of 
volcanic origin. Int J Syst Evol Microbiol 60(4):996-1000.

Sampaio, J.P. 2011a. Leucosporidiella Sampaio. 2003. In: 

Kurtzman, C.P., J.W. Fell, T. Boekhout (eds.). The yeasts, 
a taxonomic study, vol 3, 5th edn. Elsevier, New York, pp. 
1801-1806.

Sampaio, J.P. 2011b. Leucosporidium Fell, Statzell, Hunter 
and Phaff (1969). In: Kurtzman, C.P., J.W. Fell, T. Boek-
hout (eds.). The yeasts, a taxonomic study, vol 3, Elsevier, 
New York, pp. 1485-1494.

Tamura, K., G. Stecher and S. Kumar. 2021. MEGA11: mole- 
cular evolutionary genetics analysis version 11. Mol Biol 
Evol 38(7):3022-3027.

Trees, R.P. 1987. The Neighbor-joining Method: A New 
Method for. Mol. Biol. Evol 4(4):406-425.

Wuczkowski, M., V. Passoth, B. Turchetti, A.C. Andersson, M. 
Olstorpe, A. Laitila, B. Theelen, M. van Broock, P. Buzz-
ini, H. Prillinger, K. Sterflinger, J. Schnürer, T. Boekhout 
and D. Libkind. 2011. Description of Holtermanniella 
gen. nov., including Holtermanniella takashimae sp. nov. 
and four new combinations, and proposal of the order  
Holtermanniales to accommodate tremellomycetous 
yeasts of the Holtermannia clade. Int J Syst Evol Microbiol  
61(3):680-689.

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


