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ABSTRACT

The goal of this study was to investigate the diversity of wild yeasts from the waters and
soils of Haegeumgang in Gyungsangnam-do, and Namdaecheon and Geumsancheon in
upstream of Geumgang, Korea and to characterize any previously unrecorded wild yeast
strains. In total, 52 strains comprising 22 different species of wild yeasts were isolated from
35 samples obtained from Haegeumgang. Forty three and sevent nine wild yeast strains
were isolated from 90 samples taken from Namdaecheon and Geumsancheon, respectively.
Among the total 174 isolated wild yeast strains, 4 strains, i.e., Exobasidium rhododendri
HGG10-5 (NNIBR2022633FG1), Udeniomyces pyricola NDC29-1 (NNIBR2022633FG2),
Diddensiella caesifluorescens GSC2-2 (NNIBR2022633FG5) and Pichia scaptomyzae BAC2-
3 (NNIBR2022633FG4) were previously unrecorded yeasts were oval or spherical in shape,
only Pichia scaptomyzae BAC 2-3 formed ascospores. Three strains with the exception
of Udeniomyces pyricola NDC 29-1 grew well in vitamin-free medium and Exobasidium
rhododendri HGG 10-5 grew well in YPD medium containing 10% NaCl. All four novel strains
assimilated fructose, lactose, raffinose, starch and xylose.

Keywords: Geumsancheon, Haegeumgang, Namdaecheon, Microbiological
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Table 1. Wild yeast strains from waters and soils of Haegeumgang in Gyeongsangnam-do, Korea.

No.  Putative species Isolated No. Related Genebank No. Identity (%) Remarks
1 Aureobasidium pullulans HGG10-2 JX067761.1 614/614 (100%) General yeasts
2 Cryptococcus aureus HGG9-3 EU304246.1 585/586 (99%)

HGG29-2 KT895965.1 640/640 (100%)
3 Exobasidium rhododendri HGG10-5 DQ025491.1 531/554(96%)  Unrecorded yeast
4 Hannaella kunmingensis HGG9-2-1 FJ828962.1 608/628 (97%)
5 Metschnikowia viticola HGG30-1 L.C333489.1 499/528 (95%)
6 Papiliotrema flavescens HGG25-1 MF045447.1 640/642 (99%)
7 Pseudozyma hubeiensis HGG10-3 DQ008953.1 641/641 (100%)
8 Rhodosporidium toruloides HGG35-2 HQ199215.1 548/548 (100%)
9 Rhodotorula mucilaginosa HGG22-1 FIN428885.1 576/578 (99%)
HGG23-1 FN428899.1 589/590 (99%)
HGG25-2 FN428899.1 589/590 (99%)
HGG26-1 FN428899.1 589/590 (99%)
HGG27-1 FN428899.1 588/590 (99%)
HGG28-1 FN428899.1 589/590 (99%)
HGG29-1 FN428899.1 588/590 (99%)
HGG30-2 FN428899.1 589/590 (99%)
HGG31-1 FIN428899.1 588/591 (99%))
HGG32-1 FN428899.1 589/590 (99%)
HGG33-1 FN428899.1 589/590 (99%)
HGG34-1 FN428899.1 589/590 (99%)
HGG35-3 GQ303715.1 613/613 (100%)
10 'Rhodotorula paludigena HGG9-1 KY109146.1 614/614 (100%)
11 Saccharomyces servazzii HGG35-1 FM200037.1 595/595 (100%)
12 Sporobolomyces carnicolor HGG10-1 KU316784.1 613/614 (99%)
13 Tetracladium setigerum HGG104 AB698747.1 603/614 (98%)
14 Tremella fuciformis HGG27-3 AF075476.1 616/627 (98%)
1 Aureobasidium pullulans HHGG10-2 JX067761.1 614/614 (100%)  Halophilic yeasts
HHGG21-2 JX067761.1 612/614 (99%)
HHGG29-1 AB104687.1 614/614 (100%)
2 Bulleromyces albus HHGG20-3 AM748526.1 600/627 (96%)
3 Cryptococcus aureus HHGGI10-1 KT895965.1 639/640 (99%)
HHGG25-1 KT895965.1 640/640 (100%)
4 Hannaella kunmingensis HHGGY-1 FJ828962.1 608/628 (97%)
5 Rhodosporidium paludigenum HHGG9-3 HQ670686.1 616/617 (99%)
HHGG13-1 HQ670686.1 617/617 (100%)
HHGG35-1 HQ670686.1 617/617 (100%)
6 Rhodotorula mucilaginosa HHGG22-1 FIN428899.1 589/590 (99%))
HHGG23-1 FN428899.1 588/590 (99%)
HHGG24-1 FN428899.1 589/590 (99%)
HHGG25-2 FN428899.1 589/590 (99%)
HHGG26-1 FN428899.1 577/578 (99%)
HHGG27-1 FN428899.1 589/590 (99%)
HHGG28-1 FN428899.1 589/590 (99%)
HHGG29-2 FIN428899.1 589/590 (99%))
HHGG31-1 FN428899.1 589/590 (99%)
HHGG32-1 FN428899.1 589/590 (99%)
HHGG33-1 FN428899.1 589/590 (99%)
HHGG34-1 FN428899.1 589/590 (99%)
7 Sporobolomyces carnicolor HHGGI12-1 KU316784.1 614/614 (100%)
HHGG14-1 KU316784.1 614/614 (100%)
8 Trichosporon pullulans HHGG23-3 AJ507665.1 612/612 (100%)
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Table 2. Wild yeast strains from waters and soils of Namdaecheon in Muju-gun of Jeollabuk-do, Korea.

No.  Putative species Isolated No. Related Genebank No. Identity (%) Remarks
1 Cryptococcus laurentii NDC18-1 JQ968479.1 634/634 (100%)  General yeasts
2 Cryptococcus tephrensis NDC30-3 IN400781.1 637/639 (99%)

3 Cryptococcus victoriae NDC26-3 AJ749830.1 628/639 (98%)
4 Cystofilobasidium capitatum NDC15-1 KC433851.1 585/585 (100%)
5 Hannaella kunmingensis NDC19-3 FJ1828962.1 608/628 (97%)
6 Naganishia cerealis NDC27-3 KX621784.1 581/583 (99%)
7 Papiliotrema aspenensis NDC25-2 KX621788.1 580/581 (99%)
8 Papiliotrema flavescens NDC4-2 MF045447.1 640/640 (100%)
NDC12-2 MF045447.1 640/640 (100%)
NDCI15-3 MF045447.1 640/640 (100%)
9 Papiliotrema laurentii NDC17-3 KC798409.1 599/629 (95%)
10 Rhodotorula ingeniosa NDC9-1 AJ749834.1 631/631 (100%)
11 'Rhodotorula mucilaginosa NDC5-2 FN428899.1 589/590 (99%)
NDCe6-1 FN428899.1 589/590 (99%)
NDC7-2 FN428899.1 589/590 (99%)
NDC11-4 FN428899.1 588/590 (99%)
NDC19-2 FN428899.1 589/590 (99%)
NDC20-2 FN428899.1 589/590 (99%)
NDC21-2 FN428899.1 589/590 (99%)
NDC25-1 FN428899.1 589/590 (99%)
NDC28-3 FN428899.1 588/590 (99%)
NDC30-1 FN428899.1 589/590 (99%)
12 Udeniomyces pyricola NDC29-1 AF075507.1 630/630 (100%)  Unrecorded yeast
13 Pichia scaptomyzae BAC2-3 KT933336.1 586/587 (99%)  Unrecorded yeast
1 Cryptococcus magnus HNDC4-1 AY242120.1 643/643 (100%)  Halophilic yeasts
2 Aureobasidium pullulans HNDC17-2 IJX067761.1 611/614 (99%)
3 Cryptococcus laurentii HNDC10-2 JQ968479.1 631/634 (99%)
HNDC25-3 JN400761.1 628/639 (98%)
4 Cryptococcus magnus HNDCI11-1 AY242120.1 643/643 (100%)
HNDC20-1 AY242120.1 641/643 (99%)
5 Cystofilobasidium capitatum HNDC5-1 KC433851.1 585/585 (100%)
6 Filobasidium magnum HNDC6-2 KY296074.1 633/633 (100%)
7 Mrakia aquatica HNDC9-3 GQ911522.1 644/646 (99%)
8 Papiliotrema flavescens HNDC23-2 MF045447.1 640/640 (100%)
9 Rhodotorula mucilaginosa HNDC2-1 FN428899.1 589/590 (99%)
HNDC3-1 FN428899.1 589/590 (99%)
HNDC38-2 FN428899.1 587/590 (99%)
HNDC10-1 FN428899.1 587/591 (99%)
HNDC17-1 MH611513.1 564/566 (99%)
HNDC18-1 FN428899.1 587/590 (99%)
HNDC23-1 FN428899.1 589/590 (99%)
10 Udeniomyces pyricola HNDC4-2 JF706622.1 584/584 (100%)
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Table 3. Wild yeast strains from waters and soils of Geumsancheon in Geumsan-gun of Chungcheongnam-do, Korea.

No.  Putative species Isolated No.  Related Genebank No. Identity(%) Remarks
1 Aureobasidium pullulans GSC22-4 JQ916049.1 593/593 (100%)  General yeasts
GSC26-3 JQ916059.1 593/593 (100%)
2 Candida pseudolambica GSC10-2 KP087891.1 578/578 (100%)
3 Candida sake GSC9-2 KC485459.1 578/578 (100%)
GSC10-3 LC215952.1 582/582 (100%)
GSC18-2 LC215952.1 580/580 (100%)
4 Candida subhashii GSC2-1 AB985632.1 549/549 (100%)
GSC13-1 AB985632.1 549/549 (100%)
5 Candida tropicalis GSC6-2 LC215950.1 586/586 (100%)
GSC10-1 KY106824.1 593/593 (100%)
6 Cryptococcus flavescens GSC11-1 AF487885.1 618/618 (100%)
7 Cryptococcus magnus GSC5-3 JQ650237.1 611/611 (100%)
GSC20-3 JQ650237.1 621/621 (100%)
8 Curvibasidium pallidicorallinum GSC25-2 MHO041892.1 608/608 (100%)
9 Cyberlindnera jadinii GSCo6-1 KU218483.1 456/456 (100%)
10 Debaryomyces hansenii GSC2-3 KY296090.1 588/588 (100%)
GSCl11-2 KY296090.1 587/587 (100%)
11 Diddensiella caesifluorescens GSC2-2 GU195656.1 500/556 (90%)  Unrecorded yeast
12 Naganishia cerealis GSC23-2 KX621784.1 582/583 (99%)
13 Pichia fermentans GSC4-1 KT933337.1 573/573 (100%)
14 Rhodosporidium kratochvilovae GSC28-1 KP263774.1 553/553 (100%)
15 Rhodotorula glutinis GSC19-1 MF045460.1 587/587 (100%)
GSC28-2 KJ507281.1 604/604 (100%)
16  Rhodotorula mucilaginosa GSC3-1 FN428899.1 577/578 (99%)
GSC5-2 FN428899.1 576/577 (99%)
GSC7-2 FN428899.1 576/577 (99%)
GSC9-1 FN428899.1 576/577 (99%)
GSC10-4 FN428899.1 576/577 (99%)
GSC12-1 FN428899.1 576/577 (99%)
GSCl14-1 FN428899.1 576/577 (99%)
GSC15-1 FN428899.1 576/577 (99%)
GSC16-1 FN428899.1 576/577 (99%)
GSC17-3 FN428899.1 576/577 (99%)
GSC18-4 FN428899.1 576/577 (99%)
GSC20-1 FN428899.1 576/577 (99%)
GSC21-1 FN428899.1 576/577 (99%)
GSC23-1 FN428899.1 576/577 (99%)
GSC24-2 FN428899.1 576/577 (99%)
GSC25-1 FN428899.1 576/577 (99%)
GSC26-1 FN428899.1 576/577 (99%)
GSC27-1 FN428899.1 576/577 (99%)
GSC28-3 FN428899.1 576/577 (99%)
17 Rhodotorula nothofagi GSC20-2 KC006668.1 614/614 (100%)
18 Sampaiozyma vanillica GSC18-3 AF189970.1 609/609 (100%)
19 Trichosporon moniliiforme GSC17-2 AB557863.1 596/596 (100%)
20  Yarrowia lipolytica GSC9-4 JX561142.1 510/510 (100%)
GSC18-1 FM212452.1 525/525 (100%)
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Table 3. Wild yeast strains from waters and soils of Geumsancheon in Geumsan-gun of Chungcheongnam-do, Korea.

No. Putative species Isolated No. Related Genebank No. Identity(%) Remarks
1 Candida subhashii GSCHI-1 AB985632.1 549/549 (100%)  Halophilic yeasts
2 Aureobasidium pullulans GSCH26-2 JX067761.1 591/591 (100%)
3 Candida intermedia GSCHO9-1 KU708236.1 540/540 (100%)

GSCH18-1 KU708236.1 540/540 (100%)
4 Candida sake GSCH6-3 KC485459.1 578/578 (100%)
5 Candida subhashii GSCH2-1 AB985632.1 549/549 (100%)
GSCH13-1 AB985632.1 549/549 (100%)
GSCH23-1 AB985632.1 549/549 (100%)
GSCH24-1 AB985632.1 549/549 (100%)
6 Candida tropicalis GSCH6-2 LC215950.1 588/588 (100%)
GSCH9-3 LC215950.1 588/588 (100%)
GSCH10-1 LC215950.1 588/588 (100%)
7 Cryptococcus magnus GSCH3-2 JQ650237.1 610/610 (100%)
8 Cryptococcus tephrensis GSCH20-1 KM891575.1 625/628 (99%)
9 Debaryomyces hansenii GSCHI1-2 KY296090.1 590/590 (100%)
GSCH4-1 KY296090.1 587/587 (100%)
GSCH6-1 EU637079.1 601/601 (100%)
GSCH18-2 KY296090.1 587/587 (100%)
10 Filobasidium magnum GSCH17-1 MF045448.1 616/616 (100%)
GSCH22-1 MF045448.1 620/620 (100%)
11 Kabatiella microsticta GSCH25-1 KU254558.1 586/587 (99%)
12 Rhodosporidium babjevae GSCH19-1 FN357232.1 595/595 (100%)
13 Rhodotorula glutinis GSCHI11-1 KJ507281.1 592/592 (100%)
GSCH22-2 MF045460.1 595/595 (100%)
GSCH28-2 KJ507281.1 590/590 (100%)
14 Rhodotorula mucilaginosa GSCHS8-1 FN428899.1 576/577 (99%)
GSCH9-4 FN428899.1 576/577 (99%)
GSCH14-1 FN428899.1 576/577 (99%)
GSCH24-3 FN428899.1 576/577 (99%)
GSCH26-1 FN428899.1 576/577 (99%)
15 Rhodotorula nothofagi GSCH9-2 KT156708.1 609/609 (100%)
16  Yarrowia lipolytica GSCH10-2 MHS545931.1 524/525 (99%)
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Fig. 1. Microscopic features of the unrecorded yeasts isolated from Haegeumgang and Namdaecheon and Geumsancheon in Korea. (A) Pichia
scaptomyzae BAC2-3, (B) Diddensiella caesifluorescens GSC2-2, (C) Exobasidium rhododendri HGG10-5, (D) Udeniomyces pyricola

NDC29-1.
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Fig. 2. Phylogenetic tree of the unrecorded yeasts, Pichia scaptomyzae BAC2-3 (A) and Udeniomyces pyricola NDC29-1(B) isolated from
waters and soils of Namdaecheon in Geumgang upstream of Korea, 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 X.
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Fig. 3. Phylogenetic tree of the unrecorded yeasts, Exobasidium rhododendri HGG10-5 (A) and Diddensiella caesifluorescens GSC2-2 (B)
isolated from waters and soils of Haegeumgang in southern sea and Geumsancheon in Geumgang upstream of Korea, 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 X.
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Table 4. Microbiological characteristics of unrecored wild yeasts.

_ Strains
Characteristics Exobasidium rhododendri ~ Udeniomyces pyricola  Diddensiella caesifluorescens ~ Pichia scaptomyzae
Isolated No. HGG 10-5 NDC 29-1 GSC2-2 BAC2-3
Morphological characteristics
Shape Oval Global Global Oval
Size (um) 1.8x0.9 0.4x04 1.3x1.3 1.8x1.1
Vegetative reproduction Budding Budding Budding Budding
Spore - - - +
Pseudomycelium - - + -
Cultural characteristics
Growth on YPD"/YM?/PD” media A4 - R R
Color on YPD medium Cream Cream Cream Cream
Growth
Vitamin-free medium ++ - ++ ++
30/40/50% glucose YPD medium /- /- /A= /-
10/15% NaCl YPD medium +/- /- /- /-
Growth range of temp./pH 20-3001/pH 5.0-9.0 15-3001/pH 5.0-9.0 15~3500/pH 4.0-9.0 20~3501/pH 4.09.0
Assimilation and fermentation of sugars
Assimilation (+) Glu, Fru, Mal, Fru, Gal, Suc, Glu, Fru, Gal, Glu, Fru, Gal,
Lac, Raf, Sta, Lac, Raf, Sta, Suc, Mal, Lac, Suc, Mal, Lac,
Xyl Xyl Raf; Sta, Xyl Raf; Sta, Xyl
Assimilation (-) Gal, Suc, Cel Glu, Mal, Cel Cel Cel
Fermentation All() All() All () All ()
Heavy metal resistance
400 ppm CuSO, FeCl,, LiCl ZnCl,
800 ppm CaCl,, FeCl,, CaCl, CaCl,, CoCl,, CaCl,, CoCls,
MgSO,, ZnCl, CuSO,, FeCl,, CuSO,, FeCl,,
LiCl, MgSO,, LiCl, MgSO,,
ZnCl,

YYPD: yeast extract-peptone-dextrose; YM: yeast extract-,malt extract; *PD: potato dextorse; *+: growth; -: no growth; Glu: Glucose; Fru: Fructose; Mla:
Maltose; Lac: Lactose; Raf: Raffinose; Sta: Starch; Xyl: Xylose; Gal: Galactose; Suc: Sucrose; Cel: Cellulose.
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