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ABSTRACT

This study aimed to isolate wild yeasts from waters and soils on the riversides of Geumgang

t.) upstream in Geumsan, seashores of Cheongpodae in Taean and Suncheonman in Suncheon,
Korea, and to investigate their unrecorded microbiological characteristics. Forty-nine species

%r;]ijcaktécs,r of wild yeasts, including Aureobasidium pullans YH 4-3, were isolated from 40 samples
of Cheonnaegang in Geumgang upstream. Fifty-six species and 36 species of wild yeasts

ﬂ OPEN ACCESS were also isolated from 80 samples of Cheongpodae Beach and Suncheonman Mashland,
PISSN : 0253-651X respectively. Species from Candida genus were isolated from all three locations. Among them,
€eISSN - 2383-5249 Candida michaelii NNIBRFG28278, Sporobolomyces japonicus NNIBRFG28271, Dioszegia
Kor. J. Mycol. 2021 March, 49(1): 67-79 buhagiarii NNIBRFG28279, Ustilago spermophora NNIBRFG28273, Nakazawaea pomicola
https://doi.org/10.4489/KJM.20210007 NNIBRFG31590, Candida natalensis NNIBRFG31591, Candida pseudorhagii NNIBRFG31592,

Candida santamariae NNIBRFG31593, Cutaneotrichosporon terricola NNIBRFG31594, and

Meira nashicola NNIBRFG31595 represent newly recorded yeast strains in Korea. Almost all of

these unrecorded yeasts were oval shaped, and Sporobolomyces japonicus NNIBRFG28271

and Candida natalensis NNIBRFG31591 have ascospores. All the strains grew well in yeast

© 2021 THE KOREAN SOCIETY OF MYCOLOGY. extract-peptone-dextrose (YPD) and yeast extract-malt extract (YM) media, and Ustilago

spermophora NNIBRFG28273 grew well in vitamin-free medium. Sporobolomyces japonicus

This s an Open Acess artide NNIBRFG28271 grew well in 15% NaCl-containing YPD medium, and Ustilago spermophora
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Table 1. Isolated wild yeasts from freshwaters and soils in riversides of Cheonaegang in Geumgang
upstream of Geumsan-gun, Chungcheongnam-do, Korea.

No. Putative species Isolated No. Related GenBank No. Identity (%)
1 Aureobasidium pullulans YH4-3 KC160612.1 573/575(99%)
AYH2-1 KC160612.1 574/575(99%)
2 Bamnettozyma californica AYH24-3 EF550276.1 598/603(99%)
YH29-2 KU316729.1 591/593(99%)
3 Bullera japonica YH2-2 AF444760.2 598/609(98%)
4 Candida carpophila YH20-2 FM180531.1 574/582(99%)
5 Candida michaelii NNIBRFG28278 DQ466545.1 525/533(98%)
6 Candida parapsilosis HW54 KU316730.1 570/572(99%)
7 Candida pseudolambica HHWS5-2 KU316731.1 557/560(99%)
8 Candida sake HW7-1 MF462783.1 564/567(99%)
AHW5-1 MF462787.1 559/562(99%)
9 Candida solani AYH29-2 KU167670.1 494/494(100%)
10 Candida vartiovaarae AHW22-1 KU316734.1 578/580(99%)
11 Cryptococcus adeliensis AYHI12-2 KJ410348.1 605/610(99%)
12 Cryptococcus aureus YH-1 KT895965.1 594/600(99%)
13 Cryptococcus flavus YH31-1 EU177572.1 588/590(99%)
14 Cryptococcus laurentii HW2-1 KU316755.1 598/599(99%)
HHW7-1 JQ968469.1 609/613(99%)
YH19-1 KU316755.1 599/599(100%)
15 Cryptococcus luteolus YH41-3 AM160633.1 604/609(99%)
16 Cryptococcus terricola HW3-2 AMO039670.1 608/612(99%)
17 Cryptococcus zeae YH41-1 AM748533.1 599/605(99%)
18 Cyberlindnera mrakii HHW4-1 KY849583.1 582/585(99%)
19 Cyberlindnera saturnus HHW20-1 KU316712.1 575/579(99%)
AHW17-1 KT895984.1 577/579(99%)
20 Cystobasidium slooffiac HYHI2-1 JQ277256.1 594/596(99%)
21 Debaryomyces hansenii HYH2-1 KU316715.1 574/575(99%)
22 Dioszegia buhagiarii NNIBRFG28279 AY562151.1 561/570(98%)
23 Dioszegia hungarica HWI124a ABS558455.1 594/609(98%)
24 Hannaella oryzae AHWI-1 KT895972.1 603/609(99%)
YH41-4 JN544025.1 592/598(99%)
25 Holtermanniella takashimae HW14-2 MF448307.1 598/599(99%)
26 Leucosporidium golubevii HW15-1 DQ513269.1 594/601(99%)
27 Moesziomyces aphidis HYH31-1 KY992087.1 617/624(99%)
28 Papiliotrema aspenensis HWI13-3 KX621788.1 576/577(99%)
29 Papiliotrema flavescens YH35-3 MF448286.1 599/600(99%)
30 Papiliotrema laurentii YH13-1 KX118629.1 605/609(99%)
31 Pichia occidentalis YH13-2 GU373797.1 561/563(99%)
32 Pichia pijperi YH33-1 AB449698.1 558/563(99%)
33 Pseudozyma graminicola HYH21-1 HQ637570.1 588/588(100%)
34 Rhodosporidiobolus fluvialis YH3-1 KU316718.1 579/580(99%)
35 Rhodotorula glutinis HWS5-2 MF045460.1 588/590(99%)
36 Rhodotorula ingeniosa AHWS5-2 AJ749834.1 596/599(99%)
37 Rhodotorula mucilaginosa HYH23-1 AF335987.1 580/583(99%)
38 Rhodotorula oryzicola HHWI13-1 AY335161.1 547/549(99%)
HYH25-2 AB863570.1 498/504(99%)
39 Rhodotorula taiwanensis YH41-2 KR995814.1 553/554(99%)
40 Rhodotorula vanillica HWI12-2 KC442286.1 592/594(99%)
41 Saturnispora silvae HW14-1 Fl463644.1 534/535(99%)
42 Sporobolomyces carnicolor HW21-2 KU316784.1 578/582(99%)
43 Sporobolomyces japonicus NNIBRFG28271 AY070009.1 569/577(99%)
44 Sporobolomyces phaffii AHW14-1 KU316719.1 574/576(99%)
45 Torulaspora delbrueckii YH39-1 FJ468458.1 573/573(100%)
46 Trichosporon moniliiforme AYH4-3 KU316725.1 597/598(99%)
YH4-1 KT895976.1 604/607(99%)
47 Ustilago trichophora HYH33-1 AJ236141.2 611/617(99%)
48 Ustilentyloma graminis YH24-1 MF448317.1 575/577(99%)
49 Ustilago spermophora NNIBRFG28273 FJ527112.1 579/580(99%)
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Table 2. Isolated wild yeasts from freshwaters and soils in seashore of Cheongpodae beach of Taean,

Chungcheongnam-do, Korea. (to be continued)
No. Putative species Isolated No. Related GenBank No. Identity (%)
1 Aureobasidium pullulans TC4-1 JX067768.1 585/618(95%)
HTC29-1 MF979208.1 564/567(99%)
2 Bullera pseudoalba CPD10-2 KC006449.1 591/594(99%)
3 Candida bombiphila CPD22-4 LT631807.2 562/568(99%)
4 Candida catenulata CPD33-1 LN998135.1 458/458(100%)
5 Candida cretensis TC7-1 KU316775.1 609/615(99%)
6 Candida haemulonii CPD2-1 EU568918.1 295/300(98%)
7 Candida natalensis NNIBRFG31591 KJ794716.1 560/563(99%)
8 Candida parapsilosis CPD3-1 KY296076.1 609/614(99%)
HCPD3-1 KU316730.1 609/613(99%)
ACPD194 EF063136.1 599/604(99%)
9 Candida pseudorhagii NNIBRFG31592 EF120600.1 527/533(99%)
10 Candida tropicalis ATC9-3 FJ432611.1 606/614(99%)
TC19-1 AJ749824.1 608/614(99%)
ACPD224 FJ432611.1 607/618(98%)
11 Candida vartiovaarae TC27-1 KU316734.1 612/619(99%)
12 Clavispora lusitaniae HCPD23-1 FJ627986.1 552/557(99%)
13 Cryptococcus adeliensis ACPD9-1 KT239028.1 594/594(100%)
14 Cryptococcus aureus TC3-1 KT895965.1 632/641(99%)
15 Cryptococcus flavus HTCl16-2 EU177572.1 631/639(99%)
CPD15-3 EU523632.1 572/574(99%)
16 Cryptococcus friedmannii CPD28-1 KP789311.1 588/590(99%)
17 Cryptococcus laurentii HTC31-1 KU316736.1 626/641(98%)
CPD18-1 KP789312.1 594/596(99%)
18 Cryptococcus magnus ATC34-1 AY242120.1 634/643(99%)
TC34-1 AY242120.1 637/643(99%)
19 Cryptococcus victoriae ATC3-1 AJ749830.1 626/639(98%)
20 Cyberlindnera saturnus TC11-1 KU316712.1 614/617(99%)
21 Debaryomyces hansenii ATC19-2 KU316714.1 605/612(99%)
HTC19-1 KR062070.1 573/590(97%)
HCPD32-1 FJ432605.1 594/600(99%)
22 Diutina catenulata ACPD38-3 KU167676.1 455/455(100%)
23 Hannaella oryzae TC22-3 IN544025.1 608/613(99%)
24 Hannaella sinensis TC29-2 AF363648.1 617/625(99%)
25 Hannaella zeae ATC29-5 KY826437.1 576/597(96%)
26 Kluyveromyces lactis TC35-1 HE660059.1 582/588(99%)
27 Metschnikowia bicuspidata TC10-2 EU285506.1 556/560(99%)
28 Metschnikowia koreensis ACPD2-1 KC160550.1 500/500(100%)
29 Meyerozyma guilliermondii CPD8-3 KU316708.1 609/613(99%)
HCPDS-1 JQ965868.1 579/580(99%)
30 Moesziomyces aphidis ACPDS-1 KY992087.1 644/648(99%)
31 Naganishia globosa ATC2-1 KU316758.1 625/636(98%)
32 Nakazawaea pomicola NNIBRFG31590 JF749218.1 555/559(99%)
33 Papiliotrema aurea ACPDI10-2 JN004200.1 591/595(99%)
34 Papiliotrema flavescens ATC7-1 MF045447.1 634/641(99%)
TC22-2 MF045447.1 635/640(99%)
35 Pichia guilliermondii TCl14-1 AM160625.1 608/613(99%)
HCPD19-1 FJ432597.1 611/615(99%)
ACPD22-2 AY894828.1 600/605(99%)
36 Pichia kudriavzevii CPD19-2 KY296068.1 602/608(99%)
37 Pichia scolyti HTC22-1 U45788.1 514/520(99%)
CPD40-2 EF042018.1 483/487(99%)
38 Pseudozyma antarctica CPD28-2 JQ650240.1 635/642(99%)
39 Pseudozyma aphidis CPD84 TX049426.1 598/598(100%)
HCPDS-2A GU373766.1 606/611(99%)
40 Pseudozyma hubeiensis ACPDI-2 K(C845938.1 592/594(99%)
41 Pseudozyma pruni ACPD23-2 EU379943.1 633/639(99%)
42 Rhodosporidium paludigenum ACPD3-1 FJ463627.1 560/560(100%)
43 Rhodotorula mucilaginosa ATC22-1 KU316772.1 608/614(99%)
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Table 2. Isolated wild yeasts from freshwaters and soils in seashore of Cheongpodae beach of Taean,

Chungcheongnam-do, Korea.
No. Putative species Isolated No. Related GenBank No. Identity (%)
HTC25-1 AF335987.1 607/615(99%)
44 Rhodotorula nothofagi TC22-1 KC006668.1 613/620(99%)
45 Rhodotorula paludigena CPDg-2 KX771202.1 558/558(100%)
46 Rhodotorula taiwanensis CPD15-1 KR995814.1 554/555(99%)
47 Rhodotorula toruloides ATCI12-1 KU316747.1 602/616(98%)
48 Sarocladium strictum CPD17-3 KF488736.1 479/483(99%)
49 Saturnispora silvae ACPD19-3 KU167683.1 537/537(100%)
50 Scheffersomyces shehatae ATC1-1 JQ714021.1 604/613(99%)
51 Vanrija humicola CPD5-1 KU316773.1 634/637(99%)
52 Yamadazyma mexicana ACPD32-2 KMB816739.1 517/518(99%)
53 Yamadazyma mexicana CPD32-1 KMB816739.1 516/517(99%)
54 Zygoascus polysorbophila CPDI19-1 LC060996.1 585/590(99%)
55 Zygosaccharomyces rouxii CPD22-6 JX848543.1 539/539(100%)

Table 3. Isolated wild yeasts from freshwaters and soils in Suncheonman marshland of Jeollanam-do, Korea.

No. Putative species Isolated No. Related GenBank No. Identity (%)
1 Aureobasidium proteae ASCM4-5 HER02542.1 566/566(100%)
2 Aureobasidium pullulans SCM4-8 JX067761.1 614/614(100%)
ASCM5-1 KR995769.1 544/544(100%)
3 Auriculibuller fuscus SCM4-7 AM748525.1 615/627(98%)
4 Barmnettozyma californica SCM19-3 DQ377655.1 633/633(100%)
5 Candida homilentoma SCM35-2 EU523619.1 497/497(100%)
6 Candida melibiosica SCM30-3 MN203651.1 509/511(99%)
7 Candida pseudolambica SCM1-1 KU316731.1 602/602(100%)
8 Candida santamariac NNIBRFG31593 GQ911489.1 565/565(100%)
9 Candida zeylanoides SCM32-1 KU316697.1 608/613(99%)
10 Clavispora lusitaniae HSCM27-1 KJ756765.1 495/495(100%)
11 Cryptococcus aureus SCM39-1 KT895965.1 640/640(100%)
12 Cryptococcus bestiolae SCM26-1 AY917100.1 593/595(99%)
13 Cryptococcus flavus SCM15-1 EU177572.1 639/639(100%)
14 Cryptococcus laurentii ASCM16-1 KU316735.1 583/583(100%)
15 Cryptococcus podzolicus SCM3-1 FN428938.1 615/616(99%)
16 Cutaneotrichosporon terricola NNIBRFG31594 KU167667.1 580/583(99%)
17 Cyberlindnera fabianii SCM30-1 LK392383.1 607/615(99%)
18 Debaryomyces hansenii HSCM12-1 JQ916047.1 563/563(100%)
19 Hannaella kunmingensis SCM16-1 FI828962.1 567/587(97%)
20 Hanseniaspora opuntiae SCM26-1 KU316739.1 615/615(100%)
HSCM26-1 KP975393.1 568/568(100%)
21 Lachancea thermotolerans SCM36-1 JX129903.1 557/557(100%)
ASCM4-2 KT922407.1 556/557(99%)
22 Meira nashicola NNIBRFG31595 JX896169.1 565/566(99%)
23 Metschnikowia viticola ASCM26-1 IN544019.1 493/496(99%)
24 Meyerozyma guilliermondii HSCM6-1 KY108543.1 564/564(100%)
ASCM35-2 MN123970.1 564/564(100%)
25 Moesziomyces aphidis ASCM35-1 KY992087.1 600/600(100%)
26 Papiliotrema flavescens SCM12-3 MF045447.1 640/640(100%)
27 Pichia manshurica HSCM13-1 KF268291.1 547/547(100%)
28 Pseudozyma antarctica SCM27-1 JQ650240.1 597/598(99%)
29 Pseudozyma aphidis ASCM9-2 KC763347.1 583/583(100%)
30 Pseudozyma tsukubaensis HSCM4-2 LC333508.1 589/590(99%)
31 Rhodosporidiobolus fluvialis ASCM19-1 KU316718.1 570/570(100%)
32 Saccharomyces cerevisiae HSCM15-1 MF966571.1 568/568(100%)
33 Sporobolomyces camicolor SCM4-1 KU316784.1 614/614(100%)
34 Trichosporon moniliiforme SCM40-1 KT895976.1 639/639(100%)
ASCM40-1 KU316725.1 591/591(100%)
35 Vanrija humicola SCM26-1 KU316773.1 637/637(100%)
36 Wickerhamomyces anomalus SCM2-1 HF952838.2 616/616(100%)
ASCM5-2 MEF769591.1 563/563(100%)
HSCM5-1 KP171608.1 570/570(100%)
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Table 4. Microbiological characteristics of unrecorded wild yeasts from Cheonnaegang of Geumsan-gun, Cheonpodae beach of Tacan and

Suncheonman marshland in Korea.

Candida michaelii ~ Sporobolomyces japonicus  Dioszegia buhagiarii

Ustilago spermophora  Nakazawaea pomicola

Characteristics NNIBRFG28278  NNIBRFG28271 NNIBRFG28279  NNIBRFG28273  NNIBRFG31590
Morphological characteristics
Shape/size (pm) Oval/ 1.3 X0.8 Oval/2.0 X 12 Oval/ 14X 1.0 Oval/ 1.8 X 1.1 Oval/1.5X 12
Vegetative reproduction Budding Budding Budding Budding Budding
Spore/ Pseudomycelium -/- ++ -/- -/- -/
Cultural characteristics
Growth on YPD /YM/PD media A HAHA A+ A A
Color on YPD medium cream pink cream cream White
Growth:
Vitamin-free medium - + - ++ +
10/20% glucose YPD medium +H+ +H/+H +H/+H +H/+H +H/+H
5/15% NaCl YPD medium +- A+ +/- +H- -
5/10% ethanol YPD medium -/- -/- ++ ++ -/-
Heavy metal resistance” All Part Part All All
Growth on temp/ pH 20-40°C/ pH 6-7 20-30°C/ pH 4,6-8 20-40°C/ pH 6-7 20-30°C/pH 4-8 20-30°C/pH4-8

+; Growth; -: No growth; YPD: yeast extract-peptone-dextrose; YM: yeast extract-malt extract; PD: potato dextrose
* All: growth in 400 ppm of Pb?, Hg?, Li”%, Co™, Cu™', Fe’" and Zn™"; Part: all except Zn’

Table 4. Microbiological characteristics of unrecorded wild yeasts from Cheonnaegang of Geumsan-gun, Cheonpodae beach of Tacan and

Suncheonman marshland in Korea.

. eristics Candida michaelii ~ Sporobolomyces japonicus  Dioszegia buhagiarii

Ustilago spermophora  Nakazawaea pomicola

NNIBRFG28278 NNIBRFG28271 NNIBRFG28279 NNIBRFG28273 NNIBRFG31590
Morphological characteristics

Shape/ Size (um) Oval/ 1.7 X 1.6 Global/ 12X 1.2 Oval/1.7X 1.3 Global/ 1.3X1.3 Oval/2.1 X0.6

Vegetative reproduction Budding Budding Budding Budding Budding

Spore/ Pseudomycelium +/- -/- - -/ -/
Cultural characteristics

Growth on YPD /YM/PD media A RYaras A+ H/AHA RYaras

Color on YPD medium cream cream White White cream

Growth:

Vitamin-free medium + - + - -

10/20% glucose YPD medium ++ +HH+ 4+ +HH+ +H+

5/15% NaCl YPD medium +- +- +- +H+ -/-

5/10% ethanol YPD medium +H+ -- +H ++ /-

Heavy metal resistance” All All All Part All
Growth on temp/ pH 20-40°C/pH 6-7 20-40°C/ pH 5-7 20-40°C/pH 6-7 20-40°C/pH 6-7 20-30°C/pH 6-7
+: Growth; -: No growth; YPD: Yeast extract-peptone-dextrose; YM: Yeast extract-malt extract; PD: Potato dextrose.

* All: growth in 400 ppm of Pb™?, Hg?, Li'”%, Co™, Cu*', Fe’" and Zn®"; Part; all except Zn’
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Fig. 1. Phylogenetic tree of the unrecorded yeasts isolated from freshwaters and soils of Cheonnaegang
in Geumgang upstream, 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. The bar indicates the
number of substitutions per position. The new isolates from the present study are shown in bold and its
detailed characteristics were described in Table 4.
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i
Fig. 2. Phylogenetic tree of the unrecorded yeasts isolated from freshwaters and soils of Cheongpodae
beach in Taean and Suncheonman marshland in Suncheon, 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. The bar indicates the number of substitutions per position. The new isolates from the
present study are shown in bold and its detailed characteristics were described in Table 4.
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