The Korean Journal of Mycology

www.kjmycology.or.kr

RESEARCH ARTICLE

EZ0jiA 22/ot Xt 22 Wickerhamomyces
sp. GW1-42t Archaeorhizomyces sp. YB4-1032|

E M
K =]

Characterization of Ascomycetous Yeast
Species Wickerhamomyces sp. GW1-4 and
Archaeorhizomyces sp. YB4-103 isolated from
Soil

JiYun Son, and Myung Kyum Kim’

Department of Bio & Environmental Technology, College of Natural Science, Seoul Women’s University,
Seoul 01767, Korea

"Corresponding author: biotech@swu.ac.kr

ABSTRACT

The study was undertaken to isolate and characterize wild yeast strains from soil samples

'.) collected in Seoul, Korea. Among the 19 yeast strains obtained, 17 were previously recorded
R species. The remaining two strains, Wickerhamomyces sp. GW1-4 and Archaeorhizomyces
_updates sp. YB4-103 were new species candidates. The genomic and microbiological characteristics
of GW1-4 and YB4-103 were investigated. Phylogenetic analyses based on the 26S rRNA gene
@ OPEN ACCESS sequences and internal transcribed sequences, GW1-4 and YB4-103, represent a distinct
PISSN : 0253-651X lineage within the family Phaffomycetaceae and Archaeorhizomycetaceae, respectively. The
eISSN + 2383-5249 GW1-4 and YB4-103 strains had the highest sequence homology with Wickerhamomyces
Kor. J. Mycol. 2023 December, 51(4): 361-371 xylosivorus NBRC 111553" (88.97%) and Archaeorhizomyces finlayi CBS 128710" (87.55%),
https://doi.org/10.4489/kjm.20230036 respectively.
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U EJoA= ot oY RS0 Hol EA5tH S R-50] vl YRHAQl HjA| £ o]
85to] opofFet aR 5o BiYE I Uk sfelolA= o] Egl ot obA] ol A R A
55t 1)7] 5-F(unrecored species)” | 0] AR 1L QLo H, AAA oM e WREE|A] &2 Al
Z(new species)?] 7Hs/d0] =2 AT E GRS F50] s 1 Qloi 1] ol A = hefet
opY B S Wt AR A 0 & o] 85l A} ok o] g sitt

Wickerhamomyces <& @252 A v #(Ascomycota)©l] £3}H, Saccharomycetes,
Saccharomycetales, Phaffomycetaceae®l] < ]'q 7P LukA 0 2 2k Saccharomyces <5 G %2.9F
22 F(phylum), 7 (class), S(order)ll &3l I A] Saccharomyces < T2} ]SS E4J-& HO|
a1 AtH2]. Wickerhamomyces < & 252 79 2] AP 2K ascospore) =+ HAF X Y (hat-shaped)
O] ARG EALE Y dobH, HlEhE-S wolobA] Zokal, Al W) 2 F=C0 % §H|F= Q7= 7t

]—'— ME]"

Archaeorhizomyces 52 Wickerhamomyces <5 & X.9F OFR7}R] 2 2P+ (Ascomycota)
ofl &5}FA] T Archaeorhizomycetes, Archaeorhizomycetales, Archaeorhizomycetaceae®l| <5$HC}H4]
Archaeorhizomyces 52 Saccharomyces < & U Wickerhamomyces <4 G52 9F= T2 EXS B
o=t d7o] Le|il, & AlF Hejet I H EQfol|A &5] W= POl FE Y

B4 Avto]| w2 H, Archaeorhizomycetes &2+ EQFC] MA| &2
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AEA Ul E94K37°39412'N 127°04'57.0"E)RllA] AE-S AH5Iich HrE FHof 9 mLo)
BH4E 9 EFAHES 1 g 9ol 34, dE sl o] gl 1OHH& % } oz 5|Ms}
o] yeast extract peptone dextrose (YPD, BD Difco, Franklin Lakes, USA) $F B 2] (pH 3.7-5.0)°1] 100 1t
L# E55to] e S 10°CollA] 3-5 B st HAet a2 #F 5 YRS At a4 &
25} th6]. YPD $H4 B Z] = chloramphenicol (0.4 g/mL) 0.04%, sodium propionate (0.2 g/mL) 0.02%
£ *7ksto] A5kt

gt §17.0] 542 2l 265 IDNAS] D1/D2 regions NL1, NL4 primers- ©]-8-51%] PCR 3=
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35 71X B = A6 7). SRS A7 A D2 vl= =3 A&7 HANE| (National Center for
biotechnology Information, NCBI)2] Basic Local Alignment Search Tool (BLAST) H|°]E{H|o] A - 0]
83l o2 579| DI/D2 FY A7 F3te] FH5/dS H w1, Clustal X 2.0 ZE1513- 0]
goto] i AP ET} vl 1, HHIATHS]. A5 MEGA 11.0 X2 71840]| A neighbor-joining
methodS AF&3t0] TEAITHY] 54 AR £ A% TR 80 FREL AE FH gu9)
S &5 ohetstr] 9l 5.8S tDNA Y ITS Y2 ITS1, ITS4 primerS ©]-&5}0] PCR 2235+
5 A7 LGS EA5IITH10]. tEE7FA 2 NCBIQ] BLAST H|O]EfH|o] AE o] 83lof th2 § &
9 ITS ME 1] 573+ HWSHL, Clustal X 2.0 L2 T5E 0]-85}0] T A H S} H] L
Aa}elth A5 5.8S rRNA, ITS ¥ L D1/D2 Y2 &5t MEGA 11.0 51%401]*1
neighbor-joining method S AF-8-5+0] 715531}

2 ulopet Emo] Sejol=olx 7i2e el F5E Helsto] deto|= Zeka gio] U %f—T
ol AL A 22442 SlolSic) P4 elnl B2 Bejol AES) 2], Bololss o
QIsteict.

aro| g4 S S7517] 2l AP 20C AUX kit (bioMerieux, Hazelwood, Mo.)E ©]-85
Atk YPD $Hd sl x| of| A] B St S O} suspension medium (2 mL)°Y| 37 2 McFarland BH=0|
gkeo] s|M5IQlt B s B 75 2322 API C Medium®| 100 pLA] do] 7|27} 43712
B E AT APIC medium®] w5 AEG Q] 50| 7|27} 7] 4] g wjElE o]
ol A5k EFokqiTt o] 5 30°CollA] 48-72A17F i FSHRITE. S/ TRt} vl wsto] S =7}
=2 e P RRo 2 ANE 7SS 11].

ré

Eohate] EQfol|A] op EH5-S 195 F]5I3ITh 268 rRNA 3-%1219] DI/D2 Y-S AlEA
1 Aoj7 ME S n] = ZHAYEY HANE](NCBI, http:/ncbinim.nih.gov)2] t|o]EH|o] AZ E3]
S5kt O Axt AE 2 BE] Archaeorhizomycetaceae 1 7] w5, Phaffomycetaceae 1 7H w5+ 1
2] Saccharomycodaceae 17 7H w5, & 19 7] 757} £-2] =] I TH(Tablel).

B3t 19 7 FF FollA, GW14 T-F-= Wickerhamomyces xylosivorus NBRC 1115537 w522}
88.97%2] DI/D2 ¥ SALES Bt} T18]11, YB4-103 3= Archacorhizomyces finlayi CBS
128710" 752} 87.75%2] DI/D2 B AL S B webr], & d5= A1F TH 2 prs] o]

o] & A&l Asystoict
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Table 1. A list of wild yeasts strains isolated from soil samples of Mt. Buramsan in Seoul, Korea.

Phylum Class Order Family StainID  Most closely related species  26S rDNA similarity (%) Record in Korea
Ascomycota  Archacorhizomycetes Archacorhizomycetales ~ Archacorhizomycetaceae ~ YB4-103 Archaeorhizomyces sp. 88 Unreported
Saccharomycetes Saccharomycetales Phaffomycetaceae GW14 Wickerhamomyces sp. 89 Unreported
Saccharomycodaceae YPD BB-1 Hanseniaspora guilliermondii 9 Reported
YPD BB4  Hanseniaspora guilliermondii 9 Reported
YPD BB-8 Hanseniaspora guilliermondii 9 Reported
YPD BB-12 Hanseniaspora guilliermondii 9 Reported
YPD BB-15 Hanseniaspora guilliermondii 9 Reported
YPD BF4  Hanseniaspora opuntiae 100 Reported
YPD BF-5  Hanseniaspora opuntiae 100 Reported
YPD BF-6  Hanseniaspora opuntiae 100 Reported
YPD BF-7  Hanseniaspora opuntiae 100 Reported
YPD BF-8  Hanseniaspora opuntiae 100 Reported
YPD BF9  Hanseniaspora opuntiae 100 Reported
YPD BF-10  Hanseniaspora opuntiae 100 Reported
YPD BF-11  Hanseniaspora opuntiae 100 Reported
YPD BF-12  Hanseniaspora opuntiae 100 Reported
YPD BF-13  Hanseniaspora opuntiae 100 Reported
YPD BF-14  Hanseniaspora opuntiae 100 Reported
YPD BF-15  Hanseniaspora opuntiae 100 Reported

M

MgE B0 N 38 FFE0 EAISE 9]

A5 1 2 MHE = Wickerhamomyces sp. GW1-4 752} Archaeorhizomyces sp. YB4-103 w52
DID2 Y& 7|E0 8 2AF TN F7IME FALES RIS GW14w+2] DI/
D2 Y A71AMF-2 Zo)7t 503 bp ©|UL, ITS FYG-2 Zo|7} 491 bp 0|3lL}. o] A7 M HEL
GenBank®l] 5251912, D1/D2 JY accession &= OR764776°] 11, ITS 9 accession S+
OR8258220]t}. 5 GW1-42} Wickerhamomyces xylosivorus NBRC 111553" 52 B gt A3t
DI/D2 P2 11.03%2] H7IME 2to] & A OH, ITS Y2 1486%2] A7IH L AolS EA
=

YB4-10375:2] DI/D2 9% A7|14192] Zol+=509 bp O L ITS B B71AHe] Zol=326
bp ©] 31tk 0] P71 BE-L GenBankol| 5231921, D1/D2 Y accession 3= OR764775°]
0, 1TS Y accession 5= OR825823°] Tt

T3 YB4-103-2 Archacorhizomyces finlayi CBS 128710" 2} 9.5%2] D1/D2 ¥ 2] ¥7|- 4
FALE 2ol & B o, ITS 2] A7 E FAHE 2tol= 8.83%E E Tt DI/D2 G0l
A 371 @719] xgho] YERS wf M2 THE F(species) 2= 5= 7= H-&3dto[12],
Z GW1-4+ Wickerhamomyces 4501 &8h= 415 TR f5etal WHE| Q1A 5 YB4-103=
Archaeorhizomyces 01| &0k A1E H el W=l DI/D2 Fe] A7|1MEE o] &
5] neighbor-joining 7|'H 0 2 /8 H T #5+2] Al'54= ZH2} Fig. 13} Fig. 201 YR QITH B3
ITS Y9 5-E] DI/D2 GH7HA] o] 7] M E JEE 0] &3] neighborjoining 71 2] AlE+S
2t 1812 Z}2} Fig. 39} Fig. 42+ 29kt
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1091: Wickerhamomyces xylosivorus NBRC 1115537 (NG 057186)
Wickerhamomyces menglaensis NYNU 16737 (NG 228761)

Candida jianshihensis CBS 105917 (NG 057182)

89|
———— Wickerhamomyces sp. GW1-4 (OR764776)
Wickerhamomyces alni NRRL Y-11625T (NG 057159)
73 Wickerhamomyces bisporus NRRL Y-1482T (NG 057161)

T 73 Candida ulmi NRRL YB-2694T (NG 057160)
Candida quercuum NRRL Y-12942T (NG 057158)

Wickerhamomyces mori CBS 12678 (NG 064343)
—— Candida peoriensis NRRL YB-1497T (NG 057166)

100 Wickerhamomyces rabaulensis NRRL Y-79457 (NG 057165)

98L Candida odintsovae CBS 60267 (NG 057183)

Pichia rarassimilans CBS 109017 (NG 055081)
# Debaryomyces subglobosus JCM 19897 (NG 055699)
Debaryomyces hansenii NRRL Y-74267 (NG 042634)

1 oo‘

Debaryomyces vindobonensis CBS 11666 (NG 055692)

Saccharomyces cerevisiae NRRL Y-126327 (JQ689017)
|
0.02

Fig. 1. Neighbor-joining phylogenetic tree based on the nucleotide sequences of D1/D2 region of 26S rDNA showing the position of novel yeast
GW1-4. The tree was generated by the neighbor-joining method, using MEGA11. Bootstrap values (>70%) are shown at the branch nodes. Bar,
0.02 substitutions per nucleotide position. Saccharomyces cerevisiae NRRL Y-12632" was used as an outgroup. "type strain.

Cadophora fascicularis P2794T (MN339414)

Ypsilina graminea CBS 1146307 (NG 070450)

100 L
Collembolispora aristata CPC 211457 (NG 042760)

\_’iPaMidaphorina paarla CBS 1208777 (MK314610)

\—Lepl‘odonticﬁum boreale CBS 682.76T (NG 067409)

100 Hymenoscyphus waikaia ICMP 195997 (NG 064344)

51 ———Chalara longiphora CGMC 3.23418T (NG 228996)
Dactylelia cylindrospora CBS 325.707 (NG 064078)
100
Arthrobotrys polycephala CBS 175.377 (NG 063983)
Archaeorhizomyces borealis NS99-6007 (KF993708)

100 fAmhaeorhizomyces finlayi CBS 1287107 (NG 084244)

%
‘ Archaeorhizomyces sp.YB4-103 (OR764775)

‘Sugiyamaella floridensis NRRL YB-3827T (NG 042435)
100 Sugiyamaeila boreccaroliniensis CBS:103447 (KY106370)
100 ) .
Sugiyamaella yunanensis NYNU 1610597 (NG 228840)

Phillipsia gelatinosa MFLU 15-2360T (NG 228762)

—_—
0.050

Fig. 2. Neighbor-joining phylogenetic tree based on the nucleotide sequences of D1/D2 region of 26S rDNA showing the position of novel yeast
YB4-103. The tree was generated by the neighbor-joining method, using MEGA1. Bootstrap values (>70%) are shown at the branch nodes.
Bar, 0.05 substitutions per nucleotide position. Phillipsia gelatinosa MFLU 15-2360" was used as an outgroup. 'type strain.
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100 Wickerhamomyces mori CBS 126787 (NR_160438/NG_064343)
—_.

100 andida odintsovae CBS 60267 (NR_077084/NG_057183)

Debaryomyces subglobosus JCM 19897 (NR_130692/NG_055699)

100 100 Pichia rarassimilans CBS:10901T (KY104644/NG_055081)

— Wickerhamomyces sp. GW1-4 (OR825822/0OR764776)

100 Wickerhamomyces menglaensis NYNU 16737 (NR_185525/NG_228786)
1

00 Wickerhamomyces xylosivorus NBRC 1115537 (NR_155013/NG_057186)
Wickerhamomyces aini CBS 69867 (NR_154966/NG_057159)

Wickerhamomyces rabaulensis CBS:6797" (KY105914/NG_057165)

Candida peoriensis CBS:8800" (KY102329/NG_057166)

L Candida quercuum CBS 64227 (NR_154962/NG_057158)

L Wickerhamomyces bisporus CBS:1890" (KY105897/NG_057161)

Debaryomyces vindobonensis CBS:11666" (KY103298/NG_055692)
Debaryomyces hansenii NRRL Y-74267 (KY103298/NG_042634)

Candida jianshihensis CBS:105917 (KY102165/NG_057182)

Saccharomyces cerevisiae CBS 11717 (NR_111007/JQ689017)

—

0.050

Fig. 3. Phylogenetic tree based on the concatenated sequences of the internal transcribed spacer (ITS) regions and D1/D2 region of the large
subunit (LSU) rRNA gene and constructed by the neighbor-joining method, showing relationships of a novel species candidate GW1-4 and
closely related species. Saccharomyces cerevisiae CBS 1171" was used as an outgroup. Bootstrap values (>70%) are shown at the branch nodes.
Accession numbers were shown in parentheses. Bar, 0.05 substitutions per nucleotide position."type strain.

Cadophora fascicularis P2794T (KT269992/MN339414)
Ypsilina graminea CBS 1146307 (NR 160217/NG_070450)
100
Collembolispora aristata CPC 211457 (NR 111830/NG_042760)
Chalara longiphora HMAS 3521777 (NR 187032/NG_228996)

Leptodontidium boreale CBS 682.767 (NR 145270/NG_067409)

100| Pallidophorina paarla CBS:120877T (NR 119749/MK314610)

————— Hymenoscyphus waikaia ICMP:195997 (KC164646/NG_064344)

Arthrobotrys polycephala CBS 175.37T (NR 160072/NG_063983)

m Dactylella cylindrospora CBS 325.707 (NR 145394/NG_064078)

Archaeorhizomyces sp. YB4-103 (OR825823/OR764775)

100

Archaeorhizomyces finlayi CBS 128710 (NR 121541/NG_064244)

100
Archaeorhizomyces borealis NS99-6007 (KF993708)

Sugiyamaella bahiana UFMG CM-Y304T (NR 155810/ NG_059957)

100 Sugiyamaella yunanensis NYNU 1610597 (NR 185580/NG_228840)

100 Sugiyamaella boreocaroliniensis CBS 10344 (NR 165963/KY106370)

100
Sugiyamaella floridensis NRRL YB-3827T (NR 111230/NG_042435)

Phillipsia gelati MFLU 15-2360" (NR 185381/NG_228762)

—

0.050

Fig. 4. Phylogenetic tree based on the concatenated sequences of the internal transcribed spacer (ITS) regions and D1/D2 region of the large
subunit (LSU) rRNA gene and constructed by the neighbor-joining method, showing relationships of a novel species candidate YB4-103 and
closely related species. Phillipsia gelatinosa MFLU 15-2360" was used as an outgroup. Bootstrap values (>70%) are shown at the branch nodes.
Accession numbers were shown in parentheses. Bar, 0.05 substitutions per nucleotide position."type strain.
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A1E SR 2 2|5 AHH Wickerhamomyces sp. GW1-4 52} Archaeorhizomyces sp. YB4-103 o
0] 54 £/ Table 201 BRI 2™, 91/t An|7d o & ¥t = 529] cell AR Fig,
50 UERARIT}. 75 GW14+= 2| AE?] Wickerhamomyces xylosivorus NBRC 111553" 752}
Bk A, Fejeh o 2 AR 542 HolFlth12]. 2L, & YB4-103= HAE
Archaeorhizomyces finlayi CBS 128710" w+5-2} B] w gt A}, e} 0 2 tf2 EAS HojFgl
T}, Archaeorhizomyces finlayi CBS 128710" 5= budding®] =] 2] G2 HIHo|, 3 YB4-103
+ budding®] HHE|UTH4]. o] AF FH 50| FEjA v EHo= T 5 BF AL
o] Fei7t EF o] AL, Sotsto] P SASHAT &8 5 GW1-42] A|EE2] 27]=3.0-52 um
X 3.0-5.0 pmO| ™ T3 YB4-1032] A|E 37]=4.0-6.0 pm X 2.0-3.0 pmo| 3t} 54E Gw142t
YB4-103 7= 85 A2 eH 5 An &30l 22 KACC 4103592 KACC 41036022 7]
galgict.

Table 2. Mycological characteristics of Wickerhamomyces sp. GW1-4 and Archaeorhizomyces
sp. YB4-103.
Strain ID GW14 YB4-103
Morphological characteristics
Shape Round Round
Vegetative reproduction Budding Budding
API20C AUX

Glucose + +
Glycerol + -

Calcium 2-keto-gluconate
L-Arabinose
D-Xylose +
Adonitol w w
Xylitol - w
D-Galactose - W
Inositol - -
D-Sorbitol + -
Methyl-a-glucoside - W
N-Acetyl-D-glucosamine - +
D-Cellobiose + w
D-Lactose (bovine origin) - -
D-Maltose - -
D-Saccharose (sucrose) - +
D-Trehalose - -
D-Melezitose - -
D-Raffinose - +

All data were obtained in this study.

+: positive; w: weakly positive; -: negative.
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Fig. 5. Morphology of cells from strain GW1-4 and strain YB4-103 mcubated at 25°C. All strains
were grown after 3 days on yeast extract peptone dextrose (YPD) agar. The budding cells of
Wickerhamomyces sp. GW1-4 (A) and Archaeorhizomyces sp. YB4-103 (B). bars, 10 um. The colonies
of Wickerhamomyces sp. GW 14 (C) and Archaeorhizomyces sp. YB4-103 (D).

8D ME SH FFEE| EtAR 2
Wickerhamomyces sp. GW1-42] &4 53} 7hs o8 =4 At th23-3F 2ttt Glucose,
glycerol, D-xylose, D-sorbitol 12] 1 D-cellobioser= ¥/, adonitol-> 2Ft Y4, calcium 2-keto-

0x

x
5

‘F

B\

gluconate, xylitol, L-arabinose, N-acetyl-D-glucosamine, D-galactose, inositol, methyl-a-D-glucoside,
D-lactose (bovine origin), D-maltose, D-saccharose (sucrose), D-trehalose, D-melezitose 12|31
D-raffinoset= /30| ATE GW1-4 5= 2| ZAZ Wickerhamomyces xylosivorus NBRC
111553" w522} EhAY Aol A = 2fo] & BTt GWI14 w5 adonitol, D-sorbitol, N-acetyl-D-
glucosamine, D-trehalose, D-raffinose] Bt &4 =7 A atof|A] 2to| & LFERHATH12].
Archaeorhizomyces sp. YB4-103 #52] €t4% 538} 75 o 7 &4 A3t oh33 29dth
Glucose, N-acetyl-D-glucosamine, D-saccharose (sucrose) —L2] 1 D-raffinose= &d, adonitol, xylitol,
D-galactose, methyl-a-D-glucoside ~12] 21 D-cellobiose= 2FS+ &3, glycerol, calcium 2-keto-gluconate,
L-arabinose, D-xylose, inositol, D-sorbitol, D-lactose (bovine origin), D-maltose, D-trehalose 12|l

D-melezitose= =3 0| ATt

ink

EoMt EF A Zoll A oY &R 19 FF2 22|5}9ich &0 DI/D2 YYTHITS Y2
0% opy ARE SH5}] 11277}1] BT ke AE TR EW ) FFE ARSI Al
SH §Y GWI4 339t YBA-103 FF= A} 0|1} API 20C AUX kitS 35 2512 E4
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& ZARIAH: GW14 522 YB4-103 w72] Al 22 EfglRoln, #8-2 E55laL, RE

2] FEfE B oAtk 75 GW14+ glucose, D-sorbitol, 12 1 D-cellobiose S, 75 YB4-103+
glucose, N-acetyl-D-glucosamine, D-saccharose, 12|l D-raffinoseS BHAY O 2 ARSE 4~ 91 S-S
ghelstirt.

Fig. 1914l GW14 w5+ T2 Wickerhamomyces < @253} 717k ATAIS HoF3 ot
BAA 5S4 O 2 Pichia <5, Debaryomyces <5, Saccharomyces <5 S %53} 7}7ho] 9%]81ith 1
2iL}, Wickerhamomyces <5 8 %-5-2 Phaffomycetaceae 2}l <51, Pichia <5, Debaryomyces <5,
Saccharomyces < S 5= ThE AlE-S Hol= & & 4 Ut Wickerhamomyces & 25
2 I EYollA T35 LAEH, o]l A Aok 2252 ol A & o] = 1 Ik 13].

GW14 755 2| TAZE2] Wickerhamomyces xylosivorus NBRC 111553 2+ 11.0%2] 9714 <
2ol & Bt} Wickerhamomyces < & 252 Candia 4 S 253 7P7He- ATAIE Hola Q)
I:}(Fig 1). Candia & gnEe ol 7|7 ek o 2ot =4 %] Zo] tloli] A EL4E B A5HH
ofg] o ol AhdA o2 ZojxfA XI5kl UTh e (reclassification) S HI R B2 A
ZJo] " Q3 Lotk Ad9] Candia 4 S5 Wickerhamomyces < €22 A|E-57} | of
A0 2 of jF=]ojRiLt.,

GW1-4 F5+= 2| TAZ2] Wickerhamomyces xylosivorus NBRC 111553" 752} EbAY 2+
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57} 2o o] Z0iR 7| uf ol @54 ATHS Wol Z3}5lal Qluh15] o] BRofA
type strain 552 26S rRNA - A} D1/D2 A LGS HA| 2 0.2 2o} =2 flo|E{Ho] AL EX H
SHA] o 7]&9] glo]EjH|o] A7} Qe Shejeke uo] EF ulle- TA] o] Fo| A AL A=A
Zolug g FRO| AASE e HAMAA ejo] H st A o|rt.

r-]u:

CONFLICT OF INTERESTS

The authors declare no conflict of interests

The Korean Journal of Mycology 2023 Vol.51

369



Son and Kim

ACKNOWLEDGEMENTS

This work was supported by a research grant from Seoul Women'’s University (2023).

REFERENCES

L.

10.

11.

12.

13.

14.

Ahn CR, Kim SN, Kim CG. Taxonomic study on six yeast species unlisted in the national
species list of Korea. Kor J Mycol 2023;51:7-24.

Kim JY, Lee SY, Han SM, Lee JS. Production of anti-dementia acetylcholinesterase inhibitors
from the wild yeasts Saccharomyces cerevisiac WJSLO113 and Wickerhamomyces anomalus
JSF0128. Kor J Mycol 2018;46:447-51.

Chang CF, Hsu IM, Liu CH, Lee FL. Wickerhamomyces sinyiensis f.a., sp. nov., a new
ascomycetous yeast species in the Wickerhamomyces clade isolated in Taiwan. Int J Syst Evol
Microbiol 2022;72:005466.

Kim JS, Lee MR, Kim JY, Heo J, Kwon SW, Yun BS, Kim SJ. Distribution and species
diversity of wild yeasts isolated from flowers in Korea. Kor J Mycol 2020;48:375-484.
Menkis A, Urbina H, James YT, Rosling A. Archaeorhizomyces borealis sp. nov. and a
sequence based classification of related soil fungal species. Fungal Biol 2014;118:943-55.

Kim JY, Jung HY, Park JS, Cho SJ, Lee HB, Sung GH, Subramani G, Kim MK. Isolation
and characterization of cellulolytic yeast belonging to Moesziomyces sp. from the gut of
Grasshopper. Kor J Microbiol 2019;55:234-41.

Kurtzman CP, Robnett CJ. Identification and phylogeny ascomycetous yeasts from analysis
of nuclear large subunit (26S) ribosomal DNA partial sequences. Antonie van Leeuwenhoek
1998;73:331-71.

Thompson JD, Gibson TJ, Plewniak F, Jeanmougin F, Higgins DG. The CLUSTAL X
windows interface: flexible strategies for multiple sequence alignment aided by quality
analysis tools. Nucleic Acids Res 1997;25:4876-82.

Tamura K, Stecher G, Kumar S. MEGA11: molecular evolutionary genetics analysis version
11. Mol Biol Evol 2021;38:3022-7.

White TJ, Bruns T, Lee S, Taylor JW. Amplification and direct sequencing of fungal ribosomal
RNA genes for phylogenetics. In: PCR Protocols: A Guide to Methods and Applications. New
York: Academic Press; 1990. p. 315-22.

Gales AC, Pfaller MA, Houston AK, Joly S, Sullivan DJ, Coleman DC, Soll DR. Identification
of Candida dubliniensis based on temperature and utilization of xylose and a-methyl-D-
glucoside as determined with the API 20C AUX and Vitek YBC systems. J Clin Microbiol
1999;37:3804-8.

Kurtzman CP, Robnett CJ. Identification of clinically important ascomycetous yeasts based
on nucleotide divergence in the 59 end of the large-subunit (26S) ribosomal DNA gene. J Clin
Microbiol 1997;35:1216-23.

Han SM, Kim HK, Lee HB, Lee JS. Isolation and identification of wild yeasts from
freshwaters and soils of Nakdong and Yeongsan River, Korea, with characterization of two
unrecorded yeasts. Kor J Mycol 2016;44:350-4.

Kobayashi R, Kanti A, Kawasaki H. Three novel species of D-xylose-assimilating
yeasts, Barnettozyma xylosiphila sp. nov., Barnettozyma xylosica sp. nov. and

The Korean Journal of Mycology 2023 Vol.51

370



Characterization of Ascomycetous Yeast Species Wickerhamomyces sp. GW1-4 and Archaeorhizomyces sp. YB4-103 isolated from Soil

Wickerhamomycesxylosivorus f.a., sp. nov. Int J Syst Evol Microbiol 2017;67:3971-6.
15. Liu XZ, Wang QM, Goker M, Groenewald M, Kachalkin AV, Lumbsch HT, Millanes AM,
Wedin M, Yurkov AM, Boekhout T, et al. Towards an integrated phylogenetic classification of

the Tremellomycetes. Stud Mycol 2015;81:85-147.

371

The Korean Journal of Mycology 2023 Vol.51



