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ABSTRACT

To study the characteristics of yeasts, 433 strains of the genus Aureobasidium were
isolated from the flowers collected from Jeolla-do in Korea, and the diversity of the strains
was confirmed through molecular phylogenetic and morphological analyses. Based on
phylogenetic analysis of LSU rDNA seguences, the Aureobasidium strains from the Jeolla-
do province were classified into six groups. The dominant species of flower-derived
yeasts were Groups A and D. Since Groups B, E, and F were found only in Jeollanam-do,
we can infer that the Aureobasidium is distributed more widely in Jeollanam-do than in
the Jeollabuk-do province. Through LSU and ITS rDNA sequence analyses, Group A was
identified as A. pullulans, Group B as A. melanogenum, and Group F as a putative new
species of Aureobasidium. Groups C, D, and E do not completely match with A. leucospermi,
A. namibiae, or A. subglaciale by LSU or ITS rDNA analysis but are closely related to those
species. Comparisons of colony morphology are likely to be more helpful in distinguishing
Groups C and D. The results of this study can provide useful characteristics for future studies
of the genus Aureobasidium.
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of| £5l= S g7 o|tH1]. £3] Aureobasidium pullulans= A& 27152 ARRE]= pullulan AJARE
gt ofz} amylases, cellulases, lipases, proteases, xylanases, b-fructofuranosidases,
maltosyltransferases, mannanases, laccases [2] 5 ThFSH M3 9] 71Ral G4 2 2R8.0 2 #|oF
9 4EAR) 5ol B5T glo] BB TIHOE Fod BT e Ack34)

Aurcobasidium:-2- e} 2 IS EHS FF0 BRERIS A9 F Belzs 2
Aureobasidium pullulans, A. leucospermi, A. proteae= U011, A. pullulans+=TFA] 47}4] ®E
var. pullulans, var. melanogenum, var. subglaciale, var. namibiae © 2 ZN2E|QITHS]. SFR|TF X
GostinGar S{3]0|A] A. pullulans®] FQ HZ 47}4]9] genome S A5 AT} 4712] 2] HZ Alo]Q]
H71xGo] Fspecies) O 2 2] & Tk -Folt 2jo] 7} 2R1E © 24 47kA] HF-2 A. pullulans, A.
melanogenum, A. subglaciale, A. namibiae © 2 22} &7 E|QTH3]. 0|2 AureobasidiumZ-2-
o] = Qlsf Rt & T o] EAsIAL5], oF4] et F7F 57 W ol 7HEE|A] 237 wihE
oflf6] £AFH £/} A ElA B/ = Tl ZARE|ojof et o] o] Fold 4= Qlrt.
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FE AT UG AR AR EEA o 7-11], HaH Asoli= AlRRE &% F(species) T A14]
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25 Adol| £325h= oY RS HhEskl O P S ERIsks A7 o R0l | AL QleH12-15].
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SLX|H 2 ME U Aureobasidium& 22 22|

2018'A Heha A, 74, ik Mepde T, B, &3, of4, sid A1 el £ 5432 )
#]3+ %, chloramphenicol (17mg/L) (Sigma-Aldrich, St, Louis, MO, USA)Z} propionic acid (1.25g/L)
(Sigma-Aldrich)7} 7F¢ 5% HJA|, malt extract agar (Oxoid, Hampshire, UK), dichloran-glycerol
agar (Oxoid), dichloran rose bengal chloramphenicol agar (Oxoid), yeast extract-peptone-dextrose

agar (MB cell, Seoul, Korea), glucose-peptone-yeast extract agar (MB cell, Seoul, Korea)o]| 5] A}t
3 3} Al S0l &% d-E o422 ot

Aureobasidium% 22| F7|ME £M gl EXA|SsHH 2M

thfslA Beld a2 52 54517] st} nfa 2 A (Macrogen, Seoul, Korea)ol] 9714 Y BA1S
22|59t} large-subunit (LSU) ribosomal DNA gene2] D1/D2 9933} internal transcribed spacers
(ITS) ribosomal DNA S NL1 (5-GCATATCAATAAGCGGAGGAAAAG-), NL4
(5-GGTCCGTGTTTCAAGACGG-3)2} ITS1 (S§-TCCGTAGGTGAACCTGCGG-3), ITS4
(5-TCCTCCGCTTATTGATATGC-3') primerS 217} ARE5}0] PCR 22 W 7|4 ES BA519]
tHi6]. 714 d B4 U AE4 AZ-S MEGA ver. 7.0 [17] softwareS AF85191 0™, maximum
likelihood statistical method (ML) Z AlE4~5 ZMJ5-H A Bootstrap method (n=1,000)Z £A1S 4~
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Y519}, Aureobasidium?s A4 BA1S Q5 BEAF A7|AY AHHE= NCBI (https:/www.
ncbinlmnih.gov) GoJEHO]AZRE] SEFIHT 454 H|WE= DNAMAN 7.0 (Informer
Technologies, Los Angeles, CA, USA) software S AR85HCt

Aureobasidium% 22| ™ EM B2M

F7IME —L‘:'r_ﬁ. S E35)| Aureobasidium4: 0 2 SAF #F50] e EAJS v w7 Qs 224
HIlS 25T Hkeol Tl 21U S 7kt .J’S‘, 5] potato dextrose agar (PDA; BD, Sparks
MD, USA)2?} malt extract agar (MEA) HiR|of] 155+ & b7 5joi| 25°Cof| A 7~14 47 HEiF =

}

ShE sl

ol
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Aureobasidium% 22| £2| 3 Mal: X|HojlAe] £ EA

Hakw 2)9] Arhe] 54% 2] EC] 420 2HE] opIFHES Halslo] 71 2 -sk= S(genus)Ql
Aureobasidium%s G2 433755 22|5}{CHTable 1). Aureobasidium&:2] & 45 545 £]5}0]
433955 27705 thEA o 2 a6t that o A2 LSURHTS 7 1M B /d5/d& Hl gt
2 100% LX|5h= 35 5 s Aldksto], 217] T2 7| MBS 2= 27357} 2]5 AEi=|Qic
T FZEC|LSU D1/D2 P 7|4 D& 0|83+ AIE4E 7|5 0 2 HekE 2|2 2] Aureobasidium
& FFEL 615(Groups A~F) 0.2 7448 4= Q)QItHTable 1, Fig. 1).

7{]_\1]-57\] 2L o] AX A Aureobasidium&-2 Group D (2227+5)2}+ Group A (1917-5)7}F &
Hol= 74TS BRI, Group C= A4 F0 2 Y519 0L} |2 0 2 31 2A] Bas}iTh Group
B (12759, E 279, F (175) = Hehd e 2| ojlxjgt 2el® 210 2 Ko} Aureobasidium- Zet
55 2|ouTh e ool o clofsh) BEske 210 2 29 cTable 1),

Aureobasidiumz 22| EX}A|EsHH ol SiEjjstx EM

£

LSUSHTS Al54 9 AR5 H] 1ol A Group A= LSURHTS AlE40l|A 25 A, pullulans®t 15
S BAJSHIL, LSULE 99.8%~100%2} ITS= 99.3~99.8962] AHEA 02 A, pullulans® SHE|QITE.
Group BIE LSUSHTS Al5ol| A 5 A, melanogenum®t 15-2 &35k, LSU=99.8%~100%
2} ITSE= 99.6~100%2] A=A 02 A. melanogenumZ 2514 SA4E9C) Group C= A.
leucospermi®} B3] LSUE 100%, ITSE= 99.3~100962] A543 Ho|1, LSU AlE4olA =
A. leucospermi®} 12-8 HAJ519 OLFITS AlE4rof| A= A. leucospermi®} A. namibiae Ato]o| &
|5}t Group D= LSU Al BA0j| 4] A. namibiac2 158 F/J5IAL ITS AlEolAd= A
leucospermi, A. namibiae, A. subglaciale At]0Y| A $Jx|5HTh. B8 Group D] LSU+ A. namibiae
= A. subglacialeX’} 99.3~99.7%2] A5/dS Eo|11, ITS+ A. leucospermi2}t 98.9~99.6%2] 35
4E B} Group EQ] 732 LSULMTS AlE4> IR0l A A. subglacialeT} A. leucospean
ZAJolA] Bajel 202 Ko, LSU BAo]| oJah A. subglacialed} 99.7%, ITS £A10] 7
leucospermi®} 99 4% 2 A. subglacialeT} A. leucospermi Al0|9] Z£0 & ZA|Qic) Group F=
Aureobasidium A1E-0 2 o/ JE=|H 7S Bl AE 0] E4d2 =i ejol| Ealstofor gt A

=z
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Table 1. Yeasts groups and strains derived from flowers in Jeolla province in Korea

. . Yeast Groups of Aureobasidium spp.
No. Collected site Scientific names of flowers Sains A B C D E F Tofl
Jeollabuk-do
1 Jeonju-si Prunus donarium KCBS 6 - - 1 - - 7
2 Kerria japonica f. pleniflora JRP1I 5 - -2 - - 7
3 Rhododendron indicum AZL3 - - 1 3 - - 4
4 Spiraea prunifolia var. simpliciflora BW2 4 - -2 - - 6
5 Chelidonium majus va. asiaticum GC 7 - - - - - 7
6 Mukdenia rossii MLM 9 - - 1 - - 10
7  Gimje-si Rhododendron schlippenbachii RAZL - - -3 - - 3
8 Kerria japonica JRP2 12 - -2 - - 14
9 Crataegus pinnatifida HT 2 - - 1 - - 3
10 Cercis chinensis RD 6 - -4 - - 10
11 Tksan-si Poncirus trifoliata TO 7 - - - - - 7
12 Iris laevigata IR 1 - - - - - 1
13 Acacia catechu AC 8 - 1 6 - - 15
14 Prunus padus for. padus FC 6 - -2 - - 8
15 Viburmum lantana Vb 2 - - - - - 2
16 Syringa vulgaris LI 1 - - 7 - - 8
17 Chaenomeles sinensis QC 6 - - 2 - - 8
18 Echinosophora koreensis KN 4 - - - - - 4
19 Lespedeza bicolor LS 7 - - 1 - - 8
20 Rhodotypos scandens BJ 2 - -5 - - 7
Jeollanam-do
21 Gurye-gun Forsythia koreana FST 1 - -8 - - 9
22 Cornus officinalis CNS 2 - -3 - - 5
23 Jasminum nudiflorum wis 1 - - 1 - - 2
24 Viola arvensis PS 3 - -7 - - 10
25 Unidentified flower DF 6 - 1 15 - - 22
26 Gwangyang-si Prunus mume JAF 6 3 - 8 - - 17
27 Prunus glandulossa for. sinensis RIAF 12 1 -7 - - 20
28 Phlox subulata MPX 1 - - 3 - - 4
29 Camellia japonica cML 4 2 - 9 - - 15
30 Suncheon-si ~ Magnolia kobus MGL - - - 5 - - 5
31 Corylopsis coreana KWH 2 - -7 - - 9
32 Prunus mume SAF2 2 - - 4 - - 6
33 Taraxacum platycarpum DDL 1 - -3 1 - 5
34 Rhododendron mucronulatum AZL1 2 - - 5 - - 7
35 Lindera obtusiloba GG 1 - - 10 - 1 12
36 Forsythia koreana FST2 2 - 1 1 - - 4
37 Prunus serrulata var. spontanea cBS 3 - - - - - 3
38 Taraxacum officinale DDL2 - 1 - 1 - - 2
39 Lamium amplexicaule HB 1 - - 6 - - 7
40 Capsella bursa-pastoris SPP - 1 -4 - - 5
41 Cypripedium macranthum WsSw 13 - -5 - - 18
42 Stellaria media (6% - 1 - - 1 - 2
43 Mazus pumilus AMZ - - -2 - - 2
44 Yeosu-si Rhododendron mucronulatum AZL2 1 - 1 2 - - 4
45 Haenam-gun  Corydalis remota CCDC 3 - -3 - - 6
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Table 1. Yeasts groups and strains derived from flowers in Jeolla province in Korea

. . Yeast Groups of Aureobasidium spp.
No. Coll tifi il .

0. Collected site Scientific names of flowers S A B C D E F Tol
46 Corydalis remota CCDL - - - 6 - - 6
47 Pseudostellaria heterophylla HST 3 - -2 - - 5
48 Viola dissecta var. chaerophylloides NV 2 - -3 - - 5
49 Tulipa edulis ET 3 - - 4 - - 7
50 Narcissus pseudo-narcissus DAF 1 - - - - - 1
51 Buxus microphylla var. koreana BW 8 - - 15 - - 23
52 Alnus japonica ALD 4 3 - 8 - - 15
53 Viola rossii CLV 1 - - 9 - - 10
54 Salix gracilistyla PSW 7 - - 14 - - 21
Total 91 12 5 222 2 1 433
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f— N\J’.s
— MGL-2
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Fig. 1. Phylogenetic tree of Aureobasidium spp. based on the nucleotide sequences of large subunit (LSU) rDNA
domain D1/D2 (A), internal transcribed spacers (ITS) tDNA (B), ITS and LSU rDNA (C). The trees was generated
by the maximum likelihood method, using MEGA7.0. T, Type strains.
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Fig. 1. Phylogenetic tree of Aureobasidium spp. based on the nucleotide sequences of large subunit (LSU) rDNA
domain D1/D2 (A), internal transcribed spacers (ITS) rDNA (B), ITS and LSU rDNA (C). The trees was generated
by the maximum likelihood method, using MEGA7.0. T, Type strains.
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o]cHTable 2, Fig. 1).

A2 02 et 2| Zojjx| Eeldt Group A+ A. pullulans, Group B+= A. melanogenum,
Group F= Aureobasidium A% TRFOZ BEEIAN Group C, D, E= A. leucospermi, A.
namibiae, A. subglaciale Ato]ol| QI X|SFA|TF LSULHTS 2= &3t 5 45 F57J0| o=5]7| uljizo]
719l A 1A B9l B 9ok A7k Al loloh 8 Holck. i Lee {18l 2
H Lol A B2]H Aureobasidium?-2- A. melanogenum®|] -$-450]3] 0L} £ =Foj| oJ5lH 3¢
A Zojjaf= A. pullulans®} A. namibiae S-0] 274E91 7] © & Kol Aureobasidium&-2 | 2J2] B2
3 SAE ATk A origin)o] T2} $9) R el o2 B,

Aureobasidium&-2 BQF Z7]of| lrgb Jel Al gko BLe i w0 7S )= Z 2 Uof|A §7]
2 743 Aehz} 262 ol 2 Me] A4S BelshA BA ATABY B2 Wk E70)
011:}[ |. Zalar 5{19]0]| k2™ PDAL} MEACIIA A. pullulans= Bi% 35= oW, A. namibiae= %4

ol £33 B2 ARSI, A mekmgmint 12
°|‘-H°ﬂ 20 7 wshtar 519 o, o] Atol|A] AR w552 Group A (A. pullulans)©] 7-$-

Table 2. Homology matrix between Aureobasidium spp. of flowers in Jeolla province in Korea and type strains, generated by DNAMAN

software 7.0

Strains

A. pullulans  A. melanogenum A. namibiae A. leucospermi A. subglaciale A. thailandense A. iranianum
CBS584.75"  CBS10522"  CBS147.97" CBSI130593" CBS123387" NRRL58539" CCTU268"

Homology of LSU rDNA domain D1/D2 nucleotide sequences

A. pullulans CBS584.75"

A. melanogenum CBS105.22"
A. namibiae CBS147.97"

A. leucospermi CBS130593"
A. subglaciale CBS123387"
A. thailandense NRRL58539"
A. iranianum CCTU268"
DF-2*

JRP2-13°

pS4°

ALD-11°

CML-5*

ALD-20"

CNS-1°

FST-8*

HT-17°

QC-12°

CML-20°

ALD4°

JAF-7°

AZI29°¢

AZL34°¢

DF-8°

FST2-7°

NV-5¢

MGL-2*

100.0% - - - - - -
97.4% 100.0% - - - - -
97.7% 98.6% 100.0% - - - -
97.6% 98.8% 99.1% 100.0% - - -
97.7% 99.3% 99.3% 99.1% 100.0% - -
96.0% 95.3% 94.4% 94.8% 95.1% 100.0% -
97.0% 96.0% 95.5% 95.5% 96.2% 97.4% 100.0%
99.8% 972% 97.6% 97.4% 97.6% 96.2% 96.9%
99.8% 972% 97.6% 97.4% 97.6% 95.8% 96.9%
100.0% 97.4% 97.7% 97.6% 97.7% 96.0% 97.0%
99.8% 97.2% 97.6% 97.4% 97.6% 95.8% 96.9%
99.8% 97.2% 97.6% 97.4% 97.6% 95.8% 96.9%
99.8% 97.2% 97.6% 97.4% 97.6% 95.8% 96.9%
100.0% 97.4% 97.7% 97.6% 97.7% 96.0% 97.0%
100.0% 97.4% 97.7% 97.6% 97.7% 96.0% 97.0%
100.0% 97.4% 97.7% 97.6% 97.7% 96.0% 97.0%
100.0% 97.4% 97.7% 97.6% 97.7% 96.0% 97.0%
97.2% 99.8% 98.4% 98.6% 99.1% 95.3% 96.2%
97.4% 100.0% 98.6% 98.8% 99.3% 95.3% 96.0%
97.4% 100.0% 98.6% 98.8% 99.3% 95.3% 96.0%
97.6% 98.8% 99.1% 100.0% 99.1% 94.8% 95.5%
97.6% 98.8% 99.1% 100.0% 99.1% 94.8% 95.5%
97.6% 98.8% 99.1% 100.0% 99.1% 94.8% 95.5%
97.6% 98.8% 99.1% 100.0% 99.1% 94.8% 95.5%
97.9% 98.8% 99.5% 99.3% 99.5% 94.6% 95.6%
97.7% 98.6% 99.3% 99.1% 99.3% 94.4% 95.5%
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Table 2. Homology matrix between Aureobasidium spp. of flowers in Jeolla province in Korea and type strains, generated by DNAMAN
software 7.0

A. pullulans A. melanogenum A. namibiae A. leucospermi A. subglaciale A. thailandense A. iranianum

Strains CBS584.75"  CBS10522"  CBS147.97" CBSI130593" CBS123387" NRRL58539" CCTU268"
WIS-7¢ 98.1% 99.0% 99.7% 99.5% 99.7% 94.8% 95.8%
ET5¢ 98.1% 99.0% 99.7% 99.5% 99.7% 94.8% 95.8%
CCDL-1* 98.1% 99.0% 99.7% 99.5% 99.7% 94.8% 95.8%
FST-7¢ 97.9% 98.8% 99.5% 99.3% 99.5% 94.6% 95.6%
RIAF-16¢ 98.1% 99.0% 99.7% 99.5% 99.7% 94.8% 95.8%
SAF2-8¢ 97.4% 98.3% 99.3% 98.8% 99.0% 94.1% 95.1%
CW-7°¢ 97.7% 99.3% 99.0% 98.8% 99.7% 95.1% 96.5%
GG-5' 95.8% 94.8% 94.2% 94.9% 94.2% 96.9% 96.3%
Homology of ITS rDNA nucleotide sequences

A. pullulans CBS584.75" 100.0% - - - - - -
A. melanogenum CBS105.22" 98.9% 100.0% - - - - -

A. namibiae CBS147.97" 99.3% 98.9% 100.0% - - - -
A. leucospermi CBS130593" 98.3% 98.7% 99.1% 100.0% - - -
A. subglaciale CBS123387" 97.8% 98.1% 97.4% 98.3% 100.0% - -
A. thailandense NRRL58539" 93.1% 93.9% 92.7% 92.6% 93.1% 100.0% -
A. iranianum CCTU268" 96.6% 97.4% 96.6% 96.8% 97.8% 94.8% 100.0%
DF-2° 99.8% 98.7% 99.1% 98.1% 97.6% 92.9% 96.5%
JRP2-13° 99.4% 98.3% 98.7% 98.5% 98.0% 92.9% 96.5%
PS4* 99.8% 98.7% 99.1% 98.1% 97.6% 93.3% 96.5%
ALD-11° 99.8% 98.7% 99.1% 98.1% 97.6% 93.3% 96.5%
CML-5* 99.4% 98.3% 98.7% 98.5% 98.0% 92.9% 96.5%
ALD-20* 99.4% 98.3% 98.7% 98.5% 98.0% 92.9% 96.5%
CNS-1° 99.4% 98.3% 98.7% 98.5% 98.0% 92.9% 96.5%
FST-8* 99.3% 98.1% 98.7% 98.5% 98.0% 92.7% 96.5%
HT-17° 99.6% 98.5% 98.9% 98.0% 97.4% 93.3% 96.3%
QC-12° 99.8% 98.7% 99.1% 98.1% 97.6% 93.3% 96.5%
CML-20" 98.7% 99.8% 99.1% 98.9% 98.3% 93.7% 97.6%
ALD4" 98.5% 99.6% 98.9% 98.7% 98.1% 93.5% 97.4%
JAF-7° 98.9% 100.0% 98.9% 98.7% 98.1% 93.9% 97.4%
AZI29°¢ 98.3% 98.7% 99.1% 100.0% 98.3% 92.6% 96.8%
AZL34°¢ 99.1% 98.0% 99.1% 99.3% 98.3% 92.2% 96.5%
DF-8° 98.9% 98.1% 99.3% 99.4% 98.1% 92.0% 96.3%
FST2-7¢ 98.7% 98.0% 99.1% 99.3% 98.0% 92.0% 96.3%
NV-5 ¢ 98.7% 98.3% 99.4% 99.6% 98.0% 92.2% 96.5%
MGL-2¢ 98.3% 98.1% 98.3% 99.1% 98.9% 92.4% 97.0%
WIS-7¢ 98.5% 98.1% 99.3% 99.4% 97.8% 92.0% 96.3%
ET5¢ 98.7% 97.6% 98.7% 98.9% 98.0% 92.2% 96.3%
CCDL-1 ¢ 98.9% 97.8% 98.9% 99.1% 98.1% 92.2% 96.3%
FST-7°¢ 98.7% 98.3% 99.4% 99.6% 98.0% 92.2% 96.5%
RIAF-16¢ 98.9% 98.5% 99.6% 99.4% 97.8% 92.4% 96.6%
SAF2-8¢ 97.6% 98.0% 97.2% 98.1% 99.8% 92.9% 97.6%
CW-7° 98.1% 99.3% 98.5% 99.4% 98.9% 93.1% 97.4%
GG-5" 88.8% 89.2% 89.2% 89.0% 88.3% 89.4% 89.9%

LSU, large subunit; ITS, internal transcribed spacers; T, Type strains.
a, Group A; b, Group B; ¢, Group C; d, Group D; e, Group E; f, Group F.
The dark zone indicated the highest sequence homology with the type strains.
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Group E CW-7

Group F GG-5
Fig. 2. Colony morphology of Aureobasidium isolates for incubated 7~14 day on potato dextrose agar and malt
extract agar.
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