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ABSTRACT

We investigated the distribution and diversity of fungi in brackish water and soil from
the Eulsukdo Island, Geumgang Estuary Bank, Suncheon Bay, Dae-ho Tide Embankment
and coastal sand dune in Sinduri and Bu-nam Tide Embankment, Korea. Fungi were
isolated from water samples by hand-pumped filtration, and soil samples were collected
and diluted. The isolated fungi were incubated in potato dextrose agar at 25°C. A total
of 173 fungal strains were isolated from brackish water and identified according to their
respective internal transcribed spacer via phylogenetic analysis. The diversity of all fungal
strains was analyzed according to diversity indices. The fungal strains belonged to any
of 18 taxonomic orders: Pleosporales, Eurotiales, Capnodiales, Hypocreales, Polyporales,
Saccharomycetales, Agaricales, Glomerellales, Mucorales, Dothideales, Russulales, Xylariales,

'.) Sordariales, Myrmecridiales, Tubeufiales, Onygenales, Cantharellales, and Amphisphaeriales.
e Cladosporium spp. (20%), Penicillium spp. (19%), and Fusarium sp. (5%) comprised majority
updates

of the identified strains. Two species from the fungal isolates were newly identified in Korea:

Sarocladium kiliense NNIBRFG3280 and Fusicolla merismoides NNIBRFG23708.
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(Table 1). ZAFA| A 9] EA| &5 50 mL 2| F| o] Sl A] =35 I &} nitrocellulose membrane filter
(pore size 0.45 1m MCE membrane, ME-Millipore™, Darmstadt, Germany)=- 0]-85}0] o2}t
T E] Q] Z4TH-E water agar (WA; 20g/L, agar) ZH2} F-2+510q 15°Cof|A] 197 B &, membrane filter
£ A Ak AA| A1) 7(Stemi 305, Carl Zeiss, CN, Germany)2- ©|-&5}0] golst IAFE v 2|0
Al 2] 5kaL VSHIA](VBA; 8% V8 juice [v/v] and 1.5 agar [w/v] adjusted to pH6.0 using 10 N NaOH)°]|
HiFstAnt A E EFAEE 10, 10°, 10°2.2 54510 50 ppm FAYA|(streptomycin) 7+ 371
potato dextrose agar (PDA,; Difco, Detroit, MI, USA)Cll =USF & 34 F9F 15°Col|A] viFa}iTt.
S v R]oll A Tza}t 22} E Eof V8 HijR|ol| gl sl it o2 d o R PDAC] Al
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Table 1. Environmental factors of sampling site.

Site Collection date Location (GPS) Temﬁ)%r;l ture pH Coafsl/lzrtri:)/ity B /OO) (m];/OL) Sa(loi/? )ity
Eulsukdo Island 16092\ ?ig@gisgilczté?gg%“&z,) 2 709 7628 715 - 0.70
Geumgang Estuary Bank 190221\ SnggPégflg: g‘;ggzg?z 6) - 794 644 111.6 1146 275
Suncheon Bay 19.03.19 (Nijnfshs";{' 21;2“;3‘;,,) 1.6 816 911 707 77 130
Dae-ho Tided Embankment 19.05.08 Scosan-si, Chungnam 177 838 94300 164 1568  2.95

(N36 °59' 59" E126° 27°12")

Tacan-gun, Chungnam 176 841 9730  103.7 987  3.05

Coastal sand-dune in Sinduri 19.05.09 (N36 °50' 35" E126° 11°32")

Taean-gun, Chungnam

(N36 °37' 30" E126° 21°57") 16 8.4 7830 0 115.3 1138 3.04

Bu-nam Tided Enbankment 19.05.09
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22lH #352] ITS (internal transcribed spacer) 92| H7|E-& £A517] sl 1TSI
(5-TCCGTAGGTGAACCTGCGG-3") ¥ ITS4 (5-TCCTCCGCTTATTGATATGC-3") primer
£, RPB2 SAAEA S Q3 E 5F2 (5-GGGGWGAYCAGAAGAAGGC-3") & 7cR
(5-CCCATRGCTTGYTTRCCCAT-3") primerE ©]-&35}0] 2415+ & NCBI2| BLASTE AF8-5}0]
tlolglHlo]| A%} 7|55 - RETe] A5/ HlaslTH34]. =diol 7|55 2] %2 72
A54 2432 MEGATS ©]- &5 TH5).

w5 JefA] E4S wEsly] 9sf 34ekan] 7 (H5508, Nikon, Yokohama, Japan)S- ©]-8-51o] &

o

=l 71 E 259 siAE Aol E S4517] 218l PDA, malt extract agar (MEA; 2% malt
extract [w/v], 2% agar [w/v]), oatmeal agar (OA; Difco, Detroit, ML, USA), yeast extract peptone dextrose
agar (YPDA; Difco, Detroit, MI, USA), T18)31 1x sea water PDA (1XSPDA, 2.4% NaCl [w/v], 0.7%
MgSO,-7H,0 [w/v], 0.53% MgCl,-6H,0 [w/v], 0.07% KCl [w/v], 0.013% CaCl,-2H,O [w/v], PDA), 2x
sea water PDA (2xSPDA, 4.8% NaCl [w/v], 1.4% MgSO,-7H,0 [w/v], 10.6% MgCl,-6H,0 [w/v], 0.14%
KCl [w/v], 0.026% CaCl,-2H,O [w/v], PDA), 4x sea water PDA (4xSPDA, 9.6% NaCl [w/v], 2.8%
MgSO, 7H,0 [w/v], 2.12% MgCl,-6H,0 [w/v], 0.28% KCI [w/v], 0.052% CaCl,-2H,0 [w/v], PDA) 2L
HulR]ol| 5, 15,20, 25, 30°COll 4] 20852t B FSH3ATE

Clesd X4

Shannon diversity index (H)= community 2ol & TFF/AdS H= A2 A], abundance®}
evennessS A0 £X|SF5Ict £2]7} Hob A= Fo| theFshA| RS 9l S-S LERATHG).
Shannon’s equitability (E;,)= HZ Hmax (InS) 1.0 &2 W=7l 0 2 A, 02} 1Ato] Zho] A& M, 12
AHS} evennessS LFEFHTH6]. Shannon’s evenness index (SEI)= HE Z|THEEO.Z Le 2102 A
7ol 41 2] i Q1 abundanceS- LFEFHTH6](Table 2).

Simpson’s diversity index (D)= AA1Z] Wol A 2] & thel/d & AFstoh=t] F2 Arggich &
AsHe 9] 49} 2 %) abundance & LHERITE D] T2 03} 1AJololot 02 aker clay 2
LFEFH L, 12 THFd o] 932 E oS TH7)(Table 2).

Table 2. The formula of diversity index.

Diversity index Formula

H (Shannon divsersity index) -y (PixIn(P1))

Ey (equitability) -y (PixIn(P1))/InS
Simpson's index -y (PixIn(P1))/In(max)
SEI (Shannon's evenness index) > (n/N)2

* P.: Proportion of S made up of the ith species; S: Total number of species in the community (richness).
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Table 3. The identification of fungi isolated in this study.

6719] 2|0 2HE] SE oA 21 7=, SHEFOA 166, <TG A|

WNAFEZ173

58 pojugrt

Taxonomy .
Place Sample Fungal Isolates Accession No.
Order Genus

Eulsukdo Island Soil NNIBRFG3252  Amphisphaeriales  Neopestalotiopsis ~ MW237676
Soil NNIBRFG3253 Eurotiales Penicillium MW237677
Soil NNIBRFG3254 Hypocreales Albifimbria MW237678
Soil NNIBRFG3255 Pleosporales Paraconiothyrium  MW237679
Soil NNIBRFG3260 Hypocreales Purpureocillium MW237680
Soil NNIBRFG3265 Eurotiales Penicillium MW237681
Soil NNIBRFG3266 Pleosporales Paraconiothyrium  MW237682
Soil NNIBRFG3269 Hypocreales Fusarium MW237683
Soil NNIBRFG3273 Capnodiales Cladosporium MW237684
Soil NNIBRFG3274 Tubeufiales Letendraea MW237685
Soil NNIBRFG3276 Pleosporales Pyrenochactopsis  MW237686
Soil NNIBRFG3277 Myrmecridiales Myrmecridium MW237687
Soil NNIBRFG3278 Hypocreales Hypocrea MW237688
Soil NNIBRFG3279 Hypocreales Trichoderma MW237689
Soil NNIBRFG3280 Hypocreales Sarocladium MW237690
Soil NNIBRFG3281 Hypocreales Trichoderma MW237691
Soil NNIBRFG3284 Pleosporales Neostagonospora ~ MW237692
Soil NNIBRFG3286 Eurotiales Aspergillus MW237693
Soil NNIBRFG3289 Polyporales Irpex MW237694
Soil NNIBRFG3291 Hypocreales Trichoderma MW237695
Soil NNIBRFG3292 Pleosporales Arthopyrenia MW237696
Geumgang Estuary Bank Filtered water = NNIBRFG20717 Pleosporales Phoma MW221078
Filtered water = NNIBRFG20743 Capnodiales Cladosporium MW221079
Filtered water = NNIBRFG20744 Pleosporales Epicoccum MW221080
Filtered water =~ NNIBRFG20745 Capnodiales Cladosporium MW221081
Filtered water = NNIBRFG20846 Pleosporales Phoma MW221082
Filtered water = NNIBRFG21992 Hypocreales Fusarium MW221083
Filtered water NNIBRFG21993 Pleosporales Paraconiothyrium  MW221084
Filtered water NNIBRFG21994 Pleosporales Aaosphaeria MW221085
Filtered water = NNIBRFG21995 Eurotiales Penicillium MW221086
Filtered water = NNIBRFG21996 Glomerellales Verticillium MW221087
Filtered water ~NNIBRFG21997 Eurotiales Penicillium MW221088
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Table 3. The identification of fungi isolated in this study. (continued)

Taxonomy

Place Sample Fungal Isolates Accession No.
Order Genus
Geumgang Estuary Bank Filtered water = NNIBRFG22251 Eurotiales Penicillium MW221089
Filtered water ~NNIBRFG22253 Pleosporales Curvularia MW221090
Filtered water NNIBRFG22254 Mucorales Mycocladus MW221091
Filtered water = NNIBRFG22255 Hypocreales Volutella MW221092
Filtered water =~ NNIBRFG22257 Eurotiales Penicillium MW221093
Suncheon Bay Filtered water ~NNIBRFG21998 Hypocreales Beauveria MW221094
Filtered water = NNIBRFG21999 Sordariales Phialemonium MW221095
Soil NNIBRFG22000 Pleosporales Phaeosphaeria MW221096
Soil NNIBRFG22001 Pleosporales Paraphoma MW221097
Soil NNIBRFG22002 Saccharomycetales Galactomyces MW221098
Soil NNIBRFG22003 Hypocreales Trichoderma MW221099
Filtered water ~NNIBRFG22259 Eurotiales Penicillium MW221100
Filtered water ~NNIBRFG22262 Eurotiales Penicillium MW221101
Soil NNIBRFG22263 Hypocreales Trichoderma MW221102
Soil NNIBRFG22265 Saccharomycetales Galactomyces MW221103
Soil NNIBRFG22270 Pleosporales Paraphoma MW221104
Soil NNIBRFG22795 Hypocreales Metarhizium MW221105
Soil NNIBRFG22796 Pleosporales Phaeosphaeria MW221106
Soil NNIBRFG22800 Pleosporales Paraphoma MW221107
Soil NNIBRFG22805 Hypocreales Acremonium MW221108
Soil NNIBRFG22808 Pleosporales Ascochyta MW221109
Soil NNIBRFG22809 Hypocreales Acremonium MW221110
Soil NNIBRFG22810 Pleosporales Paraconiothyrium  MW221111
Soil NNIBRFG22811 Hypocreales Fusarium MW221112
Soil NNIBRFG22814 Hypocreales Sarocladium MW221113
Soil NNIBRFG22816 Pleosporales Paraphoma MW221114
Soil NNIBRFG22817 Polyporales Efibula MW221115
Soil NNIBRFG22819 Pleosporales Paraphoma MW221116
Soil NNIBRFG22821 Pleosporales Phoma MW221117
Soil NNIBRFG22822 Hypocreales Parasarocladium MW221118
Dae-ho Tide Embankment Soil NNIBRFG22275 Pleosporales Alternaria MW221119
Soil NNIBRFG22276 - Cleistothelebolus ~ MW221120
Filtered water = NNIBRFG22277 Russulales Peniophora MW221121
Filtered water = NNIBRFG22278 Polyporales Irpex MW221122
Filtered water = NNIBRFG22875 Capnodiales Cladosporium MW221123
Filtered water = NNIBRFG22876 Eurotiales Penicillium MW221124
Filtered water = NNIBRFG22877 Capnodiales Cladosporium MW221125
Filtered water ~NNIBRFG22878 Capnodiales Cladosporium MW221126
Filtered water = NNIBRFG22880 Eurotiales Penicillium MW221127
Filtered water =~ NNIBRFG22882 Pleosporales Epicoccum MW221128
Filtered water ~NNIBRFG22887 Capnodiales Cladosporium MW221129
Filtered water ~NNIBRFG22890 Capnodiales Cladosporium MW221130
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Table 3. The identification of fungi isolated in this study. (continued)

Taxonomy

Place Sample Fungal Isolates Accession No.
Order Genus

Dae-ho Tide Embankment Filtered water = NNIBRFG22943 Pleosporales Alternaria MW221131
Filtered water ~NNIBRFG22945 Pleosporales Epicoccum MW221132
Filtered water ~NNIBRFG22946 Pleosporales Didymella MW221133
Filtered water NNIBRFG22971 Xylariales Apiospora MW221134
Filtered water = NNIBRFG23675 Eurotiales Penicillium MW221135
Filtered water ~NNIBRFG23678 Capnodiales Cladosporium MW221136
Soil NNIBRFG23694 - Hyphozyma MW221137
Soil NNIBRFG23697 Onygenales Chrysosporium MW221138
Soil NNIBRFG23700 Eurotiales Penicillium MW221139
Soil NNIBRFG23702 Hypocreales Neonectria MW221140
Soil NNIBRFG23706 Eurotiales Penicillium MW221141
Soil NNIBRFG23708 Hypocreales Fusarium MW221142
Soil NNIBRFG23709 Pleosporales Phoma MW221143
Soil NNIBRFG23710 Hypocreales Fusarium MW221144
Soil NNIBRFG23713 Hypocreales Volutella MW221145
Soil NNIBRFG23714 Eurotiales Penicillium MW221146
Soil NNIBRFG23716 Eurotiales Penicillium MW221147
Soil NNIBRFG23717 Saccharomycetales Geotrichum MW221148
Filtered water ~NNIBRFG23837 Agaricales Schizophyllum MW221149
Filtered water =~ NNIBRFG23838 Eurotiales Penicillium MW221150
Filtered water ~NNIBRFG23839 Russulales Peniophora MW221151
Soil NNIBRFG23840 Eurotiales Penicillium MW221152
Soil NNIBRFG23842 Eurotiales Aspergillus MW221153
Soil NNIBRFG23844 Capnodiales Cladosporium MW221154
Soil NNIBRFG23850 Eurotiales Penicillium MW221155
Filtered water =~ NNIBRFG23860 Polyporales Irpex MW221156
Filtered water ~NNIBRFG23861 Polyporales Antrodiella MW221157
Soil NNIBRFG23952 Hypocreales Acremonium MW221158
Filtered water ~NNIBRFG23957 Polyporales Irpex MW221159
Filtered water ~NNIBRFG23958 Eurotiales Penicillium MW221160
Filtered water = NNIBRFG23959 Polyporales Irpex MW221161
Filtered water ~NNIBRFG23960 Cantharellales Ceratobasidium MW221162
Coastal sand-dune in Sinduri  Filtered water = NNIBRFG23064 Capnodiales Cladosporium MW221163
Filtered water ~NNIBRFG23065 Eurotiales Penicillium MW221164
Filtered water = NNIBRFG23066 Pleosporales Didymella MW221165
Filtered water ~NNIBRFG23067 Pleosporales Stagonosporopsis ~ MW221166
Filtered water ~NNIBRFG23068 Pleosporales Epicoccum MW221167
Filtered water ~NNIBRFG23069 Capnodiales Cladosporium MW221168
Filtered water = NNIBRFG23070 Eurotiales Penicillium MW221169
Filtered water NNIBRFG23072 Pleosporales Epicoccum MW221170
Filtered water ~NNIBRFG23074 Mucorales Mucor MW221171
Filtered water = NNIBRFG23075 Pleosporales Alternaria MW221172
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Table 3. The identification of fungi isolated in this study. (continued)

Taxonomy

Place Sample Fungal Isolates Accession No.
Order Genus
Coastal sand-dune in Sinduri  Filtered water NNIBRFG23681 Eurotiales Penicillium MW221173
Filtered water ~NNIBRFG23683 Capnodiales Cladosporium MW221174
Filtered water = NNIBRFG23685 Eurotiales Penicillium MW221175
Filtered water NNIBRFG23686 Capnodiales Cladosporium MW221176
Filtered water ~NNIBRFG23687 Pleosporales Alternaria MW221177
Filtered water ~NNIBRFG23691 Hypocreales Fusarium MW221178
Filtered water ~NNIBRFG23692 Capnodiales Cladosporium MW221179
Filtered water =~ NNIBRFG23864 Eurotiales Penicillium MW221180
Filtered water ~NNIBRFG23866 Eurotiales Penicillium MW221181
Filtered water ~NNIBRFG23867 Agaricales Schizophyllum MW221182
Soil NNIBRFG23869 Capnodiales Cladosporium MW221183
Soil NNIBRFG23870 Capnodiales Cladosporium MW221184
Soil NNIBRFG23872 Pleosporales Didymella MW221185
Soil NNIBRFG23873 Eurotiales Penicillium MW221186
Soil NNIBRFG23875 Capnodiales Cladosporium MW221187
Soil NNIBRFG23876 Capnodiales Cladosporium MW221188
Soil NNIBRFG23899 Capnodiales Cladosporium MW221189
Bu-nam Tide Embankment Filtered water ~NNIBRFG23005 Hypocreales Trichoderma MW221190
Filtered water ~NNIBRFG23006 Eurotiales Penicillium MW221191
Filtered water = NNIBRFG23007 Eurotiales Penicillium MW221192
Filtered water ~NNIBRFG23008 Capnodiales Cladosporium MW221193
Filtered water ~NNIBRFG23009 Pleosporales Phoma MW221194
Filtered water = NNIBRFG23010 Capnodiales Cladosporium MW221195
Filtered water ~NNIBRFG23011 Pleosporales Epicoccum MW221196
Filtered water ~NNIBRFG23013 Pleosporales Epicoccum MW221197
Filtered water ~NNIBRFG23014 Hypocreales Fusarium MW221198
Filtered water ~NNIBRFG23015 Capnodiales Cladosporium MW221199
Filtered water ~NNIBRFG23016 Mucorales Mucor MW221200
Filtered water ~NNIBRFG23017 Pleosporales Alternaria MW221201
Filtered water =~ NNIBRFG23018 Hypocreales Fusarium MW221202
Filtered water ~NNIBRFG23120 Saccharomycetales Galactomyces MW221203
Filtered water = NNIBRFG23121 Pleosporales Didymella MW221204
Filtered water ~NNIBRFG23122 Glomerellales Gibellulopsis MW221205
Filtered water = NNIBRFG23124 Hypocreales Fusarium MW221206
Filtered water NNIBRFG23661 Eurotiales Penicillium MW221207
Filtered water ~NNIBRFG23662 Capnodiales Cladosporium MW221208
Filtered water = NNIBRFG23665 Glomerellales Colletotrichum MW221209
Filtered water ~NNIBRFG23667 Capnodiales Cladosporium MW221210
Filtered water ~NNIBRFG23668 Capnodiales Cladosporium MW221211
Filtered water NNIBRFG23669 Capnodiales Cladosporium MW221212
Filtered water ~NNIBRFG23671 Pleosporales Alternaria MW221213
Filtered water ~NNIBRFG23672 Capnodiales Cladosporium MW221214
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Table 3. The identification of fungi isolated in this study. (continued)

Place Sample Fungal Isolates Taxonomy Accession No.
Order Genus
Bu-nam Tide Embankment Filtered water = NNIBRFG23674 Capnodiales Cladosporium MW221215
Soil NNIBRFG23780 Capnodiales Cladosporium MW221216
Soil NNIBRFG23781 Capnodiales Cladosporium MW221217
Soil NNIBRFG23782 Eurotiales Penicillium MW221218
Soil NNIBRFG23783 Eurotiales Aspergillus MW221219
Filtered water = NNIBRFG23833 Dothideales Kabatiella MW221220
Filtered water = NNIBRFG23835 Eurotiales Penicillium MW221221
Soil NNIBRFG23851 Eurotiales Penicillium MW221222
Soil NNIBRFG23852 Eurotiales Aspergillus MW221223
Soil NNIBRFG23853 Capnodiales Cladosporium MW221224
Soil NNIBRFG23862 Agaricales Schizophyllum MW221225
Soil NNIBRFG23937 Eurotiales Penicillium MW221226
Filtered water = NNIBRFG23948 Dothideales Aureobasidium MW221227
Filtered water = NNIBRFG23949 Capnodiales Cladosporium MW221228
Filtered water = NNIBRFG23950 Capnodiales Cladosporium MW221229

Table 4. Diversity index and distribution of fungi isolated brackish water.

Fungal genera

Sampling site

Eulsukdo
Island

Geumgang
Estuary Bank Bay

Suncheon

Dae-ho Tide
Embankment

Coastal sand-dune
in Sinduri

Bu-nam Tide
Embankment

Total

Aaosphaeria
Acremonium
Albifimbria
Alternaria
Antrodiella
Apiospora
Arthopyrenia
Ascochyta
Aspergillus

Aureobasidium

Beauveria

Ceratobasidium
Chrysosporium

Cladosporium

Cleistothelebolus
Colletotrichum

Curvularia
Didymella
Efibula
Epicoccum
Fusarium
Galactomyces
Geotrichum
Gibellulopsis

1

— g = —

10

14

KP—‘P—‘)—‘D—A.hb—Ab—ib—‘b—io\b—‘UJD—l

— = W O N = ==
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Table 4. Diversity index and distribution of fungi isolated brackish water. (continued)

Sampling site

Fungal genera Eulsukdo  Geumgang Suncheon Dae-ho Tide Coastal sand-dune  Bu-nam Tide Total
Island  Estuary Bank Bay Embankment in Sinduri Embankment
Hyphozyma 1 1
Hypocrea 1 1
Irpex 1 4 5
Kabatiella 1 1
Letendraea 1 1
Metarhizium 1 1
Mucor 1 1 2
Mycocladus 1 1
Myrmecridium 1 1
Neonectria 1 1
Neopestalotiopsis 1 1
Neostagonospora 1 1
Paraconiothyrium 2 1 1 4
Paraphoma 5 5
Parasarocladium 1 1
Penicillium 2 4 2 11 7 7 33
Peniophora 2 2
Phaeosphaeria 2 2
Phialemonium 1 1
Phoma 2 1 1 1 5
Purpureocillium 1 1
Pyrenochaetopsis 1 1
Sarocladium 1 1 2
Schizophyllum 1 1 1 3
Stagonosporopsis 1 1
Trichoderma 3 2 1 6
Verticillium 1 1
Volutella 1 1 2
Total 21 16 25 44 27 40 173
Diversity index
SDI 2.76 2.25 2.62 2.62 1.78 2.24 3.14
EH (equitability) 0.91 0.81 0.81 0.69 0.54 0.61 0.61
Simpson's index 0.07 0.13 0.09 0.11 0.23 0.17 0.09
SEI 2.51 1.63 1.63 1.09 0.77 0.85 0.89

* SDI: Shannon's divsersity index, SEI: Shannon's evenness index

SEZoA B2 H 2170 #F F ¥ F+ Ascomycotatwwo] THEEO|QAT 17} FF7}
Basidiomycotat Polyporales5-2] IpexZ50l] £30T}. AscomycotattOll £58H= w3~= Capnodiales
£0]| &3}= Cladosporium%;: 2} Pleosprales=rOll &5t= Arthopyrenia<s, Paraconiothyrium<,
NeostagonosporaZs, Pyrenochaetopsis<;, Tubeufiales=-2] Letendraca<;, Eurotiales=-2] Aspergillus
45, Penicillium<;, Amphisphaeriaels=-2] Neopestalotiopsis<r, 12|11 Hypocreales=-2] Hypocrea,
Trichoderma<;, Fusarium<;, Purpureocillium<, Sarocladiums, Albifimbria<s, Myrmecridium; 2.2

Q1% 3121 HypocrealesT-0] 38% (8¢) 2 7 B2 HI G2 2FA I TH(Table 4).
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S5 olA BelH TF E3F Ascomycotaim0| THEE0]1IL 17 w37} Mucoromycota
& Mycocladus<-l| &8It} AsocomycotattOll 45k= 5= Capnodiales Cladosporium<;2}
Pleosprales%—"«] Aaosphaezia—/—‘,\—, Phoma<s, Epicoccumé%, Paraconiothyn'umé%, Curvularia%s, Eurotiales
£-9] Penicillium<;, Glomerellales=-2] Verticillium;, Hypocreales=-2] Fusariums, Volutella%; 02 ¢
Q1%] %} ©. ™ Eurotiales=-2] PenicilliumZ;0] 25%(4wt5)2 7P B2 H| S 2FA 51 Th(Table 4).

TSRO A EelE 7= AscomycotaimO] THF-20] 31 17H 527} Basidiomycotat
Polyporales=-2] EfibulaZ;0ll &3t} Asocomycotatz0l] &= 3= Pleosporales=-2] Ascochyta
25, Phoma<;, Paraconiothyrium<;, Paraphoma<;, Phacosphaeria<;, Eurotiales=-2] Penicillium<;,
Saccharomycetales=-2] Galactomyces<s, Hypocreales=-2] Acremonium<s, Metarhizium<;, Beauveria
£ Trichoderma<s, Fusarium<s, Parasarocladium<, Sarocladium<, Phialemonium<4:-2 2 Q1% 0
™ Pleosporales5-0] 40% (107-55)2 71 -2 H] S-S 2| 5FA Th(Table 4).

32 A oA B2l 77+ Ascomycotats 2! Basidiomycotaiz0ll £31.2.™ Ascomycota
=0l &5F= w3+ Cleistothelebolus<, Hyphozyma<;2}t Capnodiales3-2] Cladosporium<s,
Pleosporales%-‘?«] Phoma<, Did)anella—’i'.\—, Epicoccum—}i}—, Alternaria<s, Eurotiales=-2] Aspergillusé'},
Penicillium<;, Onygenales2] Chrysosporium<, Saccharomycetalest=2] Geotrichum<;, Hypocreales
=9 Acremonium<;, Fusarium<;, NeonectriaZ;, VolutellaZ;, Xylarialest2] Apiospora;y0] 21
%] %13 Basidiomycotat=Cll &5h= w5+ Cantharellales=-2] Ceratobasidium;, Agaricales=-2]
Schizophyllum<;., Polyporales=-2] AntrodiellaZs, pex<;, Russulales=-2] PeniophoraZ;0| 2HQ1%] it
71 % Eurotiales=-2] PenicilliumZ5°] 25%(11¢-55) 2 7 -2 H| 52 2FA| 513 THTable 4).

Al E=g| Ao A Ba|H -5 Ascomycota®0| THE-E0]| %) 31 Basidiomycotat™ Agaricales=-2]
Schizophyllum<;, Mucoromycotat Mucorales=-2] Mucor;oll 2t} 171 w52 431t Ascomycota
20l &3h= ¢ Capnodiales=-2] Cladosporium<;, Pleosporales=-2] Didymella<s, Epicoccum,
Stagonosporopsis<;, Alternaria<;, Eurotiales=-2] Penicillium<;, Hypocreales=-2] FusariumZ5°0] Q1
%] %11 Capnodiales=-2] Cladosporium;-°] 37%(10v-55) 2 71 -2 H| 52 2FA|5F3 THTable 4).

Btz AolA Beld #F 9 Ascomycotatt©] THFE-E0] 31 Basidiomycotat® Agaricales
£-9] SchizophyllumZ;, Mucoromycotat™ Mucorales5-2] Mucor;oll Zt2F 17] w54 431
t}. Ascomycotat0l| £5H= Capnodiales=-2] Cladosporium<;, Dothideales=-2] Aureobasidium
45, KabatiellaZ;, Pleosporales=-2] Phoma<;, Didymella<s, Epicoccum3;, AlternariaZs, Eurotiales
2ol Aspergi]lus—/—'.\—, Penicillium%<, Saccharomycetales%iq Galactomycesé.\—, Glomerellales=-2]
Collectotrichum2;, Gibellulopsis<;, Hypocreales=-2] Trichoderma<s, Fusarium<;°0] Q1% 11
Capnodiales5-2] CladosporiumZ5°] 35% (14v-5°) 2 71 %2 H|S-& 2|8kt 6719 714
o A Asocomycota#C] 90.8% (157¢-5) = TS 2|5+ AL, 1 FollA] Capnodiales=-2]
Cladosporium%5°] 19.7% (34w5°) = 7P =3k A1, Eurotiales5-2] Penicillium<:0] 19%(33¢-5°)2 1
Ths H] 52 2HA|SFA Th(Table 4).
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Taxonomy

Sarocladium kiliense (Griitz) Summerbell, Studies in Mycology 68: 158 (2011) [MB#519592]

(Fig. 1 and Fig. 2)

Characterization: NNIBRFG3280@ 5+ PDAH ] of] B FZA2- w 30°CollA] 034 mm/day =
2 @A A5l PDAEIA]O A A= 7h2-H| Faio] SIS Hort FIHEE-2 Ajt
E8AolaL 7P gARE] BE-2 DA EIth(Fig. 1A). MEA, OA, YPDA HiZ[ollA = 2= 42| 7}
B L RBAE ST ST AP DAL/ 22 e A5lckie 1201
A2 30°CoIH 2 S om, YPDAUAIN 717 e W8S Rl BREE) &
4xSPDACIA = A5 E3UTHFig. 1G).
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Fig. 1. Cultural and morphological characteristics of NNIBRFG3280. Macro-morphology
of front and back. A: Potato dextrose agar (PDA), B: Malt extract agar (MEA), C:
Oatmeal agar (OA), D: Yeast extract peptone dextrose agar (YPDA), E: 1x sea water PDA
(1xSPDA), F: 2x sea water PDA (2xSPDA), G: Growth rate on media. Micro-morphology
of conidiophore (H) and conidia (I). Size bar is 10 um.
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97— Sarocladium kiliense CBS 400.52
54 Sarocladium kiliense NNIBRFG3280
Sarocladium zeae CBS 646.75
8\ I\ Sarocladium zeae CBS 226.84

— Sarocladium attenuatum CBS 414.81
99

99 Sarocladium oryzae CBS 180.74
—9{ Sarocladium oryzae CBS 361.75
’7 ——— Sarocladium strictum CBS 346.70

100 Sarocladium summerbellii CBS 430.70

Sarocladium glaucum CBS 796.69

o

—— Sarocladium bacillisporum CBS 425.67
. Sarocladium subulatum MUCL 9939

Paecilomyces farinosus ARSEF648

Acremonium variecolor CBS 130361

0.020

Fig. 2. Phylogenetic tree of Sarocladium kiliense NNIBRFG3280 and closely related species based on a neighbor-joining
analysis of the internal transcribed spacer (ITS) sequences. The sequence of Paecilomeces farinosus and Acremonium
variecolor were used as an outgroup. Numbers at the nodes indicate the bootstrap values (>50%) from 1,000 replications. The
bar indicates the number of substitutions per position. The new isolate from the present study is shown in bold and red.

TARs EWata vf11e)e EHS 7HA| M LH]= 13 ymo| T} Phialidess FALA] 7HE 20
2 o] 9191 0™ Z0]7} 2041 um, HH| 7} 1-2.5 um©] Atk FEAYE R} (conidia, n=20)= 2235
S0y eF ] Refolm mj11e)e TS 7HAI AL QUL A0)7F4-7 pm, L H=2-3 umo|
ATh(Fig. 1H and Fig. 11).

Habitat: 7|4~ 9] E| 4 &

Specimen examined: F-AMA] AFSHL 2435, 2016.09.22., NNIBRFG3280, = S A A

=)

Note: 1925 Griitzol] ]34 Acremonium kiliense2 23 E 1% 1.0 1[8] 2011 Summerbell
ofl 9J3l Sarocladium kiliense= THA] HHE ATH9]. Summerbell 5[9]°] B35t Hiojl o]5}H
Sarocladium-2 Acremonium} 22| ZZ3t phialidesS 7FA|™ adelophialidesS &o] AJ4kstal 2
Z3F RS 71 = FElA] E4 0] A Sarocladium £l 1050] &) 912 L 5 Skiliense
+ A & 22Y A& 5= §4& 7HA=tl NNIBRFG3280 v 3 22 E4S 1
T} NNIBRFG3280w5-2] ITSY S blastSt AT¥, S. kiliense (MT000479)2F 99.79%2] =2 A

O AlELof|ME S, kiliense@t 22 cladeol| Y x|} 2|Z2A 02 S, kiliense= =745}

_|1m
3R

38 Pﬂ
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T} NNIBRFG3280 T+ A+ 0.7%%] 7|4~ 2] E| & 5of|A] 22]ot3 .o 30°CollA] HE 6%<!
2xSPDACIA] A= 1 0 2 Kol JEuAdo] Q= o= 1= U Th(Fig. IF and Fig. 1G).

Fusicolla merismoides (Corda) Gréfenhan, Seifert & Schroers, Studies in Mycology 68: 101 (2011)
[MB#519438](Fig. 3 and Fig4)

Characterization: NNIBRFG23708w5= PDAHBHZ] of] B{L3H-2- wlf 25°Col|A] 0.14 mm/day =
2 Lol APFStict. AR FAALE 7he] el Qe ekl Sleht rbgate)
F2-2 YA EQlth(Fig. 3A). MEA, OA, YPDA HjZ|of| X &= PDAH|R|of| X2} H] 28t /& B

1.0 M (Fig. 3B-D), Fo] 23 viA|ol| A= &2 B-5AS =9I ThFig. 3E and Fig. 3F). A=

G o2
= 0.15
]
T
E
£ i J5c
& - " 15°C
(ol
= 20°C
% o005 Lo
6 ||I | TR il |

YPDA 1xSPDA 2xSPDA 4xSPDA

Medium

Fig. 3. Cultural and morphological characteristics of NNIBRFG23708. Macro-morphology
of front and back. A: Potato dextrose agar (PDA), B: Malt extract agar (MEA), C: Oatmeal
agar (OA), D: Yeast extract peptone dextrose agar (YPDA), E: 1x sea water PDA (1xSPDA),
F: 2x sea water PDA (2xSPDA), G: Growth rate on media. H: Micro-morphology of
conidia. Size bar is 10 pm.
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ﬁ{ Fusicolla merismoides NNIBRFG23708

84 Fusicolla merismoides IHEM 2040

95

Fusicolla betae BBA 64317

— Fusicolla epistroma BBA 62201

Fusicolla acetilerea BBA 63789

Fusicolla violacea CBS:634.76

— Fusicolla aguaeductuum BBA 64559

o E— Fusicolla matuoi CBS:581.78

0.020

Dialonectria episphaeria CBS:125494

Fig. 4. Phylogenetic tree of Fusicolla merismoides NNIBRFG23708 and closely related species based on a neighbor-joining
analysis of RPBS2 gene sequences. The sequence of Dialonectria episphaeria was used as an outgroup. Numbers at the nodes
indicate the bootstrap values (>50%) from 1,000 replications. The bar indicates the number of substitutions per position. The
new isolate from the present study is shown in bold and red.

25°CollA] Z 37t on, A 7t 52 4xSPDACIA = 7512 3t THFig. 3G).
Microconidiat ¥ %] 74] Q¥ macroconidia®] Z 0]+ 145-228 pum©| 3l HH|+= 15-26 um°|™

1-3719] AR 7FA| 21 Q)31 7123t Hof o & o] M E5) 1 o7k 3] o] 4l th(Fig. 3H).

Habitat: 7]4>2129] E]

Specimen examined: % = AJARA] TS REZRA], 2019.05.08., NNIBRF23708, =+ 1 S5 744 =
Ahel

Note: Fusicolla merismoides= H-5 EQ1} @ A= Eojjx] Ea]|x]) 0 1838 Cordacl] 2|5HA]
Fusarium merismoides2 2]-& E. 1% 21CH10]. NNIBRFG2370875F2] ITSY 7] 4 €2 NCBIO||A]
blast3t A3}, Fusarium merismoides (MT072065)2t 100%2] FAFEE Bt o] #55 2F 54
517] YA ISP 0. 2= ERlo] E7153}0] RPB2 F-4AHE B4 5t] Als4E 2/dsh 21,
Fusicolla merismoides2t 22 clade®]] Foli= A2 &H1E 4= Q13Ith NNIBRFG23708¢7-+=
2.95%81 7149 9] E]ZEof|A] £ %3]0 25°Coll A & 6%<1 2xSPDACYA A= o2
Hol B Aol Q1= 752 391w I th(Fig. 3F and Fig. 3G).

M -
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% 2 Penicillium 4 50 22| = AT 12]. $-2juete] 137t R0l A= Penicillium 450
7V SOk, 11 T3 O & Fusarium 4 9 Aspergillus 470] WOkTH13,14]. & AolxfEs 5 4
20| A= Pleosporales 5, Eurotiales =, Capnodiales =-0] 7} &o] AZE QL & 4504
& Cladosporium 4 4 Penicillium 4°] $-5t= 2 0= Y thE A2 atel v]eh 4
S HtkFig. 5). ZF 7|48A 9 e 2 BE] thFd |45 TE5H 23t Shannon’s diversity index2t
Simpson’s index I @420] A SAHH S5= A 9ol|A 7MY ol =24 UteH, o]
A E=UE AFARE 2ol A= S| UK Table 3). ©]+= ol Ulgol = o729 thF
/g0l =4 E5& HolFrh

&HH Nayak 5{11]2] $1LollAl= 2g0]9] e4-2ej Aol F2o] 3-8 HiA1 & ARE-sto] A
2 %4/3(obligate halophile) Z78°15 £ 4= A, £ AollA= LRt PDAC] HiY5Ho 5

Paraphoma T us;;mm
3% (]
P};?.fa ) Trichoderma \_Ep lcocoum
Alternaria 39 4%
3%
= Cladosporium = Penicillium = Fusarium Epicoccum = Trichoderma = Alternaria = Phoma
= Paraphoma = Irpex = Didymella » dspergillus = Paraconiotiyrium = Galactomyces = dcramonium
= Schizophyllum Sarocladium = Volutell. = Peniophora s Phaeosphaeria  » Mucor » Verticillium
= Ascochyta » Arthopyrenia » Chrysosporium Beauveria Geotrichum Apiospara Gibellulopsis
= Colletotrichum Hiphozyma = Pyrenochaetopsis = Hipocrea = Stagonosporopsis = Aaosphaeria = dntrodiella
» Kabatiella = Parasarocladium = Letendraea Cleistothelebolus  ~ Metar hizium = Phialemonium = Aureobasidium
= Purpureocillium = Myeocladus = Curvularia « Myrmecridiwm = Schizophylhum = Neonectria Efibula
Neopestalotiopsis » Ceratobasidi Neostagonospora » Albifimbria

Fig. 5. Genus composition of all fungi isolated from brackish water. The graph expressed
that all isolated fungal strains belong to the genus (%).
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/2 F/d(facultative halophile) F8°[9ha #2|T 4= QT FU 07|50 & SRlH & 4+ o
Al G2 H2)o] ARU/dS 7HA AL QUA|RE F& v R|oll A 2|4 72 oFA] s A0 = Hot &
42/ Fgol|YE & 4 UTh(Fig. 1 and Fig. 3).

& AolldE Ul 714 29 2 ER WIH ol b2 &Esh] flsll 5=, 24
S5, A, fEEA), AR U A % 6% 3
oIl ol g2t sl BHolS oo elsto] oAU
53 % 25°Col] wlerelgich 714-0] Ao 4 REIE BEE F ITEFE ITS 2
He Bajslel 4 4702 SHS Rel $HE F5E Tl A48 ol §3te] HAslal
. E2|H 5= Pleosporales, Eurotiales, Capnodiales, Hypocreales, Polyporales, Saccharomycetales,
Agaricales, Glomerellales, Mucorales, Dothideales, Russulales, Xylariales, Sordariales, Myrmecridiales,
Tubeufiales, Onygenales, Cantharellales, Amphisphaeriales =01 554 Cladosporium<;:°] 20%2 7}
2 sk, 21 the-2 Penicillium (19%), Fusarium (5%)2] <5412 Wo| 2314t Sarocladium
kiliense NNIBRFG32802} Fusicolla merismoides NNIBRFG23708 S =+U] 7|87 0| A Hh=513 o
B, o|5 =l n|7|§F o2 Barskaat ik
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