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Diversity of Endophytic Fungi Isolated from Hydrophytes
in Wetland of Nakdong River
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ABSTRACT : Endophytic fungal strains were isolated from 5 aquatic plant species (Trapa japonica, Miscanthus sacchariflorus,
Oenanthe javanica, Typha orientalis and Zizania latifolia) native to river wetland of tributary in Nakdong river. Total 34 strains were
purely isolated, and then its internal transcribed spacer (ITS) regions were amplified. After that, phylogenetic analysis based on ITS
sequences and deduction of diversity indices were done. Fungal isolates were belonged to 17 genera, concretely in Acremonium,
Alternaria, Aspergillus, Cladosporium, Emericellopsis, Fusarium, Calactomyces, Leptosphaeria, Microsphaeropsis, Penicillium,
Peyronellaesa, Phoma, Pseudeurotium, Rhizomucor, Talaromyces, Trematosphaeria and Zalerion. Especially, fungal isolates were
distributed intensively in genera Alternaria and Talaromyces. This study deals with the diversity of endophytic fungal species that

showing symbiotic relationship with their host aquatic plants.
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At FAY2E-2 vlE (Trapa japonica Flerow), =AW (Mi-
scanthus sacchariflorus Hack.), PIU2] (Oenanthe javanica
DC.), 55 (Typha orientalis C. Presl), ¥ = (Zizania lati-
folia Turcz.)ol™, F2jve}t A7} = HaegAlol AHgst
= AE TEOIT(Table 1). F44E2] 3] 195 A3
star, AHE A (tween 80)2F A (perchloric acid,
1%)S A2stdet. 1e]al A& Alge S AlA
Blal 3~4 cm Ao]|2 Adst A3 A5 E FHIsIT Al
o] 7S A8 st , ZE ) Erto] 4] (streptomy-
cin, Sigam-aldrich, St. Louis, MO, USA)©| X3 hagem
minimal B A& AH8-8)] 25°C 004 vl sttt B
A5 £ T A dARE AT EHOE hagem
minimal BJX]o| 4] THA] B YSFSIAL, potato dextrose agar
(PDA; Difco, Detroit, MI, USA) BjA|¢l] Althujekste] &
S B ol F-E 4TSIt

Genomic DNA2| =& % polymerase chain reaction
(PCR) 3

T2 O] BloA] EelE WA TF2] internal trans-
cribed spacer (ITS) 7] LS 353171 I8k potato
dextrose broth (PDB; Difco)ulA]ol] HE3Ie] 25°Col|A
120 rpm o= 5~7 FRF & wljFS L A HAE
A}Ro) At Fof| FAE TE Ax3I] AEE FH
3Ftt. Genomic DNAFE-S 9151, DNeasy Plant Mini
Kit (Qiagen, Germantown, MD, USA)E ©]-8-3}4 1L ITS1
(5TCC GTA GGT GAA CCT GCG G3)¥} ITS4 (5’TCC

TCC GCT TAT TGA TAT GC3’) Z&lo|HE AL&3FTh
[11]. PCR WF3-Z72 pre-denaturation (94°C, 4 min),
denaturation (94°C, 1 min), annealing (56~58°C, 1 min),
extension (72°C, 2 min), total 35 cycles, final extension
(72°C, 2 min)©-Z rDNA-ITS %99S ZSZ319]t}. PCR A
=+ purification kit (AccuPrepPCR & Gel Extraction Kit;
Bioneer, Daejeon, Korea)s A3t “gA|gH Sl ABI
3730XL DNA analyzer (Applied Biosystems, Carlsbad,
CA, USA)E 971 g5 sf=ait.

ITs7| Mg 24 3 Cleky 24

3=d A7) E-& NCBIo| BLAST AAS 5314 Gen-
Bank B|o]EH|o]2=9} AFEAo] H& ZAFTET Bl 7
BAS ST T $AE slalel W] & (ge-
nus)S ©]-83}%], Margalef's richness (D,[12], Mehinicks
index (D,,)[13], Shannon’s diversity index (H’)[14,15],
Simpson's diversity index (D)[14, 16] 52| T A&
A83)e] 7 A%l U DR e B4}

At

THME0M 22l LHYE R ASEN

FAE oA EeE AT Ass 2
MEGA 6 X213 [17]5 ARSI, neighbor-joining
(NJ, 1,000 bootstrap replicates) W*H S 2 Kimura 2-para-
meter &S o]-8313Tt.
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Table 1. Information of hydrophytes collected from the river wetland

Scientific name of plants 12)?; Geographical position GPS information Sar:i?;ilr; gniata
Trapa japonica Flerow TJ Goryeong, Gyeongsangbuk-do N 35°44' 47" / E 128° 23' 07" July 07
Miscanthus sacchariflorus Hack. MS Gunwi, Gyeongsangbuk-do N 35°16'24" / E 128° 32' 11" July 07
Oenanthe javanica DC. oJ Goryeong, Gyeongsangbuk-do N 35°44' 47" / E 128° 23' 07" July 07
Typha orientalis C. Presl TO Gunwi, Gyeongsangbuk-do N 35°15' 53" / E 128° 32' 30" July 07
Zizania latifolia Turcz. ZL Goryeong, Gyeongsangbuk-do N 35°44' 47" / E 128° 23' 07" July 07
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559 A= oM WA 3455 AdEsioit
oA 6, =AM 8T, Hiv ol 6, F-
=olM 9t EollA 5 dF7F &8 2 AEE AT (Table
2). uFgollX Alternaria%s, Galactomyces%:, Microsphae-
ropsisZy, Pseudeurotium?y, Talaromyces%°] 28] =|Aal,
EJQN= Acremoniums, Aspergillus%:, Cladosporiumss,
Fusarium;, Penicillium2;, Talaromyces:0] 22|10,

Shagol Aste FANZENE 28 UNFR 15

vyl M= Aspergillus?y, Emericellopsis%;, Fusarium;,
PenicilliumZs, RhizomucorZs, Talaromyces%:°0] 2|5 ATt
231 RS AlternariaZy, Microsphaeropsissy, Pey-
ronellaea <5, PhomaZs, Talaromyces%s, Trematosphaeria=s,
ZalerionZ0] w-2]E o, viX|Et o g2 Zo| M= Alterna-
ria%y, CladosporiumZs, FusariumZs, Leptosphaeria®y©] -
= Ak (Fig. 1). WATF= AT (Zygomycota)?! Rhi-
zomucordr S A|LJ3lale BT APt (Ascomycota) 2

Table 2. Endophytic fungi isolated from roots of hydrophytes in river wetland

Fungal isolates Closest relative based on sequence homology Similarity (%) GenBank no.
ROJ101 Aspergillustubingensis KJ569519 99 KP889244
ROJ102 Talaromyces flavus HQ191279 99 KP889245
ROJ103 Fusarium incarnatum KF255427 100 KP889246
ROJ104 Rhizomucor variabilis JX076993 98 KP889247
ROJ105 Emericellopsis humicola GU390691 100 KP889248
ROJ106 Penicillium paneum HQ442340 100 KP889249
RMS121 Aspergillus clavatus AY373847 99 KP889255
RMS122 Fusarium oxysporum JN859433 100 KP889256
RMS123 Fusarium oxysporum KM282627 100 KP889257
RMS124 Talaromyces flavus HQ191279 99 KP889258
RMS125 Penicillium brasilianum KP050659 100 KP889259
RMS126 Aspergillus japonicus KF031031 100 KP889260
RMS127 Cladosporium cladosporioides KJ589558 100 KP889261
RMS128 Acremonium sp. KJ540100 100 KP889262
RTJ131 Talaromyces flavus HQ191279 100 KP889263
RTJ132 Galactomyces pseudocandidum JN974291 99 KP889264
RTJ133 Microsphaeropsis arundinis JN851022 99 KP889265
RTJ134 Alternaria alternata KJ412495 97 KP889266
RTJ135 Pseudeurotium bakeri AY129287 100 KP889267
RTJ136 Talaromyces flavus JQ768266 99 KP889268
RTO141 Zalerion varium AF169303 98 KP889269
RTO142 Microsphaeropsis arundinis JN851022 100 KP889270
RTO143 Trematosphaeria hydrela JQ435796 99 KP889271
RTO144 Peyronellaeapinodella KM030324 100 KP889272
RTO145 Talaromyces flavus JQ768266 99 KP889273
RTO146 Alternaria alternata KM280070 100 KP889274
RTO147 Phoma sp. KM979948 100 KP889275
RTO148 Microsphaeropsis arundinis KF852600 100 KP889276
RTO149 Alternaria tenuissima KM513592 97 KP889277
RZL111 Fusarium equiseti KJ677250 99 KP889250
RZL112 Alternaria tenuissima KM979980 99 KP889251
RZL113 Alternaria alternata KJ410044 98 KP889252
RZL114 Cladosporium cladosporioides KJ589558 100 KP889253
RZL115 Leptosphaeria sp. AB693792 98 KP889254
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Fig. 1. Distribution of endophytic fungi according to the hydrophytes. Endophytic fungi in the level of genus. T, Trapa japonica
Flerow; MS, Miscanthus sacchariflorus Hack; O], Oenanthe javanica DC.; TO, Typha orientalis C. Presl; ZL, Zizania latifolia

Turcz.

1= AT

G A BElE EE UATFY] ITS 7] Mg
NCBI GenBankdl| 553} ml& (KP889263-KP889268),
=AY (KP889255-KP889262), MUz (KP889244-KP8892
49), HF-5 (KP889269-KP889277), & = (KP889250-KP8892
54)o| 4 E2]E FF52] accession no S Foj@tom £

e WATFo AsTE Adskith(Fig. 2).

L7 Rel Cik 24

A2l 5 F5-5 (species richness)E 2H15}17] 215}
&] Margalef's richness (D, )= 28319 o, vlE(2.041),
EA9A (2.121), 1Y (2.449), FE5(2.333), =(1.789) % =
A=A, MehinicKs index (D, )5 4831 vl&(2.232),
EA (2.404), 1Y) (2.791), F-E5(2.731), Z(1.864)Z &
A= AT T THFIAS (species diversity)S 218171 9
3}, Shannon’s diversity index (H)E 283l W
v}E-(1.561), A (1.733), BIUE] (1.792), F-5(1.889), =
(1.332)2 A% 031, Simpson's index (D)°Al= vl
(0.067), =244 (0.071), "] (0.000), FE(0.056), =
(0.100)22 A= TH(Table 3). Margalef's richness (D,,)
2} Mehinicks index (D, )X vy 71 &
T THEE UG OE AE et vt &
T = F2d S5 BXs] el 7P =2 A5
& HoF= AR AZMET. Shannons diversity index

()= F=o] 7FE =4 USkal, Simpson's index (D)
£ 2oelr 7Pg ¥ A%t =250} Shannon's
diversity index (F)ol|A F-50] =4 U olfi= & 5
F7F 7P Bomis 54 &of B3 Bleo] A & ol
o™, Simpson's index (D)°A= &0] 7 =2 AF=2
IIE olfie= T T Ao wete, 578 &9 £%
Hl&o] HA| AEEHA7] WiZoltt. 2+ A5 2838t F
FTHE, T s YellE A5E I8, A=
o] 7A&= 9% (dominant species), 7573 A5~ (even-
ness index)ol gk oJu|x= ¥EstEtiar & 4= Ut} B A
T 4570 F = B T U AFE H8at '
TN AHeks WATR tedS FRlsklon, A
o) Aok k) el 4EFe) AT 28] vl
S5k

2 AgollA B WAATR] &5 vlws) B AR
A FoAME Bol| ISl U= AspergillusZs, Penicilli-
um:2] HIgo] A7} & Ao ' SRl T
I oE JeEel Ashs sidtAest SAEAll =
WA TR Hlugs ol Eejse d77t Aoldk Aes
SHAEJATH18, 19]. 1 o= St el dFet
= 2e)7} = Galactomyces 25, Leptosphaeriasy, Micros-
phaeropsisZ:, PeyronellaeaZs, Rhizomucorss, Trematospha-
eria®s, Zalerion°| 2|7} HA0™ Aspergilluss:, Peni-
cillium%;, Alternaria?e] ¥]&0] =2 3|3t X Hah= #2
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sg| Alternaria cf. tenuissima RZL112 KP889251
99|L Alternaria cf. alternata RTJ134 KP889266

100

921 | Alternaria cf. alternata RZL113 KP889252
Alternaria cf. tenuissima RTO149 KP889277
Alternaria cf. alternata RTO146 KP889274
Peyronellaea cf. pinodella RTO144 KP889272
100" Phoma sp. RTO147 KP889275
Leptosphaeria sp. RZL115 KP889254
Microsphaeropsis cf. arundinis RTO148 KP889276
100| | Microsphaeropsis cf. arundinis RTJ133 KP889265
100! Microsphaeropsis cf. arundinis RTO142 KP889270
Rhizomucor cf. variabilis ROJ104 KP889247

96

Acremonium sp. RMS128 KP889262

90

Galactomyces cf. pseudocandidum RTJ132 KP889264

Pseudeurotium cf. bakeri RTJ135 KP889267

Zalerion cf. varium RTO141 KP889269

Cladosporium cf. cladosporioides RZL114 KP889253
100" Cladosporium cf. cladosporioides RMS127 KP889261
Penicillium cf. paneum ROJ106 KP889249

Penicillium cf. brasifianum RMS125 KP889259

94 Aspergillus cf. clavatus RMS121 KP889255
Aspergillus cf. tubingensis ROJ101 KP889244
Aspergillus cf. japonicus RMS126 KP889260

95

Talaromyces cf. flavus RTO145 KP889273
Talaromyces cf. flavus RMS124 KP889258
100} Tataromyces cf. flavus RTJ131 KP889263
&7 Talaromyces cf. flavus ROJ102 KP889245
Talaromyces cf. flavus RTJ136 KP889268
Emericellopsis cf. humicola ROJ105 KP889248

100r Fusarium cf. incamatum ROJ103 KP889246
Fusarium cf. equiseti RZL111 KP889250

99| | Fusarium cf. oxysporum RMS122 KP889256

100! Fusarium cf. oxysporum RMS123 KP889257

0.1

Trematosphaeria cf. hydrela RTO143 KP889271

Fig. 2. Phylogenetic analysis of endophytic fungi isolated from the hydrophytes native to river wetland. This phylogenetic tree
was constructed by using the neighbor-joining method (1,000 bootstrap replications). Bootstrap values (70%) are indicated at

relevant nodes.
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Table 3. Diversity index of endophytic fungi isolated from the hydrophytes in river wetland

Fungal taxnomic TJ MS OJ TO ZL
Acremonium 1
Alternaria 1 2 2
Aspergillus 2 1
Cladosporium 1 1
Emericellopsis 1
Fusarium 2 1 1
Galactomyces 1
Leptosphaeria 1
Microsphaeropsis 1 2
Penicillium 1 1
Peyronellaea 1
Phoma 1
Pseudeurotium 1
Rhizomucor 1
Talaromyces 2 1 1 1
Trematosphaeria 1
Zalerion 1
Total 6 8 6 9 5
Margalef's richness (D,,,) 2.041 2.121 2.449 2.333 1.789
Menbhinick's index (D) 2.232 2.404 2.791 2.731 1.864
Shannon's index (H') 1.561 1.733 1.792 1.889 1.332
Simpson's index (D) 0.067 0.071 0.000 0.056 0.100

TJ, Trapa japonica Flerow; MS, Miscanthus sacchariflorus Hack.; OJ, Oenanthe javanica DC.; TO, Typha orientalis C. Presl; ZL, Zizania

latifolia Turcz.
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