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In this study, plant samples of five species were collected from the Dokdo islands in South Korea.
Plant samples such as Asparagus schoberioides, Corydalis platycarpa, Festuca rubra, Sedum oryzifolium, and
Setaria viridis were collected from the Dongdo and Seodo. Endophytic fungal strains were isolated
from the roots of five plants from the Dokdo islands. Thirty-three fungal strains were isolated from
these native plants. All the endophytic fungi were analyzed by internal transcribed spacer (ITS) se-
quencing (ITS containing ITS1, 5.8s, and the ITS2 region). Waito-c rice seedlings were treated with
fungal culture filtrates to test their plant growth-promoting activity. A bioassay of the D-So0-1-1 fungal
strain isolated from S. oryzfolium confirmed that it has the highest plant growth-promoting activity.
All the endophytic fungi belong to four orders: Eurotiales (86%), Capnodiales (3%), Hypocreales (4%),
and Incertae sedis (7%). The endophytic fungi were classified as Ascomycota, which contained
Aspergillus (12%), Cladesporium (3%), Eurotium (3%), Fusarium (18%), Microsphaergpsis (6%), and Penicil-

fium (58%) at the genus level.
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dHA lon, WAKEF Fol
A EA G2 EQ] gibberellins (GA), auxin (IAA), cytokinin,
ethylene, abscisic acid (ABA)GS A4tste 5ol tigh A+
7F A e[l 8,9, 11, HZole saEd] e a7}
opid YA B A sk A ES Gkl g Azl
T 977 224 B Qivh4, 22-24]. 28y A4 =
o AAste A= WARATF 2 TFHd dg A7 8
o] &l AUA BoH, HZol AR HuHI JTH22,
23].

2 dFdMe Sxd AAsta A= HIAF(Asparagus
schoberioides), 78 285w (Corydalis platycarps), 479 &
(Festuca rubra), B & 3HSedum aryzifolium), 1231 A730}A]
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£ 22leha, DNAITS 9% ol &3] E4aYTy,

3P EE AAAEE) B2y B YAl
0] 2]
o

ASAIZ & 0|4=E Al29| ZH|

£ AFdA ARRE AEAEE 59 &9 AR
A} AY3h= B R (Asparagus schoberioides, plant code: Ask),
AN EF Y (Corydalis platycarps, Cp), 97 @ (Festuca
rubra, Fr), A% Sedum oryzitolium So), 123 A7}ro}
A & (Setaria viridis, Sv)S A EAZE A28} T (Table 1.).
gzl Feo Aste 559 AR H WAAAER
£ Boste] MAEAER FHI8AL, SdardEREATE
(KCCM)Z R Bopihe Gibherella fyjikuroi (KCCM 12329)
e dzTE ARseH, AEAEEISAAA
(Bioassay) & 913l A EAEE GAAIEAC Z28E 4
ol (Waito-c)S A3} th

LRI ROl 22l & i

ZroA A3 HEA R e Eds AAL
2/ (Tween 80)5 54 &7+ 23] A3 Fo o5
(Sterile distilled water)Z A|&3tdch agla #4g
(Perchloric acid) 1% & 5%t 2 3] A2t Fo A5 F
A A 8L, 3~4 cm Aol 2 Adato] i3 A ASHATH17].
WARERS Eee e fsted 2EfERA
(Streptomycin, 80 ppm)°] E3= o] 9l= hagem minimal
(HM)E] A S AF&-3HL[19, 20], 4 &9] ¥ S 25°C 2
Al FerATH19, 21, 24]. 22| wiFE AEA R e 2
oA WA LTS HMEj A o] &4 =2 (Streaking)< ©]
g3}o] thA] 25°C 270l A ekt 18] 3 potato dex-
trose agar (PDA)°ll Altiufste] 4= F2fskAt9, 11, 23,
24]. A& YN &g B WAATFES Czapek’s
broth (CB) ¥} A 7¢ &<k, 180 rpm, 28°CE A0 ZEtuj
(Shake culture) 393122, 24], WA ZTEF 2 A (Mycobiont)
£ oFste] 59 FeF sANZS A $HE AT ARE AR

o)

ru':‘aJ

3Tk 18] filter paper (Whatman)& AHg-3dho] v gd-&
o et 18] 3 vl FA L bioassayAl @S At 79 &

St BAAZ Fol 308 FHe A&

o &
a1, dolu] Aol Ao GA AFAEAS A7) 93t
uniconazol 20 ppm} =X E-S 2447t :

Folgh oW & water agar (0.6%)°l ZH53le] 4 EA%
B4 AZARE ARSHTH3.24]. A=A

tol ol R o]d7] Fo F-&ol WAl

of A (B0} &) 10 ulE A 2dte] 793t FRC
Qlatel A4 Zo](Shoot length)$} 2] & A o] (Plant
length)S <18t STH11, 12, 13, 19, 24]. 28l SAA e =
Ao 2 HE dolx AFHE SPSS version 18.05 ©]-8314
A Il 2] - 4HE 4 (ANOVA: one-way analysis of variance)<
oj&ste 71&FA #e FAeL, AHFHH L Duncan’s
multiple range test (DMRT)S] #H-& Ag3te] o8t
pR0.05 FFAA vl BASEE StATH3, 23, 24].

™o 2 2

{0

Of

Genomic DNA2| &1} PCR Bt =2

TAAZE Qste] gA o o] s3E WANTFY A
Z% DNeasy Plant mini kit (QIAgen)E AH&-314] genomic
DNAE #32 ¥ FZ34TH5, 10]. 28] Polymerase Chain
Reaction (PCR) & 3 templete 712 10 mM
Tris-HCI (pH 8.5), 1.5 mM MgCl,, 200 nM dNTPs, 40 mM
KCl, 10 pmol®] primer$} 0.1 unit®] Ex-Taq DNA polymer-
ase (Takara, Japan)& AH8-3FTH22, 24]. PCR 27 (1 min,
95°C) predenaturation, (30 sec, 95°C) denaturation, (1 min,
51-54.5°C) annealing, (1 min, 72°C) extension, (35 cycles) to-
tal cycles, (7 min, 72°C) final extension 2.2 33t}
[724]. 18]2 PCRYHS-S $13te] universal primer$] ITS1
(5-TCC GTA GGT GAA CCT GCG G-3')# ITS4 (5-GGA
AGT AAA AGT CGT AAC AAG G3)Z o] 43} DNA-
ITS ¥9& F&3FATHS, 23, 24]. PCR 2H=-2 1.5% agarose
gelol A A719% %, ethidium bromide (EtBr) AH&-3}o] 20
2 dA& 5 UV transilluminator® A7) WM EE 3¢5}
AT, 24]. 181 A7]9F DdHEL QlAquick PCR
purification kit (Qiagen Inc,, Germany)& AF8-3t A 5F4)

Table 1. Scientific name and geographic coordinates of the five native plants in Dokdo islands

Scientific name of plant sample Plant code Local Fungal isolates
Asparagus schoberioides Kunth Ask Dongdo 5
Corydalis platycarpa Makino Cp Seodo 6
Festuca rubra L. Fr Seodo 3
Sedum oryzifolium Makino So Dongdo 11
Setaria viridis var. pachystachys Sv Seodo 8




3, 97118 Z4E 913kl ABI PRISM BigDye Terminator
Cycle Sequencing Kit (PE Biosystems, Foster City, CA, USA)
£ AH&stSiom, DNA ©¥5-3 ABI 310 DNA sequencer
(Perkin Elmer, Foster City, CA, USA)E AM&-3t WA/
=9 d7IMds 2AsAd1e, 23]
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Lasergene 7 Z2 137} BioEdit T2 1S AMg-3to] &
25 A 9 BHEe WAAERY FA8A 24
MEGA 4.1 Z 213 9] neighbor-joining (NJ) o2 £4
SFATH19, 24]. 222 WA TFS blastd S E<1317] 9
&to] rDNA-ITS ¥ 99 71425 NCBI® nucleotide blast
R ¥l FAEAT. 223 WA R e 4
< #8te] T#FE9 H(Order)® & (Genus) &elstla, o
FREAES A7) Hste] gEPAFE dEds
Shannon’s diversity index (H)E 483t512H[14, 24], 5%

Table 2. Plant growth-promoting activity of Waito-c rice seedlings with culture filtrates of endophytic fungi isolated from the roots

of native plants in Dokdo islands

Fungal isolates Closest relative based on sequence homology Similarity (%) GenBANK No.
D-Ask-1-4 Penicillium pingphilum SGE75 (JQ776546) 100 JX220188
D-Ask-1-4-1 Fusarium sp. WF150 (HQ130706) 100 JX220189
D-Ask-3-3 Aspergillus niger MUMO05.13 (JF838357) 100 JX220190
D-Ask-4-4 Penicillium canescens (AF033493) 100 JX220191
D-Ask-5-4 Aspergillus tubingensis Uf125-1 (JQ693399) 100 JX220192
D-Cp-1-2 Penicillium sp. FF15 (FJ379815) 9 JX220193
D-Cp-2-1 Penicillium waksmanii TR077 (HQ608108) 9 JX220194
D-Cp-3-1 Penicillium sclerotiorum (JN581573) 9 JX220195
D-Cp-3-1-1 Penicillium sp. CNU 100097 (JF772181) 9 JX22019
D-Cp-4-1 Penicillium viticola (AB606414) 9 JX220197
D-Cp-7-2 Penicillium simplicissimum P25 (JN246043) 9 JX220198
D-Fr-1-2-1 Penicillium adametzii (AF034459) 100 JX220204
D-Fr-1-2-2 Penicillium thomii (AF034448) 100 JX220205
D-Fr-1-2-3 Penicillium sp. M738 (GU446645) 100 JX220206
D-So-1-1 Fusarium culmorum (AB586990) 29 JX220213
D-So-1-3 Eurotium niveoglaucum (HE578069) 100 JX220214
D-So-1-4 Fusarium sp. 3 RIRM-2011 (HQ662681) 100 JX220215
D-So-2-2 Penicillium pasqualense (JN617676) 100 JX220216
D-50-2-3 (ladosporium cladosporioides (FR837924) 9 JX220217
D-50-3-2 Microsphaergpsis sp. DoF18 (JQ388263) 100 JX220218
D-So0-3-3 Penicillium citrinum S36 (JF266706) 9 JX220219
D-So-3-4 Microsphaergpsis arundinis (EF094556) 9 JX220220
D-So-3-5 Aspergillus tubingensis Uf125-1 (JQ693399) 100 JX220221
D-So-4-1 Fusarium sp. AJH20 (EU605879) 100 JX220222
D-50-4-2 Fusarium sp. WF157 (HQ130713) 100 JX220223
D-Sv-1-1 Penicillium citrinum S36 (JF266706) 9 JX220224
D-Sv-1-4 Fusarium sp. NRRL 52796 (JF740934) 100 JX220225
D-5v-1-5 Penicillium pasqualense (JN617676) 100 JX220226
D-5v-1-6 Penicillium sclerotiorum (AF033404) 98 JX220227
D-Sv-2-1 Penicillium viticola (AB606414) 98 JX220228
D-Sv-2-6 Penicillium pinophilum (JQ776546) 100 JX220229
D-Sv-3-3 Penicillium sp. SGLMf44 (GQ377489) 100 JX220230
D-5v-3-5 Aspergillus tubingensis JP-1 (EU867248) 100 JX220231

The 10 ul of lyophilized culture filtrates were treated on the Waito-c rice seedlings. The shoot and plant length of Waito-c rice
seedlings were measured after 7 days. According to DMRT, the different letters in a row indicate significant differences. All plants

data (p<0.05) are expressed as mean value=S.D.

SL: shoot length
PL: plant length

* Negative control (Distilled water)
** Positive control (Wild type G. fujikuroi)
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WARTEF] ATy B4 % |, 55 A=<
Askol| A Eurotiales-(Order) 2] Asm‘gz]]usé.\—J% Penicilliumés
o] 2153131, Hypocreales&ol| &-3h= Fusariunéso] 1%
Atk A A8 CpE5-E Eurotiales® 9| Penicilliumé; 0] 23]
HQ31, Froll A& Eurotiales® ] Penicilliunés©] &-21% itk
SoZHE &= Eurotialesgﬂ Aspergillus®,  Eurotiunés;,
Penicilliunés 0] A AL, CapnodialesEel  &3h=
Cladosporiunés & QLO}%QUL Hypocreales® ] Fusarium
&3 ERAAZ BEetA 982 Incertae sedisol] &she
Microsphaergpsisés= €18 th 18]l 55 A4 E SvE
-8 Burotiales2] Aspergillus ¥} Penicillium?;©] 215 S

Table 3. The identification of endophytic fungi isolated in Dokdo islands

Fungal isolates PL SL Fungal isolates PL SL

D.W 11.53°+0.81 4.28°+0.10 D-S0-1-3 15754810 55 6.15%%+0.45
Medium 14.08""+0.69 4.90™P+0.22 D-So-1-4 17.25"+0.74 6.93°+0.57
G fjikuroi 19.45°+0.58 11.00°+0.58 D-S0-2-2 16.38°40.46 6.38°4°+0.51
D-Ask-1-4 1555840 34 6.10%"+0 39 D-S0-2-3 16.28°+0.29 6.65"4+0.47
D-Ask-1-4-1 15.53°4f8 10 61 578"k +() 59 D-50-3-2 15.934+0.31 6.10%"+0.29
D-Ask-3-3 16.43™+0.33 6.88"+0.51 D-50-3-3 14.78%"M+0 41 5.43"Kmn10 30)
D-Ask-4-4 14.55"M+0.82 550810 54 D-S0-3-4 14.838"%+0.90 5.80%8"+0 42
D-Ask-5-4 16.03%°+0.43 6.25%+0.26 D-50-3-5 13.48™+0.42 5.104™°+0.22
D-Cp-1-2 14.53"M+0.39 5,588 10 05 D-So-4-1 14.084"+1.28 5.337m040 50
D-Cp-2-1 14.60"+0.46 583" +0.43 D-So-4-2 15.40°8" £ 56 6.00%"+£0,70
D-Cp-3-1 15438+ 77 6.20*%0.16 D-Sv-1-1 15.23°¢"+0 57 58881036
D-Cp-3-1-1 14,9510 47 55080 57 D-Sv-1-4 15.53°8"+0 49 573810 39
D-Cp-4-1 14.28M™+0.60 5.05™°+0.31 D-Sv-1-5 14.154™£0.94 5.08"™+0.28
D-Cp-7-2 15.35%"£0,24 568" £0,39 D-Sv-1-6 12.43"+1.19 470°7+0.22
D-Fr-1-2-1 13.73"™+0.60 4.887P+0.24 D-Sv-2-1 14.188™+0.34 5.00™°+0.29
D-Fr-1-2-2 13.73"™+0.74 5.23Mm+() 34 D-Sv-2-6 15.90°+0.81 6.03%8"+0 78
D-Fr-1-2-3 14.738"+0 71 5.25Mm°+() 34 D-Sv-3-3 14.48™m+0.19 5.23Mm010 22
D-So0-1-1 19.53%+0.29 10.95°+0.37 D-Sv-3-5 15.68%+0.33 6.13%M+0 24
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Penicillium sp. D-Cp-3-1-1
Penicillium viticola D-Cp-4-1
Penicillium sclerotiorum D-Cp-3-1
Penicillium viticola D-Sv-2-1
Penicillium sclerotiorum D-Sv-1-6
Aspergillus niger D-Ask-3-3
Aspergillus tubingensis D-So-3-5
Aspergillus tubingensis D-Ask-5-4
Aspergillus tubingensis D-Sv-3-5
Penicillium sp. D-Cp-1-2
Penicillium adametzii D-Fr-1-2-1
Penicillium D-Fr-1-2-3
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Penicillium canescens D-Ask-4-4
Penicillium thomii D-Fr-1-2-2
Penicillium simplicissimum D-Cp-7-2
Penicillium citrinum D-So-3-3
Penicillium citrinum D-Sy-1-1
Penicillium waksmanii D-Cp-2-1

Penicillium pasqualense D-So-2-2
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Penicillium pasqualense D-Sv-1-5

Eurotium niveoglaucum D-So-1-3

Cladosporium cladosporioides D-So-2-3

so[erpoude)

SIPas delddu|

Fusarium culmorum D-So-1-1
Fusarium sp. D-Sv-1-4
Fusarium sp. D-So-4-1
Fusarium sp. D-So-4-2
Fusarium sp. D-So-1-4
Fusarium sp. D-Ask-1-4-1
Penicillium sp. D-Sv-3-3
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Fig. 1. Phylogenetic analysis of endophytic fungi isolated in Dokdo islands. A phylogenetic tree was constructed using 33 taxa
with neighbor joining (1000 bootstrap replications). Phylogenetic tree expressed that all isolated endophytic fungi belong

to the genus.
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Table 4. Composition of all endophytic fungi isolated from five
plants in Dokdo islands

Phylum Order Genus DlStFIbuzlon
ratio (%)
Aspergillus 12
Eurotiales Eurotium 3
Ascomycota Penicillium 58
Capnodiales Cladosporium 3
Hypocreales Fusarium 18

Incertae sedis  Microsphaeropsis 6
The table expressed that all isolated fungal strains belong to

the phylum, order and genus level (%).

Table 5. Diversity index and distribution of endophytic fungi
isolated from the five native plants in Dokdo islands

Fungal taxonomic Ask  Cp Fr So Sv
Aspergillus 2 1 1
(Jadosporium 1
Eurotium 1
Fusarium 1 4 1
Microsphaerapsis 2
Penicillium 2 6 3 2 6
Total 5 6 3 11 8

Diversity Index 1.055 0.000 0410 1.642 0.736
Shannon’s diversity index (/) on genus level of endophytic
fungi isolated from native plants collected in Dokdo islands
were analyzed.

dol 7 TRt As 2 & F Al

SEuete] g stA el gAZEFA R g2zl
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Aureotasza?unﬁ:., Ceplalosporiuné;, Chactomiuns, (adasporium
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Gibberella%s, Gongronellat;, Macrophomass, Microsphaeropsis®;
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