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Endophytic fungal strains were isolated from the roots of six species plants in the Dokdo islands.
Native plant samples, such as Artenisia japonica, Chenopodium album and Solanum nigrum were isolated
from Dongdo, and those such as Cyrfomium falcatum, Dianthus longicalyx and Tetragonia tefragonoides
were isolated from Seodo. In total, thirty two fungal strains were isolated from these native plants.
To identify the fungal strains, polymerase chain reaction (PCR) amplification of internal transcribed
spacer (ITS: containing ITS1, 5.8s and ITS2 region) regions was done with universal primers ITS1 and
ITS4. Endophytic fungi of four species were isolated from A. japonica, eight species from C album,
three species from 5. nigrum, three species from C falcatum, three species from D. Jongicalyx and elev-
en species from 7. fetragonoides. Culture filtrates (CF) of isolated endophytic fungi were used to treat-
waito-c rice seedlings to test plant growth-promoting activity. As a result of bioassay, Ca-5-2-2 strain
isolated from C album expressed highest plant growth-promotion activity. Of all the endophytic fungi
isolated, Penicillium sp., Fusarium sp. and Aspergillus sp. were the most abundantly distributed fungal

strains in the six plants used in this study.
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(ABA), Auxin (IAA) %—% @ Po}~ %Toﬂ fﬂi A7 &
A Qeh8911]. 182 A
&% A% F7} sk °“:‘r[145,10] 131‘%
A58 WATFE TES o Bt Oﬂ?% Bo] ¢ejA
AR FAR, &g AFAp] SeiA FRH I TH22].

B dAqdAe =0 st e AANE(Artemisia
/apmzca)»} 4 o} 5 (Chengpodium  albumy  1¥]3 7vkE
(Solanum  nigrum), AT A2 Qe ZzjH|H I
(Gyrtomium falcatum) <} & 3 3 ©](Dianthus longicalyx) 18] 1L
W &) X (Tetragonia tetragonoides) ] B2l F-ol A T4 2 435
Zgsta Y WATS B8dta, rDNA-TS (ITS1, 5.8,
ITS2) F9<& TN oM[22], == AYHE Y 2= 5H
o WAT S0 7 e AEARSNEE S A5
3t bioassayS TR 22jal & Aol M T H WA
79 A%T 2 IS F439TH7,9,10,14].
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=0 E‘

B Ao AHEE AEAEE 55 (Dongdo)ol A Al g
AA &3} rgoba Bl 7nkgS ARE-8FA AL, A% (Seodo) ol A
Tpnl A anl ek o] g MYRE A5t AT
(Table 1). P EA B E FE Ao A e 4E9 He
ZFH WATEES Bt Ao, AE8REHEA
< 95t diZF(positive control)2 P EHEAE
(KCCM)ZRH Ropihe Gipherella fyjikuroi (KCCM 12329)
TFE Ao H 8, AR EAEE HAS st 4
EAEE B o) H (waito-o) S AHE-SFSITH1].

3 A= AR EFS BT AAS, Ad
il A7bekar 1027 A2l Foll FHRTE
AFstd . 28]l 344K (Perchloric acid) 1% 1047
28] A F, SHFE AHALH 3~4 emA7| 2 Hs}
o FE2 AANNY. 283 AT ES #d7] A8t
2~E ] Evjo] l(streptomycin) 80 ppm©] E3FE Hagem
minimal medium=- AF8-8Fe] 25°Col| A Wl &3} TH19,20].
23l potato dextrose agar (PDA) plateo] Athul]
(subculture)dte] 4= £l 89 tH7,10,22].

So A ER M 5 BEd WATES wdet]
#38ked Czapek’s liquid mediumd] &3t 180 rpmoZ
25°C 27102 7U7F 21 &) F(shake culture)d} 1 3L[8], filter
paper (Whatman)E AH&-ato] o FHl Fll S o fsto] AEA
FENLYAE ANEE FXEAT389]. e WA

GGT GAA CCT GCG G-3)7} ITS4 (5-GGA AGT AAA AGT
CGT AAC AAG G-3)E& AHE-3te] rDNA-ITSY 95 55314
T}H8]. Polymerase chain reaction (PCR) £7-& HZ &% 10
mM Tris-HCI (pH 8.5), 40 mM KCl, 1.5 mM MgCl,, 200 nM
dNTPs©] 1, 10 pmol®] primer9} 0.1 unit®] Ex-Taq DNA pol-
ymerase (Takara)E A3t WH3-% 712 predenaturation
(95°C, 2min), denaturation (95°C, 30 sec), annealing (54.5°C,
1 min), extension (72°C, 1 min), total cycles (35 cycles), final
extension (72°C, 7 min)2.2 F33to] FFH PCR AHE2
15% Agarose gelol Al 719 % ¥, Ethidium bromide (EtBr)
S AHEEF 108 GAS &, UV transilluminatorol] A 2 7]
FWES 9 st 1422]. 22l3 S5 A719T dHs
2 QIAquick PCR purification kit (Qiagen Inc., Germany)&
AF&-3kel AA8HA L, ABI PRISM BigDye Terminator Cycle
Sequencing Kit (PE Biosystems, Foster City, CA, USA)E A}
&3l4oH, A4E DNA 52 ABI 310 DNA sequencer
(Perkin Elmer, Foster City, CA, USA)E AH-3l] 47|14 E&
72783} TH8,16].

AT AS2A

Lasergene 77} BioEdit ZZ 1 & A}g-3to] A7 IMES F
stk 2ol A E WA e ASEAS MEGA 41
13 Neighbor-Joining (NJ: 1000 bootstrap replicates) '
2 st BASY1L,14] WATEY EAAQ] 54
#8tod rDNA-ITS 2] 47| EE blastn Z2IHS
ol 41331

T A (mycobiont) &} ] o] M (CF: culture filtrate)> 72 & ASYZETEY 48
Ao AZAARALAVRE A3} 570 B BANRE  ARARIABAL AHa0) A5 ARG uATH A
oL, g gL 300 F5ske] AFESEAT glato] ol o MHE 25381913l uniconazol 20 ppm<
Aejstel dold o] AW A YA E Fatdnh. 2
Genomic DNAQ| £&1} PCR =2 2|3l whole Wato] W E water agar (0.6%)0l 3E3}e] w3}
025 4398 WAFEL DNeasy Plant mini kit At HgolH o o] g7 Fiol WATY FEu] g
(QlAgen)E ]84 genomic DNAE F&39HH10]. +& S ool 10 ul HYF &, 797 AFEAGH S ARG
% genomic DNATE universal primer$! ITS1 (5'-TCC GTA [8,9].
Table 1. Geographic coordinates of the six plants in Dokdo islands
Plant samples’ Geographic coordinates Local
Artemisia japonica E 131° 52" 10" / N 37° 14" 29" Dongdo
Chengpodium album E 131° 52" 11" / N 37° 14" 25" Dongdo
Solanum nigrum E 131° 52 07" / N 37° 14" 24" Dongdo
Gyrtomium falcatum E 131° 51" 49" / N 37° 14’ 33" Seodo
Dianthus longicalyx E 131° 51" 49" / N 37° 14’ 34" Seodo
Tetragonia_tetragonoides E 131° 51" 53" / N 37° 14’ 31" Seodo

“Scientific name of plants grow naturally in Dokdo islands.

bGeographic coordinates of six plants grow naturally in Dokdo islands.

‘The grow naturally region of six plants in Dokdo islands.



Table 2. Occurrence of endophytic fungi isolated from the roots of plants growing naturally in Dokdo islands
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stk EelE WA AAWS 2T Y 45, HolFZ R E
8%, 7S o2 3%, =ARIA I 2R 3F, E9olz

FH 3% 191 Pz RE 11502
& Awsle] FAAH(Table 2). WATES 54 23, 5%

R % WATE

(unit: species)

Plant samples

Fungal strain Artemisia . Solanum Gyrtomium Dianthus Tetragonia
i Japonica Chencpodium album nigrum )f;lecatwn longicalyx z‘etragziddes

Penicillium sp. 3 3 1 2 3 6

Fusarium sp. 1 4 1

Sordariomyrcetes sp. 1

Aspergillus sp. 2 2

Mucor sp. 1

Exserohilum sp. 1

Acremonium sp. 1

Endophytic fungi of 32 kinds isolated from roots of six plants are arranged above the table. The penicillium sp. was isolated from
roots of six plants. 7. tefragonoides had various kinds and the most number of fungal strains.

Table 3. The identification of endophytic fungi isolated in this study

Samp.ling Host plant Fungal Closest relative based on Similarity Accession
location isolates sequence homology No.

Aj-2-3 Penicillium sp. (GU446645) 100 JN859828

Artemisia Aj-4-3 Penicillium sp. (AB558283) 100 JNB859829

Japonica Aj-5-1-2 Fusarium oxysporum (FR750926) 100 JNB859830

Aj-6-1 Penicillium thomii (FR670338) 100 JN859831

Ca-3-1 Penicillium simplicissimum (GU981584) 9 JN859832

Ca-5-2 Fusarium sp. (HQ662681) 100 JN859833

Ca-5-2-1 Sordariomycetes sp. (GU944852) 100 JN859834

Dongdo Chenogpodium Ca-5-2-2 Fusarium oxysporum (HQ271449) 99 JN859835

album Ca-5-2-3 Penicillium decaturense (AF125946) 99 JN859836

Ca-6-1 Penicillium thomii (FR670339) 100 JN859837

Ca-6-3 Fusarium oxysporum (JN222394) 99 JNB859838

Ca-6-3-1 Fusarium oxysporum (HQ451893) 100 JN859839

Sn-7-2 Aspergillus niger (JF838357) 100 JN859840

iijgrnu? 5n-9-2 Aspergillus tubingensis (JF436888) 100 JN859841

5n-12-1 Penicillium simplicissimum (GU981587) 99 JN859842

Cyrtomium Cf-3-1 Penicillium decaturense (HM469399) 99 JN859843

“Erlcatum Cf-6-1 Penicillium sp. (FJ379821) 99 JNB859844

Cf-7-1 Mucor circinelloides (HQ285608) 99 JN859845

Dianthus DI-3-1 Penicillium funiculosum (HM469427) 100 JNB859846

longicalyx D1-3-2 Penicillium adametzii (AF034459) 100 JNB859847

DI-3-3 Penicillium sp. (HQ631007) 100 JN859848

Tt-1-2 Fusarium oxysporum (FR750926) 99 JN859849

Tt-2-1 Penicillium canescens (JF311958) 100 JN859850

Seodo Tt-2-3 Aspergillus terreus (JN129183) 9 JN859851

Tt-3-1 Aspergillus tubingensis (JF436887) 98 JN859852

Tetragonia Tt-3-4 Exserohilum rostratum (GU966507) 100 JN859853

tetragonoides Tt-4-1-1 Penicillium thomii (FR670338) 100 JN859854

Tt-4-5 Penicillium citrinum (JF266706) 100 JN859855

Tt-4-6 Acremonium cellulolyticus (GU479898) 99 JN859856

Tt-5-1 Penicillium janthinellum (HQ839782) 99 JN859857

Tt-6-3 Penicillium simplicissimum (HQ607866) 99 JNB859858

Tt-6-4 Penicillium spinulosum (HQ608158) 100 JN859859
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Table 4. Screening for plant growth-promotion of Waito-c rice seedlings with CFs of endophytic fungi isolated from native plants

in Dokdo islands

Fungal SL PL Fungal sL L

isolates ] isolates
D. water* 7.07+0.21%™ 13.77+0.25 Cf-3-1 6.07+0.42° 14.87+0.47"
G fujikuror* 11.43£0.25° 21.30+0.61° Cf-6-1 7.97+0.32°8" 16.97+0.71°"
Aj2-3 6.80+0.30™"° 15.33+0.60™ Cf-7-1 7.60+0.208"K™ 17.27+1.05
Aj-4-3 7530355 15.83+0.61"" DI-3-1 8.80£0.75 16.430.51°"
Aj-5-1-2 7.00£0.56™ 15.23+0.45" DI-3-2 8.63+0.60° 16.40+0.79#"
Aj-6-1 7.70+0.56%"™ 16.07+0.32%" DI-3-3 7.60+0 443K 17.63+0.49
Ca-3-1 6.370.60™ 13.27+0.68™ Tt-1-2 7.000.46"™ 14.970.42
Ca-52 9.37+0.42" 17.17+1.07°% Tt-2-1 6.97+0.204™ 15.13+0.31"
Ca-5-2-1 7.03£0.320™ 12.40£0.80™ Tt-2-3 7.60£0.448"K™ 15.90+0.36%"
Ca-5-2-2 11.50£0.36" 21.73:057" Tt-3-1 6.77+0.31"™° 1533055
Ca-5-2-3 9.50£0.50™ 16.10+0.46°" Tt-3-4 7.57+0.508"m 15.90+0.708""
Ca-6-1 8732025 17.23+0.75° Tt-4-1-1 813045 16.83+0.35°%"
Ca-6-3 9.17+0.15" 1537055 Tt-4-5 7.80+0.62%" 16.800.70°""
Ca-6-3-1 9.60+0.40° 16.10+0.46°"¢" Tt-4-6 7.17+£0.31"H™ 16.47+0.06™""
Sn-7-2 7.9740.72%%" 14.93051" Tt-5-1 8.00+0.36"%" 17.032031°%
Sn-9-2 7.53+0.858" ™ 15.63+1.15% Tt-6-3 7.93+0.76°" 17.50£0.30°
Sn-12-1 8.87+0.32" 16.90£0.36™" Tt-6-4 8.80+0.36™" 18.03£0.29"

The 10 ul of lyophilized CFs were treated on the waito-c rice seedlings. The shoot and plant length of waito-c seedlings were
measured after 7 days. According to DMRT, the different letters in a row indicate significant differences. All data (<0.05) are expressed

as mean valuetstandard deviation.
SL: shoot length, PL: plant length
* Negative control (Distilled water)
** Positive control (Wild type G. fujikuroi)

o 2L 3= AAHIZ& A A= AT (Ascomycota) ol &3
Penicillium sp. (3%)$} Fusarium sp. (15)°] #2501, o}
Fo A Aol &3t Penicillium sp. (3%), Fusarium sp.
(4%) 18] 3 dariomycetes sp. (1%)0] w8 H AoH, 7hutZol
X Aspergillus sp. (%)%t Penicillium sp. (1%)°] &2 %
4 Ut Mzl A sk EAHI & A H ol = At
o &3 Penicillium sp. 2%)3 1|1 @FFo] o}
(Mucoromycotina)®ll 438}= Mucor sp. (1%)7} %2 5
S gold| e AgTEol &84 Penicillium sp. (3%)°]
gEon, Mz e AddEol &= Pecillium sp.
(6%), Fusarium sp. (1), Aspergillus sp. (2%), Exserohilum sp.
(1%) 283 Acemonium sp. (1%)7} 8 2 54 Ao
(Table 3).

AEEA L blastn' & 0]-8-8F] ClustalX Z2IH 0=
RNF WAT F7IHNES BEHE S AL, Lasergene
7 BioEdit Z2 %S AHE-st] 471N LS Aeletid 1
231 MEGA 41Z2 1o A N] & A5 £40A &
o] &5 a1 9121, 1000 bootstrap replicatesH 0.2 4=}
sto WAl ek AgrE 25t
2 AT AARE dojd AT g Alsre M #
phylum) .2 &7 & & gien, s4€ WAdES A
TES dFFo] olg o BREE Ao] &< HAh(Fig.

g

SR Y

dr K

to ©

—
=

1). 2893 6379 S=ANE WA At &
3} Trichocomaceae@toll &-3t= Penicillium sp.?} Aspergillus
sp. 22|l BFAA7E B &4 & Hypocrealest ol &3}

©Fusarium sp7t Bo] £E3I e As 2 & & Ut

ASMEETIEY

WAl ok AEAGEARE AL dolH FEY
A¢ 74 o] (shoot length) 9} 21 & 2 o] (Plant length)Z <
sttt 181 FAAYE P2 RE 4L AHAE SPSS
version 18.03 o] 8331, FHr|wEAL 2

o
of
ol
2

@,(ANOVA: one-way analysis of variance
E&39om, AFF AL Duncan’s multiple range test
(DMRT)E %3t9 FFE p<0.05 FA 45 dc} 1
23 AT wjded S Ak A=A E2 Table 49 alt
H o7 A FH02 Fol8 e dehigleh 1o 4 A4S
G4 71789 43 e Fo+EFHAE Yo £4
< St

2 AdFoMe WA AEAEEALES AA57] 9
3to] bioassays 38ME G oH, WolFdM EejE
Ca-5-2-2 [Fusarium oxysporum HQ271449]2] WA o] wai-
to-cd AAE 71 wWol FAste AL g9 & 5 At

(Table 4).
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Penicillium sp. (JN859829)
Penicillium simplicissimum (JN859858)
100| 1 Penicillium simplicissimum (JN859842)
Penicillium simplicissimum (JN859832)
100L Penicillium janthinellum (JN859857)
Aspergillus terreus (JN859851)
of] Aspergillus tubingensis (JN859841)
TD{ Aspergillus tubingensis (JN859852)
Aspergillus niger (JN859840)
64 Penicillium canescens (JN859850)
100 Penicillium sp. (JN859828)
15 Penicillium adametzii (JN859847)
Penicillium thomii (JN859837)
Penicillium thomii (JN859854)
40 100| Penicillium thomii (JN859831)
Penicillium spinufosum (JN859859)
Penicillium decaturense (JN859843)
39 W[{ Penicillium sp. (JN859844)
1001 Penicillium decaturense (JN859836)
Penicillium citrinum (JN859855)
Acremonium cellulolyticus (JN859856)

91

54 100| | Penicillium funiculosum (JN859846)
931 Penicillium sp. (JN859848)
Fusarium sp. (JN859833)
Fusarium oxysporum (JN859849)
Sordariomycetes sp. (JN859834)
100} Fusarium oxysporum (JN859835)

Fig. 1. Phylogenetic tree of endophytic fungi
with rDNA-ITS sequences. The neigh-
bour joining tree (1000 bootstrap repli-
cations) was constructed using 32 taxa.
Phylogenetic analysis showed that all
isolated endophytic fungal strains be-
long to the phylum Ascomycota or

04 03 0z ) 0o subphylum Mucoromycotina.

Fusarium oxysporum (JN859830)

Fusarium oxysporum (JN859838)
93! Fusarium oxysporum (JN859839)
Exserohilum rostratum (JN859853)
Mucor circinelloides (JN859845)

obF-o] Heju el £l Cab-22 HATY A4, A ZtAtel 2
Zdol= H 11.50 cmé} A EA Dol= H 21.73 cmE
A=A 283 AT G fyikuradt Ca-522 WATS o] =&
H WSS W, BAAHCE 79 o] adf d|Fste AL o 474
A ARE I 4 Ak 2 279 ATl
DMRTY] AFZ &S 8elslal, 28 adgol dgste References
2o, 279 A Te vk AEAAEAEAS

2 20098 d = AEgtn AFug Al o3}
(o3} e

N e AMe
lo
re

=
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& ATl e = Xdﬁﬂ%é‘? gL ﬁiéEH Az 1742_{’744. y
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