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ABSTRACT : Halophyte samples, such as Suaeda japonica, Phragmites australis, Limonium tetragonum, Suaeda mar-
itima were collected from Go-chang salt marsh. Thirty-nine endophytic fungal strains were isolated from the roots
of halophytes naturally growing in salt marsh. All endophytic fungal strains isolated were analyzed by internal tran-
scribed spacer (ITS) containing ITS1, 5.8 s and ITS2 region. Endophytic fungal strains belong to eight orders, i.e.,
Eurotiales (36%), Pleosporales (26%), Hypocreales (18%), Incertae sedis (8%), Glomerellales (5%), Sordariales
(2%), Xylariales (2%), and Capnodiales (3%). On genus level, they were composed of Alternaria, Aspergillus, Cha-
etomium, Cladosporium, Colletotrichum, Coniothyrium, Dothideomycete, Fusarium, Gibberella, Macrophoma, Penicil-
lium, Pestalotiopsis, Phaeosphaeria, Phoma, Pleosporales, Pseudozyma, Talaromyces, and Termitomyces. Of them,
Penicillium (26%), Fusarium (13%) of Eurotiales and Hypocreales were predominant.
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FA (Marshy= &9l 9J3l] $74o] AA == AH22A
IG717E ol Bl FANE AYS I, AEF
A2lo] FHe Ao g U Uth(Park and Lee, 2006).
A= AR (Ramsan) 2] 28 1.194 “HFA= A
HolERIFHOIE, FTHolE/IAIZlE, Eo| FAH
o] JE/BEI JYE, FFolE/]FelE/aTolE TR
o] 2Elx], £, oJeA] T B2 H A Yol A
st Aok 282 FAe A WEEA, AdFEA, 95
A= EFE

d FAT A SR A ] HoltfEA, F
I} vt R RE frlEe] FHE Y sy sl 2 3
dEar, Sl oal] Wt X Yo m B&AEe] BEvt
AtH(Chapman, 1974). ZZ]3L Adaletdlls 2] 71qke]
2B7F A5 o] Fom Ayt enkslr] wiiEe] od
st AEAZE 2 sl Aok SEvete] st AEA
o ZgtHE ZAAAYL 201030 FALE FAE AT
2EAT, the P2 E(Halophyte)o] AH s A
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o7 dHx sdom, wAES] Tt B3 H=THKim
et al., 2004). & £A19] vAE gt A= 9 FA9
B tigt A+7F 5 olFaL o™ (Gomes ef dl,
2010; Mohamed and Martiny, 2011), 2= JAXE
< ol &gk AR Fo] thFdF(Khan er al., 2009), 3l
G FFo](Marine fungi) 77t B oz LEA| L
ATHDing et al., 2011; Zhang et al., 2012).

WYAFE 42 Ao FF /15S Ay &
A AL, AEFTEEQ GA, IAA, ABASt 7+& o]zttt
2HE(Secondary metaboliteyS AJAkste] 21 &7l J3F
S F= FAe® 4#A Y (Hamayun ef al., 2009; Khan
et al., 2011; Khan et al., 2012; Khan et al., 2009). &
FA9] xR e, Ax, RS G E] AR
st AE THRIES 71, eyt B iy &
AL 7RIt g2 A dthAmold er al., 2003; Redman
et al., 2002; Rodriguez et al., 2004; Rodriguez et al.,
2008; Waller et al., 2005). 22]3 G2 E3} FAHIA
o slom, WHEE 7H F JEF: IS F= Aol &
#4 cH(Rodriguez et al., 2004; Rodriguez et al., 2008).
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AN HeHRE o] A A sk
Ue G =S AF st AFAEE ARSSIATE A=A
B GQAAER HWAZ(Suaeda japonica), N (Phragmites
australis), A7 (Limonium tetragonum), - E(Suaeda
maritimays THEEH A QolX A H Ao, AFH T oS
Table 1°] 718ttt 28]l 2HFH 3 Y= A9
w2} 2123 E (plant code)Z E-F3le] 17159

LHdzIZe| Eelet vfk=A

A FAAA ANFH T HABAES] o EYS st
A AL, AHEAIA (Tween 80)5 1027+ 2] &, Bt
S (sterile distilled waten)® M| 3}H o, a0k
(Perchloric acid) 1%°l 10i7F 23] Ag] &, Hds/FT=
AFsdh 283 AN E Bele AXYI &, 7=
£-719] (operating scissors)= 3~4 cm ZAo|2 Adsle] 5
S AABATKSeo et al., 2009). WA FS] 4o}
Hj RS $Jsle] ~EZ] Enfo] I (Streptomycin) 80 ppm©]
2 # 2w #] (Hagem minimal medium)E ARE-31o] 23]
g8 AN Ee] BEE 25°C HiY7IoNAM wiFsdT
(Vazquez et al., 2000; Yamada et al., 2001). Z2]32L v
H FAAE BEle ¥ dHdA WAIXIFES  potato
dextrose agar (PDA)I Athujetsle] <= Ealsidt
(Khan et al., 2008; Kil et al., 2009; You et al., 2011). &
A2 Ee] BeloA =4 el gk WARIHES widsh] 9
3] potato dextrose broth (PDB)IA 7~14d FoF
100 rpm &2 25 °CZA3}oA el %k (Shake culture) 3F
Ao, WARFe] A (Mycobiont)s o3sle] F5-¢]

42 915kl 52 Bt BANEI] AEE ALgH

Genomic DNAS| F£E3 PCR HE=xU

T471x 79 WAZFe] #A= DNeasy Plant
mini kit(QIAgen)E AFE-3l4 genomic DNAE FE31%
C}(Hamayun et al., 2009; Khan et al, 2009). Z128]3L
templete =712 10 mM Tris-HCI(pH 8.5), 1.5 mM MgCl,,
200nM dNTPs, 40 mM KCI, 10 spmol®] primere}
0.1 unit®] Ex-Taq DNA polymerase(Takara, Japan)S A}
831tk PCR ¥H&-Z712 (95 °C, 2 min) predenaturation,
(95°C, 30sec) denaturation, (54.5°C, 1min) annealing,
(72 °C, 1 min) extension, (35 cycles) total cycles, (72 °C,
7 min) final extension &2 33}t =% genomic
DNA< universal primer ITS1 (5'-TCC GTA GGT GAA
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CCT GCG G-3"% ITS4 (5-GGA AGT AAA AGT
CGT AAC AAG G-3)E AF&-3te] tDNA-ITS 99< &
#3}o] polymerase chain reaction (PCR)S- 33}t
(You et al., 2011). 18]32 SZ% PCR AHe2 1.5%
agarose gelollAl 7719% ¥, ethidium bromide (EtBr)S
ARESR] 108 94 % UV transilluminator2 7195
M=E ol 3Ath(You ef al., 2011). 2719% GHELS
QIAquick PCR purification kit (Qiagen Inc., Germany)Z
AHEEle] HAEF215L, ABI PRISM BigDye Terminator
Cycle Sequencing Kit (PE Biosystems, Foster City, CA,
USAYE AM&3llen, DNA ©HES ABI 310 DNA
sequencer (Perkin Elmer, Foster City, CA, USAYE A&
slo] 7ML ES AT

LHZIZe| ASENS A CIYdX+ B4

AR Fo] 971 ES ClustalX programe ARE-3}]
UsAES Y35, Lasergene 7 program} BioEdit
program= A3t G7IMES 13T AR E
Al E4-2 MEGA 4.1 program neighbor-joining(NJ) %
ML o] &35to] EA S tH(Tamura et al., 2007). 223
WAZI#2] 54 918te] rDNA-ITS ¥99] A7IMES
blastn(NCBN 2.2 &elsle] BAI515 ), 28] AR
o] oY S Elsl] fletd FAE 4FES] 5
(Order)¥} 2+(Genus)ys RIS, THFEAFE &<let
7] $18t>d Shannon’s diversity index (H)E #-83I3S
™ (Pielou, 1975), Zt 2&o] tfst WA tFdS
A ek

LHZIRe 88 ¥ ASEH FH2A

A AL e oA AN ERTEH F
BAo® the WA 3988 2 B g &
¥ WARTS FANE SIZNE 63, PAZYTH 97,
LT=ZFH 124, SMe25E 34, SIISZHE 58, PA1S
25 4402 3985 S48, NCBI®| GenBANK
ZHRE BE #Fl I3t accession number [JX041061-
JX041099]5 Al&"SkTH(Table 2).
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Pseudozyma®:©] 21 =AUk, 28] FAAE PACA
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Table 1. Geographic coordinates of the native plants in salt marsh

Scientific name Plant code Site of collection Habitat
Suaeda japonica SJ N 35°33'10.24"/E 126°40'05.37" Halophytic
Phragmites australis PA N 35°33'10.04"/E 126°40'05.15" Halophytic
Limonium tetragonum LT N 35°33'58.97"/E 126°40'09.38" Halophytic
Suaeda maritima SM N 35°33'58.97"/E 126°40'09.27" Halophytic
Suaeda japonica SJ1 N 35°33'59.02"/E 126°40'09.27" Halophytic
Phragmites australis PA1 N 35°33'59.49"/E 126°40'09.52" Halophytic

Table 2. The identification of endophytic fungi isolated in this study

Plant code Fungal Isolates Closest relative based on sequence homology Similarity (%) Accession No.
11-G-1-5-1 Pleosporales sp. REF141 (JN859361) 92 JX041061
11-G-1-9-1 Coniothyrium sporulosum 58/2.4 (DQ865113) 95 JX041062
11-G-1-10-1 Phoma betae 17 (EU594572) 99 JX041063

S 11-G-2-8-1 Pseudozyma sp. CBS 10103 (AJ876488) 99 JX041064
11-G-2-9-1 Cladosporium sphaerospermum (DQ780351) 100 JX041065
11-G-3-1-1 Talaromyces assiutensis CBS 118440 (JN899320) 99 JX041066
12-G-1-2-1 Aspergillus terreus ATCC 12238 (JQ070071) 100 JX041067
12-G-1-2-3 Macrophoma sp. TXc4-6 (HQ262514) 99 IX041068
12-G-1-8-1 Colletotrichum gloeosporioides (JQ218143) 100 JX041069
12-G-2-5-1 Phoma betae 17 (EU594572) 99 JX041070

PA 12-G-3-2-1 Fusarium sp. NRRL 52784 (JF740932) 99 JX041071
12-G-3-2-2 Fusarium sp. NRRL 52776 (JF740929) 100 JX041072
12-G-3-4-1 Fusarium sp. NRRL 52796 (JF740934) 99 JX041073
12-G-3-4-2 Phaeosphaeria avenaria (U77359) 94 JX041074
12-G-3-4-3 Phaeosphaeria avenaria QLF50 (FJ623271) 96 JX041075
13-G-1-2-2 Dothideomycete sp. 7425 (EU680553) 99 JX041076
13-G-1-6-1 Pestalotiopsis neglecta EY6D (EF055208) 99 JX041077
13-G-1-7-2 Alternaria tenuissima (JQ417902) 100 JX041078
13-G-1-8-2 Penicillium sp. F35 (JF439501) 99 JX041079
13-G-1-8-4 Penicillium sp. SF142 (GU985213) 98 JX041080

LT 13-G-1-9-1 Fusarium sp. NRRL 52796 (JF740934) 99 JX041081
13-G-1-10-1 Chaetomium globosum (JN198497) 100 JX041082
13-G-2-5-1 Colletotrichum gloeosporioides 22 (JQ417212) 100 JX041083
13-G-2-6-1 Penicillium marneffei AN5 (IN974772) 99 JX041084
13-G-2-6-2 Penicillium verruculosum AT010 (HQ607791) 99 JX041085
13-G-2-7-1 Penicillium citrinum CR-2 (GU377267) 100 JX041086
13-G-3-5-2 Penicillium oxalicum SCSAAF0017 (JQ647900) 100 JX041087
14-G-2-1-1 Alternaria tenuissima (JQ417902) 100 JX041088

SM 14-G-2-9-1 Penicillium simplicissimum CY160 (HQ607998) 98 JX041089
14-G-3-1-2 Pleosporales sp. REF141 (JN859361) 92 JX041090
15-G-1-5-1 Cladosporium cladosporioides UM99 (JQ619815) 100 JX041091
15-G-2-5-1 Gibberella moniliformis FIAT-3752 (JQ277274) 99 JX041092

SJ1 15-G-2-7-1 Penicillium simplicissimum LP42 (HQ392489) 99 JX041093
15-G-2-10-1 Fusarium oxysporum BWH-Z (JQ301898) 100 JX041094
15-G-3-3-1 Penicillium pinophilum CB42 (JQ228239) 100 JX041095
16-G-1-8-3 Gibberella intermedia E2 (JQ363737) 100 JX041096

PA1 16-G-2-1-2 Penicillium marneffei (IN974772) 100 JX041097
16-G-2-2-4 Termitomyces aurantiacus TA (GU594649) 99 JX041098

16-G-2-7-2 Phoma betae 17 (EU594572) 98 J1X041099
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Fig. 1. Composition of all endophytic fungi. The graph expressed that all isolated fungal strains belong to the genus (%). A)

Fungal taxonomic (Order), B) Fungal taxonomic (Genus).

Table 3. Diversity index and distribution of endophytic fungi isolated from native plants in salt marsh

Plant code PA LT SM S PAI Total
Fungal genera

Alternaria 1 1 2
Aspergillus 1 1
Chaetomium 1 1
Cladosporium 1 1 2
Colletotrichum 1 1 2
Coniothyrium 1 1
Dothideomycete 1 1
Fusarium 3 1 1 5
Gibberella 1 1 2
Macrophoma 1 1
Penicillium 6 1 2 1 10
Pestalotiopsis 1
Phaeosphaeria 2 2
Phoma 1 1 3
Pleosporales 1 1 2
Pseudozyma 1 1
Talaromyces 1 1
Termitomyces 1 1

Total 6 9 12 3 5 4 39

Shannon’s diversity index 1.7918 1.6770 1.5890 1.0986 1.3322 1.3863
Macrophoma %°] &1 =t AAY2E LT= Eurotiales  Gibberella%y, Fusarium?:©] 21 =13, Eurotiales&2]

Eol &3l= Penicillium?:©] <1 =3, Hypocrealess
o] &8l Fusarium?:, Pleosporales=2] Alternaria®s,
SordarialesZ-9ll 43}= Chaetomium<s, Glomerellales=
of &3k=  Colletotrichum?s, Xylariales® ol Z3h=
Pestalotiopsis <, 8|3l E2o] EFAA7} B3R &
2 Dothideomycete?:°] o] =t} HAY2E SMollA= 2t
diT Pleosporales®ol| &381= Alternaria®;, Pleosporales
20| 3kl 3, Eurotiales®2| Penicillium?:e] &<l
ok FAAE SI1olA= HypocrealesZoll &38h=

Penicillium%:0] &<l ZFom, Capnodlalesioﬂ &3
Cladosporium?:°] BR1=AT}. 28|37 A E PALA
= At Eurotiales™2] Penicilliums, Termitomyces<:©]
3}l A 3, Hypocrealess2] Gibberella:3} Pleosporales=
o] PhomaZ:o] €%1 =AUt}
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TAAHANA A= 220 M| 2R Bajg A
7o $A4ea thebds 1str] 9sked Shannon’s
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Fig. 2. Dendogram analysis of endophytic fungi using rDNA-ITS sequences. A phylogenetic tree was constructed using 39 taxa
with neighbor joining (1000 bootstrap replications). Phylogenetic tree expressed that all isolated endophytic fungi belong to

the Genus.
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