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Endophytic Fungal Diversity Isolated from the Root of
Halophytes in Taean Peninsula
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ABSTRACT : Halophytes of seven species, Carex scabrifolia Steud., Limonium tetragonum Bullock, Salicornia europaea L., Suaeda
glauca Bunge, Suaeda japonica Makino, Suaeda maritima Dumort., and Triglochin maritimum L. were collected from the Taean
Peninsula. Thirty-seven endophytic fungi were isolated from the root of halophytes, and analyzed using the DNA sequences of
internal transcribed spacers (ITS). The diversity of all endophytic fungi was analyzed using diversity indices. The endophytic fungi
associated with the halophytes belonged to seven orders; Eurotiales (78%), Capnodiales (5%), Hypocreales (5%), Agaricales (3%),
Corticiales (3%), Glomerellales (3%), and Pleosporales (3%). At the phylum level, the endophytic fungi were composed of Asco-
mycota and Basidiomycota. At the genus level, Alternaria, Aspergillus, Cladosporium, Paecilomyces, Penicillium, Phanerochaete,
Schizophyllum, Talaromyces, and Verticillium were confirmed. Among them, Penicillium was the most abundant in the roots of the
halophytes. This study analyzed the distribution and diversity of endophytic fungi on halophytes in the Taean Peninsula.
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HurEo| AE & FHO| 22

FTAEE HREEoA 75 GAAEe] sl
FR1oX 2 1578A1R AfsraL, AP A ES A
YALZ (Carex scabrifolia: Css), 74273 (Limonium tetrago-
num: 1t), 5V (Salicornia europaea: Se), URt-A (Su-
aeda glauca: Sg), D= (Suaeda japonica: Sj), NI H=
(Suaeda maritima: Smd), R (Triglochin maritimum:
Tm)©|T}(Table 1).

Bighitol| Apgshs AAAlEe] ] F9] EGS A
Askar, 242 AHEAIA] (Tween 80)2F 3322 (Perchlo-
ric acid, 1%)= ||t BsRHTE AHs. 18
I AR -2 A ASIAL 3~4 cm Zo| 2 Hdslo] A
ANEZ ARESIAT. Alts GAlsH] f15te] 2~ESER}
]I (Streptomycin, Sigam-aldrich, USA) 80 ppm= %7}
SHAAL, AR oA AT S =g)A s $
31, hagem minimal FAHJA|E AR8-81e] 25°C 2749
A1 ueFstaint. BrEjA5.0] & THAdA A TALE
AHfR]OA] 25°C 2102 wjsiitt. 18]al PDAHA]
o AduiFete] FelE &AL, 2t a5 A
stod Aol o]-&sl3dtt.
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Table 1. Plant taxon of halophytes collected in Taean Peninsula

WA ZIT-F2] TAE DNeasy Plant mini kit (QIAgen, Va-
lencia, CA, USA)E A8} genomic DNAE F=31
Th. PCREFHS 533}7] 918}, =4 genomic DNAE
ITS13} ITS4 ZElo|ME AME3I4IaL[13], PCRIMS &,
1.5% agarose gelollX] 7]%9%5-S §F ol UV transillumi-
nator® DNA W=E #3830t S35 PCR A=
QIAquick PCR purification kit (Qiagen Inc., Germany)E
ARg-Et AeHAT

ITs7| M 24 3 Clety 24

=% 9714 E-2 NCBIY| BLAST A4S F31] Gen-
bank H|o]EjH]o]20} AFE/d0] e ZAFTET Bl H
BAS AASET. 9y BAS g8l e &
(Genus)S ©]&3}], Mehinicks index (D,) [14], Shan-
non’s diversity index (H’) [15, 16], Simpson's index (D)
[17], Simpson's diversity index (1-D) [15, 17], Margalef's
richness (D,,) [18]F 21-&3t0™, Zt 2= tigh WA
Aol Hde 2Asi,

AMAMEZLE LHMEIR 22

ANFSE A& HAIALRTE oF 35 cme] AP Holo} 2
o] Fof = AJeN AL, AE7HL 18~25 cme] Zolol Zj
= A g2 AEger, S5 E 15~19 cm 49|
o 107 ol vt FAdslkar ek VHEAIE 20~25
cmZolol] Qlo] okzte] HE-EAS YeRlaL QI%lar, AW
Z= 9F 20 cm Zole] g F248 e iler,
S U= oF 25 cm Zolol Ell= FAHA 2 JEHIA
t}h. 28]l RAE 22~25 cm Zolo] Zle FAE A ke
AT, 7 A5 AES ARt Aol ®HisiA A
A2 ARSI

759 QA E B 2HE 115052 WARHS &
319, FeFes e Uiz 3755 AUEAS
o, YA 22 RE 377, APHOZRY 53¢, 550
HRHE 61, VRrAZ5E 1477, AAZERE 4

=

Pl(;ztr;;);c)m Scientific name of plants Plant code Sari};}ll;ghj;t: of
Cyperaceae Carex scabrifolia Steud. Css June 25
Plumbaginaceae Limonium tetragonum Bullock Lt June 25
Chenopodiaceae Salicornia europaea L. Se June 25
Chenopodiaceae Suaeda glauca Bunge Sg June 25
Chenopodiaceae Suaeda japonica Makino Sj June 26
Chenopodiaceae Suaeda maritima Dumort. Smd June 26
Juncaginaceae Triglochin maritimum L. Tm June 26
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o] HYALE (JX238573-JX238575), 1A 7 (JX238584-]X23

8588), S=1T] (JX238638-JX238643), LHE-A (JX238644- LHAMZI ol
(JX238658-JX238661), 3lS1L}=(JX238 KAz

JX238657), AHZ

Clery 24
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662-JX238664), AN (JX238665-]X238666)=H-E 2]
TF52] accession no.= A& UTH Table 2).

A E2]H WAZT-2 EurotialesE (Order)2]

Table 2. Endophytic fungi isolated from roots of halophytes in Taean Peninsula

Fungal isolates Closest relative based on sequence homology Similarity (%) GenBank No.
W-Css-14-1 Talaromyces pinophilus AP-117 (KM100863) 100 JX238573
W-Css-14-2 Penicillium sclerotiorum FRR 1202 (AY373931) 99 JX238574
W-Css-15-1 Verticillium cf. aranearum 1905 ARSEF 1905 (AF108467) 99 JX238575
W-Lt-6-1 Talaromyces assiutensis CBS 118440 (JN899320) 99 JX238584
W-Lt-7-1 Penicillium thomii FRR 2077 (AY373934) 100 JX238585
W-Lt-10-1 Penicillium swiecickii NRRL 918 (AF033490) 100 JX238586
W-Lt-13-1 Talaromyces barcinensis CBS 649.95 (JN899349) 99 JX238587
W-Lt-15-1 Aspergillus fumigatus ATCC 1022 (NR_121481) 100 JX238588
W-Se-4-1 Talaromyces verruculosus CBS 254.56 (KF741980) 98 JX238638
W-Se-6-2 Talaromyces pinophilus NRRL 62962 (KM012001) 100 JX238639
W-Se-9-1 Penicillium citrinum QTYC59 (KM103309) 100 JX238640
W-Se-10-1 Talaromyces minioluteus A07A (JQ781710) 98 JX238641
W-Se-10-2 Penicillium sclerotiorum FRR 1202 (AY373931) 99 JX238642
W-Se-11-2 Penicillium spinulosum JP44MY5 (KF031019) 100 JX238643
W-Sg-2-1 Aspergillus sp. H4307 (GU595031) 98 JX238644
W-Sg-3-1 Penicillium thomii (AF034448) 100 JX238645
W-Sg-3-2 Paecilomyces variotii TC03 (JQ796880) 99 JX238646
W-Sg-4-1 Penicillium sp. 2 JJK-2011 (HM469401) 97 JX238647
W-Sg-5-2 Talaromyces helicus (JQ411391) 98 JX238648
W-Sg-8-2 Talaromyces sp. OUCMBI101202 (HQ914887) 98 JX238649
W-Sg-8-3 Talaromyces pinophilus AP-117 (KM100863) 100 JX238650
W-Sg-11-1 Talaromyces helicus NRRL 2106 (AF033396) 99 JX238651
W-Sg-12-2 Talaromyces barcinensis CBS 649.95 (JN899349) 98 JX238652
W-Sg-14-1 Penicillium restrictum DTQO_244F7 (KJ775656) 99 JX238653
W-Sg-15-1 Talaromyces helicus BL07-13 (JX076934) 99 JX238654
W-Sg-15-3 Talaromyces pinophilus NRRL 62962 KM012001 100 JX238655
W-Sg-17-1 Penicillium purpurascens KUC1788 (HM469419) 99 JX238656
W-Sg-17-2 Penicillium sclerotiorum FRR 1202 (AY373931) 99 JX238657
W-§j-1-1 Schizophyllum commune HL]_20 (JN088243) 99 JX238658
W-§j-2-1 Paecilomyces variotii TC03 (JQ796880) 100 JX238659
W-§j-11-1 Cladosporium cladosporioides (K]J789850) 100 JX238660
W-S§j-15-1 Phanerochaete sp. HJF038 (HQ331053) 100 JX238661
W-Smd-1-1 Alternaria alternata HT-02 (KJ716876) 100 ]X238662
W-Smd-5-4 Penicillium thomii song-40 (EU910586) 100 JX238663
W-Smd-8-1 Talaromyces pinophilus AP-117 (KM100863) 95 JX238664
W-Tm-13-1 Cladosporium sp. 6 BRO-2013 (KF367544) 100 JX238665
W-Tm-15-1 Penicillium sp. FF15 (FJ379815) 100 ]X238666
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Penicillium?s, Talaromyces?:3} Glomerellalesol| 43=
Verticillium<:0] BRIEIU, W2 7L Eurotiales=2] Ta-
laromyces%;, Penicillium?y, Aspergillus:o] ERI=0m,
%-6"H)= Eurotiales™2] Penicillium%3}; Talaromyces%;
o] ER1= I}, VREAI= EurotialesZ2] AspergillusZs, Pe-
nicillium2y, Talaromyces%:, Hypocreales¥oll 43h= Pae-
cilomycesZr0] BRI O™, AHZ= Agaricalest2] Schi-
zophyllum?;, Hypocreales® 2] Paecilomyces;, Capnodia-
les] Cladosporium?;, Corticiales®2] PhanerochaeteZ;
o] 3RI=ATE. 18]l 3F =S Pleosporales™ Alter-

A)
Tm

Smd
Sj
Sg

Se

Plant code of halophytes

Lt

Css

naria%;, Eurotiales®2] Penicillium%3} Talaromyces3©]
SRIEAL, A= Capnodialests Cladosporium?;, Euro-
tiales=2] Penicillium2:°] = AT} (Fig. 1). WAZTF
= U AP (Ascomycota) 2 SRIEI L0, SRt
F+(Basidiomycota)= g+ S| AT}

WAZRITFY] & FHEE ERI8H7] 9181 Mehinicks
index (Dmn)E &3I9S W, HYA=E(1.155), AEH
(1.342), 5511 (0.408), L&A (1.336), FT3(2.000), 3]
TUE(1.155), A (14142 FRJFACH, Margalef's
richness (Dmg) TFd A9 A8 HUALE(0.910),
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u Verticillium

Fig. 1. Distribution of fungal isolates according to the halophytes. A) Fungal isolates at the order level. B) Fungal isolates at the
genus level. Plant code: Css (Carex scabrifolia); Lt (Limonium tetragonum); Se (Salicornia europaea); Sg (Suaeda glauca); Sj
(Suaeda glauca); Smd (Suaeda maritima); Tm (Triglochin maritimum).
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WA (1.243), 557H1(0.000), VFEA (1.516), 2™
(2.164), &= (0.910), A|A (1.443) 0.2 FRI=}. F
g A197Q1 Shannon’s diversity index (H)9] 282 %
UALE(3.296), W27 (1.833), S5vH](1.386), YA
(7.001), AHZ(5.545), 3NEUE(3.296), A2 (0.000)°-F

N

1=}, Simpson's index (D)E 283199 Wl dY
A}Z(0.000), 247 (0.200), F57IT1(0.400), UREA

(0.341), AWZ(0.000), 3= (0.000), A1 (0.000)°-=
RIS}, Simpson's diversity index (1-D)9] A8 %
U} (1.000), AA7(0.800), ST (0.000), LHEA
(0.659), FWZ(1.000), &L= (1.000), A1 (1.000)°-=
SRI= ATk (Table 3).

BE WARE Apdi s Ao E EREIIA,
Agaricomycetes’s, Dothideomycetesd, Eurotiomycetesd,
Sordariomycetesd 02 21, 474, 75, 9502 EREE
e IRISHATH £ AFelA AEnitt A A=
T HAsIRS v A& S/ wet t2ve= As ¢
F7F AT}, a3 A, AlEEE 718 o A7
o} viaslFS wl, =W S TF= Penicillium3:0]
7 2ol 943l v Ao} B3SIAIL, Aspergillus
25, 2831 Alternaria®y 5-2] WAl gk Ezn]&-o]
== A dblEE A9E RISk, 9).

WARTFO £ ZHE X4 Zo)|A Menhinick's index
(Dmn)E A83S wf AHZo|A X4(2.000)7F 7 =
Skar, SEultoA 7P Bhe 242(0.408)S YERJATE.
TS, Margalef's richness (Dmg)2] 73-F-oll= 2 HZo)A]
7FE =2 AR (2.164)5, SeH A 7P W A5
(0.000)5 UFERARITE. & Tt ArE 1] St
Shannon diversity index (H)E 831 wff UREA|ol|A]
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7V =& A5 (7.001)9F T B A lA 7P e
A1 (0.000)5 WERARATE. 2]l Thdgh Aol A LR
A7t e AR SE ol WA RS 2327} 7}
7 dEl7] W) A ZAZEET). Simpson's index (D)
9] Zgg-oll= SE5rtolA 7FE =& A9=(0.400) =, W
Z B AAeAM 7P e A42(0.00005 HERA HEHC
Simpson's diversity index (1-D)E A-83S woll= HY
Atz ARz, et AR 7P #8215 (1.000)
£, TerelA 71 & A42(0.000)5 HERHIT
Simpson's indext™ 5 PII7} =& A2 SR1H o]
© WARIERFY e womx EX3 & ]
&o| 7P 7] W] 202 ATt Simpson's index
(D)= O AFE HeRATE, 9% (Dominant spe-
cies)oll gt 2Ju]= 7}x|aL It} B3, Simpson's diver-
sity index (1-D)= T3 A5l tigh oJw|E el |,
5 A9 (Evenness index)ol] T3l oJv|E ¥ESksiar Q)
o I22)al F U AeTE 225 F U =1,
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S orEla ok B AFE 5T RY T IHEE F
A A5 A8ste] KT S RIsid o,
Aeriet el 4] HE7} the
S8 AEIO] VI 0BRSSk
AAEe 3, e 5ol 2k B0l Ael 9l
o)L, ol5o] AdE] Aahe BAREY
won AEeit) He e she Bl e, eln
Erith s Aol e WATRIF ohEA 2-8-5hH A
Pkt [20], Z~E #2811, 21], F-8=2A2H9, 10], H
9 Boh22, 2315 13 G v Aol AW
WAZS] £2 DA A v S5 A

il

o
O

2
Sl
3
w
ﬁ}i

l
Lo

Y 3y

A

o r Y
° falo

>
il

oN

g 12

Table 3. Diversity index of endophytic fungi isolated from the roots of halophytes

Css Lt Se Sg Sj Smd Tm
Alternaria 1
Aspergillus 1 1
Cladosporium 1
Paecilomyces 1 1
Penicillium 2 2 6 7 2 1
Phanerochaete 1
Schizophyllum 1
Talaromyces 2 4
Verticillium 1
Total 3 5 6 14 4 3 2
Menbhinick's index (D,,) 1.155 1.342 0.408 1.336 2.000 1.155 1.414
Shannon diversity index (H) 1.504 1.833 0.000 7.001 5.545 1.504 0.000
Simpson's index (D) 0.333 0.200 1.000 0.341 0.000 0.333 0.000
Simpson's diversity index (1-D) 0.667 0.800 0.000 0.659 1.000 0.667 1.000
Margalef's richness (D,,,) 0.910 1.243 0.000 1.516 2.164 0.910 1.443
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g M3 Qov), 4Eue) Yejs} 72 ol uet 4]
Bgo] THE A0 HZHETHR4]. T B AT 94
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24 Bl AYEL AYHE FERA JE
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759 A GAAES AR, AR, TR, U
A, Az, g =, 22jal AR 2A b=l A 2j
HENS. GEA=e] Fe2RE 22 3735 WA
-2 ITSE S A7 1M El thste] 48t 25 WA
AAdES OHd AgEs o83kl EA=EUH. 224
YAIZIT-2 Eurotiales (78%), Capnodiales (5%), Hypo-
creales (5%), Agaricales (3%), Corticiales (3%), Glomere-
llales (3%), Pleosporales (3%)°-2 77 &2 -5 UT}.
agja e WA S8 2% 2y ApddEd
Aol 3= Alternaria, Aspergillus, Cladosporium,
Paecilomyces, Penicillium, Phanerochaete, Schizophyllum,
Talaromyces, Verticillium's 971 .02 -7k, W3zl
& AR W, Penicillium©] FYANEZTH 71 &
o] FIslal Ut & A= B AMYehk=s A
AEEol gk WA E32oF thds &4

Ml =2

B s B A dlstoleml ol e AR
A9 e AT, AT Aol Ak EH
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