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ABSTRACT

Endophytic fungi were isolated from the leaves of plants inhabiting the Hansando Island in
Korea. We identified the fungal strains based on their morphological characteristics and on the
phylogenetic analysis using DNA sequences of the internal transcribed spacer, small subunit

'.) rDNA, large subunit rDNA, and translation elongation factor 1- a regions. In this study, we
ool isolated five endophytic fungi that have not been recorded in Korea, Arthrinium camelliae-
updates

sinensis, Beltraniella humicola, B. portoricensis, Microxiphium theae, and Piccomphale pinicola.
Their morphological characteristics as well as the results of molecular phylogenetic analysis
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ate] s 22 o] SR (N34°46'55", E128°29'05" Y= A 73 73 e BB Al 43,
DAY &R oIA G HITER 2 km &= Fojzl Aojo}. gHitEo] A2 oF 148 km® =R
U A A 2 20918 Holl x5k mi-- 2H2 Aotk FHEEel 500 m A= IR FE e
(N34°45'30.88", E128°31'25.59")= 22} 2F 3.835 km’ ] 2F-2 A& 9

d o2l & Bolf shiteot A= Qi shite 9l 2 E o= 13k 59| 3|4 ET EEo] &
R 2 4E e} 59 el o] RSl }lof[7] LR AlAE 2 9

o]}, £ Aol FHALE B 1 B £ B0 BE Ao

AlE A& 20199 49 SHAEE Arfjol| A xHRsHATt Shateol] 2HY5HH= G(Phyllostachys
bambusoides S. et Z.)2} &&(Pinus thunbergii Parl.), 18] 31 AF4Zx(Rhododendron yedoense var.
poukhanense (Lev.) Nakai)2] HZ0] LFEFA] o2 74703t Q15 AF{5to] Zajof| el Hiof| o}
24A17t ol jol] AP A = 2RsIRITE A3 AS SFSZ 70| Al-THF 1%2] NaOCl -8
oA 142, 70% EtOHOII A 2.2 &< % 2fsto] A6 8], 91o] 27|29t FAlof whaf ARk
A 45| 2-slelct. BHATH S Aet 37| = 525} potato dextrose agar (PDA)HIZ] o] 2]
gotATt BiAE 25°C Aol A oA AR} #o] LEQ T A 22 PDAHNA| 2 Althul st
o, ¢ FalH 75 PDABNAI2} malt extract agar (MEA)Bi ] 0| 4] 77 B Fsto] a5
07 9 Fetn] 7 ol A FENH E/d2 TSI THTable 1). A &2 £7H 752 &4
2 915l DNeasy plant mini kit (Qiagen GmbH, Hilden, Germany)2] protocol©]] 2t iAol A genomic
DNAE 538 5, FAME84 5742 25 DNAY] of2] 2|95 thef3h Zeto|H & o] &-5}of
ZZ 5} tHTable 2). PCRO] ZF DNAE 1.5% agarose gelol| A 208-7F 7] o 5-2 218)s}o] 22}
O] DNA THH 37| & &RIsh & H7|A Y BA-E 2|25k THSolGent, Dagjeon, Korea). A1 F
71K F2 vl= B A= BATEI(NCBI) “dollA] BLASTnoto] ZF2E SARE 9 01 A F o] &)
o -5 ZRI5 O, MEGA7 271815 0]-850f[9] T+ JY =2 Al Y| A7|A L= olof
A] neighbor-joining ‘4] 0 2 Al545 2Mdsto] A5 HE 7 F 7155 WWd
F= FHUYEALTNIBR)O 7€, BLASTn FAHE £4] 2 AlE 4> 2H4of| o] 85 DNA
A7) E-& NCBI°| 52313t}
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5 QoA i FHAHE 2| ofoll MABHE B4, Yo, AFa% o] Yol S Helsa
o}, 28 25 Fol4 5 44 50| Fu) 7| o2 Helsioirt 7 Fo) Yo S U B

Arthrinium camelliae-sinensis M. Wang, F. Liu & L. Cai, Mycokeys 34:11
(2018) [MB#824907]

Fiel ol 22 otk PDA HiA|ol| A 77 B wE-9] 27]= 45 mm == mf
S w2 | ZREh, QhH 2 gt Hlo] Ze= SlMjo) 1 FH-2- et
Holls AAA o2 FF5HAE 5 HoiM SYE7EEF §71E AAF HelthFig. 1A).
MEA B 20l 77 vk #5-0] A7+ 4245 mm A Eo|H, I A2 02 S-S
U Sl B2 Aol S5 APE 2aEskal, SIH2 @2 edtAle W
Alof|A A g7]= o] Qlom 7gAe] = S FEICITHFig. IF). A A7 oA A2 24
8] B A (conidiophore)©] ZH7] FEfR FEo] @ 250] PAIE]
(conidia)= 'H/JSHTHFig. 2A). BRYEAF BH2 24 52 ghAlo] 1y 5
Auk-& Zk51 3 7]+= (6.83-)8.63(-9.96) X (6.66-)8.39(-10.82) um O] ThFig. 2B).

Specimen examined. Hansando Island, Tongyoung-si, Gyeongsangnam-do, Korea, N34°462.38",
E128°30°20.15", April 5, 2019, Arthrinium camelliae-sinensis, isolated from leaf of Phyllostachys
bambusoides, strain 19E157, NIBRFG0000506590, GenBank No. MT893326 (ITS), MT893327 (LSU),

Notes. A. camelliae-sinensisi= 2018'd =0l A 2HAF-(Camellia sinensis (L.) Kuntze)oll A =2
sjof 7|54 Zlo] Zlzolv 11 9fof| i F&(Brassica) A= ClH tuHr2] SlofA = 2Rl= it
[10]. A} BollA] 24 e o] BARANE &/dshe Zlo] E4olm[10], & AtolA EQle
3 19E1579] BAYZEAF= A, camelliae-sinensis 2] 1| = Nigrospora camelliae-sinensis2F F-*§EA2] &
B 2 Qs BAPEEEE BAeIM Nigrospora St TREIE A5 S o] 2
Ch(Fig. 2). ITS (internal transcribed spacer), LSU (large subunit), TEF (translation elongation factor)% <
o] FAPYES B ATHTS YH-2 A. camelliae-sinensis KY494761.12} 99.83%, LSU FH-2 A,
camelliae-sinensis KY494837.132} 99.83%, TEF % %2 A. camelliac-sinensis KY705157.132} 99.09%2]
YA =5 RIS B 22 Al E-2 B J5I % ThFig. 3).

Beltraniella humicola P. Rama Rao, Current Science 31: 479 (1962) [MB#326963]
SHAtE &0 A FolA 2] = At PDA Hi Aol A] 787t B FF2] A7]+= 4045 mm 7
o], AL AHH 02 o 2 mlNS wjn] SRS FHH 2 v wlo|X NS Wk 75
FURoIM HgAelS Fol o ez 32 ole) Aetn, FYRoNE A WEst
7Rt 2 242 UE 7} Yol thFig, 1B). MEA HiZ|ollA] 7€ B F&2o] 37]= 24-
26 mm 7 =& PDA H|x|o]| B3 /5] ZajA| AkehH, 92 A A 0 2 XI5k Hjo| A S )

K rlo
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3 HHE SRl = A2AE, 7R oA = o T2 Hi|o] A2 WTk(Fig. 1G). BHEA]
3 AJ71 53 (thomboid) &-2 W33 o] BAY LA} &0l gl oLt o] 1 Q] z]ojjA] EAGH=A]=
SpAIs] AR gtk RAEAE Bkl ZAjkE Telo) e 453 502 ol
™, 2 IZA}C] Ao] AZHAQl Ziof| Hhsl| 1] Fg-2 Sl 5.2 nj 2 wjo] 5] L2t &
REA= BADE 50 thel Zuto| 11, BAJEAFO] F7) (24.72-27.72(-32.82) X (6.03-)7.18(-8.04)

Fig. 1. Cultural characteristics of five endophytic fungal strains. Colonies of Arthrinium camelliae-sinensis 19E157 grown for 7 days on potato
dextrose agar (PDA) (A) and malt extract agar (MEA) (F); Colonies of Beltraniella humicola 19E355 grown for 7 days on PDA (B) and MEA (G);
Colonies of Beltraniella portoricensis 19E061 grown for 7 days on PDA (C) and MEA (H); Colonies of Microxiphium theae 19E345 grown for
7 days on PDA (D) and MEA (I); Colonies of Piceomphale pinicola 19E314 grown for 7 days on PDA (E) and MEA (J).

Fig. 2. Microscopic chalactenstlcs of five endophytic fungal strains. Comdlophore (A) and conidia (B) of Arthrinium camelliae-sinensis 19E157,

conidia (C) of Beltraniella humicola 19E355; conidia (D) of Beltraniella portoricensis 19E061; pycnidium and conidia (E), arthroconidia (F) of
Microxiphium theae 19E345; conidia (G, H) of Piceomphale pinicola (scale bars: A, B, E, F, G=10 um; C, D, H=20 pm).
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74

95 _|— Arthrinium camelliae-sinensis LC5007

100 | | Arthrinium camelliae-sinensis LC8181

99 ——Arthrinium camelliae-sinensis 19E157

Arthrinium pseudospegazzinii CBS 102052
74 76 —— Arthrinium marii CBS 497.90
100 & Arthrinium sacchari CBS 301.49
Arthrinium phragmites CPC 18900
Arthrinium hydei CBS 114990
Arthrinium ovatum CBS 115042

92

100

96 L—— Arthrinium pterospermum CBS 123185
— Arthrinium arundinis CBS 114316

100 Y— Arthrinium malaysianum CBS 102053
Arthrinium xenocordella CBS 478.86

Arthrinium kogelbergense CBS 114734
Nigrospora musae CBS 319.34

—

Fig. 3. Neighbor-joining phylogenetic tree of based on a concatenated alignment of internal transcribed spacer (ITS), large subunit (LSU) rDNA
and translation elongation factor (TEF) sequences. Nigrospora musae was used as an outgroup. Numbers on branches indicate bootstrap values
(1,000 replicates). Fungal strain isolated in this study is in a bold.

Specimen examined. Hansando Island, Tongyoung-si, Gyeongsangnam-do, Korea, N34°46°16.45",
E128°3025.83", April 5, 2019, Beltraniella humicola, isolated from conifer leaf of Pinus thunbergii, strain
19E355, NIBRFG0000506595, GenBank No. MT893328 (ITS), MT893329 (LSU).

Notes. B. humicola= 1962101 EJof|A 2|22 B 15|l o 9] 7|A&2o)| A= B, humicola2]
AR | e, Sl ARk Ao HiET} EAeh= W53 o] W o] FEl(top-shaped)
Rl Zo & 7|E513iTH12] & AtolA ele EAzate] Pel= A7), FE], M2 5ol € 7]
Aol 7125 Zt B A|5ERIh IS, LSU B 2] EAMEE6H2 24 ZAIHTS Y2 B,

humicola MH858416.17} 99.82%, 1L.SU G2 B. humicola MH870044.13} 99.12%2] L 2| = 291

Sl B 22 AE S BHSIATHFig 4.
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68 Beltrania krabiensis MFLUCC 16-0257

73 Beltrania pseudorhombica CBS 138003

100 Beltrania rhombica CBS 144521

Beltrania querna CBS 122.51

Beltraniopsis neolitseae CBS 137974
74

- Beltraniella humicola CBS 203.64

—— Beltraniella humicola 19E335

95 Beltraniella portoricensis CBS 856.70

Beltraniella portoricensis NFCCI 3993

Beltraniella portoricensis 19E061

Porobeltraniella porosa NFCCI 3996

—
0.01

Leptodontidium aciculare CBS 123.86

Fig. 4. Neighbor-joining phylogenetic tree based on a concatenated alignment of internal transcribed spacer (ITS) and large subunit (LSU)
sequences. Leptodontidium aciculare was used as an outgroup. Numbers on branches indicate bootstrap values (1,000 replicates). Fungal strains

isolated in this study are in bold.

Beltraniella portoricensis (F. Stevens) Piroz. & S.D. Patil, Canadian Journal of
Botany 48: 575 (1970) [MB#309530]
59| ZollA E2jE otk PDA Hi Aol A] 747t Bl #F-9] A7]+= 4045 mm =
22 A Afeh, FEo] ohH2 E2 AMS m1 FIHS EL e S ot 75 7PgAte
HEog ZA4E F3wAte] Yert GolaH, mabs 7hedle A 8719 Feiolal 7HgAt
2] viA| ol F2} 2ol U= FElolthFig. 10). MEAB|A|ol|A] 793t HiQRE 2] 37]+=29-33
mm 7 %= & PDA vl ] ol] H]5H 2] A| Z2hH, 73-0] -2 PDAHIZ|of| A2t 7 1A &2 ok e
& @2 et S Wk #50] 1k = v Aol 4] AP g7 =] of QLA wE2 7Y A}
2 EASH ARG ot Fig. 1H). TANS] S B2 0 2R E 3% 2 W51 915 2
HEg o] EAEA} AT B A= T Zuto|n] B4 ERfsiA L 2 H]o
o] 31, BAIIL O] F7]+= (19.45-)25.15(-32.28) X (4.71-)6.52(-9.93) um©| Ch(Fig. 2D).
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Specimen examined. Hansando Island, Tongyoung-si, Gyeongsangnam-do, Korea, N34°46°16.45",
E128°3025.83", April 5, 2019, Beltraniella portoricensis, isolated from conifer leaf of Pinus thunbergii,
strain 19E061, NIBRFG0000506587, GenBank No. MT893330 (ITS), MT893331 (LSU).

Notes. B. portoricensist= 3Ol 2 & 2| (Puerto Rico)°l|A] 2| Z E11H Z[13]014 4T o] B-2h
519 2L -2 Ellisiella portorcensis [13] @} Ellisiopsis gallesiae [14]2 ZV2F 71591 oW 19704 A
O] S0 AFE B A 0] F/dE = Ae 22 F Fol A= o] (synonym)Q] Zlo] A[A|
S|}, Beltraniella 4:2] £/3S ZH= 7ol &#319] B. pononcenﬂsi A= ATH15). YA

Zotal {1 & AohE= 537 E &3 FEiolm[16], & AtolA
= oleia A&7t AX/SITh B, humicola®] BAEA}9L A7 H0)
Fef7} v]&5HY B, humicola®] BAJZEAFRCE 37)7F 2F01 Alo] Zxj| 2] 0 2 BA Erfo|H 2 2=
ZHeLo] ma] ezt 2 FQIE|A] QR ITS, LSU P 2] EAMIESHA 24 AT TS Y92 B
portoricensis KX519516.12} 98.06%, LSU G <2 B. portoricensis MH871777.13+ 99.27%2] Y| =&
Slstar BE 22 Al 55 F/d sk Th(Fig. 4).

Microxiphium theae J.F.H. Beyma, Verhandelingen Koninklijke
Nederlandse Akademie van Wetenschappen Afdeling Natuurkunde 29:
19 (1931) [MB#540226]

AP QlollA] Lel=igich PDA BI04 7221 BleFE 2] 271 10-12 mmA =2 7]

A Afete, 2] st 9w eAls wrk 0] Tk okt §718 Wejoln), #E
of 7Pkl B YelelchFig. 1D). MEA HixlolH 707 vjobel R3] 271% 1214
mm AE 2 22}, 2E0) SRt S B e AS Ut o] LEL HjolA Al §7]

H FefolthFig. 11). BAYZEA= BEZ}7](pycnidium)2} A E A} (conidiophore)?] F 7HA| B
Koz Geich 3 ) e AP ulcel A0 Tge) HEA1 YA, 2aro)
3 o] ElA] 2 sle) BAEA} etk REA|E ofRi A eso| T i &
Z}Ao|H,| 9.7]+= (86.89-)112.15(-128.17) X (82.67-)102.77(-118.67) pm A Eo|ch, BAYZAF= T2
2 13og 2 EfsiAut @O 2o 11, F 7] (3.03-14.20(-5.82) X (2.58-)3.49(-5.15) mO]
Ch(Fig. 2E) T ¥ ®PH2 24 255 9] £ A o] 28 = of Z}2+o] 274 I X (arthroconidia)
2 drdohs WhAloloh B EA = 719 52 YF 0], A7) (6.25-)7.68(-8.90) X (6.01-)7.04(-
7.96) um ©]TH(Fig. 2F).

Specimen examined. Chubongdo Island, Tongyoung-si, Gyeongsangnam-do, Korea, N34°45°15.07",
E128°3229.32", April 5, 2019, Microxiphium theae, isolated from leaf of Rhododendron yedoense var.
poukhanense, strain 19E345, NIBRFG0000506603, GenBank No. MT893332 (ITS), MT893334 (LSU).

Notes. M. theac©l| T3t 7] &-2 1915\d0f| theke] XputFrol| A 22) & Zukalia theacol] T H.11
7} 2| Zo|H[17], AFt-F-2] ¥ 71 H Q] Thea sinensisZ25-E S4Ao| F-2igith. Z. theaer= 1931
W Beyma©ll 2J3l] Microxiphium(=Microxyphium) <22 2 Z %] 1 © M [18], Microxiphium <
< GHHA 0 2 TRt FEjo] FEA oA FAYEARE RIEE Zlo] £ 0ltH{19]. & Ao
A 22 2= o] A2M BRATIo|M 2AEALE PAche A EIskglen, o] A

_I
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-2 Microxiphium 4+2] EAJ3} A |5t 19]. B0 A= EQlw|z] ekgkoLt B ojtoif=
BEAP7 || A L2 B 2] 9ol FAP LR E] o] FAJEl = BHEAL A I ATk T

LSU ¥ <jo] ExAESHA B4 A TS Y2 M. theae MH855113.12F 100%, LSU F -2 M.
theae MH866561.13}+ 99.68%2] Y x| == 30151911 W& 7+ A|%-S FAI5H1thFig 5).

g5 Leptoxyphium fumago CBS 123.26

99 |! Leptoxyphium glochidion CPC 21382

100 Leptoxyphium kurandae CPC 17274

100 —— [ eptoxyphium madagascariense CBS 124766

— Microxiphium citri CBS 116435

88 100 Microxiphium theae CBS 202.30
1 |

Microxiphium theae 19E345

Microxiphium purpuraefaciens CBS 201.30

Microxiphium leptospermi CBS 278.34

79 Neodevriesia tabebuiae CBS 145065

—
0.02

Cyphellophora laciniata CBS 190.61

Fig. 5. Neighbor-joining phylogenetic tree based on a concatenated alignment of internal transcribed spacer (ITS), and large subunit (LSU)
sequences. Cyphellophora laciniata was used as an outgroup. Numbers on branches indicate bootstrap values (1,000 replicates). Fungal strain

isolated in this study is in a bold.

Piceomphale pinicola (Y. Otani) Y.J. Zhao & Hosoya, Mycological Progress
15: 1223 (2016) [MB#817712]

&=&9] 2ol 22l #5olth PDA HjZ|oA] 747t B FE #F29] A7]+= 11-14 mm 7
T2 o LA ZFhy v z]of] G2 20] = FEjoltt. ShH-2 Agh Hjoj 2| S 1 S
AxA oz A2 A =2 H2Ag wuf 7HgRtEof wo| x| 9] B F2] 7} ElE th(Fig. 1E).
MEA HjZ]of|A] 797t Bl #5-2] 27]+= 9-12 mm A 5=0| ™, A2} g efl= PDA Hl| 2| of|A] 2}t
TET} 2 AX|SHhFig. 1). FAF Ato]2] M 7Kinternode) F-2JollA] T3] HFERSH 2R
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A7} 13704 et B xR e 22 A 52 A4S ol vitst FAgo| AU ¢
o Auto|c} BAYER}O] H7]= (744-)8.72(-10.68) X (6.37-)7.76(-10.49) um©] Th(Fig. 2G and 2H).
Specimen examined. Hansando Island, Tongyoung-si, Gyeongsangnam-do, Korea, N34°4616.45",
E128°30°25.83", April 5, 2019, Piccomphale pinicola, isolated from conifer leaf of Pinus thunbergii, strain
19E314, NIBRFG0000506601, GenBank No. MT896825 (SSU), MT896820 (ITS), MT896826 (LSU).
Notes. P. pinicola= =2} 197901 Moellerodiscus pinicolaZ %% HE 1% Th7H20], EAHY
P 249 A3t 20160l THA] Piccomphale 402 A7 Qlth21]. € 71720l L
o= R/3Athe] el 2 2pdz2to] tigh A Rto] 7]&E]of QI o 22], & AollA
Jof 2 EAYzto] FEfE E1E 4 QIRATh. P pinicolas 2 Y-Eof|A] Eo] A LE]
, 2 ALol| A e} Zro] F-&(Pinus thunbergii)©|L E-2 AP densiflora)2] HollA £
|Z-50] Z213HcH20,22]. SSU, ITS, LSU o] EAMYESH2 A4 A} SSU F9S P
pinicola LC434564.13} 98.16%, ITS % -2 P, pinicola AB926076.13} 99.40%, LSU &2 P, pinicola
AB926162.17}+99.50%2] Y| =5 ZRIsHAL B -2 AlE-2 P53 thFig. 6).

Y

M9 rr Mo o
4o &
ox 4
>

it Jo
Nl

9 Lambertella corni-maris TNS F-40083

—— Lambertella pyrolae TNS F-40132

4l |ambertella subrenispora CBS 811.85

51

Rutstroemia firma KL292
99 Dermea acerina CBS 161.38
Chlorencoelia versiformis KL21
77 Cenangium acuum KL243
83 Piceomphale bulgarioides TNS F-40005

Piceomphale pinicola 19E314

100 I-[ Piceomphale pinicola TNS F-40105
83 | piceomphale pinicola TNS F-40115

Tubeufia khunkornensisMFLUCC10-0119

0.05

Fig. 6. Neighbor-joining phylogenetic tree based on a concatenated alignment of small subunit of rDNA (SSU), internal transcribed
spacer (ITS), and large subunit (LSU) sequences. Tubeufia khunkornensis was used as an outgroup. Numbers on branches indicate
bootstrap values (1,000 replicates). Fungal strain isolated in this study is in a bold.
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