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ABSTRACT

Endophytic fungi were isolated from the leaves of diverse plants inhabiting Jeju Island, Korea.
The fungal isolates were identified through phylogenetic analyses incorporating nucleotide
sequences derived from the internal transcribed spacer region, large subunit region of
ribosomal DNA, and beta-tubulin gene. Our results identified six endophytic fungi previously

O.) unknown in Korea namely, Diaporthe goulteri, Diaporthe vaccini, Rhizosphaera pini, Valsa
friesii, Xylaria primorskensis, and Zalerion arboricola were identified. Here, we present their
Check for . .. . . .
updates cultural and morphological characteristics and phylogenetic relationship.
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E2o] o] &% A& A F= U (Abies koreana Wilson), 232U (lex crenata Thunb.,), 22
O] Z(Clinopodium chinense (Benth.) O. Ktze) 3502, FAFLFFR} I = A2 SHpalo] 3
41600 m BEHN332144.8", E126°3224.0"), 220} E-S Al 1z A7]3E9] 0]20] . 2(N3321'58",
E126°36'14")ol|A] A= ct. Fo] Gl 773et dee] ol af7lsto] Zajo g Bof Pot 484
Lol A = 261G SRTZ AIXE A AEE 3% NaClo g4 0 & 1577 3 Aot
T THA] 70% EtOHE 22.7F M| 25T THAN X2)% ‘3—;% 25t 37]2 2} potato dextrose
e (PDA) A 42218 4915 25°C5 40 -7 RIEA Al o
ME2 PDA Hjjz]o]| Althisto] 24> Belslla, S E #35 thA] PDA |2} malt extract agar
(MEA) Hijz|of| 37 Alchslo] 787 5-Uet 2710 2 vt 7 el 54dS wHdstlthFig. 1). &

71E E4-8- 21510 DNeasy Plant mini kit (Qiagen, Germantown, MD, USA)2] protocol®]] w2}
TAIA genomic DNAE Z=Zoh 5] o E0]#Q] malo]HQl ITS1FL}ITS4E 0]-85103[4] internal
transcribed spacer (ITS) Q- 2251911, Z2}o|r LRORT} LR16S ©]-85}0[5] rDNA2] large
subunit (LSU) 9%, Za}o|H Bt2a2} Bt2bS- 0]-8510][6] beta-tubulin (TUB) 32 SZ3}3ict
Annealing 2%+ 1TS G2 50°C, LSU rDNA Y2 44°C, TUB P2 55°C2 AAJs}o] 585
505}, PCR A2 1506 agarose gelol] 2280 171935 8 AAIBILT, 212} arget DNA B
A7]1E ol E 7| MY BAS 2]2|5}9tHSolGent, Daejeon, Korea). 241 7|4 H-2- NCBI

Fig. 1. Colonies of strain P8 (Diaporthe goulteri) grown for 7 days on PDA (A) and MEA (G), conidia (M). Colonies of strain
17E026 (Diaporthe vaccinii) grown for 7 days on PDA (B) and MEA (H). Colonies of strain 16H073 (Rhizosphaera pini) grown
for 7 days on PDA (C) and MEA (1), conidiophore and conidium (N, O). Colonies of strain 16H342 (Valsa fiiesii) grown for
7 days on PDA (D) and MEA (J). Colonies of strain 17E107 (Xylaria primorskensis) grown for 7 days on PDA (E) and MEA
(K), conidia (P). Colonies of strain 16H107 (Zalerion arboricola) grown for 7 days on PDA (F) and MEA (L), conidiophore and
conidia (Q, R). PDA, potato dextrose agar; MEA, malt extract agar (scale bar = 10 um).
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Diaporthe goulteri, R.G. Shivas, S.M. Thomps. & Y.P. Tan, Persoonia 35: 43 (2015)

20|22 gloj] Hejl F7o|ck PDA iAol 77 vkl @52) 17423435 mm Ho]
, Q5 2% gk 2118 w3 ge] e viRlol] WAl o] Qi Wefolrh. ZYRold
P2 FAP} RO 2 ol LIZIkFig. 1A). MEA B0l 7202t wlohe 22 2732
39~40 mm =2 PDACIA| L}l 42 2 Afefe], Ajz} 750) 1= PDASHF U AP
o) 2Pl Agetel PRtk entire el HaATFig. 16). 23Rt Fes 259 Hel2 9
oA = gt 71 Fefo]m, Al A Frg 5.2 oAgh ZAlofo. 2/ Hconidia) O] 271 12.8~19.5
X 1.2~3.9 um ©|CHFig. IM).

Specimen examined: Seoguipo, Jeju-do, Korea, N33221'58" E126°36'14", April 20, 2017, isolated
from a leaf of Clinopodium chinense, strain P§; NIBRFG0000501462, GenBank No. MK 159394.
Notes: D. goulteri=2015 Shivas 50i] 2J5l] SF0l|x| Ha1H Fo|r, sfjHl2lr] FRJol|A 222
Hej= Ao & 7|EE|o] QItH7]. Diaportheol £35= 252 YHFPA 02 alpha-conidia®} beta-
conidia®] F ZF2o] BAIZE Hhe = 7] 0 & ok ] QITH(8]. @ 7] A E0i| A= alpha-conidia $H7 4]
o] Fet 71550 A7), & 0“‘4011*1 = betaconidia”} YA 2RIE| L. A 7]AHES]

\a

l

_151_ 0

e

alpha-conidia”} £45H H}55] 3.2 Q=301 70 2 7|25 HhH[7], B A Loj|x] ERlE BAyzl=
Aol /198 S o] 25l Holh el sl ITs el U

o] F7|ME BA AT ITS ¥7|1MB-L D. goulteri MF356583.12F 99942] U2 =2 BT
LSU 97|1X9L D. goulteri KIJ197290. 14 98%2] Y=, TUB A7|XLY2 D. goulteri
KJ197270.12+99%2] AX| =5 HYlor| i 7o A= FAJsIirhFig. 2).

Diaporthe vaccini Shear, Technical Bulletin of the U. S. Department of Agriculture 258: 7
(1931)

o] Qo] Bajel F2olt. PDA HiXIolA 727k e F50] 21738 45 mm HEo|n]
ok Sl B A4 0 2 BINS u] 3 FE0] T fz|olA] A8 Feflolck. FYol vl
FFAAtElo] AR RsHE 2 Fohs i FAQ) 27 B QICKFig, 1B). MEA HZ]ol4 721+
B #52] 21732 45 mm7 ol At Fell= PDACIA vl 2] Fefiet Ml o H]
2=5}CHFig. 1H).
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Specimen examined: Mt. Hallasan, Jeju-do, Korea, N33°23'31.8" E126°3532.1", April 28, 2017,
isolated from leaves of Ilex crenata, strain 17E026, NIBRFG0000502329, GenBank No. MK159402.
Notes: D. vaccinii= 1931 Shearo]| 2J5}] X% & 7|25 Zo|c}. F2HH|2](Vaccinium macrocarpon)
oA Eele Ao =RE Frgol FH=UTH). Picea{10], Phaseolus%{11] 5 Thfet A=ollM WY
Aoz Bl 7|5E0] EAsHH, YUAR ARGEE =R] camptothecing #H[E 4> 3= 2
O = HA1Eo] QIEH12]1TS Y2 LSU 9, TUB Y] A7IME 24 BIHTS 47|1- L2 D.
vaccinii KJ739493.11+999%2] Y| =5 B, LSU H7|M G2 D. vaccinii AF439630.132+99%2]
UX|EE, TUB P74 GL D. vaccinii KC843224.17199940] Y| & HY oM R& 7o AES
&/dslSlthFig. 2).

Rhizosphaera pini (Corda) Maubl., Bull. Soc. mycol. Fr.: 171 (1907)

el MollA 22l otk PDA vi]ef M 747 el wE2] 742 10~12 mm =
o] L, A2 Q2 EE| BAS wal S A2 =M S2 =S . 75e] Al HiK|ol] i
25| ol = FEliol L, #E2) 7PgARRl= =t lsithFig. 10). MEA HiA|ollA 797t i
T52] 272 14~16 mm ZJ 0|, Sh-5IH B 22 Blo] = 2 m Mg wrk #30] e
HijellA 7§71 o] L, &2] 7Pl E 2Rl 77ke &2 FEfolthFig. 11). F72
o] BAR7olN 71 AR 22 EflRe] BAAL WA, Bgxle] Ale oist 7ol
o 5l 37| 12.5~169 X 44~4.7 um ©|CKFig. IN, O).

Specimen examined: Mt. Hallasan, Jeju-do, Korea, N33°21'44.8" E126°3224.0", April 21, 2016,
isolated from leaves of Abies koreana, strain 16H073, NIBRFG0000502335, GenBank

No. MK159396.

Diaporthe schini CBS 133181
Diaporthe terebinthifolii CBS 133180
Diaporthe sojae CBS 659.78

63 Diaporthe raonikayaporum CBS 133182
Diaporthe goulteri P8
Diaporthe goulteriBRIP55657a
Diaporthe paranensis CBS 133184
100 E Diaporthe chamaeropis CBS 753.70
Diaporthe foeniculacea CBS 123209

Diaporthe vaccinii 177TE026

53

100 _L_ Diaporthe vaccinii CBS 160.32
99 - Diaporthe vaccinii CBS 122116

C Diaporthe rudis CBS 794.96
76 Diaporthe toxica CBS 546.93

Nectria dacryocarpa CBS 121.87

| E— |
0.05

Fig. 2. Neighbor-joining phylogenetic tree based on a combined alignment of internal transcribed spacer,
large subunit tDNA, and beta-tubulin rDNA sequences. Nectria dacryocarpa was used as an outgroup.
Numbers on branches indicate bootstrap values (1,000 replicates). Bold letters indicates fungal strains
isolated in this study.
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Notes: R. pini= 1907 Maublancoi] 2]3}| Coniothyrium pini Cordaol|A] £ =3It @ 7] 2f-2of| A

+= Abies, Pinus, Picea 52| Tyt &0l £51= 7|5 Alg2] MY o =HE Feje 20 & 7|155|9]

Om[13], 2 Aol &= AbiesEol] £oh= THgUHRS] ZFollM Ui o 2 Fal= et o 7IZH—“#
of| A= Brgz}o] efol] tsl =3t EFA & (elliptical) 2-2 3l (ovoid) O & A3 0 H[13], o] A

2 Aol SRl FAAke] £/ ut AXHH12] ITS G2 LSU A7 14 E 24 BHHITS 0171*1

-2 R. pini AY183365.12+99%2] X =5 BN, LSU F71A4 L2 R. pini KY654326.11+99%

o] YA =5 Bolom B 22 AlE-S PAEIIHFig. 3).

Valsa friesii (Duby) Fuckel, Jahrbiicher des Nassauischen Vereins fiir Naturkunde 23-24: 198
(1870)

e A HollM w21 oItk PDA Hix|ol|A] 7287l #E-20] 21742 32~35 mm A=
o)1, USIH 5= A4 0 2 st Ho] x| M-S wjr A|7to] R|idof| wfa} %47 Hi|o] x| Allo] XIsf|XIct,
50| A= HiR|ol Y2lsHA| 2of e FEfol 1L, 7FdARR e dAP T EAE 2EEe FHlz
- &2 siZIcHFig. 1D). MEA HiZ]ollA 747kl #-5:9] 21742 31~34 mm 7 =o] a1, oFH

2 YR Ak A 2A 22 FgAe wal 7P AR = S A S n| At we, Sl o) A %{ A
202 gllolct, o] L wix|o] et 2ol Qi Fefol, Tgtelols Zust ZAbt
HIAk 0 2 wlo] Up7}al 9)o] entire WEN2] 7}R1E]Q1 Z1%]2 B OITKFig. 17).

Specimen examined: Mt. Hallasan, Jeju-do, Korea, N33°2144.8" E126°3224.0", April 21, 2016,
isolated from leaves of Abies koreana, strain 16H342, NIBRFG0000502336, GenBank
No. MK 159400.

Notes: V. fiiesii=1870'd Fuckelol] 2J3}] 7| 2=|QltH14]. Valsaol £ol= 22 24 5.2 ko]

Rhizosphaera pini CBS 206.79

Rhizosphaera piniDAOMC251499

Rhizosphaera pini16H073

Rhizosphaera oudemansii CBS 226.83

96

6 Rhizosphaera macrospora CBS 208.79

—

Rhizosphaera kalkhoffii ATCC 26605

Kabatina thujae CBS 238.66

S

Dothidea sambuci CBS 197.58

Phomopsis tuberivora CBS 268.32

—
0.02

Fig. 3. Neighbor-joining phylogenetic tree based on a combined alignment of internal transcribed
spacer and large subunit rDNA sequences. Phomopsis tuberivora was used as an outgroup. Numbers on
branches indicate bootstrap values (1,000 replicates). Bold letters indicates fungal strains isolated in this
study.
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7Roj| A 2 Bl Zlog B wn, 7|3 AlE0] 7| (stroma) £:01] APdZHeprithecia)o] 2] 4]
o] MAlsk= EAJo] QITtH15]. V. fiiesii=PDA HZ|of|A] vjFE ] AFAA3-8- 71 2191 mcresol
< hkeke 2o & s v JITH16] ITS T LSU F9] A7 1M E 24 AAHITS 7|14 E
2 V. fiiesii KM100568.12} 999%2] A= BT, LSU G7|AMLDL V. fiiesii MH872251.12}
99969] Y| =5 Bl om BE ZH2 AlE-2 3 Jo3IrHFig. 4).

Xylaria primorskensis Y.M. Ju, HM. Hsieh, LarN. Vassiljeva & Akulov, Mycologia 101 (4):
549 (2009)
el AdollA 22l w0tk PDA uixlollM 743 el wE2] 2742 23~27 mm =
oo, Q51 BT oA et 24S w1 ZPgAles B Uk F5] T wiAlo]
A 2257 1d FelolH, BAP T E4olM 7HgAREIE sl 'ARY 2.2 o L7 jal 9l o A8
E7h A A5HA] Yot #E2 7Rt = B RIS FEl 2 SR ETHFig. 1E). MEA Hijz|oj|A 7943t
Hi g w5-2] 2732 37~40 mm = 2 PDA Hijx|o]| Hsi| olj-¢- ke L= 2 s, BFo] A2
P2 B2 DA w Al SR ZIgH oS ek 7F-2] A== HijA|of WElsHA| 20 Q= °éEH
o, FFFoI 7HIAEIE ol AR 22 FAP o] U7 b 1k A Fizlste] ARk 7
20| el gRlEthFig. 1K). BA¥ARe] Feile 74 Fre jidy 52 5oy, 371 =
55~69 X 1.5~2.6 um A o|CKFig. IP).
Specimen examined: Mt. Hallasan, Jeju-do, Korea, N33°22'11.8", E126°3327.1", April 18, 2017,
isolated from leaves of Abies koreana, strain 17E107, NIBRFG0000502339, GenBank
No. MK159401.
Notes: X. primorskensist=2009 Y. M. Ju 50i| 2J5}| 2{A|ote] =5 A|ol|A 22 ERlE Fo]
CH17]. QI7F A3z o) st ot g5 Hol= 5291 xylaranic acidS BH|SH = x]29] A+

Ol

0

Valsa friesii CBS 194.42
84

88 Valsa friesii 16H342

Valsa friesii CBS 505.72

70

Valsa ambiens CBS 423.52

94

100
‘— Valsa pruinosa CBS 349.69

Valsa salicina CBS 485.63

Valsa nivea CBS 278.67

75

Valsa pini CBS 145.23

Diaporthe acaciarum CBS 138862

|
0.01

Fig. 4. Neighbor-joining phylogenetic tree based on a combined alignment of internal transcribed
spacer and large subunit rDNA sequences. Diaporthe acaciarum was used as an outgroup. Numbers on
branches indicate bootstrap values (1,000 replicates. Bold letters indicates fungal strains isolated in this
study.
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Ap7h ZARIHI8]. A 7| Akzell= 248kl tisl] 7]sk] 2] @tout & AtolM= 2442k
= 3Holat 4= QIQIChITS Qv LSU o] 7|4 B4 ATHTS 71 A L2 X. primorskensis
KT192367. 1499%.4 =] %E a1, LSU Y7|AM G2 X. primorskensis MG012860.1}+98%2]
A =5 B om nE 7k AlE S A59irHFig. 5).

Zalerion arboricola Buczacki, Transactions of the British Mycological Society 59 1): 159
(1972)

o u0] E ofr 2 S0l 23] M
ol AP et A 2% §7)51 Befol el Bieb At 2 ool
(Fig. 1L). ZAH A k] 2 B2 7K internode) 59l0lA] EA3z}740] s o, Saaiel
e ) 52 o]}, B0l Alzkale] Baalr) 8 sl m (Fig. 1Q), iR dap
S0 xAo 2 Bol 9l el 2 SRIFHLE BRI 37]=59~93 X 3.6~5.5 um A Eo|CHFig.

Specimen examined: Mt. Hallasan, Jeju-do, Korea, N33°2144.8" E126°3224.0", April 21, 2016,
isolated from leaves of Abies koreana, strain 16H107, NIBRFG0000502337, GenBank
No. MK159395.

Notes: Z. arboricolat=1972'd Buczackiol| 2J3]| 2| 2 2 7| 2% Fo|H, Zx}-50] AgS 0]—?—%‘—_5,—
7do] Hargjo] )il P2 7RAlollM 22l 2o 755 o] TH19]. € 7|l 715 2

Xylaria primorskensis 17E107

Xylaria primorskensis 1-HL2-1

Xylaria primorskensis 478

1
6 Xylaria digitata 919

Xylaria castorea 600

81

Xylaria laevis voucher INBio:1215B

\——— Xylaria longipes voucher GAB197
Xylaria allantoidea voucher GAB026
96 : "
Xylaria allantoidea FS83

Botryosphaeria dothidea CBS 115476

———
0.05

Fig. 5. Neighbor-joining phylogenetic tree based on a combined alignment of internal transcribed spacer

and large subunit rDNA sequences. Botryosphaeria dothidea was used as an outgroup. Numbers on

branches indicate bootstrap values (1,000 replicates). Bold letters indicates fungal strains isolated in this

study.
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Mytilinidion resinicola CBS 304.34

59 Mytilinidion rhenanum CBS 135.45

78

Mytilinidion scolecosporum CBS 305 34

Lophium mytilinum CBS 123344

Zalerion arboricola CBS 758.71

97 Zalerion arboricola 16H107

Zalerion arboricola FMR 3868

Glonium stellatum CBS 207.34

—
0.01

Fig. 6. Neighbor-joining phylogenetic tree based on a combined alignment of internal transcribed spacer
and large subunit tDNA sequences. Glonium stellatum was used as an outgroup. Numbers on branches
indicate bootstrap values (1,000 replicates). Bold letters indicates fungal strains isolated in this study.

Ao] Pelfe B 0 e Bels|A] o M2 8] 97t olojd] Qi FElE Fisks Ao e
710 Jau[19], 2 Aol TR 8RR Y 71AEe] 7 s dx]ohe FElE Il
ITS Y2 LSU P o] F71-F A AIHTS P71 LD Z. arboricola KU705825.13+99%2] A
2 =5 BN LSU F7|A L2 Z. arboricola KU705842.137+ 99902 U] =5 Bl Oom = 7ke
A5-& B/35H3ATHFig. 6).

5
Aol MAlSHE TRt A=) dol YRS Relsleict. £ 2552 el 54

internal transcribed spacer , large subunit tDNA 9] 2! beta-tubulin tDNA -3-412}2] 714 2] Al
& 242 &9l T2 St 1 2T 652 Ul 715 U2 ERISIL £
Diaporthe goulteri, Diaporthe vaccini, Rhizosphaera pini, Valsa fiiesii, Xylaria primorskensis,
Zalerion arboricola 0|}, 1% 6:2) )72 LT B0 Feld 4 2 §71ML A EAe)

A}o] tfsl] 7]=3IAT.
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