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ABSTRACT

We isolated endophytic fungi from the leaves of the conifer Juniperus chinensis var. sargentii
inhabiting Mt. Hallasan. The fungal isolates were identified based on phylogenetic analysis
using nucleotide sequences of the internal transcribed spacer region, large subunit region of
ribosomal DNA, translation elongation factor, and B-tubulin region. In this study, we confirmed
four species of unreported endophytic fungi in Korea, Allantophomopsis lycopodina,
Epicoleosporium ramularioides, Kabatina juniperi, and Seiridium podocarpi. We describe their
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Shepite] At F sl 1,900 mof] A A sh= b -2] HEol gl 17 5} A4

sto ZiF ot om, AFRt 92 48 A7t ool A A= ST SR A4 X
2 30%2] H,0, 2 302~157F 3H A515}31[4], potato dextrose agar (PDA) HiA] 2] 7Rk
2lo]] 4274 21351t e Vg HiAIE 25°C 2] Aol 4] viFotaA] AR #o] L
=S 7?:_ FolA, AP T EH A 2-2- PDAC AltEifote] w5 &= 22l
o}, St A= FHIA S0 weh BRI, H714 Y 4= 91519] DNeasy Plant
mini kit (Qlagen Germantown, MD, USA)2] protocol®]] ™=} w#AllA] genomic DNAE
FE9 F o Eol&Ql mZto]rQl ITSIFL} ITS4E ©]-8-519 internal transcribed spacer
ATS) F¥S FZ519175], Zate|H] LRORY LR16= ©]-851] rDNA 2] large subunit
(LSU) BH& FEstoH[6], F7HQ1 2412 floto] Zeto|H bt2agt bt2bE ]85}
B -tubulin (TUB) ¥<-2{7], Z&to|H 526F2} 1567R-2 ©]-8-5}] translation elongation
factor (TEF) a-1 99 5=0tH8]. Annealing 2F+=ITS 992 50°C, LSU rDNA
A2 44°C, TUB Y2 58°C, TEF 2 57°C= A5t 44519121, PCR 4F=
1.5% agarose gel 4] 2227+ A 7] G551 A== 37| 9] 25 DNA ‘I:‘rl,li < %]"?l@f?—
A7AE B2 2)=5FAHSolGent, Daejeon, Korea). 4% G714 E-2 NCBI AolA|
BLASTE ©l-§5lo] -FAES SR1It & 2} F5 1t Al 242 58 4 TAE &elst

7] £l MEGAG [9]5 ©]-8-51, neighbor-joining S 2 phylogenetlc tree S 235131
o}, 22 o S HAAEAFEITHNIBR) Ol 715151312 ™, DNA A7 14 E2 38 EHE
AE|(NCBI)ll AlEst3irt
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Epicoleosporium ramularioides Videira, H.D. Shin & Crous, Stud Mycol 83: 100

(2016)
PDA jz]oflA] 7L7F v %‘94 2174-2-17~20 mm A ro|H, 52| Fef= vl Bt
2lslet, w5 Mo ohHe 2| HA 5o ke M0 w FIH-2 Fok of| A HEEMS ]

7Rl eie] e ek, 350 T wilel el 2ol i efelckFi
1A). Malt extract agar (MEA) HJA]o| A4 747 vljoFe w50 21732 19~22 mm AEo|H
-] e 5 42 PDA HOIA] WFE 55 Aot 25 9] Sl il
w= Zlo] 2ol oIt(Fig. 1E). oA Webel S S2 Aol felde] it ¥F
3 2] B2 (conidiophore)©] A=, BN 2] B4 conidia)E THETH10]. £ A+

AT 2 7142 B 4 Ash el YER] o] Praselon, 2]
(5.8~12) x (2.4~3.2) um O]t Fig. 10).

e
T

Specimen examined. Mt. Hallasan, Jeju-do, Korea, N 33°21'47.9", E 126°32'10.2", April
18, 2017, isolated from leaves of Juniperus chinensis var. sargentii, strain 17E013,
NIBRFG0000502327, GenBank no. MH333253.
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Fig. 1. Colonies of strain 17E013 (Epicoleosporium ramularioides) grown for 7 days on potato
dextrose agar (PDA) (A) and malt extract agar (MEA) (E), conidiophore (I). Colonies of strain
17E062 (Kabatina juniperi) grown for 7 days on PDA (B) and MEA (F), conidia (J). Colonies
of strain 17E063 (4/lantophomopsis lycopodina) grown for 7 days on PDA (C) and MEA (G),
conidiophore (K). Colonies of strain 17E066 (Seiridium podocarpi) grown for 7 days on PDA
(D) and MEA (H), conidia (L) (scale bars =10 um).

Epicoleosporium ramularioides CPC 10673
|

Epicoleosporium ramularioides 17E013

100 Epicoleosporium ramularioides CPC 10672
% Mycosphaerelloides madeirae CBS 112895
100 I— Microcyclosporella sp. CBS 118960

Stromatoseptoria castaneicola CBS 102322

Readeriella tasmanica CBS 125002

94 _| Parapenidiella tasmaniensis CBS 124991
57

Teratosphaeria molleriana CBS 118359

Cladosporium cladosporioides CBS 112388

—t
0.02

Fig. 2. Neighbor-joining phylogenetic tree based on a combined alignment of both internal

transcribed spacer, large subunit and translation elongation factor sequences. Cladosporium

cladosporioides was used as an outgroup. Numbers on branches indicate bootstrap values

(1,000 replicates). Fungal strain isolated in this study is in bold.
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Note: EpicoleosporiumZ3t E. ramularioides=2016'd Videira 51 2J5l], &&f A& W}y
o2 Wol AHA QW RamulariaZ: 0 25 €] A2 BA]=]QcH10]. 1TSS} LSU, 1837
TEF <o) B2 Ba AvHTS 92 DNA G71XF0] E. ramularioides GU214688.1
7} 99.0%2] FAEE B, LSU G| A7INE2 E. ramularioides KX286984.13}
99.0%2] YA =5, T12]3 TEF YA A7 G2 E. ramularioides KX287847.13499.0%
O] AR5 K om e 72 AlE-S F/dotthFig. 2).

Kabatina juniperiR. Schneid. & Arx, Phytopathologische Zeitschrift 57: 181 (1966)
PDA Bliz]eflA] 787F Bk wE2] 21742 19~21 mm o, w52 A oF 5 nt
T Aol 7Ptz Hlo| A Mo}, #E-2] 1k = v o HRsH| 2o 9l
o, 7Pxte]E B1Ele 5o thFig. 1B). MEA HiZ|ollA] 747t vloksl F-&o] ZA-L
21~26 mm o], 9FA-S SHo] 11 FIH-2 Hjo| 2| Mook, 5-9] 1= FRtshH, S
R X 7Pgate| 2 dAP ARG 0 2 o] QITk(Fig. 1F). A A7 iake] oA ¥
o] U2 B8R ollA] 121 et o] BAARE B/dohH[11], & Aol 27 T
e o ASlTh B8 B =2 A 12l Bredddol™ Fgstal A7)+ (3.4~4.3) x
(1.4~2.0) um Fo|ck(Fig. 1J).

Specimen examined. Mt. Hallasan, Jeju-do, Korea, N 33°21'47.9", E 126°32'10.2", April
18, 2017, isolated from leaves of Junmiperus chinensis var. sargentii, strain 17E062,
NIBRFG0000502328, GenBank no. MH333252.

Note: Kabatina juniperiv=1966 Schneider®} Arx®]] &Js]] |z H11%|¢] o, = 7FLp
2{Genus Juniperus)©] A gGoIx] 2z Ee]H ZolA] Fol fEiFic 1], L UHR4S
HE51o] SHLES(Genus Thuja), BEUT25(Genus Chamaecyparis)®] FBoAAE W
WFo Relg 7120] EARTHI2). 1TSS LSU Qo] 2444 B4] A TS Gee]
DNA @714 E0] K. juniperi AY616211.17}99.0%2] X5 N, LSU F¥ 2] H7]
AN DL K. juniperi AY183367.17}98.0%2] LA EE K on] W ko A5 g Ads)3ict
(Fig. 3).

71 1 Kabatina juniperi CBS 466.66
84 Kabatina juniperi 17E062

93 Kabatina juniperi CBS 239.66

58 Kabatina thujae AF013226
~{ Sydowia polyspora CBS 750.71
Dothidea eucalypti CBS 143417
Dothiora prunorum CBS 933.72
—92|_— Dothiora viburnicola CBS 274.72

Aureobasidium namibiae CBS 147.97

|T|
Fig. 3. Neighbor-joining phylogenetic tree based on a combined alignment of both internal
transcribed spacer and large subunit sequences. Aureobasidium namibiae was used as an
outgroup. Numbers on branches indicate bootstrap values (1,000 replicates). Fungal strain
isolated in this study is in bold.
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Allantophomopsis lycopodina (H6hn.) Carris, Can J Bot 68: 2290 (1990)

PDA Bljz]ollA] 747F ik w50] 2172 40~44 mm H=2 vl w27 zh2he, oF S
L S 2ol 7Pt = o), #-0] SRl A= viR]of F2lelA| &
o] = Hlo 1, 7HA o= =2 FHIE 35 AP A E THFig. 1C). MEA HiA]
of|A] 7L i 2] 272 43 mm Heo|H, ShH-2 SIS a1 SIH-2- Hjo| 2] A
ojth HAKIZt 1= P2 FITOA BPEE7EA] 1A Q= SHlo|H, #Ee] A= AR
§71%o] Jth(Fig. 1G). 28-S EetATE FIo] B2 FHlol, e fado]
o}, AP ol A A e T A 71 B S22 5T FElH13]. &
dAellMds 71 S] FElet sk 23S SERlskelon, BAAME S 2]+
(8.2~8.5) x (4.6~4.8) pm Eo]|tH(Fig. 1K).

o

Specimen examined. Mt. Hallasan, Jeju-do, Korea, N 33°21'47.9", E 126°32'10.2", April
18, 2017, isolated from leaves of Jumiperus chinensis var. sargentii, strain 17E063,
NIBRFG0000502340, GenBank no. MH333254.

Note: A. lycopodina=1990'd Carris®]| 2Jal] 2|22 H =] oH, o 7| 7oA = = hH|
2] olo] W ol Eel=3iTH13]. Z12u S24E0] 7ol Udete = Eeld
715 o] AL 14], & Aol e BTl Y= A Folld 2= =t o] Fo= A o
2] 22} tiAHEE F allantopyrone A7} E| QO H, o] F2-2 17t [l WHS Ao
gt A=A G Hol= A 08 | E|o] Jr15]. ITSSHLSU, 123 TEF F2jo] &
2 B AVHTS FH 2] DNA 7145 E0] A. lycopodina KR873230.13199.0%2] LA| =
S HYN, LSU F92] A71XLG-2 4. lycopodina KR873264.174100.0% 2] DX =E, 18]
I TEF 999 97| B2 4. lycopodina KR873305.17}97.0%2] YA =5 HP Om LT
L2 AsS BdsI3ithFig. 4).

=

87| Allantophomopsis lycopodina CBS 137782
98 l

Allantophomopsis lycopodina 1TE063
LAllantophomopsis lycopodina CBS 262.85

76

Allantophomopsis cytisporea CBS 109.22
68~{ Allantophomopsis lunata CBS 137781
99
Phacidium mollerianum CBS 138856

Allantophomopsis sp. CPC 24280

— Phaeophleospora stramenti CBS 118909

100 L Cytostagonospora martiniana CBS 135102

Neopyricularia commelinicola CBS 128303

—i
0.05

Fig. 4. Neighbor-joining phylogenetic tree based on a combined alignment of both internal
transcribed spacer, large subunit and translation elongation factor sequences. Neopyricularia
commelinicola was used as an outgroup. Numbers on branches indicate bootstrap values (1,000
replicates). Fungal strain isolated in this study is in bold.
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Seiridium podocarpi Crous & A.R. Wood, Persoonia 32: 251 (2014)
PDA H|Z[ol| A 747 B +E-9] 21782 13~13.5 mm o] ™, 50 A2 o
A 52 gpzfo| 11 SIH2 U gt io|t), o520 7Pt = 2R AP 02 %
o] Qlom, 72 1= vl 2| of| F2& E0Sl= FHlo[th(Fig. 1D). MEA BiZ|ellA 7%
FH TFF9] A74222~23 mm HLeo|H, FF0] A2 ghH-2 "R S|
Aol 7. SFOlA 7P = AT 2 HA| HW@E o] Qa7
vl zJof| G2t 2o Qli= FEo|th(Fig. 1H). of2] A= £ 4, A%
= 7HAH, gutA o 2 BAIAPAE-2 2~35-0] AukS Zh=rt ﬁJ‘“Z}L oo, HHEg
2 @AM o2 I 537kR] Autol| ool F2]Et16]. 2 Aol A= AT 2
of| oJol| 250 2 Fu]H A FAAE TR = Rl o FAYAEe] 27]5=(5.9~8.2)
(3.7~3.9) um A Eo|thFig. 1L).

rl

>

g, rlo
%4

d
71

ofl
= ol

jus)
==

ﬂl

=
o

KX
—

20]

4J>ﬂ

ofl 2
e X

lo oc)i' =
L
ol

=]

E
23

Oﬂ;r

1=
e

2 ol

=
=

O:I:‘

%

Specimen examined. Mt. Hallasan, Jeju-do, Korea, N 33°21'47.9", E 126°32'10.2", April
18, 2017, isolated from leaves of Junmiperus chinensis var. sargentii, strain 17E066,
NIBRFG0000502341, GenBank no. MH333255.

Note: S. podocarpi= 201411 Crous?t Wood®] 2Ja]] #|x2 HUE[Qon, ZujLprss
(Podocarpus spp.)°] i]OﬂOﬂ/ﬂ WAt o 2 BalH Zof|A Frgo] it 16]. ITSSHLSU,
2|3 TUB Y0 B2 B4 A TS G2 DNA 7|4 E0] S, podocarpi LT853101.1
7+98.0%2] A5 KA, LSU Y] A71X B2 S. podocarpi KI869207.11+99.0% 2]
AR5, 12831 TUB FHO] A71XLG-L S. podocarpi LT853248.17} 98.0%2] X =E
HPom Wi g2 AlsS J/stth(Fig. 5).

55 Seiridium phylicae CPC 19664
i Seiridium cardinale CBS 172.56
100 Seiridium eucalypri CBS 343.97

93 [ Seiridium podocarpi CBS 137995
[ ] 100 Seiridium podocarpi 17TE066

Seimatosporium rosae CBS 139823

64

99

Pestalotiopsis arceuthobii CBS 434.65

Seiridium papillatum CBS 340.97

— Pestalotiopsis telopeae CBS 114137

100 [I— Pestalotiopsis australis CBS 119350

Xylaria hypoxylon CBS 122620

—_
0.05

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

transcribed spacer, large subunit and beta-tubulin sequences. Xylaria hypoxylon was used as an

outgroup. Numbers on branches indicate bootstrap values (1,000 replicates). Fungal strain

isolated in this study is in bold.
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He
grepitol] MAsk= wduo] Aol lvhs 22lskt:. 2eld 2 FHA &
37} internal transcribed spacer 9%, large subunit rDNA %%, translation elongation
factor 1 2 §-tublin 2 7 IAIe] AEEAE o}gsied Belsick 1 2 o
715 WA Allantophomopsis lycopodina, Epicoleosporium ramularioides, Kabatina
Juniperi, Seiridium podocarpi 452 w5 RIS 450] 0|75 ==l tet JEfZ
543 9 A4 o] Aatol tisf 7|5kl
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