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Identification of Unrecorded Endophytic Fungi Isolated
from Leaves of Woody Plants in Jejudo, Korea

Bong-Hyung Lee', Dong-Yeo Kim', Hyeok Park’, Ju-Kyeong Eo’, Hyang Burm Lee’ and Ahn-Heum Eom'*

'Department of Biology Fducation, Korea National University of Fducation, Cheongju 28173, Korea
*Bureau of Basic Fcological Research, National Institute of Fcology, Seocheon 33657, Korea
“Division of Food Technology, Biotechnology & Agrochemistry, College of Agriculture and Life Sciences, Chonnam National University,

Gwangju 61186, Korea

ABSTRACT : In this study, endophytic fungi were isolated from the leaves of five species of woody plants in Jeju, Korea, namely
Chamaecyparis obtusa, Cryptomeria japonica, Torreya nucifera, llex crenata, and Camellia japonica. The isolated fungal endophytes
were identified based on their morphological and molecular characteristics including a sequence analysis of the internal transcribed
spacer and 26S regions of rDNA and B-tubulin genes. Ten species of fungal endophytes have not been previously reported in
Korea, namely Mycosphaerella aleuritidis, Neofusicoccum eucalyptorum, Neofusicoccum parvum, Phyllosticta citrichinensis,
Phyllosticta cryptomeriae, Phomopsis cotoneastri, Sphaerulina rhododendricola, Guignardia mangiferae, Lophodermium jiangnanense,

and Lophodermium minus.
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AF= A YS (N 33° 25' 23", E 126° 37' 36")°lA H
BN (Chamaecyparis obtuse (Siebold et Zucc.) Endl), 4+

U (Cryptomeria japonica D. Don), BIZPI-(Torreya nu-
cifera Siebold et Zucc.), B2 U= (Ilex crenata Thunb.)&,
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AFES] MASHE 2R A% Qold 2 w7lE AT 253

WS ol8sto] s EElsiltt. i S flell -t 58°C, LSU P2 54°C, B-tublin G2 54°CE 2735l

AFANA 70% eI} 3% xpo}d Ak %(Nacw) 33319, LSU 993 B-tublin P& NCBId| 528

SAS A= Aeiar, BarE AlHT & BaE s 7] ALl sle Foll FeiA s 2SI PCR A

Zolz E7)1E AA o]—i’it]—, o]F Qe HE 7H9E ol E-2 1.5% agarose gelollA] 20:2%t 1 7|9-53150H, ol

3t 1 mm F7|2 A2 £ potato dextorose agar (PDA) == 2719] bandE FE3t] BAISE & G7IME E4ES

HiR|ol] 2Pdsii e, 25°C Aol mjgebaA BT 22T (SolGent, Daejeon, Korea). 1418 A7IME2
1

5 Attt &5 #2807 25°C ¢4o]  NCBPJIA BLASTE o83l frtes E11g & 2
A 7AZE vk, BEe] ST, A, B 1% 59§ 19 ATA £4S 918 MEGAG [12]F ©]-8-3}]
Jefots) 542 DIAYOH, ofF LOLE WU neighbor oining W2 A K Figs. 1-3).
So) TAIS} TAT BIAT BN 5HE 9

S} DNeasy Plant mini kit (Qiagen, Germantown, MD, Mpycosphaerella aleuritidis (I. Miyake) S. H. Ou, Sinen-
USA)S A}83l] #59] Genomic DNAS 3Z3}901],  sia, Shanghai 11: 183 (1940)

o] YO =Z polymerase chain reaction (PCR)S F~3¥3} Malt extract agar (MEA) BIX|ol| A 747F vljeF A] 4]
AT}, Primer ITS1FS}; ITS4E ©])-83} internal transcri- 19~22 mm©|iL(Fig. 4A), PDA B Z|ol|A] HljeF A] 273
bed spacer (ITS) < [9]=, primer LRORZ} LR16< ©]-&- ~23 mm Z7|2 A5ITH(Fig. 4B). PDACIA A&k 15-9]
3] ribosomal DNA9] large subunit (LSU) G [10]<, HE= 220 248 il UL, AlZto] XErE A
:LE]_]_ primer Bt2a¥} Bt2bE ©]-8-5} B-tublin G [11] S0 7 Wale], e ¢kol AEEo] Yeldt). o] 7]
o239, PCR 21 5 annealing 25w ITS Y9 ITS F99] GV IMLES 4938 A3} M. aleuritidis KC281
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Fig. 1. Neighbor-joining tree of endophytic fungal strains isolated from leaves of woody plants in Jejudo. Internal transcribed
spacer region were used for sequence analysis. Exidia uvapassa was used as an outgroup.
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[ 15B436
100 Y ophodermium minor(HM14570)

o8 1 158520
Sphaerulina rhododendricola (KF779493)
% E Sphaerulinaquercicola (GU214496)

Mycosphaerella aleuritidis (EU167594)
83 L Mycosphaerelia parkii(DQ246245)
o4 15B219
Phomopsis cotoneastri (KC763119)

oo Diaporthe citri (KC357448)

Amanita subglobosa (KX810031)

254 ©1%F . UF U o7 . o8P - AE
Al
ger 15B710
95
42
100
o4 1 15B481
1
—_
02

Fig. 2. Neighbor-joining tree of endophytic fungal strains isolated from leaves of woody plants in Jejudo. Large subunit region
was used for sequence analysis. Amanita subglobosa was used as an outgroup.
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Alternaria nobilis (JQ672017)

Fig. 3. Neighbor-joining tree of endophytic fungal strains isolated from leaves of woody plants in Jejudo. B-tublin region was
used for sequence analysis. Alternaria nobilis was used as an outgroup.

3867 99% FES Ao, LSU FFe sk A714E
S B3 A3 M. aleuritidis EU1675949F 98% 5432
HAok

AHARE: AF= AHUS, N 33°2523", E 126°37'36",
20151 79 1Y, HWF-(Chamaecyparis obtuse (Siebold

et Zucc.) Endl)e] X4, 15B481(NIBRFG0000194889)

Neofusicoccum eucalyptorum (Crous, H. Sm. ter & M. J.
Wingf.) Crous, Slippers & A. J. L. Phillips 2006
MEA 8| Aol A 74%T vk Al 217 43~45 mm©] 3L (Fig.

4C), PDA v A A B F Al 217 59~65 mm 712 A5k
th(Fig. 4D). T52] S4lolle dAP ByE o] o, &
Ao 7P R A5E dAPE A71A 3435 L,
FETAPE Sl o] 759 1TS A 99 Q7N ES
28 A3} N, eucalyptorum KC4791887} 99% “35/3S
Haot.

PERE: AFE AHUE, N 33°2523", E 126°37'36",
20155 79 1Y, SAWUS-(Chamaecyparis obtuse (Siebold
et Zucc.) Endl)2] 34, 15B710(NIBRFG0000194901)



Neofusicoccum parvum (Pennycook & Samuels) Crous,
Slippers & A. J. L. Phillips 2006

MEA HJR|ol|A 747 vl A] A7 63~65 mm©|aL (Fig.
4E), PDA v} Aol vl A 2173 65~66 mm 7|2 A5k
T}(Fig. 4F). 8A 0] FAP} 2UaA 2ol Aol 54o)
H, 3T APHEE I, AEES gl o] 7] ITS
o] AVIMEE B8 A} N. parvum EF6387867} 99%
Feds BYom, Lsu JYdl| dls|A=N. parvum KT
1894963} 94% FA1S H3L, B-tublin Gl i =
N. parvum KR260807%} 98% ‘3532 B ST}

TR AFE ARU%, N 33°2523", E 126°37'36",
20155 79 1Y, A5 (Cryptomeria japonica D. Don)®]
4, 15B660(NIBRFG0000194899)

Phyllosticta citrichinensis X. H. Wang, Chen, Huang,
Zhang, K. D. Hyde & H. Y. Li, Fungal Diversity Res.
Ser. 52(1): 215 (2012)

MEA 8| Aol A 74%T vk Al 27 23~25 mm©] 3L (Fig.
4G), PDA v ROl vl A] A 24~29 mm F7|E A5}k
Th(Fig. 4H). 70 B2 B8t , 7Pt o gy
£ 7HAIAL RAaL, 1% Atolol] Z& Fo] S| it dn
Aoz FEst A HAd ks 7HAAl e AP
RO, 11 A7) 8~12 x 6~7 pm FEO]}(Fig.
5A). Phyllosticta citrichinensise= TR Phyllosticta®:] 115~
Ho} 21 A5-E 7 AL e Aol S4o|w [13], & A7)
ME 12 ym BT AES 71 A} Bo] BEEQIT
o] &9 ITS ¥H2] A7INES 48 AT} P citrichi-
naensis IN791598% 98% 59 R AT}

TR AFE ARU%, N 33°2523", E 126°37'36",
20155 79 1Y, A5 (Cryptomeria japonica D. Don)®]
44, 15B637(NIBRFG0000194895)

Phyllosticta cryptomeriae Kawam., Bull. Govt Forest
Exp. Stn Meguro 10: 97 (1913)

MEA HJR|ol|A 747 vl A] A7 22~26 mm©|aL (Fig.
41), PDA HjA|ol| A Bl A] 217 17~20 mm 7|2 A5k
Th(Fig. 4)). @&°] A F4E wolle Ag =3iE o
3 gL, Algto] Adol] whet e 3)A o] AR WSt
H, o] 125 FEE WL k. o] 75 ITS <
o] AVIMES B4 A} P cryptomeriae AB4542713}
99% “F543ES B o™, B-tublin GGl M= P cryp-
tomeriae AB7042573} 92% “35/3S Rtk

FERE: AFE AlUSE, N 33°2523", E 126°37'36",
20155 79 19, A (Cryptomeria japonica D. Don)®]
%44, 15B650(NIBRFG0000194896)

Phomopsis cotoneastri Punith., Trans. Br. mycol. Soc.
60(1): 157 (1973)

Fieoll Aashe & AEe) oA 223 v71E AT 255

MEA 8| A|ellA] 747T vk Al 27 71~72 mm©] 3L (Fig.
4K), PDA v R|o| A Bl%F A] A7 61~62 mm T2 A5k
U (Fig. 4L). 59 AEE7] w9 w2, 2o AL
A7} EARYFS B8kl L AR Bt FEHE
w3l I}, Phomopsise-2 alpha® FA}Q} betad FAE
== 9589 Ak (phialide)7} E0] Y= Ao B
A} (conidiomata)E 7RIl Y= Aol EA[14]0]H, B
AFNE AP o g IS AF3) A3}, =7] 1~1.5 x
3~4 ym H%=9] alpha¥ FAY3ZA}(conidiophore)”} T
AL, 7] 1 x 24~28 um2] betad ¥AT FAF AT
(Fig. 5B). ©] 9] ITS Y9 7 MBS 4% 23 P
cotoneastri FJ8894507} 99% ‘35732 X2, B-tublin
A M= P cotoneastri KC7631199F 99% 543-S
BTt

TERE: AFE A UE, N 33°2523", E 126°37'36",
2015 79 1Y, VIR (Torreya nucifera Siebold et
Zucc.)?] 34, 15B219(NIBRFG0000194880)

Sphaerulina rhododendricola Crous & Cheew., in Crous
et al., Persoonia 31: 243 (2013)

MEA HjA[olA 7431 i<k Al 278 11~12 mm©] 3L (Fig.
4M), PDA Hj A HIGF A] A7 11~13 mm =712 A5k
Ch(Fig. 4N). 5] IS} v =fm], S4%7} A
2ho] Aol we} Ae Hae] FAAE FHRT. TAZ
Av)Aow Bae Ag FUol 3 He) AL AR A
¥ A} (ascospore)’} =2 g FAFROH, V)= 1~
1.5 x 6~9 pum “JE=°]TH(Fig. 5C).

o] @2 ITS ] A7IMES EXF S. rhododen-
dricola KF7771875% 99% “3&/3< RB.oH, LSU G el
M= S. rhododendricola KF7794833} 99% ‘35735
B

THRE: AFE AlRU$, N 33°2523", E 126°37'36",
201593 79 19, U (Tlex crenata Thunb.)2] $1, 15B
520(NIBRFG0000194890)

Guignardia mangiferae A. J. Roy, Indian Phytopath. 20
(4): 348 (1968)

MEA HiA|[e| A 77F vl F A] 217 32~35 mm©] 3L (Fig.
40), PDA HR|ol| A vl A] 273 45~47 mm Z71E A5k
U} (Fig. 4P). MEA B R0l 2}ek w#5-2] S45= 34
= Wi glom, Helh= dMe] mE gAdsiaL ot =
g ] 7Pl s fF 9 12 o] 4] ot
PDACIAM Ak 732 FA9] WE s, Flgh &
S AR} dAn|B o ¥AE B3 A7 8~9 x 9~10
um F719] FX} BAE oM, I} T o) Lo
ETrETE g0l @45l It (Fig. 5D). ©] 59| ITS ¥
qo] A7IMES B8 A} G. mangiferae EU2735249%
99% “d5/3dS B om, LsU Gl thaliX= G. mangi-



Fig. 4. Colony of strain 15B481 (Mycosphaerella aleuritidis) grown on MEA (A) and PDA (B) for 7 days at 25°C; Colony of strain
15B710 (Neofusicoccum eucalyptorum) grown on MEA (C) and PDA (D) for same conditions; Colony of strain 15B660 (Neofu-
sicoccum parvum) grown on MEA (E) and PDA (F) for same conditions; Colony of strain 15B637 (Phyllosticta citrichinaensis)
grown on MEA (G) and PDA (H) for same conditions; Colony of strain 15B650 (Phyllosticta cryptomeriae) grown on MEA (I)
and PDA (J) for same conditions; Colony of strain 15B219 (Phomopsis cotoneastri) grown on MEA (K) and PDA (L) for same
conditions; Colony of strain 15B520 (Sphaerulina rhododendricola) grown on MEA (M) and PDA (N) for same conditions; Col-
ony of strain 15B455 (Guignardia mangiferae) grown on MEA (O) and PDA (P) for same conditions; Colony of strain 15B460
(Lophodermium jiangnanense) grown on MEA (Q) and PDA (R) for same conditions; Colony of strain 15B436 (Lophodermium
minor) grown on MEA (S) and PDA (T) for same conditions. MEA, malt extract agar; PDA, potato dextorose agar.

ferae KF955298%} 98% *-5/dS R AT} Lophodermium jiangnanense Y. R. Lin & S. J. Wang, in
HERE: AFTE T4 N 33°3052", E 126°43'07",  Lin, Xu, Yie & Wang, Mycosystema 23(1): 15 (2004)
20153 79 19, WU (Camellia japonica L.)°] S1, 15B MEA 8|4 747F vl <F A] 27 16~20 mm©|3L (Fig.

455(NIBRFG0000194886) 4Q), PDA Bi=IolA] Hiek A A7 15~32 mm 27|12 A2k



Ch(Fig. 4P). T2 B2 FEIE wal 9lom, PALE
o] Fo] 2l FAET. MEAIA A&t 79| F4F=
3] A7 B39t o] w9 1TS G99 71X E
S B4 A3} L. jiangnanense GU138714%}F 99% ‘353
< Boh

FEARE: AFE FUEAH, N 33°30'52", E 126°43'07",
201599 7€ 1Y, S (Camellia japonica L.)2] <1, 15B
460(NIBRFG0000194887)

Ophodermium minor (Tehon) P. R. Johnst., Sydowia 41:
174 (1989)
MEA #iA]ellA 743w Al 2173 12~18 mme]aL (Fig.

AFell Aajshs B 4E9) oM 23 v71s Wald 257

4S), PDA HA|ol| A vi%F A] 217 11~12 mm I7|Z A5k
Th(Fig. 4T). A%t =dhAlo] o] Ef2lsiAl A=,
FETAP was] Qlar, PDA HiA| o)A vleksl e AY
a7l =go}, o] #F2) ITS P99 A7 |MLS B35
A3} L. minor GU1387199F 99% A4S HoH, LSU
Jo|| thal|l A= L. minor HM1405707} 98% 54 B
ATt

AR AT FUEA N 33°30'52", E 126°43'07",
201591 7€ 1Y, S (Camellia japonica L.)2] <1, 15B
436(NIBRFG0000194885)

A WA EFe) S5 Soldel BRt At &) i

Fig. 5. Conidiophore and conidia (A) of strain 15B637 (Phyllosticta citrichinaensis); a-conidia (arrow) and B-conidia (arrow) (B)
of strain 15B219 (Phomopsis cotoneastri); ascospore (C) of strain 15B520 (Sphaerulina rhododendricola); conida (D) of strain

15B455 (Guignardia mangiferae) (scale bars = 10 pm).

Table 1. Endophytic fungi isolated from leaves at five species of woody plants in Jejudo

Fungal

Isolates Specimen Number of NIBR Closest taxon ITS LSU B-tublin
15B481 NIBRGR0000194889 Mycosphaerella aleuritidis KC282386 EU167594

15B710 NIBRGR0000194901 Neofusicoccum eucalyptorum KC479188 KF766368

15B660 NIBRGR0000194899 Neofusicoccum parvum EF638786 KR260807
15B637 NIBRGR0000194895 Phyllosticta citrichinaensis JN791598

15B650 NIBRGR0000194896 Phyllosticta cryptomeriae AB454271 AB454271

15B219 NIBRGR0000194880 Phomopsis cotoneastri FJ889450 KC763119 KC763119
15B520 NIBRGR0000194890 Sphaerulina rhododendricola KF777187 KF779493

15B455 NIBRGR0000194886 Guignardia mangiferae EU273524 KF955298

15B460 NIBRGR0000194887 Lophodermium jiangnanense GU138714

15B436 NIBRGR0000194885 Lophodermium minor GU138719 HM140570

NIBR, National Institute of Biological Resources; ITS, internal transcribed spacer; LSU, large subunit.
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Hu A4 fElyeire S5 ue e 3
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(Chamaecyparzs obtusa), 2FU5-(Cryptomeria japonica), ¥l
AN (Torreya nucifera), 23 U5-(llex crenata), 55
(Camellia japonica) & 5&2] T 21&29] oA AT
welslar, Fef R EAH=SHE 54 T3l sl ©f
E 913l primer?! ITS1FS} ITS4E ©]-8-31%] internal tran-
scribed spacer (ITS) rDNAY <} primer LRORZ} LR16S
0]-8-3}] large subunit rDNA S-S 18]3L primer Bt2a
I} Bt2bs ©]-831] B-tublin FH] A7IHES A H
AT}, 1 A3} Mycosphaerella aleuritidis, Neofusicoc-
cum eucalyptorum, Neofusicoccum parvum, Phyllosticta cit-
richinensis, Phyllosticta cryptomeriae, Phomopsis cotoneas-
tri, Sphaerulina rhododendricola, Guignardia manngerae,

Lophodermium jiangnanense, Lophodermium minus ‘5 10

20 1)7|2 WAFS TASYI, 0]2 B udlux }v&u},
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