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ABSTRACT

We isolated endophytic fungi from the coniferous leaves of Abies koreana and Taxus
cuspidata inhabiting Mt. Hallasan, Korea. The isolated fungal strains were identified based
on a phylogenetic analysis using nucleotide sequences of the internal transcribed spacer
region, large subunit region of ribosomal DNA, and translation elongation factor region.
Results confirmed four prevously unreported endophytic fungi in Korea: Lachnellula hyalina,
Ochrocladosporium elatum, Phacidium lacerum, and Phyllosticta cussoniae. In this report, we

'.) describe the morphological characteristics of these fungi and the results of the phylogenetic
analysis.
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2 1,300~1,400 m F-Zof] MASHE T2 7520 I FollM, el d BSol u
ERHA] ke 27et dle AiHsto] A= RRISIITE AIRE 1962] NaClo -84} 70% EtOH
Z FRHAFEH ] potato dextrose agar (PDA) H|Z]of] 42214 X753l 25°C2 ehaoilA] 3 o)
gAY AR o] LR M 22 PDA B A|ofl Alehsto] &4 E2fsHA, B 25 o
A| PDA I A] 2} malt extract agar (MEA) Hij |0 37 Alcioto] 727t 5-Agh 271 0 2 uljoyet & el
Al E42 TESIIHTables 1, 2, Fig. 1). 71X 412 215101 DNeasy Plant mini kit (Qiagen,
Germantown, MD, USA)2] protocolol] T2} Aol A] genomic DNAS 23t ¥ ot 50| 4Ql Zejo]
™R ITSIFR}FITS4E- 0|85} intemal transcribed spacer (ITS) %2 553131 12(6], Z2}o]H LROR
T LR162 ©]-8-510] 285 IDNAS Z3}5H= large subunit (LSU) F4& SH31312m[7], F7H4]l
H7I1ME EAo] st #FE-2 primer 526F} 1567R-S 0]-8-510[8] translation elongation factor
(TEF) -1 922 ZZ5}91c}. Annealing 2= ITS P2 50°C, LSU FH-2 44°C, TEF
5T°CE A%gsto] +35H3A T PCR AHE-2 1.5% agarose gelofl A 2227+ 247|152 AAISHAAL,
719 A2} 525 DNA THH0O| A7]5 SRI5H & 74P 241E 2] =513 THSolGent, Dagjeon,
Korea). \#-418l 94714122 NCBI /ol BLASTE: 0|-85}o] FALEE 2RI & 7} S5 7o) A

Table 1. Morphological characteristics of fungal strains isolated from Abies koreana

Strain 16H321 Lachnellula hyalina [10] 16H339 Phyllosticta cussoniae [14, 15]

Colony  MEA, 25°C, 7 days MEA, 24°C PDA, 25°C, 7 days PDA, 27°C, 7 days

Color Beige White Olive to dark green, reverse grey  Iron-grey

Size 11~14 mm in diam. Unrecoded 30~34 mm in diam. Covering the dish in 1 month

Shape Flat, margins irregular Cottony mycelium Umbonate, margin irregular Erumpent, spreading, with sparse aerial

undulate mycelium, margin feathery

Conidia  Hyaline, globose to ellipse, Hyaline, ellipsoidal oblong, Hyaline, aseptate, ellipsoid to Thin and smooth walled, hyaline, aseptate,
1-septate, (3.4~5.5) X (1.5~2.0) 3.0 X 1.5 pm in diam. obovoid, (8.5~10.8) x (5.0~6.0) ellipsoid to obovoid, (10~)12~15(~17) x
pm in diam. um in diam. (6~)7(~8) um in diam.

MEA, malt extract agar; PDA, potato dextrose agar; diam., diameter.

Table 2. Morphological characteristics of fungal strains isolated from Taxus cuspidata.

Strain 17C006 Ochrocladosporium elatum [11] 16H339 Phyllosticta cussoniae [14, 15]
Colony  PDA, 25°C, 7 days PDA, 25°C, 7 days PDA, 25°C, 7 days PDA, 25°C, 14 days
Color Brownish green in centre, beige in  Isabelline in centre, umber in outer Light white Olivaceous grey, reverse iron-grey
outer region, reverse black in centre, region, reverse olivaceous-black
olivaceous in outer region
Size 16~18 mm in diam. Covering the plate in 1 month 42~44 mm in diam. Unrecorded

Shape Convexed, aerial mycelium,

Erumpent, spreading, fast growing, Convexed, aerial mycelium, — Spreading with sparse to moderate

margins smooth and radial aerial mycelium, margins smooth margins undulate aerial mycelium
Conidia  Cylindrical to coniform, hyaline Subcylindrical to ellipsoid, hyaline Hyaline with reddish- Subcylindrical, aseptate,
to reddish brown, (8.1~10.2) x to pale brown, (7~)8~10(~14) x brown,cylindrical, rarely (10~)13~15(~18) x (2.5~) 3(~4)
(2.5~4.0) pm in diam. (3~)4(~4.5) pm in diam. crooked, (10.1~13.0) x um in diam.
(1.5~4.0) pm in diam.

PDA, potato dextrose agar; diam., diameter.
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Fig. 1. Colonies of strain 16H321 (Lachnellula hyalina) grown for 7 days on potato dextrose agar (PDA)
(A) and malt extract agar (MEA) (E), conidia (I). Colonies of strain 17C006 (Ochrocladosporium
elatum) grown for 7 days on PDA (B) and MEA (F), conidiophore (J). Colonies of strain 17C009
(Phacidium lacerum) grown for 7 days on PDA (C) and MEA (G), conidia (K). Colonies of strain
16H339 (Phyllosticta cussoniae) grown for 7 days on PDA (D) and MEA (H), conidia (L) (scale bars =

£ A2 5559 BAIS 3l5h7] 919 MEGATS 0|8 810][9] concaenated alignmentS: THE %,
neighboroinming "0 2 A 545 AAsISTt RelE 25t FYASALTHNBR)] 7]k}
.o, DNA 97 IH DL ol 3R RAE (NCB)o] AIZ3Hc.

X

218l 0FE

Lachnellula hyalina Dhame, Phytopathologische Zeitschrift 53: 119 (1964)
o] Aol B2jgl o]tk PDA HiRlolA 7212k vkl &) 371 10+12 mm
£ ojg o)A A2k, o] Al e M 0% Qe |7 Mg w1 HIRe ols 24l
2 wc}, o) TPt vhg BipHat, FEe] T viRlol] WA} o] 9lrhFi. 1A)
MEA HzJol}A] 7237} BoFe) 252] Z71 1114 mm 4 2 PDA BjAlolAle} 07} 2 o)
Lol 42 At FE0) AL ohsi s woA|Alo] 7, Fe] L wixlo] e}
A 2ol et 59 7Pkl ol B sICFig. 1B). AV o] ZeolM 7 B2
213 EFF o] AN conidia) 7} A EITH, EAYAR= EE G2 2 o|H, Z{uK(septate) O & £
2|=ct BARLe] 371 (3.4~5.5) X (1.5~2.0) um A =0|CHFig. 11).

Specimen examined: Mit. Hallasan, Jeju-do, Korea, 33°2203.5" N, 126°3237.1" E, August 23, 2016, isolated
from leaves of Abies koreana, strain 16H321, NIBRFG0000502333, GenBank no. MH734785.

Notes: L. hyalinar= 196418 Dhameo]] 2J5f) 12 115 Fo|ct. Z/Y72te] =gk hyaline) P4 E/J 02
HE FHo] Ao, Afj2ol Bashs ARk F H4eQl R AU Pinus mugo)2] 7HA]
2R 2= lcH10]. & Aol gl gl | Bgate] gejet 371= 9 7RfEe] A
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HF DX|5HA 0 H, ITS P2 LSU 9] A71AF 2] 24 ZATHTS 2] DNA H7 A EL L.
hyalina KCA64638.13} 98%62] LA =5 H T, LSU P Y7|AMLE-2 L. hyalina KC492976.13¢
99%2] YA =5 B oH, B ko AlE-S AFCHFig. 2).
Ochrocladosporium elatum (Harz) Crous & U. Braun, Studies in Mycology
58: 46 (2007)
50| I HollA 22)E otk PDA HjZ|of|A] 77t liFE -2 2742 16~18 mm % 0]
o, 20| A2 -2 SR = A2 52AS wal, 7Pl ofl= &2 Hjo] A Ao w7} o
JET S FYFolA H2MS 1L, vPgE2 ZejHAo|n 7Rl of] oy} mpt7EA]
= o] 2| A9] w7} g Tt A= i R|ol| A A g7 ] of AL, 7P Abe) = SET AP
AFg o & wiof QItHFig. 1B). MEA HlZ[ol|A] 7UX} HlFE wE-2] 21732 15~16 mm o],
O A2 oFA 2 A 0 2 Hle- SIS w11 HH-e FoRol| A AAS TRt of| A Hjo]
A dek, #20] 1= SR E5 5750 o, 7HgAte] 2] Fel= FARE ] =t
2514 o] U7 k= FHjolth(Fig. 1F). AR 47 Bgke] SHoA] E2lst efl g 0 2 u]oishixl
Y7173 (conidiophore) 0] A=, A 0 2 HE] A3 2 A5F ] B fd A
Zp7h ). 28Re] A2 A4S AU §2 BAfola, BAES] F7]= (8.1~10.2) X
(2.5~4.0) um A =o|CHFig. 1J).
Specimen examined: Mt. Hallasan, Jeju-do, Korea, 33°2308.6'N, 126°32'14.0"E, August 23, 2016, isolated
from leaves of Taxus cuspidata, strain 17C006, NIBRFG0000502331, GenBank no. MH734786.
Notes: O, elatume2007'd Crous & Braunof] 2]} A2 =] {ct. E2lf Cladosporium&sol] 431 1}
o, Agt ZAo] FAAZEE] 7]Q15t0], Lol FAME S5k ] A0] Fo] Ochro 7t &
o] &rgo] A= -] AcH11]. 22| FelA] £ oAz ¢ 7|22t Ax]st3lom, IS
A} LSU P 9] 7|4 o] B4 ATHTS 2] DNA 714 EL2 0. elatum GU248334.13} 99%
o] A== BT, LSU F2] F7IAML-E O. elatum EU040233.12} 98%62] Y| =S HYlom,
22 AES FFCHFg 3).

I-DL

100 | Lachnellula flavovirens CBS 191.66
Lachnellula suecica CBS 268.59

I Lachnellula occidentalis CBS 160.35
Lachnellula willkommii CBS 200.66

100 —I_i Lachnellula hyalina 16H321
97 - Lachnellula hyalina CBS 185.66
Lachnellula calyciformis CBS 189.66
K[— Lachnellula subtilissima CBS 196.66

Lachnellula tricolor CBS 122000

91

Pezicula frangulae CBS 286.39

—

0.01
Fig. 2. Neighbor-joining phylogenetic tree based on a combined alignment of both internal transcribed
spacer and large subunit sequences. Pezicula frangulae 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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Phacidium lacerum Fr., Observationes mycologicae 2: 313 (1818)

=2 oA F2fE otk PDA HR|ol|A] 747 B w-F-2] A 7]= 42~44 mm 7Y =0|
i, wFo] e ok R B vke SIS mry E0] 1= u]ojlA] A g7 =] o] 9lom, 7t
A 3% dAH st B2 R0 2 HA U HHFig. 1C). MEA HijZ|of|A] 797 i
52| A7) 40~43 mm A Eo| 11, 50| A2 QFH-2 SIS w1 FTH-2 Ho] x| AHof| 7}t
2| = HjR|of| A A §7]]o] YL, 7HA) = EE]skt #E-e] Sl Y2 7
o8 Bz WAl el 55| FAETHFig. 16). 2832 HAH S Wake ulet /3
7} 52 2|0, 7AH 0 2 224 o] e £et el ool Yick Bl
A el BARE e gelde] 1% AEdoln] 24T Bo| o] gtk 2
AAke] 37]+&= (10.1~13.0) X (1.5~4.0) um 7 = o|CHFig. 1K).

Specimen examined: M. Hallasan, Jeju-do, Korea, 33°2308.6" N, 126°32'14.0" E, August 23, 2016, isolated
from leaves of Taxus cuspidata, strain 17C009, NIBRFG0000502330, GenBank no. MH734787.

Notes: P. lacerum-- 1818~18231174 Friesol] ©J3f ¥l 2102 eef7 glom, fol| de) kst
SFAUR(Pinus sylvestris)ol|A] 2% 22 A0 =2 B 1|0 QILH12, 13]. Phacidiuméol| 45
52 A%3 fEdo] BARtE PAIshe Zlo] Ao, £ AFolA ElE AZ3h 95
AhE Crous 5{12]2] el Ax|FHe} ITS P2 LSU F 2] 7| M Fe] A AR TS
] DNA @7] X G-& P, lacerum KU942438.13} 99962] L] =2 BT LSU Fojo] @74
P. lacerum MG720334.137} 99%2] A= =2 HYlom R= 7ho AE S FAFICKFig. 4).

rr

[?JPN f

2 o rrorr
M
i3

Phyllosticta cussoniae Cejp, Bothalia 10: 341 (1971)

FAfLHR] ol Helel Folct. PDA HiRlolq 7211k vkl FEo] 271 30-34 mm 4
o)1, F50) 9 Q52| B At} o) £ talo] 4lo] 9lon], e HHF oz sl W
ot #52] 1w = v R|ol|A] A g7 o] 9lom, 7P Ate)= Eraldt £ FEo|thFig. 1D).
MEA Hlz]ol|A] 77} kel FZ0] 7] 42~45 mm A L& PDA v R|ol| A Bt w2 & e & 2}
2t} el Ao 2 B2 nj] Sifke FYRE FeMe i hgatels Fag w2

100 [ Ochrocladosporium elatum 17C006
92 Ochrocladosporium elatum PS67
Coniothyrina agaves CBS 470.69
Ochrocladosporium frigidarii CBS 103.81

20

59

Cladosporium malorum STE-U 4571
Parastagonospora nodorum NRRL 62560
96 Ophiosphaerella narmari ATCC 64688

Helminthosporium velutinum L98

Preussia antarctica CBS 222.89
59
93

Teichospora pusilla C140

Coleophoma cylindrospora CBS 449.70

—
0.05

Fig. 3. Neighbor-joining phylogenetic tree based on a combined alignment of both internal transcribed
spacer and large subunit sequences. Coleophoma cylindrospora 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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39| e = FYRolA = Gt 7Rt oA 35 FAP sk} -§7] == Ejo|thFig.
1H). TAS] BH-Rol|A] T Fee] E23A17g o] Ay, FAA1Aol|A] Zuto] gl Frsh &
2] 4 o] Algty o -2 EFYIE BRI JAJSIT) Baatke] 37]% (8.5~10.8) X (5.0~6.0) pm A
To|tKFig. 1L).

Specimen examined: M. Hallasan, Jeju-do, Korea, 33°22/03.5" N, 126°32'37.1" E, August 23, 2016, isolated
from leaves of Abies koreana, strain 16H339, NIBRFG0000502334, GenBank no. MH734930.

Notes: P. cussoniae= 19714 Cejp[14]0]] 2J5l] B 115 Zo]c}, Jolza)7} Zol=9] Cussoniads -
AlE9] ol FajH ZollA 7| sttt 2/8Ake] e vl ale ¢ 7| 2E 2lof Wikee 5{15]2] A
T-5 15, 2 Aol A ZlH 23] e HaEdat ix 2 dx|ske A& Rl
QAT ITS F} LSU F99] A7|MFe] 24 A} ITS 2] DNA H7|AE-2 P. cussoniae
KF170311.13} 98%2] Y| =2 H 1, LSU H<o] F7|MH-2 P. cussoniae KF206278.13} 99%2]
U2 =5 Y Om, TEF Y] G7|A L2 P. cussoniae KF289223.13} 98%62] A= =5 H &

22 A S Y3 5).

ol
-

ESEe)

AFE ghehite] TAn Rl #2 ) Wbl YRS Besleitt, Bel pEe o
/3 4 intemal transcribed spacer % %, large subunit DNA % %] ! translation elongation factor < & 714
| A5-2A S 55l = 575k 1 A 4E2] =l 07 E U2 Eelsioial, ERlE
Z2 Z¥7} Lachnellula hyalina, Ochrocladosporium elatum, Phacidium lacerum, Phyllosticta cussoniae©| T},
sil 452 0]71S U e WeH 54 % e7IHe ASRAel Zajol ofel 7|45

)
Jm

=

62 | Phacidium lacerum MZ-F38

Phacidium lacerum MZ-F4
Phacidium lacerum 17C009
Phacidium lauri CBS 589.67
Phacidium fennicum CBS 457.83
Phacidium calderae CBS 372.81
Phacidium vaccinii CBS 444.71
Phacidium mollerianum CBS 574.66

50

89

T Allantophomopsiella pseudotsugae CBS 841.91
92 L Allantophomopsis lunata CBS 137781

Bulgaria inquinans CBS 118.31
Coleophoma cylindrospora CBS 449.70

—
0.01

Fig. 4. Neighbor-joining phylogenetic tree based on a combined alignment of both internal transcribed
spacer and large subunit sequences. Coleophoma cylindrospora was used as an outgroup. Numbers on
branches indicate bootstrap values (1,000 replicates). Fungal strain isolated in this study is in bold.

The Korean Journal of Mycology Vol.46, No. 3, 2018 246



New Records of Endophytic Fungi fromA koreana and T. cuspidata

Phyllosticta cussoniae 16H339
Phyliosticta cussoniae CPC14875
Phyllosticta hypoglossi CBS 101.72
Phyllosticta citribraziliensis CBS 100098
Phyllosticta spinarum CBS 937.70
Phyllosticta citriasiana CBS 120486
Phyllosticta owaniana CBS 776.97
100 l_— Phyllosticta podocarpi CBS 111647
Phyliosticta rubra CBS 111635
96 Phyllosticta minima CBS 585.84
£ Phyliosticta philoprina CBS 587.69

Dothidea ribesia CPC 30713

99

99
100

—
0.05

Fig. 5. Neighbor-joining phylogenetic tree based on a combined alignment of both internal transcribed
spacer, large subunit and translation elongation factor sequences. Dothidea ribesia 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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