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Abstract

In this study, endophytic fungi were isolated from the roots of three native orchid species from
Korea: Bletilla striata, Oreorchis patens, and Cephalanthera longibracteata. The isolated fungal
endophytes were identified based on the morphological and molecular characteristics including
sequence analysis of internal transcribed spacer (ITS) and 28S ribosomal DNA regions. As a
result, we discovered 5 species of fungal endophytes that have not been previously reported in
Korea: Phialocephala bamuru, Coniochaeta mutabilis, Phialophora foetens, Calonectria
canadensis, and Neonectria ramulariae.
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longibracteata
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TH7). 2o Wl JA] G Sapdotel Aol S-ajt Fakes nd A o= A7,
Wz Ba|ol| A B2t Phialocephala fortinii=2PY=R1 Dactylorhiza praetermissa®] A+
oot fH S EXIN7 =5 TS AA=sH 715l tigh A d& A2l &4 3L
oH8]. eyl R EE97] 19 G AE]] FS I Cypripedium japonicum
Thunb.) ¥ ESHUZH Cypripedium macranthum Sw.)ol|A] E2]gt WA treFdof thgh
A7 F Y= Lo, A A= AL miu|et A7 oot ofof gkt 2AMY Q1 2, 2
Az, SiidZx FollA Uid-S welokal td= Atote & =iUl rl71=02 SelE
559 #RE Hstaz} gl

b T (N34°48°, E126°25°)0llA] A¥H(Bletilla striata (Thunb. ex Murray)
Reichb. fil), L= AT HIAKAIE 1,572 m, N37°09°, E128°55 )04 #Ard=
(Oreorchis patens (Lindl.) Lindl.) 2+ -2 Z(Cephalanthera longibracteata Blume) 2] B

£ AJstSint. 48A17F o] B0l gl HElE FA91A .2 A St Richardson &
[10]¢] RS A5t S E2otqltt. HelE 3 At $1al 70% olle-2t 3% 2t
OFFAANFEF(NaClO) 8283 2H| 22 #2]s}kal, streptomycin} chloramphenicol T4Y
AE Aefstict. 3H A Heol= B ASSOIR 2718 AATT %, S mm 7=
Zetwater agar (WA)Oll 4714 21735E3AEE 25°C fba-ofl A vjofst A BajollA] Zehte
T2 potato dextrose agar (PDA)®} malt extract agar (MEA)O] Z+2} Alciuljofs} et <&

Er 2 ST
Fig. 1. Colony of strain 15P005 (Phialocephala bamuru) grown on potato dextrose agar (PDA)
for 7 days at 25°C, front (A) and back (B); Colony of strain 15P095 (Coniochaeta mutabilis)
grown on PDA for same conditions, front (C) and back (D); Colony of strain 15P106
(Phialophora foetens) grown on PDA for same conditions, front (E) and back (F) and
conidiomata (K); Colony of strain 15P283 (Calonectria canadensis) grown PDA for same
conditions, front (G) and back (H) and pure exudates (L); Colony of strain 15P325 (Neonectria
ramulariae) grown on PDA for same conditions, front (I) and back (J).
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£ BATAL P Fig. 1), ofF ZeIOI Ml S Bol A0 EAS et
T 2@ A Foll Wskith(Fig. 2). BAMYESH 5742 9151 DNeasy Plant
mini kit (Qiagen, Germantown, MD, USA)& A}-8-51] 1#5-2] Genomic DNAE &5}
t}. 2% DNAE F32= PCRE 4Yot3 2™, Primer ITSIFSt ITS4E ©]-851
internal transcribed spacer (ITS) G [11]<, primer LROR¥} LR16S ©]-8-51 ribosomal
DNA 9] large subunit (LSU) % 9[12]= 5353t} PCR 271 F annealing === 1TS 4
o2 58°C, LSU Y92 54°CE AHsto] F=af5}tTt. PCR AHE-2 1.5% agarose gel 4]
2027 A7) G E0t9. o, AdElE 3719 bandE F-Eot] AAIRE & A7 E BAS
O] &5} tH SolGent, Daejeon, Korea). F-4% 7|4 E-2 NCBI o4 BLASTE ©|-85
o FAHES SIS & 7t 5 7He] Al 8A| 241 3t taxonomic positiona Z415}H]
?1sll MEGAG6 [13]5 ©l-85}] neighbor-joining & A5+E st (Figs.
3~4). 229 = FHAEALTNIBR) 7156 0™, H714 B2 GenBankell A
Z35t3irt

Fig. 2. Hyphae and conidiospore of strain 15P005 (Phialocephala bamuru) (A); aggregation
spore of strain 15P106 (Phialophora foetens) optical microscope image (B) and scanning
electron microscopes (SEM) image (E); macroconidia of strain 15P283 (Calonectria
canadensis) (C); conidiospores of strain 15P325 (Neonectria ramulariae), optical microscope
image (D) and SEM image (F) (scale bars: A~D = 10 um, E~F =20 pum).
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plants large subunit (rDNA) region was used for sequence analysis. Exidia uvapassa was used
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Fig. 4. Neighbor-joining tree of endophytic fungal strains isolated from roots of native orchid
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Phialocephala bamuru P.T.W.Wong & C. Dong, Australasian Plant Pathology 44-:
55 (2015)
PDA 8 Z]of| 4] 787 alF A] 217 28~32 mm 7| 2 52 FAISI M (Fig. 2A), B3]t
TSR 4 27] FMAE w1 QIgl oL, Alzto] e whEh H2Meol A oo s
SR, w50] S AA| A W QiTh(Fig. 2B). WA -2 54 2oFe] w7t of
2] 7] Uehgt o m, 7PdAe = 24s w o] Al HiobH). A= o] lo] ThEEgle
™, F-2 A O| At A ZRR7F L} 3~5 x 4~6 pm F7] 9] RS PSS (Fig. 1A). ©]
T2 ITS F o] A7 MBS BAH AT P. bamura KI8771913199.0% FAHES HH S
™, LSU o] thgt G714 BS 45 AT} P. bamura KI9960692F99.0% FAHES H
=4

HEEE Aafdr 2k N34°48’, E126°25°, 2015 69 1Y, Ak Bletilla striata

(Thunb. ex Murray) Reichb. Fil)2] #:2], 15P005 (NIBRFG0000499913)
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Coniochaeta mutabilis (J.F.H. Beyma) Z.U. Khan, Gené & Guarro, Antonie van
Leeuwenhoek 104 (2): 250 (2013)
PDA B Z]of|A] 747 vlieF A 2174 30~35 mm Z719] #5-& FJ5H
24 7P = A o] 318 g Ado i th(Fig. 20). A7t Ao whet E-2
= A2 0 = Helgl o, TP = Al 2lAS W Qiek ERt meE o
71 3o A=l o] Ao, A2 0 = Bt FAI = AR o] of 2] 7o 72 go
ek #E0] HiH e AR E Ao ZhA JPgale] ofo| B kS wlQlthFig. 2D). o] o
FO]ITS FYo] A7|ME-S A A3} C mutabilis HM0365997F 99.0% -FAHES H Y
o, LSU Yol thet G714 E-e BH7 AT C. mutabilis IX5076512F99.0% FAHES:
Bk

T EE, 3% A ghAE N37°097, E128°557, 2015 79 17, A2 Oreorchis

patens (Lindl.) Lindl.)] B3], 15P095(NIBRFG0000500059)
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Phialophora foetens W. Gams & Domsch, Nova Hedwigia 18: 16 (1970)

PDA HIK|oll 4 702F HF 4] 2173 15-19 mm 2710] 52 AotAom, FHE 23
o] A} 9lo]] Spe] BE AP} A1 ol Slck(Fig. 2B). #52] 7FaAelel 94

9] gto] P, #F2] HHS 2 P Wrl(Fig. 2F). #5-2 7FdA o= A
7} X o EA3 2k conidiomata) B S E-E0] HERATHFig. 2K). RAH 4871 4159
BAZAE o] 77} o] 778 o] F11 Qo™ 7% 3~5 x 4~5 um©|th(Fig. 1B, 1E).
o] #F9 ITS FH 9| A7 |ME= =48 73?JrP foetens AB1903941}99.0% -FAIES K.
O, LSU ol thet 7| E-S EXH AT} P. foetens AB1904242}98.0% -FAHES
Haleh
TR 7rAE g4 Shlal N37°097, E128°557, 2015 79 17, AP Z(Oreorchis
patens (Lindl.))2] #2], 15P106(NIBRFG0000500058)
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Calonectria canadensis ().C. Kang, Crous & C.L. Schoch) L. Lombard, M.J. Wingf.
& Crous, Studies in Mycology 66: 56 (2010)

PDA B Z]of|A] 747 vloF A] 217 35~45 mm T7]9] - FA5H .0,
3717 B, S5 APH IS Fig. 2G6). &) HH-2 E2 ofo]
o, 7P olle £ Rge] AP FEo] TEE It Fig. 2H). FHll
U Tt S92 B AEEo] TEE Ith(Fig. 2L). w52 AlZE
2 A W Qi HARS] o] BSH= T ol A
Qlom, 1A AL Ujof] ZT1mft Lrgo] ZAf|of 27
.o, 7]+ 3~4 x 19~23 um®|thFig. 1C). ©]
I} C. Canadensis GQ280556199.0% FAIES B
71 8-S B A} C. Canadensis GQ280678 99.0% AT
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TR 7FAn AA SHAE N37°09, E128°557, 20159 79 17, St Cephalanthera
longibracteata Blume) 2] B-2], 15P283 (NIBRFG0000499914)

Neonectria ramulariae Wollenw., Annales Mycologici 15 (1-2): 52 (1917)
PDA HJZ]of|A] 747} vljeF A] 217 32~40 mm 7]9] 752 FAGHI. oM, SRl %
5HA| 210 FAZE FE-& /35l LA, 7HIAR = AR HErt Holxl FH = 2M
o] 3k FAdoal QIt(Fig. 21). w52] R gt v w il Qlth(Fig. 2J). Aol v
H #F9] SAF= 5259 offiiE 2 4o s Hetkth 71 ey el Zak= =277t
2~4 x 10~18 pmo|H, 7}t AHo] F=5lo] THETKFig. 1D, 1F). o] #F ITS 4]
A7 DS BAS AT N, ramulariae AJ2794461}99.0% -FATES H Yt

Seuetoll A Ak bt A=l 5A8ske Uldwoll tigh A+t vk =5t A4
otk 55| UWiHe] v gt o4 EAloll thet it Zm ] ZIogE| 2 QLo FefE
o] e} saeete] Foak-gof et A= Al AFsieh e -2 A
Ho M F TYdS STHSH= SHoA R opel, Tl eFee ] 7152 7HA1 AL Q7]
ufl2of| ofof] thet 21&A4 1 A7 B et Aot
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H A= MetR T Aol A Bletilla striata), 73 A% At TEAtof| A R
Oreorchis patens) 2t -2'dZ(Cephalanthera longibracteata) 2] B2 oA WAw-& E2lst
1015 0] el W BAYES e Sl Sk 2 7o ek 548 BAs

7] Sfall ZAFe] et EA4-S wHstlal, HAMYE S 5742 1ol ITS1FRFITS4 primer
£ 0]-8-51%] internal transcribed spacer (ITS) 2! large subunit (LSU) rDNA J S-S 4515
tt 1 Z:-ﬂﬂ'Phialocephala bamuru, Coniochaeta mutabilis, Phialophora foetens, Calonectria
Canadensis, Neonectria ramulariae 552] =] u]7| 2 YAo] T4 = o] 0|2 H 5114}
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