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ABSTRACT

In the present study, we isolated endophytic fungal strains from the rhizoids of the moss
Funaria hygrometrica. The isolated strains were identified based on morphological
characteristics and analysis of the internal transcribed spacer (ITS) and large subunit (LSU)
rDNA sequence regions. Consequently, we confirmed the presence of two endophytic fungal
species, Curvularia protuberata and Didymella anserina, which have not been reported in
Korea previously. Here, we describe the morphological characteristics and molecular analysis

,.) results of these fungal species.
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AFO] A2 2018 4, G A7 735 AT(N36°3744", E127°3674")0ll A K 3Y =]
Atk A F(moss)ol| &= EF8}0| 7| (Funaria hygrometricays A3 5t0] 48A|7F o|Ujof] A& Al
24kt dlitel = SRR Aol F-2 5] A AT ol 75% EtOHO 14, 2% NaClo &
o] 38, 75% EtOHO| 0.527F x| 2 2] 2] 5Fo] EH A5, 100 pg/mL 5=9] streptomycin
glo] 1027 A Egt F B4 33] HojFdTH10] EH A Ba) = filter paperS ©]-8-5)
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2 Ad7sH3lth PCRO] B & 325 DNAE 1.5% agarose geloll 2027} loadingsHo] ZH2F DNA
o] 3 7]E 915 5 SolGent (Dacjeon, Korea)oll 4714 <€ 2412 2] 25131t DNA €714 F
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Table 1. Morphological characteristics of Curvularia protuberata 185001 and Didymella anserina 185002

Strain C. protuberata 185001 C. protuberata[15] D. anserina 18S002 D. anserina[19]
Colony PDA, 25°C, 7 days PDA, 25°C, 7 days MEA, 25°C, 7 days MEA, 22°C, 7 days
Color Dark gray, margin light gray; ~ Gray to olive-green to black; ~ Pale brown to gray, deep gray =~ Greenish-olivaceous to gray-
reverse black to reddish brown, reverse mottled black and white in center, pale gray in margin; olivaceous or olivaceous-
margin beige or reddish reverse generally brown, gray black; reverse gray-olivaceous,
in core, white in margin olivaceous-black
Size 35-38 mm in diameter Reaching 75 mm in diam., a 35-36 mm in diam. 57-73 mm in diam.

few isolates grow slowly and
reaching 30-40 mm in diam.

Shape Radial-striped pattern in Aerial mycelium growth, Convex, undulate margin Regular margin, aerial
mycelium, convex, margin velvety mycelium
irregular

Conidia Hyaline, brown, 4-septate,  Hyaline, slightly to moderately Hyaline, ellipsoid to cylindrical, Broadly ellipsoid, (2.4-) 3.2
(16.92-) 21.50 (-27.17) x (7.60-) curved, 4-septate, (24.5-) 32.5 aseptate, (3.92-) 5.14 (-5.68) x  (-5.5) x (1.8-) 2.4 (-3.0) um in
8.09 (-8.54) um in diam. (-40.8) x (8.0-) 10.6 (-13.6) um (1.18-) 1.69 (-1.93) um in diam. diam.
in diam.
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(Fig. 1A). MEA B Z]ol| A} 747t B F5-2] 37]+= 31-34 mm o], F352] SFH-2 74|14
o= JL2 IME mi TPYAE| 2 s Mol dojx] I Mo]| 77k A 1, Y= A2 M
< dot HHS FEAMS Holy 7HRte] 2 Z4E S Mof| 77t A H SR W2 224
< BRIt} #3520 A= 4 §7]5] 9l o 5 HYPFS o] 2h(Fig. 1B). /2= Aol 23

520 2 Lo A 1L 7}t F g XIgh Z4AS Ho|m QFE 0 & Zh4& ZHllo] fdojz] &
goll 717k X th(Fig. 1C). B/ 4AFe] 271+ (16.92-) 21.50 (-27.17) * (7.60-) 8.09 (-8.54) pm (n=20) 7
ook
Specimen examined: Yuseong-gu, Daejeon, Korea, N36°37'44.3", E127°36'74.0", April 27,

Fig. 1. Colonies of strain 18S001 (Curvularia protuberata) grown for 7 days on PDA (A) and MEA (B),
C, conidia; D&E, colonies of strain 185002 (Didymella anserina) grown for 7 days on PDA (D) and
MEA (E); F, conidia. (scale bars = 10 um). PDA, potato dextrose agar; MEA, malt extract agar.
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2018, Curvularia protuberata, isolated from rhizoids of Funaria hygrometrica, strain 18S001,
NIBRFG0000503368, GenBank No. MN611095 (ITS), MN368298 (LSU).
Notes: C. protuberata = 1965 Nelson & Hodges®ll 2]5l] H11% Fo|ct, ZA] gHErg o) vHhaegy B

A7 a0 2 a7ho] Aol efs Ll A= Zlo] SAola[15), o]2fat SAL £ eiolA
weje o] YAl HE BRIE|9Th C protuberata] AIAE FAIS 2 Wz R

B EBHE mamitolo] S}IE]ei[16], o] Fol AHgoll MITO A TUT 1) HES 38 259
Efo R HEFHE 9B Brks 97 2z oA EAcIT). W71 B 24 At

(Fig.2).

Curvularia protuberata CBS 376.65

Curvularia protuberata 185001

Curvularia protuberata CBS 127342

Curvularia robusta CBS 624.68
Curvularia muehlenbeckiae CBS 144.63

Curvularia perotidis CBS 350.90

Curvularia australiensis CBS 126973

Curvularia trifolii CBS 173.55
97

Curvularia pi ii CBS 143.64

Curvularia ischaemi CBS 630.82

Curvularia oryzae CBS 169.53

Pleospora richtophensis CBS 127959
0.005

Fig. 2. Neighbor-joining phylogenetic tree based on a concatenated alignment of internal transcribed
spacer (ITS) and large subunit (LSU) sequences. Pleospora rosae was used as an outgroup. Numbers
on branches indicate bootstrap values (1,000 replicates). Fungal strain isolated in this study is in bold.

Didymella anserina (Marchal) Qian Chen & L. Cai, Studies in Mycology 82:
173 (2015)
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Elo] a1, 7PgAtE] = 2 FHIE o] ETHFig. 1E). A=

sholw] 2] =t} BAYRIO] A7)+ (3.92-) 5.14 (-5.68) * (1.18-) 1.69 (-1.93) um (n=20) 3 =.0] Ch(Fig.
1F).
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Specimen examined: Yuseong-gu, Daejeon, Korea, N36°37'44.3", E127°36'74.0", April 27, 2018,
Didymella anserina, isolated from rhizoids of Funaria hygrometrica, strain 185002, NIBRFG0000503358,
GenBank No. MN368300 (LSU).
Notes: Didymella®l|] £3h= 52 | Alof] 2 Z 2K chlamydospore)S FAI5H= Z10] E40]
CH18]. D. anserina+= Gruyter & Noordeloos2] 7] &0l A= S IL2}7} Q1% 2] ¢FokA| Phoma
=12 LH19], 2015' Chen & Cai®] £AFY 240l A<= THA| Didymella = A2 ATt
(18], & QFOIAE FHEAE BRIE|A) ok, BIE BAAHE 5 52 eheigde] e
€} =717} Gruyter & Noordeloos®] 7]} T2 A 2[SkATH19]. F714 D 2] 24 A TS I
9] A7|M YL D. anserina MH858633.17} 100%2] YA =E- LSU FH 9] A7 LB D. anserina
MH866534.17} 100%2] BX| =5 B 01 tree ol 22 7152 B2 si3lthFig. 3).

Didymella anserina CBS 285.29

Didymella anserina 185002

Didymella anserina CBS 167.42

Didymella microchlamydospora CBS 105.95

Didymeila musae CBS 127783

Didymella gardeniae CBS 626.68

- Didymella pedeiae CBS 124517

Didymella icicola CBS 683.79

Didymella bo CBS 109942

Didymella vitalbina CBS 123707

1

Stagonosporopsis inoxydabilis CBS 425.90

0.002

Fig. 3. Neighbor-joining phylogenetic tree based on a concatenated alignment of internal transcribed
spacer (ITS) and large subunit (LSU) sequences. Stagonosporopsis inoxydabilis was used as an
outgroup. Numbers on branches indicate bootstrap values (1,000 replicates). Fungal strain isolated in
this study is in bold.

o)
bl 7] 9] FBE| (thizoid)oll Al WS &2l5t
transcribed spacer, large subunit rDNA % ¢} 2] E2}3] —5’:"“‘
2% Y o715 U ¢S 2 %

anserina®|t}. U] 7| & WA o2 FEi 4 4 2 A|

e E4 4 interal
STt At 1ol A
-2 Curvularia protuberata, Didymella
.]

N Azt thel 7] 451,

;“E._

;R
fx)
mo Mc
)
it
rN
>4 ;‘F

Acknowledgements

This word was supported by a grant from the National Institate of Biologial Resources (NIBR), funded by
the Ministry of Eavironment (MOE) of the Republic of Korea (NIBR 201902202)

The Korean Journal of Mycology 2019 Vol.47

317



Choi et al.

REFERENCES

10.

11.

12.

13.

Petrini L. Xylariaceous fungi as endophytes. Sydowia 1985;38:216-34.

Clay K. Fungal endophytes of grasses: a defensive mutualism between plants and fungi.
Ecology 1988;69:10-6.

Partida-Martinez LPP, Heil M. The microbe-free plant: fact or artifact? Front Plant Sci
2011;2:100.

Strobel GA, Hess WM, Ford E, Sidhu R, Yang X. Taxol from fungal endophytes and the issue
of biodiversity. J Ind Microbiol 1996;17:417-23.

Findlay JA, Buthelezi S, Lavoie R, Pefia Rodriguez L, Miller JD. Bioactive isocoumarins and
related metabolites from conifer endophytes. J Nat Prod 1995;58:1759-66.

Santos-Fo F, Fill TP, Nakamura J, Monteiro MR, Rodrigues-Fo E. Endophytic fungi as a
source of biofuel precursors. J Microbiol Biotechnol 2011;21:728-33.

Park JH, Choi GJ, Lee HB, Kim KM, Jung HS, Lee SW, Jang KS, Cho KY, Kim JC.
Griseofulvin from Xylaria sp. strain FO010, an endophytic fungus of Abies holophylla and its
antifungal activity against plant pathogenic fungi. J] Microbiol Biotechnol 2005;15:112-7.
Sherameti I, Tripathi S, Varma A, Oelmiiller R. The root-colonizing endophyte Pirifomospora
indica confers drought tolerance in Arabidopsis by stimulating the expression of drought
stress—related genes in leaves. Mol Plant Microbe Interact 2008;21:799-807.

Schulz B, Boyle C, Draeger S, Rommert A-K, Krohn K. Endophytic fungi: a source of novel
biologically active secondary metabolites. Mycol Res 2002;106:996-1004.

Zhang T, Zhang YQ, Liu HY, Wei YZ, Li HL, Su J, Zhao LX, Yu LY. Diversity and cold
adaptation of culturable endophytic fungi from bryophytes in the Fildes Region, King George
Island, maritime Antarctica. FEMS Microbiol Lett 2013;341:52-61.

Kim JH, Kim DY, Park H, Cho JH, Eom AH. Neocosmospora rubicola, an unrecorded
endophytic fungus Isolated from roots of Glycyrrhiza uralensis in Korea. Kor J Mycol
2017;45:63-7.

Gardes M, Bruns TD. ITS primers with enhanced specificity for basidiomycetes-application to
the identification of mycorrhizae and rusts. Mol Ecol 1993;2:113-8.

Moncalvo JM, Lutzoni FM, Rehner SA, Johnson J, Vilgalys R. Phylogenetic relationships of
agaric fungi based on nuclear large subunit ribosomal DNA sequences. Syst Biol 2000;49:278-
305.

14. Kumar S, Stecher G, Tamura K. MEGA7: molecular evolutionary genetics analysis version 7.0

15.

16.

17.

18.

19.

for bigger datasets. Mol Biol Evol 2016;33:1870-4.

Nelson R, Hodges CS. A new species of Curvularia with a protuberant conidial hilum.
Mycologia 1965;57:822-5.

Isenor M, Kaminskyj SG, Rodriguez RJ, Redman RS, Gough KM. Characterization of
mannitol in Curvularia protuberata hyphae by FTIR and Raman spectromicroscopy. Analyst
2010;135:3249-54.

Morsy MR, Oswald J, He J, Tang Y, Roossinck MJ. Teasing apart a three-way symbiosis:
transcriptome analyses of Curvularia protuberata in response to viral infection and heat stress.
Biochem Biophys Res Commun 2010;401:225-30.

Chen Q, Jiang J, Zhang G, Cai L, Crous PW. Resolving the Phoma enigma. Stud Mycol
2015;82:137-217.

De Gruyter J, Noordeloos M. Contributions towards a monograph of Phoma (Coelomycetes)—
L. 1. Section Phoma: Taxa with very small conidia in vitro. Persoonia 1992;15:71-92.

The Korean Journal of Mycology 2019 Vol.47

318



