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ABSTRACT

In this study, we isolated endophytic fungal strains from the rhizoid and the leaf of Mnium
heterophyllum and Hypnum plumaeforme, respectively. The isolated strains were identified
based on morphological characters and molecular analysis of the internal transcribed spacer,
large subunit rDNA, B-tubulin, and RNA polymerase Il subunit regions. From the results,
we confirmed two endophytic fungal species, Cercophora thailandica, and Biscogniauxia
petrensis, which to the best of our knowledge, have not yet been reported in Korea. We
further describe the morphological characteristics and the results of the molecular analyses
of these isolated fungal strains.
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A AEL ST E R 34 021 Holshs o2 A, Hte|E]ol, et 7|52 HolH[4],
gibberellins (GA), abscisic acid (ABA), auxin (IAA)T} 22 A 2% S 223 AJAdsto] A =
X5t=[5-7] & TS 76= st WAT-2 AEAIS] 85 A 840w, 7148 FRu
ZAEE didt A E S Fol= A 2ol 7Hg, A, EYY 2% 5 B84 AEY AR
B 2= A= sto] ot oM = w3241 E0] RIS 4= A== SHg]. AEjA &2
o} 18,000 0] RS} [9), gh=olli= 1 F 900 of F-Fto] EILE O L10], oFA7HA] AEA]
Eoll A Aleh= WAwoll chsh -5 g Efehd 7= n]Estet mabA] 2 Aol A= A F(moss)
ol &3k AnkzE-0]7|(Mnium heterophyllum)2] 3182 (rhizoid)2} 7F=8 7€ o] 7|(Hypnum
plumaeforme)2] oA U8H] 2T/ = FRIstd F 22lH 232 =4l n|7 |5 UAdwol
oigh e £/ RAAIE 24 9] ARHE 7] estalat g,

HE L

7102207 (Mnium heterophyllum)= 20184 4% thHFAA] AT A5 AF(N36°3744",
E127°36'74")°l| A, 18] 1. 7H=8 21 & 0] 7| (Hypnum plumaeforme)= 2019 7% e of4=Alo]] €
2|3 E4HN34°41'15.25", E127°4632.48")0ll A 22} 2R =] Ak 21 Al 84 48A17F o] A
AR el SRR Aol &2 5| AlAT Foll Alat £7], slte]o] 22 E R LHeal
O] 52 75% OllEehE0ll 142, 2% AFotI LANFEF -&-llof| 32, 75% ol gkl 0.527F &2 = %2
Sto] B Asiict o] ¢ Hitd oA & o] &5to] 715 s AAS FH, A2 50mgL!
9] tetracyclinex} 50 mg L' 2] streptomycine sulfateS- -2 potato dextrose agar (PDA, 1.5%) B |0} ]
25t om[11], 1] 2] 742 100 ug mL" 5%=9] streptomycin &40 10827t 28]t -4
£33 A2 T HH o2 E o] &oto] E7|E &5 A AR H 0.5 cm 40| = 2} water agar
(WA) B 2]ol] 21735kt 12]. 25°C] Y704 B gataA] i dsto] FAZ} wo] Lhe
£ o] 1= HIAE o]-85to] PDAHIA| 2 At Higst3 oW, o4 22 5= PDAHY
A] 9} Bl-E-0] malt extract agar (MEA)HIZ]|A] 747} vl oFsto] SR 2 gakan| 7 /dollA]
FEN A EA S TSI tHTable 1). FENH 0= B7H #+72] 572 215 DNeasy plant mini kit
(Qiagen, Hilden, Germany)2] protocol©l] T2} wALl| A DNAE &3t H, ribosomal DNA2] 5.8S |
& 2 &}5h= internal transcribed spacer (ITS)E 92 w57 50141 ITSIFATS4 Zeto|t NI E[13]
£ o]-&oto] FE51% o, Bt et 5742 $Joto] LROR/LR16 Zeto|t A|E[14]E 0]-85]

o] IDNA2] large subunit (LSU) % 9}, B2a/Bt2b Z2to|H N E[15]5 0]-85}9] B-tubulin (TUB) 4
o2, fRPB2-5f/fRPB2-7cr Z2}o|H A E[16]E ©]-8-5}0 RNA polymerase II second largest subunit
(RPB2) 492 27} FEZ519Ith PCRYFZ-2 SolGent PCR smartmix (SolGent Co., Ltd., Dagjeon,
Korea)2] protocol]l ©2} ITS, LSU, TUBE 95°CO|A] 28(95°C 20, annealing 40, 72°COlA] 1
)8 35 cycle BHE, 72°C 52, 8°CollA] 282 Z213Y5}9 01, RPB2E= 95°CollA] 55, (95°C 14,
annealing 2%, 72°CollA] 902)Z 35 cycle HHE-, 72°C 1042, 8°CollA Z82 213J5}1Ith Annealing
TAON A ITS P L 50°C, LSU Y -2 44°C, TUB G 92 55°C, RPB2 YL 52°CE 25 A%
SHRATE PCRO] B DNAE 1.5% agarose gelol| 20427} loadingdlo] Z+2F DNA T 2] 27|15 &9l
35 7Y BAS 0]2|51 th(SolGent Co., Ltd., Dagjeon, Korea). DNA 9714198 0] =+ =3
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T3 U] To] 7]ek5199 0.1, BLAST 2 tree 240l 0]- 8% 9714 F-2 NCBIO| 52

shich

Table 1. Morphological characteristics of Cercophora thailandica 185004 and Biscogniauxia petrensis
19S021.

Strains
C. thailandica 185004 C. thailandica [18]  B. petrensis 19S021 B. petrensis [22]

Colony PDA, 25°C, 7 days PDA, 25-32°C, 45 PDA, 25°C, 7 days PDA, 23-25°C, 10

Characters

days days
Color Dark brown, olive to  Dark brown, olive to ~ Whitish to light brown, Whitish to light pink,
olive-brown olive-brown reverse reddish-brown reverse yellowish to
reddish-brown
Size 17 mm in diameter 40 mm in diameter 45 mm in diameter 40-43 mm in diameter
Shape Circular, floccose, Circular, even margin, Cottony to woody, fast Cottony to woody,
slow growing floccose, fast growing growing acrial mycelia
abundant, fast growing
Conidia Globose to sub- unrecorded Hyaline, smooth, Holoblastic,
globose, translucent, aseptate, ovoid to unicellular, hyaline,
blue-colored, aseptate, obovate, 7.01~11.19X smooth, ovoid to
4.69~7.24% 4.72~6.52 4.23~7.46 um in clavate, 4.5~7.5 X
um in diam (n=20) diam(n=20) 2.5~4.5 ym (n=35),
with obtuse tip and
acute truncated base
24 a b
a9 nH

Cercophora thailandica D.Q. Dai & K.D. Hyde, Fungal Diversity 82: 57 (2016)

[MB#552034]

Dok go]7]0) Hyelo|x] EejE Zaoltt ppA HiRlolA] 7212k vjekEl FEo] 271 17
mm A E0|5, Qe Le|Blo] mi AZAE Uk Ao WErt AAA R FAshod, of
£ 50| uls) Aok S57k oo 9] Tt §7150] Yo, ARt Pkl 1
7hZol50] AR S o] ). FY| FEE A A A HAH 02 FUSITHFig
1A) ST SRR A soln] FAke) WEt AAA 0 2 FAshE rbgAelRe kg
1E). ol 23 Fel A S4L A7|AZoIN HEE SHt AABISITE MEA HIRIoIA 722 efof
 #%9) 271 1516 mm HEE PDA o] YHSERCH ] Lk, et AHE0
2 e 2ele g g RRe AZAE Uehin wg ol2th 759 DEE 715
ol9l51 e mofel FEFAP} U ek 3 KIS A5 F5L AHE 7] =0} o]
A 02 WY Afetel TVgatele Aol Wt Fol Sl HARS o] 2rkFig. 1B). 5
# PDA Aol AT} & o e 78] o]} 2EslekFig 1), A ek sl 79
of W= 2T conidia)’t B/35]0] WARE O 2 BA Lt Fig. 1), RYEAS] A2

H
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Fig. 1. Colonies of strain 18S004 (Cercophora thailandica) grown for 7 days on (A, E) PDA and (B, F)
MEA, (I) conidiophores and (J) conidia. Colonies of strain 195021 (Biscogniauxia petrensis) grown
for 7 days on (C, G) PDA and (D, H) MEA, (K) conidiophores and (L) conidia. PDA, potato dextrose
agar; MEA, malt extract agar (scale bars: [, K=20 pm, J, L=10 um).

Specimen examined: Yuseong-gu, Dagjeon, Korea, N36°37'33.9", E127°36'94.9", April 27,
2018, Cercophora thailandica, isolated from rhizoids of Mnium heterophyllum, strain 18S004,
NIBRFG0000503362, GenBank No. MN611097 (ITS), MN368304 (LSU), (RPB2).
Notes: C. thailandica+= 2016 Dai & Hydell 23 7] &% Fo|H, Efj=2] tiu- E7]ol|A 2|22
2= ATH18]. Cercophora®ll £5h= F52 5= THoIU U E7]0M =2 = H[19],
Z=rof| A FZ3+2] Dendrobium < 212014 Cercophora®l] &= F5°] WY o2 Ee|H 7]
o] ZARHTH20). ¢ 71A el A= A EANascospore)2] FENZ] E/THo] 7| =& 0|l oH &
AIEANE FRIE A] FOL18], & AFollAf s F2 Hlo] A= 132 2AYZAPT FA5 =
& st 7tz 71E561Qieh BAEARE FARe] T FelollA T oz P, o)A
% thE Cercophora®l| £5h= $52] /Y EAL FEi Blsstth21]. 7ML 24 23 ITS
o] 7| Y-E C. thailandica KU940139.17+ 98.90%2] LA EZ, LSU ¥Y2] F7|1H DL C
thailandica KU8631272} 99.32%2] YX| =&, RPB2 <] A7|ME-2 C. thailandica KU9401763}
97.16%2] YA =5 H A OH tree ‘Jol| M 22 AlE= B/d & HRISHAtFig 2).

Biscogniauxia petrensis Z.F. Zhang, F. Liu & L. Cai, Persoonia 39: 11 (2017)

[MB#818247]
7H=g 2 " 0]7|(Hypnum plumaeforme)] Aol|A] E2]% 30|t} PDA Bl Z]of|A] 7L7t v
22| A7 45 mm o] 1L YHL S ZHAo|t}, 20| U FAHoj| A FHEZ 7k
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Cercophora coprophila SMH3794

Cercophora striata SMH4036

Cercophora sulphurella SMH2531

Cercophora areolata UAMH7495

Cercophora caudata CBS 606.72

100 Cercophora thailandica MFLUCC 12-0845

Cercophora thailandica 185004

P

Valsa populina CFCC 89644

Fig. 2. Neighbor-joining phylogenetic tree based on a concatenated alignment of internal transcribed
spacer (ITS), large subunit (LSU), and RNA polymerase I second largest subunit (RPB2) sequences.
Valsa populina was used as an outgroup. Numbers on branches indicate percent bootstrap values (1,000
replicates). Fungal strain isolated in this study is in a bold.

I8
A 2392 ehgp) 7 @4%%%@@%qumgm)

FANLE 224 Y50l » Fan
e HAH O A SAS Holm, ZARE e 22 Uehiich #Eo] TEE 283
A 871j0] glon, FAR5o] SJ5lo] 52 Yeh o] rhFig. 1H). FAPF LM He2 24

3 =27 (comd10phore) l F/JE(Fig. 1K), A SH I 2RE| Y S22 &
Ty o] B A} AT} R EA = A ErohH, 3 7] 7.01-11.19X4.23-746 um B =
(n=20)°]ThFig. 1L).

Specimen examined: Dolsan-eup, Yeosu-si, Korea, N34°41'15.25", E127°46'32.48", July 16, 2019
Biscogniauxia petrensis, isolated from rhizoids of Grimmia pilifera, strain 195021, GenBank
No. MT072201 (LSU),

Notes: B. petrensis=2017'dl Z.F. Zhang, F. Liu & L. Cai®ll 2]3}] 7| &5 Zo|n, 2 40| & o] A]
3 &= Ul HilolA 22|=ATh22]. @ 7 1AM ERlE A2 Biscogniauxia <5011 4]
Uibz 0 2 WEE = 3t o] o] A-L FAk FE7E of2] A Y Kok FEl= 24
2 g, SAZAPHSEUA A EBFE Al FE GRS 7T 2], =R A=
Abe P EE] ZPAS T = B capnodes@b= THEA| £ 5HALE Q7 eghil g o Zo| &
O Yth23]. & AFLof| A= BRI o B EAE 2= 2Rlsh 4> 1ol o, 7|22} et
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Yx]5t oL 2 Aol A ZIE RAYEARS] F717F 23 T ATKTable 1). €714 2 2] £4]
THTS 9 2] Q71X H-E B. petrensis KUT46669.12} 99.21%2] Y| ==, LSU F 9] J7|M Y
B. petrensis KU746715.12} 99.84%2] A3 =5, TUB Y 2] G71-E-2 B. petrensis KU746761.12F
98.66%2] Y2 =5 H O tree oA 22 7l 5= B2 EelskthFig. 3).

4
o
f .

o [ Biscogniauxia nummularia CBS 969.70
63 Biscogniauxia nummularia MUCL 51395

Biscogniauxia marginata CBS 124505

82

- Biscogniauxia capnodes YMJ 138

Biscogniauxia petrensis 195021

- Biscogniauxia petrensis LC5697

® Biscogniauxia petrensis LC5698

Biscogniauxia petrensis LC5751

Biscogniauxia marginata MFLUCC 12-0740

Leptosphaeria doliolum CBS 505.75
0.1

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

29

nnpzFol7)19] el 7h=EAl"o]7]9] Yo Y-S 2okl 2elE #e §
B4 £/d3} intemal transcribed spacer, large subunit rDNA, Beta-tublin <} 2! RNA polymerase I
second largest subunit gene®] A 241 ET)E 45T A 2HollA] 25-2] U v|7 &
Z WA+ Cercophora thailandica2} Biscogniauxia petrensis& €15ttt 22| 0]7]| &% WAy
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rir

REFERENCES

1. Unterseher M. Diversity of fungal endophytes in temperate forest trees. In: Pirttild AM, Frank
AC editors. Endophytes of forest trees. Berlin: Springer; 2011. p. 31-46.

2. Carroll G. Fungal endophytes in stems and leaves: From latent pathogen to mutualistic
symbiont. Ecology 1988;69:2-9.

3. Rajamanikyam M, Vadlapudi V, Upadhyayula SM. Endophytic fungi as novel resources of

The Korean Journal of Mycology 2020 Vol.48

60



Unrecorded Endophytic Fung Isolated from Mnium heterophyllum and Hypnum plumaeforme in Korea: Biscogniauxia petrensis and Cercophora thailandica

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

natural therapeutics. Braz Arch Biol Technol 2017;60:1-26.

Barkodia M, Joshi U, Rami N, Wati L. Endophytes: A hidden treasure inside plant. IJCS
2018;6:1660-5.

Khan SA, Hamayun M, Kim HY, Yoon HJ, Lee 1J, Kim JG. Gibberellin production and plant
growth promotion by a newly isolated strain of Gliomastix murorum. World J Microbiol
Biotechnol 2009;25:829-33.

Khan SA, Hamayun M, Yoon HJ, Kim HY, Suh SJ, Hwang SK, Kim JM, Lee 1J, Choo YS,
Yoon UH. Plant growth promotion and Penicillium citrinum. BMC Microbiol 2008;8:231.
Khan SA, Hamayun M, Kim HY, Yoon HJ, Seo JC, Choo YS, Lee 1J, Rhee IK, Kim JG. A
new strain of Arthrinium phaeospermum isolated from Carex kobomugi Ohwi is capable of
gibberellin production. Biotechnol Lett 2009;31:283-7.

Rodriguez RJ, White Jr JF, Arnold AE, Redman RS. Fungal endophytes: Diversity and
functional roles. New Phytol 2009;182:314-30.

Vanderpoorten A, Goffinet B. Introduction to bryophytes, Cambridge: Cambridge University
Press; 2009.

National Institue of Biological Resources. National list of species of the Korea (Moss,
Livewort). Incheon: NIBR; 2011.

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.

Glass NL, Donaldson GC. Development of primer sets designed for use with the PCR
to amplify conserved genes from filamentous ascomycetes. Appl Environ Microbiol
1995;61:1323-30.

Liu YJ, Whelen S, Hall BD. Phylogenetic relationships among ascomycetes: Evidence from
an RNA polymerse II subunit. Mol Biol Evol 1999;16:1799-808.

Kumar S, Stecher G, Tamura K. MEGA7: Molecular evolutionary genetics analysis version
7.0 for bigger datasets. Mol Biol Evol 2016;33:1870-4.

Dai DQ, Phookamsak R, Wijayawardene NN, Li WJ, Bhat DJ, Xu JC, Taylor JE, Hyde KD,
Chukeatirote E. Bambusicolous fungi. Fungal Divers 2017;82:1-105.

Miller AN, Huhndorf SM. Neotropical Ascomycetes 10. New and interesting Cercophora
species. Sydowia 2001;53:211-26.

Chen J, Hu KX, Hou XQ, Guo SX. Endophytic fungi assemblages from 10 Dendrobium
medicinal plants (Orchidaceae). World J Microb Biot 2011;27:1009-16.

Chang JH, Wang YZ. The genus Cercophora (Lasiosphaeriaceae) in Taiwan. Fungal Sci
2005;20:19-25.

Zhang Z, Liu F, Zhou X, Liu X, Liu S, Cai L. Culturable mycobiota from Karst caves in China,
with descriptions of 20 new species. Persoonia 2017;39:1.

JuYM, Rogers JD, San Martin F, Granmo A. The genus Biscogniauxia. Mycotaxon 1998;66:1-98.

The Korean Journal of Mycology 2020 Vol.48

61



