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ABSTRACT

Red pine (Pinus densiflora) is a dominant tree species in Korean forests. The diversity of
endophytic fungi was investigated by isolating fungi from different parts of a red pine
tree during the fall and spring seasons. One hundred and fifty-two strains of endophytic

l.) k fungi were isolated and classified into 42 species belonging to 29 genera. Among these,
74 (49%), 47 (31%) and 31 strains (20%) were isolated from branches, leaves, and stems,
Chedi for respectively. The most frequently isolated species were Daldinia childiae and Biscogniauxia
S maritima (28.9% and 9.8%, respectively). D. childiae was the dominant endophytic fungus
a OPEN ACCESS on branches (20 strains) and leaves (19 strains). B. maritima was most frequently isolated
PISSN : 0253-651X from branches. The isolation frequencies on stems of B. maritima (6 strains) and D. childiae
eISSN :2383-5249 (5 strains) were also high. Fifty-seven isolates belonging to 19 species and 17 genera were
Kor. J. Mycol. 2023 Decerber, 51(4): 511-519 isolated in the spring, and 95 strains belonging to 35 species and 24 genera were isolated in
https://doi.org/10.4489/kjm.20230051 the fall. D. childiae was the most frequently isolated fungus in both spring and fall (21 and 23
strains, respectively). B. maritima was also frequently isolated in both spring (7 strains) and
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Q1 285 of %E} ] GEFA 0 & R AlEe] Ra ol whet oh2A| U, 3 2] 7]
F Al Bl A TSt %4 Uigtol —ErEJ 4= ATH5,6]. U2 7150l| whet 2|, 273, A1,
d = oh/dol ELE_ | GEFLFH[7], B RES: o)/fo] EAfot= A 02 okl Jlrhs]. At
of| EAohs WTS SFAE ol A 23ltiiitE S 2Hste] AE %2 £XIA1714L, H|AY
4 S AE A0 ﬂi St A S S7HAZITHI]. AT @) FollA Mt A%, AE
At 5 = Aollote LASERE 5 S5 Hoste 985 Sti{10]. W &5 4]
EAPOH Eo|&Ql Aot = o} 7kA] HEsHA| Biei A A= Rk s], At A=
9] 7% A WS Asfisto] AlEs Hoskal AlFo] A Holol| =25 FH[11], ¥l
ﬂioPO% 715 Algo| A/dE 27 7| & dtrh12]. 2 %%’—‘4%4 o ZZAo|| A FAYSH=
Ato] o2 e n|AEol tiste] @48 aatE Uepdliths Atso] HalEHA[13,14], 4]
ApA|of] thgh ARt of 2} AlE U] sk WA wtol) EHEPOE‘?L-J FoAol AI71¢ H}
TH4]. =9 A12] 49 Hate 5 M G4oll E2Alcks UAwe] Exet Al td/de A+
R, Hoff 52 F B2 Fe]of| 3Ash= U+ 22lote] tdds 6}9:‘12134,Wang—a
I F&9] QoA teFst WAHS Belohe A1E E5IITH15-17]. Wang 5+ Pinus
tabulaeformis2] $>Tol| A 2|3t WA 2] Th S BA ok A8 Ealsk3l oM, Sousa &
2 U8+t Diaporthe sp.2] @t 2730l tgt A5 Eilsk= 5 A AlAA & HholA 22
S UATe] Tl Aol 2] udwtel 28 7hsAdoll tigh A7t kA JsgE ar Qlok
[18,19]. 12| 742 Park 52 ZLH7(Abies holophylla)Ol| Al H-2|5F LA F-Fol| A &3 54 0]
AlZ ol nlx]= FFe A6 2H, Seo 52 S| A (Pinus koraiensis)°ll A 113
Fo] Y2 E25HI AL, Kim 52 WA At A AlSh= 42 doilA] 22gh At 39+
FE222% 0 & H5}9TH20-23].

UM = UAe] thel/d e 26| o] Fo AL Qo 8 4390 AUE U
o th TRl e B2 A o] Aol Eefgt id] 54 ‘3—! o Arel24],
' QA Abo]| Barsh= AvpRel A2 oIz fRoA] 225k Ao TheF ol st A 25] &
o2 At o]t} o)A Y Fujof| A= AU, AubRe] AR Bolof|lA] Fajgt uldwtel v
Aol FgtElo] Qlom AR UAdwte] B9l A7 the/d A0l tigh A= dA7HA|
HE]] k2 AR o|t}, o]of] & Aol thFet o] ghiet w0] T2 Eeloto]
U2 288 4 Q= 1Rk 7| AL E Al gstaal U] 4 510 ARollA WA=
2ot} F9ld, A7 T & mhetst iz} sttt

2017 7H&3t 20184 Boll ZY = FHA A5t Qe Adista @A AL
37.869444 N, 127.744472 E)2} off 2} oFXK(37.867364 N, 127.761542 E)ol| E25h= _/I\_L]'—‘?—(Pinus
densifiora) 82 2FE] Y, 712], 2715 Aot A e AR Y, £71, 7HIA &
Haliut sl Toli7t 3le A3 AlEE ARSIl e A2 4X4 mm 7| =, 7HA| 9 571%
X8 mm2| A7 = Aot AT AR 24A4|7F o|Ujof] EHAFS AAJSIIAL A= 7H 7
S =E 97§ 272 0.5% xFobFd ARG E F(sodium hypochlorite)} 0.05% Triton X-100 -&-2fof] 35
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Aot THAASH A 5= A2 A1Z] H streptomycin} chloramphenicol& 212 0.1 g2 713t potato
dextrose agar (PDA, Difco, Franklin Lakes, USA) 3+ i x]of] Z+2} 37} 9] A3
2710014 258 7t ool sl L2 ARS A2+ PDAHIA] o o] Al5}o] eg=afsigint
[26].

48225 WS potato dextrose broth (PDB, Difco, Franklin Lakes, USA) B Z|of] &-3}al
25°CollA 150 ppm o2 1357t A& vijgsto] HAS 2okl 5271 % & uk4|sto] DNeasy
Plant Mini Kit (QTAGEN DNA extraction kit, QTAGEN, Hilden, Germany)2] 3-A] H¥Hof w2} DNA
& FEoIE WS 5457] floto] 2E U2 22 DNAY] intemal transcribed
spacer (ITS) ¥ EA4511 11, E 23t 749 tDNA2] large subunit (LSU), RNA polymerase IT gene
(RPB2), elongation factor-1a (TEF) 5=+ beta-tubulin (TUB) 9= F712 415131t Ribosomal
DNA9| ITSY Y = 3l ITS13}H T4 Zto|H S ARE-5H A1 LSU= LRORT} LR7 Zefo|
£ RPB2+= fRPB2-5F9} fRPB2-7cR Z2}o|H-& TEF= EF1-728FZ} EF1-986R Z2to|HE TUB+
bt2a®} bt2b Lo M Z ARE-5F TH27-29]. E G 9] annealing 2+ 58°C2 AA510] PCRS
35 FEAHE-2 Macrogen Inc. (https:/dna.macrogen.com)Ol| 2 2|5t 7| LES £A5)
At F714 QD 3 ofl= SeqMan Program version 7.2.1 (DNA Star Lasergene 7)< ©]- 251 HY
St 7] A &2 National Center for Biotechnology Information (NCBI)2] Basic Local Alignment Search
Tool (BLAST)E Ah&-sto] 71 fARE A71MF E2 &5ttt 5782 2= Shannon-Wiener
indexE ©]-85to] THY I A5 AFESHATH30]. Al54 Aloll= MEGA 11 Z2 13311 ©]
-8-5}0] Neighbor-Joining 4] 2 2 AlE =5 2311 11, bootstrap replications2 1,0008] 2 HHE-5}
o] A2 =2 B A5} © 1 Model-2 Tamura-Nei model 2 A 451tk

Aol A 225 152 #520] Y-S PDAHI oA 2] HiFZE] EAL Eolsle] 5Y &
T Y= AFES EATE Adsto] 22H EYS ARG ARE dad 3 s
Ol -2 DNA-ITS 0] 2412 E3 545190 3(Fig, 1), iDNA-ITSP 7o 2 54 o] o]
252 rDNA-LSU (Scleromitrula shiraiana), RPB2 (Alternaria alternata), TEF (Cladosporium rectoides,
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Diaporthe spp., Diplodia sapinea, Fusarium sp.) S5+= TUB (Rosellinia corticium, Diaporthe spp.) 9%
< BA5lo] 55t S AT Bl 52 28 57 135 2237} 294 2502 A3t
(Table 1). THE-E2](145/15275, 95.4%) T+ APddE 22 YA, 7dF+= AR
253134 3%5) 02 AU APdatRol| &3 52 R Sordariomycetes (122/145,
85.1%)7 Xylariales (ZXF2HAIE, 101/145 69.7%) Hypoxylaceae (55/145, 37.9%)°1 £3= 2
O & UEIT} Daldiniad;©] 447155(28.9%)% 7Y =2 HI&E 225 %1 9 Biscogniauxiady
0] 15755(9.8%), PestalotiopsisZ:-©] 147-35(9.2%), NigrosporaZ:0] 12735(7.9%) £-2] =] ek 714
o] BaH 2HEL 4475(28.9%)7t £-2]) ¥ Daldinia childiae, TH2 157-5(9.8%)7} £-2| ¥
Biscogniauxia maritime®| 21T}, Gil ‘52t Eo 5-2] AUHF-(Pinus densiflora)Rl| A 2]t A2 thaF
/3 Aol Al Lophodermium:0] 974tz Akt 2 Are] ZAytek= th2 A YepGTtH24,25].
ol T Lot A et A 2|4 Alolof| 2J3t A o 2 FSF )
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Table 1. Endophytic fungi isolated from Pinus densiflora in Chuncheon city, Gangwon Province.

Scientific name Part of Pinus densiflora (isolates) Total isolates (fall/spring)
Branch Leaf Stem
Daldinia childiae 20 19 5 44 (23/21)
Biscogniauxia maritima 7 2 15 8/7)
Pestalotiopsis lushanensis 4 4 8 6/2)
Nigrospora pyriformis 2 2 2 6 6/-)
Nigrospora oryzae 1 4 5 (372)
Pestalotiopsis maculans 2 1 2 5 (5
Annulohypoxylon annulatum 2 2 4 31
Chaetomium grande 3 1 4 (-4)
Hypoxylon perforatum 2 1 1 4 22)
Paraconiothyrium brasiliense 1 2 1 4 (4/-)
Paraconiothyrium verruculosa 1 3 4 (-/4)
Stereum hirsutum 3 1 4 (-/4)
Chaetomium globosum 2 1 3 /1)
Diaporthe amygdali 1 2 3 3r)
Diplodia pinea 1 2 3 21
Cladosporium cladosporioides 2 2 )
Cladosporium rectoides 2 2 )
Colletotrichum acutatum 1 1 2 (/1)
Diaporthe caulivora 1 1 2 )
Fusarium sp. 2 2 )
Hypoxylon fragiforme 1 1 2 (/1)
Irpex lacteus 2 2 (/1)
Penicillium raistrickii 1 1 2 )
Rosellinia corticium 2 2 (/1)
Alternaria alternata 1 1 (1)
Botryosphaeria dothidea 1 1 1)
Cladosporium halotolerans 1 1 (1)
Coniochaeta velutina 1 1 (€a))
Diaporthe eres 1 1 (1)
Hypoxylon rubiginosum 1 1 (1)
Monochaetia kansensis 1 1 (1)
Nectria balsamea 1 1 (1/~)
Nigrospora sphaerica 1 1 (1)
Nodulisporium sp. 1 1 (1)
Penicillium glabrum 1 1 (1)
Peniophora incarnata 1 1 (1)
Pestalotiopsis cocculi 1 1 (1)
Scleromitrula shiraiana 1 1 1)
Sordaria macrospora 1 1 (1)
Talaromyces rugulosus 1 1 (1)
Valsa mali 1 1 1)
Xylaria primorskensis 1 1 (1)
Total 74 47 31 152 (95/57)
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Fig. 1. Phylogenetic position of endophytic fungi isolated from Pinus densiflora based on tDNA-ITS.
Sequences of the isolates were compared with those of closely related species from NCBI Genbank
site. The combined data were analyzed using Tamura-Nei parameter distance calculation model, and
then used to construct the Neighbor-Joining (NJ) tree with MEGA ver. 11 [31]. Bootstrap analysis was
performed with 1,000 replications. Strains isolated in this study are indicated in bold text.
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shiraiana, Valsa maliv &7 ]| A2t 22| %] 2131, Monochaetia kansensis, Pestalotiopsis cocculi, Sordaria
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T, 87 AR 22 E 3l

CONFLICT OF INTEREST

No potential conflict of interest is reported by the authors.

ACKNOWLEDGEMENT

This research was supported by Basic Science Research Program through the National Research

Foundation of Korea (NRF) funded by the Ministry of Education (201 7R1ID1A1B03034531)

REFERENCES

1. Shin SC, Han HR. Current status on research and management of pine wilt disease in Korea.
Seoul: In Proceedings of the International Symposium on Current Status on Research and
Management of Pine Wilt Disease; 2006. p. 31-40.

2. Kim JB, Kim ES, Lim JH. Topographic and meteorological characteristics of Pinus densiflora
dieback areas in Sogwang-Ri, Uljin. Korean J Agric For Meteorol 2017;19:11-2.

3. Lee CY, Jo BH. Pine, pine forest. Seoul: National Institute of Forest Science; 1999. p. 102-3.

The Korean Journal of Mycology 2023 Vol.51

517



Kim et al.

4. Esteban L, De Palacios P, Aguado LRL. Abies pinsapo forests in Spain and Morocco threats
and conservation. Oryx 2010;44:276-84.

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

6. Petrini O, Sieber TN, Toti L, Viret O. Ecology, metabolite production, and substrate utilization
in endophytic fungi. Nat Toxins 1993;1:185-96.

7. Arnold AE. Understanding the diversity of foliar endophytic fungi progress, challenges, and
frontiers. Fungal Biol Rev 2007;21:51-66.

8. Dreyfuss MM, Chapela IH. “Potential of fungi in the discovery of novel, low-molecular weight
pharmaceuticals” in The discovery of natural products with therapeutic potential. London:
Butterworth Heinemann; 1994. p. 49-80.

9. Bouton J, Gates R, Belesky D, Owsley M. Yield and persistence of tall fescue in the
southeastern coastal plain after removal of its endophyte. Agron J 1993;85:52-5.

10. Huang WY, Cai Y, Surveswaran S, Hyde KD, Corke H, Sun M. Molecular phylogenetic
identification of endophytic fungi isolated from three Artemisia species. Fungal Divers
2009;2009:69-88.

11. Clay K. Effects of fungal endophytes on the seed and seedling biology of Lolium perenne and
Festuca arundinacea Oecologia 1987;73:358-62.

12. Eo JK, Kim CK, Eom AH. Fungal endophytes isolated from needle leaves of three coniferous
species on Mt. Seodae of Korea. Kor J Mycol 2015;43:133-6.

13. LiuJY, Song YC, Zhang Z, Wang L, Guo ZJ, Zou WX, Tan RX. Aspergillus fumigatus CY018,
an endophytic fungus in Cynodon dactylon as a versatile producer of new and bioactive
metabolites. J Biotechnol 2004;114:279-87.

14. Zhang HW, Song YC, Tan RX. Biology and chemistry of endophytes. Nat Prod Rep
2006;23:753-71.

15. Hata K, Futai K, Tsuda M. Seasonal and needle age-dependent changes of the endophytic
mycobiota in Pinus thunbergii and Pinus densiflora needles. Canad J Bot 1998;76:245-50.

16. Hoff JA, Klopfenstein NB, McDonald GI, Tonn JR, Kim MS, Zambino PJ, Hessburg
PF, Rogers JD, Peever TL, Carris LM. Fungal endophytes in woody roots of Douglas(/fir
(Pseudotsuga menziesii) and ponderosa pine (Pinus ponderosa). For Pathol 2004;34:255-71.

17. Wang Y, Guo LD, Hyde KD. Taxonomic placement of sterile morphotypes of endophytic fungi
from Pinus tabulaeformis (Pinaceae) in northeast China based on rDNA sequences. Fungal
Divers 2005;20:235-60.

18. Wang Y, Guo LD. A comparative study of endophytic fungi in needles, bark, and xylem of
Pinus tabulaeformis. Canad J Bot 2007;85:911-7.

19. Sousa JPB, Aguilar-Perez MM, Arnold AE, Rios N, Coley PD, Kursar TA, CubillalJRios
L. Chemical constituents and their antibacterial activity from the tropical endophytic fungus
Diaporthe sp. F2934. J Appl Microbiol 2016;120:1501-8.

20. Park JH, Gyung JC, Hyang BL, Kyoung MK, Hack SJ, Seon WL, Kyoung SJ, Kwang YC, Jin
CK. Griseofulvin from Xylaria sp. strain F0010, an endophytic fungus of Abies holophylla and
its antifungal activity against plant pathogenic fungi. J Microbiol Biotechnol 2005;15:112-7.

21. Seo ST, Kim KH, Kim MJ, Hong JS, Park JH, Shin SC. Diversity of fungal endophytes from
Pinus koraiensis leaves in Korea. Kor J Mycol 2009;37:108-10.

22. Kim CK. Biodiversity and seasonal variation of foliar endophytic fungi in conifers. Cheongju:
Korea National University of Education; 2013. p. 57-60.

The Korean Journal of Mycology 2023 Vol.51

518



Diversity of Endophytic Fungi Isolated from Pinus densiflora in Chuncheon city, Gangwon province, Korea

23. Kim CK, Eo JK, Eom AH. Diversity of endophytic fungi isolated from leaves of coniferous
trees on Mt. Minjuji, Korea. Kor J Mycol 2014;42:174-7.

24. Gil YJ, Eo JK, Eom AH. Molecular identification and diversity of endophytic fungi isolated
from Pinus densiflora in Boeun, Korea. Kor J Mycol 2009;37:130-3.

25. Eo JK, Kim CK, Lee HB, Eom AH. Diversity of endophytic fungi isolated from Pinus
densiflora and Larix kaempferi in Mt. Oser, Korea. Kor J Mycol 2013;41:137-41.

26. Greenfield M, Pareja R, Ortiza V, Gomez-Jiménez MI, Vega FE, Parsa S. A novel method to
scale up fungal endophyte isolations. Biocontrol Sci Technol 2015;25:1208-12.

27. White TJ, Bruns T, Lee S, Taylor JW. Amplification and direct sequencing of fungal ribosomal
RNA genes for phylogenetics in PCR protocols: a guide to methods and applications. New
York: Academic Press Inc.; 1990. p. 315-322.

28. Voglmayr H, Friebes G, Gardiennet A, Jaklitsch WM. Barrmaelia and Entosordaria in
Barrmaeliaceae (fam. nov., Xylariales) and critical notes on Anthostomella-like genera based
on multigene phylogenies. Mycol Prog 2018;17:155-77.

29. Parkin EJ, Butlin RK. Within-and between-individual sequence variation among ITS1 copies
in the meadow grasshopper Chorthippus parallelus indicates frequent intrachromosomal gene
conversion. Mol Biol Evol 2004;21:1595-601.

30. Keylock C. Simpson diversity and the Shannon-Wiener index as special cases of a generalized
entropy. Oikos 2005;109:203-7.

31. Tamura K, Stecher G, Kumar S. MEGA11: molecular evolutionary genetics analysis version
11. Mol Biol Evol 2021;38:3022-7.

32. Rivera-Orduiia FN, Suarez-Sanchez RA, Flores-Bustamante ZR, Gracida-Rodriguez JN,
Flores-Cotera LB. Diversity of endophytic fungi of Taxus globosa (Mexican yew). Fungal
Divers 2011;47:65-74.

33. Zhao ZZ, Chen HP, Huang Y, Zhang SB, Li ZH, Feng T, Liu JK. Bioactive polyketides and 8,
14-seco-ergosterol from fruiting bodies of the ascomycete Daldinia childiae. Phytochemistry
2017;142:68-75.

34. Choi MS. Diversity and anthrax tolerance of foliar endophytic fungi isolated from ginseng
(Panax ginseng C.A. Mey.) in Korea. Cheongju: Korea National University of Education;
2012.

35. Lee BH. Biodiversity of endophytic fungi isolated from roots of native orchid in Korea.
Cheongju: Korea National University of Education; 2016.

36. Oh SY, Yang JH, Woo JJ, Oh SO, Hur JS. Diversity and distribution patterns of endolichenic
fungi in Jeju Island, South Korea. Sustainability 2022;12:3769.

37. Lim JH, Kim JH, Bae SW. Natural regeneration patten of pine seedlings on the burned forest
site in Gosung, Korea. Korean J Agric For Meteorol 2012;14:222-8.

38. Fisher PJ, Petrini O, Scott HML. The distribution of some fungal and bacterial endophytes in
maize (Zea mays L.). New Phytol 1992;122:299-305.

39. Guo LD, Hyde KD, Liew ECY. Identification of endophytic fungi from Livistona chinensis
based on morphology and rDNA sequences. New Phytol 2000;147:617-30.

The Korean Journal of Mycology 2023 Vol.51 519



