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ABSTRACT

We isolated endophytic fungi from the conifer leaves of Pinus densiflora inhabiting Buan-gun,
Jeollabuk-do, Korea. We identified the isolated fungal strains based on phylogenetic analysis
performed using the nucleotide sequences of the internal transcribed spacer, large subunit,
and beta-tubulin. We confirmed the presence of three novel endophytic fungi in Korea,
namely Paracamarosporium hawaiiense, Tubakia dryina, and Zasmidium fructigenum. In this
report, we described the morphological characteristics of these fungal strains and the results

l.) of their phylogenetic analysis.
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A &0] 72 20169 49 A5 Hokof] XI5 ABHF F-2(N35°4718", E126°3756")0l| A X138 =]
At HFo] LhehA] @2 27t AubT AL AFISH] 24417F o] uol] A= 2R3l
H, A Aol Zulz A2 s ith A2 1962] NaClO §2joi|A] 1-2, 70% EtOH
oA 28-S Ael= JPsiglon], BT 9
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Lo HIAE o]-goto] A2 PDABIAZ Alth Bifst oH, 4 HejE w5 PDARIX 2
E}3=0] malt extract agar (MEA)ERZ]ol|A] 707} efjefsto] s ein] 7 2 gataln] 7 /ol Fefz]
E/3& THSIATHTable 1). FEA O BFH #522] 5795 25l DNeasy plant mini kit (Qiagen,
Germantown, MD, USA)2] protocolof] T2} wAfelA] DNAE- 55+ 5, (DNA®] 5.85 #] 25 i£3k}
+= intemal transcribed spacer (ITS) ¥ % -7 5014 primer] ITSIFSHTS4 [6]5 0|-85to] Z-Z5}
Ao, B &gt 5742 215to] (DNAY] large subunit (LSU) Y 2} primer LRORZ} LR16 [71 ©]-§
5lo] 2251131, betartublin (TUB) % %2 primer B2a2 Bi2b 8] 08501 Z-&3}9{c}. PCRYFS:
©] annealing TA|OY|A] ITSY -2 50°C, LSUY &2 44°C, TUB Y -2 55°CZ AA7A513ith PCRo| &
' DNA= 1.5% agarose gelof] 20423 loading5to] 212} ghre] 3715 ER1%H & 7|4 F #4129
2|5} CHSolGent, Dagjeon, Korea). DNA @ 7] 4] H-2 0] == 4 57 EAE] (NCBI) of|A] BLASTS}
o] AAREE BQ15taL, MEGAT =2 T15H[9)8 o]-§5to] = o -2 Al F] A7IM D& A4l
A1 neighbor-joinning }4] © 2 A|E45 2H/datgl on FAol] o] 85 L A E-2 Table 2] L
ERARCE BRI 0)7]5% d5= SHAYSARITHNIBR)O] 7|EHst3l o, BLAST At 4l 715
4= Z2do]] 0] 2% 7] F-2 NCBI®] GenBankoll 5-25}3{t}.

Table 1. Morphological characteristics of fungal strains isolated from Pinus densiflora.

Strain  P. hawaiiense 16B647

P, hawaiiense [10] T. dryina 16B554 T. dryina [11] Z. tructigenum 16B210 Z. fructigenum [12]

Colony  PDA, 25°C, 7 days

PDA, 25°C, 2 weeks MEA, 25°C, 7 days MEA, 20°C, 3 weeks = PDA, 25°C, 7days = PDA, 25°C, 2 weeks

Color Black in center, Gray-olivaceousto ~ Suface and reverse  Whitish at first, then Khaki in center, margin ~ Surface and reverse
margin cream; reverse  olivaceous-black,  pale brown or gray olive-gray reddish-brown; reverse iron gray
pale pink to beige reverse olivaceous- in center, margin pink or scarlet
gray white
Size 15~17mmindiam.  Reaching45 mmin 29~34 mmindiam. Reaching86 mmin  14~16 mmindiam.  Reaching 40 mm in
diam. diam. diam.
Shape  Convexed, margins Aerial mycelium  Flat, concentric rings  Woolly to floccose, Flat, margin smooth and Flat, margin smooth
smooth sparse, margins smooth undulately, margin ~ concentric rings irregular and lobate
irregular cloudy
Conidia Ellipsoidal to Ellipsoidal to 1-celled, hyaline,  1-celled, hyaline to 0~1 septate, 0~1 septate,
subcylindrical, subcylindrical, globose to elliptical, light olive-brown, subcylindrical to subcylindrical to
1(~2)-septate, hyaline  1(~2)-septate, with (9.0~10.4) x elliptical, (12~15) x fusiform, branched ~ narrowly obclavate,
to pale brown, with  obtuse apex, thick- (5.2~8.8) ym in (7-8) umin diam.  chains, apex subobtuse,  branched chains,
obtuse apex, thick- walled, (10-)12-13 diam. (8.8~14.9) x (2.4~4.2) apex subobtuse,
walled, (15.2~17.3) X % (4-)5(-5.5) pm in um in diam. (5-)8-12(-15) x 2
(3.6~5.3) um in diam. diam. um in diam.
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Table 2. List of fungal species used in phylogenetic analysis with the GenBank accession

numbers
. . GenBank accession number

Species Strain number IS LSU TUB
Paraconiothyrium brasiliense CBS 587.84 JX496099.1 JX496212.1
Paraconiothyrium cyclothyrioides CBS 972.95 JX496119.1 JX496232.1
Paraconiothyrium estuarinum CBS 109850 JX496016.1 JX496129.1
Paraconiothyrium fuckelii CBS 797.95 JX496113.1 GU237960.1
Paraconiothyrium fiiscomaculans CBS 116.16 EU754098.1 EU754197.1
Paraconiothyrium hakeae CBS 142521 KY979754.1 KY979809.1
Paracamarosporium hawaiiense CBS 120025 JX496027.1 JX496140.1
Paracamarosporium hawaiiense NRRL:44610  HM751092.1 MHS874624.1
Phaeosphaeria pontiformis CBS 117487 KF251189.1 KF251692.1
Phyllosticta spinarum CBS 938.70 FJ538350.1 KF206291.1
Tubakia californica CBS 143670 MG591835.1 MG591928.1 MG592117.1
Tubakia dryina CBS 129016 MG591870.1 MG591963.1 MG592150.1
Tubakia dryina CBS 129018 MG591871.1 MG591964.1 MG592151.1
Tubakia iowensis CBS 129019 MG591883.1 MG591975.1 MG592162.1
Tubakia melnikiana CPC 32253 MG591891.1 MG591985.1 MG592172.1
Tubakia seoraksanensis CBS 127490 MG591907.1 KP260499.1 MG592186.1
Tubakia sierrafiiensis CPC 33020 MG591910.1 MG592005.1 MG592191.1
Tubakia suttonia CBS 639.93 MG591921.1 MG592016.1 MG592202.1
Xylaria hypoxylon CBS 122620 KY610407.1 KY610495.1 KX271279.1
Zasmidium anthuriicola CBS 118742 FJ839626.1 FJ1839662.1
Zasmidium citri-griseum ZJUM 103 KP896039.1 KP895909.1
Zasmidium fructigenum ZJUM 99 KP896060.1 KP895930.1
Zasmidium fiuctigenum ZJUM 100 KP896061.1 KP895931.1
Zasmidium lonicericola CBS 125008 KF251283.1 KF251787.1
Zasmidium nocoxi CBS 125009 KF251284.1 KF251788.1
Zasmidium podocarpi CBS 142529 KY979766.1 KY979821.1
Zasmidium pseudoparkii CBS 111049 DQ303025.1 KF901976.1
Zasmidium scaevolicola CBS 127009 KF251285.1 KF251789.1
Zasmidium xenoparkii CBS 111185 DQ303028.1 JF700966.1

ITS, internal transcribed spacer; LSU, large subunit; TUB, beta-tublin.

Zm oy

Paracamarosporium hawaiiense (Crous) Crous, Sydowia 67: 110 (2015)
PDAH|Z|of|A] 77 HjFE #%2] F7]%= 15~17 mm A Eo|H, #&0] Mo okmjo dho 52l
ol UL F2 ZEA F2 H|o|A S Wk #F-0] A= AF 71| Q1 WZPEP =
T51cHFig. 1A). MEAB|R| o)l A] 77 Bl QFEl #+=:0] 7] 19~20 mm A &2 PDARC}H 2
=2 s, el PDARZ o)A ek #5et T2 Ax|ETHFig. 1E). #AH o] 9
fJollr] L5 9] YA (conidiophore) o] T/ =M, B0l Lk BRI 2] 2282 Hconidia
TS TAPH S 7871 Qlom 15 32 2%0] Z{uH(septate) O 2 LIFTH AL Ergah 2|74

Pllo] 31 3 7)== (15.2~17.3) x (3.6~5.3) um J = 0| HFig. 1D, 1H).
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Specimen examined: Gyehwasan, Buan-gun, Jeollabuk-do, Korea, N35°47'18.6", E126°37'56.1", April 15,
2016, Paracamarosporium hawaiiense, isolated from leaves of Pinus densiflora, strain 16B647,
NIBRFG0000503370, GenBank No. MK530508.

Notes: P. hawaiiense'= 2006 Crousol] 2J3lf 2115 9 7|ZHH <1 Microdiplodia hawaiiensis [10]01| 4]
2008' Coniothyrium&31} B| 533t 5/d-& ZH=CThe 201 7|1 Paraconiothyrium hawaiense{ 132 -
AT FEld 54 B2 Aol <fsl thA] 2015 Afe] FREo= RAE 4]
Paracamarosporium0]] £351= F-2 Frg R 241 2] BRI AR 2= Zlo] S0, FEjH &
2 Camarosporium&: 3} B| S35t £AHA 0 2 M2 ThE Ale-S J/3ottHs). BA 2] 2517
2121 Taxus globosaoll M W 8wt 2 2 2] 7150] EAfiste(ie], 714 2l2ol E=3l] 5t
ol MAsh= W2 Boll A W o 2 FelE 7| 5o0] EARIT. 53] S=9) {12 HojA
2 Ut #0] 252 FAsH 8ol &7t Qe A& Barkfo] QlrH1s]. & Aol
= 2 BNl o] TRt 2R R E S o H, o) 22l 7Rzl 7|15 2AAke] S/t
LA[3IAH14]. TS G} LSU Y| DNA F7IME 24 A3t 118 P92 P. hawaiiense
IN198395.13} 99962] | £ 2, LSU G- P, hawaitense IX496140.12} 99962] 2] T2 HYJ Om
B 22 AEE FY6IithFie. 2).

i ox
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Tubakia dryina (Sacc.) B. Sutton, Transactions of the British Mycological
Society 60 (1): 165 (1973)

PDABNA|ol|A] 77} Bl ofE #5-2] 271= 29~34 mm L 0| 1L, FE0] A2 oh-Hi m Zoke
oME B2 Z4ME ol 7R = S doh #E50] A= HijR|of|A] AP 87 E FEfolH,
#Z2| 7PdAE) = 37 23t @Eo|thFig. 1B). MEABNZ|o|A] 7U7t vk #52] =

7] 31~33 mm A Eo| 1, FE0] A
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Fig. 1. Colonies of Paracamarosporium hawaiiense 16B647 grown for 7 days on potato dextrose agar
(A) and malt extract agar (E), conidia (D, H). Colonies of Tubakia dryina (16B554) grown for 7 days on
PDA (B) and MEA (F), conidiophore and conidia (I, J). Colonies of Zasmidium fructigenum (16B210)
grown for 7 days on PDA (C) and MEA (G), conidiophore and conidia (K, L). (scale bars =10 pm).
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e}, #30] A== HiA|ofl E2F 2ol 9= FelioH, FYHFoIM 7HgARE] S Pl wh= FES o]
F0] FAZF ] UcHFig. 1F). 234k 74 Frgste, 7PgRke)rt Bl 9 2
Ago] 1 7)== (9.0~104) x (5.2~8.8) um A 0| THFig. 11, 1J).

Specimen examined: Gyehwasan, Buan-gun, Jeollabuk-do, Korea, N35°47'18.6", E126°37'56.1", April 15,
2016, Tubakia dryina, isolated from leaves of Pinus densiflora, strain 16B554, NIBRFG0000503373, GenBank
No. MK530510.

Notes: T. dryina=1973'd B. sutton]] 2|3} Leptothyrium dryinumol| 4] 5~ F-0|TH18]. Aol A of
2 Zefl= 248 32 (collarette) 7} P T T2 RE T2 2R FAEE Zo] E4olH
[19], & Aol = 121t Feljo] 23R B8-S Rl 4= ARIet =2 B §2 HaUEs
Aubre] ol Wllsho = £2lH 7| 550 EA5HH[19, 201, isosclerone, 6-hydroxymellein 52
oja] 7}x] A1BEA TIAAE-S AJAJSH= 7102 A 9lom[21], £3] isosclerone] 73S Q17
R A 24 oJoRe &7} 9l B4R HElo] JIck{12).1TS Q2 LSU 3, TUB
%4 2] DNA 9714 Y A AFH TS P& T. dryina KR362909.17F 99%62] U2 =2, LSU P2
T. dryina MH872665.13} 100%2] L2 =5 H I, TUB YH2 T. dryina MG592149.12}F 97%2] A
=g HYlom B ke AlS-S F/dskltHFig. 3).

Zasmidium fructigenum Crous, F. Huang & Hong Y. Li, Mycologia 107 (6):
1165 (2015)

PDARN o] 4 72471 EoFE) 7:50) 7] 1416 mm 0] T, 750] A2 SHAS FYHolAl
2upAS w3 VA e Aale wi, S Ao sk BEA B2 MBS Ur) 7
Fo| Tt Blxlo] - Eofgli Fefoln] FEe ThgAtel 2L 52 WejolchFie

ﬁt— Paraconiothyrium cyclothyricides CBS 972.95
Paraconiothyrium estuarinum CBS 109850

Paraconiothyrium fuckelii CBS 797.95

Paraconiothyrium brasiliense CBS 587.84

%8 L paraconiothyrium hakeae CBS 142521

ool Paracamarosporium hawaiiense CBS 120025

[ Paracamarosporium hawaiiense 16B647
100 Paracamarosporium hawaiiense NRRL:44610

Paraconiothyrium fuscomaculans CBS 116.16

Phaeosphaeria pontiformis CBS 117487

—
0.02

Fig. 2. Neighbor-joining phylogenetic tree based on a concatenated alignment of internal transcribed
spacer and large subunit sequences. Phacosphaeria pontiformis 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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1C). MEAE{Z|oj|A] 787t BiFH F&2] F7]+= 13~15 mm A =0]3l, OF-SH = M H o2 o
SHASAE W}, #F50] k= ujAol F2t EolQl= FEfolH i‘%—‘ﬂ 7Pt = 2 Eo
THFig. 1G). wAH A7) ek 9jolx] Wi5=gd o] R} of 2] Zefj & 24| =|o] P, 24
Ao A2 Erget kAl 2.2 Zx8hallo] 11, HAREO] F7]= (8.8~14.9) X (2.4~4.2) um 7Y T= 0| THFig.

Tubakia melnikiana CPC 32253

Tubakia californica CBS 143670
Tubakia suttoniana CBS 639.93
Tubakia seoraksanensis CBS 127490
Tubakia iowensis CBS 129019

Tubakia sierrafriensis CPC 33020

Tubakia dryina 16B554

66 Tubakia dryina CBS 129016

Tubakia dryina CBS 129018

Xylaria hypoxylon CBS 122620

—_—
0.05

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

68 [— Zasmidium fructigenum ZJUM 100
99 Zasmidium fructigenum 168210

Zasmidium fructigenum ZJUM 99

78 |"——— Zasmidium xenoparkii CBS 111185
-Ii Zasmidium lonicericola CBS 125008
Zasmidium nocoxi CBS 125009
75«‘: Zasmidium podocarpi CBS 142529
Zasmidium pseudoparkii CBS 111049

Zasmidium scaevolicola CBS 127009

100 { Zasmidium anthuriicola CBS 118742

Zasmidium citri-griseum ZJUM 103

Xylaria hypoxylon CBS 122620

—
0.05

Fig. 4. Neighbor-joining phylogenetic tree based on a concatenated alignment of internal transcribed
spacer and large subunit sequences. Xylaria hypoxylon 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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1K, 1L).
Specimen examined: Gyehwasan, Buan-gun, Jeollabuk-do, Korea, N35°47'18.6", E126°37'56.1", April 15,
2016, Zasmidium fructigenum, isolated from leaves of Pinus densiflora, strain 16B210, NIBRFG0000503374,
GenBank No. MK530511.
Notes: Z. fiuctigenum2- 2015 Crous 51| 2Ja Bl o], 24 (fuif)oflAf 221 ol 5
o] -F2oFATE. T3] AhE-(grapefivit) Dul] FRtoIAM 222 F2]H Ao 7|55 o] 9lovi2]
2 AollA= 7123 % Aol Z FollA U gwo 2 Fel=] ik, & ol shuuke] 2 B Al
Q1 Laguncularia racemose LA Zasmidiumol| &3 = w527} W0 2 B =gl om wtEollA] 3
3 2|50} 0|85 a-Glucosidase inhibitor2# 2-&-3tcH= AT EARGHch
[23]. Aok 2Ae] EY B EAIH ] @Ad== Aol S4o|m[22], 2 el Bl &
A= 22 GRS o) F= 22 ARSI ITS AT LSU Y2 DNA 4714 D 241 AIHITS
2 Z. fiuctigenum KP896060.11}+ 99%02] L2 =E. LSU FH2 Z. fructigenum KP895927.13}+ 99%
£ Hylon ’E -2 Al 52 3 d6kiHFig. 4).

b

=

:

AollA= A5 Fobatoll AAlete= Aol HPollM WS 225t
Z+= intemal transcribed spacer 9 %, IDNA2] large subunit % ¥, beta-tubulin &%} 2] DNA G714 <4
atol SaeIk 97 ol 352 B} v]71S T 78 Helsigion, BlE e

Mo

1

2 4 L ASH 24jo] Zjo] s A&igict.
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