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Abstract

The leaves of two woody plant species, Pinus densiflora and Aronia melanocarpa, were
collected in Korea, and endophytic fungi were isolated from these surface-sterilized leaves. The
fungal isolates were identified based on their morphological characteristics and the results of the
phylogenetic analysis involving nucleotide sequences of the internal transcribed spacer region
(ITS), including 5.8S rDNA, D1/D2 regions of 28S rDNA, and B-tubulin genes. Pestalotia
lawsoniae and Zasmidium fructicola were isolated from Pinus densiflora, and three species,
Pestalotiopsis chamaeropis, Pestalotiopsis jesteri, and Stagonosporopsis cucurbitacearum
were isolated from Aronia melanocarpa. To the best of our knowledge, these species have not
been previously reported in Korea.

Keywords: Endophytic fungi, Pestalotia lawsoniae, Pestalotiopsis chamaeropis, Pestalotiopsis
Jesteri, Stagonosporopsis cucurbitacearum, Zasmidium fructicola
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olzUoR: 2HBE Wk AAY @2eo] ofZulo} A BAA(NI65T05.5",
E121801 3014 ARWEIAT, 2URE HE Rekg F42] ApbEe] AFRINGS 39
23.3", E126°40'59.2") oA A= Uk A E Al A w o] Hol 24 A7 Ujof A4 =
aelo] sfph o] gl 9 ARE AEelo] FRAE AIA T 30% Hi0,2 30212
2+ Afste] - AtsiGint. T At AR Qo] WA o met th=A] 4-3¥sieltt. &
HAS T Q1S potato dextrose agar (PDA) B Z]of] 432214 24513 a1 25°C Aol 4] ik
eh & APt o] L H =2 PDA Bix]o]l Al detint. &4 225 5= PDA Hi
2|9} malt extract agar (MEA) B Z]of| 4] 747t vljefoto] FEfjeld] E4-S s thFig. 1).

Fig. 1. Colonies of strain 16B102 (Pestalotia lawsoniae) grown on PDA (A) and MEA (F);
Colonies of strain 16C083 (Pestalotiopsis chamaeropis) grown on PDA (B) and MEA (G),
conidia (K); Colonies of strain 16C094 (Pestalotiopsis jesteri) grown on PDA (C) and MEA (H),
conidia (L); Colonies of strain 16C067 (Stagonosporopsis cucurbitacearum) grown on PDA
(D) and MEA (1), conidia (M, type 1; N, type 2); Colonies of strain 16B021 (Zasmidium
fructicola) grown on PDA (E) and MEA (J), conidia (O); PDA, potato dextrose agar; MEA,
malt extract agar (scale bars = 10 pm).

DNeasy Plant mini kit (Qiagen, Germantown, MD, USA)= A}86}9] Genomic DNAES
FZ5191.01, o] DNAE 58 2 2 6] PCR ¥H3-& 5-38519itt. BE 7+ DNAE=T &
o1& primer{] ITSIFLHTS4E ©]-851 internal transcribed spacer (ITS) A H& 5=}
17[6], primer LRORY} LR16-2- ©]-8-51 ribosomal DNA 9] large subunit (LSU) A 5-&{7],
1331 primer Bt2a?} Bt2bE ©]-8-519] £ -tubulin (TUB) G 92 535t 8]. PCR 271
Z annealing 2= ITS A1 92 50°C, LSU rDNA #|9-& 44°C, [-tubulin -2 58°CE
A7dste] a5l O, PCR 2|5 AHE-2 1.5% agarose gel oA 208 7+ 217|952 A Ao}
A, oVd=l= Z712] DNA bandE RIS & 714D B4 oJ=sHArk(SolGent,
Dagjeon, Korea). 745 7|4 8-> NCBI/dol|4] BLASTE ¢85t -FAKES SRIshH &
7} FE PO AlE R4S A TAIE =RIsH] 18l MEGA6S ©[-8:51[9], neighbor-
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joining Al'E5-& 2HJotIth(Table 1, Figs. 2~5). 2|9 o
71EFsI .o, 714 E-2 GenBanko]l Al&351tH Table 2).
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Table 1. Fungal strains used in phylogenetic analysis, including outgroups

Species Strain no. GenBank no.

ITS LSU TUB
Allophoma piperis CBS 268.93 GU237816 GU238129 GU237644
Passalora loranthi ZJUM 66 KP896022 KP895892 KP896118
Pestalotia bicolor PSHI2004Endo144 DQ789381 DQ657889
Pestalotia cinchonae PSHI2004Endo165 DQ789385 DQ657893
Pestalotia lambertiae PSHI2004Endo86 DQ813422 DQ657901
Pestalotia lawsoniae PSH20001-057 AY687871 DQ333577
Pestalotia lawsoniae PSHI2003Endo1018  AY687872 DQ333577
Pestalotia subcuticularis PSHI2002Endo882 AY687878 DQ333584
Pestalotia vaccinii PSHI2004Endo424 DQ813434 DQ787844
Pestalotiopsis arceuthobii ~ CBS 434.65 KM199341 KM116243 KM199427
Pestalotiopsis arengae CBS 331.92 KM199340  KM116207 KM199426
Pestalotiopsis biciliata CBS 790.68 KM199305  KMI116235 KM199400
Pestalotiopsis camelliae CBS 443.62 KM199336  KM116225 KM199424
Pestalotiopsis chamaeropis  CBS 237.38 KM199324  KM116217 KM199392
Pestalotiopsis chamaeropis  CBS 113607 KM199325  KMI116211 KM199390
Pestalotiopsis colombiensis  CBS 118553 KM199307  KMI116222 KM199421
Pestalotiopsis hawaiiensis ~ CBS 114491 KM199339  KM116239 KM199428
Pestalotiopsis hollandica CBS 265.33 KM199328  KMI116228 KM199388
Pestalotiopsis humus CBS 336.97 KM199317  KM116230 KM199420
Pestalotiopsis jesteri WPF-54 KT000164  KM116281 KM199468
Pestalotiopsis jesteri MFLUCCI12-020279  JX399012 KM116281 IX399043
Pestalotiopsis knightiae CBS 114138 KMI199310  KMI116227 KM199408
Pestalotiopsis CBS 130973 KM199337  KMI116232 KM199511
novae-hollandiae
Pestalotiopsis papuana CBS 887.96 KM199318  KM116231 KM199415
Pestalotiopsis spathulata CBS 356.86 KM199338  KM116236 KM199423
Pestalotiopsis telopeae CBS 114137 KM199301 KM116219 KM199469
Stagonosporopsis actaeae  CBS 105.96 GU237733 GU238165 GU237670
Stagonosporopsis andigena  CBS 101.80 GU237714 GU238169 GU237674
Stagonosporopsis astragali  CBS 178.25 GU237792 GU238172 GU237677
Stagonosporopsis caricae  CBS 248.90 GU237807 GU238175 GU237680
Stagonosporopsis CBS 713.85 GU237903 GU238178 GU237683
crystalliniformis

ITS, internal transcribed spacer; LSU, large subunit; TUB, £ -tubulin.
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Table 1. (Continued)

Species Strain no. GenBank no.

ITS LSU TUB
Stagonosporopsis CBS 133.96 GU237780  GU238181 GU237686
cucurbitacearum
Stagonosporopsis PD91/310 GU237922 GU238180 GU237685
cucurbitacearum
Stagonosporopsis dennisii  CBS 135.96 GU237782 GU238183 GU237688
Stagonosporopsis hortensis  CBS 104.42 GU237730 GU238198 GU237703
Stagonosporopsis loticola  CBS 562.81 GU237890 GU238192 GU237697
Stagonosporopsis CBS 634.92 GU237901 GU238196 GU237701
oculi-hominis
Stagonosporopsis trachelii - CBS 379.91 GU237850 GU238173 GU237678
Stagonosporopsis CBS 273.92 GU237819 GU238200 GU237705
valerianellae
Xylaria hypoxylon CBS 122620 KY610407 KY610495 KX271279
Zasmidium anthuriicola CBS 118742 FJ839626 FJ839662 KF252763
Zasmidium citri-griseum ZJUM 103 KP896039 KP895909 KP896134
Zasmidium fructicola ZJUM 9 KP896043 KP895913 KP896138
Zasmidium fructicola ZJUM 68 KP896048 KP895918 KP896142
Zasmidium fructigenum ZJUM 100 KP896061 KP895931 KP896154
Zasmidium lonicericola CBS 125008 KF251283 KF251787 KF252765
Zasmidium nocoxi CBS 125009 KF251284 KF251788 KF252766
Zasmidium podocarpi CBS 142529 KY979766 KY979821 KY979930
Zasmidium pseudoparkii CBS 111049 DQ303025 KF901976 KF902976
Zasmidium scaevolicola CBS 127009 KF251285 KF251789 KF252767
Zasmidium xenoparkii CBS 111185 DQ303028 JF700966 KF902978

ITS, internal transcribed spacer; LSU, large subunit; TUB, (3 -tubulin.

61| Pestalotia lawsoniae 16B102
74 |l pestalotia lawsoniae PSHI2003Endo1018
89 |L_ pestalotia lawsoniae PSH20001-057
Pestalotia bicolor PSHI2004Endo 144

Pestalotia subcuticularis PSHI2002Endo882

100 Pestalotia lambertiae PSHI2004Endo86
g5 || Pestalotia cinchonae PSHI2004Endo165
881 Pestalotia vaccinii PSHI2004Endo424

Zasmidium nocoxi CBS 125009

—_
0.05
Fig. 2. Neighbor-joining phylogenetic tree based on a combined alignment of both internal
transcribed spacer (ITS) and B-tubulin (TUB) sequences. Zasmidium nocoxi was used as an
outgroup. Numbers on branches indicate bootstrap values (1,000 replicates). Fungal strain
isolated in this study are in bold.
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75, Pestalotiopsis chamaeropis CBS 237.38

81 || pestalotiopsis chamaeropis CBS 113607
89 Pestalotiopsis chamaeropis 16C083
Pestalotiopsis hollandica CBS 265.33
Pestalotiopsis camelljae CBS 443.62
rF’esLa\.‘t)tr':j,:mis novae-hollandiae CBS 130973
Pestalotiopsis colombiensis CBS 118553

7
Pestalotiopsis papuana CBS 887.96

79 Pestalotiopsis knightiae CBS 114138
g |[ Pestalotiopsis biciliata CBS 790.68
100 || 78— Pestalotiopsis telopeae CBS 114137

—— Pestalotiopsis arceuthobii CBS 434.65
Pestalotiopsis arengae CBS 331.92

EPesta.‘otiopsis hawaiiensis CBS 114491

— Pestalotiopsis jesterif MFLUCC12-0279

100 4{ Pestalotiopsis jesteri 16C094
100 | Pestalotiopsis jesteri WPF-54
Allophoma piperis CBS 268.93

—
0.05

Fig. 3. Neighbor-joining phylogenetic tree based on a combined alignment of both internal
transcribed spacer (ITS), large subunit (LSU) and B-tubulin (TUB) sequences. Xylaria longipes
was used as an outgroup. Numbers on branches indicate bootstrap values (1,000 replicates).

Fungal strain isolated in this study are in bold.

88

Stagonosporopsis actaesae CBS 105.96

84
_ljsmgonospompsis dennisii CBS 135.96

Stagonosporopsis oculi-hominis CBS 634.92

£ Stagonosporopsis trachelii CBS 379.91

Stagonosporopsis valerianellae CBS 273.92

Stagonosporopsis astragali CBS 178.25
97 |_—

Stagonosporopsis hortensis CBS 104.42

Stagonosporopsis andigena CBS 101.80

100

Stagonosporopsis crystalliniformis CBS 713.85
Stagonosporopsis caricae CBS 248.90
Stagonosporopsis cucurbitacearum 16C067

Stagonosporopsis cucurbitacearum CBS 133.96

71
99 | Stagonosporopsis cucurbitacearum PD 91/310

Stagonosporopsis loticola CBS 562.81

Allophoma piperis CBS 268.93

0.005

Fig. 4. Neighbor-joining phylogenetic tree based on a combined alignment of both internal
transcribed spacer (ITS), large subunit (LSU) and B-tubulin (TUB) sequences. Allophoma
piperis was used as an outgroup. Numbers on branches indicate bootstrap values (1,000

replicates). Fungal strain isolated in this study are in bold.
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91 | Zasmidium fructicola ZJUM 9
100 | Zasmidium fructicola ZJUM 68
Zasmidium fructicola 16B021

Zasmidium fructigenum ZJUM 100
Zasmidium nocoxi CBS 125009
51 Zasmidium xenoparkii CBS 111185
Zasmidium lonicericola CBS 125008
Zasmidium podocarpi CBS 142529
Zasmidium pseudoparkii CBS 111049
Zasmidium scaevolicola CBS 127009
Zasmidium anthuriicola CBS 118742
4100|_— Zasmidium citri-griseurn ZJUM 103

Passalora loranthi ZJUM 66

96

100

72

1

99

—
0.02

Fig. 5. Neighbor-joining phylogenetic tree based on a combined alignment of both internal
transcribed spacer (ITS), large subunit (LSU) and B-tubulin (TUB) sequences. Passalora
loranthi was used as an outgroup. Numbers on branches indicate bootstrap values (1,000
replicates). Fungal strain isolated in this study are in bold.

Table 2. GenBank accession numbers and NIBR numbers for fungal strains isolated from this

this study
Isolates ~ NIBR specimenno.  GenBank no.  Closest taxon Host plants
16B102  NIBRFG0000499923 MG436878,  Pestalotia lawsoniae  Pinus densiflora
16C083  NIBRFG0000499919 MG436879 Pestalotiopsis Aronia melanocarpa
chamaeropis
16C094  NIBRFG0000499921 MG436876 Pestalotiopsis jesteri  Aronia melanocarpa
16C067  NIBRFG0000499920 MG462717 Stagonosporopsis Aronia melanocarpa
cucurbitacearum
16B021  NIBRFG0000499920 MG462717 Zasmidium fructicola  Pinus densiflora

Pestalotia lawsoniae Mundk. & Khesw, Mycologia 34: 315 (1942)

PDA Hiz|olA 77} BijoFE FE2] 272 42~45 mm A2 ¢ whE A 2fh, FEo]
AL oISl R HA|H 0 & SMloloh, 1= SR EF 871 F o] oL F4Rl
HH 7P 2 553 F /A E o] WAL 0 & Mo LT (Fig. 1A). MEA HZ]of|A]
S #F0] 2732 44~45 mm o)1l FHIA 542 PDA s x|l A vt o=t o
B dAsht o] Al o &2 At S HrkFig. 1F). NCBIAFlA ITS 2| o] B4
P. lawsoniae AY6878729} 100.0%2] YA=E ERI5IYEY, LSU A|¥9o EA
HM5357142} 98.0%2] -GAHEE, TUB A9 9] B2 7 DQ3335771 97.0%2] FAES
SRISIATE. Pestalotia?-2 1841 De Notaris©l| 2J5l] HE =12 ™[10], Pestalotiopsis2t
Zo] Amphisphaeriaceae®l| 53ttt Pestalotiopsis<52t |53 FE 2 EAJ-S 5-R-otal AA|
B2 94 AL 98| PestalotiopsisZ O 2 5% 50| EAIGIEH11]. ©] T2 LawsoniaZs
of| k= =2 A1ER] Lawsonia alba®] QoA E2)5 Zof|A] 2|2 Fefi=]loH, o 712

£ X

BH R

=
<
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o SR 0] Qo] W (leaf spotyS HAAIZ IS MU FRE Z12E|9IeH12], £
ol AU QoA Halah UPITolo], Pinusdr] HE4: QoA UpgEo 2 Helg 7]
S5 EARk 3]

Pestalotiopsis chamaeropis Maharachch., K. D. Hyde & Crous, Stud Mycol 79: 158
(2014)

PDA HZ]of|A] 787t vfjoFsE FE0] 7L 4245 mm AEo| 1, OFH-& ZolH L oa KA
- FHEE

[e) S

Mo, #F0] A= §7]Eo] gloH, 7R B2t FHo - 1B). MEA
HjZ]of| A 7L7E vl Qe w5-0] 2742 42~45 mm o], PDA HjZ]of|A] BOFSH =2t
FEA E4do] dAlsht HH -E-2] TN WA 0= F50] QlthFig. 1G). A%
AL EOA BRALE gkt 8RR AEo] Qlom H2MO| Mo & o] ¢
o, oS e FA {eld wo] IRl Qlok BARRe] H7]= 13.9-23.2 x
9.0~10.9 um©|tKFig. 1K). ITS Z|¥e] H7|AE2> KR2591042} 99.0%, LSU A2
KM1162172 99.0%, 12|21 TUB A|9-2 KR2591033% 98.0%%] FAES LFERCY.
PestalotiopsisZ-2 1949\ Steyaert [11]]] 2ol |z 2 HrgH &£o0 2 H2 o] FAY )
Z(acervulus) 0] EFAoH] &2 Hdo| Q= JHIE TR 27 Wo] b, f214
o) Auto 2 Fejg A o] FAIRLE 9 /gt Zlo] EAo|th & dtol|A o] F= of= Y]
ofo] QoflA Eel=glem, olgEololi= ofAFRa Arecaceae)oll Eoh= AlE<Q]
Chamaerops humilis2] QoA E2)€ Yo 2 B QIcH 14, 15].

o
ol 1L FH L FA] BF FALE Ho] glek. SHe] A Fo Wlo|x|Ao] 1
% 1

o,

Pestalotiopsis jesteri Strobel, J.Yi Li, E. J. Ford & W. M. Hess. Mycotaxon 76: 260
(2000)

PDA Hiz]of|A] 7471 vieFe #E-0] 21742 31~33 mm ©|H, #E9] YFHLS FUHF =%
SAS = SMolw 7t o]l e o] w7 AAXIek 7R O] = 7Y o) vilekst
o w ol & FAdoto] HAF UolHIeH 22 FHI= ARttt wARE SYHlA 47

rO

o] 3= FHolth(Fig. 1C). MEA HiZ]ollA] 747t il #E-2] 2174-2 35~40 mm L2
PDA Hl 2] B} wiH ohi= oftt S A Af2tal, +#5-0] 9FH = ool i e|Mo]m 7
Al S-S dok, SIH SYF oA ARt 2AS 1w 7R = Mol 7t d
+ YA O] S5 AP ESHL, V= &5 5715 FHIC|thFig. 1H). Z8A= 352
Aol ofaf 2719] A= FelH Wy 52 ehdgo]nr, Az 1gh 2ol F7]=
11.8~14.4 x 5.5~6.7 um JE=O]cKFig. 1L). ITS AH2] A7|AE-2 KM1993807} 98.0%,
LSU 2|92 KM1162812}99.0%, TUB A9 KM1994681} 98.0%2] F-AHES HEITY.
o] F-2 mFobR7 Y 9] ST Gentianaceae) A1E2] Z7]0)A] A0 2 He|=SIrH14].
Pestalotiopsis®ll £5k= WaTE 5 Y= A 282 Sh= alkaloidE EHIoh= 02
A Ql=tl, Pestalotiopsis microspora®t Pestalotiopsis guepinii® 73-F TaxusSt
WollemiaZ:2] B4 AollA FL/FE2] taxolS AWiksl= 202 Halr]o] 9loH[16, 17],
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o] F GA| B2 doflA] P BEARI jesteroneS EH|ok= A0 2 HATE|QITH18].

Stagonosporopsis cucurbitacearum (Fr.) Aveskamp, Gruyter & Verkley, Stud
Mycol 65: 45,

PDA v z]of|A] 7471 vioFE 520 2742 44~45 mm A2 vl w2 A 22, oF5IH
o] A o= FMo|| 7Pk S-S wm 7P = undulate FEolTh #E-2] EHol=
AAA o= 22 3 o] At(wartyEo] B Jlo™, 75-9] 11 k1= vlj2|of 2o}
7| -2 Fefo|thFig. 1D). MEA Hiz|ollA] 747 B 52 2172 31~35 mm H==2
PDA BiZ|of|A] Ho} LejA| Zfeps, thiio] Feid £/44-2 PDARR| oA vt FFt
L[St 52 SHSIH Ao wlo| 2| Mol 7PALL A 7PEAR = 7PEA] AT o=
Ho] Lp7h= Ho] th2ti(Fig. 11). A A FE 9] 248 Htype 1)= 953 S o=
2Z3t Jefjo]™ 27|+ 10.0~10.1 x 2.7~4.2 pm AEC](Fig. IM), T HA4]| Fefo] A8
ZHtype 2)+= ol 7PFS- HFO 2 A F2 4.2~5.4 um FEFTHFig. IN). ITS 2|99 ¥
71482 KM4890713} 98.0%, LSU 2| ¥-2 EU167563} 100%, TUB A9 KY930337
197.0%2] A =F FRISIAT & = of= Yot YA Ee]=|lo™, H 712k
of| Stagonosporopsis® sl dsh= 50| BFEY 2 73] F 712] Feje] 2= 34
Q! 7] =5 o] Ql=TI[19], 2 Aol E F 712 FHI ] ZAIARE =Rl 4= Qi QIkE
A FA S-S ke YAdS] Candida albicans®] W3l @4 EIHE Hol=
pyridone A& 2] alkaloid 22 EH[5}= 7102 AH v QITH20]. StagonosporopsisZ;
2 19129 Diedicke®l] ool %2 WHE £9221], Stagonosporaylt HISZSH|
multi-septate 2] EAALE AA5H= Zlo] EA0|1[21], Stagonosporopsis oculihominis+=
Y==K Orchidaceae)®ll Z0= 21&E%1 Dendrobium huoshanense®] &71°14 Wit o2
218519, alkaloid & wH]oto] /g el et W= Algshe A o= daA it 22].

Ol

Zasmidium fructicola Crous, F. Huang & Hong Y. Li, Mycologia 107: 1165 (2015)
PDA HlZ|of| A 787t Bkl F20] A4 13~15 mm=E S| FAP U ste] “a]7
Apeka, oS- S sladloln] Zpgta]of ofzte] of g e (dark green)2 ATt S
H-2 A A 0 2 H2Mo|m, 0] Al kei= Wof, JalehA| Zoglom vz £ 2 S0 7}
+ FHlo|oh(Fig. 1E). MEA 2ol 747t ol ++5-2] 2172 15~20 mm == PDA
of| K|t TA| 2ttt JefjA] 5492 PDA vl R]ollA] viFE et ARtk Fig. 1), B4
21e] = e d 22 953 9] 2844 (conidiophore) ol EA]=]o] A== A
S TR & Qloi23]. BAARY] M2 AstAu xlgt ZMolw, F7]= 22.6~27.9 x
12.4~15.8 pmO|th(Fig. 10). ITS A2} 7|4 D> KP8960532t 99.0%, LSU A S
KP895915%}99.0%, TUB A %-> KP8961387}99.0%2] LA -E &RI5HITE. Zasmidium
-2 Mycosphaerellaceae®]] £6H= v-+=2, conidium-= ZAHo| LR E|2] oo T HO|| ]
o} PH| o] FHFo] AL Q= o] B0l 24]. H 7AkollA = el £k
A4=0] 9l T2 Fufjof| A 2R LY o] ®iZFo0] Q= Z Ao A %% ot 23] & Al

£ 270 1850l gle HolM 2= 2 Zasmidium%0l S5 Fo] L2t

352
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ol MAske A4 dollA et o= E2ld 237 QloH25).

H AT = AW Pinus densiflora)2} Y2 U oK Aronia melanocarpa) 2] Q& 55}
TAASe & WAHS 2ottt 2Eiet = JE1% E47) internal transcribed
spacer (ITS) rDNA A7} 28S rDNA A% 18|11 S -tubulin G-Ax}e] F7| - F-S ]85}
o] AsEAS Foll T8I koA ZelRt T FO] w%] Pestalotia lawsoniae®}
Zasmidium fructicola, 12|11 o}2UololA] Ealgt Al F9] w521 Pestalotiopsis
chamaeropis, Pestalotiopsis jesteri, Stagonosporopsis cucurbitacearum+ =4 1]7|5 %1
O & HAISEIA} i,
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