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Abstract: The genus Diaporthe Fuckel consists of
a large number of species recorded as pathogens,
saprobes, and endophytes. While more than 1200
species of Diaporthe have been recorded to date,
only pathogenic strains of Diaporthe were reported
from Japan, notably affecting economically important
plants. This study successfully elucidated the diversity
of endophytic Diaporthe spp. from Prunus sensu lato
(s.l.), commonly known as the Sakura tree, along
with the addition of two novel species of Diaporthe
to the Japanese mycobiota. In this study, a polyphasic
approach was employed, using multi-locus analysis of 5
loci, including internal transcribed spacer (ITS) region,
partial sequence of translation elongation factor 1-
alpha (TEF), beta-tubulin (TUB), histone H3 (HIS) and
calmodulin (CAL) genes. Additionally, morphological
observation was also conducted by inducing sporulation
of the isolates in artificial media. As a result, two novel
species were introduced: Diaporthe endoprunicola A .H.
Ujat & Y. Hattori and Diaporthe pseudoamygdali A.H.
Ujat & Y. Hattori, along with confirmation of previously
documented Diaporthe species in Prunus s.1.
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INTRODUCTION

Species of the genus Diaporthe Fuckel (Diaporthaceae,
Diaporthales) have attracted the interest of many
mycologists and plant pathologists in recent years. It
is known to occur as plant pathogens, saprobes, and

'E-mail: adelia.anysia.hedy@gmail.com

endophytes [Gomes et al., 2013; Udayanga et al., 2012].
Hongsanan et al., [2023] published an annotated list
of Diaporthe species, which includes 832 species and
information on their morphology, ecology, geographic
distribution, molecular data, and pathogenesis. The
initial species concept of Diaporthe assumes host
specificity, where a new species had been established
when observed from one new host plant [Gao et al.,
2017]. The phenotypic plasticity, morphological
characteristics, and host association are shown to be
insufficient to delimit species in the genus Diaporthe
[Gomes et al., 2013]. Currently, the circumscription
of the delimitation of Diaporthe species relies on
morphological characteristics of the isolates and multi-
locus phylogeny based on the internal transcribed
spacer region (ITS) and partial sequences of several
protein-coded genes, including translation elongation
factor 1-o (TEF), B-tubulin (TUB), histone H3 (HIS)
and calmodulin (CAL) [Guarnaccia, Crous, 2017].
While a single species of Diaporthe could colonise
multiple hosts, one single host species could also
accommodate multiple species of Diaporthe [Sessa
et al.,, 2017]. V. Guarnaccia and P.W. Crous [2017]
revealed that, through inoculation tests, most Citrus
L. species are susceptible to Diaporthe species, such
as D. baccae L. Lombard, G. Polizzi & Crous and D.
novem J.M. Santos, VrandeCi¢ & A.J.L. Phillips. The
abundance of Diaporthe species identified leads to
the proposal of some species comprised into species
complexes, such as D. eres Nitschke [Hilario et al.,
2021a; Udayanga et al., 2014], D. amygdali (Delacr.)
Udayanga, Crous & K.D. Hyde [Hilario et al., 2021b],
D. sojae Lehman [Udayanga et al., 2015], and D.
areacae (H.C. Srivast., Zakia & Govindar.) R.R.
Gomes, Glienke & Crous [Pereira et al., 2023]. This
taxonomical treatment prompts the recommendation
of the careful introduction of Diaporthe species [Gao
et al., 2017; Santos et al., 2017] and recollection and
typification of old records to ensure the stability of
Diaporthe taxonomy [Dissanayake et al., 2017a;
Hongsanan et al., 2023]. Moreover, many of the newly
described species and hitherto known species based on
the phylogeny were synonymized under D. eres as the
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result of the re-examination of the taxonomical position
of Diaporthe species.

Diaporthales are known to be the causal agent of
branch dieback and trunk disease of Prunus s.l., often
reported as endophytes, saprobes or phytopathogens.
This includes the genus Diaporthe [Abramczyk et al.,
2022; Bien & Damm, 2020; Nekrasov et al., 2022] and
Cytospora Ehrenb. [Fan et al., 2020]. According to V.
Guarnaccia et al. [2022], in European countries, D.
eres is known as a ubiquitous and dominant species of
the causal pathogen to fruit trees, including cherry (P
avium (L.) L.) and peach (P. persica (L.) Batsch). E.V.
Nekrasov et al., [2022] also reported the occurrence
of D. eres in P mandshurica (Maxim.) Koehne. In
addition, numerous Diaporthe species have been
recorded on Prunus s.1., such as D. amygdali on P. dulcis
D.A.Webb [Guarnaccia et al., 2022] and on P. persica
[Sessa et al., 2017], D. foeniculina (Sacc.) Udayanga
& Castl. on P amygdalus [Gomes et al., 2013] and P,
dulcis [Guarnaccia et al., 2022], D. hongkongensis R.R.
Gomes, Glienke & Crous on P. persica [Zhang et al.,
2021], D. jinxiu X.H. Wang & G.P. Wang on P. persica
[Wang et al., 2021], D. mahothocarpus (Y.H. Gao, W.
Sun & L. Cai) Y.H. Gao & L. Cai on P. avium [Bien &
Damm, 2020], D. momicola Dissan., J.Y. Yan, X.H. Li
& K.D. Hyde on P. persica [Dissanayake et al., 2017b],
D. novem on P. dulcis [Hongsanan et al., 2023], D.
oligocarpa Nitschke on P. spinosa Walter [Hongsanan
etal., 2023], D. oxe R.R. Gomes, Glienke & Crous on P.
persica [Sessa et al., 2017] and P. dulcis [Gomes et al.,
2013], D. padicola Petr. on P. padus L. [Petrak 1916], D.
paranensis R.R. Gomes, Glienke & Crous on P. persica
[Gomes et al., 2013], D. pardalota (Mont.) Nitschke
ex Fuckel on P divaricata Ledeb. [Hongsanan et al.,
2023], D. pennsylvanica (Berk. & M.A. Curtis) Wehm.
on P, pensylvanica L 1., P. serotina Ehrh. and Prunus sp.
[Hongsanan et al., 2023], D. perniciosa Marchal & E.J.
Marchal on P. cerasus L. [Hongsanan et al., 2023], D.
rudis (Fr.) Nitschke on P. avium and P. salicina Lindl.
[Guarnaccia et al., 2023], D. taoicola Dissan., J.Y. Yan,
X.H. Li & K.D. Hyde on P. persica [Dissanayake et al.,
2017b]. On the other hand, in Japan, only two species
of Diaporthe, D. amygdali on P. persica and D. eres on
Prunus spp. have been reported (The Phytopathological
Society of Japan, 2023). Hattori et al., [2022] in their
recent study sampled 48 individual of Prunus s.I. from
six prefectures in Japan and managed to isolate 377
endophytic fungi with Diaporthe making up 32% of the
total isolates. This study describes the morphological
and molecular characteristics and evaluates the diversity

of Diaporthe species isolated from intact branches of
Prunus s.1. in Japan.

MATERIAL AND METHODS

Fungal isolate collection and  morphological
observation. In 2022, field surveys were conducted
to collect Diaporthe species associated with the plant
genus Prunus spp. in Japan. Intact branches of Prunus
spp. and Cerasus spp. were sampled from six areas
(Sapporo, Hokkaido; Morioka, Iwate; Kitaibaraki and
Tsukuba, Ibaraki; Shimonita, Gunma; Hachioji, Tokyo;
Seto, Aichi) in Japan. Diaporthe spp. were then isolated
from intact branches using the surface sterilization
method. Branches were cut into 3 mm pieces, immersed
in 70% ethanol for 30 s, and washed in sterilized water
for 60 s. These sterilized pieces were placed on 3% water
agar. Following culture at room temperature (22°C) for
3 days, only a tip of hyphae growing from the piece
was transferred by a flame-sterilized needle under the
microscope onto a potato dextrose agar medium plate
(PDA; Nissui Pharmaceutical Co., Ltd., Tokyo, Japan).
Growing colonies of Diaporthe were selected based on
their cultural characteristics and transferred onto new
Malt Agar (MA: Becton Dickinson, MD, USA) plates.
Morphological characters of the conidiomata formed
on potato carrot agar (PCA: Simmons, 2007) were
examined under a compound microscope Axio Imager
Al (Zeiss, Gottingen, Germany) with Shear’s solution
[Chupp, 1940] as the mounting medium. The colonies’
colour was assessed using a colour chart by Rayner
[1970], and the isolates were deposited into the Mie
University Culture Collection (MUCC).

DNA extraction and PCR amplification. All 31 fungal
isolates were subjected to genomic DNA extraction
using DNeasy Ultra Clean Microbial Kit (Qiagen,
Hilden, Germany) according to the manufacturer’s
instructions. PCR mixture of 12.5 pL. was prepared as
follows for all of the reactions; 1-10 ng of genomic
DNA, 5.6% DMSO, 2 mM MgCl, (Bioline, London,
UK), 1.25 uL of 10x NH, reaction buffer (Bioline),
40 uM dNTPs (Bioline), 0.25 unit Bioline Tag DNA
polymerase (Bioline), and 0.25 pM of each forward
and reverse primer. All 31 isolates were subjected to
PCR amplification on a T100 thermal cycler (Bio-Rad,
Tokyo, Japan), with initial denaturation of 94 °C at 5
minutes, followed by 35 cycles of denaturation at 94
°C at 30 seconds, annealing, extension at 72 °C at 30
seconds, and final extension of 72 °C at 10 minutes.
The annealing temperature of PCR and primer are listed
in Table 1. Amplicons were analysed in both directions
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Table 1. Annealing temperature and primer set used in PCR amplification.

Locus PCR primers Annealing temperature Reference
ITS ITS1/ITS4 52°C White et al., [1990]
CAL CAL228F/CAL737R 56 °C Carbone & Kohn [1999]
HIS CYLH3F/H3-1b 56 °C Glass & Donaldson [1995]
o Carbone & Kohn [1999]
TEF EF1-728F/EF1-986R 56 °C O’Donnell & Cigelnik [1997]
TUB T1 or Bt2a/Bt2b 55°C O’Donnell & Cigelnik [1997]

using BigDye Terminator version 3.1 cycle Sequencing
Kit (Applied Biosystem, Foster City, CA) on an Applied
Biosystems 3730x] DNA Analyzer (Applied Biosystem)
installed at Mie University Advance Science Research
Promotion Centre, Tsu, Mie, Japan.

Phylogenetic analysis. The resulting sequences were
assembled and aligned with sequences retrieved from
NCBI DNA GenBank, as indicated in Table 2 and the
supplementary table. Taxonomic novelties are indicated
in bold italic and the GenBank accession numbers of
the newly generated sequences are indicated in bold.
The individual matrix of each locus was aligned by the

MAFFT online service [Katoh et al., 2018]. The best
substitution model for each locus was determined by
ModelTest-NG [Darriba et al., 2020]. The matrix was
concatenated by Concatenator [Vences et al., 2022]
before being subjected to further analysis. Maximum-
likelihood analysis (ML) was conducted on RAXML-
NG [Kozlov et al., 2019] with 100 bootstraps. Bayesian
Inference (BI) analysis was performed on MrBayes
v.3.2.5 [Ronquist et al., 2012]. Posterior probability
was estimated by the Metropolis Coupled Monte Carlo
Markov Chain (MCMCMC) option. The convergence
was judged when the Average Standard Deviation of

Table 2. List of reference sequence used in this study.

Species Isolates ITS TUB H3 TEF1-a CAL

1 2 3 4 5 6 7
Diaporthe absenteum LC 39241 KP267897 KP293477 KP293547 KP267971 NA
D. acaciigena (1:2%85 T KC343005 KC343973  K(C343489  KC343731 KC343247
D. acerigena ?;;ST MH121489 - MH121449 MHI121531 MH121413

o ICMP

D. actinidiae 136837 KC145886 - - KC145941 -

. BRIP
D. aestuarium T OMI18686 OM960613 - OM960595 -

59930a

D. alleghaniensis CBS 495.727 FJ889444 KC843228  K(C343491  GQ250298 KC343249
D. alnea CBS 146.467  K(C343008 KC343976  K(C343492  KC(C343734 KC343250
D. amaranthophila 12\/‘[‘2550 LC459575 LC459579 LC459581 LC459577 LC459583
D. amygdali ?2'28679T KC343022 KC343990  KC343506  KC343748 KC343264
D. amygdali MUCC 3587 OR897079 OR913139 OR913170  OR913201 OR913231
D. amygdali MUCC 3589 OR897081 OR913141 OR913172 OR913203 OR913233
D. amygdali MUCC 3590 OR897082 OR913142 OR913173 OR913204 OR913234
D. amygdali MUCC 3592 OR897084 OR913144 OR913175 OR913206 OR913236
D. amygdali MUCC 3598 OR897090 OR913150 OR913181 OR913212 OR913241
D. amygdali MUCC 3600 OR897092 OR913152 OR913183 OR9Y13214 OR913243
D. amygdali MUCC 3603 OR897095 OR913155 OR913186 OR913217 OR913246
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1 2 3 4 5 6 7

D. ant BRIP ORO019751 OR039648 - OR039641 -

. antonovae 53324bT
D. apiculata LC 3418T KP267896 KP293476  KP293550  KP267970 -
D. apiculatum CFCC 53068  MK432651 MK578054  MK442998  MKS578127 MK442973
D. araucanorum (1:4?5828 ST MN509711 MN509722 - MN509733 MNO974277
D. asheicola (1:3'289 67 KJ160562 KJ160518 - KJ160594 KJ160542
D. australafricana CBS 111886"  K(C343038 KC344006  KC343522  KC343764 K(C343280
D. batatas CBS 122.21 KC343040 KC344008  KC343524  K(C343766 K(C343282
D. bauhiniae g; OC7(1:T MK432648  MKS578051 MK442995 MKS578124 MK442970
D. beckhausii CBS 138.27 KC343041 KC344009  KC343525  KC343767 KC343283
D. benedicti 25%? MYA- KM669929 - - KM669785 KM669862
D. bert, BRIP ORO019752 OR039649 - OR039642 -

. berteroae 57900aT
D. betulae Soaot KT732950  KT733020 KT732999  KT733016  KT732997
D. betulina §:2FS%ST MH121497 MHI121579 MHI121457 MH121539 MHI121421
D. bicincta 1C2%%04T KC343134 KC344102  KC343618  K(C343860 KC343376
D. breyniae ?4]15;389 107 ON400846 ON409186  ON409187  ON409188 ON409189

. BRIP

D. brumptoniae 50403aT OM918702  OM960629 - OM960611 -
D j CBS KF777155 - — KF777244 -

. cassines 1364407
D. caulivora ?2%8268T KC343045 KC344013  KC343529  KC343771 K(C343287
D. celastrina CBS 139.27T  K(C343047 KC344015  KC343531  KC343773 KC343289
D. celeris 333249T MG281017  MG281190 MG281363 MG281538 MG281712
D. celticola g; OC7§T MKS573948  MKS574643  MK574603  MKS574623 MK574587

.. BRIP
D. charlesworthii 54884mT KJ197288 KJ197268 — KJ197250 -
D. chonggqingensis PSCG 4357 MK626916  MK691321  MK726257 MK654866 MK691209
MFLUCC

D. chromolaenae 1714207 MH094275 - — - -
D. citri %3532? KC843311 KC843187  MF418281  K(C843071 KC843157
D. collariana ll\/élf;%(C)ITC MGS806115 MG783041 - MG783040 MG783042
D. conica ?21:5C7(1:T MHI121506 ~ MHI121588 MHI121466 MHI121548 MH121428
D. constrictospora gg(l)\ggg MT385947 MT424702 MW(;2248 — MT424718
D. convolvuli CBS 124654  KC343054 KC344022  KC343538  K(C343780 KC343296




PLANT & FUNGAL RESEARCH

1 2 3 4 5 6 7
D. crousii CAA 823T MK792311 MKS837932 MKS871450 MKS828081 MK883835
D. destruens ZJUPD 06 MN708229 MN696537 - MN696526 -
D. durionigena ;/;{)?)OCST MN453530 MT276159 - MT276157 -
D. ellipsospora gjzzﬁg 19- MT385949 MT424704 MW(§2248 MT424684 MT424720
D. endophytica (1:3]3)881 T KC343065 KC344033 KC343549 KC343791 KC343307
. MUCC
D. endoprunicola 35847 OR897076 OR913136 OR913167 OR913198 —
D. eres %38859‘@ KJ210529 KJ420799 KJ420850 KJ210550 KJ434999
D. eres MUCC 3586 ORS897078 OR913138 OR913169 OR913200 OR913230
D. eres MUCC 3588 OR897080 OR913140 OR913171 OR913202 OR913232
D. eres MUCC 3594 OR897086 OR913146 OR913177 OR913208 OR913238
D. eres MUCC 3595 OR897087 OR913147 OR913178 OR913209 -
D. eres MUCC 3596 ORS897088 OR913148 OR913179 OR913210 OR913239
D. eres MUCC 3599 ORS897091 OR913151 OR913182 OR913213 OR913242
D. eres MUCC 3601 ORS897093 OR913153 OR913184 OR913215 OR913244
D. eres MUCC 3602 ORS897094 OR913154 ORY913185 OR913216 OR913245
D. eres MUCC 3604 ORS897095 OR913156 OR913187 OR913218 -
D. eres MUCC 3605 ORS897097 OR913157 OR913188 OR913219 OR913247
D. eres MUCC 3606 ORS897098 OR913158 OR913189 OR913220 OR913248
D. eres MUCC 3607 ORS897099 OR913159 OR913190 OR913221 OR913249
D. eres MUCC 3608 ORS897100 OR913160 OR913191 OR913222 OR913250
D. eres MUCC 3609 ORS897101 OR913161 OR913192 OR913223 OR913251
D. eres MUCC 3610 ORS897102 OR913162 OR913193 OR913224 OR913252
D. eres MUCC 3611 ORS897103 OR913163 OR913194 OR913225 OR913253
D. eres MUCC 3613 ORS897105 OR913165 OR913196 OR913227 OR913255
CGMCC
1 _ _
D. eres 317089 KF576267 KF576291 KF576242
D. eres® 11\5)LH§C KU557563 KU557587 - KU557631 KU557611
CGMCC
3 _ _ _
D. eres 315181 KC153096 KC153087
CGMCC
4 _ _
D. eres 317084 KF576270 KF576296 KF576245
D. eres’ CGMCC KF576282 KF576306 - KF576257 -
3.17081
D. eres® CFCC 51632  KY203726 KY228893 KY228881 KY228887 KY228877
D. foikelawen ?A?SSI g9T MN509713 MN509724 - MN509735 MN974278
.. MAFF
D. fukushii 625034 JQ807469 - - JQ807418 -
D. fusicola 5(1}%57% KF576281 KF576305 — KF576256 KF576233
D. gardeniae CBS 288.56 KC343113 KC344081 KC343597 KC343839 KC343355
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1 2 3 4 5 6 7
D. gardeniae CBS 28856  KC343113  KC344081  KC343597 KC343839  KC343355
D. garethjonesii o KT450423  KT459441 - KT450457  KT459470
D. grandiflori s MT822612  MT855809 MT855580 MT855924  MT855691
D. guangdongensis g(l){_IO((HSTC MT355684 MT409292 - MT409338 MT409314
D. guizhouensis (()}3231;4% § 20- OM060254 0OL961762 - 0OL961761 0L961763
D. helicis roet KJ210538  KJ420828  KJ420875  KJ210559  KJ435043
o SAUCC
D. heliconiae s MT822605  MT855802 MT855573 MT855917  MT855684
D. heterophyllae CPC 262157  MG600222  MG600226 MG600220  MG600224  MG600218
D. heterostemmatis ?‘;ﬁgg MT822613 MT855810  MT855581  MT855925 MT855692
D. hordei CBS481.92  KC343120  KC344088  KC343604  KC343846  KC343362
D. ilicicola ggg ot MHI71064 MHI71074  MHI71084 - -
. CGMCC
D. incompleta N KX986794  KX999226  KX999265 KX999186  KX999289
D. infertilis CBS 230527  KC343052  KC344020 KC343536  KC343778  KC343294
D. irregularis T MT385951  MT424706 - MT424686  MT424721
D. italiana Mior  MH8A6237  MH8S3688 - MHS$53686  MH853690
D. kadsurae Creset MHI21521  MHI21600 MHI21479 MHI21563  MHI21439
D. kochmanii BRIP 540337  NR111614 - - IN645809 -
D. kongii BRIP 54031 NRI11616  KJ197272 - -
D. litchii g MT822550  MT855747 MT855519 MT855863  MT855635
D. longicolla FAU 5997 KJ590728  KJ610883  KI659188  KJ590767  KJ612124
D. lonicerae VLSt KY964190  KY964073 - KY964146  KY964116
D. maritima o KU552025  KUS74615 - KU552023 -
D, masirevicii BRIP 54256"  KJ197276  KJ197257 _ KJ197239 -
D. mediterranea DAL-34 MTO007489  MT006686 MT007095 MT006989  MT006761
D. megalospora CBS 14327  KC343140  KC344108 KC343624  KC343866  KC343382
D. melonis CBS435.877 KC343142  KC344110  KC343626  KC343868  KC343384
D. miriciae gy - KJ197283  KJ197263 - KJ197245 -
. BRIP
D. moorei AT OR019755  OR039652 - OR039645 -
D. moriniae S ooa OM918698  OM960625 - OM960607 -
D. neilliae CBS 144277  KC343144  KC344112  KC343628 KC343870  KC343386
D. nobilis CBS587.79  KC343153  KC344121  KC343637 KC343879  KC343395
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1 2 3 4 5 6 7
D. nomurai CBS 157.29 KC343154 KC344122  KC343638  K(C343880 KC343396
D. nothofagi BRIP 548017  JX862530 KF170922 - IX862536 -

o CBS
D. obtusifoliae 1434497 MG386072 - MG386137 - -
D. ocoteae CBS KX228293  KX228388 - - -
' 1413307
D. oraccinii LC3166" KP267863 KP293443 KP293517  KP267937 -
D. ovalispora ;(816\/?; KJ490628 KJ490449 KJ490570 KJ490507 -
D. ovoidea 3CC1i%19C;3 KF576265 KF576289 - KF576240 KF576223
D. ovoidea 3C(1}%9C§ KF576264 KF576288 — KF576239 KF576222
D. padina ngS%gT MHI121525  MHI121604 MHI121483 MHI121567 MH121443
D. passifloricola ?ﬁi 29T KX228292 KX228387  KX228367 - -
D. patagonica (1:4]‘3582 91T MNS509717 MN509728 - MN509739 MNO974279
D. penetriteum LC 3353 KP714505 KP714529  KP714493  KP714517 -
D. perniciosa CBS 124030  KC343149 KC344117  KC343633  K(C343875 KC343391
D. phragmitis ?;%Sggﬂ KP004445 KP004507  KP004503 - -
. MUCC

D. pseudoamygdali 36127 OR897104 OR913164 ORY913195 OR913226 OR913254
D. pseudotsugae gglgy 15- KY964225 KY964108 - KY964181 KY964138
D. pulla CBS 338.89T  K(C343152 KC344120  KC343636  K(C343878 KC343394
D. pustulata CBS 109742  KC343185 KC344153  KC343669  KC343911 K(C343427
D. racemosae ?3‘33877 o MG600223 MG600227  MG600221  MG600225 MG600219
D. rhoina CBS 146.27 KC343189 KC344157 KC343673  KC343915 KC343431
D. rosae Mgt MGB2SR94  MGRA3RTS - - MG829273
D. rosiphthora 59()11;? MT311196 - - MT313692 MT313690
D. rudis CBS 113201 KC343234 KC344202  KC343718  K(C343960 KC343476
D. schini ?;éslgﬂ KC343191 KC344159  KC343675  KC343917 K(C343433
D. sennae glF 6C3§T KY203724 KY228891 - KY228885 KY228875
D. silvicola §J4FlC9(11T MZ727041 MZ753491  MZ753481 MZ816347 MZ753472
D. sojae 1C3],398282T KJ590719 KJ610875 KJ659208 KJ590762 KJ612116
D. sojae MUCC 3591 OR897083 OR913143 OR913174 OR913205 OR913235
D. sojae MUCC 3593 OR897085 OR913145 ORY913176 OR913207 OR913237
Diaporthe sp. 1 MUCC 3585 OR897077 ORY13137 OR913168 OR913199 OR913229
Diaporthe sp. 2 MUCC 3597 OR897089 ORY13149 OR913180 OR913211 OR913240
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1 2 3 4 5 6 7
Diaporthe sp. 3 MUCC 3583 OR897075 OR913135 ORY13166 OR913197 OR913228
D. sterilis (1:3]28969T KJ160579 KJ160528 MF418350 KJ160611 KJ160548
D. subclavata Iz%E/gT KJ490630 KJ490451 KJ490572 KJ490509 -

D. subcylindrospora IO(IIgI;/%CC 17- MG746629 MG746631 - MG746630 -

D. subellipicola OKE¥CC 17- MG746632 MG746634 - MG746633 -

D. tecomae CBS 100547 KC343215 KC344183  KC343699  KC(C343941 KC343457
D. tectonendophytica 11\/;111)“ E(IITC KU712439 KU743986 - KU749367 KU749354
D. terebinthifolii ?3]3381 30T KC343216 KC344184  KC343700  KC343942 KC343458

. CGMCC
D. ternstroemia 3151837 KC153098 - - KC153089 -
. MFLUCC
D. thunbergiicola 12-0033" KP715097 - - KP715098 -
D. trevorrowii BRIP T OM918703 OM960630 - OM960612 -
70737a

D. ueckerae ??],3285 27T JX069860 KY435674  KY435654  KY435633 KY435664
D. unshiuensis gxl}%[gg(; KJ490587 KJ490408 KJ490529 KJ490466 -

D. vaccinii CBS 160.32"  AF317578 KC344196  KC343712  GQ250326 KC343470
D. vacuae CAA 8307 MK792309 MK&837931 MKS871449  MKS828080 MK883834
D. vexans CBS 127.14 KC343229 KC344197  KC343713  KC343955 KC343471

R CMW

D. virgiliae 407487 KP247573 KP247582 - - -

D. vochysiae LGMF 15837 MG976391 MKO007527  MKO033323  MKO007526 MKO007528
D. xunwuensis §3F ofg(sz MK432663 MK578063  MK443008 MK578137 MK442983

CGMCC
D. zaofenghuang 3202717 MW477883  MW480875 - MW480871 MW480867

Note: ! type strain of D. longicicola; * type strain of D. momicola; * strain originally named D. mahothocarpi Nom.
Inval.; * type strain of D. ellipicola; ° type strain of D. biguttusis; ® type strain of D. campthothecicola; T ex-type
material. Boldface type font indicate isolate used in this study.

Split Frequencies was below 0.01, and the posterior
probability (PP) was determined using the remaining
tree. Diaporthella corylina Lar. N. Vassiljeva was used
as an outgroup. After evaluation of the inferred tree, the
alignment was split into three sections (Fig. 1, shown in
pink, green, and blue) and realigned using MAFFT. The
aligned sequence was then manually edited using AliView
[Larsson, 2014]. The separated sections were subjected
to ML of 100 bootstrap replication and BI analysis with
10,000,000 generations. The tree was sampled and
saved at every 100 generations. The first 25% of the tree

was discarded as a burn-in phase of analysis. The split
sections of the are viewed with FigTree [http:/tree.bio.
ed.ac.uk/software/figtree/]. The alignment and respective
phylogenetic tree were deposited in TreeBASE (S31006).

Coalescent-based species delimitation analysis.
Species boundaries of restricted analysis were analysed by
coalescent-based models Poisson Tree processed (PTP),
which accommodate different degrees of intraspecific
genetic diversity within the phylogeny [Zhang et al.,
2013]. Non-annotated Newick format restricted analysis
of ML trees was used for PTP analysis performed with
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Diaporthella corylina CBS 121124
Diaporthe acaciarum CBS 138862
Diaporthe myracrodruonis URM 7972'

lcgwnhe Sp. 1 MUC |

C3585
japorthe orixae HKAS 1214657
ﬁ.— Diaporthe amaranthophila MAFF 246200
Dig Cpanhe sinensis CGMCC 319521
Diaporthe phaseo(olum BS 113425
9% Diaporthe novem CBS 127269
Dlaporthe butterlyi BRIP 59194a"
Diaporthe acericola MFLUCC 17-0956"
Diaporthe schoeni MFLU 15-1279"
Diaporthe cuppatea CBS 117499
Dig, orrhe lusitanicae CBS 1232127
iaporthe neoarctii CBS 109490
D:aponhe arctii CBS 136.2.
orthe monetii ME Ha!8 049

iaport
Diaporthe angelicae CBS 111 §92‘
Dlagonhertgulyae BRIP 54025
e aitkeniae BRIP 58827a"
D/aporlhe subordinaria CBS 101711
Diaporthe cucurbitae DAOM 420787
Diaporthe stewartii CBS 193.36
Diaporthe rizhaoensis CFCC 57562"
iaporthe guttulara GCGMCC 3 20100'
Diaporthe 19-2880"
iaporthe t c a e CBS 100547
Diaporthe terebinthifolii CBS 133180"
iaporthe racemosae. CB§ 1437707
D/apcrthe schini CBS 133181
Diaporthe ros:phthom COAD 291

; Bpora CBS 143 27
DIGPOIThe hordei C
PO he hellantm (;BS 592.81"
100, Draporthe grlceae BRIP 67014
porthe vexans CBS 12714

52 DIG orrhe guangdongens:s ZHKUCC 20-0014'
luporthe tec onendophdmca MFLUCC 13-04717
Diaporthe trevorrowii Bl 37a!
100 .. Digporthe unshivensis CGMCC 3175697
. Diaporthe longicolla FAU 5997
orthe breymae CBS 148910
iaporthe vochysiae LGMF 15837
aporthe ueckerae FAU 656
Diaporthe miriciae BRIP 54736j"
iaporthe thunbergiicola MFLUCC 12-0033"
Diaporthe absenteum LC
rf rthe passifioricola CBS 1413297
Diaporthe rosae MFLUCC 17-2658
Digporthe dunon,lgena VTCC 930005'
iaporthe infe: CBS 230.52'
Diaporthe destruens ZJUPD 06
Dlaporthe batatas CBSz 1222}

620

ini
sojae MUCC3591
sojae MUC

C
D:aponhe hubeiensis JZB 3201237
i m S 1331

Diaporthe neoraon/kayaporum MFLUCC 14-1136"
D/uporrhe raonikaya, AJO CBS 1331827
ponhe ou (r BRIP 55657a'

B

D:aporthe /on IS ora CBS 194 36‘
Dlagonhe atlantica CECT 21217°

iaporthe sclerotro:;:les CBS 296.677
Dlaporthe cameroonensis CBS 148913"

aporthe quercicola CSUFTCC 1047
Dru orthe biguttulata CFCC 52584
iaporthe siamensis MFLUCC 10-0573;
Diaporthe brideliae CBS 148911’

Diaporthe chinensis MFLUCC 13-0101
iaporthe wtrmegaspara STE-U 2675
Diaporthe yunnanénsis CGMCC 3'18289'
Diaporthe fici septlcae MFLU 18-588
Diaporthe cr!naslgna CBS 134240‘ 206627

7 1C|
Dlaponhe sapindicola CFCC 55344
Diaporthe cinnamomi CFCC 52569"
Diaporthe oxe CBS 1 33186‘
ata C%MCC 3.20098"

100 Drapart#e pass:ﬂorae CBS 132527"
D:aporthe malorum CBS 142383
tarc CES 1460737
D/aponhe el CBS 133184
Diaporthe caatingaensis CBS 1415427
Diaporthe brasiliensis CBS 1. 37
Diaporthe humulicolg CT2018-1"

%U"

ina CB!
Diaporrhe hispaniae CBS 143351"
P the hunsganae CBS 1433537
Dlaporrhe ibrosa CBS 10!
D:aponhe n#ulsu CBS 11443.
toxicodendri FFPR\ 420987
Dlaporthe delrusa CBS 10977
. e bohemige CBS 143347
D;oponhe beluhcola CFCC 51128"
Diaporthe woolworthii CBS 148.27
Diaporthe carpini CBS 114437
Digporthe huairouensis CFCC 56808
Diaporthe ulmina CFCC 58828
Diaporthe minimg CGMCC 3,20097"
100, Dlaporthe rostrata CFCC 50062
Diaporthe /uglandrcolu CFCC 51134
Dlaponhe verniciicola CFCC 53109"
5 ﬁ orthe schisandrge CFCC 519887
0.2 'y Diaporthe padi var padi CBS 114200

Figure 1. Maximum-likelihood tree obtained from the combine ITS, TUB, TEF, HIS, and CAL sequence of isolates
used in this study and reference strain. Diaporthella corylina CBS 121124 was used as outgroup for this tree. Bootstrap
value > 50 are indicated along the branch with thicken. Legend refers to nucleotide substitution per site.
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Diaporthe perjuncta CBS 1097457
Diaporthe acerina CBS 137.27
Diaporthe crayaegi CBS 114435

Diap CFCC 54190"
Diaporthe constrictospora CGMCC 3.20096"
or Digporthe toxica CBS 534.
torilicola MFLUCC 17-1051"
Dragonhe spar{mcola CBS 140003"

; Dlaporthe ilicicola EI;H 20155027

.27
Dlaporrhe uizhouensis GZAAS 20-0338"
Diaporthe :kelawen CBS 145189"
iaporthe pseudorsugae MFLU 15-3228"
Diaporthe araucanorum CBS 145285"
Diaporthe benedicti ATCC MYA-4970Y
Diaporthe cassines CBS 13f
Diaporthe nothofagi BRIP 54801T
Diaporthe crousii CXA 823"
Diaporthe subcylindrospora KUMCC 17-0151"
Dlapon‘he salicicola BRIP 54825"
Diaporthe cynalotdls CBS 122676
Diaporthe patagonica CBS 145291
Diaporthe italiana MFLUCC 18-0090™
Dlaporrhe rudis CBS113201
rthe asheicola CBS 136967"
Dig po e australafricana CBS 1118867
Diaporth marlna MFLU 17-2622"
Di CBS 129521

obtu: /follae CBS 143449'
forﬁe Celticola CFCC 53074
Diaporthe silvicola CFCC 5419
he ustulata CBS 109742
D da

rthe

Dlaporthe leptostromlformls CBS 558. 93
Diaporthe hartii BRIP 60285e™

aspalathl CBS 117169"

29— Diaporthe nomura/
Diaporthe irregularis CGMCC 3 200927
Diaporthe sennae CFCC 5163
Diaporthe ¢ rthii BRIP 54884m’

Dlap,;’onhe gardeniae CBS 288.56
Diaporthe apiculatum CFCC 53068'
api C

0.2

Figure 1. Continued.
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Dlagonhe corylicola CFCC 53986

iaporthe decedens CBS 109772
Diaporthe i a ICMP 206567
Diaporthe carriae BRIP 59932a"
Diaporthe vawdreyi BRIP 57887a

Diaporthe beasleyi BRIP 59326a"
Diaporthe mclennaniae BRIP 60072a"

Diaporthe ganzhouensis CFCC 53087"
93!

DAaponhe lenispora CGMCC 3.20101"
Di¢ CFCC 56581"
Diaporthe litoricola MFLUCC 16-11957
Diaporthe psoraleae CBS 1364127
Diaporthe hickoriae CBS 145.267
iaporthe saccarata CBS 1163117

3
99; Diaporthe changpingensis CFCC 58812"
Diaporthe oncostoma

Y

589.7
Diaporthe cissampeli CBS 141331"
Diaporthe canthii CBS 132533

Diaporthe diospyricola CBS 136552'
Diaporthe rauvolfige CBS 1489127

Diaporthe maytenicola CBS 136441"
iaporthe parapterocarpi CBS 137986"
Diaporthe melastomatis SAUCC 194.55"
Diaporthe camelliae sinensis SAUCC 194.927
Diaporthe vangueriae CBS 137985
Diaporthe macintoshii BRIP 55064a"
D:cgon‘he elaeagni glabrae CGMCC 318287"
rthe eleagni CBS 504.72
Dlaporthe stictica CBS 370.
Diaporthe poincianellae URM 7932T
00 Diaporthe isoberliniae CBS 137981
Diaporthe pungensis SAUCC 194 127
Diaporthe inconspicua CBS 1338137
Diaporthe samaneae SDBR-CMU470
99 Diaporthe pseudoinconspicua URM 78747
Diaporthe lutescens SAUCC 194.367
Dmporthe pterocarpi MFLUCC 10-0571
Diaporthe prerocar icola MFLUCC 10-0580a
D:%Jorlhe portu aI/lca CBS 1442287
iaporthe phillipsii CAA 817
Diaporthe pseudoanacardii CBS 1489097
Diaporthe velutina CGMCC 318286
Diaporthe nebulae PMM 1681
Diaporthe anacardii CBS 720.97"
Diaporthe macadamiae BRIP 66526
Diaporthe parvae PSCG 034"
e Diaporthe forlicesenica MFLUQCGC 17-1015"
iy

porthe cinerascens CBS 7
91 Dlapcnhe pimpinellae JZB 3201

317
Diaporthe cytosporella CBS 137020"

Diaporthe chamaeropis CBS 454
Diaporthe foeniculina CBS 111!

Diaporthe rumicicola MFLUCC 18-0739"
93 Diaporthe nigra JZB 3201707

8Diaporthe foeniculina CBS 129528 (Diaporthe rhusicola)
Diaporthe baccae CBS 136972
D/aporthe zaobaisu PSCG 031"
Diaporthe ravennica MFLUCC 15-0479"
D/aporthe acunspora CGMCC 31828

Diaporthe hsinchuensis NTUPPMCC 18-1531"
Diaporthe Iatzu BRIP 60353a’

0.2

Figure 1. Continued.

12

igporthe undulata CGMCC 3.18293"
Diaporthe lovelaceae BRIP 60163a”
Diaporthe biconispora GMCC 317252
Diaporthe pometiae SAUCC 194.72"
Diaporthe salinicola MFLU 18-0553"
Diaporthe australiana BRIP 66
Diaporthe globoostiolata MFLUCC 23-0025"
Diaporthe hongkongensis CBS 115448
Diaporthe africana CBS 1500807
iaporthe rhodomyrti CFCC 53101'
Diaporthe fusiformis JZB 3201
Diaporthe lithocarpi CGMCC 3 15175'
Diaporthe fujianensis JZB 320149"
Diaporthe xishuangbanica CGMCC 318282
Diaporthe aseana MFLUCC 12-0299a"

Diaporthe tectonigena MFLUCC 12-4 0767‘
Diaporthe smilacicola CFCH

iaporthe delonicis MFLU 16—1059’
D/aponhDe ch/angmarenﬁs MFLUCC 18-0544"

iaporthe howardiae BRIP 59697a"
Diaporthe sp. 2 MUCC3!

597
Diaporthe averrhoae SCHM 36057
Diaporthe anhuiensis CNUCC 201907
Diaporthe pascoei BRIP 548477
Digporthe sennicola CFCC 516347
Diaporthe schimae CFCC 531037
DvaponheD tao:co!a MFLUCC 16-0117"
iap

e no.

BRIP 59718a"
Diaporthe bounty BRIP 59361a”
Diaporthe Ilrchlcola BRIP 549007
iaporthe perseae CBS 151.73

Diaporthe eugeniae CBS 444.82

Diaporthe fraxini angusnfolrae BRIP 54781"

iaporthe musigena CBS 1. 95 97

Diaporthe neatei BRIP 60289a’"
Diaporthe arengae CBS 114979"
Diaporthe endocitricola ZHKUCC 20 00127
Diaporthe millettiae GUCC 9

Diaporthe huangshanensis CNUCC 201903"
59730a"

Diaporthe gossiae BRIP
iaporthe pandanicola MFLUCC 17-0607"
Dlapcrthe pseudomangiferae CBS 1013397

Diaporthe melitensis CBS 1425517
Diaporthe l:momcolo CBS 1425497

Diaporthe shennongwens:s CNUCC 201905
Diaporthe osmanthi GUCC 9

Diaporthe diospyrina CFCC 58821

Diaporthe podocarpi macfgphylh CGMCC 318281"

Diaporthe meliae CFCC 53089"
Diaporthe annellsiae BRIP 59731a’
Diaporthe searlei BRIP 665287
iaporthe krabiensis MFLUCC 17-2481"
Diaporthe phyllanthicola SCHM 0"

368
Diaporthe pseudophoenicicola CBS 462.69"
Diaporthe drenthii BRIP 66524'

iaporthe arecae CBS 161.64
Dlaporrhe ufzellae SDBR-CMU467"
Diaporthe bombacis SDBR-CMU468"
Diaporthe ceratozamiae CBS 131306"
Diaporthe pescicola MFLUC 16-0105"
Diaporthe pseudooculi HHUF 3061
Diaporthe oculi HHUF 3056
Diaporthe eucalyptorum CBS 132525‘
Diaporthe acuta PSCG 047
Diaporthe cercidis CFCC 525657

Diaporthe guangxiensis JZ8 320094’
Diaporthe viciae JZB 320179
Diaporthe viniferae JZB 3200727
Diaporthe hunanensis HN. 237
Diaporthe sp. 3 MUC!

Diaporthe fulvicolor PSCG 051
D:aporrhe spinosa PSCG 3837
Diaporthe liquidambaris SCHM

3621
Diaporthe chrysalidocarpi SAUCC 194 357



500,000 MCMC generations, 100 sets of thinning, and
10% burn-in on the webserver for PTP [https://species.h-

its.org/ptp].

RESULTS

Isolation and phylogenetic analysis. A total of 31 isolates
were obtained from the sample in this study (Tab. 3)

UJAT ET AL: DIAPORTHE SPECIES ON PRUNUS SENSU LATO

and the morphological characteristics were described
in the taxonomy sections. Preliminary analysis of the
combined matrix consisting of 432 OTUs was composed
of 3159 sites, including gaps (ITS: 456 bp, TUB: 643
bp, HIS: 711 bp, TEF: 707 bp, CAL: 642 bp). Figure 1
shows the phylogenetic trees generated from a combined
dataset, revealing isolates obtained from Prunus spp.

Table 3. List of isolates, host and location of sampling.

(isdolljagecs) Species Host species Location
3587 D. amygdali Cerasus speciosa Tsukuba, Ibaraki
3589 D. amygdali Cerasus Sato-zakura Group ‘Sekiyama’ Tsukuba, Ibaraki
3590 D. amygdali Cerasus Sato-zakura Group ‘Hisakura’ Tsukuba, Ibaraki
3592 D. amygdali Cerasus Sato-zakura Group ‘Sekiyama’ Tsukuba, Ibaraki
3598 D. amygdali Cerasus Sato-zakura Group ‘Grandiflora’  Hachioji, Tokyo
3600 D. amygdali Prunus sp. Morioka, Iwate
3603 D. amygdali Cerasus Sato-zakura Group ‘Albo-rosea’ Shimonita, Gunma
3584 D. endoprunicola Cerasus * yedoensis Tsukuba, Ibaraki
3586 D. eres Cerasus x yedoensis Tsukuba, Ibaraki
3588 D. eres Cerasus itosakura ‘Plena-rosea’ Tsukuba, Ibaraki
3594 D. eres Padus grayana Tsukuba, Ibaraki
3595 D. eres Padus grayana Tsukuba, Ibaraki
3596 D. eres Prunus sp. Seto, Aichi
3599 D. eres Cerasus Sato-zakura Group 'Nobilis' Hachioji, Tokyo
3601 D. eres Cerasus 'Yoko' Morioka, Iwate
3602 D. eres Cerasus jamasakura var. jamasakura Kitaibaraki, Ibaraki
3604 D. eres Prunus sp. Shimonita, Gunma
3605 D. eres Padus ssiori Sapporo, Hokkaido
3606 D. eres Cerasus maximowiczii Sapporo, Hokkaido
3607 D. eres Padus ssiori Sapporo, Hokkaido
3608 D. eres Cerasus x yedoensis Sapporo, Hokkaido
3609 D. eres Cerasus x yedoensis Sapporo, Hokkaido
3610 D. eres Cerasus x yedoensis Sapporo, Hokkaido
3611 D. eres Padus ssiori Sapporo, Hokkaido
3613 D. eres Padus ssiori Sapporo, Hokkaido
3612 D. pseudoamygdali Cerasus x yedoensis Sapporo, Hokkaido
3591 D. sojae Cerasus x yedoensis Tsukuba, Ibaraki
3593 D. sojae Cerasus x yedoensis Tsukuba, Ibaraki
3585 Diaporthe sp. 1 Cerasus itosakura ‘Pendula’ Tsukuba, Ibaraki
3597 Diaporthe sp. 2 Prunus sp. Seto, Aichi
3583 Diaporthe sp. 3 Cerasus x yedoensis Tsukuba, Ibaraki

13



PLANT & FUNGAL RESEARCH

were located in three major clades; the first subclade
contains isolates of D. eres species complex (DESC),
the second subclade contains D. amygdali species
complex (DASC), and the third subclade consists of D.
sojae species complex (DSSC). Maximum-likelihood
bootstrap (ML BS > 50%) and Bayesian Inference
posterior probability (BI PP > 0.95) have been shown
above the branches. The matrix was split into three
sections according to the species complex, realigned and
reanalysed for taxonomical position in the phylogenetic
tree. The reference taxa retrieved from GenBank were
reextracted for more detailed analyses.

The reconstructed resultant tree for DESC was
generated with the matrix of the total length of the
alignment featured 2245 sites, including gaps (ITS: 410
bp, TUB: 439 bp, HIS: 503 bp, TEF: 407 bp, CAL: 486
bp) (Fig. 2). It consists of a total of 73 OTUs, including
18 Japanese isolates, of which 17 isolates are recognized
as D. eres s.l. of DESC and one new species. The second
restricted tree features DASC species composed of 43
OTU and was generated from 2145 sites, including
gaps (ITS: 410 bp, TUB: 425 bp, HIS: 424 bp, TEF:
311 bp, CAL: 575 bp) of (Fig. 3) with eight Japanese
isolates from Prunus spp. were recognized under D.
amygdali and one new species. The third restricted tree
characterized by DSSC, composed of 46 OTUs, was
generated with 2247 sites, including gaps (ITS: 400
bp, TUB: 513 bp, HIS: 504 bp, TEF: 360 bp, CAL: 470
bp) (Fig. 4). The tree topologies of split trees showed
congruency between ML and BI, where the ML tree
was shown in the figure with BS and PP indicated at
the branch. Species delimitations were suggested by
the Poisson Tree Processes Method. Only the split trees
were subjected to coalescent-based PTP.

TAXONOMY

Diaporthe amygdali (Delacr.) Udayanga, Crous, &
K.D. Hyde, Fungal Divers. 56-166 (2012)

Synonym: listed in Hilario et al. 2021b.

Description. See Udayanga et al. 2012.

Isolates examined: JAPAN, Ibaraki, Tsukuba,
endophyte in Prunus yedoensis Matsum, 11 Mar. 2022,
collected by Y. Hattori, culture MUCC 3587; ibid,
endophyte in P. lannesiana cv. Sekiyama, 11 Mar. 2022,
collected by Y. Hattori, culture MUCC 3589, MUCC
3592; ibid, endophyte in P. lannesiana cv. Hisakura,
11 March 2022, collected by Y. Hattori, culture MUCC
3590; Tokyo, Hachioji, endophyte in Cerasus Sato-
zakura Group ‘Grandiflora’ A.Wagner, 16 May 2022,
collected by Y. Hattori & H. Masuya, culture MUCC
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3598; Gunma, Shimonita, endophyte in P. lannesiana
‘alborosea’, 05 Jul. 2022, collected by Y. Hattori &
H. Masuya, culture MUCC 3603; Iwate, Morioka,
endophyte in branch of Prunus sp., 16 May 2022,
collected by Y. Hattori & H. Masuya, culture MUCC
3600.

Diaporthe eres Nitschke, Pyrenomyc. Germ. 2:245
(1870)

Synonym: listed in Hilario et al. 2021a.

Description. See Udayanga et al. 2014.

Isolates examined: JAPAN, Ibaraki, Tsukuba,
endophyte in Prunus yedoensis, 11 Mar. 2022, collected
by Y. Hattori, culture MUCC 3586; ibid, endophyte in
P. pendula cv. Pleno-rosea, 22 Apr. 2022, collected
by Y. Hattori, culture MUCC 3588; ibid, endophyte in
Padus grayana C.K.Schneid., 12 May 2022, collected
by Y. Hattori, culture MUCC3594, MUCC 3595; Kita-
ibaraki, endophyte in P. jamasakura Siebold ex Koidz.,
27 Jun. 2022, collected by Y. Hattori & H. Masuya,
culture MUCC 3602; Aichi, Seto, endophyte in Prunus
sp., 08 May 2022, collected by Y. Hattori, culture
MUCC 3596; Tokyo, Hachioji, endophyte in Cerasus
Sato-zakura Group ‘Nobilis’ Miyashi, 16 May 2022,
collected by Y. Hattori & H. Masuya, culture MUCC
3599; Iwate, Morioka, endophyte in P. ampanulate
‘Yoko’, 23 Jun. 2022, collected by Y. Hattori & H.
Masuya, culture MUCC 3601; Gunma, Shimonita,
endophyte in Prunus sp., 5 Jul. 2022, collected by Y.
Hattori & H. Masuya, culture MUCC 3604; Hokkaido,
Sapporo, endophyte in P. ssiori F.Schmidt, 21 Jul. 2022,
collected by Y. Hattori & H. Masuya, culture MUCC
3605, MUCC3607, MUCC 3611, MUCC 3613; Sapporo,
endophyte in Cerasus x yedoensis cv. Yedoensis, 21
Jul. 2022, collected by Y. Hattori & H. Masuya, culture
MUCC3608, MUCC3609, MUCC3610; Sapporo,
endophyte in Cerasus maximowiczii (Rupr.) Masam. &
S.Suzuki, 21 Jul. 2022, collected by Y. Hattori, culture
MUCC 3606.

Notes. On Prunus s.l., D. eres was described as an
endophyte in P. domestica L. from Poland [Abramczyk
et al., 2022] in P. mandshuria from Russia [Nekrasov
et al., 2022], and it occurs as pathogen on P. davidiana
Franch. from China [H. Zhu et al., 2019], on P. persica
from Greece [Thomidis & Michailides, 2009] and Italy
[Prencipe et al., 2017], P. salicina from China [Bai et
al., 2023].

Diaporthe sojae Lehman, Ann Missouri Bot. Gard.
10: 128 (1923)
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76/1.00, CFCC 525907
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69/0.96

CGMCC 3.17081 (Type strain D. biguttusis)
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Diaporthe padina
Diaporthe betulae
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Diaporthe vaccinii
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Diaporthe bicincta
Diaporthe maritima
Diaporthe celastrina
Diaporthe eres
Diaporthe phragmitis
Diaporthe eres
Diaporthe celeris
Diaporthe vacuae
Diaporthe lonicerae
Diaporthe eres
Diaporthe rosicola

CGMCC 3.17089 (Type strain D. longicicola)

CFCC 51632 (Type strain D. campthothecicola)

e MUCC3601
\ MFLUCC 16-0113 (Type strain D. momicola)
8/1. MUCC3605
MUCC3613
MUCC3607 Diaporthe eres
MUCC3611
MUCC3596
éfﬂ 'gg MUCC3606
: MUCC3608
MUCC3610
+ CGMCC 3.15181 (strain D. mahothocaripi Nom. Inav. )
— CBS 124030 Diaporthe perniciosa
MUCC3602
MUCC3604
MUCC3609 Diaporthe eres
MUCC3599
MUCC3588
MAFF 625034 Diaporthe fukushii
63/0.97 MUCC3594 5
MUCC3595 DisporiisSi
CBS 587.79 Diaporthe nobilis
MUCC3586 Diaporther eres
ST CBS 138596 Diaporthe helicis
99/1.00 CBS 338.897 Diaporthe pulla
CBS 144.277 Diaporthe neilliae
CBS 146.467 Diaporthe alnea
CMW 40748" Diaporthe virgiliae
CPC 262157 Diaporthe heterophyllae
BRIP 59930a" Diaporthe aestuarium
70/0.99 SAUCC 194.84" Diaporthe grandiflori
é LC 3353 Diaporthe penetriteum
CGMCC 3.202717 Diaporthe zaofenghuang
SAUCC 194.227 Diaporthe litchii
MFLU 17-27707 Diaporthe collariana
ICMP 20663" Diaporthe subclavata
100/1.00~ SAUCC 194.777 Diaporthe heliconiae
CFCC 530857 Diaporthe xunwuensis
62/0.99 LC 31667 Diaporthe oraccinii
CFCC 525547 Diaporthe acerigena
CFCC 525717 Diaporthe conica
CBS 1354227 Diaporthe citri
CFCC 53068 Diaporthe apiculatum
LC 34187 Diaporthe apiculata
€8BS 288.56 Diaporthe gardeniae
9311.00 CFCC 516367 Diaporthe sennae
76/1.00 BRIP 54884m" Diaporthe charlesworthii
CGMCC 3.20092" Diaporthe irregularis
CBS 157.29 Diaporthe nomurai

Diaporthe constrictospora CGMCC 3.20096™

0.05

GZCC 19-02317
MUCC3584"
CFCC 530717
CBS 146.27
CGMCC 3.18288"

Diaporthe ellipsospora

Diaporthe endoprunicola

Diaporthe bauhiniae
Diaporthe rhoina
Diaporthe incompleta

Figure 2. Maximum-likelihood (ML) phylogenetic tree consisting of Diaporthe eres species complex (DESC)
constructed by using concatenated matrix of 5 loci. The bootstrap of > 50 and posterior probability > 0.95 are
indicated near branch as BS/PP. Diaporthe constrictopora CGMCC 3.20096 were used as outgroup. Legend refers to
nucleotide substitution per site. Red branch indicated coalescent/population process in PTP ML delimitation scheme.
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Figure 3. Maximum-likelihood (ML) phylogenetic tree consisting of Diaporthe amygdali species complex (DASC)
constructed by using concatenated matrix of 5 loci. The bootstrap of > 50 and posterior probability > 0.95 are
indicated near branch as BS/PP. Diaporthe constrictopora CGMCC 3.20096 were used as outgroup. Legend refers to
nucleotide substitution per site. Red branch indicated coalescent/population process in PTP ML delimitation scheme.
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Figure 4. Maximum-likelihood (ML) phylogenetic tree consisting of Diaporthe sojae species complex (DSSC)

constructed by using concatenated matrix of 5 loci. The bootstrap of > 50 and posterior probability >

0.95 are

indicated near branch as BS/PP. Diaporthe amaranthophila MAFF 246900 were used as outgroup. Legend refers to
nucleotide substitution per site. Red branch indicated coalescent/population process in PTP ML delimitation scheme.
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Remark. Synonyms are listed in Udayanga et al.
[2015]

Description. Udayanga et al. 2015.

Isolates examined: JAPAN, Ibaraki, Tsukuba,
endophytic in Prunus yedoensis, 22 Apr. 2022, collected
by Y. Hattori, culture MUCC3591, MUCC 3593

Notes. The isolates MUCC 3591 and MUCC 3593 are
placed in the Diaporthe sojae species complex, closely
related to Diaporthe kochmanii R.G. Shivas, S.M.
Thompson & A.J. Young. In the report by Udayanga et
al. [2015], D. kochmanii are synonymize with D. sojae.

Diaporthe endoprunicola A.H. Ujat & Y. Hattori,
sp. nov. Mycobank MB 851350; Figure 5.

Etymology: Named after its endophytic nature in
Prunus yedoensis.

On PCA, Sexual morph not observed. Conidiomata
pycnidial, gregarious, brown, 200450 pm in diam.
Pycnidia, brown, globose, immersed, producing pale
yellow conidial masses as a droplet; pycnidia cell wall
2-4 layer, composed of textura angularis, 2-2.5 pm,
with an ostiole, 200-250 pm in diam. Phialides hyaline,
elongated, sporulating enteroblastically, 1-septate,
cylindrical, slightly wide at the base with tapered apex,
smooth, unbranched, 5.0-13.0 pm. Alpha conidia
hyaline, aseptate, ellipsoidal, rounded at the apex,
truncated at the base, non-guttulate, 5.0-6.0 x 1.5-2.1
pum. Beta conidia hyaline, aseptate, filiform, or straight,
rounded at the apex, tapered at the base. 30-36 x 1.0—
1.5 pm. Gamma conidia not observed.

Culture characteristics. On PCA, conidiomata
observed, immersed and semi-immersed in medium,
producing droplets containing conidial masses from the
top of semi-immersed conidiomata; covered with aerial
mycelia. On PDA, mycelia flat, pale yellow to brown,
forming conidiomata, semi-immersed, without droplets
on conidiomata.

Type: JAPAN, Ibaraki, Tsukuba, endophyte in branch
of Cerasus % yedoensis (Matsum.) A.N.Vassiljeva, 11
March 2022, collected by Y. Hattori (TSU-MUMH
12005, dried culture of MUCC 3584).

Isolate  examined: Japan, Ibaraki, Tsukuba,
endophyte in branch of Cerasus x yedoensis, 11 March
2022, by Y. Hattori (MUCC3584, original isolate of
TSU-MUMH 12005, ex-holotype).

Note: The phylogenetic position of MUCC 3584 is
in the sister clade of the D. eres species complex (BS/
PP of 100/1.00). The closest species to the present
species is D. ellipsospora Y.Y. Chen, Dissan. & Jian K.
Liu, described as saprobes on decaying wood in China
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[Dissanayake et al., 2020].

Diaporthe pseudoamygdali A.H. Ujat & Y. Hattori,
sp. nov. Mycobank MB851351; Figure 5.

Etymology: Named for its close relationship with D.
amygdali.

On PCA, Sexual morph not observed. Conidiomata
pycnidial, gregarious, dark brown to black, up to 300
pm. Pycnidia globose, or irregular, immersed, solitary
or aggregated, 150-160 pm, releasing pale yellow
to pale flesh droplets containing conidial masses,
pycnidia cell wall 1-3 layer, composed of textura
angularis, 2-2.5 pum, with an ostiole, 50—85 um in
diam. Phialides hyaline, smooth, elongated, sporulating
enteroblastically, unbranched, aseptate, ampulliform,
tapered towards the end, 1.5-2 x 5.2—11.7 pm. Alpha
conidia ellipsoidal, aseptate, multi-guttulated, hyaline,
rounded at the apex, tapered at the base, 6.4-8.5 x 2.0—
2.5um. Beta conidia and gamma conidia not observed.

Culture characteristics. On PCA, conidiomata
observed, brown to black, immersed in medium,
forming white to pale pink droplets containing conidial
masses on top of conidiomata, without aerial mycelium.

Specimens examined.: See ex-type.

Type: JAPAN, Hokkaido, Sapporo, 22 Jul. 2022,
collected by Y. Hattori, endophyte in branch of Cerasus
x yedoensis (TSU-MUMH 12006, dried culture of
MUCC 3612).

Isolate examined: Japan, Hokkaido, Sapporo,
endophyte in twig of Cerasus X yedoensis, 22 July
2022, by Y. Hattori (MUCC 3612, original isolate of
TSU-MUMH 12006, ex-holotype).

Notes: This species was placed in the same clade as
Diaporthe amygdali, but forms an independent branch
highly supported by BS/PP (98/1.00). The present
species differs from D. amygdali in conidiogenous cells
as the conidiogenous cells of D. amygdali are either
branch or septated or both, but D. pseudoamygdali are
unbranch and aseptate.

Diaporthe sp. 1

Culture characteristics. On PCA, colony white,
sparse at the edge, with dense aerial mycelia at the
centre. Conidiomata not observed. On PDA, colony
white, thick mycelial mat.

Isolate  examined: Japan, Ibaraki, Tsukuba,
endophyte in twig of Cerasus yedoensis, 11 Mar. 2022,
by Y. Hattori (MUCC 3585).

Note: MUCC 3585 was placed next to sister taxon D.
orixae Q.T. Lu & Zhen Zhang forming a well-supported
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Figure 5. A-E. Diaporthe endoprunicola A. Alpha conidia. B. Beta conidia, C-D. Philiade. E. Pale yellow conidial
mass produce on top of conidiomata in PCA. F-I Diaporthe pseudoamygdali F. Alpha conidia, G-H, Philiade. 1.
White conidial masses produce on top of conidiomata in PCA. Scalebar = 10 um (A-F); 20 um (G-H).
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clade (ML BS: 65) (Fig. 1). However, it is not formally
described as an independent species because the culture
is sterile. Therefore, the species was not described
formally.

Diaporthe sp. 2

Culture characteristics. On PCA, colony pale yellow
to pale brown, with dense aerial mycelia, filling the petri
dish. Conidiomata not observed. On PDA, colony thick,
white mycelial mat.

Isolate examined: Japan, Aichi, Seto, endophyte in
Prunus sp., 8 May 2022, by Y. Hattori (MUCC 3597).

Note: The isolate distinctly placed a lineage on the
phylogenetic tree within a well-supported clade with D.
howardiae Y.P. Tan & R.G. Shivas (ML BS: 70) (Fig. 1).
However, it is not formally described as an independent
species because the culture is sterile. Phylogenetically,
it is placed next to the sister taxon of D. howardiae
isolated from the leaf spot of Agave sp.

Diaporthe sp. 3

Culture characteristics. On PCA, colony white,
with sparse aerial mycelia. Conidiomata not observed.
On PDA, colony dense, pale-yellow, with short aerial
mycelia.

Material examined. Japan, Ibaraki, Tsukuba,
endophyte in Cerasus * yedoensis, 11 Mar. 2022, by Y.
Hattori (MUCC 3583)

Note: MUCC 3583 placed an independent lineage
next to D. hunanensis Q. Yang and D. liquidambaris
(C.Q. Chang, Z.D. Jiang & P.K. Chi) Udayanga & Castl
(Fig. 1). However, due to the sterility of the culture, this
species is not formally described.

DISCUSSION
This study described two new Diaporthe species, D.
endoprunicola and D. pseudoamygdali, along with
three hitherto known species of Diaporthe (D. eres,
D. amygdali and D. sojae), and three sterile Diaporthe
spp. from the 31 isolates obtained from Prunus s./. from
Japan. This result indicates that the Diaporthe species
living endophytically in Prunus s./. without symptoms
is rich in diversity. As the taxonomical re-examination
of the genus Diaporthe is still underway, Y. Gao et al.
[2017] showed the paraphyly of the genus Diaporthe
using multi-loci analyses and divergent morphological
characteristics. However, they stated that splitting the
genera based on the monophyly is premature.

On the other hand, the concept of species complex
in Diaporthe is being continuously discussed. D.
Udayanga et al. [2014] attempt to resolve the complexity

20

of D. eres by constructing a phylogenetic tree consisting
of 7 loci. Although their robust phylogeny using muti-
loci phylogeny is applied to the identification of the
species, the identification of species complex remains
challenging. S. Hilario et al. [2021a, b] examine the
DASC and DESC, species complexes of D. amygdali and
D. eres, by employing the Genealogical Concordance
Phylogenetic Species Recognition principle (GCPSR)
[Taylor et al., 2000], General Mixed Yule-Coalescent
(GMYC) [Pons et al., 2006], and Coalescent-based
model Poisson Tree Processes (PTP) [Zhang et al.,
2013] for discussing the species delimitation of both
species complexes, proposing that each species complex
should be treated as a single species. They proposed to
synonymise 31 names under D. eres of the DESC and
11 names under D. amygdali of the DASC. Additionally,
C. Norphanphoun et al., [2022] revised the species
complexes based on the phylogeny with a five-loci
combined matrix and expanded the range of complexes.
In their study, D. amygdali and D. eres belonged to
the Diaporthe pustulata Sacc. species complex and
Diaporthe alnea Fuckel species complex, respectively.
However, Y. Bai et al., [2023] proposed using D. eres
for the complex name instead of D. alnea because the
name was easily recognised as a representative species.
This study employs the broad sense of D. eres and D.
amygdali. Considering the methodology, result, and
conclusion of previous research regarding D. eres, this
study applied the results of the PTP to carefully establish
a new species, D. endoprunicola, in the sister clade of
the D. eres species complex.

Seven isolates identified as D. amygdali were
clustered next to D. fusicola, which had been
synonymized as D. amygdali by S. Hilario et al. [2021b].
Diaporthe pseudoamygdali are located at the basal
clade of the D. amygdali species complex, forming an
independent lineage. Although D. pseudoamygdali
showed overlapping morphology with D. amygdali,
the PTP analysis suggested distinctiveness from other
species. S. Hilario et al. [2021a, b] showed high genetic
heterogenicity in DASC and DESC even though species
belonging to these species’ complexes share the host
plants, such as Prunus s.l. About 50% of Diaporthe
isolates examined in this study were D. eres. This
nature calls for a cautious introduction of new species
[Lambert et al., 2023].

The current study shows in two of the regions where
samples are taken the most, in Ibaraki prefecture,
the diversity of Diaporthe species is highest where
it includes D. amygdali, D. endoprunicola, D. eres,
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D. sojae and two species of sterile Diaporthe. In the
Hokkaido region, D. eres makes up most of the isolates
with only one isolate of D. pseudoamygdali. Diaporthe
species in other regions are made up of D. eres and D.
amygdali. This shows that D. eres and D. amygdali are
widely distributed in Prunus s./. in Japan as endophytic
fungi. Y.Q. Zhu et al., [2023] in their study of Diaporthe
in citrus showed that several Diaporthe species are
weakly aggressive or non-pathogenic which could be
endophytic or latent pathogens. This shows that these
Diaporthe species found in Prunus s.l. are potentially
disease-causing pathogens.

CONCLUSIONS

This study has successfully elucidated the diversity
of Diaporthe spp. in Prunus s.. as endophytes.
Characterisation by multi-locus phylogeny and
morphological observation was followed up with the
coalescent method had confirmed the new species of
Diaporthe in this study. As more than molecular data
is needed to describe new species, species with no
observable morphological characteristics are refrained
from being discussed as new species as the nature of
Diaporthe spp. itself is paraphyletic [Gao et al., 2017].
This is to prevent further destabilisation in the taxonomy
of Diaporthe species. S. Hilario et al., [2021a, b] showed
in their study that in-depth phylogenetic analysis is
needed by employment of Genealogical Concordance
Phylogenetic Species Recognition (GCPSR) in their
study of D. amygdali species complex and D. eres
species complex. A recent study by S. Hongsanan et
al., [2023] provided taxonomic updates to the work by
A.J. Dissanayake et al., [2017a], providing an insight to
describe species and references formally. The addition
of an integrative taxonomic approach should also be
considered in aiding the delimitation of Diaporthe spp.
[Hilario et al., 2021a, b; Pereira et al., 2023].
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Diaporthe Fuckel cinsi patogenlor, saproblar vo
endofitlor kimi coxlu sayda qeyds alinan ndévden
ibaratdir. Bu giina qador 1200-don ¢ox Diaporthe
novii geydo alinsa da, Yaponiyada yalniz Diaporthe
cinsinin patogen stammlari miioyyon edilmisdir ki,
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onlar da xiisusilo iqtisadi ohomiyystli bitkilora tasir
gostorir. Bu todqiqat adoton Sakura agaci kimi taninan
Prunus sensu lato (s.l.) tzorindo endofit Diaporthe
spp. mixtalifliyini ugurla aydinlasdirmaqla yanas,
Yaponiya mikobiotasina iki yeni Diaporthe nodviini
olavo etmisdir. Todqgiqatda daxili transkripsiya sahasi
(ITS) bolgesi, translyasiyanin elonqasiya faktoru
1-alfa (TEF), beta-tubulin (TUB), histon H3 (HIS) vo
kalmodulin (CAL) genlorinin gismen ardicilligi daxil
olmaqla, 5 lokusun multilokus analizindon istifade
edorok coxfazali bir yanasma istifade edilmisdir.
Bundan basqa, siini miihitdo kulturalarda spor
omologalmani tohrik etmoklo morfoloji miisahidalordo
aparilmisdir. Noticodo Prunus s.l. cinsindo ovvallor
geydes alinmig Diaporthe ndvlarinin tasdiqi ilo yanas,
iki yeni ndv tosvir edilmisdir: Diaporthe endoprunicola
A.H. Ujat & Y. Hattori vo Diaporthe pseudoamygdali
A.H. Ujat & Y. Hattori.

Agar sozlar: Diaporthaceae, ¢oxlokuslu filogeniya, yeni
taksonlar, taksonomiya, sistematika

Pa3noo0Opa3ue BunoB poaa Diaporthe na
credasix Prunus sensu lato B SInonuu
KOJIIOUYM i

Anucus Xequ Ymxkar
Bovicwas wikona 6uopecypcos, Yuusepcumem Muos, L]y,
Muo, Anonus

IOxaxo Xartopu

XasTo Macys

Kageopa epubosedenus u necrhoii Mukpobuonozuu,
Hayuno-ucciedosamenvckuil UHCIMUMym i1ecHo20 XO3SUCMBA U NECHbIX
npooykmos, Llykyoa, Hoapaku, Anonus
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A6xn Xamu Kamune ®apxana @atun

Tuxapy Hakamuma
Buicwas wkona 6uopecypcos, Yuusepcumem Mus, Ly,
Mus, Anonus

Pon Diaporthe Fuckel cogeput 00JbI110€ KOINYECTBO
BUJOB,  3apErUCTPUPOBAHHBIX  KaKk  MaTOICHBI,
canpoObl ¥ 3HA0(UTHI. XOTS K HACTOALIEMY BPEMEHU
3apeructpupoBaHo Oomnee 1200 Bumos Diaporthe,
B SIMOHMM 3aperuCTPUPOBAHBI TOJNBKO IATOTCHHBIC
mramMmmbel  pona  Diaporthe, KOTOpble  OCOOEHHO
MOPaKAIOT SKOHOMHYECKH BaXKHBIE pPacTeHHA. OTO
HCCIICIOBAaHUE YCICLUIHO BBIABWIIO pazHooOpasue
sHA0GUTHBIX BUAOB Diaporthe Ha Prunus sensu
lato (s.l.), INPOKO M3BECTHOM KaK JIEPEBO CAKypHl, U
no0aBuio 11Ba HOBBIX BHIAa Diaporthe K sIOHCKON
MukoOuore. B wuccnemoBaHMm  MCIONB30BAICA
MYyJABTWIOKYCHBI ~ MYJIBTWJIOKYCHBIM — aHaimu3 5
JIOKYyCOB, BKJIIOYas YacCTHYHBIC MOCIEIOBATECIBHOCTH
o0acTd BHYTPEHHETO TPAaHCKPHOMPYEMOro caiira
(ITS), daxropa onoHramuu TpaHcassuuu -anbga
(TEF), Oera-tyoymuaa (TUB), rucroma H3 (HIS)
n kanpmomynuHa ( CAL) renoB. Kpome ToroO,
MopdoIornyeckuii HabMoAEHNE TaKKe MPOBOAMIIOCH
IyTeM WHAYLHPOBaHUS CIIOPOOOPAa30BaHMS H30JIATOB
B HMCKYCCTBCHHBIX cpenax. B pesymerare Prunus s.l.
Hapsiny ¢ moarBepsxaeHueM paHee OTMEUCHHBIX B PO
BU0B Diaporthe MHTPOAYLIMPOBAHBI JIBa HOBBIX BUAA:
Diaporthe endoprunicola A.H. Yuxar u 10. Xarropu u
Diaporthe pseudoamygdali A H. Yuxar u 10. Xartopu.
Knrwouesvie cnoea: Diaporthaceae, mynomuioxkycHas
Qunocenusn,  HOBvle  MAKCOHbI,  CUCMEMAMUKA,
cucmemamuxa





