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ABSTRACT
Paramicrosphaeropsis L.W.Hou, L.Cai & Crous is a monophyletic taxon in Didymellaceae and includes
two species to date. In a survey on microsphaeropsis-like fungi associated with Zagrosian forest trees
in Iran, four new Paramicrosphaeropsis species were identified and described including 2 amygdalus
M.Mehrabi-Koushki, S.Artand, K.D.Hyde & Jayaward., sp. nov. from Amygdalus scoparia Spach.,
P pistacicola M.Mehrabi-Koushki, S.Artand, K.D.Hyde & Jayaward., sp. nov. from Pistacia spp.,
P salandica M .Mehrabi-Koushki, S.Artand, K.D.Hyde & Jayaward., sp. nov. from Crataegus sp.,
Nerium oleander L., Quercus brantii Lindl. and Ziziphus sp., and P zagrosensis M.Mehrabi-Koushki,
S.Artand, K.D.Hyde & Jayaward., sp. nov. from Crataegus sp. and Quercus brantii. Phylogenetic
analyses based on a combination of four genomic regions, including the partial nuclear 28S riboso-
mal DNA (LSU), internal transcribed spacer regions 1 and 2 including the intervening 5.8S nuclear
ribosomal DNA (ITS), partial f-tubulin (##62) and RNA polymerase II second largest subunit
(rpb2), are provided to clarify the phylogenetic affinities of the new species and other taxa within
the Microsphaeropsis complex. In addition, a new genus Heteromicrosphaeropsis M.Mehrabi-Koushki,
K.D.Hyde & Jayaward., gen. nov. and five new combinations are introduced. The new combinations
KEY WORDS are Heteromicrosphaeropsis ononidicola (Thambug., Camporesi & K.D.Hyde) M.Mehrabi-Koushki,
Di dymellag: 12: K.D.Hyde & Jayaward., comb. nov., Mz’cmsph-ﬂt"ropsis eytisi (W.J.Li & K.D.Hyde) M.Mehrabi-Koushki,
morphology, K.D.Hyde & Jayaward., comb. nov., M. cytisicola (Wanas., Camporesi, E.B.G.Jones & K.D.Hyde)
multilocus phylogeny, M.Mehrabi-Koushki, K.D.Hyde & Jayaward., comb. nov., M. cytisinus (Tennakoon, Camporesi &
new combinations, K.D.Hyde) M.Mechrabi-Koushki, K.D.Hyde & Jayaward., comb. nov. and M. minima (W.J.Li &

new species,

new genus. K.D.Hyde) M.Mehrabi-Koushki, K.D.Hyde & Jayaward., comb. nov.
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RESUME

Révision du complexe Microsphaeropsis avec [ajout de quatre nouvelles espéces de Paramicrosphaeropsis
L. W.Hou, L.Cai & Crous provenant d'arbres de la forét zagrosienne en Iran.

Paramicrosphaeropsis L.W.Hou, L.Cai & Crous est un taxon monophylétique de la famille des Didymella-
ceae et comprend, 2 ce jour, deux espéces. Lors d’une étude sur les champignons de type Microsphaerapsis
associés aux arbres de la forét zagrosienne en Iran, quatre nouvelles espéces de Paramicrosphaeropsis ont
été identifiées et décrites, dont P amygdalus M.Mehrabi-Koushki, S.Artand, K.D.Hyde & Jayaward.,
sp. nov. d’ Amygdalus scoparia Spach., P pistacicola M.Mehrabi-Koushki, S.Artand, K.D.Hyde & Jaya-
ward., sp. nov. de Pistacia spp., P salandica M .Mehrabi-Koushki, S.Artand, K.D.Hyde & Jayaward.,
sp. nov. de Crataegus sp., Nerium oleander L., Quercus brantii Lindl. et Ziziphus sp., et P zagrosensis
M.Mehrabi-Koushki, S.Artand, K.D.Hyde & Jayaward., sp. nov. de Crataegus sp. et Quercus brantii.
Des analyses phylogénétiques basées sur une combinaison de quatre régions génomiques, incluant
’ADN ribosomal 28S nucléaire partiel (LSU), les régions intercalaires transcrites internes 1 et 2
comprenant TADN ribosomal nucléaire 5.8S intermédiaire (ITS), la f-tubuline partielle (#162) et
la deuxi¢me plus grande sous-unité de TARN polymérase II (rp62), sont fournies pour clarifier les
affinités entre nouvelles espéces et autres taxons du complexe Microsphaeropsis. En outre, un nouveau
genre Heteromicrosphaeropsis M.Mehrabi-Koushki, K.D.Hyde & Jayaward., gen. nov. et cinq nouvelles
combinaisons sont introduits. Les nouvelles combinaisons sont Hezeromicrosphaeropsis ononidicola
(Thambug., Camporesi & K.D.Hyde) M.Mehrabi-Koushki, K.D.Hyde & Jayaward., comb. nov.,
Microsphaeropsis cytisi (W.].Li & K.D.Hyde) M.Mehrabi-Koushki, K.D.Hyde & Jayaward., comb. nov.,
M. cytisicola (Wanas., Camporesi, E.B.G.Jones & K.D.Hyde) M.Mehrabi-Koushki, K.D.Hyde &
Jayaward., comb. nov., M. cytisinus (Tennakoon, Camporesi & K.D.Hyde) M.Mehrabi-Koushki,
K.D.Hyde & Jayaward., comb. nov. et M. minima (W.J.Li & K.D.Hyde) M.Mehrabi-Koushki,

genre nouveau.

INTRODUCTION

The Zagros mountain forest steppe, with an area of about
six million hectares (3.5% of Iran) is a broadleaf and mixed
forests ecoregion in western Asia and extends along the Zagros
mountains, stretching primarily in Iran, ranging northwest
to southeast and roughly paralleling the Iran’s western border
(eastern Turkey and northern Iraq). These regions consti-
tute 40% of the Iran’s forested areas and are stretching over
12 provinces. The mountains of Segaryoo and Saland-Kooh
in Dezful (Khuzestan Province), and Zaz and Mahroo in
Aligudarz (Lorestan Province) are a very small part of these
forests in Iran. These forested areas are home to many tree
species including, hawthorn (Crataegus sp.), khinjuk (Pistacia
khinjuk Stocks), Persian oak (Quercus brantii Lindl.), olean-
der (Nerium oleander 1.), turpentine tree (Pistacia atlantica
Dest.), and wild almond (Amygdalus scoparia Spach.). Due
to the predominance of oak trees in the mentioned areas,
these forests have also been called oak forests. According
to the literature, these forest trees were reported to be hosts
for a large number of pathogenic and non-pathogenic fungi
(Ershad 2009; Farr & Rossman 2021). In recent years, dif-
ferent symptoms including the leaf spot, charcoal rot, stem
necrosis, canker, and dead twigs and branches of trees have
frequently been observed, especially in those which are under
drought stress (Ershad 2002, 2009; Fotouhifar ez a/. 2010;
Pirnia ez /. 2012; Rostamian et a/. 2016; Shamsi ez 2/. 2019).
The identification of fungi growing within these trees is a
first step toward understanding the ecology of plant-fungus
associations in forest trees.
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K.D.Hyde & Jayaward., comb. nov.

Microsphaeropsis Hohn. was introduced by Hohnel (1917)
and is known as a polyphyletic genus with 60 species epithets
in GenBank (https://www.ncbi.nlm.nih.gov). This genus was
originally placed in Montagnulaceae (Hohnel 1917), and then
reclassified in the Phaeosphaeriacea (Barr 1987) and Didymel-
laceae (Barr 1987; de Gruyter ez al. 2009, 2013; Aveskamp ez al.
2010; Hyde ez al. 2013). In a comprehensive molecular study on
phoma-like taxa, two representative species of Microsphaeropsis,
including M. olivacea (Bonord.) Hohn and M. proteae (Crous &
Denman) Crous & Denman, grouped phylogenetically in a
different lineage basal to the Didymellaceae, for which a new
family Microsphaeropsidaceae was introduced (Chen ez a/.
2015). Subsequently, Thambugala ez a/. (2017) identified the
microsphaeropsis-like fungi isolated from Zzmarix species based
on morphological characters and analyses of gene sequence data.
In this study, microsphaeropsis-like strains clustered in a single
lineage within Didymellaceae, distinct from the family Micro-
sphaeropsidaceae. Accordingly, the genus Neomicrosphaeropsis
Thambugala, Camporesi & K.D.Hyde was established by
Thambugala ez al. (2017) to accommodate the type species,
N. italica Thambugala, Camporesi & K.D. Hyde, and three
other species including V. novorossica Thambugala, Bulgakov &
K.D.Hyde, N. rossica Thambugala, Bulgakov & K.D.Hyde, and
N. tamaricicola (Wanas., Camporesi, E.B.G.Jones & K.D.Hyde)
Thambugala, Wanasinghe & K.D.Hyde (synonym: Phoma tama-
ricicola). Lately, further species of Neomicrosphaeropsis were newly
introduced and described including V. albagi-pseudalhagi Wanas.,
Gafforov & K.D.Hyde (Wanasinghe ez al. 2018), . cytisicola
Wanas., Camporesi, E.B.G.Jones & K.D.Hyde (Wanasinghe
et al. 2018), N. elaeagni Wanas., Bulgakov, E.B.G.Jones &
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K.D.Hyde (Wanasinghe ez al. 2018), N. juglandis D .Pem, Selcuk,
Jeewon & K.D.Hyde (Pem et al. 2020), and N. minima W.].Li,
Camporesi & K.D.Hyde (Hyde ez 2/. 2016).

Moreover, the generic circumscription of Microsphaerop-
sis and Neomicrosphaeropsis were further emended to reveal
more natural evolutionary relationships (Hou ez al. 2020;
Crous et al. 2021). As other taxa in Didymellaceae, molecular
phylogenetic analysis based on DNA sequences of the same
non-linked loci, including the internal transcribed spacers 1
and 2 with the intervening 5.8S nuclear ribosomal DNA
(ITS), partial nuclear 28S ribosomal DNA (LSU), part of
the B-tubulin gene (#162), and partial RNA polymerase 11
second largest subunit (7p62), led to an elucidation of the in-
group and out-group taxa of Microsphaeropsis and Neomicro-
sphaeropsis (Hou et al. 2020; Crous ez al. 2021). Subsequent to
these revisions, two additional genera were introduced in the
Microsphaeropsis complex within the Didymellaceae, namely
Paramicrosphaeropsis LW. Hou, L.Cai & Crous (Hou ez al.
2020) and Nothomicrosphaeropsis Crous (Crous et al. 2021).

Hou ez al. (2020) reclassified the members of Microsphaeropsis
complex by including more taxa in the phylogenetic analyses.
In this study, Microsphaeropsis and Neomicrosphaeropsis species
accommodated inside the Didymellaceae, closely related to
new genus Paramicrosphaeropsis. Therefore, the family Micro-
sphaeropsidaceae was not accepted and reduced to synonym
of Didymellaceae (Hou ez al. 2020). Recently, a novel genus
Nothomicrosphaeropsis was introduced with the description of
N. welwitschiae Crous as the type species (Crous et al. 2021).

Paramicrosphaeropsis was first introduced, with the descrip-
tion of the species P. ellipsoidea L. .Hou, L.Cai & Crous
as the type (Hou ez al. 2020). Very recently another species,
P iranica S.A.Ahmadp., M. Mehrabi-Koushki, Farokhinejad &
Asgari, has been assigned to this genus (Ahmadpour ez 4/. 2022).
Paramicrosphaeropsis is characterized by globose to subglobose
pycnidia with hyaline and thin pseudoparenchymatous walls,
and a thin-walled, smooth, aseptate young conidia (Hou ez al.
2020). Paramicrosphaeropsis and two previously related genera,
including Microsphaeropsis and Neomicrosphaeropsis formed a
well-supported lineage, distinct from other known genera of
Didymellaceae (Hou ez 4/. 2020). The members of this lineage
show some consistent morphological characteristics including
globose to subglobose pycnidia, hyaline conidiogenous cells,
and hyaline conidia that become brownish with age (Chen
et al. 2015; Hou et al. 2020).

Up to date, the Microsphaeropsis complex included only four
genera mentioned above, across a wide range host around the
world. Most species of this complex are reported as endophytes,
saprobes, and pathogens of terrestrial plants (Thambugala
et al. 2017; Espargham er al. 2020; Hou ez al. 2020; Pem
et al. 2020; Farr & Rossman 2021; Ahmadpour ez al. 2022).
Some species are known as opportunistic human pathogens
(Guarro et al. 1999; Reppas ez al. 2015).

This study aimed to identify the microsphaeropsis-like fungi
associated with various trees growing in a small area of Zagros
forests located in Khuzestan and Lorestan Province in Iran, through
phylogenetic analyses combined with morphology. A new genus,
four new species and five combinations are herein introduced.

CRYPTOGAMIE, MYCOLOGIE « 2022 - 43 (7)
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MATERIAL AND METHODS

SAMPLING AREA AND FUNGAL ISOLATION

The study region was a very small area of Zagros forests located
in Segaryoo and Saland-Kooh (Dezful, Khuzestan Province),
and Zaz and Mahroo (Aligudarz, Lorestan Province) in Iran.
During 2020-2021, 30 symptomatic samples from leaves,
stems, fruits and/or branches of trees and shrubs were collected
in paper bags and processed for fungal isolation. The plants
sampled were hawthorn (showing stem canker and fruit rot),
khinjuk (showing leaf spot), Persian oak (showing leaf spot
and stem canker and necrosis), oleander (showing leaf spot),
turpentine tree (showing leaf spot and stem canker), and wild
almond (showing stem canker and necrosis).

Fungal isolation was performed as described by Safi ez al.
(2020). Small pieces (0.2-0.6 cm) from samples excised from
healthy and symptomatic margins were surface-sterilized with
1% sodium hypochlorite for two-four minutes and were then
rinsed three times with sterile distilled water. Surface-sterilized
pieces were dried on sterile filter paper and plated onto potato
dextrose agar medium (PDA; potato extract 200-400 gL-1,
sucrose 10 gl-1, agar 12 gl-1, streptomycin 30 mgL*l). The
petri plates were incubated at 25°C for two-five days. Pycnidia-
producing colonies of Paramicrosphaeropsis were subcultured
on separate plates. The pure cultures of Paramicrosphaeropsis
isolates were prepared by single spore isolation (Larki eza/l. 2019).

Holotypes of new species were transferred for permanent
storage to the Herbarium Ministerii Iranici Agriculturae,
Iranian Research Institute of Plant Protection, Tehran, Iran.
The living cultures of ex-type strains are deposited in the Ira-
nian Fungal Culture Collection, Iranian Research Institute
of Plant Protection, Tehran, Iran and Collection of Fungal
Cultures, Department of Plant Protection, Shahid Chamran
University of Ahvaz, Iran (Table 1).

GROWTH AND MORPHOLOGIC STUDIES

Morphology of fungal structures was determined from cultures
grown on PDA and oatmeal agar (OA, oatmeal 30-60 gL-1,
agar 12 gl-1) at 25°C with 12 hours alteration of dark and
light for 8-20 days. Circular agar plugs of 0.5 cm from the
active-growing edge of the colony of each isolate was separately
transferred into the center of Petri plates containing PDA and
OA (three replicates for each medium). The diameter of each
colony on PDA and OA was measured in two perpendicular
directions after eight days of incubation at 25°C and 30°C in
darkness. The data obtained from three replicates were used to
estimate the average colony growth rate. Pycnidia were removed
from the culture of each isolate using a dissecting forcep and
mounted on a slide in in a drop of lactophenol or lactophenol
cotton blue, followed by observing through 40x and 100x
objective lens of a Leitz Wetzlar (SM-LUX) Basic Biological
Light Microscope. At least, fifteen measurements were made
from each fungal structure (pycnidia, conidiogenous cells, and
conidia) and expressed as a maximum and minimum range,
mean, standard deviation (S.D.) and 95% confidence intervals.
Photomicrographs were obtained with an OLYMPUS DP12
digital camera coupled to an OLYMPUS BX51 microscope.

161



» Artand S. et al.

TaBLE 1. — Strains used in phylogenetic analysis and their GenBank accession numbers. Generated sequences are indicated in bold. T letter indicates ex-type
cultures. Abbreviations: CBS, Central Bureau of Fungal Cultures, Utrecht, The Netherlands; CPC, Culture collection of Pedro Crous, housed at CBS; IRAN, Ira-
nian Fungal Culture Collection, Iranian Research Institute of Plant Protection, Iran; MFLUCC, Mae Fah Luang University Culture Collection, Chiang Rai, Thailand;
SCUA, the Collection of Fungal Cultures, Department of Plant Protection, Shahid Chamran University of Ahvaz, Iran.

GenBank accession numbers

Species name Strains name Isolation source Origin LSuU ITS tub2 rpb2
Heteromicrosphaeropsis ononidicola MFLUCC 15-0459T Ononis spinosa Italy MG967668 MG967670 MG973087 -
comb. nov.

Microsphaeropsis cytisicola comb. nov. MFLUCC 18-0355T7 Cytisus sp. Italy MH069671 MH069665 MH069690 MHO069683
M. cytisinus comb. nov. MFLUCC 16-0790T Cytisus sp. Italy KX611242  KX611243 - -

M. cytisi comb. nov. MFLUCC 13-03967 Verbascum sp. Italy KX572342  KX572337 - KX572355
M. fusca CBS 116669 Sarothamnus scoparius The Netherlands EU754170 MN973572 MT005675 MT018219
M. fusca CBS 116670 Sarothamnus scoparius The Netherlands MN943779 MN973573 MT005676 MTO018220
M. hellebori CBS 569.82 - Belgium MH873273 MH861529 - -

M. minima comb. nov. MFLUCC 13-0394T Cytisus sp. Italy KX572341  KX572336 - -

M. olivacea CBS 233.77 Pinus nigra subsp. laricioFrance GU237988 GU237803 GU237549 KT389643
M. olivacea CBS 320.76 - France MH872752 MH860982 GU237549 MT018214
M. proteae CBS 111303 Protea nitida South Africa JN712561  JN712495 MTO005677 MT018221
M. proteae CBS 1113197 Protea nitida South Africa JN712563  JUN712497 MT005679 MT018223
M. spartii-juncei MFLU 16-0097 Spartium junceum Italy MH069669 MH069663 MH069688 MH069681
M. spartii-juncei MFLU 16-01007 Spartium junceum Italy MH069668 NR160346 MH069687 MH069680
M. taxicola CBS 442.837 Taxus baccata The Netherlands EU754171 GU237865 GU237547 MT018211
M. viridis CBS 432.71T Sarothamnus sp. The Netherlands JX681102 MH871969 GU237548 MT018209
M. viridis CBS 639.80 Abies alba Germany MH873066 MH861301 MT005667 MT018208
Neomicrosphaeropsis alhagi-pseudalhagi MFLUCC 17-0825T7 Alhagi pseudoalhagi Uzbekistan MH069670 MH069664 MH069689 MH069682
N. elaeagni MFLUCC 16-2389 Elaeagnus angustifolia  Russia MH069672 MH069666 MH069691 MH069684
N. italica MFLUCC 16-0284  Tamarix sp. Italy KU900296 KU900321 KX453299 KU714604
N. juglandis MFLU17-0517 Juglans regia Turkey MN244206 MN244223 MN871954 MN593307
N. novorossica MFLUCC 14-0578T Tamarix ramosissima Russia KX198710  KX198709 - -

N. rossica MFLUCC 14-0586T7 Tamarix ramosissima Russia KU729855 KU752192 - -

N. tamaricicola MFLUCC 14-0602T Tamarix gallica Italy KM408754 KM408753 MH069692 MH069685
Nothomicrosphaeropsis welwitschiae CPC 388797 Welwitschia mirabilis Namibia MW883826 MW883434 MW890138 MW890067
Paramicrosphaeropsis amygdalus SCUA-Ar-KS3-3T  Amygdalus scoparia Iran MZ746125 MZ746101 MZ747174 MZ747195
P. amygdalus sp. nov. SCUA-Ar-S6A Unknown plant Iran MZ746127 MZ746103 MZ747176 MZ747197
P. amygdalus sp. nov. SCUA-Ar-SB2A Amygdalus scoparia Iran MZ746126 MZ746102 MZ747175 MZ747196
P, ellipsoidea CBS 194.977 Quercus ilex Spain MN943781 NR170791 MT005681 MT018225
P, ellipsoidea CBS 197.97 Quercus ilex Spain MN943780 MN973574 MT005680 MT018224
P, iranica IRAN 2929C Quercus brantii Iran OK257024 OK257016 OK247743 0OK247737
P iranica SCUA-Ah-B Quercus brantii Iran OK257025 OK257017 OK247744 OK247738
P, pistacicola sp. nov. SCUA-Ar-SK11AT  Pistacia khinjuk Iran MZ746135 MZ746111 MZ747183 MZ747205
P, pistacicola sp. nov. SCUA-Ar-SK1D Pistacia atlantica Iran MZ746136 MZ746112 MZ747184 MZ747206
P, salandica sp. nov. SCUA-Ar-S4D1 Ziziphus sp. Iran MZ746131 MZ746107 MZ747179 MZ747201
P, salandica sp. nov. SCUA-Ar-S4D2 Ziziphus sp. Iran MZ746134 MZ746110 MZ747182 MZ747204
P, salandica sp. nov. SCUA-Ar-S9C2 Unknown plant Iran MZ746129 MZ746105 MZ747177 MZ747199
P, salandica sp. nov. SCUA-Ar-SB5A Quercus brantii Iran MZ746133 MZ746109 MZ747181 MZ747203
P, salandica sp. nov. SCUA-Ar-SKH13B  Nerium oleander Iran MZ746130 MZ746106 MZ747178 MZ747200
P, salandica sp. nov. SCUA-Ar-SZ8C2T  Crataegus sp. Iran MZ746132 MZ746108 MZ747180 MZ747202
P, zagrosensis sp. nov. SCUA-Ar-B10AT Quercus brantii Iran MZ746123 MZ746099 MZ747172 MZ747193
P, zagrosensis sp. nov. SCUA-Ar-Z1B Crataegus sp. Iran MZ746124 MZ746100 MZ747173 MZ747194
Pseudoascochyta novae-zelandiae CBS 141689 - New Zealand LT592893 LT592892 LT592894 LT592895
P, pratensis CBS 141688 - - NG069490 NR158273 LT223132 LT223133
Vacuiphoma ferulae CBS 353.71 Ferula communis Italy MN943759 MN973552 MT005655 MT018196

DNA EXTRACTION AND AMPLIFICATION

The fungal biomass of each strain grown on PDA at 25°C
in the dark for 10-12 days was collected using a sterile glass
slide and powdered in a mortar containing liquid nitrogen.
Total genomic DNA was extracted from Paramicrosphaeropsis
isolates as described by Raeder & Broda (1985), with some
optimization (Ahmadpour ez al. 2017).

Samples of DNA were qualified and quantified by loading
on agarose gel together with known amounts of 100 bp Plus
ladder (SinaClon, Iran). The primers ITS1 and NL4 (White
etal. 1990; O’Donnell 1993) were used for the amplification
and sequencing of the ITS and LSU (D1 + D2) regions; primers
B#ub2Fd and T2 (O’Donnell & Cigelnik 1997; Woudenberg
et al. 2009) were used to amplify and sequence a fragment of
partial #62; and primers RPB2-5F2 and fRPB2-7¢cR (Liu ez al.
1999; Sung ez al. 2007) were used to amplify and sequence a
fragment of the 7p42. The PCR mixture contained 1x PCR
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Buffer (GenetBio, South Korea), 3 pl of genomic DNA
(20 ng), 1.2 pl of each primer (10 pM), 1.2 pl of INTP mix
(2.5 mM of each ANTP), 2.4 pl of MgCl, (25 mM), three
units of Prime Tag DNA polymerase (GenetBio, South Korea)
and DNase free milii-Q water up to final volume (30 pl).
The thermal cycle of PCR was performed in a M] Mini™
Gradient Thermal Cycler and consisted of an initial denatura-
tion step at 94°C for three minutes; 35 cycles of 30 seconds
at 94°C for denaturation, 30 seconds at 54°C (ITS-LSU) or
56°C (rub2 and rpb2) for annealing, and 70 seconds at 72°C
for extension; and five minutes at 72°C for the final extension.

SEQUENCING AND PHYLOGENETIC ANALYSES
The ITS-LSU and 762 products were directly sequenced in in
forward and reverse directions. The 7pb2 products were sepa-

rated by electrophoresis in 1% agarose gels in 1.0x Tris-acetic
acid-EDTA (TAE) buffer, stained with a commercial DNA
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Fic. 1. — The ML phylogenetic tree obtained from the combined LSU-ITS, tub2 and rpb2 sequence data of strains belonging to the Microsphaeropsis complex.
The tree was rooted to Vacuiphoma ferulae L.W.Hou, L.Cai & Crous. Taxa retrieved or reclassified newly are shown with red dots. Bootstrap values obtained in
maximum likelihood (ML) and maximum parsimony (MP) analyses > 0.50% and Bayesian posterior probability values (BYPP) = 0.90% are shown at the nodes,
respectively. The scale bar shows the expected number of changes per site. T letter indicates type strains.

safe stain (SinaClon, Iran) and visualized under a UV tran-
silluminator. The PCR products of the expected size were
excised and purified with the GF-1 AmbiClean Kit (Vivantis,
Malaysia), followed by sequencing in both directions. The final
sequences of each region were analyzed with BioEditv.7.0.9.0
(Hall 1999) and DNA Baser Sequence Assembler v4 (2013,

Heracle BioSoft, www.DnaBaser.com). New sequences were
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deposited in GenBank (Table 1). Sequences of the type strains
used in the phylogenetic analyses were retrieved from GenBank
(Table 1). The tree was rooted with Vacuiphoma ferulae (Pat.)
L.W.Hou, L.Cai & Crous. Single-locus alignments were made
using Clustal W in BioEdit v.7.0.9.0 and refined manually
where necessary. Initial phylogenetic relationships within
Paramicrosphaeropsis and allied genera were obtained using
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phylogenetic analyses based on sequence data of each loci.
Maximum likelihood (ML) phylogenetic analyses of DNA
sequence data were performed with raxmlGUI 2.0 beta (Edler
eral. 2020) and maximum parsimony analysis with MEGA 7
(Kumar ez /. 2016). In ML analyses, a general time reversible
model of evolution was used with a gamma-distributed rate
variation and invariant sites (GTR + G + I) and thorough
bootstrapping with 1000 replicates (MLBS). Bayesian infer-
ence analyses (BI) of concatenated alignment were done using
the Markov chain Monte Carlo method with MrBayes v.3.2.6
(Ronquist ez /. 2012). The best nucleotide substitution model
for each region was estimated by jModelTest 2 (Darriba ez a/.
2012), and models were selected according to the lowest Akaike
Information Criterion (AIC). The GTR + I + G model of
evolution was used for I'TS and 62 regions, GTR for LSU,
and SYM + G for 7pb2. The BI analysis was performed with
two simultaneous runs of ten millions generation, sampling
every 1000 generations, discarding 25% of the first trees for
calculating posterior probability values (BPP), and the standard
deviation below 0.01. Single-locus and combined alignments
were deposited in TreeBASE (http:/Avww.treebase.org/) under
accession number TB2: S28882.

RESULTS

We studied the species of the Microsphaeropsis complex in
literature review of Didymellaceae and found that our strains
represent four new species within the genus Paramicrosphaerop-
sis. The new species are identified and described based on
four-locus phylogenetic analyses and morphology herein. In
addition, a new genus and five combinations are introduced.

DNA ANALYSES AND PHYLOGENY

Concatenated alignment used in the phylogenetic analyses
contained 156 sequences from 42 ingroup taxa (strains of
Heteromicrosphaeropsis M.Mehrabi-Koushki, K.D.Hyde &
Jayaward., gen. nov., Microsphaeropsis, Neomicrosphaerop-
sis, Nothomicrosphaeropsis and Paramicrosphaeropsis) and
four sequences from the outgroup (Table 1). This combined
dataset was composed of 1655 nucleotide sites including gaps
(LSU: 521 bp; ITS: 431 bp; tub2: 265 bp; rpb2: 438 bp). Of
those 1428 sites are constant (LSU: 514 bp; I'TS: 405 bp;
tub2: 192 bp; rpb2: 317 bp), 47 variable sites are parsimony-
uninformative (LSU: 2 bp; ITS: 11 bp; tub2: 20 bp; rpb2:
14 bp) and 175 variable sites are parsimony-informative
(LSU: 5 bp; ITS: 11 bp; mub2: 52 bp; rpb2: 107 bp). The
ML phylogenetic tree showed an overall similar topology
with those obtained in the BI and MP analysis (Fig. 1).
In the phylogenetic tree (Fig. 1), all microsphaeropsis-like
strains were grouped in five moderately-supported line-
ages including Microsphaeropsis (MPBS 50%, BPP 0.91),
Neomicrosphaeropsis (MLBS 66%, MPBS 71%, BPP 0.98),
Paramicrosphaeropsis (MLBS 61%, MPBS 64%, BPP 0.90),
and two monotypic lineages including Nothomicrosphaeropsis
and new genus Heteromicrosphaeropsis M.Mehrabi-Koushki,
K.D.Hyde & Jayaward., gen. nov. In our phylogenetic
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analyses based on combined LSU, ITS, b2 and rpb2
sequence (Fig. 1), all strains isolated in this study clustered
with Paramicrosphaeropsis lineage and delimited in four
monophyletic, well-supported clades distinct from two
previously known species of Paramicrosphaeropsis, including
P amygdalus M.Mehrabi-Koushki, S.Artand, K.D.Hyde &
Jayaward., sp. nov. (MLBS 99%, MPBS 100%, BPP 1.0),
P, pistacicola M.Mehrabi-Koushki, S.Artand, K.D.Hyde &
Jayaward., sp. nov. (MLBS 100%, MPBS 98%, BPP 1.0),
P salandica M .Mehrabi-Koushki, S.Artand, K.D.Hyde &
Jayaward., sp. nov. (MLBS 99%, MPBS 99%, BPP 1.0), and
P, zagrosensis M.Mehrabi-Koushki, S.Artand, K.D.Hyde &
Jayaward., sp. nov. (MLBS 99%, MPBS 99%, BPP 1.0). In
the multilocus phylogenetic tree (Fig. 1), Neomicrosphaerop-
sis cytisi W.].Li & K.D.Hyde, Neomicrosphaeropsis cytisicola
Woanas., Camporesi, E.B.G.Jones & K.D.Hyde, Neomicro-
sphaeropsis cytisinus Tennakoon, Camporesi s& K.D.Hyde,
and Neomicrosphaeropsis minima W.J.Li & K.D.Hyde grouped
with Microsphaeropsis lineage. Hence, we transferred them
to Microsphaeropsis.

Family DIDYMELLACEAE Gruyter, Aveskamp & Verkley

Genus Heteromicrosphaeropsis

M.Mehrabi-Koushki, K.D.Hyde & Jayaward., gen. nov.

TYPE SPECIES. — Heteromicrosphaeropsis ononidicola (Thambug.,
Camporesi & K.D.Hyde) M.Mehrabi-Koushki, K.D.Hyde &
Jayaward.

ETYMOLOGY. — The name refers to Microsphaeropsis which is mor-
phologically similar but phylogenetically different.

MyCOBANK. — MB 841486.

DESCRIPTION

Conidiomata pycnidial, immersed or erumpent, globose to
subglobose, solitary or confluent, uni- to bi-loculate, ostio-
late. Pycnidial wall of light to dark brown rextura angularis.
Conidiogenous cells phialidic, hyaline, cylindrical, discrete
or integrated. Conidia thin- and smooth-walled, hyaline to
yellowish brown, aseptate, obovoid to ellipsoidal, straight,
and sometimes guttulate.

Heteromicrosphaeropsis ononidicola
(Thambug., Camporesi & K.D.Hyde)
M.Mehrabi-Koushki, K.D.Hyde & Jayaward., comb. nov.

Microsphaeropsis ononidicola Thambug., Camporesi & K.D.Hyde,
Current Research in Environmental & Applied Mycology 8: 220
(Thambugala ez a/. 2018).

MyCOBANK. — MB 841491.

DESCRIPTION
See Thambugala ez al. (2018).
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NOTES

Microsphaeropsis ononidicola was introduced with the description
of a saprobic strain (MFLUCC 15-0459) isolated from dead
aerial stems of Ononis spinosa L. (Fabaceae) in Italy (Thambu-
gala ez al. 2018). In the phylogenetic analyses of the present
study (Fig. 1), this species is distant from the Microsphaeropsis
lineage and other genera in the Microsphaeropsis complex.
Therefore, a new genus Heteromicrosphaeropsis M.Mehrabi-
Koushki, K.D.Hyde & Jayaward., gen. nov. is introduced to
accommodate this species. Nucleotide comparison of Hetero-
microsphaerapsis M.Mehrabi-Koushki, K.D.Hyde & Jayaward.,
gen. nov. with Microsphaeropsis species revealed a difference
of 0.6% (3/521 bp) in the LSU region, 2.6% (11/431 bp)
in the ITS and 11% (22/198 bp) in the mb2. However, this
new genus is morphologically similar to Microsphaeropsis but
phylogenetically different.

Genus Microsphaeropsis Hohn.

Hedwigia 59: 267 (Hohnel 1917).

NOTES

Microsphaeropsis was introduced by Hohnel (1917), with
M. olivacea (Bonord.) Hohn. as the type species. This genus is
characterised by immersed or erumpent, subglobose, solitary
or confluent, ostiolate pycnidia with a wall of textura angularis;
phialidic, hyaline, ampulliform to doliiform or subcylindri-
cal conidiogenous cells and a thin-walled, smooth or finely
roughened, 0-1-septate conidia (Chen ez a/. 2015).

Microsphaeropsis cytisi
(W.J.Li & K.D.Hyde)
M.Mehrabi-Koushki, K.D.Hyde & Jayaward., comb. nov.

Neomicrosphaeropsis cytisi W.J.Li & K.D.Hyde, Fungal Diversity
80: 38 (Hyde ez al. 2016).

MyCcOBANK. — MB 841487.

DESCRIPTION
See Hyde et al. (2016).

NOTES

Hyde et al. (2016) introduced Neomicrosphaeropsis cytisi
for a saprobic fungus isolated from dead stem of Cytisus sp.
(Fabaceae) in Italy. The analyses of combined LSU, ITS,
tub2 and rpb2 sequence data for the Microsphaeropsis com-
plex revealed that the type strain of Neomicrosphaeropsis
eytisi IMFLUCC 13-0396) clustered within Microsphaeropsis
lineage (Fig. 1). Therefore, we transfer Neomicrosphaeropsis
cytisi to Microsphaeropsis. Nucleotide comparison of Micro-
sphaeropsis cytisi (W.].Li & K.D.Hyde) M.Mehrabi-Koushki,
K.D.Hyde & Jayaward., comb. nov. with Neomicrosphaeropsis
species showed a difference of 0.6% (3/521 bp) in the LSU
region, 3% (13/431 bp) in the ITS and 10.5% (46/438 bp)
in the 7pb2.
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Microsphaeropsis cytisicola
(Wanas., Camporesi, E.B.G.Jones & K.D.Hyde)
M.Mehrabi-Koushki, K.D.Hyde & Jayaward., comb. nov.

Neomicrosphaerapsis cytisicola Wanas., Camporesi, E.B.G.Jones &
K.D.Hyde, Studies in Fungi 3 (1): 169 (Wanasinghe ez a/l. 2018).

MyCOBANK. — MB 841488.

DESCRIPTION
See Wanasinghe e a/. (2018).

NOTES

Neomicrosphaeropsis cytisicola was firstly isolated from dead
aerial branches of Cysisus sp. (Fabaceae) in Italy and described
by Wanasinghe ez a/. (2018) as a saprobic fungus. According to
its position on the phylogenetic tree (Fig. 1) and SNP analy-
sis of four genomic regions, we transfer Neomicrosphaeropsis
cytisicola to Microsphaeropsis. Nucleotide comparison of
Microsphaeropsis cytisicola (Wanas., Camporesi, E.B.G.Jones &
K.D.Hyde) M.Mehrabi-Koushki, K.D.Hyde & Jayaward.,
comb. nov. with Neomicrosphaeropsis species showed a differ-
ence of 0.6% (3/521 bp) in the LSU region, 3% (13/431 bp)
in the ITS, 13.6% (36/265 bp) in b2 and 10% (44/438
bp) in the 7pb2.

Mz'cmsp/meropsis cytisinus
(Tennakoon, Camporesi & K.D.Hyde)
M.Mehrabi-Koushki, K.D.Hyde & Jayaward., comb. nov.

Neomicrosphaerapsis cytisinus Tennakoon, Camporesi & K.D.Hyde,
Fungal Diversity 80: 39 (Hyde ez al. 2016).

MyYCOBANK. — MB 841489.

DESCRIPTION
See Hyde ez al. (2016).

NOTES

Neomicrosphaeropsis cytisinus was originally described from a
dead stem of Cytisus scoparius L. (Fabaceae) a saprobic fungus
in Italy (Hyde ez al. 2016). According to the phylogenetic
analyses in the present study (Fig. 1) and SNP analysis, this
species is transferred to Microsphaeropsis. Nucleotide compari-
son of M. cytisinus (Tennakoon, Camporesi & K.D.Hyde)
M.Mehrabi-Koushki, K.D.Hyde & Jayaward., comb. nov.
with Neomicrosphaeropsis species showed a difference of 0.6%
(3/521 bp) in the LSU region and 3% (13/431 bp) in the ITS.

Microsphaeropsis minima
(W.J.Li & K.D.Hyde)
M.Mehrabi-Koushki, K.D.Hyde & Jayaward., comb. nov.

Neomicrosphaeropsis minima W.J.Li & K.D.Hyde, Fungal Diversity
80: 39 (Hyde ez al. 2016).

MyCOBANK. — MB 841490.
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DESCRIPTION
See Hyde ez al. (2016).

NOTES

Hyde ez al. (2016) introduced Neomicrosphaeropsis minima as
a saprobic fungus isolated from dead stems of Verbascum sp.
(Scrophulariaceae) in Italy. In our analyses (Fig. 1), this
species is related to Microsphaeropsis and transferred to this
genus. SNP analysis of M. minima (W.]J.Li & K.D.Hyde)
M.Mehrabi-Koushki, K.D.Hyde & Jayaward., comb. nov.
with Neomicrosphaeropsis species showed a difference of
0.6% (3/521 bp) in the LSU region and 3% (13/431 bp)
in the ITS.

Genus Paramicrosphaeropsis L.W.Hou, L.Cai & Crous

Paramicrosphaeropsis amygdalus
M.Mehrabi-Koushki, S.Artand, K.D.Hyde & Jayaward.,
sp. nov.

(Fig. 2)

HOLOTYPE. — Iran. Khuzestan Province, Dezful, Shahiyoon (forest

mountains of Segeryoo), from stem canker of Amygdalus scoparia,
1.2019, S. Artand (holo-, IRAN[18146F]; ex-type living culture,
IRAN[4451C] = SCUA-Ar-KS3-3).

ADDITIONAL SPECIMENS EXAMINED. — Iran. Khuzestan Province,
Dezful, Sardasht (forest mountains of Saland-Kooh), from stem canker
of Amygdalus scoparia, 111.2021, S. Artand IRAN[4452C] = SCUA-
Ar-SB2A); from leaf spot of an unknown tree, I111.2021, S. Artand
(SCUA-Ar-SG6A).

ETYMOLOGY. — The name refers to the host genus Amygdalus L.
from which it was isolated.

MyYCOBANK. — MB 841492.

DESCRIPTION

Asexual morphology

Pycnidia scattered and irregular, solitary or aggregated, super-
ficial on the medium or in aerial mycelium, globose to sub-
globose, sometime with a short neck, covered with hyphal
outgrowths, usually inconspicuous ostiole, sometime with a
conspicuous ostiole, slightly papillate or non-papillate, brown
to dark brown with a paler wall, (107.2-)159.6-186.6(-268) x
(102.2-)144.1-166.4(-241.2) pm, (x + SD = 173.7 £ 6.7 x
155.6 £ 5.7 pm, n = 50). Pycnidial wall pseudoparenchyma-
tous, composed of isodiametric to elongated cells, 3-6 layers,
pale brown to brown, outer layers darker. Conidiogenous
cells phialidic, hyaline, smooth-walled, discrete, ampulliform
or doliiform. Conidia mostly ovoid to ellipsoidal but also
allantoid, or irregular in shape, pale brown to brown, straight
or curved, smooth- and thin-walled, guttulate, aseptate,
(3.7-)5.9-6.9(-10.5) x (3.2-)4.0-4.3(-5.8) pm, (x £ SD =
6.3+0.3 x4.2+0.1 pm, n = 50). Chlamydospores and swell-
ing cells not observed.

Sexual morphology
Not observed.
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CULTURE CHARACTERISTICS

Colonies on OA attaining 28-29 mm diam after eight days of
incubation at 25 + 0.5°C and 3-3.5 mm diam at 30 + 0.5°C,
circular with regular margin, floccose, initially white to pink-
ish white, with age becoming brownish grey with pale brown
centre and hyaline border, pycnidia scattered but most abun-
dant in the centre, reverse, dark brown with brown centre and
hyaline border. Colonies on PDA attaining 29-30 mm diam
after eight days of incubation at 25 + 0.5°C and 3-3.5 mm
diam at 30 + 0.5°C, circular with regular margin, floccose,
initially pale brown with dark centre, with age becoming
brown to dark brown with a cottony white centre; reverse
dark brown to black with paler centre.

NOTES

In the phylogenetic tree (Fig. 1), Paramicrosphaeropsis amygda-
lus M .Mehrabi-Koushki, S.Artand, K.D.Hyde & Jayaward.,
sp. nov. strains grouped together in a strongly supported
monophyletic clade (MLBS 99%, MPBS 100%, BPP 1.0),
closely related to the species P iranica and P. pistacicola
M.Mehrabi-Koushki, S.Artand, K.D.Hyde & Jayaward.,
sp. nov. Single nucleotide polymorphisms (SNP) analysis of
three regions showed that P. amygdalus M.Mehrabi-Koushki,
S.Artand, K.D.Hyde & Jayaward., sp. nov. and P. iranica
(P. pistacicola M.Mehrabi-Koushki, S.Artand, K.D.Hyde &
Jayaward., sp. nov.) had 1 (2) base pair difference across
431 nucleotides of the ITS region (0.25% and 0.5%), 4 (6)
different base pairs across 265 nucleotides of the 62 region
(1.5% and 2.3%), and a difference of 12 (8) base pairs
across 439 nucleotides of the 7p562 region (2.7% and 1.8%),
respectively. Paramicrosphaeropsis amygdalus M.Mehrabi-
Koushki, S.Artand, K.D.Hyde & Jayaward., sp. nov. is
closely related to P. pistacicola M .Mehrabi-Koushki, S.Artand,
K.D.Hyde & Jayaward., sp. nov. phylogenetically, but it
can be distinguished morphologically. Paramicrosphaeropsis
amygdalus M.Mehrabi-Koushki, S.Artand, K.D.Hyde &
Jayaward., sp. nov. differs from P. pistacicola in having larger
pycnidia (x = 173.7 x 155.6 pm versus X = 120.5 x 97.6 pm)
with a short neck in some of them, while P. pistacicola
M.Mehrabi-Koushki, S.Artand, K.D.Hyde & Jayaward.,
sp. nov. has smaller pycnida lacking neck. Pycnidial wall in
P. amygdalus M.Mehrabi-Koushki, S.Artand, K.D.Hyde &
Jayaward., sp. nov. is composed of pseudoparenchymatous
tissues which completely enclosed conidiomata, while pyc-
nidial wall of P. pistacicola M.Mehrabi-Koushki, S.Artand,
K.D.Hyde & Jayaward., sp. nov. is mostly prosenchymatous.

Paramicrosphaeropsis pistacicola
M.Mehrabi-Koushki, S.Artand, K.D.Hyde & Jayaward.,
sp. nov.

(Fig. 3)

HoLOTYPE. — Iran. Khuzestan Province, Dezful, Sardasht (forest
mountains of Saland-Kooh), from leaf spot of Pistacia khinjuk,
111.2021, S. Artand (holo-, IRAN[18145F]; ex-type cultures,
IRAN[4449C] = SCUA-Ar-SK11A).
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FiG. 2. — Paramicrosphaeropsis amygdalus M.Mehrabi-Koushki, S.Artand, K.D.Hyde & Jayaward., sp. nov. (holo-, IRAN[17595F]): A, B, eight-days colony on OA
(top and reverse); C, D, old colony on OA (top and reverse); E, F, old colony on PDA (top and reverse); G-1, pycnidia; J, pycnidium extruding conidia; K, pycnidal
wall; L, conidiogenous cells; M, conidia. Scale bars: G, 500 pm; H, 200 pm; I, 105 pm; J, 50 ym; K-M, 20 pm.

ADDITIONAL SPECIMEN EXAMINED. — Iran. Khuzestan Province,  ETYMOLOGY. — The name refers to the host genus Pistacia L. from
Dezful, Sardasht (forest mountains of Saland-Kooh), from leaf ~ which it was isolated.

spot of Pistacia atlantica, 111.2021, S. Artand (IRAN[4450C] =

SCUA-Ar-SK1D). MyCOBANK. — MB 841493.
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DESCRIPTION

Asexual morphology

Pycnidia scattered and irregular, mostly solitary, sometimes
confluent, superficial on the medium or in aerial mycelium,
globose to subglobose, occasionally flask-shaped, glabrous or
covered with some hyphal outgrowths, with inconspicuous
ostiole, rarely with a conspicuous ostiole, brown to dark brown
with a paler wall, (78-)113.2-127(-208) x (53.6-)91.3-103.9
(-187.6) pm, (x £ SD = 120.5 £ 3.5 x 97.6 £ 3.1 pm, n = 50).
Pycnidial wall prosenchymatous and pseudoparenchymatous,
composed of branched hyphae and elongated cells, 3-12 lay-
ers, sometimes wall layers do not completely enclose conidi-
omata and the conidia can be seen through hyphal network,
pale brown to brown. Conidiogenous cells phialidic, hyaline,
smooth-walled, discrete, globose to subglobose. Conidia mostly
subglobose to ellipsoidal but also ovoid, obpyriform or irregu-
lar in shape, pale brown to brown, straight or slightly curved,
smooth- and thin-walled, guttulate, aseptate, (4.2-)5.5-6.2
(-8.4) x (3.2-)3.9-4.2(-5.3) pm, (x + SD =5.8 £+ 0.2 x 4.1 £
0.1 pm, n = 50). Chlamydospores and swelling cells not
observed.

Sexual morphology
Not observed.

CULTURE CHARACTERISTICS

Colonies on OA attaining 30-33 mm diam after eight days of
incubation at 25 + 0.5°C and 4-4.4 mm diam at 30 + 0.5°C,
circular with regular margin, floccose, pinkish white with
hyaline margin, abundant pycnidia scattered on the agar
and in aerial mycelium; reverse similar. Colonies on PDA
attaining 17-19 mm diam after eight days of incubation at
25+ 0.5°C and 2.5-3 mm diam at 30 + 0.5°C, circular with
regular margin, floccose, pinkish grey, pycnidia scattered on
the agar and in aerial mycelium; reverse similar.

NOTES

In the phylogenetic tree (Fig. 1), both strains of Parami-
crosphaeropsis pistacicola M.Mehrabi-Koushki, S.Artand,
K.D.Hyde & Jayaward., sp. nov. formed a well-separated
monophyletic clade (MLBS 100%, MPBS 98%, BPP 1.0),
closely related to the species P. iranica.

Paramicrosphaeropsis salandica
M.Mehrabi-Koushki, S.Artand, K.D.Hyde & Jayaward.,
sp. nov.

(Fig. 4)

HoLOTYPE. — Iran. Khuzestan Province, Dezful, Sardasht (for-
est mountains of Saland-Kooh), from fruit rot of Craraegus sp.,
111.2021, S. Artand (holo-, IRAN[18137F]; ex-type cultures,
IRAN[4376C] = SCUA-Ar-SZ8C2).

ADDITIONAL SPECIMENS EXAMINED. — Iran. Khuzestan Province,
Dezful, Sardasht (forest mountains of Saland-kooh), from leaf spot
of Quercus brantii, 111.2021, S. Artand (IRAN[4453C] = SCUA-
Ar-SB5A); from leaf spot of Ziziphus sp., 111.2021, S. Artand
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(IRAN[4456C] = SCUA-Ar-S4D1 and IRAN[4454C] = SCUA-
Ar-§4D2); from leaf spot of Nerium oleander, 111.2021, S. Artand
(IRAN[4455C] = SCUA-Ar-SKH13B); from leaf spot of an unknown
shrub., I11.2021, S. Artand (SCUA-Ar-S9C2).

ETYMOLOGY. — The name refers to the Saland-Kooh Mountains,
where this fungus was collected.

MyYCOBANK. — MB 841494.

DESCRIPTION

Asexual morphology

Pycnidia scattered and irregular, solitary or confluent, superficial
on the medium or in aerial mycelium, globose to subglobose,
covered with hyphal outgrowths, with inconspicuous ostiole,
brown to dark brown with a paler wall, (107.2-)167.9-198.5
(-321.6) x (93.8-)153-174.9(-268) pm, (x + SD = 184.4 +
7.5 x 163.9 + 5.6 pm, n = 50). Pycnidial wall pseudoparen-
chymatous, composed of isodiametric to elongated cells,
3-6 layers, pale brown to brown, outer layers darker. Con-
idiogenous cells phialidic, hyaline, smooth-walled, discrete,
ampulliform or doliiform. Conidia mostly ovoid to obpyriform
but also irregular in shape, pale brown to brown, straight or
sometime very slightly curved, smooth- and thin-walled, gut-
tulate, aseptate, (4.7-)5.9-6.5(-9.5) x (3.2-)4.6-5.2(-6.8) pm,
(x+SD=6.2+0.1x4.9+0.1 pm, n=>50). Chlamydospores
and swelling cells not observed.

Sexual morphology
Not observed.

CULTURE CHARACTERISTICS

Colonies on OA attaining 33-34 mm diam after eight days of
incubation at 25 + 0.5°C and 7-7.5 mm diam at 30 + 0.5°C,
circular with regular margin, floccose, initially white with
pale brown centre, with age becoming dark olive-green
with grayish aerial mycelium, pycnidia scattered on the agar
and in aerial mycelium; reverse greenish black with hyaline
border. Colonies on PDA attaining 32-33 mm diam after
eight days of incubation at 25 + 0.5°C and 5-5.5 mm diam
at 30 + 0.5°C, circular with regular margin, floccose, ini-
tially dark olive-green with grayish aerial mycelium, with
age becoming brown with light green aerial mycelium and
a dark brown pigmentation in the centre; reverse greenish
black with brown border.

NOTES

In the phylogenetic tree (Fig. 1), Paramicrosphaeropsis salandica
M.Mehrabi-Koushki, S.Artand, K.D.Hyde & Jayaward.,
sp. nov. strains are grouped together in a well-supported
monophyletic clade (MLBS 99%, MPBS 99%, BPP 1.0),
distinct from other Paramicrosphaeropsis species. A com-
parison of nucleotides of P. salandica M.Mehrabi-Koushki,
S.Artand, K.D.Hyde & Jayaward., sp. nov. with P. amygda-
lus M.Mehrabi-Koushki, S.Artand, K.D.Hyde & Jayaward.,
sp. nov., P. ellipsoidea P. iranica, P. pistacicola M.Mehrabi-
Koushki, S.Artand, K.D.Hyde & Jayaward., sp. nov. and
P. zagrosensis M.Mehrabi-Koushki, S.Artand, K.D.Hyde &
Jayaward., sp. nov. revealed 2, 2, 1, 0 and 0 base pair dif-
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FiG. 8. — Paramicrosphaeropsis pistacicola M.Mehrabi-Koushki, S.Artand, K.D.Hyde & Jayaward., sp. nov. (holo-, IRAN[17598F]): A, B, eight-days colony on OA
(top and reverse); C, D, eight-days colony on PDA (top and reverse); E, old colony on OA (top); F, G, pycnidia; H, pycnidal wall; I, conidiogenous cells; J, conidia.
Scale bars: F, 500 ym; G, H, 50 pm; 1, J, 20 pm.

ference across 431 nucleotides of the ITS region (0.5, 0.5,
0.25, 0 and 0%), 10, 7, 10, 12 and 12 base pair difference
across 265 nucleotides of the 762 region (3.8, 2.6, 3.8,
4.5 and 4.5%) and 8, 7, 8, 6 and 12 base pair difference
across 439 nucleotides of the 7pb2 region (1.8, 1.6, 1.8,
1.4 and 2.7%), respectively. Paramicrosphaeropsis salandica
M.Mehrabi-Koushki, S.Artand, K.D.Hyde & Jayaward.,
sp. nov. differs from P. zagrosensis in having somewhat
larger pycnidia (167.9-198.5 x 153-174.9 pm versus 128.3-
147.5 x 119.3-135.7 pm) and conidia (5.9-6.5 x 4.6-5.2 pm
versus 5.4-6.0 x 3.8-4.1 pm), and from P. ellipsoidea in hav-
ing smaller pycnidia (167.9-198.5 x 153-174.9 pm versus
150-490 x 110-440 pm) and conidia (5.9-6.5 x 4.6-5.2 pm
versus 5-11 x 3.5-6.5 um).
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Paramicrosphaeropsis zagrosensis
M.Mehrabi-Koushki, S.Artand, K.D.Hyde & Jayaward.,
sp. nov.

(Fig. 5)

HOLOTYPE. — Iran. Lorestan Province, Aligudarz, Zaz and Mahroo
(forest mountains of Moolish), from leaf spot of Quercus brantii,
1X.2020, S. Artand (holo-, IRAN[18144F]; ex-type cultures,
IRAN[4448C] = SCUA-Ar-B10A).

ADDITIONAL SPECIMEN EXAMINED. — Iran. Lorestan Province,
Aligudarz, Zaz and Mahroo (forest mountains of Moolish), from
stem canker of Crataegus sp., 1X.2020, S. Artand (SCUA-Ar-Z1B).

ETYMOLOGY. — The name refers to the Zagros forest, where this
fungus was collected.
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FiG. 4. — Paramicrosphaeropsis salandica M.Mehrabi-Koushki, S.Artand, K.D.Hyde & Jayaward., sp. nov. (holo-, IRAN[18137F]): A, B, colony on OA (eight-
days and old); C, D, colony on PDA (eight-days and old); E-G pycnidia; H, pycnidal wall; I, conidiogenous cells; J, conidia. Scale bars: E, 500 ym; F, 200 pm;
G, 105 pm; H-J, 20 pm.

MyCOBANK. — MB 841495.

DESCRIPTION

Asexual morphology

Pycnidia scattered and irregular, solitary or confluent, super-
ficial on the medium or in aerial mycelium, sometime semi-
immersed in the agar, globose to subglobose, covered with
hyphal outgrowths, with inconspicuous ostiole, brown to
dark brown with a paler wall, (80.4-)128.3-147.5(-214.4) x
(78-)119.3-135.7(-205) pum, (x + SD = 138.4 + 4.8 x 128
+ 4.2 um, n = 50). Pycnidial wall pseudoparenchymatous,
composed of isodiametric to elongated cells, 3-5 layers, pale
brown to brown, outer layers darker and pigmented. Con-
idiogenous cells phialidic, hyaline, smooth-walled, discrete,
subglobose or bottle-shaped. Conidia mostly globose to subglo-
bose but also broadly ellipsoidal, ovate-ellipsoidal or irregular
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in shape, pale brown to brown, straight or sometimes very
slightly curved, smooth- and thin-walled, guttulate, aseptate,
(3.2-)5.4-6.0(-7.4) x (2.6-)3.8-4.1(-5.3) pm, (x + SD = 5.7
+0.2x4.0 + 0.1 um, n = 50). Chlamydospores and swelling

cells not observed.

Sexual morphology
Not observed.

CULTURE CHARACTERISTICS

Colonies on OA attaining 23-25 mm diam after eight
days of incubation at 25 + 0.5°C and 2-2.5 mm diam at
30 + 0.5°C, circular with regular margin, floccose, hya-
line to pinkish white, with age forming abundant pyc-
nidia, pycnidia scattered but most numerous in the centre;
reverse pinkish white to pinkish brown. Colonies on PDA
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Fic. 5. — Paramicrosphaeropsis zagrosensis M.Mehrabi-Koushki, S.Artand, K.D.Hyde & Jayaward., sp. nov. (holo-, IRAN[17600F]): A, B, eight-days colony on OA
(top and reverse); C, D, eight-days colony on PDA (top and reverse); E, F, old colony on OA (top and reverse); G-1, pycnidia; J, pycnidal wall; K, conidiogenous

cells; L, conidia. Scale bars: G, H, 500 pm; I, 200 pm; J, 50 pm; K, L, 20 pm.

attaining 15-17 mm diam after eight days of incubation
at 25 + 0.5°C and 1-1.2 mm diam at 30 + 0.5°C, circu-
lar with entire margin, floccose, pale brown with hyaline
border; reverse similar.
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NOTES

In the phylogenetic tree (Fig. 1), both strains of Parami-
crosphaeropsis zagrosensis M.Mehrabi-Koushki, S.Artand,
K.D.Hyde & Jayaward., sp. nov. formed a highly supported
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clade (MLBS 99%, MPBS 99%, BPP 1.0), closely related
to the previously known species P. ellipsoidea. SNP analysis
of three regions showed P. zagrosensis M.Mehrabi-Koushki,
S.Artand, K.D.Hyde & Jayaward., sp. nov. and the type strain
of P. ellipsoidea (CBS 194.97) had 2 base pair differences
(0.5%) across 431 nucleotides of the ITS region, 9 different
base pairs (3.4%) across 265 nucleotides of the 762 region,
and a difference of 7 base pairs (1.6%) across 439 nucleotides
of the 762 region. Phylogenetically, Paramicrosphaeropsis zagro-
sensis M.Mehrabi-Koushki, S.Artand, K.D.Hyde & Jayaward.,
sp. nov. is closely related to P. ellipsoidea (Hou et al. 2020),
but it can easily be distinguished by smaller pycnidia (128.3-
147.5 x 119.3-135.7 pm versus 150-490 x 110-440 pm) and
conidia (5.4-6.0 x 3.8-4.1 pm versus 5-11 x 3.5-6.5 pm).

DISCUSSION

In this study, multilocus phylogenetic analyses combined with
morphology revealed four new species of Paramicrosphaeropsis
in the Microsphaeropsis complex within the Didymellaceae.
The phylogeny based on combined LSU, ITS, 162 and rpb2
sequence data provided sufficient resolution to delimit most
species in this complex, as observed in previous studies for
the members of the family Didymellaceae (Chen ez al. 2015,
2017; Valenzuela-Lopez et al. 2018; Jayasiri ez al. 2019; Hou
eral. 2020). Based on single-locus trees (not shown), the 762
and 7pb2 were the best loci for delimitation and identification
of the species in the Microsphaeropsis complex. Although the
ITS region is the main fungal barcode it did not provide suf-
ficient resolution to distinguish the species. In a SNP analysis
of four genomic regions, the members of this complex shared
98.7% sequence identity in the LSU region (D1/D2, 521 bp)
attributed to 7 bp SNPs, 94.9% sequence identity in the ITS
(431 bp) attributed to 19 SNPs and 3 bp insertion/deletion,
74.4% sequence identity in the 7162 gene (265 bp) attributed
to 67 SNPs and 1 bp insertion/ deletion, and 74.3% sequence
identity in the 7pb2 gene (439 bp). However, the combined
use of mub2 and rpb2 regions proved to work well in distin-
guishing most species in this generic complex.

Up to date, four defined genera have been phylogenetically
classified in the Microsphaeropsis complex, including Micro-
sphaeropsis, Neomicrosphaeropsis, Nothomicrosphaeropsis and
Paramicrosphaeropsis (Chen er al. 2015; Hyde ez al. 2016;
Thambugala ez al. 2017, 2018; Wanasinghe ez al. 2018;
Hou ez al. 2020; Pem et al. 2020; Crous et al. 2021). For
them, there are 64 recorded epithets (Microsphaeropsis: 51;
Neomicrosphaeropsis: 105 Nothomicrosphaeropsis: 15 Parami-
crosphaeropsis: 2) in Index Fungorum (htep://htep://www.
speciesfungorum.org). Some of these species have not yet
been phylogenetically confirmed in these genera and key
loci of their representative strains need to be sequenced and
analyzed to determine their taxonomic placement within the
Microsphaeropsis complex.

Paramicrosphaeropsis species were reported from the decayed
twig of Quercus ilex (Fagaceae) in Spain and stem canker of
Q. brantii in Iran (Hou et al. 2020; Ahmadpour et al. 2022).
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Up to now, no other species of Microsphaeropsis complex have
been reported from these hosts worldwide, with the excep-
tion of Microsphaeropsis olivacea on Quercus brantii (Alidadi
et al. 2019) in Iran. Microsphaeropsis species are found on a
wide range of hosts with different geographic distributions,
including some plant genera in Amaranthaceae, Apiaceae,
Araliaceae, Arecaceae, Asparagaceae, Asteraceae, Bignoni-
aceae, Bromeliaceae, Caprifoliaceae, Celastraceae, Fabaceae,
Melastomataceae, Myrtaceae, Oleaceae, Poaceae, Proteaceae,
Ranunculaceae, Rosaceae, Rubiaceae, Verbenaceae, and Zos-
teraceae (Farr & Rossman 2021). Species of Microsphaeropsis
are mostly known as endophytes, saprobes, and pathogens of
terrestrial plants (Alfieri ez /. 1984; Sun ez al. 2007; Pethy-
bridge er al. 2008; Espargham ez a/. 2020), while some spe-
cies are also reported to be opportunistic human pathogens
(Guarro et al. 1999; Reppas ez al. 2015).

Species of Neomicrosphaeropsis have been so far isolated from
several plant hosts including Alhagi pseudalhagi (Bieb.) Desv.
(Fabaceae), Cytisus spp. (Fabaceae), Elaeagnus angustifolia L.
(Elacagnaceae), Juglans regia L. (Juglandaceae), Tamarix spp.
(Tamaricaceae), and Verbascum sp. (Scrophulariaceae) (Hyde
etal. 2016; Chen ez al. 2017; Jiang et al. 2017; Wijayawardene
et al. 2017; Thambugala et al. 2017; Valenzuela-Lopez ez al.
2018; Wanasinghe ez al. 2018; Pem ez al. 2020). They are
known as endophytes or pathogens (Wijayawardene ez al.
2017). However, host-fungus records for Microsphaeropsis and
Neomicrosphaeropsis species are of uncertain validity because
of these two genera are known to be polyphyletic and a DNA
sequence-based phylogenetic analyses of both genera including
all strains deposited in international fungal culture collections
should be performed to gain a more realistic understanding
of the geographical distribution and host range of the species.

Several species of the Microsphaeropsis complex have been
previously reported on herbaceous and woody plants from
different areas of Iran, including Microsphaeropsis arundinis
(S. Ahmad) B. Sutton on Hypericum perforatum L.; Micro-
sphaeropsis olivacea on Alhagi maurorum Medik., Amygdalus
scoparia, Citrus spp., Pinus spp., Prunus cerasus L., P avium
L., Quercus brantii, Vitis vinifera L., and Robinia sp.; Micro-
sp/]ﬂeropsis proteae on Pinus sp.; and Neomifmsp/mempsis sp.
on Prunus armeniaca L. and Robinia pseudoacacia L. (Abdol-
lahi Aghdam & Fotouhifar 2016; Razaghi & Zafari 2016;
Ghobad-Nejhad ez a/. 2018; Alidadi ez a/. 2019; Shamsi ez 4.
2019; Espargham ez al. 2020; Bahmani ez a/. 2021; Goodar-
zian et al. 2021).

In this study, five new taxa and five new combinations are
proposed in Microsphaeropsis complex. Present and previ-
ous studies showed that this generic complex is polyphyletic
and may represent more cryptic genera, which are morpho-
logically similar, but phylogenetically different (Hyde ez al.
2013, 2016; Ariyawansa et al. 2014; Phookamsak et a/. 2014;
Wijayawardene et al. 2014, 2016, 2018; Chen ez al. 2015;
Wijayawardene ez al. 2016; Thambugala e a/. 2017). Many
Microsphaeropsis species recorded in Index Fungorum do not
have DNA sequence data in GenBank and therefore they
have not been phylogenetically confirmed in Microsphaerop-
sis and related to Didymellaceae. Molecular data and more
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representative cultures of Microsphaeropsis and allied taxa are
needed to resolve the systematics of these genera and their
species within Didymellaceae.
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