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Abstract Leptosphaeriaceae is a family in the order
Pleosporales comprising economically important plant patho-
gens. Species may also be endophytes or saprobes on various
host plants. In recent classifications Alternariaster,
Leptosphaeria, Neophaeosphaeria, Paraleptosphaeria,
Heterospora, Subplenodomus and Plenodomus were included
in the family. The taxonomy of genera and species in
Leptosphaeriaceae has been problematic due to the lack of
understanding of the importance of morphological characters
used to distinguish taxa, as well as the lack of reference strains.
In order to establish evolutionary relationships and to provide a
backbone tree for Leptosphaeria and allied genera, we se-
quenced the 18S nrDNA, 28S nrDNA, ITS, RPB2, TEF and
ACT gene regions of Leptosphaeriaceae species and analysed
this data. Multi-locus phylogenies together with morphology
robustly support the monophyletic nature of
Leptosphaeriaceae among the other families in Pleosporales,
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and the inclusion of the genera Alternariaster, Heterospora,
Leptosphaeria, Paraleptosphaeria, Sphaerellopsis,
Subplenodomus, Plenodomus and three novel genera
Alloleptosphaeria, Neoleptosphaeria and
Pseudoleptosphaeria. Five new species, Alternariaster
centaureae-diffusae, Leptosphaeria cichorium,
Paraleptosphaeria rubi, Plenodomus guttulatus and P. salviae
are introduced. An account of sexual morph of Alfernariaster
centaureae-diffusae is provided, and the sexual morph of
Leptosphaeria doliolum is re-described and illustrated using
modern concepts from fresh collections. A novel family
Neophaeosphaeriaceae is established to accommodate the ge-
nus Neophaeosphaeria and its species.
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Introduction

The family Leptosphaeriaceae was established by Barr (1987)
in the order Pleosporales and is typified by Leptosphaeria.
Leptosphaeriaceae was separated from the family
Pleosporaceae because of its coelomycetous, rather than hy-
phomycetous asexual morph, as well as the ascal walls which
are thinner and narrower. Species of Leptosphaeriaceae can
be saprobic, hemibiotropic or parasitic on stems and leaves of
herbaceous or woody plants in terrestrial habitats (Hyde et al.
2013). Members of this family usually possess single, papil-
late, immersed or erumpent, perithecial ascomata, with rela-
tively thick peridia, bitunicate cylindrical asci and hyaline to
brown, transversely septate ascospores in their sexual morph
(Hyde et al. 2013). The asexual morphs of the family
Leptosphaeriaceae can be coelomycetous or hyphomycetous
(Alves et al. 2013; De Gruyter et al. 2013; Hyde et al. 2013;
Zhang et al. 2012) and are illustrated later in this paper.

Historic outline of Leptosphaeriaceae

When Barr (1987) introduced the family, she included
Curreya, Didymolepta, Heptamaeria, Leptosphaeria and
Ophiobolus. Eriksson and Hawksworth (1991) included only
Ophiobolus and Leptosphaeria in this family (Dong et al.
1998), while Zhang et al. (2012) accepted two genera, i.e.
Leptosphaeria and Neophaeosphaeria.

Combined analysis of LSU, SSU, RPB2 and TEF1 gene
data has shown that members of Leptosphaeriaceae form a
paraphyletic clade with moderate bootstrap support (Schoch
et al. 2009; Zhang et al. 2012). Therefore based on molecular
data, Leptosphaeriaceae is accommodated in Pleosporineae,
which is a phylogenetically well-established suborder of
Pleosporales (Schoch et al. 2009; Zhang et al. 2012; Hyde
et al. 2013; Wijayawardene et al. 2014). In the same study
Ophiobolus and Shiraia clustered in this family with minor
support, but Zhang et al. (2012) suggested that these genera
may be more closely related to Phaeosphaeriaceae.
Coniothyrium was considered an asexual morph of
Leptosphaeria (Muthumeenakshi et al. 2001; De Gruyter
et al. 2009; Zhang et al. 2012). De Gruyter et al. (2013) how-
ever, showed that C. palmarum Corda generic type of
Coniothyrium has distant phylogenetic relationships with
Leptosphaeriaceae. Therefore they treated Coniothyriaceae
as a separate family in Pleosporales.

De Gruyter et al. (2013) introduced Paraleptosphaeria to
this family based on the phylogeny determined by analysis of
28S ntDNA (LSU) and ITS sequence data. This genus is char-
acterized by immersed, subglobose, thick-walled ascomata
containing interascal filamentous pseudoparaphyses, with
bitunicate, broad asci bearing fusiform, transversely 3—5-sep-
tate, hyaline to yellow-brown ascospores. Paraleptosphaeria

@ Springer

is typified by Paraleptosphaeria nitschkei (Rehm ex G.
Winter) Gruyter et al.

De Gruyter et al. (2013) introduced Subplenodomus typi-
fied by S. violicola (P. Syd.) Gruyter et al. to accommodate
some phoma-like species clustering within
Leptosphaeriaceae. Plenodomus and Subplenodomus are
necrotrophs and plant pathogens (De Gruyter et al. 2013).
Ascospores in Plenodomus are 3—7-septate, whereas no sexual
morph has thus far been recorded in Subplenodomus (De
Gruyter et al. 2013). The scleroplectenchymatous
conidiomatal cell wall considered as the main character of
Plenodomus, whereas in Subplenodomus the conidiomatal
cell wall is pseudoparenchymatous (De Gruyter et al. 2013).

Literature reviews coupled with molecular data have
shown that Plenodomus lingam (Tode) Hohn and
Leptosphaeria doliolum (Pers.) Ces. & De Not., the generic
types of Plenodomus and Leptosphaeria respectively, are ge-
netically distant (Dong et al. 1998; Camara et al. 2002; De
Gruyter et al. 2013). Species of Leptosphaeria produce dark
brown, 3-septa ascospores, which were believed the primitive
character, as compared to more recently evolved species pro-
ducing ascospores that are paler, longer and narrower, and
have more than 3 septa (Wehmeyer 1946). Recent studies
have shown that the taxonomy of the generic type,
Leptosphaeria doliolum and its Phoma asexual morph is com-
plex with a number of subspecies and varieties described
(Camara et al. 2002; Eriksson and Hawksworth 2003;
Wunsch and Bergstrom 2011; De Gruyter et al. 2013).
Leptosphaeria doliolum subsp. Doliolum and L. doliolum
subsp. Errabunda and their asexual morphs Ph. acuta subsp.
Errabunda (Desm.) Boerema et al. and Ph. acuta subsp.
Acuta Fuckel are morphologically very similar (De Gruyter
et al. 2012). De Gruyter et al. (2013) suggested that both
subspecies of L. doliolum are closely related in LSU and ITS
data and that L. doliolum represents a species complex. A
detailed multi-locus phylogenetic analysis based on ITS,
ACT, TUB and CHS genes, revealed that their subspecies
could clearly be resolved, and represent two subclades in the
L. doliolum species complex (De Gruyter et al. 2013).

The genus Alternariaster, which difters from Alternaria in
conidial characters (Alves et al. 2013), was introduced to ac-
commodate Alternaria helianthi (Hansf.) E.G. Simmons, by
Simmons (2007). Alternariaster helianthi causes leaf spots on
Helianthus annuus (sunflower). Molecular data coupled with
morphology confirmed Alternariaster to be a well-delimited
genus in Leptosphaeriaceae, rather than Pleosporaceae, to
which Alternaria belongs (Alves et al. 2013).

Based on morphology coupled with DNA sequence data,
Trakunyingcharoen et al. (2014) placed Sphaerellopsis in the
family Leptosphaeriaceae. Species of Sphaerellopsis are well
known mycoparasites on a wide range of rusts
(Trakunyingcharoen et al. 2014). Trakunyingcharoen et al.
(2014) designated a neotype for Sphaerellopsis filum (Biv.)
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B. Sutton, and introduced the new species Sph.
macroconidialis Crous & Trakun. and Sph. paraphysata
Crous & Alfenas. They treated Eudarluca as the sexual
morph of Sphaerellopsis and proposed to conserve
Sphaerellopsis over Eudarluca on the basis that
Sphaerellopsis is more frequently used in the literature, is
the older generic name, and is the morph commonly seen in
the field. Phookamsak et al. (2014) classified Eudarluca in
Phaeosphaeriaceae based only on morphology. Furthermore
they suggested that EFudarluca may not be related to
Sphaerellopsis based on its morphological characters and is
typical of Phaeosphaeriaceae. This aspect needs further care-
ful study.

Major circumscription changes of the genera in
Leptosphaeriaceae are given in Table 1.

Asexual morphs of Leptosphaeriaceae

Zhang et al. (2012) listed the asexual morphs of
Leptosphaeriaceae as Camarosporium, Coniothyrium,
Phoma, Plenodomus and Pyrenochaeta. Schoch et al. (2009)
however, showed that phylogenetically Camarosporium
quaternatum Schulzer and Pyrenochaeta nobilis De Not.,
the generic types of their respective genera, grouped in
Leptosphaeriaceae. De Gruyter et al. (2009, 2010) and
Aveskamp et al. (2010) showed that Coniothyrium and some
species of Phoma also grouped in Leptosphaeriaceae.
However, De Gruyter et al. (2013) restricted Phoma sensu
stricto to Didymellaceae, where the generic type P. herbarum
Westend., is located. In their analysis they showed that Phoma
species grouped in four different clades, with the other species
moved to the new genera Heterospora, Paraleptosphaeria,
Plenodomus and Subplenodomus. They also transferred some
Phoma species to Leptosphaeria, and these species grouped in
a different clade to Leptosphaeria doliolum, the generic type
of Leptosphaeria. De Gruyter et al. (2013) also concluded that
Coniothyrium palmarum, the generic type of Coniothyrium,
clustered in a separate clade from Leptosphaeriaceae. They
reinstated the family Coniothyriaceae which was previously
synonymised with Leptosphaeriaceae (Kirk et al. 2008).
Hyde et al. (2013) accepted Heterospora, Plenodomus, and
Subplenodomus as the asexual morphs of Leptosphaeriaceae.

We have been working on the families of Pleosporales
based on both morphology and molecular phylogeny, in order
to provide a natural classification of this order (Ariyawansa
et al. 2013a, b, c; Ariyawansa et al. 2014a, b, c, d, e, f;
Ariyawansa et al., 2015; Zhang et al. 2012). The present study
was initiated to outline the phylogenetic lineages within
Leptosphaeriaceae, and to build a robust taxonomy to act as
a backbone tree for the family based on the analysis of ITS,
LSU, SSU RPB2 and TEF1 sequence data. Another objective
was to evaluate further the phylogenetic significance of
ascomatal characteristics, as well as asexual morph and host.

Genera accepted in Leptosphaeriaceae by different authors

Table 1.

In this study

Hyde et al. 2013,

De Gruyter et al.

Zhang et al. 2012,

Lumbsch and

De Gruyter et al. 2009, Schoch et al.

Eriksson and

Barr 1987

Wijayawardene et al. 2014

Wijayawardene et al. 2012 2013

Huhndorf 2010

Hawksworth 1990 2009, Zhang et al. 2009

Alloleptosphaeria

Heterospora

Heterospora

Leptosphaeria

Leptosphaeria

Camarosporium

Leptosphaeria
Ophiobolus

Curreya

Alternariaster

Leptosphaeria

Leptosphaeria

Neophaeosphaeria  Neophaeosphaeria

Coniothyrium

Didymolepta

Heterospora

Paraleptosphaeria  Neophaeosphaeria

Leptosphaeria

Heptamaeria

Leptosphaeria

Paraleptosphaeria

Plenodomus

Neophaeosphaeria

Leptosphaeria
Ophiobolus

Neoleptosphaeria

Plenodomus

Subplenodomus

Pyrenochaeta

Paraleptosphaeria

Subplenodomus

Plenodomus

Pseudoleptosphaeria

Subplenodomus
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10011 |-— Alternariaster bidentis cBs 134021 Alternariierer
Alternariaster helianthi cBs 199.86

82/0.98

10011 Plenodomus lingam CBS 260.94

Plenodomus lingam DAOM 229267 Plenodomus

Plenodomus guttulatus MFLU 14-0758

Sphaerellopsis filum cBs 234.51 Sphaerellopsis
Subplenodomus violicola cBs 306.68 ]

. Subplenodomus
Subplenodomus valerianae cBs 630.68

Paraleptosphaeria rubi MFLUCC 14-0211

Paraleptosphaeria
Paraleptosphaeria nitschkei MFLUCC 13-0688

Heterospora chenopodii cBs 115 96

. Heterospora
Heterospora dimorphospora cBs 165.78

570090 | 10011| Leptosphaeria doliolum cBs 505 75

10011 Leptosphaeria doliolum MFLU 15-1875 Leptosphaeria

74084 Leptosphaeria cichorium MFLUCC 14—1063

7Bil92 | = Alloleptosphaeria italica MFLUCC 14-0934 Alloleptosphaeria

Neoleptosphaeria rubefaciens cBs 223.77

Neoleptosphaeria
89/0.98| 1001l Neoleptosphaeria rubefaciens cas 387.80

Pseudoleptosphaeria etheridgei cas 1259080  Pseudoleptosphaeria

73/0.95 .. ’
] o4y Neophaeosphaeria filament

Neophaeosphaeria filamentc
Neophaeosphaeria filamen

Neophaeosphaeria filament
Neophaeosphaeria agaves Ci
Neophaeosphaeria quadrise

Coniothyrium palmarum cBsS 400.71

ol Coniothyrium palmarum cBsS 758.73

—— Pyrenochaeta nobilis cBs 4c

1001 Cucurbitaria berberidis MFLUC
Cucurbitaria berberidis CBS :

700090 Pleospora herbarum cBs 191.86
Cochliobolus heterostrophus cBS 134.39

Alternaria alternata cBs 916.96 Pleospo
10011

Pyrenophora phaeocomes DAOM 222769

Decorospora gaudefroyi pp4723
71/0.95

9911 |: Camarosporium aloes cPcC 21572

Camarosporium quaternatum CBS 483.

Phaeosphaeria oryzae cBs 110110

Phaeospha

Ophiosphaerella herpotricha cBs 620.86

Paraphoma radicina cBs 111.79

70090 Shiraia bambusicol

Shiraia bambusicola
Phoma herbarum cBs 615.75

Leptosphaerulina australis cBs 317.83

Didymella exigua cBs 183.55
Dothidotthia aspera cPc 12933 [

Dothidotthia symphoricarpi cPc 12929

Halojulella avicenniae Bcc 20173

01
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4 Fig. 1 RAXML tree based on a combined dataset of ITS, SSU, LSU,
RPB2 and TEF sequence data from 49 strains. Bootstrap support values
for maximum likelihood greater than 50 % and Bayesian posterior
probabilities greater than 0.90 are given below and above the nodes.
Halojulella avicenniae is the out group taxon. The original isolate
numbers are noted after the species names. Ex-type culture numbers are
in bold. The type species of each genus is indicated in blue

The significance of asexual morph characteristics has not been
evaluated fully and the asexual morphs of species in
Leptosphaeria and allied genera have been placed in
several different genera (Rossman et al. 1987; Crane
and Shearer 1991; De Gruyter et al. 2013). A further
aim of this study was to establish a stable taxonomy
and phylogeny for Leptosphaeria species complex by
conducting multi-locus analysis of LSU, ITS and ACT
sequence data.

Material and methods
Specimen examination

Fresh material of species of Leptosphaeriaceae were collected
in Germany, Italy, Russia and Thailand during 2011-2014.
Specimens were taken to the laboratory in Ziplock plastic bags.
The samples were processed and examined following the meth-
od described in Ariyawansa et al. (2015). Fresh and dried her-
barium material were examined using a Motic SMZ 168 dis-
secting microscope to locate and isolate ascomata fruiting bod-
ies. Hand sections of the fruiting structures were mounted in
water for microscopic studies and photomicrography. The taxa
were examined using a Nikon ECLIPSE 80i compound micro-
scope and photographed with a Canon 450D digital camera
fitted to the microscope. Measurements were made with the
Tarosoft (R) Image Frame Work program and images used for
figures processed with Adobe Photoshop CS3 Extended ver-
sion 10.0 software (Adobe Systems, USA). Isolations were
made from single ascospores, following a modified method of
Chomnunti et al. (2014). Contents of the sectioned fruiting
bodies were transferred to a drop of sterile water on a flame-
sterilized slide. Drops of the spore suspension were pipetted and
spread on a Petri dish containing 2 % water agar (WA) and
incubated at 25 °C. Germinated ascospores were transferred
singly to MEA media (Alves et al. 2006).

Herbarium specimens were obtained on loan from the
Swedish Museum of Natural History (S) and the New York
Botanical Garden (NY). Voucher specimens are deposited in
the herbarium of Mae Fah Luang University (MFLU), Chiang
Rai, Thailand, Kunming Institute of Botany (KIB) and New
Zealand Fungal Herbarium (PDD), New Zealand. Living cul-
tures are deposited at the Mae Fah Luang University Culture
Collection (MFLUCC), International Collection of
Microorganisms from Plants (ICMP) and Queensland Plant

Pathology Herbarium (BRIP), the latter under Material
Transfer Agreement No. 4/2010 (MTA). Each genus is listed
along with a description of the type species, except in cases
where there is only a single species in the genus. Faces of
fungi numbers were obtained as in Jayasiri et al. (2015) and
IF numbers are in Index Fungorum (2015).

DNA extraction, PCR amplification and sequencing

Isolates originating from single ascospore were grown on malt
extract agar (MEA) or potato dextrose agar (PDA) for 28 days
at 25 °C in the dark. Genomic DNA was extracted from the
growing mycelium using the Biospin Fungus Genomic DNA
Extraction Kit (BioFlux®) following the manufacturer’s pro-
tocol (Hangzhou, P.R. China). Otherwise DNA was extracted
directly from ascomata using a DNA extraction kit
(E.ZN.A.® Forensic DNA kit, D3591- 01,0mega Bio-Tek)
following Telle and Thines (2008).

The amplification procedure was performed in a 50 pl re-
action volume containing 5—10 ng DNA, 0.8 units Taq poly-
merase, 1 X PCR buffer, 0.2 mM d’NTP, 0.3 um of each prim-
er with 1.5 mM MgCI2 (Cai et al. 2009). The PCR reactions
for amplification of the recently ratified universal fungal
barcode ITS1-5.8S-ITS2 of the nuclear ribosomal DNA oper-
on (Schoch et al. 2012), were performed under standard con-
ditions (White et al. 1990; Stielow et al. 2010). PCR condi-
tions for amplifying the partial SSU and LSU r-DNA followed
the protocol of Phillips et al. (2008). Amplification of ACT
followed the protocol of De Gruyter et al. (2012). The PCR
products were observed on 1 % agarose electrophoresis gels
stained with ethidium bromide. Purification and sequencing of
PCR products were carried at Shanghai Sangon Biological
Engineering Technology and Services Co. (China).

DNA sequence data was obtained from the internal tran-
scribe spacer (ITS), small and large subunits of the nuclear
ribosomal RNA genes (SSU, LSU). Primer sets used for these
genes were as follows: ITS: ITS5/ITS4 SSU: NS1/NS4; LSU:
LROR/LRS5 (Liu et al. 1999; Sung et al. 2007). The ACT
region was amplified using the primer pairs ACT-512F/
ACT-783R (Carbone and Kohn 1999) and the amplification
reactions were performed and analysed as described by De
Gruyter et al. (2009). The TEF1 region with EF1-728F and
EF1-986R (Carbone and Kohn 1999) and RPB2 gene with the
primers fRPB2-SF and fRPB2-7cR. Primer sequences are
available at the WASABI database at the AFTOL website
(aftol.org). Sequences are deposited at NCBI GenBank
under the accession numbers provided in Supplementary
Table 1. Alignments are deposited in TreeBASE.

Sequence alignment and phylogenetic analysis

Multiple sequence alignments were generated with MAFFT v.
6.864D (http://mafft.cbrc.jp/alignment/server/index.html). The
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alignments were checked visually and improved manually
where necessary. Three different datasets were used to
estimate three phylogenies; a Pleosporineae family tree,
backbone tree for Leptosphaeriaceae and a tree dealing with
Leptosphaeria doliolum species complex phylogeny. The first
tree focuses on phylogenetic placement of Leptosphaeriaceae
and the new family Neophaeosphaeriaceae proposed in this
study, in the suborder Pleosporineae, the second to show the
placement of Leptosphaeria and allied genera in family
Leptosphaeriaceae, and the final tree to show the placement
of newly reported Leptosphaeria species and taxa of the
Leptosphaeria doliolum species complex. All introns and
exons were aligned separately. Regions containing many
leading or trailing gaps were removed from the ITS, SSU,
LSU, RPB2, TEF and ACT alignments prior to tree building.
All sequences obtained from GenBank and used by Alves et al.
(2013), Ariyawansa et al. (2014a), De Gruyter et al. (2013),
Hyde et al. (2013), Liu et al. (2015), Phookamsak et al.
(2014) Schoch et al. (2009), and Zhang et al. (2012) are listed
in supplementary Table 1.

Maximum likelihood analyses including 1000 bootstrap
replicates were run using RAXML v. 7.2.6 (Stamatakis 2006;
Stamatakis et al. 2008). The online tool Findmodel (http://
www.hiv.lanl.gov/content/sequence/findmodel/findmodel.
html) was used to determine the best nucleotide substitution
model for each partition. The best scoring tree for
Pleosporineae family tree, Leptosphaeriaceae backbone tree
and Leptosphaeria species complex tree were selected with
final likelihood values of —20,128.721105, —4990.
604099 and —9859.396412 respectively. The resulting
replicates were plotted on the best scoring trees
previously obtained. Maximum Likelihood bootstrap
values (ML) equal or greater than 50 % are given below
or above each node (Fig. 1).

The model of evolution was performed by using
MrModeltest 2.2 (Nylander 2004) for each partition.
Posterior probabilities (BP) (Rannala and Yang 1996;
Zhaxybayeva and Gogarten 2002) were determined by
Markov Chain Monte Carlo sampling (MCMC) in MrBayes
v. 3.0b4 (Huelsenbeck and Ronquist 2001). The Bayesian
inference was conducted under different models for each par-
tition of the matrix as evaluated by MrModeltest 2.2
(Nylander 2004). Six simultaneous Markov chains were run
for 30 x 10° generations and every 1000th generation a tree
was sampled. MCMC heated chain was set with a
“temperature” value of 0.15. The distribution of log-
likelihood scores was examined to determine stationary phase
for each search and to decide if extra runs were required to
achieve convergence, using the program Tracer 1.5 (Rambaut
and Drummond 2007). All sampled topologies beneath the
asymptote (20 %) were discarded as part of a burn-in proce-
dure, the remaining trees were used for calculating posterior
probabilities in the majority rule consensus tree. Bayesian
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Fig. 2 RAXML tree based on a combined dataset of ITS, SSU and LSU P>
sequence data of 108 strains. Bootstrap support values for maximum
likelihood greater than 50 % and Bayesian posterior probabilities
greater than 0.90 are given below and above the nodes. Didymella
exigua is the out group taxon. The original isolate numbers are noted
after the species names. Newly generated strains in this study are
indicated in red. The type species of each genus is indicated in blue

Posterior Probabilities (BP) equal or greater than 0.90 is given
below or above each node (Fig. 1).

In order to determine the species limits in the Leptosphaeria
doliolum species complex, we applied the criteria of
Genealogical Concordance Phylogenetic Species Recognition
(GCPSR) (Taylor et al. 2000; Dettman et al. 2003). Dettman
et al. (2003) emphasised that species should be recognised if
they satisfy one of two criteria: genealogical concordance or
genealogical non-discordance. Clades were genealogically con-
cordant if they were present in at least some of the gene trees and
genealogically non-discordant if they were strongly supported
(MP =70 %; ML > 70 %) in a single gene and not contradicted
at or above this level of support in any other single gene tree.
This criterion prohibited poorly supported non-monophyly at
one locus from undermining well-supported monophyly at an-
other locus. Phylogenetic trees and data files were viewed in
MEGA v. 5 (Tamura et al. 2011), TreeView v. 1.6.6 (Page
1996) and FigTree v. 1.4 (Rambaut and Drummond 2008).

Results
Phylogeny

The data for the aligned sequence matrices for the trees ob-
tained in the different analyses are provided below. In the case
that alignments of multi-gene were involved, the topologies of
the obtained trees for each gene were compared manually, to
confirm that the overall tree topology of the individual
datasets, were similar to each other and to that of the tree
obtained from the combined alignment. The ML analyses
showed similar tree topologies and were congruent to those
obtained in the Bayesian analyses. The results of the molecu-
lar phylogenetic analyses are supplied below (Figs 1, 2, 3).

Phylogeny of Leptosphaeriaceae
and Neophaeosphaeriaceae in Pleosporineae

The final Pleosporineae alignment included 49 strains,
representing nine families including the new family
Neophaeosphaeriaceae and the new genera proposed in the
present study. The data set consisted of 3978 characters (SSU
946, LSU 938, ITS 634, RPB2 833, and TEF 794). In the SSU
alignment there was a large insertion at position 440-788 in
the isolates Heterospora dimorphospora (Speg.) Gruyter et al.
(CBS 165.78) and Ophiosphaerella herpotricha (Fr.) J.
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Plenodomus biglobosa cBs 119951

Leptosphaeria biglobosa cBs 127249

won| Plenodomus biglobosa cas 119951

Plenodomus pimpinellae cBs 101637
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Leptosphaeria doliolum cBs 541.66
Leptosphaeria doliolum mFLUCC 13-0740
Leptosphaeria doliolum cBs 125979
Leptosphaeria doliolum cBs 505 75
Leptosphaeria doliolum vFLU 15-1875 -
8e/02 Leptosphaeria doliolum cBs 155 94 Leptosphaeria

1+
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75/0.95

Neoleptosphaeria rubefaciens css 387 8o
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Didymella exigua cBs 183.55

Alternariaster centaureae-diffusae mMFLUCC 14-0992
Alternariaster centaureae-diffusae MFLUCC 14-1158

1001, Sphaerellopsis paraphysata cpPc 23547
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Leptosphaeria errabunda cBs 125978
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Leptosphaeria macrocapsa cBsS 640.93
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Leptosphaeria cichorium MFLUCC 14-1063
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Coniothyriaceae
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Leptosphaeria sensu stricto
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4 Fig. 3 RAXML tree based on a combined dataset of ITS, ACT and LSU
sequence data of 35 strains. Bootstrap support values for maximum
likelihood greater than 70 % and Bayesian posterior probabilities
greater than 0.90 are given below and above the nodes. Alternariaster
helianthi CBS 327.69 is the out group taxon. The original isolate numbers
are noted after the species names. Newly generated strains in this study
are indicated in red. The type species of each genus is indicated in blue

Walker (CBS 620.86) and they were excluded from the anal-
yses. The Bayesian analysis resulted in 30,000 trees after 30,
000,000 generations. The first 6000 trees, representing the
burn-in phase of the analyses, were discarded, while the re-
maining trees were used for calculating posterior probabilities
in the majority rule consensus tree.

A best scoring RAXML tree is shown in Fig. 1, with the
value of —20,128.721105. Phylogenetic trees obtained from
Maximum Likelihood and Bayesian analysis yielded trees with
similar overall topology at subclass and family level relation-
ships in agreement with previous work based on Maximum
Likelihood analysis and Bayesian analysis (Alves et al. 2013;
Ariyawansa et al. 2014a; De Gruyter et al. 2013; Hyde et al.
2013; Liu et al. 2015; Schoch et al. 2009; Wijayawardene et al.
2014; Zhang et al. 2012). The support values for the different
phylogenetic methods vary, with the Bayesian posterior proba-
bilities being higher than the RAXML bootstrap support values.

The genus Neophaeosphaeria, N. filamentosa (Ellis &
Everh.) M.P.S. Camara et al. Ramaley (CBS 102203,
CBS102202, BPI 802755, BPI 12537) together with the
strains of N. agaves Crous & Yafiez-Moral (CPC 21264)
and N. quadriseptata (M.E. Barr) M.P.S. Camara et al. (BPI
1111149) cluster outside Leptosphaeriaceae and formed a dis-
tinct clade sister to the familial clades of Cucurbitariaceae and
Coniothyriaceae. Therefore, we introduce the new family
Neophaeosphaeriaceae based on evidence from molecular
phylogeny as well as morphological distinction.

Putative strains of Leptosphaeria proteicola (CPC 18289)
clustered within the Camarosporium clade, thus we tentative-
ly treated these as a Camarosporium sp. in this study (Fig. 2).
We also observed that the putatively named strains of PHY 06,
PHY 30 and PHY 54 clustered in different genera of
Leptosphaeriaceae. i.e. Leptosphaeria sp. (PHY 06) and
Leptosphaeria sp. (PHY 54) clustered with the genus
Paraleptosphaeria, while Leptosphaeria sp. (PHY 30) forms
a distinct clade in the Plenodomus clade. Thus we tentatively
label them with the genus where they have clustered in phy-
logenetic tree (Fig. 2), specific name is not given because the
morphology and identification of these putative strains in
GenBank as far as we can ascertain, cannot be checked, as
they are not linked to any herbarium material.

Phylogeny of Leptosphaeriaceae and allied genera

The final Leptosphaeriaceae and allied genera alignment in-
cluded 108 strains, representing three families and consisted

of 2331 characters (SSU 948, LSU 880, ITS 655). In the SSU
alignment a large insertion at position 440-788 in the isolate
of Heterospora dimorphospora (Speg.) Gruyter et al.
(CBS 165.78) was excluded from the phylogenetic anal-
yses. The Bayesian analysis resulted in 800,000 trees
after 80,000,000 generations. The first 16,000 trees,
representing the burn-in phase of the analyses, were
discarded while the remaining trees were used for cal-
culating posterior probabilities in the majority rule con-
sensus tree.

In the multi-locus phylogeny inferred from the combined
dataset of LSU, SSU and ITS (Fig. 2), several well supported
sub-clades can be recognised in the family Leptosphaeriaceae,
which are used for the delimitation of genera, i.e.
Alternariaster, Leptosphaeria, Paraleptosphaeria,
Plenodomus, Sphaerellopsis and Subplenodomus.

The Plenodomus clade comprises 30 strains including the
type species, Plenodomus lingam (Tode: Fr.) Hohn., and
forms a well-supported clade within the family
Leptosphaeriaceae (Fig. 2). The recently revised genus
Alternariaster forms a well supported clade sister to the
Plenodomus clade and comprises strains of 4. helianthi the
type species of Alternariaster, along with A. bidentis J.L.
Alves & R.W. Barreto and the new species Alternariaster
centaureae-diffusae. Another well supported clade was
formed by the genus Sphaerellopsis comprising the type
strain, Sphaerellopsis filum (Biv.) B. Sutton (, together with
two strains of S. paraphysata Crous & Alfenas and three
strains of S. macroconidiale Crous & Trakun.

Another relatively well supported clade forming the major
part of the ingroup of the tree comprises the strains of
Heterospora chenopodii (Westend.) Gruyter et al., the type
species of Heterospora, and H. dimorphospora (Speg.)
Gruyter et al. The genus Leptosphaeria sensu stricto forms a
well supported clade in the family Leptosphaeriaceae com-
prising L. doliolum strains, the type species of the genus
Leptosphaeria, along with strains of nine other species. The
Paraleptosphaeria clade comprises six species and forms a
sister clade to the Paraleptosphaeria nitschkei clade.
Another well supported clade (Fig. 2) was formed by the four
Subplenodomus species.

Strains of the three novel genera proposed in this study,
Alloleptosphaeria italica, Neoleptosphaeria rubefaciens and
Pseudoleptosphaeria etheridgei, form well-supported clades
basal to the Leptosphaeria sensu stricto clade.

Phylogeny of Leptosphaeria species complex

The final Leptosphaeria species complex alignment (Fig. 3)
included 35 strains, representing 16 species and consisted of
2130 characters (LSU 873, ITS 546, ACT 240). The Bayesian
analysis resulted in 40,000 trees after 40,000,000 generations.
The first 8000 trees, representing the burn-in phase of the
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Table 2 Comparison of alignment properties of genes and nucleotide substitution models used in Pleosporineae phylogenetic analysis

Genes/loci LSU SSU RPB2 TEF ITS
Alignment strategy (MAFFT v6) FFT-NS-11 FFT-NS-I FFT-NS-I+ manual FFT-NS-I+ manual FFT-NS-I+ manual
Nucleotide substitution models for Bayesian analysis SYM +1+ GTR+I1+ GTR+I1+G GTR+1+ G GTR+1+ G

(determined by MrModeltest) G

analyses were discarded, while the remaining trees were used
for calculating posterior probabilities in the majority rule con-
sensus tree. Alternariaster helianthi (CBS 199.86) is the out
group taxon.

A best scoring RAXML tree is shown (Fig. 3), with the
value of Likelihood: - 9859.396412. Phylogenetic trees ob-
tained from Maximum Likelihood and Bayesian analysis
yielded trees with similar overall topology at the species level
in agreement with previous studies based on Maximum
Likelihood analysis and Bayesian analysis (Alves et al.
2013; De Gruyter et al. 2013).

In the Leptosphaeria sensu stricto clade there are 12 mono-
typic lineages, each of which is treated as appropriate for the
delimitation of species, although positions vary between the
different gene regions or combinations used and are similar
with Alves et al. (2013) and De Gruyter et al. (2013). All the
species limits were determined by applying the criteria of
Genealogical Concordance Phylogenetic Species
Recognition (GCPSR) (Taylor et al. 2000; Dettman et al.
2003). The support values for the different phylogenetic
methods vary, with the Bayesian posterior probabilities being
higher than the RAXML bootstrap support values (Fig. 3).

Clade A comprises seven strains of Leptosphaeria doliolum.
The taxonomy of the generic type species L. doliolum and
Phoma asexual morph is complex with several subspecies
and varieties (De Gruyter et al. 2013). Boerema et al. (1994)
suggested that L. doliolum subsp. Doliolum and L. doliolum
subsp. Errabunda are morphologically very similar, as well as
the asexual morphs P. acuta subsp. Errabunda and P. acuta
subsp. Acuta (De Gruyter et al. 2013). We observed that both
subspecies of L. doliolum are closely related in a phylogenetic
analysis based on LSU and ITS sequence data. However, our
phylogenetic analysis based on ITS, LSU and ACT genes,
demonstrated that both subspecies could be clearly differentiat-
ed, and represent two subclades (A and C) in the L. doliolum
species complex and are thus distinct species. Leptosphaeria
veronicae which is a pathogen specifically occurring on

Veronica spp. (Scrophulariaceae), forms a sister clade (Clade
B) to the L. doliolum species complex. It is related to
L. doliolum based on both morphology and phylogeny, but is
a distinct species.

Leptosphaeria sydowii forms a sister clade (Clade E) to
L. errabunda. Leptosphaeria sydowii is a pathogen on
Asteraceae and Senecio spp., and is closely related to
L. errabunda. Leptosphaeria macrocapsa also grouped with
the L. errabunda isolates. Leptosphaeria macrocapsa is a host
specific pathogen on Mercurialis perennis (Euphorbiaceae) in
Europe (Boerema et al. 1994). The species is characterised by
large pycnidia (Grove 1935), with a conspicuously broad,
long cylindrical neck (Boerema et al. 1994). This is different
to the sharply delimited papilla or neck of variable length of
the pycnidia of L. errabunda. Our phylogeny (Figs 2, 3)
shows that other pathogenic species i.e. L. conoidea,
L. slovacica and L. pedicularis, as well as our novel species
L. cichorium are related to the L. doliolum species complex,
but are distinct species.

Clades M, Nand O are distant from Leptosphaeria sensu
stricto. Thus, we introduce three new genera (A/loleptosphaeria,
Neoleptosphaeria and Pseudoleptosphaeria) to accommodate
taxa in these clades.

Alignments were analysed corresponding to single gene
study of ITS, SSU, LSU RPB2, EF and ACT and combined
alignments of the three phylogenies. Comparison of the align-
ment properties and nucleotide substitution models are pro-
vided in Tables 2-4.

Taxonomy

Leptosphaeriaceae M .E. Barr, Mycotaxon 29: 503 (1987).
Facesoffungi number: FoF 01151.
Saprobic, fungicolus, hemibiotropic or pathogenic on
leaves and wood in terrestrial habitats. Sexual morph:
Ascomata immersed, erumpent to superficial, globose,

Table 3  Comparison of alignment properties of genes and nucleotide substitution models used in Leptosphaeriaceae and allied genera phylogenetic

analysis
Genes/loci LSU SSU ITS
Alignment strategy (MAFFT v6) FFT-NS-II FFT-NS-I FFT-NS-I + manual

Nucleotide substitution models for Bayesian analysis (determined by MrModeltest)

GTR+1+G GTR+1+G GTR+1+G
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Table 4 Comparison of alignment properties of genes and nucleotide substitution models used in Leptosphaeria species complex phylogenetic

analysis

Genes/loci LSU ITS ACT

Alignment strategy (MAFFT v6) FFT-NS-II FFT-NS-I- I + manual FFT-NS-I + manual
Nucleotide substitution models GTR +1+ G GTR +1+ G GTR+I1+G

for Bayesian analysis (determined by MrModeltest)

subglobose or obypyriform, black to dark brown, coriaceous,
ostiolate, periphysate. Ostiole well developed, broadly or narrow-
ly conical, with a dark brown to black papilla, ostiolar canal filled
with tissue of hyaline cells. Peridium composed of large,
pigmented, thin-walled, scleroplectenchymatous or
plectenchymatous cells, usually arranged in textura angularis.
Hamathecium of dense, septate, cellular pseudoparaphyses, usu-
ally embedded in a mucilaginous matrix. Asci 8-spored,
bitunicate, fissitunicate, cylindrical to oblong, with a pedicel
and ocular chamber. Ascospores uniseriate and partially overlap-
ping, brown, reddish brown or yellowish brown, fusoid, narrow-
ly fusoid, obovoid, oblong or filiform, septate and constricted at
the septa, smooth-walled, with or without guttules. Asexual
morph: Coelomycetous or hyphomycetous. Conidiomata im-
mersed to nearly superficial, depressed globose with a flattened
base and cylindrical neck. Ostiole sometimes papillate or with
elongated neck. Conidiomata wall scleroplectenchymatous.
Conidia oblong, ellipsoidal to subcylindrical. Sclerotia some-
times produced (Boerema et al. 1994; Hyde et al. 2011).
Conidiophores solitary or in small groups, hypophyllous, straight
to slightly sinuous, simple, 3—6-septate, pale to chestnut-brown,
smooth. Conidiogenous cells tretic, integrated, terminal to inter-
calary, sympodial, cylindrical, yellowish to pale brown. Conidia
dry, solitary, cylindrical to subcylindrical, apex and base rounded,
transversally 2-9 septate, often deeply constricted at septa,
eguttulate, subhyaline to pale brown, smooth-walled, hilum
thickened and darkened (Alves et al. 2013; Zhang et al. 2012).

Family type: Leptosphaeria Ces. & de Not., Comm. Soc.
crittog. Ital. 1(4): 234 (1863).

Treatment of genera in Leptosphaeriaceae

Alloleptosphaeria Ariyawansa, Wanasinghe & K.D. Hyde,
gen. Nov.

Index Fungorum number: IF 551460, Facesoffungi
number: FoF 01152.

Etymology: In reference to the morphological resem-
blance to Leptosphaeria.

Type species: Alloleptosphaeria italica Wanasinghe,
Camporesi, Ariyawansa & K.D. Hyde.

Saprobic on dead herbaceous branches in terrestrial habi-
tats. Sexual morph: Ascomata solitary, scattered, immersed to
semi-erumpent, globose or subglobose, dark brown to black,
coriaceous, fused to the host tissue, ostiolate. Ostiole papillate,

black, smooth, ostiolar canal filled with sparse periphyses, up-
per covering of ostiole comprising short, light brown setae-like
structures. Peridium thin-walled, composed of a few layers of
thin-walled, brown to dark brown, or reddish brown,
pseudoparanchymatous cells, forming a textura angularis.
Hamathecium comprising 1.5-2.5 um wide, filamentous,
branched septate, cellular pseudoparaphyses. Asci 8-spored,
bitunicate, fissitunicate, cylindric-clavate to clavate, pedicel-
late, rounded and thick-walled at the apex, with an ocular
chamber. Ascospores overlapping 1-2-seriate, initially hyaline,
becoming yellowish brown at maturity, fusiform to clavate, 3-
septate, constricted at the septa, cell above central septum wid-
est, narrowly rounded at both ends, smooth-walled, lacking a
mucilaginous sheath. Asexual morph: undetermined.

Notes: Alloleptosphaeria is introduced in the family
Leptosphaeriaceae to accommodate A. italica, based on both
morphology and phylogeny. Alloleptosphaeria shares similar-
ities with Leptosphaeria in having conical ascomata, a well-
developed papilla, cellular pseudoparaphyses, and cylindrical
asci with an ocular chamber, bearing narrowly fusoid, reddish
to yellowish brown, 3-septate ascospores. Alloleptosphaeria
however, differs from Leptosphaeria in having immersed
ascomata, with a thin-walled peridium, composed of a few
layers of thin-walled, brown to dark brown or reddish brown,
pseudoparanchymatous cells, forming a textura angularis and
fusing outwardly with the host cells, while Leptosphaeria has
superficial ascomata with thick-walled,
scleroplectenchymatous cells, arranged in a textura
angularis-globulosa, with an outer black amorphous layer
not fusing with the host tissues. This is also supported phylo-
genetically as Alloleptosphaeria italica forms a distant clade,
outside the Leptosphaeria sensu stricto clade with high boot-
strap support (Figs 2, 3).

Alloleptosphaeria italica Wanasinghe, Camporesi,
Ariyawansa & K.D. Hyde, sp. nov.

Index Fungorum number: IF 551461, Facesoffungi
number: FoF 01153.

Etymology: in reference to its occurrence in Italy.

Holotype: MFLU 15-1517.

Saprobic on dead branches in terrestrial habitats. Sexual
morph: Ascomata 250-200 high x 150-200 um diam. X =
217.9 x 166.8 um, n = 10), solitary, scattered, immersed to
semi-erumpent, globose or subglobose, dark brown to black,
coriaceous, outwardly fusing with the host tissue, ostiolate.
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Fig. 4 Alloleptosphaeria italica
(holotype). a Appearance of
ascomata on host substrate. b
Section of ascoma. ¢ Close up of
ostiole with short, hyaline
periphyses. d Peridium. e
Pseudoparaphyses. f~h Asci. i-1
Ascospores. Scale bars:

b =100 um, ¢ =20 pm,

d=10 um, e =5 pum, e~
h=10 um, i-1=5 um

Ostiole 30~70 um diam (X=43.8 um, n = 10), papillate, black,
smooth, ostiolar canal filled with sparse periphyses, upper cov-
ering of ostiole comprising short, light brown setae-like struc-
tures. Peridium 10—15 pm wide at the base, 10-20 wm wide at
the sides, composed with brown to dark brown, or reddish
brown, pseudoparanchymatous cells of textura angularis.
Hamathecium comprising numerous, 1.5-2.5 ym (X = 2,
n=130) wide, filamentous, branched septate, pseudoparaphyses.
Asci 60-75 x 7-10 um, X= 66.4 x 8.3 um, n = 40), 8-spored,
bitunicate, fissitunicate, cylindric-clavate to clavate, with a bul-
bous pedicel, thick-walled at the apex, with ocular chamber.
Ascospores 13-19 x 4-6 pm (X = 17.2 x 4.8 um, n = 50),
overlapping 1-2-seriate, initially hyaline, becoming yellowish
brown at maturity, narrowly ovoid to clavate, 3-septate, con-
stricted at the septa, cell above central septum widest, narrowly
rounded at both ends, smooth-walled, lacking a mucilaginous
sheath. Asexual morph: undetermined.

Material examined: Italy, Forli-Cesena Province, San Piero
in Bagno, Valbonella, dead and hanging branches of Clematis
vitalba (Ranunculaceae), 27 Sep. 2013, E. Camporesi (MFLU
15-1517, holotype); ex-type living culture, MFLUCC 14-
0934 (Fig. 4).

Alternariaster E.G. Simmons, CBS Diversity Ser.
(Utrecht) 6: 667 (2007).

@ Springer

Facesoffungi number: FoF 01154.

Pathogenic or saprobic on stems and leaves in terrestrial
habitats. Sexual morph: Ascomata solitary or in groups of 2—
10, erumpent through host tissue, semi-immersed or nearly
superficial, uniloculate, globose to subglobose, coriaceous,
black, ostiolate. Ostiole periphysate, papillate, black.
Periphyses cellular, aseptate, wide, with a blunt apex, hyaline.
Peridium composed of 5—10 rows of scleroplectenchymatous
cells, outer part thin, amorphous and black, central part widest,
comprising thick-walled cells of textura globularis, inner lay-
er composed of flattened cells of textura angularis.
Hamathecium comprising 3—4 pum wide, hyaline, distinctly
septate, branched, cellular pseudoparaphyses, embedded in a
gelatinous matrix. 4sci 8-spored, bitunicate, fissitunicate, cy-
lindrical to cylindric-subclavate, with a short bulbous pedicel,
rounded at the apex. Ascospores fasciculate, filiform, multi-
septate, constricted at the apical septum, apical cell swollen,
conical, yellowish brown, smooth-walled, with a mucilagi-
nous cap. Asexual morph: Hyphomycetous. Conidiophores
solitary or in small groups, hypophyllous, straight to slightly
sinuous, simple, 3—6-septate, pale to chestnut-brown, smooth.
Conidiogenous cells tretic, integrated, terminal to intercalary,
sympodial, cylindrical, yellowish to pale brown. Conidia dry,
solitary, cylindrical to subcylindrical, apex and base rounded,
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Fig. 5 Alternariaster helianthi
(redrawn from Alternariaster
helianthi in Ellis 1971, Fig. 319.).
Scale bars: 650 pm

transversally 2-9 septate, often deeply constricted at septa,
eguttulate, subhyaline to pale brown, smooth-walled, hilum
thickened and darkened (from Alves et al. 2013).

Type species: Alternariaster helianthi (Hansf.) E.G.
Simmons, CBS Diversity Ser. (Utrecht) 6: 667 (2007).

= Helminthosporium helianthi Hansf., Proc. Linn. Soc.
London: 49 (1943) [1942-43]

Pathogenic on leaves of Helianthus annuus L. Sexual
morph: undetermined. Asexual morph: Lesions on living
leaves starting as dispersed punctiform spots, occurring
throughout the leaf blade, becoming subcircular to irregular
in shape, yellowish, 3—11 x 2-9 mm, surrounded by a halo of
dark green tissue, at the later stages lesions coalesce, resulting
in leaf blight and premature plant death. Conidiophores 100~

225 x 7.5-10 um, solitary or in small groups, hypophyllous,
straight to slightly sinuous, simple, 3—6-septate, pale to chest-
nut-brown, smooth. Conidiogenous cells 25-100 x 5-7.5 pum,
yellowish to pale brown, tretic, integrated, terminal to interca-
lary, sympodial, cylindrical. Conidiogenous cells with con-
spicuous scars, 1-2 per cell, protuberant, up to 5 um diam,
thickened and darkened. Conidia 60-115 x 11-29 um,
subhyaline to pale brown, dry, solitary, cylindrical to
subcylindrical, occasionally with cells of different sizes, apex
and base rounded, transversally 5-9-septate (1-2 longitudinal
or oblique septa), often deeply constricted at septa, eguttulate,
smooth-walled, hilum thickened and darkened. Germ tubes
orientated perpendicularly to the main axis of the conidium,
and also polar (from Alves et al. 2013) (Fig. 5).
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Notes: The genus Alternariaster was introduced by Simmons
(2007) to accommodate Alternaria helianthi. Alternariaster dif-
fers from Alternaria in having cylindrical, ellipsoid or broadly
ovoid, subhyaline to greyish brown conidia, rarely forming lon-
gitudinal or oblique septa and not formed in chains (Alves et al.
2013). Alves et al. (2013) introduced Alternariaster bidentis
which forms a separate clade in the family Leptosphaeriaceae
together with the strains of A. helianthi. The collection of a sec-
ond species in the genus Alfernariaster and the multi-gene phy-
logenetic analysis of these two species, confirmed Alternariaster
to be a well delimited genus in the Leptosphaeriaceae rather than
the Pleosporaceae, to which Alternaria belongs (Alves et al.
2013). In this study we illustrate the sexual morph of this genus
based on our new species Alternariaster centaureae-diffusae col-
lected from Russia.

In our phylogeny, Alternariaster forms a robust clade sister
to Plenodomus, Sphaerellopsis and Heterospora. Therefore,
we accept Alternariaster as a well defined genus in
Leptosphaeriaceae based on morphological and molecualr
evidence.

Moreover we introduce a novel species, Alternariaster
centaureae-diffusae, which is the first report of the sexual
morph of this genus.

Alternariaster centaureae-diffusae R.H. Perera,
Bulgakov, Ariyawansa & K.D. Hyde, sp. nov.

Index Fungorum number: IF 551462, Facesoffungi
number: FoF 01155.

Etymology: The specific epithet centaureae-diffusae is
based on the host plant species from which the fungus was
isolated.

Holotype: MFLU 15-1521.

Saprobic on dead stems of Centaurea diffusa Lam.
Sexual morph: Ascomata 170-360 um high, 146—
290 pum diam., solitary or in groups of 2—10, erumpent
through host tissue, semi-immersed or nearly superficial,
uniloculate, globose to subglobose, coriaceous, black,
ostiolate. Ostiole periphysate, papillate, black. Periphyses
aseptate, wide, with a blunt apex, hyaline. Peridium
40-70 pm (X = 50 um, n = 10) wide, composed of 5-10
rows of scleroplectenchymatous cells, outer part thin,
amorphous and black, central part widest, comprising
thick-walled cells of fextura globularis, inner layer com-
posed of flattened cells of textura angularis. Hamathecium
comprising 3—4 um wide, dense, hyaline, distinctly sep-
tate, branched, cellular pseudoparaphyses, embedded in a
gelatinous matrix. 4sci 130-170 x 11-13 pm (X =
150 x 12 um, n = 20), 8-spored, bitunicate, fissitunicate,
cylindrical to cylindric-subclavate, with a short bulbous
pedicel, rounded at the apex. Ascospores 76132 x 2.2—
4 um (X = 104 x 3.2 um, n = 40), fasciculate, filiform,
multi-septate, constricted at the apical septum, apical cell
swollen, conical, yellowish brown, smooth-walled, with a
mucilaginous cap. Asexual morph: undetermined.
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Material examined: Russia, Rostov region, Shakhty city,
20th anniversary of Red Army urban microdistrict, Solyonaya
Balka hollow, steppe on stony slope, on dead stems of
Centaurea diffusa Lam. (4steraceae), 17 June 2014, T.
Bulgakov RU-83 (MFLU 15-1521, holetype); ibid.,
(GZAAS, isotype); ex-type living cultures MFLUCC 14-
0992, ICMP. Russia, Rostov region, Oktyabrsky district,
Persianovsky rural settlement, ruderal plant community on
railroad embankment, on dead stems of Centaurea diffusa
Lam., 04 June 2014, T. Bulgakov RU-111 (MFLU 15-0009,
paratype), ex-type living culture MFLUCC 14-1158 (Fig. 6).

Notes: Alternariaster centaureae-diffusae is the first report
of a sexual morph in the genus Alternariaster and is intro-
duced as a new species based on both morphology and phy-
logeny. Alternariaster centaureae-diffusae forms a robust
clade sister to A. bidentis and A. helianthi with high bootstrap
support (Figs 1, 2). Alternariaster centaureae-diffusae shares
similarities with the family type of Leptosphaeriaceae,
Leptosphaeria doliolum in having ascomata with a peridium
of scleroplectenchymatous cells. Alternariaster centaureae-
diffusae differs from Leptosphaeria and other genera in the
family in having long filiform, multi-septate ascospores.

Heterospora (Boerema et al.) Gruyter et al., Stud. Mycol.
75: 18 (2012).

Saprobic or pathogenic on stems and leaves of herbaceous
or woody plants in terrestrial habitats. Sexual morph: unde-
termined. Asexual morph: Conidiomata 100-250 um wide,
pycnidial, immersed to semi-immersed, globose to
subglobose, black with one or two distinct ostiole. Ostiole
sometimes papillate or with elongated neck. Conidiomata
wall composed of several layers of cells of textura angularis.
Conidiogenous cells phialidic, subglobose to short conical.
Conidia hyaline, aseptate, oblong to ellipsoidal. Sclerotia
sometimes produced (van der and Kesteren 1979).

TBype species: Heterospora chenopodii (Westend.) Gruyter
et al., Stud. Mycol. 75: 18 (2012).

Basionym: Phyllosticta chenopodii Westend., Bull. Acad.
Roy. Sci. Belgique Ser. 2, 2: 567. 1857; not Phyllosticta
chenopodii Sacc., Syll. Fung. 3: 55. 1884

Saprobic or pathogenic on stems and leaves of herbaceous
or woody plants in terrestrial habitats. Sexual morph: unde-
termined. Asexual morph: Coelomycetous. Conidiomata
100-550 um wide, pycnidial, immersed to semi-immersed,
globose to subglobose, black with one or two distinct ostiole.
Ostiole sometimes papillate or with elongated neck.
Conidiomata wall 15-60 um wide, composed of 3—5 layers
of cells of textura angularis, pale yellowish brown.
Conidiogenous cells 4-8 x 4—6 um phialidic, subglobose to
short conical. Conidia 4-7 x 1-3 um, hyaline, aseptate, ob-
long to ellipsoidal with two to many guttules (van der Aa and
van Kesteren 1979).

Notes: Initially Heterospora was treated as a section of
Phoma by Boerema (1997), and was raised to generic rank
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Fig. 6 Alternariaster
centaureae-diffusae (MFLU 15-
1521) a, b Appearance of
ascomata on host substrate. c.
Vertical section through ascoma.
d. Close-up of the peridium. e.
Cellular pseudoparaphyses f-h.
Immature and mature asci. i.
Ascospore. j, k Ascospores in
Indian ink. Scale bars:

b =500 um, ¢ =200 wm, d—
1=50 pm, j, k =20 um

by De Gruyter et al. (2013) to accommodate two species of
Phoma sect. Heterospora that cluster in the
Leptosphaeriaceae, i.e. H. chenopodii and
H. dimorphospora. All other species of Phoma sect.
Heterospora clustered in the family Didymellaceae
(Aveskamp et al. 2010). Heterospora is closely related to
Subplenodomus and no sexual morph is known for this genus
(De Gruyter et al. 2013).

In our phylogeny Heterospora chenopodii and
H. dimorphospora formed a separate clade basal to the
Alternariaster and Sphaerellopsis clades (Fig. 2). Therefore,
we treat Heterospora as a separate genus in
Leptosphaeriaceae (Fig. 7).

Leptosphaeria Ces. & De Not., Comm. Soc. crittog. Ital.
1(4): 234 (1863).

»
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Saprobic or pathogenic on stems and leaves of herbaceous
or woody plants in terrestrial habitats. Sexual morph:
Ascomata solitary, scattered or in small groups, erumpent to
superficial, globose to subglobose, broadly conical, small- to
medium-sized, smooth, easily removed from the host sub-
strate, with a flattened base, black, coriaceous, ostiolate.
Ostiole apex with a well developed, conical, shiny, papilla,
ostiolar canal filled with periphyses, dark brown to black.
Peridium composed of two strata, outer stratum composed
of small, thick-walled, scleroplectenchymatous cells of
textura angularis, surface heavily pigmented, thinner at the
apex, wide at the sides, inner layer composed of subhyaline
or light brown, scleroplectenchymatous cells of textura
angularis, cells near the base comparatively larger.
Hamathecium comprising 1.5-3 um wide, dense, long,
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Fig. 7 Heterospora chenopodii (redrawn from Phoma chenopodiicola
in De Gruyter et al. 1993, Fig. 25.). Scale bars: 10 um

septate, cellular pseudoparaphyses, branching and anastomos-
ing above the asci, embedded in a gelatinous matrix. Asci 8-
spored, bitunicate, fissitunicate, cylindrical, pedicel furcate,
rounded at the apex, with an ocular chamber. Ascospores
uni- or bi-seriate, partially overlapping, reddish to yellowish
brown, narrowly fusoid with sharp to narrowly rounded ends,
3-septate, constricted at each septum, cell above central sep-
tum widest, smooth-walled, lacking a mucilaginous sheath.
Asexual morph: Coelomycetous. Conidiomata depressed
globose with a flattened base and cylindrical neck, wall
scleroplectenchymatous. Conidia ellipsoidal to subcylindrical
(Boerema et al. 1994; Hyde et al. 2011).

Type species: Leptosphaeria doliolum (Pers.) Ces. & De
Not., Comm. Soc. crittog. Ital. 1(4): 234 (1863).

= Sphaeria doliolum Pers., Icon. Desc. Fung. Min. Cognit.
(Leipzig) 2: 39 (1800)

Saprobic on stems and leaves of herbaceous or woody
plants in terrestrial habitats. Sexual morph: Ascomata 340—
460 pum high x 360-500 um diam. (X = 390 x 440 um,
n = 10), solitary, scattered or in small groups, erumpent to
superficial, globose to subglobose, smooth, easily removed
from the host substrate, with a flattened base, black, coria-
ceous, usually with 2—4 ring-like ridges surrounding the
ascomata surface, ostiolate. Ostiole apex with a conical, shiny,
well developed papilla, ostiolar canal filled with periphyses,
dark brown to black. Peridium 85-110 um wide at sides,
thinner at the apex, comprising two types of cells, outer layer
composed of small thick-walled cells of textura angularis, cell
wall up to 8 um thick, surface heavily pigmented and inner
lightly pigmented, apex cells smaller, walls thicker, and cells
more heavily pigmented, inner layer composed of subhyaline
relatively thinner-walled cells of fextura angularis, 3—6 um
diam., wall up to 5 pum, cells near the base larger and wall
thinner and paler. Hamathecium of 1.5-3 um (X = 2.5 um,
n = 10) wide, septate, and cellular pseudoparaphyses,
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branching and anastomosing, embedded in a gelatinous ma-
trix. Asci 105-150 x 7-10 um (xX= 130 x 8 pm, n = 20), 8-
spored, bitunicate, fissitunicate, cylindrical, with short, bul-
bous pedicel, rounded at the apex, with a distinct ocular cham-
ber. Ascospores 25-30 x 4—6 um (X=27 x 5 um, n = 30), uni-
or bi-seriate, partially overlapping, reddish to yellowish
brown, narrowly fusoid with sharp to narrowly rounded
edges, 3-septate, constricted at each septum, cell above central
septum widest, smooth-walled, lacking a mucilaginous
sheath, guttulate. Asexual morph: undetermined.

Material examined: England, Kellie Castle, on dead stem,
25 June 2012, J.E. Taylor, MFLU 15-1875 (Fig. 8).

Notes: Leptosphaeria was introduced by Cesati and de
Notaris (1863) with 26 species and L. doliolum was treated as
the lectotype species for the genus (Shearer et al. 1990).
Material observed by Persoon (1800), based on collection of
12 specimens of Sphaeria doliolum present in Nationaal
Herbarium Netherlands, Leiden University (L) was selected to
lectotypity S. doliolum and thereby L. doliolum (Shearer et al.
1990). Leptosphaeria was described with ascospores being el-
lipsoid or fusoid, with one to many septa, and hyaline to dark
brown (Crane and Shearer 1991). Hohnel (1909) divided the
genus based on centrum structure into three genera, viz.
Leptosphaeria, Scleropleella and Nodulosphaeria (Zhang
et al. 2012). By giving priority to the ascospore characters as
well as pseudothecial and centrum structure, Miiller (1950)
subdivided Leptosphaeria into four sections and this treatment
was modified by Munk (1957), who named these four sections
as section I (Eu-Leptosphaeria), section Il (Para-
Leptosphaeria), section 1I1 (Scleropleella) and section IV
(Nodulosphaeria). The genus has been included in
Leptosphaeriaceae (Barr 1987; Eriksson and Hawksworth
1991) or Phaeosphaeriaceae (Eriksson and Hawksworth
1986). Even though Lepfosphaeria shares some similar mor-
phological characters with Amarenomyces, Bricookea,
Diapleella, Entodesmium, Melanomma, Nodulosphaeria,
Paraphaeosphaeria, Passeriniella, Phaeosphaeria and
Trematosphaeria, it differs in producing ascomata on dicotyle-
donous hosts, in having cylindrical asci with short bulbous
pedicels and smooth-walled, fusoid, multi-septate ascospores.
Recent studies based on multi-gene analysis showed that
Leptosphaeria clustered within the order Pleosporales, in the
family Leptosphaeriaceae. Species of Leptosphaeria (includ-
ing the type of Leptosphaeriaceae) and Neophaeosphaeria
formed a paraphyletic clade with moderate bootstrap support
(Schoch et al. 2009; Zhang et al. 2012; Hyde et al. 2013).

Neophaeosphaeria forms a distinct clade outside the family
Leptosphaeriaceae in our phylogeny. Therefore we exclude it
from the family.

We carried out a separate phylogenetic study for the
Leptosphaeria doliolum species complex to show the place-
ment of some newly introduced species and to show the place-
ment of our fresh collections of L. doliolum and to resolve the
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Fig. 8 Leptosphaeria doliolum
a, b. Appearance of ascomata on
host substrate. ¢. Section of
ascoma (TS). d. Close up of
peridium. e Cellular
pseudoparaphyses. f~h. Asci with
8-spores. i-m. Brown ascospores.
Scale bars: ¢ =200 um,

d=200 pm, e =20 um, f~h =60
i-m =10 pm

complexity of the genus and its allied species. Our study con-
cluded that the fresh collection L. doliolum (MFLU 15-1875)
is morphologically and phylogenetically 100 % similar to the
type strain of L. doliolum (CBS 541.66), thus representing
additional collection for L. doliolum. Moreover in our phylog-
eny we observed that clades B-L (Fig. 3) representing
L. veronicae, L. sydowii, L. errabunda, L. macrocapsa,
L. italiensis, L. slovacica, L. pedicularis, L. conoidea,
L. sclerotioides, and L. cichorium are closely related to
L. doliolum species complex, thus we confined them to
Leptosphaeria sensu stricto.

During the study we found a novel sexual species of
Leptosphaeria from Italy which formed the sexual morph in
culture and is described below.

Leptosphaeria cichorium Phukhamsakda, Camporesi,
Ariyawansa & K.D. Hyde, sp. nov.,

Index Fungorum number: IF551463, Facesoffungi
number: FoF 01156.

Etymology: The specific epithet cichorium is based on the
host genus from which the taxon was isolated.

Holotype: MFLU 15-1406.

Saprobic on dead stem of Cichorium intybus L. Sexual
morph: Ascomata 206-240 um high x 251-363 pm diam.
(X =190 x 328 um, n = 10), solitary, scattered or in small
groups, erumpent to superficial, globose to subglobose, small-
to medium-sized, smooth, easily removed from the host

substrate, with a flattened base, black, coriaceous, ostiolate.
Ostiole apex dark brown to black, conical, shiny, with a well-
developed papilla, ostiolar canal filled with periphyses.
Peridium 2.5-7.5 pum wide at sides, composed of two layers,
outer layer composed of small thick-walled cells of textura
angularis, thinner at the apex, wide at sides, inner layer com-
posed of subhyaline or light brown relatively thin-walled cells
of textura angularis, cells near the base comparatively larger.
Hamathecium of 1-2 ym X = 1.5 um, n = 20) wide, long,
septate, and cellular pseudoparaphyses, branching and anasto-
mosing above the asci, embedded in a gelatinous matrix. Asci
71-115 x 5-8 um (X = 95 x 7 um, n = 20), 8-spored,
bitunicate, fissitunicate, cylindrical, short pedicellate, rounded
at the apex, with an ocular chamber. Ascospores 11-20 x 3—
6 um (X =16 x 5 um, n = 50), uni- or bi-seriate, partially
overlapping, reddish to yellowish brown, fusoid with sharp to
narrowly rounded edges, 3-septate, slightly constricted at each
septum, cell above central septum slightly wider, smooth-
walled, lacking a sheath. Asexual morph: Produced on ster-
ilized bamboo pieces on water agar. Coelomycetous.
Conidiomata 189-200 x 196-220 pum (x= 190 x 205.9 pum,
n = 10), pycnidial, superficial, immersed in media, globose to
subglobose, black, without an ostiole. Conidiomata wall 15—
25 um wide, composed of muti-cell layer of textura angularis,
pale yellowish brown. Conidiogenous cells 2—5 x 2—4 ym (x=
3.4 x 2.6 um, n = 30), enteroblastic, phialidic, determinate,
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discrete, subglobose to short conical. Conidia 3—6 x 1-3 pum
(x=3.7 x 1.3 um, n = 50), hyaline, aseptate, oblong to ellip-
soidal, thin-walled, smooth, guttulate.

Material examined: Italy, Province of Forli-Cesena [FC],
Fiumicello - Premilcuore, on dead stem of Cichorium intybus,
29 August 2014, E. Camporesi IT 2067, (MFLU 15-1406,
holotype); ibid. (HKAS88970, isotype); — ex-type living cul-
ture, MFLUCC 14-1063, BRIP (Fig. 9).

Notes: Leptosphaeria cichorium is introduced here based
on both morphology and phylogeny. Leptosphaeria
cichorium is typical of Leptosphaeria in having a peridium
of schleroplectenchymatous cells and reddish to yellowish
brown, fusoid, 3-septate ascospores.

Fig. 9 Leptosphaeria cichorium
a, b. Appearance of ascomata on
host surface. ¢. Section of
ascoma. d. Ostiole with
periphyses. e. Close-up of the
peridium. f. Pseudoparaphyses g—
i. Immature and mature asci with
short bulbous pedicels. j-1.
Ascospores. m. germinating
ascospore n. Conidiomata on host
substrate. 0. Close-up of the
conidioma wall. p. Section of
conidioma. g—s. Conidiogenous
cells. t. Conidia Scale bars:
a=200 um, b =100 um,

c—d =50 pm, e~=h =20 pum,
i~1=10 um, o—=5 um
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Phylogenetically Leptosphaeria cichorium forms a robust
clade sister to L. slovacica, but can be separated from this and
other species in the genus with high bootstrap supports (Fig. 2).
Morphologically L. cichorium is similar to L. slovacica, but
differs in its comparatively smaller ascospores (11-20 versus
18-22) and clear ascomatal ostiole with periphyses.

Neoleptosphaeria Ariyawansa & K.D. Hyde, gen. Nov.

Index Fungorum number: 1F551464, Facesoffungi
number: FoF 01157.

Etymology: The generic epithet, neo (Lat., new), refers to
the similarity to Leptosphaeria.

Pathogenic on wood, bark and fruits of herbaceous or woody
plants in terrestrial habitats. Sexual morph: undetermined.
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Fig. 10 Neoleptosphaeria
rubefaciens (redrawn from
Phoma rubefaciens in Boerema
et al., 1994, Fig. 275.). a.
Conidiomata. b. Conidia. Scale
bars: a, b= 10 pm

Asexual morph: Conidiomata (350-)400-500 um wide, semi-
immersed to immersed, globose, papillate, or with a short cylin-
drical neck. Conidiomata wall composed of randomly arranged,
polygonal, scleroplectenchyma cells. Conidiogenous cells well
differentiated, cone-shaped. Conidia ovoid-oval to
subcylindrical, eguttulate or with 1-2 min guttules.

Notes: Neoleptosphaeria is introduced to accommodate
Leptosphaeria rubefaciens (Togliani) Gruyter et al., in
Leptosphaeriaceae, and it is monotypic. Phylogenetically
Neoleptosphaeria is close to Pseudoleptosphaeria, introduced
in this study, and both genera form distant clades from the
Leptosphaeria sensu stricto clade. This was also shown by
Alves et al. (2013) and De Gruyter et al. (2013).
Neoleptosphaeria differs from Pseudoleptosphaeria in the
structure of the conidiomata wall (scleroplectenchyma versus
pseudoparenchymatous), nature of the spore wall (guttules
versus smooth) and the host (usually on Malus spp. versus
Populus tremuloides). Therefore, to provide a stable taxono-
my we introduce Neoleptosphaeria.

Type species: Neoleptosphaeria rubefaciens (Togliani)
Ariyawansa & K.D. Hyde, comb. Nov.

Index Fungorum number: IF551465, Facesoffungi
number: FoF 01158.

Basionym: Phoma rubefaciens Togliani, Annali Sper. agr.,
N.S. 7: 1626 (1953).

= Leptosphaeria rubefaciens (Togliani) Gruyter et al., in
Gruyter et al., Stud. Mycol. 75: 19 (2012).

Pathogenic on wood, bark and fruits of herbaceous or
woody plants in terrestrial habitats. Sexual morph: undeter-
mined. Asexual morph: Conidiomata (350-)400-500 pm
wide, semi-immersed to immersed, globose, papillate or with
a short cylindrical neck. Conidiomata wall composed of ran-
domly arranged polygonal scleroplectenchyma cells.
Conidiogenous cells well differentiated, cone-shaped.
Conidia (3.5-)4-5 x 2-2.5(—3) um, ovoid-oval to
subcylindrical, eguttulate or with 1-2 min guttules (from
Boerema et al. 1994) (Fig. 10).

Paraleptosphaeria Gruyter et al., in Gruyter et al., Stud.
Mycol. 75: 20 (2012).

Saprobic, fungicolous or pathogenic on stems and leaves of
herbaceous or woody plants in terrestrial habitats. Sexual
morph: Ascomata immersed, subglobose, solitary or aggregated,
thick-walled, ostiolate, unilocular. Peridium thick-walled,
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comprising several scleroplectenchymatous cell layers, the outer
layer heavily encrusted with pigment and often longitudinally
striate on the surface, inner layer with flattened, light brown to
dark brown cells. Hamathecium of dense 0.5-2 pum wide, long,
septate, cellular pseudoparaphyses. Asci 8-spored, bitunicate,
cylindric-clavate to broadly ellipsoidal, with bulbous pedicel,
apically rounded, with an ocular chamber. Ascospores biseriate,
hyaline to yellow brownish, fusiform and tapering to the ends,
transversally 1-5-septate, slightly constricted at the central
spetum, cell above central septum swollen, with or lacking a
mucilaginous sheath. Asexual morph: Conidiomata pycnidial,
globose to subglobose, scleroplectenchymatous, with papillate
pore, unilocular. Conidiogenous cells phialidic, ampulliform to
doliiform. Conidia hyaline, aseptate, oblong to ellipsoidal.
Sclerotia sometimes produced (De Gruyter et al. 2013).

Type species: Paraleptosphaeria nitschkei (Rehm ex G.
Winter) Gruyter et al., in Gruyter et al., Stud. Mycol. 75: 20
(2012).

= Leptosphaeria nitschkei Rehm ex G. Winter, Flora,
Regensburg 55: 510 (1872)

Saprobic or pathogenic on stems and leaves of herbaceous
or woody plants in terrestrial habitats. Sexual morph:
Ascomata (296-)328-362 pm high x (406-)420-423 um
diam. (x = 329 x 416 um, n = 5), superficial, solitary or
scattered, subglobose to obpyriform, dark brown, without
subiculum covering the host. Ostiole with protruding papilla.
Peridium 38-)45-56(—64) um wide, comprising several
scleroplectenchymatous cell layers, the outer layer heavily
encrusted with pigment and often longitudinally striate on
the surface, inner layer with flattened, light brown to dark
brown cells. Hamathecium comprising 0.5—-1 pm wide, cylin-
drical to filiform, pseudoparaphyses. Asci (80—)97—
102(=107) x 9-10 pm (X =98 x 9 pum, n = 10), 8-spored,
bitunicate, cylindric-clavate, slightly curved, with short, bul-
bous pedicel, apically rounded, with an ocular chamber (ca.
1-1.5 um wide). 4scospores 27-29(—34) x 4.5-6 um (X =
29 x5 um, n = 10), 1-2-seriate, overlapping, hyaline, fusiform
and tapering to the ends, 3-euseptate, slightly constricted at the
central septum, cell above central septum swollen, straight or
slightly curved, thick and smooth-walled, lacking a mucilagi-
nous sheath. Asexual morph: Coelomycetous. Conidiomata
435-455(=475) x (276-)300-330 um (X = 455 x 305 pum,
n = 5), pycnidial, globose to subglobose, solitary, peridium
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Fig. 11 Paraleptosphaeria
nitschkei (MFLU 13-0644). a, b.
Ascomata on host surface. c.
Section of ascoma. d. Close up of
the peridium. e. Ostiole with
periphyses. f. Pseudoparaphyses
g-i. Immature and mature asci. j-
m. Ascospores. Scale bar:

¢ =60 um, d-f=10 um, g-
i=20 um, j-m =5 pm

30-35(—38) wm, thick-walled, scleroplectenchymatous.
Conidiogenous cells 34 x 56 um, phialidic. Conidia 1.5—
2 x (=12)15-20 um, hyaline, aseptate, cylindrical to filiform.

Material examined: Italy, Province of Forli-Cesena [FC],
Passo la Calla, Santa Sofia, on stems of Petasites sp.
(Asteraceae), 14 July 2012, E. Camporesi IT563 (MFLU
14-0021, reference specimen), living culture, MFLUCC 13-
0688. Italy, Province of Forli-Cesena (FC), Monte Falco, on
decaying grass stems of Petasites sp., 21 May 2013, E.
Camporesi 1T648 (MFLU 13-0644), DNA was extracted
from the fruiting body (Fig. 11).

Notes: De Gruyter et al. (2013) introduced
Paraleptosphaeria to accommodate Leptosphaeria nitschkei
and its allied species in the family Leptosphaeriaceae. Munk
(1957) treated Leptosphaeria as four sections as section I (Eu-
Leptosphaeria), section 1l (Para-Leptosphaeria), section 111
(Scleropleella) and section IV (Nodulosphaeria), but section
Para-Leptosphaeria is an invalid taxon and it is also a heter-
ogenous group. The section was separated from Fu-
Leptosphaeria, which comprised the generic type species
L. doliolum (De Gruyter et al. 2013). Leptosphaeria nitschkei
was considered as typical of section Eu-Leptosphaeria
(Miiller and von Arx 1950). Molecular studies, including the
present study show that L. nitschkei is only distantly related to
L. doliolum. The seperation of Leptosphaeria in sections Eu-
Leptosphaeria and Para-Leptosphaeria cannot be upheld
from a evolutionary point of view. Section Fu-
Leptosphaeria, with L. agnita and L. maculans (Munk
1957), group in Plenodomus. Liu et al. (2015) designated a
reference specimen for Paraleptosphaeria nitschkei to pro-
vide a stable taxonomy and phylogeny. In the present study
we include another collection of Para. nitschkei from
Petasites sp., whch we illustrate. Thus we recognise
Paraleptosphaeria as a well-supported genus in the family
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Leptosphaeriaceae based on both morphology and
phylogeny.

In this study we also introduce a novel species,
Paraleptosphaeria rubi, based on both morphology and
phylogeny.

Paraleptosphaeria rubi Mapook, Camporesi, Ariyawansa
& K.D. Hyde, sp. nov.

Index Fungorum number: 1F551466, Facesoffungi
number: FoF 01159.

Etymology: The specific epithet rubi is based on the host
genus from which the fungus was isolated.

Holotype: MFLU 15-1127.

Fungicolous or saprobic on dead branch of Rubus sp.
Sexual morph: Ascomata 150-200 um high x 200-250 pum
diam. (x= 180 x 215 pm, n = 5), immersed or erumpent,
solitary or scattered, globose to subglobose, brown to dark
brown, smooth. Ostiole with protruding papilla with
periphyses. Peridium 10-20 um wide, consisting of a single
stratum, comprising brown to dark brown,
scleroplectenchymatous cells of textura angularis.
Hamathecium comprising 1.5-2 pm wide, cylindrical to fili-
form, septate, branched, cellular pseudoparaphyses. Asci 60—
80 x 10—15 um (x= 75 x 12 um, n = 10), 8-spored, bitunicate,
cylindric-clavate, slightly curved, with a short, bulbous pedicel,
apically rounded, with an ocular chamber. 4Ascospores 20—
30 X (5-)9-15 um (x= 25 x 10 um, n = 20), 1-2-seriate,
overlapping, hyaline, ellipsoidal, 1-septate, deeply constricted
at the septum, upper cell widest and tapering toward rounded
ends, straight or slightly curved, guttulate, surrounded by hya-
line, mucilaginous sheath. Asexual morph: undetermined.

Material examined: Italy, Province of Forli-Cesena [FC],
Dovadola, on dead branch of Rubus sp., 17 January 2014, E.
Camporesi IT 1870 (MFLU 15-1127, holotype); ibid., (GZAAS,
isotype); — extype living culture (MFLUCC 14-0211, ICMP).
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Notes: Paraleptosphaeria rubi sits well with the generic
concept of Paraleptosphaeria in having immersed,
subglobose ascomata, thick-walled peridium comprising dark
brown cells of textura angularis with cellular
pseudoparaphyses, and cylindric-clavate asci bearing fusi-
form, transversally septate ascospores.

Paraleptosphaeria rubi is phylogenetically closely related
to the type species of Paraleptosphaeria, P. nitschkei.
Paraleptosphaeria rubi differs from P. nitschkei based on
the position of the ascomata on the host (immersed versus
superficial), ascospore septation (1-septate versus 1-3-sep-
tate) and habit (fungicolous versus saprobic). Furthermore,
our new taxa has a mucilaginous sheath surrounding the as-
cospores, whereas the spores of P. nitschkei lack a sheath
(Hyde et al. 2015).

The habit of this species is hard to determine. The ascoma
appear to form within a dead ascoma of another ascomycete.
This is evident by the inner “neck”, forming within the old
ascoma. Whether the species is fungicolous, just using this
space or forms a second “neck could not be established from
the specimens (Fig. 12).

Plenodomus Preuss, Linnaea 24: 145 (1851).

= Phoma sect. Plenodomus (Preuss) Boerema, Kesteren &
Loer., Trans. Brit. Mycol. Soc. 77: 61. 1981.

Saprobic or parasitic on stems and leaves of herbaceous or
woody plants in terrestrial habitats. Sexual morph: Ascomata
solitary, scattered or in small groups, erumpent to superficial,
subglobose, broadly or narrowly conical, small- to medium-
sized, dark brown to black, smooth, ostiolate. Ostiole apex
with a conical, well developed papilla. Peridium composed
of two to several layers of scleroplectenchymatous cells.
Hamathecium comprising 1-3 um wide, long, septate, cellu-
lar pseudoparaphyses. Asci 8-spored, bitunicate, fissitunicate,
cylindrical, rounded at the apex, with an ocular chamber, short
pedicel. Ascospores cylindrical to ellipsoidal, yellowish
brown, multi-septate, not or slightly constricted at septa, cell
above central septum slightly wider, guttulate and lacking a
mucilaginous sheath. Asexual morph: Coclomycetous.
Conidiomata. Type 1: solitary, scattered or in small groups,
erumpent to superficial, subglobose or flask shaped with a
broad base, mostly black, ostiolate. Ostiole apex with a long
neck and well developed poroid papilla. Type 2: solitary,
scattered or in small groups, erumpent to superficial, mostly
subglobose, ostiolate. Ostiole slightly papillate with a narrow
pore or opening via a rupture. Conidiomata wall composed of
several layers with thick-walled cells of textura angularis,
surface heavily pigmented. Conidia hyaline, aseptate, ellipsoi-
dal to subcylindrical.

Type species: Plenodomus lingam (Tode: Fr.) Hohn.,
Sitzungsber. Kaiserl. Akad. Wiss., Math.-Naturwiss. Cl.,
Abt. 1. 120: 463. 1911

Saprobic or parasitic on stems and leaves of herbaceous or
woody plants in terrestrial habitats. Sexual morph: Ascomata

200-250 pum high x 300-500 um diam., solitary, scattered or
in small groups, semi-immersed to immersed, subglobose to
depressed globose, broadly or narrowly conical, small- to me-
dium-sized, dark brown to black, smooth, ostiolate. Ostiole
apex with a conical, well developed dark brown to black pa-
pilla, ostiolar canal filled with periphyses. Peridium 8—12 um
wide at sides, composed of two layers,
scleroplectenchymatous, outer layer composed of small
thick-walled cells of fextura angularis, surface heavily
pigmented, thinner at the apex, wide at sides, inner layer com-
posed of subhyaline or light brown cells of textura angularis,
cells near the base comparatively larger. Hamathecium com-
prising 1.5-3 um (X = 2.5 um, n = 10) wide, long, septate,
cellular pseudoparaphyses, branching and anastomosing, em-
bedded in a gelatinous matrix. Asci 90-110 x 10-12 pm, 8-
spored, bitunicate, fissitunicate, cylindrical, rounded at the
apex, short pedicel with an ocular chamber. Ascospores 35—
70 x 5-8 wm, uni-seriate, partially overlapping, yellowish
brown, cylindrical to ellipsoidal, 5-septate, not or slightly con-
stricted at each septum, guttulate, lacking a mucilaginous
sheath. Asexual morph: Coelomycetous, with two types of
Conidiomata. Type 1: 150-350 um wide, solitary, scattered or
in small groups, erumpent to superficial, subglobose or flask-
shaped, with a broad base, mostly black, ostiolate. Ostiole
apex with a long neck and well developed poroid papilla.
Type 2: 300700 um wide, solitary, scattered or in small
groups, erumpent to superficial, mostly subglobose, ostiolate.
Ostiole slightly papillate with a narrow pore or opening via a
rupture. Conidiomata wall composed of several layers with
thick-walled cells of textura angularis, surface heavily
pigmented (often termed scleroplectenchyma). Conidia 3—
5 x 1-2 um, hyaline, aseptate, ellipsoidal to subcylindrical,
rarely with two small polar guttules (Sivanesan 1984) (Fig. 13).

Notes: The genus Plenodomus was introduced by Preuss
(1851) and is typified by P. rabenhorstii. The combination
P, lingam as published by von Hohnel (1911) was favoured
over P. rabenhorstii Preuss (1851) by Boerema & Kesteren
(1964)because the type material of P. rabenhorstii had been
lost during the World War II. Therefore, P. rabenhorstii was
treated as a nomen dubium by De Gruyter et al. (2013). We
follow von Hohnel (1911)proposal by treating Plen. lingam as
the type species for the genus Plenodomus. The asexual and
sexual connection between the type of Plenodomus, P. lingam
and its sexual morph Leptosphaeria maculans has been prov-
en by single spore isolation (Boerema and Kesteren, 1964.
This was also confirmed by molecular data by De Gruyter
et al. (2013) as well as in this study (Fig. 2).

Currently 93 epithets of Plenodomus are listed in Index
Fungorum (2015). We introduce two novel species of
Plenodomus, P. guttulatus and P. salvia from Germany and
Italy, respectively, based on morphology and phylogeny.

Plenodomus guttulatus Ariyawansa & K.D. Hyde, sp.
nov.
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Fig. 12 Paraleptosphaeria rubi
a, b. Appearance of the ascomata
on substrate. ¢. Section through
ascoma. d. Ostiolar canal filled
with periphyses. e. Peridium. f.
Pseudoparaphyses. g—j. Asci k-
m. Ascospores, N, surrounded by
hyaline gelatinous sheath in
Indian ink. 0. Germinating
ascospore. Scale bars:

a =500 um, b =200 um, c,

g—j =50 um, d =20 pm, e,
k—0=10 pm, f=5 um

Index Fungorum number: 1F551467, Facesoffungi
number: FoF 01160.

Etymology: The name refers to the nature of the ascospore
wall (containing, or appearing to be sprinkled with drops of
oil).

Holotype: MFLU 15-1876.

Saprobic on dead stems in terrestrial habitats. Sexual
morph: Ascomata 230-325 um high x 260-310 pm diam
(x =298 x 286 um, n = 5), solitary, scattered or in small
groups, appearing as small, raised black dots on host surface,
semi-immersed to immersed, subglobose to depressed
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globose, broadly or narrowly conical, small- to medium-sized,
dark brown to black, smooth, ostiolate. Ostiole with a conical,
black, well developed papilla, ostiolar canal filled with
periphyses. Peridium 48—88 um wide at the sides, comprising
two layers of scleroplectenchymatous cells, outer layer com-
posed of heavily pigmented, thick-walled cells of fextura
angularis, inner layer composed of subhyaline or light brown
cells of textura angularis, cells near the base comparatively
larger. Hamathecium 1-1.5 um (X = 1.25 pm, n = 10) wide,
long, septate, cellular pseudoparaphyses, branching and anas-
tomosing between the asci, embedded in a gelatinous matrix.
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Fig. 13 Plenodomus
rabenhorstii (redrawn from
Leptosphaeria maculans in
Sivanesan 1984, Fig. 269). a.
Ascoma. b. Ascus and
ascospores. ¢. Conidioma. d.
Conidiogenous cells. e. Conidia.
Scale bars: a= 10 um, b=25 pm

Asci 70-72 x 5-8 um (x = 71 x 7 um, n = 20), 8-spored,
bitunicate, fissitunicate, cylindrical, with a bulbous pedicel,
rounded at the apex, with an ocular chamber. Ascospores 22—
24 x 2-3 um (x = 23 x 2.8 um, n = 40), uni-seriate, partially
overlapping, yellowish brown, long fusiform, 5-septate, not or
slightly constricted at each septum, cell above central septum
slightly wider, guttulate only at the central cells, lacking a mu-
cilaginous sheath. Asexual morph: undetermined.

Material examined: Germany, Frankfurt, on dead stem,
28 November 2013, H.A. Ariyawansa (MFLU 15-1876,
holotype); ibid., (GZAAS, isotype);.

Notes: Single spore isolation was not successful and DNA
was extracted directly from the fruiting body. Therefore no
living culture is available (Fig. 14).

Plenodomus salviae Thambugala, Camporesi, Ariyawansa
& K.D. Hyde, sp. nov.

Index Fungorum number: 1IF551468, Facesoffungi
number: FoF 01161.

Etymology: The specific epithet salviae is based on the
host genus from which the fungus was isolated.

Holotype: MFLU 15-0515.

Sarobic on stems of Salvia glutinosa L. in terrestrial habi-
tats. Sexual morph: Ascomata 130-250 pum high x 150—
280 pwm diam. (x = 172 x 233 um, n = 5), solitary, scattered

or in small groups, semi-immersed to immersed, subglobose to
depressed globose, broadly or narrowly conical, black, coria-
ceous, ostiolate. Ostiole apex with a well developed, dark brown
to black, conical, papilla, ostiolar canal filled with periphyses.
Peridium 30-68 yum (x = 50.8 um, n = 10), composed of two
scleroplectenchymatous strata, outer stratum composed of small,
thick-walled cells of fextura angularis, surface heavily
pigmented, inner stratum composed of subhyaline or light brown
cells of textura angularis, cells near the base comparatively larg-
er. Hamathecium of 1.5-3 pum (X= 2.5 um, n = 10) wide, long,
septate, cellular pseudoparaphyses, branching and anastomosing,
embedded in a gelatinous matrix. Asci 57-88 x 8.6-11.4 um (x =
72.9 x 10.2 um, n = 10), 8-spored, bitunicate, fissitunicate, cy-
lindrical, with short bulbous pedicel, rounded at the apex, with a
distinct ocular chamber. Ascospores 3048 x 3.1-4.3 um (x =
40.6 x 3.8 um, n = 15), uni- or bi-seriate, partially overlapping,
yellowish brown, cylindric-fusiform, 5-septate, not or slightly
constricted at each septum, guttulate, lacking a mucilaginous
sheath. Asexual morph: undetermined.

Material examined: Italy, Province of Forli-Cesena [FC],
Campigna - Santa Sofia, on Salvia glutinosa (Lamiaceae), 4
October 2012, E. Camporesi IT 773 (MFLU 15-0515,
holotype); ibid., (GZAAS, isotype); ex-type living culture,
MFLUCC 13-0219, CFTCC (Fig. 15).
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Fig. 14 Plenodomus guttulatus
(holotype) a. Appearnce of
ascomata on host specimen. b.
Close-up of ascomata with
ostiole. ¢, d. Sections of
ascomata. e. Cellular
pseudoparaphyses f. Section of
peridium. g-j. Asci with 8
ascospores. k-m Mature and
immature ascospores guttulate
only at the central cells. Scale
bars: ¢ =75 um, d = 50 um,
e =10 um, =20 pum, g-
i=25pm,j=35 um, k-m=>5 pm

Notes: Plenodomus guttulatus and P. salviae are introduced
based on morphological differences coupled with phylogeny.
Plenodomus guttulatus and P. salviae are typical of
Plenodomus in having a scleroplectenchymatous peridium,
and cylindric-fusiform yellowish brown, transversely septate
ascospores. In the phylogenetic analysis, P. guttulatus forms a
distinct clade sister to P. wasabiae and P. hendersoniae, while
P, salviae forms a robust clade sister to Plenodomus sp. (PHY
30) with relatively high bootstrap support (71 % and 96 %).

Pseudoleptosphaeria Ariyawansa & K.D. Hyde, gen. Nov.

Index Fungorum number: 1F551469, Facesoffungi
number: FoF 01162.

Etymology: In reference to its similarity with
Leptosphaeria.

Parasitic on bark of gall on trunk of Populus tremuloides
Michx. Sexual morph: undetermined. Asexual morph:
Conidiomata immersed to superficial, solitary to gregarious,
globose to pear-shaped, dark brown to black, pseudoparen-
chymatous, covered to varying degrees by hyaline to dark
coloured hyphae. Conidiogenous cells phialidic, hyaline, glo-
bose to flask-shaped. Conidia enteroblastic, ellipsoidal to
ovoid to oblong, hyaline, smooth-walled, unicellular.

Notes: During the re-disposition of phoma-like species in
Pleosporales, De Gruyter et al. (2013) classified Phoma
rubefaciens and Phoma etheridgei in the genus
Leptosphaeria and suggested that these species are more dis-
tantly related to Leptosphaeria sensu stricto. In Alves et al.
(2013) and in the present study the phylogenetic trees are
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similar (Figs 1-3). We introduce Pseudoleptosphaeria to ac-
commodate Phoma etheridgei in family Leptosphaeriaceae.
Phylogenetically Pseudoleptosphaeria is closely related to
Neoleptosphaeria. They form a distinct clade sister to
Neoleptosphaeria rubefaciens with high bootstrap support.
Morphological differences between these two genera were
discussed earlier in this paper.

Type species: Pseudoleptosphaeria etheridgei (L.J.
Hutchison & Y. Hirats) Ariyawansa & K. D. Hyde, comb. nov.

Index Fungorum number: 1F551470, Facesoffungi
number: FoF 01163.

Basionym: Phoma etheridgei L.J. Hutchison & Y. Hirats.,
in Hutchison, Chakravarty et al., Can. J. Bot. 72(10): 1425
(1994).

= Leptosphaeria etheridgei (L.J. Hutchison & Y. Hirats.)
Gruyter, Aveskamp & Verkley, in Gruyter et al., Stud. Mycol.
75: 19 (2012).

Pathogenic on bark of gall on trunk of Populus
tremuloides. Sexual morph: undetermined. Asexual morph:
Conidiomata (105-)120-270 pum high x (94-)120-
200(—250) wm diam., immersed to superficial, solitary to gre-
garious, globose to pear-shaped, dark brown to black, pseu-
doparenchymatous, covered to varying degrees by hyaline to
dark coloured hyphae. Conidiogenous cells 67 x 4-5 um,
phialidic, hyaline, globose to flask-shaped. Conidia 3—
4.5(=5) x 1-1.8(—2) wm, enteroblastic, ellipsoidal to ovoid
or oblong, hyaline, smooth-walled, unicellular (from
Hutchison et al. 1994).
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Fig. 15 Plenodomus salviae
(holotype) a, b. Appearance of
ascomata on host specimen. c.
Section through ascoma d.
Ostiole. e. Peridium. f.
Pseudoparaphyses. g, h. Asci. i-1.
Ascospores. Scale bars:

¢ =50 um, d, e =25 um,

f=10 um, g, h =30 pum, i
1=20 um

Sphaerellopsis Cooke, Grevillea 12(no. 61): 23 (1883).

Saprobic or pathogenic on stems and leaves of herbaceous or
woody plants or rust in terrestrial habitats. Sexual morph: unde-
termined. Asexual morph: Conidiomata eustromatic,
pycnidioid, immersed, but becoming erumpent, locules often
appearing as separate pycnidia, dark brown to black in vivo, pale
brown to brown in vitro, uni- or multi-locular, each locule with a
separate simple ostiole. Conidiomata wall basal wall composed
of pale brown fextura angularis, locular wall of dark brown,
thick-walled textura angularis. Pseudoparaphyses when present
hyaline, filiform, septate, with ends rounded, sometimes
branching. Conidiophores reduced to conidiogenous cells, occa-
sionally with a supporting cell. Conidiogenous cells phialidic,

indeterminate, cylindrical to doliiform, hyaline to pale brown,
smooth, often with 1-3 percurrent proliferations, or determinate
with visible periclinal thickening. Conidia hyaline, becoming
pale brown and irregularly verruculose, 0—1(—3)-euseptate, con-
stricted at septa, apex obtuse, base truncate, straight, fusoid-ellip-
soidal, occasionally Y-shaped or digitate; ends with mucoid polar
appendages (type H sensu Nag Raj 1993). Microconidia
subcylindrical to ellipsoid or globose, aseptate, smooth-walled,
hyaline (Trakunyingcharoen et al. 2014).

Type species: Sphaerellopsis filum (Biv.) B. Sutton,
Mycol. Pap. 141: 196 (1977).

Basionym: Sphaeria filum Biv., Stirp. Rar. Sic. 3: 12
(1815).
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Fig. 16 Sphaerellopsis filum
(redrawn from Sutton 1980,
Fig. 278). a. Conidia. b.
Conidiophores and developing
conidia. ¢. Sections of
conidiomata. Scale bars:

a-b =10 um, ¢ =25 pum

= Sphaerellopsis quercuum Cooke, Grevillea 12 (61): 23
(1883).

Saprobic or parasitic ditto in terrestrial habitats. Sexual
morph: undetermined. Asexual morph: Conidiomata
300 pm diam., pycnidial, erumpent, aggregated, globose, dark
brown with a central ostiole, exuding copious amounts of
creamy orange conidia. Conidiomata wall composed of 3—6
layers of dark brown cells of textura angularis. Conidiophores
reduced to conidiogenous cells. Conidiogenous cells 5—
10 x 3—5 pwm, brown, smooth, and thick-walled, ampulliform,
to doliiform, with prominent periclinal thickening or several
prominent, flaring, percurrent proliferations at the apex.
Conidia (11-)14-16(—18) % (3-)4(=5) pm, hyaline, smooth-
walled, guttulate, fusoid to fusoid-ellipsoid, 1(—2)-septate, usu-
ally constricted at septa, apex subobtuse, tapering at the base
with a flattened scar, with funnel-shaped, mucoid appendages
at each end (from Trakunyingcharoen et al. 2014) (Fig. 16).

Notes: The genus Sphaerellopsis was introduced by Sutton
(1977) and is typified with S. filum (basionym; Sphaeria
filum). Species of Sphaerellopsis are well-known
mycoparasites occurring on a wide range of rusts and play a
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potential role as biocontrol agents (Trakunyingcharoen et al.
2014). The asexual and sexual morph connection between
Eudarluca caricis, the generic type of Eudarluca and
Sphaerellopsis filum was derived from ascospores growing
on Puccinia extensicola-oenotherae (Mont.) Arthur on
Carex sp. in Pennsylvania, USA (Keener 1951) and confirmed
by Yuan et al. (1998). Yuan et al. (1998) grew ascospores of
Eudarluca caricis on PDA and derived Sphaerellopsis conidia
and conidiomata after 12 days. Zhang et al. (2012) suggested
that Fudarluca caricis is compatible with Leptosphaeria
species and mentioned that Eudariuca should be treated in
Leptosphaeriaceae based on DNA sequence data and also
morphological characters. Phookamsak et al. (2014) tentative-
ly placed Eudarluca in Phaeosphaeriaceae based on its mor-
phological characters which are typical of Phaeosphaeria as
the peridium is thin-walled, and composed of pseudoparen-
chymatous cells, asci are cylindrical, subsessile to short ped-
icellate and ascospores are fusiform and phragmosporous.

In order to provide a stable taxonomy and phylogeny
Trakunyingcharoen et al. (2014) designated a neotype for
the generic type of Sphaerellopsis, S. filum and placed
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Sphaerellopsis in the family Leptosphaeriaceae. Moreover
Trakunyingcharoen et al. (2014) considered Eudarluca as
the sexual morph of Sphaerellopsis and proposed to
synonymise Eudarluca under Sphaerellopsis by giving the
priority to the oldest name.

During our phylogeny, the ex-neotype strain of S. filum
(CBS 317.68) together with another two species,
S. paraphysata and S. macroconidiale form a distinct clade
sister to Alternariaster and Heterospora clades with high
bootstrap support (89 %). Therefore, we accept
Sphaerellopsis as a well supported genus in the family
Leptosphaeriaceae and we maintain Eudarluca in
Phaeosphaeriaceae following Phookamsak et al. (2014), until
morphology coupled with molecular data can resolve the cor-
rect placement of this unusual genus.

Subplenodomus Gruyter et al., Stud. Mycol. 75:23 (2012).

Saprobic or parasitic on stems and leaves of herbaceous or
woody plants in terrestrial habitats. Sexual morph: undeter-
mined. Asexual morph: Conidiomata pycnidial, globose to
papillate, or with an elongate neck, solitary or aggregated,
thin-walled pseudoparenchymatous, or thick-walled
scleroplectenchymatous, ostiolate, unilocular. Conidiogenous
cells phialidic, ampulliform to doliiform. Conidia hyaline,
aseptate, ellipsoid to cylindrical (from De Gruyter et al. 2013).

Notes: The genus Subplenodomus was introduced by De
Gruyter et al. (2013) to accommodate some phoma-like spe-
cies in the order Pleosporales and classified in the family
Leptosphaeriaceae based on morphology coupled with phy-
logeny. Although the genus is similar to Plenodomus in the
production of thick-walled conidiomata, the conidiomata cell
wall of Subplenodomus often remains pseudoparenchyma-
tous, similar to the conidiomata wall of species of Phoma. In
Plenodomus the conidiomata wall is scleroplectenchymatous
(De Gruyter et al. 2013). Currently no sexual morph has been
recorded for this genus.

Subplenodomus apiicola (Kleb.) Gruyter et al.,
S. drobnjacensis (Bubak) Gruyter et al., S. valerianae and
S. violicola (Henn.) Gruyter et al., all have conidiomata with
an elongated neck, similar to Plenodomus (De Gruyter et al.
2013). Conidiomata with scleroplectenchymatous walls have
been only observed in S. drobnjacensis. Subplenodomus
apiicolus, S. drobnjacensis and S. valerianae have relatively
small conidia, up to 4.5 x 2 um (De Gruyter & Noordeloos
1992) in congruence with many of the Plenodomus species.In
contrast, S. violicola produces relatively large conidia, up to
11 x 3 um (Boerema and Coworkers, 1993; De Gruyter et al.
2013).

Type species: Subplenodomus violicola (P. Syd.) Gruyter
et al., in Gruyter et al., Stud. Mycol. 75: 23 (2012).

= Phoma violicola P. Syd., Hedwigia 38(Beibl.): (137)
(1899)

Parasitic on leaves in terrestrial habitats. Sexual morph:
undetermined. Asexual morph: Conidiomata 125-250 pm

wide, pycnidial, globose to papillate, or with an elongated
neck, solitary or aggregated, thin-walled, pseudoparenchyma-
tous, unilocular, ostiolate. Ostiole consists of elongated neck,
often covered with hypae. Conidiogenous cells 5—-11 um
wide, phialidic, ampulliform to doliiform. Conidia 9—
10 x 2-3 pm, hyaline, aseptate, ellipsoid to cylindrical,
with two conspicuous guttules (from Boerema and
Coworkers, 1993) (Fig. 17).

Excluded genus

Neophaeosphaeria M.P.S. Camara et al., in Camara et al.,
Mycol. Res. 107(5): 519 (2003).

Type species: Neophaeosphaeria filamentosa (Ellis &
Everh.) M.P.S. Camara, et al., in Camara et al., Mycol. Res.
107(5): 519 (2003).

= Leptosphaeria filamentosa Ellis & Everh., J. Mycol.
4(8): 76 (1888)

Neophaeosphaeriaceae Ariyawansa & K.D. Hyde fam.
nov.

Index Fungorum number: 1IF551471, Facesoffungi
number: FoF 01164.

Saprobic or pathogenic on stems and leaves of herbaceous
or woody plants in terrestrial habitats. Sexual morph:
Ascomata scattered or clustered in circular areas, immersed,
depressed globose, with a small ostiolar pore slightly penetrat-
ing above the surface, under clypeus, coriaceous, papilla not
conspicuous. Peridium comprising 3 layers of large,
pigmented thin-walled, pseudoparenchymatous cells of
textura angularis. Hamathecium of 1.5-2.5 um wide, dense,
septate, cellular pseudoparaphyses embedded in a gelatinous
matrix. 4sci 8-spored, bitunicate, fissitunicate, broadly cylin-
drical to oblong, with a short, broad, bulbous, furcate pedicel,
apically rounded, with an ocular chamber, best seen in

b | =9

( g

Fig. 17 Subplenodomus violicola (Redrawn from Phoma violicola in
Boerema and Coworkers, 1993, Fig. 6B). a. Immature and mature
conidiomata. b. Conidia. Scale bars: a, b= 10 um
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immature asci. Ascospores obliquely uniseriate and partially
overlapping, yellowish brown, oblong to broadly fusiform,
mostly 3-septate, verruculose. Asexual morph:
Coelomycetous, coniothyrium-like. Conidiomata pseudopar-
enchymatous, sometimes stromatic. Conidiogenous cells lin-
ing entire locule, holoblastic, proliferating percurrently, usu-
ally resulting in conspicuous annellations. Conidia globose,
ovoid or ellipsoid, aseptate, yellowish brown often becoming
brown at maturity, verrucose to punctuate (from Camara et al.
2003).

Type genus: Neophaeosphaeria M.P.S. Camara et al., in
Camara et al., Mycol. Res. 107(5): 519 (2003).

Saprobic or pathogenic in terrestrial habitats, presently on-
ly known for Yucca sp. Sexual morph: Ascomata scattered or
clustered in circular areas, immersed, depressed globose, with
a small ostiolar pore, slightly penetrating above the surface,
under clypeus, coriaceous, papilla not conspicuous. Peridium
comprising 3-layers of large pigmented thin-walled, pseudo-
parenchymatous, cells of textura angularis. Hamathecium of
1.5-2.5 um wide dense, cellular pseudoparaphyses, embed-
ded in a gelatinous matrix. Asci 8-spored, bitunicate,
fissitunicate dehiscence not observed, broadly cylindrical to
oblong, with a short, furcate, bulbous pedicel, apically round-
ed, with an ocular chamber. Ascospores obliquely uniseriate
and partially overlapping, brown, ellipsoidal, 1-3-septate,
constricted at the septum, cell above central septum widest,
verruculose. Asexual morph: Coniothyrium-like.
Conidiomata pseudoparenchymatous, sometimes stromatic.
Conidiogenous cells lining entire locule. Conidiogenous cells
holoblastic, proliferating percurrently, usually resulting in
conspicuous annellations. Conidia globose, ovoid or ellipsoid,
aseptate, yellowish brown, often becoming brown at maturity,
verrucose to punctuate.

Notes: We introduce Neophaeosphaeriaceae to accommo-
date Neophaeosphaeria and its allied species in the suborder
Pleosporineae, order Pleosporales, Dothideomycetes.
Justification for the new family is based on combined gene anal-
ysis of the large and small subunits of the nuclear ribosomal
RNA genes (LSU, SSU), ITS and two protein coding genes
RPB2 and TEF1, as well as morphological characters. The main
difference between Neophaeosphaeriaceae and its closest
known linage Leptosphaeriaceae is the peridium. In
Leptosphaeriaceae the peridium is scleroplectenchymatous,
whereas in Neophaeosphaeriaceae it is pseudoparenchymatous.

Neophaeosphaeria has been referred to various families
based on both morphology and phylogeny. The four
Neophaeosphaeria species form a monophyletic clade based
on combine gene analysis of ITS and SSU rDNA sequence
data (Camara et al. 2001; Checa et al. 2002), and they clus-
tered in a clade including members of Phaeosphaeriaceae and
Leptosphaeriaceae (Camara et al. 2003). Neophaeosphaeria
filamentosa, the generic type of Neophaeosphaeria, nested in
Leptosphaeriaceae with low to moderate bootstrap values
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(Schoch et al. 2009; Zhang et al. 2009). De Gruyter et al.
(2013) suggested that although Neophaeosphaeria is related
to Coniothyrium based on the molecular data,
Neophaeosphaeria probably belongs in a separate phyloge-
netic clade. Moreover De Gruyter et al. (2013) concluded that
the grouping of N. filamentosa with the Coniothyrium species
in their study was poorly supported and N. filamentosa proved
to be more distantly related in previous molecular phylogenet-
ic studies (Verkley et al. 2004; De Gruyter et al. 2013). Thus
the placement of the Neophaeosphaeria was confused.
Currently Neophaeosphaeria comprises five epithets in
Index Fungorum (2015).

The type species of Neophaeosphaeria, N. filamentosa
along with N. agaves Crous & Yanez-Mora and
N. quadriseptata (M.E. Barr) M.P.S. Camara et al., form a
separate clade sister to the familial clades of
Cucurbitariaceae and Phaeosphaeriaceae. We therefore ex-
clude Neophaeosphaeria from Leptosphaeriaceae and intro-
duce a new family to accommodate this distinct lineage.

Type species: Neophaeosphaeria filamentosa (Ellis &
Everh.) M.P.S. Camara et al., Mycol. Res. 107(5): 519 (2003).

= Leptosphaeria filamentosa Ellis & Everh., J. Mycol.
4(8): 76 (1888)

Pathogenic on dead parts in living leaves of Yucca
filamentosa L. Sexual morph: Ascomata 115-157 pm high
x 115-186 um diam. (x= 140 x 155 wm, n = 10), scattered or
clustered in circular areas, immersed, depressed globose, with
a small ostiolar pore slightly penetrating the surface through
the host epidermis, under clypeus, coriaceous, dark brown to
black, papilla not conspicuous. Peridium 18-30 um (X =
24 um, n = 10) thick, composed of thin-walled, pseudoparen-
chymatous, cells of textura angularis. Hamathecium compris-
ing 1.5-2.5 um wide, cellular pseudoparaphyses, embedded
in a gelatinous matrix. Asci 70—105 x 8§10 um (X =
85 x 10 um, n = 20), 8-spored, bitunicate, fissitunicate, broad-
ly cylindrical to oblong, with a short, broad pedicel apically
rounded, 6-13 um long, with an ocular chamber. Ascospores
12-15 X 4-5 um (X= 13 X 5 mm, n = 30), obliquely uniseriate
and partially overlapping, yellowish brown, oblong, (1-)3-
septate, constricted at the primary septum, cell above central
septum widest, verruculose, containing four refractive glob-
ules. Asexual morph: Not observed in this collection.

Material examined: USA, New Jersey, Newfield, on dead
parts in living leaves of Yucca filamentosa (Asparagaceae),
July 1888, Ellis & Everhart (NY, holotype 00,914,294) (Fig 18).

Notes: Neophaeosphaeria was introduced by Camara et al.
(2003) when reassessing the Paraphaeosphaeria species with
3—4-septate ascospores. Asexual morphs produced ovoid to
ellipsoid, aseptate, brown, verrucose to punctuate conidia,
forming from percurrently proliferating conidiogenous cells.
Neophaeosphaeria filamentosa was selected as the generic
type. All species in Neophaeosphaeria are presently known
from Yucca sp. (Asparagaceae).
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Fig. 18 Neophaeosphaeria
filamentosa. a Herbarium label.
b, ¢ Close-up of ascomata d
Close-up of peridium. e
Arrangement of cellular
pseudoparaphyses in
hamathecium f-h Cylindrical asci
with an indistinct ocular chamber.
i-1 Ascospores with verruculose
ornamentation. Scale bar:
d=70 um, e =10 pum, f-

h =20 um, m-r =35 um

Discussion

Molecular data together with morphology has provided the
foundation for modern classification of the Kingdom Fungi,
but have some limitations in application (Hibbett et al. 2007;
Ariyawansa et al. 2014a, f; Boonmee et al. 2014; Hyde et al.
2014; Nilsson et al. 2014; Schoch et al. 2014; Thambugala
et al. 2014a). The most significant and confusing problem is
that the phylogenetic data gathered from any gene may not
reveal the evolution history of the organism (Ariyawansa et al.
2014a, b). Therefore, polyphasic taxonomy, including geno-
typical and phenotypical characteristics are recommended in
all studies (Ariyawansa et al. 2014a, b). Another difficulty is
that in early phylogenetic studies focus was on techniques and
strains of fungi used that in most cases were not carefully
referenced, thus creating confusion as explained in
Ariyawansa et al. (2014a, b). Most strains in GenBank are
named without link to voucher specimens and it is not practi-
cal to verify their characters to ensure accurate naming.
Leptosphaeriaceae is an important family in the order
Pleosporales (Zhang et al. 2012; Hyde et al. 2013), including
economically important pathogens on various hosts (De
Gruyter et al. 2013; Hyde et al. 2014). Host association pre-
viously played a vital role in the classification of the species of
Leptosphaeriaceae (De Gruyter et al. 2010; Hyde et al. 2014)
and there have only been a few molecular studies of

Leptosphaeriaceae, as compared to the morphology based
studies (Camara et al. 2003; De Gruyter et al. 2013). Genera
with bitunicate asci and hyaline or pigmented ascospores with
or without septation viz. Phaeosphaeria and Leptosphaeria
have usually been classified under Phaeosphaeriaceae and
Leptosphaeriaceae. Leptosphaeriaceae shares similarities
with Phaeosphaeriaceae, but can clearly be differentiated by
the characters of the peridium, host and the asexual morph.
Leptosphaeriaceae species usually occur on dicotyledons,
have a peridium of scleroplectenchymatous cells, and asexual
morphs are known as coniothyrium-like and phoma-like
(Camara et al. 2002; Hyde et al. 2013; Kirk et al. 2008;
Zhang et al. 2009). Phaeosphaeriaceae species are generally
associated with monocotyledons and the peridium comprises
pseudoparenchymatous cells and produce coelomycetous
asexual states (Camara et al. 2002; Kirk et al. 2008; Zhang
etal. 2009). Molecular studies however have shown that these
particular characters have evolved in different families such as
Didymellaceae and Montagnulaceae (Zhang et al. 2012; Hyde
et al. 2013).

Recent studies such as those of Zhang et al. (2012), De
Gruyter et al. (2013) and Hyde et al. (2013), did not discuss
details of the family Leptosphaeriaceae and related genera.
De Gruyter et al. (2013) mainly focused on the phoma-like
asexual morphs in the family, while Zhang et al. (2012)gave a
detailed account for some of the sexual morphs. Hyde et al.
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(2013) provided description and phylogenetic placement of
the family and provided a key to the genera in
Leptosphaeriaceae in their work on Dothideomycetes.

In this study we provide a backbone tree to
Leptosphaeriaceae using as much vouchered sequence data
as possible. Ten clades of Leptosphaeriaceae are recognized
in our analysis based on ITS, LSU and SSU sequence data,
which are treated as groups for the delimitation of genera.
Even though relationships among these clades may be weakly
supported and some may vary in detail, some tentative con-
clusions can be drawn. Several current taxonomic hypotheses
are supported by our molecular data, and this makes it possible
to propose some taxonomic hypotheses about the relation-
ships among the genera in Leptosphaeriaceae. By combining
multi-locus DNA sequencing with detailed morphological
analyses, we were able to define and propose five new species
in the family Leptosphaeriaceae and one novel family
Neophaeosphaeriaceae in order Pleosporales. We accept sev-
en sexual or asexual genera and exclude one genus from the
family Leptosphaeriaceae based on morphology together
with molecular data.

In order to provide a clear account for the Leptosphaeria
doliolum species complex we provide a separate phylogenetic
analysis based on ITS, LSU and ACT sequence data.
Leptosphaeria doliolum and L. veronicae proved to be closely
related in a phylogenetic analysis utilising LSU and ITS. A
detailed multi-locus phylogenetic study including ITS, ACT
and LSU sequence data, however, demonstrate that both spe-
cies could be clearly differentiated, and represent two
subclades in Leptosphaeria sensu stricto. We further conclud-
ed that Leptosphaeria sensu stricto includes several possibly
host-specific, pathogenic species. Providing data with voucher
sequences for L. doliolum and related taxa will allow better
resolution of the genus.

We introduce a new family Neophaeosphaeriaceae in the
order Pleosporales to accommodate the genus
Neophaeosphaeria, thus resolving the confusion surrounding
the genus Neophaeosphaeria and confirm its phylogenetic
placement.

The family Leptosphaeriaceae is a well supported phylo-
genetic lineage in multiple analyses and this is also supported
by morphology. The significance of accurate DNA sequence
data attached with both correct taxonomic names and clearly
annotated specimen data is essential. This also results in a
more stable and understandable taxonomy and nomenclature.
We were unable to borrow some type material, viz. the epitype
designated for Paraleptosphaeria nitschkei could not loaned
due to the policies of CBS herbarium, thus we represent this
species via drawings from the literature. We provide a well
resolved back-bone tree for the family Leptosphaeriaceae and
allied genera, representing all the sexual and asexual genera,
which presently have DNA sequences and provide a baseline
platform for resolving species and genera in the family.
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