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Preface

The ascomycete genus, Ophiostoma together with its sister genera in the
Ophiostomatales, comprise more than 300 known species. Many of these fungi cause sap
stain on freshly exposed sapwood and have a significant negative economic impact on
timber companies globally. The majority of species are vectored by bark- or sapwood-
infesting beetles (Scolytinae), or other arthropods such as mites. Although only a few
species of Ophiostoma sensu lato are serious tree pathogens, the impact of these has
been dramatic.

The genus is perhaps best known as a result of the disastrous Dutch elm disease
pandemics that killed millions of native elm trees in Europe and north America during the
20" century (Gibbs 1978). The causal agents of this disease are Ophiostoma ulmi and
some closely related species that are vectored by Scolytus bark beetles (Webber 1990).
At present there are several other on-going epidemics where these fungi are contributing
to major losses of natural forests and plantations. These include the mountain pine beetle
(Dendroctonus ponderosae) epidemic in the north western parts of North America where
the range of the beetle is expanding northwards and to higher altitudes as the result of
global warming (Hicke et al. 2006).

Another situation where bark beetles and their fungal associates have caused serious
damage is where they have been introduced into new environments and where native
trees have not developed natural resistance to them. An example here is the red
turpentine beetle (Dendroctonus valens), that has been introduced with one of its fungal
associates, Leptographium procerum, from North America into China, killing huge
numbers of pine species native to east Asia (Yan et al. 2005). The consequence of these
and similar epidemics is that ophiostomatalean species are considered as important
guarantine pathogens in the world that need to be considered during the import and
export of wood products and solid wood packaging.

Interestingly, the Ophiostomatales includes some opportunistic human and animal
pathogens in the genus Sporothrix that are the causal agents of a disease known as
sporotrichosis (De Lima Barros et al. 2011). Although sporotrichosis is not contagious, it
often causes localized epidemics when high levels of inoculum are present on specific
substrates. Probably the most extreme epidemics took place in South African gold mines
during the first half of the last century. Wooden poles used to support the roofs of mine
tunnels sustained growth of Sporothrix schenckii, which infected any small wounds on the
labourers (Quintal 2000). The lack of antifungal compounds made treatment of the
disease difficult, often resulting in the dissemination of the disease to other parts of the
body via lymphatic vessels. At present, there is a new sporotrichosis epidemic that has
been on-going in the densely populated parts of Buenos Aires for the past ten years. Cats
have access to only small patches of infected soil in the city, picking up the spores in their
claws and infecting other cats and humans with the fungus through scratches. Several
hundred cases of the disease have already been reported (Schubach et al. 2008).
However, globally the disease has also regained attention of researchers during the past
two decades due to the appearance of a variety of serious mycoses, in several cases
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leading to the death of immuno-compromised, most often HIV positive patients (Freitas et
al. 2012).

It is against this background of tree, human and animal disease that the importance of the
taxonomy of the Ophiostomatales becomes evident. Responsible diagnostics and
remedial or preventative measures rely on a solid foundation of good taxonomy. The
introduction of DNA based techniques in the 1990’s to resolve taxonomic questions has
had a major impact on fungal taxonomy as a discipline. We can now reliably distinguish
between closely related species. E.g. several cryptic human pathogenic species in the S.
schenckii complex have been described in recent years, and these differ from each other
in their pathogenicity (Arrilaga-Moncrieff et al. 2009) and their susceptibility to antifungal
compounds Marimon et al. (2008). This means that more accurate identifications will
translate to more efficient treatment regimes. DNA sequences have also made it possible
to determine to which genus or species a fungal isolate belongs, irrespective of whether
we know the anamorph, teleomorph or for that matter any morphological state. The
capacity to accurately identify fungi in this way, and the realisation that we do not need to
rely on morphological characters to resolve complex taxonomic problems, culminated in
radical changes to the International Code of Nomenclature for Algae, Fungi and Plants
(ICN). These changes, loosely referred to as the “one fungus one name principles”, to the
Code were adopted by the 18" International Botanical Congress in Melbourne in July
2011. The application of these principles will result in many name changes in the
foreseeable future, but will eventually bring much needed stability in fungal nomenclature.

The genus Ophiostoma was considered a synonym of Ceratocystis for most of the latter
half of the 20™ century, and together, species of these genera were referred to as the
ophiostomatoid fungi. The confusion between these genera transgressed all levels of their
taxonomy, from the ordinal down to species level. Some of the earliest DNA-based
studies in the 1990’s showed that Ceratocystis belonged in the Microascales, and that
Ophiostoma belonged in an order of its own, the Ophiostomatales. Results of the AFTOL
(Assembling the Fungal Tree of Life) project further elucidated the placement of these
orders in the Sordariomycetes. In addition, several studies during the past twenty years
addressed and resolved specific genus level questions within these groups. However,
neither the Ophiostomatales nor the Microascales has been redefined since 1990, based
on the available phylogenetic data and with the inclusion of all related genera. It is against
this backdrop that the studies presented in this thesis were undertaken.

The first chapter of this thesis addressed the phylogenetic placement of the
ophiostomatoid genera at the order and family levels. Sequences representing all orders
and families in the Sordariomycetes were used as scaffold to which sequences of species
representative of all the ophiostomatoid genera were compared. The resulting
phylogenies enabled me to formally redefine the Ophiostomatales and
Ophiostomataceae, and revealed a new family, the Graphiaceae, to accommodate
species of Graphium s.str. in the Microascales.

In chapter two | focussed on the Ophiostomatales and the delineation of genera within
this order. Several studies over the past years interrogated genus level questions in this
order. However, these studies typically included between 20 and 70 species, usually
representing only one or two particular genera. The focus of most of these studies was to
resolve the phylogenetic placement of specific morphological groups of species. Over
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time, it became clear that especially anamorph morphology within the Ophiostomatales is
very plastic, and that classifications based on these features did not necessarily reflect
phylogenetic relatedness or distance between taxa. E.g. many species produce
intermediate forms between synnematous and mononematous conidiomata. Another
example is that of several species producing strictly sporothrix-like anamorphs, while
others produce these anamorphs together with synnematous synanamorphs. | screened
all available sequence data for all ophiostomatalean species in GenBank, which
amounted to almost 8000 sequences. | carefully selected the most reliable ribosomal DNA
sequences representing each species, and where possible, those of the ex-type strains,
also considering the publications from which these sequences were published. | identified
reliable sequences of altogether 266 species residing in the order, and analysed these in
three different data sets. Analyses of these data resulted in several new lineages, many of
which revealed species relations not previously recognized. Six genera and 18 species
complexes were defined. The results were interpreted based on the “one fungus one
name” principles. Because all lineages could not be equally well resolved, | suggested a
conservative approach and made several recommendations as to how to deal with these
taxa in the interim and until more robust phylogenies become available that can resolve
the uncertain delineation of genera.

The last complete nomenclator for the ophiostomatoid fungi was published in 1993, and
included 138 teleomorphic species. The delineation of genera based on phylogenetic
analyses discussed in chapters one and two, and the application of “one fungus one
name” principles to species in these genera, resulted in a need for an updated
nomenclator for these fungi. In chapter three | present a nomenclator of all
ophiostomatoid species, both anamorphic and teleomorphic. This included 596 valid
species in 11 genera. This is not merely a list of names, but for each species all relevant
taxonomic literature as well DNA sequence data, where available, were considered and
cited to ensure a correct generic placement. Three genera were redefined, and 26 new
combinations and one nomen novum were made.

Phylogenetic analyses in chapter two supported previous suggestions that the so-called
Sporothrix schenckii-Ophiostoma stenoceras complex in Ophiostoma sensu lato, might
represent a distinct genus. In chapter four, this question was addressed using a four
gene phylogeny for all species previously suggested to belong to this complex. This
included 35 species of Ophiostoma and 17 Sporothrix spp. The results confirmed that 32
of the species formed a monophyletic lineage that included S. schenckii, the type species
of the genus Sporothrix. The emended Code allows for anamorph genera to be redefined
to include teleomorphic species. Sporothrix was thus redefined and 19 new combinations
were provided for species of Ophiostoma.

Between 1971 and 1998, three Sporothrix spp. were described from diseased Eucalyptus
leaves. The unigue morphology of septal pores prompted the description of a new genus,
Quambalaria, in 2000 to accommodate these species. However, as the phylogenetic
position of these taxa remained unclear, | employed DNA sequences in chapter five to
determine their generic placement. The results confirmed that they represented a distinct
genus, but also a new family in the Microstromatales, a basidiomycete order in the
Ustilaginomycetes. However, the phylogenetic relationship of one of the species, Q.
pusilla, remained unclear because no culture was available for this species.



During the last few years, several more isolates of Quambalaria from various hosts on
four continents became available for study. Also, | obtained a dried culture of Q. pusilla,
the species for which no living culture was available during the work for chapter five. In
chapter six | thus identified 35 isolates of Quambalaria based on DNA sequences. In
addition to the ITS region, | developed new basidiomycete-specific primers for the
elongation factor 1a gene region, and showed that this region supports ITS in the
delineation of closely related species of Quambalaria. The data resolved the identity of Q.
pusilla, revealed a new species, and led to several new host and country reports of
Quambalaria spp.

The chapters of this thesis resolved several higher order, generic and species level
guestions related to ophiostomatoid genera and species, especially those with sporothrix-
like anamorphs. The thesis serves as a timely review and interpretation of DNA sequence
data generated for these taxa over the past 20 years. It also represents the first
comprehensive assessment of the impacts that the newly adopted one fungus one name
principles in the Code will have on ophiostomatoid taxonomy. This study will hopefully
serve as foundation for ophiostomatalean taxonomy and nomenclator during the course of
the next few years.
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Abstract

The almost century-long confusion regarding the taxonomy of the ophiostomatoid fungi
has confounded definitions of the orders and families in which genera such as
Ophiostoma and Ceratocystis were originally classified. In this study, we combined and
re-analysed ribosomal LSU and SSU DNA sequences from several recent studies. The
resulting phylogenetic trees showed that ophiostomatoid species belong to either the
Ophiostomatales (Sordariomycetidae) or the Microascales (Hypocreomycetidae) in the
Sordariomycetes. Based on these results, we have redefined the Ophiostomatales and its
only family, the Ophiostomataceae, to accommodate the genera Ophiostoma sensu lato
(including Pesotum and Sporothrix), Ceratocystiopsis, Fragosphaeria, Leptographium s. I.
(including Grosmannia), Raffaelea sensu stricto, and Graphiloum. Analyses in this study
showed that the Microascales include the Microascaeae, Halosphaeriaceae,
Ceratocystidaceae, Gondwanamycetaceae, and the newly erected family, the
Graphiaceae. The Ceratocystidaceae accommodates Ceratocystis s. |. (including
Thielaviopsis and Ambrosiella) and Cornuvesica. The Gondwanamycetaceae includes
Knoxdaviesia (= Gondwanamyces) and Custingophora, and the Graphiaceae includes
Graphium s. str. The latter genus was redefined to include what was previously referred to
as the G. penicillioides complex. We treat Sphaeronaemella as incertae sedis in the
Microascales. Five genera previously treated in the Ophiostomatales or Microascales
were excluded from these orders. These were Canariomyces, Klasterskya, Lanspora,
Rhynchophoma and Spumatoria. The status of Chaetonaemospora, Mycorhynchella, and
Sporendocladia remains to be clarified.
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The ‘Ophiostomatoid Fungi’ is a term of convenience that was proposed to refer to an
unnatural group of fungi with similar teleomorph morphology that arose due to convergent
evolution with insects. Most species produce either ascospores or conidia or both spore
types in sticky drops on elevated structures, specifically adapted for arthropod dispersal.
For more than a century these analogous morphological characters were considered
congruent by taxonomists, resulting in much confusion in the literature. When it became
evident, initially from biochemical characterization (Rosinski & Campana 1964, Smith et
al. 1967, Jewell 1974, Weijman & De Hoog 1975, Harrington 1981, De Hoog & Scheffer
1984) and subsequently based on DNA sequence data (Berbee & Taylor 1992a), that
these morphological traits have evolved several times in the Ascomycota, mycologists
working with this group of fungi were presented with a dilemma. Previously it was
acceptable to refer to this group by the preferred genus name of the period, whether it
was Ceratostomella (Hedgcock 1906, Davidson 1942), Ophiostoma (Sydow & Sydow
1919, Nannfeldt 1932, Melin & Nannfeldt 1934, Siemaszko 1939, Von Arx 1952) or
Ceratocystis (Bakshi 1951, Moreau 1952, Hunt 1956, Wright & Cain 1961, Griffin 1968,
Olchowecki & Reid 1974, Upadhyay 1981). But how were they to refer to a group of fungi,
representing phylogenetically distinct genera, but with a common morphology, taxonomic
history, and similar ecology? The problem was addressed by the invention of the term
‘ophiostomatoid' in the book ‘Ceratocystis and Ophiostoma: Taxonomy, Ecology and
Pathogenicity,” that was the result of a symposium held in 1990 in Germany on all aspects
of the taxonomy and biology of these fungi (Wingfield et al. 1993). The title of the book, as
well as the majority of its taxonomic content, recognized that Ceratocystis and
Ophiostoma were indeed distinct, but the term made it possible to collectively refer to
them as a group.

Interestingly, the Ceratocystis and Ophiostoma book (Wingfield et al. 1993) did not
contain a single phylogenetic tree, only six of the 30 chapters mentioned DNA at all, and
only one of these chapters presented DNA sequence data (Blackwell et al. 1993). The
reason was that the book appeared at a time when the first DNA sequence data,
confirming the phylogenetic separation of Ophiostoma and Ceratocystis, were just
becoming available. Hausner et al. (1992) was the first to produce a phylogenetic tree for
these fungi based on nuclear ribosomal small subunit (SSU) sequences. They showed a
clear separation between Ophiostoma and Ceratocystis among some other Ascomycete
genera. In the same year, the first ever paper appeared in which an anamorphic fungal
species (Sporothrix schenckii) was placed in a teleomorph genus (Ophiostoma) (Berbee &
Taylor 1992b). Soon afterwards, the first two papers appeared that conclusively placed
Ophiostoma and Ceratocystis in respectively the Ophiostomatales and Microascales
based on DNA sequence comparisons (Hausner et al. 1993d, Spatafora & Blackwell
1994). Several papers followed that addressed taxonomic questions with DNA sequence
data at genus level (Hausner et al. 1993b, ¢, Wingfield et al. 1994, 1999, Visser et al.
1995, Blackwell & Jones 1997, Marais et al. 1998, Okada et al. 1998, Viljoen et al. 1999),
as well as at the species level (Jeng et al. 1996, Issakainen et al. 1997, Strydom et al.
1997, Witthuhn et al. 1998, 1999). By 1995, the first paper appeared where a new
ophiostomatoid species, Ceratocystis albifundus, was described based on internal
transcribed spacer (ITS) sequences (Wingfield et al. 1996). But it was only after the dawn
of the new millennium that DNA sequences became a routine feature in the descriptions
of novel ophiostomatoid species (Coetsee et al. 2000, Barnes et al. 2003, Jacobs &
Kirisits 2003, Aghayeva et al. 2004, Van Wyk et al. 2004, Zhou et al. 2004, etc.). To date,
82 new ophiostomatoid species have been described in the Ophiostomatales, and 48 in
the Microascales, based on DNA sequence data.

If it is accepted that the authoritative 1993 book had already recognised that Ceratocystis
was distinct from Ophiostoma, and the subsequent evidence provided by DNA sequences
supported the placement of these and allied genera in two distinct orders of the
Ascomycota, the question might be asked why these genera should still be treated in a



single volume, let alone in one chapter? The answer to this question might be found in
some numbers based on publications. We conducted online searches in SciVerse Scopus
(www.info.sciverse.com/scopus) and the ISI Web of Knowledge
(www.isiwebofknowledge.com), and counted the number of papers published each year
since 1993, listing either Ceratocystis, or Ophiostoma, or those mentioning both genus
names in the title, abstract or keywords (Fig. 1). If we assume that by 1993 the majority of
mycologists and plant pathologists working with the ophiostomatoid fungi would have
accepted that Ceratocystis and Ophiostoma were distinct, a significant decline in the
number of papers mentioning both genus names would be expected. However, of the 953
papers published from 1993 to 2011 mentioning these genera, 167 (18%) listed both
genus names. Of these, 36% had pathology (including all aspects of resistance) as main
topic, 33% dealt with taxonomy, 17% with ecology (including symbiosis), 10% with
sapstain, and 4% with population genetics. The overall trend over the study period was
that the total number of papers on Ceratocystis and Ophiostoma published annually had
increased (Fig. 1a), while the percentage of the total number of papers mentioning both
genus names had decreased (Fig. 1b). However, the actual number of papers mentioning
both genera has remained almost constant since 1993, averaging about nine per year
(Fig. 1c). The numbers of species listed in the latest nomenclator (De Beer et al. 2012)
are also informative. As a result of a century of taxonomic confusion, 109 valid species
currently treated in the Ophiostomatales in Ophiostoma, Grosmannia, Ceratocystiopsis or
Graphilbum, had at some stage or other been treated in Ceratocystis, while 10 valid
Ceratocystis spp. had been treated at some point in Ophiostoma. Similarly, 15
Ophiostoma spp., five Grosmannia spp., five Ceratocystis spp. and one Ceratocystiopsis
sp. had been treated in Ceratostomella. All future nomenclators, monographs or other
taxonomic papers treating any of these species, will have to consider their homotypic
synonyms. By definition, good taxonomy always considers its history, and for that reason
Ophiostoma, Ceratocystis and Ceratostomella will forever be linked, even though DNA
sequence data have irrefutably separated them. This is probably the reason why the
number of annual publications mentioning both Ceratocystis and Ophiostoma remains
more or less constant, and it also explains why we are still considering these genera and
their relatives in a single chapter.

Over the past 20 years, several papers have addressed the phylogenetic placement and
delineation of the ophiostomatoid genera Ceratocystis (Hausner et al. 1993d, Spatafora &
Blackwell 1994), Thielaviopsis (Paulin-Mahady et al. 2002), Gondwanamyces (Wingfield
et al. 1999), Cornuvesica (Hausner & Reid 2004), Ambrosiella (Massoumi Alamouti et al.
2009) and Graphium (Okada et al. 1998) within the Microascales, and that of Ophiostoma,
Grosmannia, Ceratocystiopsis (Zipfel et al. 2006), Fragosphaeria (Suh & Blackwell 1999),
Leptographium (Jacobs et al. 2001), Pesotum (Okada et al. 1998), Sporothrix (De Beer et
al. 2003), and Raffaelea (Harrington et al. 2010) in the Ophiostomatales. Augmenting
these studies, papers based on the data produced during the AFTOL project (Lutzoni et
al. 2004) shed new light on the position of the two orders in the Ascomycota (Spatafora et
al. 2006, Zhang et al. 2006, Hibbett et al. 2007, Schoch et al. 2007, 2009, Réblova et al.
2011). However, none of the above-mentioned studies included DNA sequences
representative of all the currently accepted ophiostomatoid genera. The aim of the present
investigation was thus to consider for the first time in a single study, the phylogenetic
relationships of all the ophiostomatoid genera at the family and order levels within the
Sordariomycetes, to facilitate an accurate delineation of both the Ophiostomatales and
Microascales. We also considered and discuss all genera suggested over time to be
related to ophiostomatoid genera in either of the two orders.

For as comprehensive an analysis of the ophiostomatoid genera as possible, the gene
regions of choice were the ribosomal small subunit (SSU) and large subunit (LSU)
regions, since data for these two loci were available for the largest number of species.
Initially, we included all the available SSU and LSU sequences for species in the



ophiostomatoid genera (data not shown). Through careful screening we then selected a
limited number of sequences representing each genus. These sequences were alighed
and analysed with the AFTOL and other reliable data representing all recognized orders
within the Sordariomycetes as framework (Hibbett et al. 2007, Schoch et al. 2009), in two
separate data sets representing the two gene regions. Data sets were assembled using
MEGA 5 (Tamura et al. 2011). Alignment of data was done online using the FFT-NS-I
strategy in MAFFT 6 (Katoh & Toh 2008). The most appropriate models for maximum
likelihood (ML) analyses were selected using jModeltest 0.1.1 (Posada 2008), and for
Bayesian inference (Bl) using MrModeltest 2.3 (www.abc.se/~nylander/). ML was
performed in PhyML 3.0 (Guindon et al. 2010) and maximum parsimony (MP) in MEGA 5,
with node support in both cases determined using 1000 bootstrap replicates. For
Bayesian Inference (BI) four MCMC searches were conducted in two simultaneous runs
for 5 million generations, sampling every 100th iteration. Bl was done using MrBayes
3.1.2 (Ronquist & Heulsenbeck 2003) and ‘burnin’ of each search was determined with
Tracer 1.4 (www.tree.bio.ed.ac.uk/software/tracer/). Phylogenetic trees resulting from
these analyses (Figs 2, 3) are discussed where appropriate in the sections below.

THE OPHIOSTOMATALES AND THE OPHIOSTOMATACEAE

The order Ophiostomatales was described by Benny & Kimbrough (1980) to
accommodate a single family, the Ophiostomataceae, that was treated prior to 1980 in the
Plectascales (Nannfeldt 1932), Microascales (Luttrell 1951, 1955), Sphaeriales (Ainsworth
& Bisby 1954, Von Arx 1979), and as a synonym of the Endomycetaceae in the
Endomycetales (Redhead & Malloch 1977). The family Ophiostomataceae was described
long before the order (Nannfeldt 1932) and its initial definition included Ophiostoma, with
Ceratostomella and Endoconidiophora as synonyms. Alongside Ophiostoma, Goidanich
(1936) added Grosmannia, Ophiostomella, and Chaetoceratostoma to the family, while
Gaumann (1952) included Microascus. From the early 1950’s onwards, Ophiostoma was
considered a synonym of Ceratocystis by most authors (Bakshi 1951, Moreau 1952, and
others), with Ceratocystis often being treated in the Ophiostomataceae (Davidson 1958,
Rosinski 1961, Ainsworth 1963, 1971, Kendrick & Molnar 1965). Muller & Von Arx (1973)
listed Europhium and Sphaeronaemella together with Ceratocystis in the family, and
Upadhyay & Kendrick (1975) added Ceratocystiopsis. When Benny & Kimbrough (1980)
eventually described the Ophiostomatales, they accepted the Ophiostomataceae as the
only family in the new order, including four genera: Ceratocystis, Ceratocystiopsis,
Ophiostoma, and Sphaeronaemella. Upadhyay (1981), apparently unaware of the Benny
& Kimbrough (1980) paper, redescribed the Ophiostomataceae and designated
Ceratocystis as the type genus, with Ophiostoma, Sphaeronaemella, Grosmannia and
Europhium as its synonyms, and with Ceratocystiopsis as a second genus in the family
and order. The only two formal family descriptions published since Upadhyay (1981),
correctly excluded Ceratocystis from the Ophiostomataceae, but treated Ophiostoma,
Europhium, and Ceratocystiopsis as distinct genera (Von Arx & Van der Walt 1987, Barr
1990). For some years, the latter two were treated as synonyms of Ophiostoma (Wingfield
1993, Hausner et al. 1993b), until Zipfel et al. (2006) re-instated Ceratocystiopsis and
Grosmannia (with Europhium as synonym) alongside Ophiostoma in the Ophiostomatales.
Hausner et al. (1993c), Spatafora & Blackwell (1994), and several subsequent authors
showed that Ceratocystis was ‘best disposed in the Microascales’, which implied that the
Ophiostomatales should be typified by Ophiostoma. Although the order and family were
appropriately treated by Kirk et al. (2008), neither of the two had been redefined since
Barr (1990). Considering the confusion in the delineation of the Ophiostomatales and the
Ophiostomataceae as described above, and the dramatic changes in the taxonomy of the
ophiostomatoid fungi during the past two decades, it is clear that the circumscriptions of
the family and order are in need of revision accommodating the clarity that DNA sequence
analyses provide.



The phylogenetic position of the Ophiostomatales and its status as distinct order in the
sub-class Sordariomycetidae was confirmed in multigene phylogenies (Zhang et al. 2006,
Schoch et al. 2007, 2009) that were an outcome of the AFTOL project
(http://www.aftol.org/). Phylogenetic trees (Figs 2, 3) resulting from our analyses included
selected species of all the major groups in the Ophiostomatales, and supported the
lineages revealed in the more comprehensive phylogenies of the Ophiostomatales
constructed by De Beer & Wingfield (2012, Figs 1, 2). Central to the Ophiostomatales is
the lineage representing Ophiostoma s. str. (Figs 2, 3) that contains the type species for
the genus, O. piliferum (Sydow & Sydow 1919). Ophiostoma s. str. also includes several
species complexes discussed comprehensively by De Beer & Wingfield (2012), and forms
part of a larger, less well defined contingent defined as Ophiostoma s. I. The latter at
present includes species complexes like the Sporothrix schenckii-O. stenoceras complex,
the generic status of which needs reconsideration.

The second major group in the Ophiostomatales was defined as Leptographium s. I. by
De Beer & Wingfield (2012), who showed that this group is not monophyletic as previously
suggested (Zipfel et al. 2006). The type species for Leptographium and Grosmannia,
namely L. lundbergii and G. penicillata respectively, separate in two distinct lineages
within this group. As is the case for Ophiostoma s. I., the generic status of these two
lineages and several other species complexes in Leptographium s. . needs
reassessment.

The remaining four genera in the Ophiostomatales, Fragosphaeria, Raffaelea s. str.,
Ceratocystiopsis, and the newly resurrected Graphilbum, are all delineated and discussed
by De Beer & Wingfield (2012). The association of both Ceratocystiopsis and Graphilbum
with Ophiostoma and the Ophiostomatales were evident since the inception of these
genera (Upadhyay & Kendrick 1975). However, the both Fragosphaeria and Raffaelea
had been treated elsewhere prior to their inclusion in the Ophiostomatales. The
cleistothecial genus Fragosphaeria was previously treated in the families Cephalotheceae
(Von Hohnel 1917, Nannfeldt 1932, Benny & Kimbrough 1980) and Pseudeurotiaceae
(Malloch & Cain 1970, Fennell 1973) as part of the Eurotiales (Benny & Kimbrough 1980).
Von Arx (1987) treated the Pseudeurotiaceae in the Sphaeriales, rather than the
Eurotiales. Raffaelea, being a genus of only asexual ambrosial species, was treated by
Batra (1967) in the Tuberculariaceae. The latter was a family in the Tuberculariales, one
of the four orders in which the Hyphomycetes were traditionally divided (Kirk et al. 2008).
Von Arx & Van der Walt (1987) were the first to list Raffaelea as one of the anamorph
genera in the Ophiostomataceae. Our results confirmed the placement of Fragosphaeria
and Raffaelea in the Ophiostomatales by respectively Suh & Blackwell (1999) and Jones
& Blackwell (1998).

For the present we treat Ophiostoma s. |., Leptographium s. |., Ceratocystiopsis,
Fragosphaeria, Raffaelea and Graphilbum in the Ophiostomataceae. Until the generic
status of the unresolved lineages within the Ophiostomatales is determined using
multigene data, we prefer not to introduce new families in the order. For the present, the
Ophiostomataceae is thus maintained as the only family in the order. The last formal
descriptions for the order and family were published prior to the availability of DNA
sequence data. We, therefore, emend the descriptions of the Ophiostomatales and
Ophiostomataceae to reflect current perspectives (Box 1).

OPHIOSTOMATOID FAMILIES AND GENERA IN THE MICROASCALES

The Microascales and Microascaceae were described by Luttrell (1951), albeit invalidly, to
accommodate Microascus. He included the Ophiostomataceae as a second family in the
order, and considered Ceratocystis a synonym of Ophiostoma. Malloch (1970) validated
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the Microascaceae with Microascus as type genus. Benny & Kimbrough (1980) followed
by validating the Microascales, and recognising the Microascaceae, Chadefaudiellaceae
and Pithoascaceae in the order. However, they excluded Ceratocystis from the
Microascales, and treated it with Ceratocystiopsis, Sphaeronaemella, and Ophiostoma, in
the Ophiostomatales. Von Arx & Van der Walt (1987) treated Ceratocystis in the
Lasiosphaeriaceae (Sordariales), while Barr (1990) treated it in the Pyxidiophoraceae
(Hypocreales). Hausner et al. (1993c, d) and Spatafora & Blackwell (1994) were the first
to confirm the separation of Ophiostoma from Ceratocystis at ordinal level based on DNA
sequences, placing the latter genus in the Microascales. Subsequent phylogenetic studies
suggested the placement of six additional ophiostomatoid genera within the Microascales.
These included Sphaeronaemella (Spatafora & Blackwell 1994), Ambrosiella (Cassar &
Blackwell 1996), Graphium (Okada et al. 1998), Gondwanamyces (Wingfield et al. 1999),
Custingophora (Viljoen et al. 1999), and Cornuvesica (Hausner & Reid 2004). Several of
these and other phylogenetic studies, including multigene phylogenies, showed that these
genera form lineages within the Microascales that are distinct from the lineage containing
Microascus and its allied genera (Spatafora et al. 1998, Paulin & Harrington 2000,
Réblova & Winka 2000, Hausner & Reid 2004, Huhndorf et al. 2004, Réblova & Seifert
2004, 2007, Zhang et al. 2006, Schoch et al. 2007, 2009, Tang et al. 2007, Sakayaroj et
al. 2011, Réblova et al. 2011). Réblova et al. (2011) defined two of these lineages as new
families, namely the Ceratocystidaceae and the Gondwanamycetaceae, alongside the
Microascaceae and Halosphaeriaceae. They concluded that the status of the fifth family,
the Chadefaudiellaceae, until recently listed under the Microascales (Kirk et al. 2008), is
uncertain since no sequence data are available for its exemplar genus, Chadefaudiella.

Similar to the situation in the Ophiostomatales, the last full descriptions of the
Microascales and Microascaceae were published by Barr (1990), and have become
outdated for reasons set out above. However, there is one reason to apply caution before
the description of the order can be emended. In some publications genera currently
treated in the Microascales did not form a well-supported lineage in phylogenetic trees
based on LSU data (Tang et al. 2007, Kolafik & Hulcr 2009, Réblova et al. 2011),
suggesting that the Microascales might not be monophyletic. However, results from SSU
data from the same studies showed a monophyletic lineage with good support. This
support was also exhibited in SSU trees from other studies (Spatafora et al. 1998, Jacobs
et al. 2003, Hulcr et al. 2007), as well as in multigene trees obtained from combined data
of three (Schoch et al. 2007, Réblova et al. 2011, Sakayaroj et al. 2011), four (Zhang et al.
2006), five (Spatafora et al. 2006), and six gene regions (Schoch et al. 2009). We are
convinced that these studies have provided sufficient evidence to confirm the monophyly
of the Microascales.

In our re-assessment of the Microascales, we included all available SSU and LSU rDNA
sequence data for the ophiostomatoid species known to be associated with this order. We
used the same reference data as for analyses of the Ophiostomatales. Our results
confirmed the phylogenetic position of the Microascales and its status as a distinct order
in the sub-class Hypocreomycetidae as was revealed by the multigene phylogenies
resulting from the AFTOL project (Zhang et al. 2006, Schoch et al. 2007, 2009). The
resulting LSU trees (Fig. 2) reflected the split in the Microascales as was present in the
studies mentioned above, while the SSU tree (Fig. 3) supported the monophyly of the
order. Both data sets produced six well-supported lineages within the Microascales (Figs
2, 3). Five of these lineages included ophiostomatoid species (species hames in bold
type, Figs 2, 3), and four lineages corresponded to recognized families. Several
Graphium spp. constituted the fifth distinct lineage, while Sphaeronaemella spp. formed a
sixth lineage. Each of these lineages is considered separately below.



The Microascaceae

In his validation of the Microascaceae, Malloch (1970) included the genera Microascus,
Kernia, Lophotrichus, Petriella and Petriellidium in the family. Von Arx (1973) added
Pithoascus, Locquin-Linard (1977) Enterocarpus, and Von Arx (1978) Faurelina, but
Benny & Kimbrough (1980) erected a separate family, the Pithoascaceae, for Pithoascus
and Faurelina. McGinnis et al. (1982) synonymized Petriellidium with Pseudallescheria.
Barr (1990) included Pseudallescheria with all the genera listed above, apart from
Faurelina, in the Microascaceae. The first study in which DNA sequences of the
Microascaceae were published, placed Microascus and Pseudallescheria together in the
family (Berbee & Taylor 1992a). Subsequent studies confirmed the inclusion of additional
teleomorph genera in the Microascaceae: Kernia (Hausner et al. 1993c), Petriella
(Issakainen et al. 1997), Lophotrichus and Petriellopsis (Gilgado et al. 2007). The
inclusion of Lophotrichus confirmed the synonymy of the Lophotrichaceae (Seth 1971)
with the Microascaceae, as was suggested earlier by Eriksson (1982). Issakainen et al.
(2003) placed the type species of Pithoascus in Microascus, confirming the synonymy of
these two genera as proposed by Abbott et al. (2002) based on morphology. This implied
that the Pithoascaceae should be treated as a synonym of the Microascaceae (Kirk et al.
2008). An unpublished sequence for Enterocarpus grenotii (CBS 380.78) in GenBank,
grouped in our analyses (Fig. 2) with Kernia spp., suggesting that Enterocarpus indeed
belongs in the Microascaceae as was suggested by Locquin-Linard (1977), but this needs
confirmation with sequences for E. unisporus, the type species of the genus. Of all the
teleomorph genera suggested to belong in the Microascaceae before DNA sequences
were available, Faurelina is the only one that is now excluded from the family (Réblova et
al. 2011).

Based on DNA sequences, several anamorph genera could be linked to teleomorph
genera in the Microascaceae, e.g. Scedosporium with Pseudallescheria (Issakainen et al.
1997), and Scopulariopsis, Doratomyces, Trichurus, and Wardomyces with Microascus
(Issakainen et al. 1999). A new anamorph genus, Parascedosporium, was recently
described (Gilgado et al. 2007) to accommodate Graphium tectonae, a species typically
considered with the ophiostomatoid fungi (Seifert & Okada 1993). Lackner & De Hoog
(2011) subsequently showed that Parascedosporium tectonae is a synonym of another,
older species, Graphium putredinis, that previously also has been treated with the
ophiostomatoid fungi (Seifert & Okada 1993). The nhame Parascedosporium putredinis
(Figs 2, 3) should thus be used preferentially for this species, which has consequently
become the type species for Parascedosporium (Lackner & De Hoog 2011). Although
much progress has been made in the delineation of genera within the Microascaceae
(Rainer & De Hoog 2006, Gilgado et al. 2007, Lackner & De Hoog 2011), the status of the
lineage containing Scedosporium prolificans (Lackner & De Hoog 2011) and several
lineages within Microascus (Issakainen et al. 2003) still needs clarification, especially in
view of the current move towards one fungus one name (Hawksworth 2011a). The S.
prolificans lineage probably represents a distinct genus, for which the name
Lomentospora would be available (Hennebert & Desai 1974, Gueho & De Hoog 1991,
Lennon et al. 1994).

Phylogenetic data has changed the concept of the Microascaceae as defined by Barr
(1990). For example, she included Graphium in her definition, which implies that the family
needs to be redefined. However, since the taxonomy of genera and species in this family
is beyond the field of expertise of the authors of the present chapter, we prefer not to
emend the description at this stage.

The Halosphaeriaceae

The Halosphaeriaceae is the only family in the Microascales that does not include any
ophiostomatoid fungi, and unlike its terrestrial counterparts in the order, all species in this
family are saprobic on decaying plant material in aquatic habitats (Spatafora et al. 1998).



The family was invalidly described by Miller & Von Arx (1962), and validated by
Kohlimeyer (1972), who treated it in the Sphaeriales. Eriksson (1984) assigned the
Halosphaeriaceae as a single family to the Halosphaeriales, that he described invalidly.
The order was validated by Hawksworth & Eriksson (1986). The first phylogenetic study
using DNA sequences for this group (Spatafora et al. 1998), showed that the order was
polyphyletic, with the major lineage grouping sister to the Microascales. A second, smaller
lineage grouped further away and was later described as a distinct order, the
Lulworthiales (Kohlmeyer et al. 2000). Despite the fact that several subsequent studies
showed that the major lineage of halosphaerialean genera was actually derived from
within the Microascales (Kong et al. 2000, Zhang et al. 2006, Schoch et al. 2007, Tang et
al. 2007, Jones et al. 2009), it was only recently that the order was reduced to synonymy
with the Microascales, and the Halosphaeriaceae treated as a family within the latter order
(Hibbett et al. 2007, Kirk et al. 2008, Schoch et al. 2009, Réblova et al. 2011, Sakayaroj et
al. 2011). Our analyses support its status as distinct family within the Microascales (Figs
2, 3). To the best of our knowledge, the original description of the Halosphaeriaceae
(Kohlmeyer 1972) is the only formal description to date. Although several keys to the 53
genera in the family have been published (Jones 1995, Jones et al. 2009, Sakayaroj et al.
2011), an emended description for the family is needed, as well as a re-evaluation of the
status of all genera considering the one fungus one name principles (Hawksworth 2011a).
Since the Halosphaeriaceae does not include any of the ophiostomatoid fungi, we would
rather not discuss the genera in this family individually in the present review, nor provide a
redescription of the family.

The Ceratocystidaceae

In some earlier studies, the lineage in the Microascales that included Ceratocystis,
Ambrosiella and Cornuvesica (Figs 2, 3) was referred to as incertae sedis (Kong et al.
2000, Tang et al. 2007, Sakayaroj et al. 2011), the ‘Ceratocystis group’ (Réblova & Seifert
2004), or merely treated as part of the Microascales (Spatafora et al. 1998, Zhang et al.
2006, Schoch et al. 2007, 2009, Réblova & Seifert 2007). Ceratocystis is the oldest and
largest genus in this lineage (Figs 2, 3), which includes C. fimbriata, type species for the
genus. Ceratocystis is thus the preferred genus from which to derive a family name for
this lineage. Locquin (1972) described a family with Ceratocystis as type genus,
incorrectly as the ‘Ceratocystaceae’ (see Art.18.1 & 18.4, McNeill et al. 2006) and without
a Latin diagnosis, rendering it invalid. Although several subsequent authors made
reference of this family (Locquin 1974, Wehmeyer 1975, Eriksson 1982, 1984, Kirk et al.
2001, 2008, Harrington 2004, Benjamin et al. 2004) using various spellings
(Ceratocystaceae, Ceratocystidaceae, Ceratocystiaceae), the name was only recently
validated by Réblova et al. (2011). The Ceratocystidaceae accommodates Ceratocystis,
Cornuvesica, Thielaviopsis and Ambrosiella (Figs 2, 3).

The genus Ceratocystis s. I., treated in depth by Wingfield et al. (2012), includes at least

four well-defined lineages, namely C. fimbriata s. I., C. moniliformis s. I., C. coerulescens

s. |. and Thielaviopsis. These lineages represent distinct genera in the Ceratocystidaceae
in the process of being described (Wingfield et al. 2012).

The genus Cornuvesica was established by Viljoen et al. (2000) to accommodate
Ceratocystiopsis falcata (Upadhyay 1981), initially described as Ceratocystis falcata
(Wright & Cain 1961). Based on its phylogenetic position (Hausner & Reid 2004),
similarities with Ceratocystis in anamorph morphology, and its wood-inhabiting (Wright &
Cain 1961, Rayner & Hudson 1977), bark-beetle associated ecology (Hutchison & Reid
1988), we treat Cornuvesica with Ceratocystis in the Ceratocystidaceae. However, the
distinctive teleomorph morphology of Cornuvesica, possible mycoparasitic activity (Rayner
& Hudson 1977, Hutchison & Reid 1988, Kawchuk et al. 1993), and relative phylogenetic
distance from Ceratocystis, support the separation of the two genera.



10

The ambrosial genus Ambrosiella was represented in our analyses by its type species, A.
xylebori, and A. ferruginea (Figs 2, 3). Earlier phylogenetic studies showed that
Ambrosiella species formed two groups, some species grouping with A. xylebori in the
Microascales, and the remaining species in the Ophiostomatales (Cassar & Blackwell
1996, Blackwell & Jones 1997, Gebhardt et al. 2005). The species in the Ophiostomatales
were transferred to Raffaelea and Hyalorhinocladiella by Harrington et al. (2010) and are
discussed by De Beer & Wingfield (2012). Massoumi Alamouti et al. (2009) showed that
the three Ambrosiella spp. in the Microascales separate in two lineages. Six et al. (2009)
described a fourth species, which grouped in one of these lineages with A. xylebori and A.
hartigii, close to Ceratocystis adiposa. A. ferruginea did not group with any other species,
but was close to C. fagacearum (Six et al. 2009). The differences in beta-tubulin intron
arrangement between these two groups and Ceratocystis species (Six et al. 2009),
suggest a serious reconsideration of the generic status of these lineages together with the
groups in Ceratocystis distinguished by Wingfield et al. (2012). The phylogenetic position
of A. trypodendri, currently treated in Ambrosiella based only on conidiogenesis, remains
to be determined because no DNA sequences are available for the species (Harrington et
al. 2010).

The Gondwanamycetaceae

The genus Gondwanamyces was established to accommodate Ceratocystiopsis proteae
and Ophiostoma capense, both species known only from Protea infructescences in South
Africa (Marais et al. 1998). The genus was erected based on the phylogenetic relatedness
of Cop. proteae (Hausner et al. 1993b, ¢) and O. capense (Marais et al. 1998, Wingfield et
al. 1999) to each other, and with Ceratocystis, in the Microascales. The anamorphs of
these two species were initially placed in the genus Knoxdaviesia (Wingfield et al. 1988,
Wingfield & Van Wyk 1993). However, Viljoen et al. (1999) showed that Custingophora
olivaceae, type species for the genus Custingophora (Stolk & Hennebert 1968), is
phylogenetically related to Gondwanamyces and morphologically similar to the
Knoxdaviesia anamorphs of Gondwanamyces. Réblova & Winka (2000) suggested that
Knoxdaviesia be considered a synonym of Custingophora. Kolafik & Hulcr (2009)
provided the necessary new combinations in Custingophora for the anamorphs of the two
species from Protea, and described two additional species, one in Gondwanamyces and
the other in Custingophora. In the most recent study on this group of fungi, Van der Linde
et al. (2012) described an additional two Gondwanamyces species from Euphorbia in
South Africa. Both these species are known only by their anamorphs. They furthermore
suggested that Custingophora represents a genus distinct from Gondwanamyces, with
Cu. olivaceae as its only known species. Custingophora cecropiae was thus transferred to
Gondwanamyces. However, based on the one fungus one name principles (Hawksworth
2011a), Knoxdaviesia as the older name has priority over Gondwanamyces. De Beer et
al. (2012) thus redefined Knoxdaviesia to include sexual states and provided new
combinations where needed.

In our analyses, Knoxdaviesia and Custingophora species formed a lineage sister to the
Ceratocystidaceae (Figs 2, 3). Results from several studies previously also showed that
Gondwanamyces isolates, although related to Ceratocystis, formed a very distinct, well-
supported lineage (Wingfield et al. 1999, Kolafik & Hulcr 2009, Schoch et al. 2009). In
their circumscription of families within the Microascales, Réblova et al. (2011) maintained
that there is sufficient phylogenetic distance between the Ceratocystidaceae and the
lineage containing Gondwanamyces (now Knoxdaviesia) and Custingophora to justify the
description of a new family for this group, the Gondwanamycetaceae. The latter name
remains valid even though Gondwanamyces is currently treated as synonym of
Knoxdaviesia.
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Goidanichiella

Jacobs et al. (2005) placed the type species of the genus Goidanichiella based on SSU
sequences in the Microascales with Ceratocystis fimbriata, Cu. olivacea, and Go. proteae.
The sequence is unfortunately not in a public database, so the species was not included
in our analyses. Kolafik & Hulcr (2009) suggested that Goidanichiella is a synonym of
Custingophora because of morphological similarities, but Réblova et al. (2011) preferred
to treat them as distinct based on the presence of Aspergillus-like vesicles on
conidiophores of Goidanichiella spp. The inclusion of G. barronii in the Microascales
(Jacobs et al. 2005) was probably correct, although the small number of taxa in their study
prevented an accurate placement within the order. However, the morphological similarities
between Goidanichiella and Custingophora spp. suggest that the two genera are closely
related and that Goidanichiella might belong in the Gondwanamycetaceae. Goidanichiella
and all four its known species were invalid until recently as a result of nomenclatural
technicalities, but these have been corrected and the genus and species validated (Gams
et al. 1990, 2009). Any future treatment of the Gondwanamycetaceae should thus include
the species of Goidanichiella to resolve the uncertainty obscuring its generic status.

The Graphiaceae, a new family for Graphium s. str. species

The genus Graphium was described in 1837 (Corda 1837), with G. penicillioides as type
species. After Saccaro (1886) expanded the genus concept to include synnematous
species with dry conidia, the genus became a silo for all kinds of species producing
synnemata and by 1935 more than 120 species had been added to the genus (Seifert &
Okada 1993, www.indexfungorum.org). Goidanich (1935) restricted the genus concept to
its original definition of species producing aseptate conidia in slimy droplets on pigmented
synnemata. This concept included the synnematous anamorphs of many Ophiostoma
spp. that were treated for many years before and after that as Graphium spp. (Hedgcock
1906, Schwarz 1922, Seifert & Okada 1993), adding to the confusion in the delineation of
the genus. Okada et al. (1998, 2000) exposed the polyphyly of the genus based on DNA
sequences, and assigned the 11 species for which they could obtain cultures to four
different orders. They also designated an epitype for G. penicillioides, representing
Graphium s. str. (Okada et al. 2000). In the Ophiostomatales, the 11 Graphium species
related to Ophiostoma were transferred to Pesotum (Okada et al. 1998, 2000, Harrington
et al. 2001), currently considered a synonym of Ophiostoma (De Beer & Wingfield 2012,
De Beer et al. 2012). An additional ten species have been excluded from both the
Ophiostomatales and Microascales (Okada et al. 2000, De Beer et al. 2012). The
remaining Graphium spp. for which sequence data are available were shown to separate
in two lineages in the Microascales (Okada et al. 1998, 2000, Gibb & Hausner 2003, Hulcr
et al. 2007, Kolafik & Hulcr 2009, Cruywagen et al. 2010, Paciura et al. 2010). The two
lineages within the Microascales were also evident in our analyses (Figs 2, 3). The first of
these two lineages corresponded with the G. putredinis complex sensu Okada et al.
(1998). In a more comprehensive study on this complex of opportunistic human
pathogens, Lackner & De Hoog (2011) showed that G. cuneiferum, G. lesnei, and G.
tectonae, are all synonyms of Parascedosporium putredinis, discussed above under the
Microascaceae. They also suggested that G. fructicola should be treated in
Pseudallescheria. The second lineage of Graphium spp. in the Microascales evident in
our analyses (Fig. 2) contained G. penicillioides together with several other species (Fig.
3). This lineage was previously referred to as the G. penicillioides aggregate or complex
(Seifert & Okada 1993, Okada et al. 1998, 2000).

Okada et al. (1998) emended the genus description of Graphium to include both the G.
penicillioides and G. putredinis complexes after they excluded the non-Microascalean
species from the genus. With the G. putredinis complex currently treated as
Parascedosporium (Gilgado et al. 2007, Lackner & De Hoog 2011), the generic concept of
Graphium s. str. again needed to be emended. Based on available SSU and ITS
sequences, Cruywagen et al. (2010) included eight described and seven undescribed
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species together with G. penicillioides in Graphium s. str. All these species are known only
by their anamorphs and were isolated from stained sapwood, wounds on trees, or from
bark or ambrosia beetles (Mouton et al. 1994, Okada et al. 1998, 2000, Jacobs et al.
2003, Geldenhuis et al. 2004, Hulcr et al. 2007, Massoumi Alamouti et al. 2007, Kolarik &
Hulcr 2009, Cruywagen et al. 2010, Paciura et al. 2010). De Beer et al. (2012) thus
emended the description of Graphium s.str. based on G. penicillioides and the seven
described species which forms a monophyletic lineage with it.

The multigene analyses by Zhang et al. (2006), Spatafora et al. (2006), and Schoch et al.
(2009), confirm the separation of Graphium s. str. from Microascus and its allied genera,
as was present in our phylogenetic analyses (Figs 2, 3). We are convinced that the
phylogenetic distance between Graphium and the other families in the Microascales is
sufficient to justify the description of a new family to accommodate the genus (Box 1). The
Code (see Art.18.1, McNeill et al. 2006) dictates that a new family name is ‘formed from
the genitive singular of a name of an included genus,’ in this case Graphium. This left us
with no option but to use the derived name, Graphiaceae, to accommodate Graphium spp.
This is unfortunate, since there are already several similar names: Graphidaceae
(Ostropales), Graphinellaceae (= Odontotremataceae, Ostropales), Graphiolaceae
(Exobasidiales) and Graphostromataceae (Xylariales) (Kirk et al. 2008).

The uncertain position of Sphaeronaemella in the Microascales

The genus Sphaeronaemella was first treated in the Ophiostomataceae by Miller & Von
Arx (1973) based on superficial morphological similarities with Ophiostoma and
Ceratocystis. The genus was subsequently reduced to synonymy with Ceratocystis s. . by
Upadhyay (1978, 1981), but the synonymy was disputed by Cannon & Hawksworth
(1982), De Hoog & Scheffer (1984), and Hutchison & Reid (1988), based on the oblate
ascospores with narrow germ slits, the gabarnaudia-like anamorphs, and the coprophilous
nature of some Sphaeronaemella species. Benny & Kimbrough (1980) treated
Sphaeronaemella as a distinct genus in the Ophiostomataceae and Ophiostomatales
together with Ophiostoma, Ceratocystis and Ceratocystiopsis. Cannon & Hawksworth
(1982) split Sphaeronaemella, retaining only S. helvellae in the genus and placing three
species in Viennotidia (as ‘Viennotidea’). However, because Viennotidia was invalidly
described by Negru & Verona (1966), Cannon & Hawksworth (1982) validated the genus,
without recognizing that Rogerson (1970) had done so already, and they rejected the
synonymy between Viennotidia and Sphaeronaemella suggested by Malloch (1974).
Hutchison & Reid (1988) supported Malloch’s synonymy, and this was finally confirmed
with DNA sequence data by Hausner & Reid (2004). Spatafora & Blackwell (1994) verified
the relationship between Ceratocystis and Sphaeronaemella, and their placement in the
Microascales.

In his treatment of Paecilomyces, Samson (1974) described a new anamorph genus,
Gabarnaudia, to accommodate Paecilomyces betae, the anamorphs of S. fimicola and S.
humicola, and a new species, Ga. tholispora. Hausner & Reid (2004) showed that Ga.
betae formed a monophyletic lineage with S. fimicola and S. helvellae, which was also
present in our analyses (Fig. 3). Applying one fungus one name principles, Gabarnaudia
is at present treated as synonym of Sphaeronaemella (De Beer et al. 2012).

In our analyses (Figs 2, 3), Sphaeronaemella also grouped within the Microascales. In the
LSU analyses (Fig. 2) the genus grouped between the Ceratocystidaceae and the
Gondwanamycetaceae. Based on SSU sequences, it grouped closer to the Graphiaceae
(Fig. 3), although without statistical support. However, the ribosomal RNA operon of
Sphaeronaemella has a unique, compact arrangement, which is reflected by reduced
secondary structures when compared to those of Ceratocystis, Cornuvesica and
Gondwanamyces (Hausner et al. 1993a, Hausner & Wang 2005). The LSU sequence of
S. fimicola (U47839), for example, possesses six deletions which cause the sequence to
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have 198 gaps in the aligned data set when compared to C. fimbriata. This feature
complicates the alignment and analyses of rDNA sequences of this genus with other
groups, and prevents an accurate phylogenetic placement of Sphaeronaemella in the
absence of data for other gene regions. We thus prefer to treat Sphaeronaemella for the
present as of uncertain status in the Microascales.

GENERA OF DOUBTFUL AFFILIATION WITH THE OPHIOSTOMATALES AND
MICROASCALES

The ever-changing concepts of orders, families and genera resulted in many unusual
genera being included with the ophiostomatoid fungi in families and orders. Most of these
were eventually shown to be unrelated and were thus excluded from the Ophiostomatales
and Microascales (Table 1). However, the ordinal classification and generic status of eight
genera, which have been suggested to be part of the Ophiostomatales and/or the
Microascales, are uncertain at present and are discussed below.

Klasterskya and Spumatoria

Petrak (1940) described Klasterskya from dead pine and spruce needles, and suggested
that it belongs in the Ophiostomataceae based on its long-necked perithecia and
evanescent asci. Muller & Von Arx (1962) treated the genus in the Sphaeriaceae, but
Minter (1983) redisposed Klasterskya in the Ophiostomataceae, based on the discharge
of ‘ascospores in gummy masses’, and the presence of a hyalorhinocladiella-like
conidiogenous cell arising from a septate ascospore. Valldosera & Guarro (1989)
described another two species in the genus, but these were coprophiles. Malloch &
Blackwell (1990) discussed several coprophilous fungi in their description of Kathistes,
distinguished between the type species of Klasterskya and Kathistes, and questioned
whether the two species of Valldosera & Guarro (1989) really belonged in Klasterskya. In
our opinion the similarities between Klasterskya and Kathistes are much more evident
than the suggested similarities with Ophiostoma or Ceratocystis spp.

The monotypic genus Spumatoria was described as part of a large study on coprophilous
fungi by Massee & Salmon (1901). The fungus has apparently not been seen again, but
was considered the closest relative of Kathistes by Malloch & Blackwell (1990), based on
very similar morphology and coprophilous habit. In the same study these authors
proposed the Kathistaceae to accommodate Kathistes in the Ophiostomatales (Malloch &
Blackwell 1990). Based on the possible relatedness of Spumatoria with Kathistes as
suggested by Malloch & Blackwell (1990), and the earlier suggestions that Klasterskya
belonged in the Ophiostomataceae (Petrak 1940, Minter 1983), these two genera were
treated in the Ophiostomataceae by Hawksworth et al. (1995) and Kirk et al. (2001, 2008).
However, studies based on DNA sequence comparisons excluded Kathistes not only from
the Ophiostomatales and Microascales, but from the ‘the main body of perithecial
ascomycetes’ (Blackwell & Spatafora 1994, Blackwell & Jones 1997). We included a SSU
sequence of Kathistes calyculata (AF313768) from the study of Blackwell et al. (2003) in
our initial analyses, but the sequence proved to be inordinately divergent from the rest of
our data, preventing us to include it in the final analyses. A BLAST search revealed that its
closest relatives are species of Hortaea and Teratosphaeria in the Dothideomycetes.
Based on the presence of septate ascospores and other similarities with Kathistes
(Malloch & Blackwell 1990), and the great phylogenetic distance between the
Kathistaceae (Dothideomycetes) and the Ophiostomatales and Microascales
(Sordariomycetes) (Hibbett et al. 2007), we exclude both Klasterskya and Spumatoria
from the latter two orders.
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Rhynchophoma

The synonymy of Rhynchophoma with Ceratocystis (Hawksworth et al. 1983, 1995, Kirk et
al. 2001) was based on the suggestion by Petrak (1953) that the type species, R. crypta,
‘could be identical’ to Ceratostomella subpilosa. Thus Petrak (1953) considered
Rhynchophoma a synonym of Ceratostomella. Although the distinctions between
Ceratostomella and Ophiostoma (Sydow & Sydow 1919), and Ceratostomella and
Ceratocystis (Bakshi 1951), were made before Petrak’s paper, his synonymy of
Rhynchophoma and Ceratostomella somehow evolved into Rhynchophoma being listed
as a synonym of Ceratocystis (Hawksworth et al. 1983). The synonymy of Rhynchophoma
and Ceratostomella was upheld by Sutton (1977) and Verkley (2002). However, Réblova
(2006) restricted Ceratostomella to species with pigmented ascospores in persistent asci
(Von Arx 1952), while Rhynchophoma is characterised by septate ascospores (Karsten
1884). Réblova (2006) placed Ceratostomella species with septate spores in Lentomitella,
and suggested that C. subpilosa should be transferred to this genus. If the synonymy
between C. subpilosa and R. crypta can be confirmed, Rhynchophoma will take
preference as the older name, with Lentomitella as synonym. Réblova (2006) confirmed
the phylogenetic position of Ceratostomella and Lentomitella as outside both the
Ophiostomatales and Microascales in the Sordariomycetidae (Figs 2, 3). We thus exclude
Rhynchophoma from the Ophiostomatales and Microascales based on the characters that
distinguish it from species in both orders.

Chaetonaemosphaera

Sutton (1977) suggested Chaetonaemosphaera might be a synonym of Ceratocystis. The
genus was not mentioned in the Ceratocystis monograph by Upadhyay (1981), but the
synonymy was acknowledged by Hawksworth et al. (1983, 1995) and Kirk et al. (2001,
2008). Chaetonaemosphaera was erected to accommodate Naemosphaera vassiljevskii
(Kravtzev 1955, Byzova 1968). lllustrations of the long-necked ascomata, covered with
ornamental hyphae, and the pigmented ascospores (Byzova 1968) certainly does not
resemble any valid Ceratocystis spp. However, the depicted structures are strikingly
similar to those in illustrations of several Microascus spp. treated by Barron et al. (1961),
as well as M. giganteus (Malloch 1970). We thus reject the synonymy of
Chaetonaemosphaera with Ceratocystis (Sutton 1977) and exclude it from the
Ophiostomatales and Ceratocystidaceae. However, based on the similarities with
Microascus, we suggest that the species should be considered in future treatments of the
Microascaceae.

Mycorhynchella

The type species of the genus Mycorhynchella was suggested by Sutton (1977) to be ‘an
overmature Ceratocystis’ in the Pilifera group of Ceratocystis s. I., as defined by
Olchowecki & Reid (1974). This group is treated as Ophiostoma s. str. (De Beer &
Wingfield 2012). As a result of Sutton’s (1977) suggestion, Mycorhynchella was treated as
a synonym of Ceratocystis by Hawksworth et al. (1983, 1995) and Kirk et al. (2001, 2008).
Mycorhynchella was initially described to accommodate three species with hyaline
ascomata, producing cylindrico-fusoid (Petch 1943) or falcate (Sutton 1977) ascospores,
sometimes septate (Von Hohnel 1918a, Petch 1943). The only ophiostomatoid species
with septate ascospores is Cornuvesica falcata, with sheathed spores that are 15-28 pm
long (Viljoen et al. 2000), while those of M. exilis are not sheathed and only 4 um long
(Sutton 1977). The description of M. glomerata resembles those of some of the
Ophiostoma spp. with light-coloured perithecia, although the ‘rose-coloured’ ascomata is
unique for this group (Petch 1943, Upadhyay 1981). However, the full description of M.
exilis does not resemble any known species currently classified in the Ophiostomatales
and Ceratocystidaceae, which makes a decision on the correct placement of the genus
impossible at present. We thus treat Mycorhynchella as of uncertain status.
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Canariomyces

The genus Canariomyces was described from Phoenix canariensis litter in the Canary
Islands (Von Arx 1984), and subsequently treated in the Microascaceae (Von Arx et al.
1988, Eriksson & Hawksworth 1993, Lumbsch & Huhndorf 2007, Kirk et al. 2008).
However, an unpublished LSU sequence of the ex-type isolate of C. notabilis (CBS
548.83), type species of Canariomyces, is identical to sequences of Thielavia
subthermophila from the studies of Stchigel et al. (2002) and Badali et al. (2011). The
latter is a valid species of Thielavia, a genus in the family Chaetomiaceae (Sordariales)
(Stchigel et al. 2002). LSU sequences are not variable enough to confirm a species
synonymy between C. notabilis and T. subthermophila, so the relationship between the
two species needs to be explored further with sequences of more variable regions.
However, the morphological description of C. notabilis fits within the genus Thielavia (Von
Arx 1975). The morphological and sequence similarities suggest that Canariomyces
should be treated as a synonym of Thielavia, so we exclude Canariomyces from the
Microascaceae.

Lanspora

The genus Lanspora was described by Hyde & Jones (1986) for a marine fungus
producing ascospores with polar appendages, typical for many species in the
Halosphaeriaceae. Spatafora et al. (2006) included the type species, L. coronata, in their
multigene phylogeny of the Pezizomycotina, where the species grouped in the
Sordariomycetes, closest to Ophiostoma piliferum. However, in their analyses the
Sordariomycetes was represented in total by only 46 taxa. Jones et al. (2009) treated
Lanspora in the Ophiostomatales based on ‘preliminary molecular data’. In our analyses
of the Sordariomycetes, which focused on the Sordariomycetidae and
Hypocreomycetidae, these subclasses were represented by many more taxa than in the
study of Spatafora et al. (2006). The results (Figs 2, 3) showed that Lanspora grouped
well outside the Ophiostomatales. We thus exclude it from the order and consider it as of
uncertain affiliation in the Sordariomycetidae.

Sporendocladia

The genus Sporendocladia was validated and distinguished from Chalara, by Nag Raj &
Kendrick (1975). Wingfield et al. (1987) transferred five species of Phialocephala to
Sporendocladia, and clarified the uncertainty about the type species for the genus, S.
fumosa (Sutton 1975). In the only two phylogenetic studies to date considering the genus
Phialocephala, sequence data for two Sporendocladia spp. have been provided, namely
S. bactrospora and S. foliicola. The latter was placed in the Helotiales based on an ITS
sequence (Griinig et al. 2002), while LSU and SSU sequences placed S. bactrospora in a
lineage of its own in the Microascales (Jacobs et al. 2003). Apparently as a result of the
latter placement, Sporendocladia is now listed among the genera of the Microascales
(Réblova & Seifert 2007, Kirk et al. 2008, www.indexfungorum.org). However, since
sequences for the type species, S. fumosa, are not available, the correct ordinal position
of Sporendocladia remains uncertain.

NON-FUNGAL GENERA

Four of the ophiostomatoid genera have homonyms in other kingdoms. One of these
genera belongs to the Viridiplantae (green plants), and the other four in the Metazoa
(animals). The inclusion of these genera in this review might be viewed upon as merely
anecdotal. However, in view of present discussions about a BioCode (McNeill 1997,
Hawksworth 2011b), and the growing number of online species lists, these genera are
worth mentioning to avoid confusion. Article 18 of the draft BioCode proposes that these
homonyms will be acceptable because ‘they were published under different Special
Codes prior to a future date yet to be determined.” However, such homonyms established
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on or after this future date, will not be accepted (Greuter et al. 2011). The species in the
genera below are thus listed in the nomenclator by De Beer et al. (2012, Table 1) so as to
encourage mycologists to avoid the use of these names in future descriptions of new
fungal taxa.

Linostoma Wallich and Linostoma Jankowski

The flowering plant genus Linostoma Wallich (Thymelaeaceae, Viridiplantae) was
described in 1828 and at present includes two valid species (http://www.theplantlist.org).
Thus, when Von Hohnel (1918b) described a new genus, Linostoma Hohn., to
accommodate Ceratostomella pilifera (now Ophiostoma piliferum), the name was invalid.
This was because it was a later homonym for the plant genus, and even though the fungi
and plants belong to two kingdoms, the nomenclature of both is governed by the
International Code of Nomenclature for Algae, Fungi, and Plants (ICN) (McNeill et al.
2006, Norvell 2011). Sydow & Sydow (1919) corrected the situation by describing a new
genus, Ophiostoma, for C. pilifera, with Linostoma H6hn. as synonym. Not commonly
known is the fact that the name Linostoma was again used for another new genus, this
time for an aquatic protist (Ciliophora, Protozoa) by Jankowski in 1978 (Foissner & Berger
1996, Al-Rasheid 1999). However, the monotypic genus Linostoma Jankowski remains
valid, and can be used in parallel to the plant genus, since the nomenclature of protists is
independently governed the International Code of Zoological Nomenclature (ICZM).

Graphium Scopoli

Of the four non-fungal genus names in question, Graphium Scopoli, a genus of mostly
tropical swallowtail butterflies (Lepidoptera, Papilionidae) that was described in 1777,
might potentially cause the most confusion. The taxonomy of this genus is unresolved,
and different sources provide highly variable numbers of species currently included in the
genus. The Catalogue of Life (http://www.catalogueoflife.org/) at present lists 113 species
in this genus, while more than 140 species have been described in the fungal genus
Graphium Corda (discussed above under Graphiaceae), although not all of them are
treated in the genus anymore. Since the taxonomy of the Arthropoda is also governed by
the ICZM, both genera are valid.

Ophiostoma Rudolphi

The fungal genus Ophiostoma Syd. was erected in 1919 (Sydow & Sydow 1919). This
was exactly a century after the genus Ophiostoma Rudolphi was described for five
species of parasitic nematodes (Spirurida, Nematoda) occurring in the intestines of
mammals and fish (Rudolphi 1809, 1819). An additional nine species was subsequently
described in the genus (Table 1 in De Beer et al. 2012). The type species of Ophiostoma
Rudolphi is currently treated in the older genus Cystidicola, with the result that
Ophiostoma Rudolphi is now a synonym of the latter (Skriabin 1991). Some of the other
Ophiostoma Rudolphi species are treated in Rictularia (Skriabin 1991), and the status of
the remaining species is uncertain. The taxonomy of the Nematoda is governed by the
ICZM, which means the status of Ophiostoma Syd. is not affected by the status of
Ophiostoma Rudolphi.

Ceratocystis Jaekel

Eleven years after Ceratocystis Ellis & Halst. was described to accommodate the plant
pathogen, C. fimbriata (Halsted 1890), Jaekel (1901) used the same genus name
(Ceratocystis Jaekel) for the fossil of a small, extinct invertebrate (Echinodermata,
Stylophora). He also described a new family, Ceratocystidae Jaekel, based on the genus
name. Two more species were described by Ubaghs (1967, 1987), and a fourth as recent
as 2010 by Rahman et al. (2010). The species names are listed by De Beer et al. (2012 in
Table 1). This group of organisms are considered an important link in the early evolution
of the echinoderms (Clausen & Smith 2005). The genus and family is valid because the
taxonomy of these fossilized organisms is governed by the ICZM.
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CONCLUSIONS

The purpose of the present study was to do undertake a retrospective analysis and
consider the consequences of DNA sequencing on the taxonomy of the ophiostomatoid
fungi at an ordinal level. We consolidated and re-assessed the current knowledge and all
available sequence data, which enabled us to clarify and redefine the higher classification
of these fungi. Although the ophiostomatoid fungi have now been clearly separated in two
subclasses and orders of the Sordariomycetes, the major genera and species will still be
considered together in future studies. This is not only as a result of their interwoven
taxonomic history, but also their similar ecology.

The Ophiostomatales, as one of eight orders in the Sordariomycetidae, at present
accommodates a single family with six valid genera. Based on these results, we have
emended the descriptions of the order and family, both of which were outdated. The
delineation of some genera remains to be clarified, preventing us from describing new
families in the order at the present time.

The Microascales is one of six orders in the Hypocreomycetidae, and consists of five
families. The formal description of two of these, the Microascaceae and
Halosphaeriaceae, needs to be emended. The fifth family, the Graphiaceae, is newly
described in the present study to accommodate the emended genus Graphium.

Many genera that have been treated in the Ophiostomatales or Microascales in the past,
have been excluded from these orders. The status of eight of these remained uncertain.
These genera were considered and five are excluded from these orders. For three genera
we could not find sufficient evidence to arise at a satisfactory conclusion, and the position
of these unfortunately remains uncertain.

Finally, four of the ophiostomatoid genera have homonyms in other Kingdoms. We
considered these briefly and argue that species names in these genera should be avoided
in future descriptions of fungal species in genera of the same names, since it will cause
confusion.
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Genus

Suggested Family and/or Order

Included by:

Excluded by:

Ambrosiozyma

Botryoascus (=Saccharomycopsis)
Cephaloascus

Anekabeeja

Canariomyces (?=Thielavia)
Cephaloascus etc.

Ceratostomella

Chadefaudia

Chadefaudiella
Chaetoceratostoma (=Scopinella)
Chaetonaemosphaera (=Ceratocystis)
Endomyces

Faurelina

Hormoascus (=Ambrosiozyma)
Kathistes

Klasterskya

Lanspora

Leuconeurospora

Microascus

Mycorhynchella

Ophiostomella (=Scopinella)
Petriella

Phialocephala
Pidoplitchkoviella

Pithoascus

Pseudeurotium etc.
Pyxidiophora

Rhynchonectria
Rhynchophoma (=Ceratocystis)
Sporendocladia

Spumatoria

Subbaromyces

Treleasia (=Pyxidiophora)

Ophiostomataceae

Ophiostomataceae

Ophiostomataceae

Microascaceae

Microascaceae

Cephaloascaceae, Ophiostomatales
Ceratostomataceae

Ophiostomataceae
Chadefaudiellaceae, Microascales
Ophiostomataceae

Incertae sedis, Microascales
Endomycetaceae (=Ophiostomataceae)
Pithoascaceae (=Microascaceae), Microascales

Ophiostomataceae

Kathistaceae, Ophiostomatales
Ophiostomataceae

Ophiostomatales

Microascaceae

Ophiostomataceae

Incertae sedis, Microascales
Ophiostomataceae
Ophiostomataceae
Ophiostomataceae

Pithoascaceae, Microascaceae
Pithoascaceae (=Microascaceae), Microascales
Pseudoeurotiaceae, Ophiostomatales
Pyxidiophoraceae, Ophiostomatales
Pyxidiophoraceae

Incertae sedis, Microascales
Microascales

Ophiostomataceae
Ophiostomataceae
Pyxidiophoraceae

Von Arx 1974
Von Arx 1974
Von Arx 1974

Udaiyan & Hosagoudar 1991, Eriksson & Hawksworth 1993

Von Arx et al. 1988

Von Arx & Van der Walt 1987

Davidson 1935

Feldmann-Mazoyer 1957

Benny & Kimbrough 1980

Goidanich 1935, synonymy Hawksworth 1975
Sutton 1977, Hawksworth et al. 1983
Redhead & Malloch 1977

Udagawa & Furuya 1973, Benny & Kimbrough 1980,
Tang et al. 2007, synonymy Kirk et al. 2008

Von Arx 1974, synonymy Van der Walt & Von Arx 1985
Malloch & Blackwell 1990

Petrak 1940, Minter 1983

Jones et al. 2009

Von Arx 1978

Géaumann 1952

Sutton 1977; Hawksworth et al. 1983

Goidanich 1935; synonymy Kirk et al. 2008

Géaumann 1952

Upadhyay 1981

Eriksson 1984, Von Arx 1987, Hawksworth et al. 1995
Benny & Kimbrough 1980; synonymy Kirk et al. 2008
Von Arx & Van der Walt 1987

Von Arx & Van der Walt 1987

similar to Pyxidiophora, Malloch & Blackwell 1990
Hawksworth et al. 1983

Réblova & Seifert 2007, Kirk et al. 2008

Hawksworth et al. 1995, Kirk et al. 2001

Cole et al. 1974, Hawksworth et al. 1995, Kirk et al. 2001

synonymy Lundqvist 1980

Benny & Kimbrough 1980, Kurtzman & Robnett 1998
Benny & Kimbrough 1980, Kurtzman & Robnett 1998
Benny & Kimbrough 1980, Kurtzman & Robnett 1998
Korf 1995, Kirk et al. 2008

this study, see text

Kurtzmann & Robnett 1998

Réblova 2006

Kohlmeyer 1972, Benny & Kimbrough 1980

Réblova et al. 2011

Zhang & Blackwell 2002

this study, see text, possibly in Microascaceae
Benny & Kimbrough 1980, Suh et al. 2001

Réblova et al. 2011

Kurtzman & Robnett 1998

Blackwell & Spatafora 1994

this study, see text

this study, see text

Suh & Blackwell 1999; Schoch et al. 2009
Barr 1990; Spatafora & Blackwell 1994

this study, see text, placement uncertain
Zhang & Blackwell 2002

Barr 1990; Spatafora & Blackwell 1994
Mouton et al. 1992; Jacobs et al. 2003

Suh & Blackwell 1999

Barr 1990

Suh & Blackwell 1999

Blackwell & Spatafora 1994

Malloch & Blackwell 1990 rejected the name
this study, see text

this study, see text, placement uncertain
this study, see text

Benny & Kimbrough 1980, Blackwell & Jones 1997
Malloch & Blackwell 1990, 1993
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Box 1 A brief nomenclator of orders and families in which the ophiostomatoid fungi are
classified.

Ophiostomatales Benny & Kimbr., Mycotaxon 12: 48. 1980. emend. Z.W. de Beer, Seifert & M.J. Wingf.
Type family: Ophiostomataceae.

Ascocarps globose, dark, carbonaceous, rarely light colored, ostiolate or nonostiolate, most often with elongate
beak, ostiolar hyphae absent or present; asci evanescent; ascospores unicellular, sometimes with gelatinous
sheath, reniform, allantoid, cylindrical, lunate, fusiform, falcate, hat-shaped or pillow-shaped; anamorphs variable,
hyalorhinocladiella-, leptographium-, pesotum-, raffaelea-, and/or sporothrix-like.

Ophiostomataceae Nannf., Nova Acta Regiae Soc. Sci. Upsal. 8: 30. 1932. emend. Z.W. de Beer, Seifert & M.J.
Wingf.

Type genus: Ophiostoma.

Other genera: Ceratocystiopsis, Fragosphaeria, Leptographium s. |., Raffaelea, Graphilbum.

Family description the same as for the order.

Microascales Luttr. ex Benny & Kimbr., Mycotaxon 12: 40. 1980. emend. Z.W. de Beer, Seifert & M.J. Wingf.
= Halosphaeriales Kohim., in Hawksworth & Eriksson, Syst. Ascomyc. 5: 179. 1986.

Type family: Microascaceae.

Other families: Halosphaeriaceae, Ceratocystidaceae, Gondwanamycetaceae, Graphiaceae, possibly

Chadefaudiellaceae.

Note: Order description needs to be emended once the Microascaceae and Halosphaeriaceae have been

redefined.

Microascaceae Luttr. ex Malloch, Mycologia 62: 734. 1970.

= Lophotrichaceae Seth, Nov. Hedwigia 19: 592. 1971.

= Pithoascaceae Benny & Kimbrough, Mycotaxon 12: 45. 1980.
Type genus: Microascus (= Pithoascus, = Fairmania, = Nephrospora, =Peristomium).
Other genera: Doratomyces (= Cephalotrichum, = Stysanus), ?Enterocarpus, Kernia (= Magnusia), Lophotrichus,
Parascedosporium, Petriella, Petriellopsis, Pseudallescheria (= Petriellidium), Scedosporium, Scopulariopsis,
Trichurus, Wardomyces.
Note: Generic definitions need revision and the family description needs to be emended.

Halosphaeriaceae E. Miill. & Arx ex Kohim. Can. J. Bot. 50: 1951. 1972.

Type genus: Halosphaeria.

Other genera: Aniptodera, Antennospora, Ascosacculus, Ceriosporopsis, Corollospora, Halosarpheia,
Monodictys, Oceanitis, Periconia, Remispora, Sagaaromyces, Sigmoidea,Varicosporina, and more than 30
monotypic genera (Jones et al. 2009, Sakayaroj et al. 2011).

Note: Generic definitions need revision and the family description needs to be emended.

Ceratocystidaceae Locq. ex Réblova, W. Gams & Seifert, Stud. Mycol. 68: 188. 2011.
= Ceratocystaceae Locq., Rev. Mycol., Supplément, 1 Table. 1972. [nom. inval. Art. 36]

Type genus: Ceratocystis.
Other genera: Ambrosiella, Cornuvesica, Thielaviopsis.

Gondwanamycetaceae Réblova, W. Gams & Seifert, Stud. Mycol. 68: 188. 2011.
Type genus: Knoxdaviesia (= Gondwanamyces).
Other genus: Custingophora.

?Chadefaudiellaceae Faurel & Schotter ex Benny & Kimbr., Mycotaxon 12: 46. 1980.
= Chadefaudiellaceae Faurel & Schotter, Compt. Rend. Hebd. Séances Acad. Sci. 249: 151. 1959. [nom. inval.
Art. 36]

Type genus: Chadefaudiella.

Note: The status of this family is uncertain. See discussion under Microascales in main body of text.

Graphiaceae Z.W. de Beer, Seifert & M.J. Wingf. fam. nov.
Type genus: Graphium (= Rhexographium) (see emended genus description by De Beer et al. (2012).

Teleomorphs not known. Conidiomata macronematous, synnematous, determinate, with dematiaceous stipes.
Conidia produced in a transparent, slimy droplet, darkening with age. Hyphae of stipe pigmented, simple septate.
Conidiophores penicillately branched, with two or three levels of branching, metulae often present. Conidiogenous
cells in whorls of two to six, conidiogenesis enteroblastic, with percurrent, annelidic proliferation. Conidia hyaline,
aseptate, cylindrical to obovoid, sometimes curved with age, bases truncate, often with distinct basal frill. In rare
cases a synanamorph with obovoid, pigmented conidia is formed.
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Fig. 1 Analyses of the number of publications annually since 1993, listing either Ceratocystis
or Ophiostoma, or both genus names in the title, abstract and keywords. a. The linear trend of
the total number of papers mentioning Ceratocystis and Ophiostoma. b. The linear trend based
on the percentage of the number of papers mentioning both genus names, of the total number
of papers published. c. The linear trend based on the actual number of papers mentioning both
genera.
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Fig. 2. A phylogenetic tree based on maximum likelihood (ML) analyses of the ribosomal
LSU showing the higher classification of the ophiostomatoid fungi in the Sordariomycetes.
The names of ophiostomatoid species, as well as species previously treated in the
Ophiostomatales or Microascales, are printed in bold type. Support values for the different
analyses are presented as bold lines at the nodes as indicated.
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Fig. 3. A phylogenetic tree based on maximum likelihood (ML) analyses of the ribosomal
SSU showing the higher classification of the ophiostomatoid fungi in the Sordariomycetes.
The names of ophiostomatoid species, as well as species previously treated in the
Ophiostomatales or Microascales, are printed in bold type. Support values for the different
analyses are presented as bold lines at the nodes as indicated.
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Abstract

For many years, confusion between Ceratocystis and Ophiostoma obscured all major
attempts to delineate genera and group species in the Ophiostomatales. The separation
of Ophiostoma (Ophiostomatales) and Ceratocystis (Microascales) emerging from DNA-
based phylogenetic inference resulted in the Ophiostomatales being represented by the
single genus Ophiostoma at the end of the 20" century. The aim of this study was to
review the impact that DNA sequencing and phylogenetic analyses has had on the
taxonomy of the Ophiostomatales over the past two decades. As part of this study, all
available sequence data for the Ophiostomatales were screened, carefully selecting
representative ribosomal DNA sequences of 266 taxa residing in the order. We compiled
these ribosomal large subunit and internal transcribed spacer region sequences in two
data sets, containing 216 and 156 taxa respectively. Phylogenetic analyses of these data
revealed six genera and 18 species complexes, as well as several lineages that could not
be resolved. Five of the genera were well-defined: Ophiostoma sensu stricto, Raffaelea
s.str., Ceratocystiopsis, Fragosphaeria, and Graphilbum, which was re-instated to
accommodate species previously assigned to the Pesotum fragrans complex. However,
several species complexes, including the Sporothrix schenckii-O. stenoceras complex, did
not form part of Ophiostoma s.str. and were treated in Ophiostoma sensu lato.
Leptographium s.I. was also not well-defined and included ten species complexes. Some
of these complexes most likely represent distinct genera, but the currently available
sequence data are not sufficient to define these. Our data also showed that Raffaelea is
not monophyletic, and that the newly defined R. lauricola and R. sulphurea complexes
group away from Raffaelea s.str., respectively in Ophiostoma s.I. and Leptographium s.I.
Our approach in defining genera was directed by the newly accepted one fungus one
name principles incorporated in the ICN at Melbourne in 2011, and we discuss the impact
that these changes will have on the taxonomy of the Ophiostomatales in the near future.
We also make recommendations for dealing with taxa in the less well-defined lineages in
the interim, and until a more robust multigene phylogeny becomes available for the
Ophiostomatales.
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A BRIEF HISTORY OF THE GENUS OPHIOSTOMA

The genus Ophiostoma typifies the order Ophiostomatales sensu De Beer et al. (2012a).
The type species of Ophiostoma, O. piliferum, was described as Sphaeria pilifera in 1823
from stained conifer wood in Sweden (Fries 1823). At the time, Sphaeria included most
fungi with either dark perithecia or pycnidia (Wakefield 1940). Fries listed 550 species
under Sphaeria, which he classified based on the appearance of perithecia in situ. As
increasing numbers of species were described towards the end of the 19" century,
generic boundaries were more narrowly defined by taxonomists such as Saccardo and
Winter (Bisby & Mason 1940). This resulted in S. pilifera first being transferred to
Ceratostoma (Fuckel 1869), and then to Ceratostomella (Winter 1887). In 1906, Hedgcock
retained the name Ceratostomella pilifera for the prevalent cause of sapstain in his study
of wood-staining fungi in the United States. He also transferred another species, Cs.
echinella, to Ceratostomella and described six new species in the genus. Minch (1907)
considered the original species definition of Cs. pilifera inordinately broad, and described
four new Ceratostomella species, three of which he treated as the "Pilifera group™. Von
Hohnel (1918) transferred Cs. pilifera to a new genus, Linostoma, because he restricted
Ceratostomella to species forming persistent asci, while the asci of Cs. pilifera were
dehiscent. However, Linostoma was a later homonym for a genus of flowering plants (see
De Beer et al. 2012a), and consequently Sydow & Sydow (1919) established the new
genus, Ophiostoma for Cs. pilifera, the seven other Ceratostomella species treated by
Hedgcock (1906), and the four species described by Miinch (1907). Melin & Nannfeldt
(1934) followed this approach by adding 11 species to Ophiostoma, including Ceratocystis
fimbriata, the type species of Ceratocystis.

While Ophiostoma became widely recognised in Europe (Goidanich 1935, Siemaszko
1939, Bisby & Mason 1940, Mathiesen 1950, Rennerfelt 1950), authors on the other side
of the Atlantic (Leach 1934, Rumbold 1936, 1941, Davidson 1935, 1942, Taylor-Vinje
1940, Shafer & Liming 1950) continued to treat the ophiostomatoid species in
Ceratostomella. Bakshi (1950, 1951) treated O. piceae, C. coerulescens and four new
species in Ceratocystis, arguing that Ceratocystis should have priority because the name
was older than Ophiostoma. Moreau (1952) followed by transferring 31 species to
Ceratocystis. Apparently unaware of the work of Bakshi (1951) and Moreau (1952), von
Arx (1952) declared Rostrella, Endoconidiophora, Linostoma, Grosmannia and
Ceratostomella auct. non Sacc., synonyms of Ophiostoma, and transferred 13 species of
Ceratostomella, Grosmannia and Endoconidiophora to Ophiostoma. Von Arx & Muller
(1954) responded to the works of Bakshi (1951) and Moreau (1952), arguing for the
conservation of Ophiostoma against Ceratocystis to avoid unnecessary name changes for
important plant pathogens. They transferred five additional species to Ophiostoma (von
Arx & Miller 1954). Both von Arx’s papers were published in German, and it is probably
for this reason that Bakshi's classification, published in English, became widely accepted.
The transfer of species from the other genera, including Ophiostoma, to Ceratocystis, was
completed by Hunt (1956). For the next 30 years, all major publications dealing with this
group of fungi (Davidson 1958, 1966, 1971, Mathiesen-K&éarik 1960, Griffin 1968,
Olchowecki & Reid 1974, Upadhyay 1978, 1981) treated Ophiostoma sensu stricto
species in Ceratocystis.

All the treatments of Ophiostoma and Ceratocystis prior to 1967 considered only
morphological characters. During the 1960's, however, biochemical characters emerged
as an increasingly important aid to morphology in delineating taxa (Bartnicki-Garcia 1968).
When cellulose was discovered in the hyphal walls of O. ulmi (as C. ulmi), it was
considered an exception, because that polysaccharide had never before been found in
any Ascomycete (Rosinski & Campana 1964). Soon cellulose was also detected in cell
walls of other Ceratocystis spp. with ‘exoconidial’ anamorphs (thus Ophiostoma spp.),
while species with ‘endoconidial’ anamorphs did not contain cellulose (Rosinksi 1965,
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Smith et al. 1967, Jewell 1974). Acknowledging these biochemical differences, De Hoog
(1974) separated Ceratocystis s.l. into two distinct genera based on morphology of these
anamorphs. Ceratocystis s.str. accommodated species with endoconidial anamorphs
classified in Chalara, Chalaropsis, and Thielaviopsis, while species with exoconidial
anamorphs classified in Sporothrix, Verticicladiella, Leptographium, and Graphium, were
placed in Ophiostoma (De Hoog 1974, Weijman & De Hoog 1975). Confirming the
conclusions based on cellulose content, Harrington (1981) showed that growth of
Ceratocystis s.str. species was inhibited by cycloheximide, an antibiotic that disrupts
protein synthesis, while growth of Ophiostoma species was generally unaffected. Although
the separation of Ophiostoma from Ceratocystis gained support (Samuels & Miller 1978,
De Hoog & Scheffer 1984, Solheim 1986, Harrington 1987, De Rulamort 1990), some
authors still argued in favour of, and applied the concept of Ceratocystis senso lato, until
the early 1990’s (Upadhyay 1981, 1993, Kowalski & Butin 1989). The term
‘ophiostomatoid fungi’ was coined to collectively refer to Ophiostoma and Ceratocystis
species that commonly co-occur in niches associated with insects (Wingfield et al. 1993).

The first studies applying phylogenetic analyses of DNA sequence data to these fungi,
finally confirmed the separation of the two genera and the placement of Ophiostoma in the
Ophiostomatales and Ceratocystis in the Microascales (Hausner et al. 1993c, Spatafora &
Blackwell 1994). The subsequent synonymy of Ceratocystiopsis with Ophiostoma
(Wingfield 1993, Hausner et al. 1993a), left the Ophiostomatales by the late 1990's
represented by the single teleomorph genus Ophiostoma.

The newly defined Ophiostoma included species with a diverse array of anamorph types
(Fig. 1), varying from synnematous pesotum-like anamorphs, to mononematous
leptographium- and mycelial sporothrix-, hyalorhinocladiella-, and raffaelea-like
anamorphs (Berbee & Taylor 1992, Okada et al. 1998, Hausner et al. 2000, Harrington et
al. 2001, Jacobs et al. 2001b, Rollins et al. 2001). Ascomata varied from perithecia with
hyaline to black bases with extremely long necks (e.g. O. pluriannulatum), to those with
short necks (e.g. O. minutum) or cleistothecia with no necks (e.g. O. aureum) (Fig. 2).
Ascospores were either sheathed or not, and included several shapes (Fig. 3). Over the
years, there were many attempts to group species based on these morphological
characters, with different authors emphasizing different characters. The first such
classification was by Melin & Nannfeldt (1934), using perithecial morphology to define
sections and anamorph morphology for subgroups. Hunt (1956) and Mathiesen-Kaarik
(1960) based their sections in the genus only on anamorph morphology, while Griffin
(1968), Olchowecki & Reid (1974) and Upadhyay (1981) based their groups and sections
on ascospore morphology. Because of similarities between Ophiostoma and Ceratocystis
in many of these morphological features, all the attempts to group species based on these
characters were confounded by the inclusion of Ceratocystis species.

THE IMPACT OF DNA SEQUENCING AND PHYLOGENETICS

With Ceratocystis ‘out of the way’ at the dawn of the new millennium, a new wave of
taxonomic studies focusing on Ophiostoma and employing DNA sequences and
phylogenetic analyses, began to emerge. These studies can be categorized broadly as
follows, although many papers might fit in more than one category:

1. Definition of species complexes based on phylogeny and morphology (e.g. Harrington
et al. 2001, De Beer et al. 2003a, Jacobs & Kirisits 2003, Kim et al. 2003, Lim et al.
2004, Gorton et al. 2004, Grobbelaar et al. 2009, Plattner et al. 2009, Linnakoski et al.
2010, 2012, Madrid et al. 2010, Zanzot et al. 2010, Duong et al. 2012).
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2. Resolution of phylogenetic relatedness and species boundaries for single species,
previously described (e.g. Schroeder et al. 2001, Hausner & Reid 2003, Zhou et al.
2004c, Jacobs et al. 2005, Marimon et al. 2008, Massoumi Alamoulti et al. 2011).

3. Descriptions of new species (e.g. Uzunovic et al. 2000, Kim et al. 2004, Aghayeva et
al. 2004, 2005, Villarreal et al. 2005, Jacobs et al. 2006, 2010, Ohtaka et al. 2006,
Carlier et al. 2006, Greif et al. 2006, Marimon et al. 2007, Lu et al. 2008, Zhou et al.
2008, Roets et al. 2008, 2010, Kamgan et al. 2008a, 2010, 2011, 2012, Grobbelaar et
al. 2010, Paciura et al. 2010a).

4. Determination of anamorph-teleomorph connections (e.g. De Beer et al. 2003, Kim et
al. 2005c, Masuya et al. 2005, Yamaoka et al. 2008).

5. ldentification of bark and ambrosia beetle associates (e.g. Jacobs et al. 2003, Zhou et
al. 20044, b, 2006, Hausner et al. 2005, Lim et al. 2005b, Massoumi Alamouti et al.
2006, 2007, Hulcr et al. 2007, Romon et al. 2007, Linnakoski et al. 2008, 2009, 2012,
Lu et al. 2009a, b, Kim et al. 2009, 2011, Kolafik & Hulcr 2009, Jankowiak & Kolafik
20104, Roe et al. 2010, Paciura et al. 2010b, Endoh et al. 2011, Six et al. 2011).

6. Identification of ophiostomatoid fungi collected during surveys from niches other than
bark beetles, e.g. stained wood (Uzunovic et al. 1999; Kim et al. 2005a, b, Lim et al.
2005a, Thwaites et al. 2005), wounds on living trees (Geldenhuis et al. 2004, Kamgan
et al. 2008b), airborne fungi in forests (Vasiliauskas et al. 2005), wood poles (De Meyer
et al. 2008), Protea infructescenses (Roets et al. 2006, 2008, 2010), decaying grass
(Shrestha et al. 2011), gardens of fungus-growing ants (Rodrigues et al. 2011), and
human sporotrichosis (Galhardo et al. 2008, Oliveira et al. 2011, Romeo et al. 2011).

7. Reports of known species from new hosts or geographic locations (Bommer et al.
2009, Smith et al. 2009a, b, Grobbelaar et al. 2010, Jankowiak & Kolafik 2010b,
Eskalen & McDonald 2011).

8. Metagenomic studies, where surveys and species identifications were made solely
based on DNA samples, e.g. from roots (Menkis et al. 2006, Khidir et al. 2010), and
decaying wood (Lindner et al. 2011).

In the majority of studies where phylogenetic analyses were undertaken, the species in
guestion was treated in the context of a group of morphologically similar species, in some
cases referred to as a species complex. Where DNA sequence data were unavailable for
reference species, strains were obtained from international collections and sequences
determined. Most of the earlier studies included only ribosomal DNA data, but it was soon
realised that introns of protein-coding genes were very valuable for distinguishing closely
related species, and multigene studies became the norm within the first few years of the
new millenium. In many studies, an rDNA tree was included to show the position of the
relevant species or complex in the genus, and these trees included between 11
(Schroeder et al. 2001) and 44 (Roets et al. 2006) taxa. Trees based on protein-coding
genes were often included to distinguish between smaller subsets of species.

Only a few studies attempted to resolve groups at a generic level within the
Ophiostomatales, and those that did, usually dealt with a very specific morphological
group. The study of Hausner et al. (2000) assessed the phylogenetic positioning of eight
Leptographium spp. and one Pesotum sp. among 27 Ophiostoma spp. using ribosomal
small subunit (SSU) and large subunit (LSU) data, concluding that the separation between
Leptographium and Pesotum is artificial. Shortly afterwards, Jacobs et al. (2001b) showed
that internal transcribed spacer 2 (ITS2) and LSU sequences did not support
morphological groups among 44 Leptographium spp., some with known teleomorphs.
However, Jacobs et al. (2001b) did not include any Ophiostoma spp. with other anamorph
morphologies in their analyses. In the same year, Rollins et al. (2001) showed that eight
Ambrosiella (now Raffaelea) spp. grouped among six Ophiostoma spp. based on SSU.
Although indicative of trends and morphological heterogeneity within the larger
Ophiostoma, none of these studies attempted to define specific subgroups within the
genus based on phylogenetic lineages.
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The first study to address generic concepts in the Ophiostomatales based on multigene
phylogenies applying protein-coding (B-tubulin exon) sequences in combination with those
of the LSU, was published in 2006 (Zipfel et al. 2006). The resulting phylogenies that
included 50 Ophiostoma spp, revealed two phylogenetic lineages distinct from
Ophiostoma and supported by morphological features. These lineages were given generic
status and two previously recognised genera were reinstated and redefined to
accommodate species from these lineages. The first was Grosmannia (Goidanich 1936),
which was defined apart from phylogeny, primarily by its Leptographium anamorphs and
sheathed ascospores (Zipfel et al. 2006). Species in the second lineage were assigned to
Ceratocystiopsis, initially described in 1975 (Upadhyay & Kendrick 1975) and typified by
Cop. minuta, which are characterised by falcate ascospores and Hyalorhinocladiella
anamorphs. Ophiostoma formed a monophyletic lineage and was also redefined, although
it was recognized that it contained several distinct lineages (Zipfel et al. 2006). The
reinstated genera gained wide support in the subsequent taxonomic literature (Roets et al.
2006, Romon et al. 2007, Six & Bentz 2007, Linnakoski et al. 2008, 2012, Yamaoka et al.
2008, Lu et al. 2009a, Massoumi Alamouti et al. 2009, Plattner et al. 2009, Jankowiak &
Kolafik 2010a, Kirisits 2010, Matsuda et al. 2010, Reid & Hausner 2010, Roe et al. 2010,
Kim et al. 2011). Some of these studies based their phylogenies on the phylograms of
Zipfel et al. (2006), presenting expanded data sets that included 63 (Paciura et al. 2010a,
Six et al. 2011), 65 (Linnakoski et al. 2010), 73 (Linnakoski et al. 2012) and 74 taxa
(Duong et al. 2012), but none formally introduced new taxa above the species level.

CURRENT FORCES DIRECTING THE TAXONOMY OF THE OPHIOSTOMATALES

Twenty years have passed since the first DNA sequences for Ophiostoma were produced
(Berbee & Taylor 1992). Apart from advances in DNA sequencing technology, other
forces came into play that are having an immence impact on fungal systematics on the
wider front, and thus also on the taxonomy of the Ophiostomatales.

The first of these was the Fungal Tree of Life (AFTOL) project (www.aftol.org), which
endeavored to reconstruct the phylogeny of the Fungal Kingdom based on multiple gene
regions including all major lineages of fungi (Lutzoni et al. 2004, Bruns 2006). The
resulting phylogenies provided an accurate placement reflecting the evolutionary position
of the Ophiostomatales in the fungal kingdom (Spatafora et al. 2006, Hibbett et al. 2007,
Schoch et al. 2009). This ended a century of speculation and confusion regarding the
higher level classification of Ophiostoma and allied genera based on a variety of human-
selected criteria (Lindau 1897, Nannfeldt 1932, Luttrell 1951, Ainsworth 1963, 1971,
Muller & Von Arx 1973, Benny & Kimbrough 1980, Barr 1990). The AFTOL classification
provided a backbone for all treatments of fungi at a higher order level, including the
Ophiostomatales (De Beer et al. 2012a), and will do so for years to come.

The second force that is having a substantial impact on fungal taxonomy is the
accessibility of online databases that are part of the daily operational tools of fungal
taxonomists. These include IndexFungorum (www.indexfungorum.org/), a nomenclatoral
database listing the correct names and authorities of all fungal taxa; MycoBank
(www.MycoBank.org), which lists valid fungal species with their associated descriptions,
illustrations and references (Crous et al. 2004); Cyberliber
(www.cybertruffle.org.uk/cyberliber/), an electronic library providing free access to many
older mycological publications; and NCBI GenBank (www.ncbi.nlm.nih.gov/), providing
access not only to almost all published DNA sequences, but also links to relevant
publications. These resources enhance the accuracy of taxonomic publications,
accelerating the rate at which they appear, and also assist in aligning the taxonomic
literature following a more uniform format. However, an underlying risk is that errors in
these databases can be perpetuated in the literature. This implies that mycologists must
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use data from these sources with care, and specialists should engage with the managers
of the databases to correct errors when these are detected. These databases were used
extensively in the present study, and also in those by De Beer et al. (2012a, b).

The third relatively new, yet hugely important driver influencing fungal taxonomy lies in the
application of metagenomics to species discovery and identification. Although only a few
such studies have thus far revealed ophiostomatoid species (Menkis et al. 2006, Khidir et
al. 2010, Lindner et al. 2011), these technologies provide the power to explore new and
known niches for fungal diversity, including ophiostomatoid species, much more
thoroughly than ever before. All indications are that the diversity of fungal species is much
greater than previously anticipated (Hawskworth 2001, Blackwell 2011), and suggestions
are emerging on to how to accommodate novel taxa in the formal classification system of
fungi known only from environmental DNA specimens (Hibbett et al. 2011, Taylor 2011).

Another factor that is beginning to make an impact on fungal systematics at various levels
is whole genome sequencing (Robbertse et al. 2006, McLaughlin et al. 2009, Wang et al.
2009). The complete genomes of several ophiostomatalean fungi are becoming available
(Bernier et al. 2004, DiGuistini et al. 2007, Hintz et al. 2011), and they have already been
employed in the development of new genetic markers used in taxonomic studies (Tsui et
al. 2009, Khadempour et al. 2010, Roe et al. 2010, Massoumi Alamoulti et al. 2011, Duong
et al. 2012). Furthermore, the 1000 Fungal Genomes Project (1000.fungalgenomes.org/),
will undoubtedly result in many new developments and tools that will be appllied in fungal
taxononomic studies.

The single largest catalyst for change in the taxonomy of fungi in the immediate future is
the adoption of the one fungus: one name principle by the 2011 IBC (International
Botanical Congress) in Melbourne (Hawksworth 2011, Hawksworth et al. 2011, Norvell
2011). The new version of the International Code for the Nomenclature of Algae, Fungi
and Plants (ICN) will not allow the use of separate hames for anamorphs of fungi with a
pleomorphic life cycle after 1 January 2013 (Hawksworth 2011, Norvell 2011).
Interestingly, the Ophiostomatales have played an important role in the initiation of the
whole movement towards single name nomenclature. This occurred when Berbee &
Taylor (1992) showed that it was possible to place an anamorphic fungus, Sporothrix
schenckii, in a teleomorph genus, Ophiostoma, based on DNA sequences. One of the
implications of the changes to the ICN is that older generic hames have priority over
newer names, irrespective of the morph they represent. The only exceptions will be if the
newer names are conserved for some reason(s) against the older names. If not applied
responsibly, these changes in the Code might result in many name changes and much
confusion in the Ophiostomatales, as has been pointed out by Wingfield et al. (2012).

Subsequent to the Berbee & Taylor (1992) study, DNA sequence data have become
available for 266 out of the 295 species currently considered as distinct in the
Ophiostomatales (De Beer et al. 2012b). Yet the largest phylogeny to date included only
74 of these species (Duong et al. 2012). Considering the current developments in fungal
taxonomy described above, and the presently available data for the Ophiostomatales, the
time is ripe for an extensive analysis including data of very large numbers of species.

All previous analyses had as a starting point preconceived notions based on
morphological traits that strongly impacted the selection of taxa. In contrast, the aim of the
present study was to allow the DNA sequence data to determine the outcome. The
resulting phylogenies should at the same time serve as a review of current knowledge,
revealing evolutionary and ecological patterns. They should also provide a scaffold to
direct future research and especially to guide decisions relating to the implementation of
the one fungus one name principles.
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PHYLOGENETIC ANALYSES

The major obstacle to a comprehensive phylogenetic overview of the Ophiostomatales is
that past studies used different gene regions. Thus, no single analysis using one gene
region could include the maximum number of species. The two regions for which the most
data were available from GenBank were chosen here, namely the ribosomal LSU, and the
internal transcribed spacer regions (ITS1, 5.8.S, ITS2). We evaluated B-tubulin and
translation elongation factor 1a (EF-1a) regions, and although the results for the latter two
gene regions are not presented here, the presence and absence of introns in these
markers is mentioned because there is a strong correlation between lineages based on
rDNA and intron arrangements in these genes. The intron arrangements are presented as
e.g. 3/-/5, where 3 and 5 indicate the presence of introns 3 and 5, and the dash (-)
indicates the absence of intron 4. In some cases information was only avaiable for the
region spanning introns 4 and 5, and those are presented as 4/5, etc.

A single sequence from a reliable source was carefully selected for each gene region to
represent each species, considering all available sequences for that species. Where
available, sequences of ex-type isolates were used (indicated with T in the trees). In some
cases, sequences from different sources for the same species were contradictory. When
such a contradiction could not be resolved based on careful study of the literature and the
origin of isolates, the contradicting sequences were all included in the analyses and are
discussed. No sequence that ‘did not fit’ was excluded, and all such taxa are mentioned in
the discussion. An additional problem was that for many species only older, shorter DNA
sequences were available. When such a short sequence was the only one available, it
was included and the missing basepairs (bp) filled with N's. We were able to include
altogether 266 taxa from the Ophiostomatales in the various data sets. The LSU data set
consisted of 216 taxa, 100 for which only LSU data were available, and thus the latter
could not be represented in the other data sets. ITS sequences for altogether 156 taxa
were available, of which 50 were only represented by these data. The ITS data were
analysed in two separate data sets to improve alignments. Two taxa were represented
only by SSU and these were included in the SSU analyses of De Beer et al. (2012a). For
one species, L. sibiricum, no ribosomal sequence data were available, but it could be
placed phylogenetically based on its B-tubulin and EF-1a sequences (data not shown). Of
the 266 taxa, 22 were undescribed species identified only to genus level based on their
morphology, 13 of which were represented only by anamorphs in culture.

Data sets were compiled in MEGA 5.0.5 (Tamura et al. 2011). Alignments were done
online in MAFFT 6 (Katoh & Toh 2008) using the E-INS-I strategy. The alignment of the
ITS data set was subsequently (liberally) treated online with Gblocks
(molevol.cmima.csic.es/castresana/Gblocks_server.html) to compensate for substantial
variation. Maximum parsimony (MP) was done in PAUP 4.0 b10 (Sinauer Associates,
Sunderland, MA), maximum likelihood (ML) was conducted using PhyML 3.0 online
(Guindon et al. 2010), and Bayesian analyses (Bl) were made using MrBayes 3.1.2
(Ronquist & Huelsenback 2003). The most appropriate substitution models for all three
gene regions were selected using the Akaike information criterion (AIC) in ModelTest 3.7
(Posada & Crandall 1998) for ML, and MrModelTest 2 (Nylander 2004) for BI. For MP and
ML, 1000 bootstrap replicates were performed. For Bl four independant runs of 5 million
generations each were conducted using duplicate Monte Carlo Markov chain searches
with four chains. Trees were saved every 100 generations. For each data set, burn-in was
determined using Tracer 1.4 (http://evolve.zoo.ox.ac.uk/software.html).

In the trees resulting from our analyses, we defined species complexes when three or
more taxa formed a lineage with significant statistical support in at least one of the
analyses, and the included taxa shared morphological and/or ecological characters.
Species complexes were named after the oldest and/or best known species in each
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complex. Lineages not forming part of the major groups, lacking statistical support, or
represented by only one or two taxa, as well as species with conflicting generic placement
are all discussed below following the major lineages.

MORPHOLOGY

The major lineages in the trees from our analyses correspond largely to key morphological
features. Different authors have commonly used different terms for small variations in the
same morphological character. For this reason descriptions or tabulated morphological
characters without illustrations sometimes leave the impression that certain features are
completely different, while they are actually the same or very similar. To simplify the
discussion emerging from the phylogenetic analyses, it is necessary to briefly consider the
different types of ascomata, ascospores, and anamorphs.

The ascomata in the Ophiostomatales are generally short- to long-necked perithecia (in
the morphological rather than ontogenetic sense of the term), with a continuum of neck
lengths represented in the order (Fig. 1), and often a substantial variability in lengths in a
single species. The ascospores are produced in evanescent asci, are pushed through the
ostiole and carried in a slimy droplet in the case of the long-necked perithecia, most often
supported by ostiolar hyphae (Fig. 1, e.g. O. piliferum). In short-necked perithecia, the
ascospores are often longer and produced in an extending, sticky cirrhus of spores
protruding through an ostiole surrounded by convergent ostiolar hyphae (Fig. 1, e.g. Cop.
concentrica). A third type of ascomata is cleisthocial, where no neck or ostiole occurs
(Fig. 1, e.g. Fragosphaeria reniformis and G. aurea).

We have grouped the ascospores based on morphological features (Figs 2a, b), and
included the terminology used in the publications, as indicated. This illustrates that the
ascospores of the Ophiostomatales mostly belong to one of 11 types (A-K, Figs 2a, b),
with three unique forms (C, H, K) each known only from single species. From the
illustrations, it is clear that different authors have used different terms describing the same
morphology, e.g. in Type A (Fig. 2a), the illustrations of ‘allantoid’, ‘orange section’ and
‘curved’ are almost identical. In other cases, the same term is used for vastly different
morphotypes (e.g. ‘crescent shaped’ in Types A and F). Where applicable in the
discussion, we refer to these morphotype letters rather than choosing any particular term
for them. However, these ‘types’ are only meant to ease discussion. For species
descriptions, standardized terminology for spore shapes, as illustrated in the The
Dictionary of Fungi (Kirk et al. 2008), should be applied.

The description of anamorphs is particularly problematic for many species in the
Ophiostomatales because a continuum of morphological types commonly exists within a
single species (Przybyl & De Hoog 1989, Benade et al. 1996, 1997, Harrington et al.
2001). In some cases, the two extreme forms of such a continuum have been referred to
as synanamorphs and were treated in two different genera, e.g. the pesotum- and
sporothrix-like anamorphs of O. quercus (see De Beer et al. 2012b). In other cases, the
same anamorph was classified in different accepted anamorph genera by different
authors, e.g. the anamorph of G. clavigera was treated in Pesotum by Okada et al. (1998)
and in Leptographium by Six et al. (2003). In line with the current drive towards one
fungus one name, De Beer et al. (2012b) have followed the format for the description of
anamorph states suggested by Cannon & Kirk (2000), which was endorsed by
Hawksworth (2011). The anamorphs of the Ophiostomatales are thus referred to as
sporothrix-, hyalorhinocladiella-, leptographium-, pesotum-, or raffaelea-like, or a
combination of two of these terms in cases where intermediate forms exist. Typical
examples of each form are presented in Fig. 3. The advantage is that these terms are
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merely descriptive and can thus be used across phylogenetically defined generic
boundaries.

DISCUSSION

The results of our analyses confirmed six well-supported lineages representing genera in
the Ophiostomatales (Figs 4, 5). These included Ophiostoma s.str., Raffaelea s.str.,
Ceratocystiopsis, Fragosphaeria, Graphilbum, and what, for the present time, we refer to
as Leptographium s.I. The additional species added to our phylogenies have eroded the
monophyly of Ophiostoma sensu Zipfel et al. (2006), and species currently treated in
Ophiostoma segregated into several distinct lineages. Those lineages not forming part of
Ophiostoma s.str. or the other genera, including the S. schenckii-O. stenoceras complex,
and some smaller lineages, are all treated below under Ophiostoma s.l.

Ophiostoma sensu stricto

The type species of Ophiostoma, O. piliferum, grouped in both trees (Figs 4a, 5a) at the
centre of Ophiostoma s.str. This species is characterized by non-sheathed, orange-
section shaped ascospores (Type A, Fig. 2a) and a sporothrix-like anamorph (Fig. 3).
Only one of the other species in Ophiostoma s.str., O. distortum, has a similar
morphology, but the two species did not group together. The majority of the remaining
species in Ophiostoma s.str. that did not form part of any well-defined species complex in
our analyses were previously treated in the ‘conifer clade’ of the O. piceae complex
(Harrington et al. 2001, Linnakoski et al. 2010). These included O. canum, type species of
the genus Pachnodium (Upadhyay & Kendrick 1975), which is therefore treated as a
synonym of Ophiostoma (De Beer et al. 2012b).

The so-called O. piceae complex was suggested to be monophyletic and defined by the
presence of synnematous pesotum-like anamorphs (Fig. 3), in addition to their sporothrix-
like anamorphs (Harrington et al. 2001), and ascospores similar to those of O. piliferum
(Type A, Fig. 2a). However, in our analyses neither the O. piceae complex sensu
Harrington et al. (2001), nor its ‘conifer clade’ (Linnakoski et al. 2010), had phylogenetic
support. We thus treat these species as part of Ophiostoma s.str. together with several
other species with similar morphology, some with pesotum-like anamorphs (O. araucariae,
O. nikkoense, O. ssiori), and others with hyalorhinocladiella-like anamorphs (O.
brunneum, O. tapionis). Two more species (O. allantosporum, O. arduennense) fit with
this group in terms of anamorph-type and ascospore shape, but with the distinction that
their ascospores are surrounded by sheaths.

Another group of species, previously referred to as the O. minus complex (Gorton et al.
2004, Jacobs & Kirisits 2003, Linnakoski et al. 2010), could not be defined as a species
complex based on our analyses. Included previously in this group were the North
American and European forms of O. minus, O. pseudotsugae (Gorton et al. 2004,
Linnakoski et al. 2010), O. pseudominus (Hausner et al. 1993b), and O. kryptum (Jacobs
& Kirisits 2003). These species are characterized by relatively short-necked ascomata
(Fig. 1), crescent shaped ascospores (Type A, Fig. 2a), and hyalorhinocladiella-like
anamorphs. Although Linnakoski et al. (2010) included O. tetropii in the O. minus complex
in their phylogenetic trees, the ‘complex’ did not have phylogenetic support and the
ascospores of O. tetropii differ in morphology from O. minus and the other species.
Ophiostoma introcitrinum, another species with short-necked perithecia, groups close to
O. minus and O. pseudominus in our analyses (Fig. 4a) based on a short LSU sequence
from Hausner et al. (1993b). This species differs from the others by producing a hyaline
synnematous anamorph, which was designated as the type species for Hyalopesotum
(Upadhyay & Kendrick 1975). Based on this placement of O. introcitrinum, the genus
Hyalopesotum is currently treated as a synonym of Ophiostoma (De Beer et al. 2012b).
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All the species mentioned above have varying forms of allantoid to orange section shaped
ascospores, two with and the remainder without gelatinous sheaths. The presence of
three species with cylindrical ascospores with pronounced rectangular or ossiform
sheaths in Ophiostoma s.str., similar to those observed in the O. ips complex (Type E,
Fig. 2a), was thus somewhat surprising. In both trees (Figs 4a, 5a) O. ainoae and O.
brunneo-ciliatum grouped close to O. floccosum, while O. flexuosum grouped close to O.
canum. The first two have pesotum-like anamorphs, and can be distinguished from the O.
ips complex by characteristic spiralling ostiolar hyphae (Mathiesen-Kéarik 1954, Solheim
1986). The anamorph of O. flexuosum was assigned to Sporothrix by Solheim (1986), but
the description and the illustrations lack denticles, which means it is probably more
appropriately referred to as hyalorhinocladiella-like.

Alignment of B-tubulin sequences of species in Ophiostoma s.str., confirmed that all
species for which data were available, had an arrangement of 3/4/-. Ophiostoma brunneo-
ciliatum was the only exception with -/-/5.

The O. ulmi complex

A strongly supported subgroup comprising 15 taxa was present in the ITS tree (Fig. 5a).
The monophyly is also supported in B-tubulin, where the 14 species for which data were
available all share an intron arrangement of 3/4/-. . All the species were isolated from
hardwoods, producing Type A ascospores (Fig. 2a) and pesotum- and sporothrix-like
anamorphs (Fig. 3). This group of species was treated as the ‘hardwood clade’ of the O.
piceae complex (Harrington et al. 2001, Grobbelaar et al. 2009, 2010, Linnakoski et al.
2010), or even referred to as the O. quercus complex (Kamgan Nkuekam et al. 2011).
However, because O. ulmi is the best known species in this clade, and its basionym,
Graphium ulmi, has the oldest epithet in the clade (Schwarz 1922), we propose that the
group be referred to as the O. ulmi complex. Graphium ulmi was also designated as the
type species for the anamorph genus Pesotum (Crane & Schocknecht 1973), currently
treated as a synonym of Ophiostoma (De Beer et al. 2012b).

Included in O. ulmi complex were four species that do not match the characters of the
above-mentioned group. These species have mycelial rather than synnematous
anamorphs, with O. bacillisporum, O. torulosum, and O. triangulosporium all producing
hyalorhinocladiella-like anamorphs, and O. undulatum a sporothrix-like anamorph. The
ascospores of O. undulatum and O. torulosum are of Type A (Fig. 2a), while those of O.
bacillisporum (Type B, Fig. 2a) can interpreted as an elongated form of Type A. The
ascospores of O. triangulosporium are reniform, but have unique, triangular sheaths (Type
C, Fig. 2a). The latter is the only species that was not isolated from a hardwood host, but
rather from the conifer Araucariae angustifolia (Butin 1978). The inclusion of O.
triangulosporium in the O. ulmi complex should thus be confirmed with careful re-
examination of the type material and more isolates.

The O. pluriannulatum complex

One of the lineages with the strongest phylogenetic support in both data sets (Figs 4a,
5a), included 11 species of which eight are morphologically similar to O. pluriannulatum.
These taxa are characterized by long perithecial necks (Fig. 1), up to 8 mm in the case of
O. multiannulatum (Davidson 1935), producing varying numbers of annuli with swirls of
hyphae on the necks (e.g. O. pluriannulatum, Fig. 1). The non-sheathed, allantoid
ascospores (Type A, Fig. 2a) are generally slightly longer and narrower than those of
other species in Ophiostoma s.l. All the species produce sporothrix-like anamorphs (Fig.
3).

Two of the species that group in the O. pluriannulatum complex based on LSU (Fig. 4a),
O. carpenteri and O. retusum, were previously classified in Ceratocystiopsis (Upadhyay
1981, Hausner et al. 2003) because of their elongated ascospores and short-necked
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perithecia. However, their ascospores lack the falcate sheaths characteristic of true
Ceratocystiopsis species (Type F, Fig. 2b), and although elongated, they have rounded
ends (Type B, Fig. 2a). Ceratocystiopsis spp. have black ascomata mostly with tapering
necks, while these two species have light-coloured ascomata with almost cylindrical necks
(e.g. O. carpenteri, Fig. 1). The two species furthermore have sporothrix-like anamorphs
with conidia produced on denticles, similar to all other species in the O. pluriannulatum
complex. In contrast, Ceratocystiopsis spp. have hyalorhinocladiella-like anamorphs with
non-denticulate conidiogenous cells.

B-tubulin sequences are presently available only for six species in the O. pluriannulatum
complex. Ophiostoma pluriannulatum and O. carpenteri share the typical Ophiostoma
s.str. arrangement (3/4/-), while the arrangement of O. longicondiatum, O. multiannulatum,
O. sparsiannulatum, and O. subannulatum is -/-/5 (Zanzot et al. 2010).

Several earlier studies mentioned or showed a lineage containing this group of species,
without naming the species complex (Hausner et al. 1993b, Thwaites et al. 2005, Zipfel et
al. 2006). Villarreal et al. (2005) designated it as the O. multiannualtum complex, while
Kamgan Nkuekam et al. (2008b) and Zanzot et al. (2010) named it the O. pluriannulatum
complex. We prefer the latter because O. pluriannulatum was the first species in this
lineage to be described (Hedgcock 1906).

The O. ips complex

The third lineage in Ophiostoma s.str. (Figs 4a, 5a) that met our criteria for a well-defined
species complex, included 12 species, of which O. ips was described first (Rumbold
1931). A thirteenth species, O. arborea, could be assigned to the complex based on a
SSU sequence (De Beer et al. 2012a, Fig. 3). Ophiostoma ips, together with eight of the
species in the complex with known teleomorphs, is characterized by cylindrical
ascospores surrounded by a pillow-shaped to ossiform sheath (Type E, Fig. 2a). The
anamorphs vary between hyalorhinocladiella- to pesotum-like (Fig. 3), often forming a
continuum between the two forms. Ophiostoma fuscum was also included in the clade,
and although its teleomorph is not known, it was described appropriately in the genus
Ophiostoma by Linnakoski et al. (2010). Another taxon, yet to be described and known
only by its hyalorhinocladiella-like anamorph, also formed part of this complex. Kim et al.
(2011) referred to this taxon as Hyalorhinocladiella sp. B, but because Hyalorhinocladiella
is a synonym of Ceratocystiopsis (see below), we refer to this species as Ophiostoma sp.
3 (Figs 4a, 5a).

Ophiostoma japonicum grouped in both trees (Figs 4a, 5a) in a lineage sister to the
statistically supported branch that defines the O. ips complex. However, because the
species fits the morphological characters of the O. ips complex, and was also isolated
from conifers like all the other species in the complex (Yamaoka et al. 1997), it should be
included in future studies until its position can be confirmed.

The ex-type isolate of the ambrosial fungus H. ips (Harrington et al. 2010) also grouped in
the O. ips complex. Massoumi Alamouti et al. (2009) suggested that this fungus
represented the anamorph of O. montium. B-tubulin sequences of O. montium and H. ips
differ by only 1 bp, and their intron/exon arrangement differs from all the other species in
the complex (O. bicolor, O. fuscum, O. ips, and O. pulvinisporum) with available B-tubulin
sequences. These species have an intron arrangement of 2/3/4/-, while O. montium and
H. ips lack all four these introns (-/-/-/-). De Beer et al. (2012b) thus formalized the
suggested synonymy of the latter two species (Massoumi Alamouti et al. 2009).

The only species that apparently does not fit in the complex based on ecology and
morphology is O. tremulo-aureum. This species was isolated from Populus (Davidson et
al. 1964) and produces crescent-shaped unsheathed ascospores, resembling those of the
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O. ulmi complex (Type A, Fig. 2a). Thus, its position should be further investigated (De
Beer et al. 2012b).

Lineage B

This lineage (Fig. 4a) lacked statistical support in our LSU analyses, but consists of two
smaller, well-supported lineages each comprising of two taxa. All four taxa are ambrosial
fungi, two of them described and two undescribed. Although these lineages do not form
part of a well-defined species complex, they form part of the well-supported lineage
constituting Ophiostoma s.str., which was not only clear in our analyses, but also in those
of Rollins et al. (2001), Massoumi Alamoulti et al. (2009) and Harrington et al. (2010). The
B-tubulin intron arrangement of these species (3/4/-) also correspond with that of
Ophiostoma s.str. Harrington et al. (2010) thus transferred the two known species,
Ambrosiella macrospora and A. tingens, to Hyalorhinocladiella based on their affinity with
the Ophiostomatales, rather than with Ambrosiella s.str. in the Microascales, and the fact
they are associated with bark beetles, rather than ambrosia beetles (Massoumi Alamoulti
et al. 2009). However, applying the one fungus one name principles, Hyalorhinocladiella is
now considered a synonym of Ceratocystiopsis (see below), and is unavailable for these
taxa. Therefore, De Beer et al. (2012b) transferred these two species to Ophiostoma.

The two undescribed isolates in Lineage B were initially reported as ‘dark sterile sp. A’ by
Krokene & Solheim (1996), who isolated the fungus from Hylurgops palliatus infesting
spruce in Norway. They were referred to as Ambrosiella spp. by Massoumi Alamouiti et al.
(2009) and Harrington et al. (2010), but we treat them here as Ophiostoma sp. 1 and 2
(Fig. 4a).

In conclusion, Ophiostoma s.str. is characterized by species with mostly non-sheathed
allantoid-like ascospores (Type A, Fig. 2a), or cylindrical ascospores with pillow-shaped to
rectangular sheaths (Type E, Fig. 2a), with sporothrix- and/or pesotum- or
hyalorhinocladiella-like anamorphs. Most of these species have loose associations with
bark beetles and are associated with sapstain, although some are pathogens of trees (e.g.
the Dutch EIm disease fungi).

Unclassified lineages from Ophiostoma sensu lato

The S. schenckii - O. stenoceras complex

The lineage containing the sequence of S. schenckii, the human pathogen and type
species for the genus Sporothrix (Hektoen & Perkins 1900), also included another human
pathogen, S. luriei, grouping closest to S. schenckii (Fig. 5a). Unfortunately no ribosomal
DNA sequences were available for the other known human pathogens that form part of
this lineage based on other gene regions, S. globosa and S. brasiliensis (Marimon et al.
2007). Sporothrix schenckii was for some time treated as the anamorph of O. stenoceras
(Andrieu et al. 1971, Taylor 1970, De Hoog 1974), the oldest species with a known
teleomorph in the complex. In a thorough review of all the literature that compared O.
stenoceras with S. schenckii, Summerbell et al. (1993) convincingly argued that the two
species were distinct. De Beer et al. (2003) produced ITS sequences that confirmed this,
and showed that they formed part of a lineage that included other species with sporothrix-
like anamorphs such as O. narcissi (from Narcissus bulbs) and O. abietinum (erroneously
referred to as ‘O. nigrocarpum’) from pine. De Beer et al. (2003) referred to this lineage as
the S. schenckii-O. stenoceras complex. More wood-inhabiting species were
subsequently added to the complex and are reflected in our phylogenies (Figs 4a, 5a),
including O. gossypinum, O. dentifundum, O. fusiforme, O. lunatum, O. rostrocoronatum,
and O. candidum. All Ophiostoma spp. described to date from native Protea
infructescensces in Southern Africa (see Roets et al., 2012) also form part of this
complex, as well as several species associated with soil.
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All the species in this lineage with known teleomorphs produce perithecia with medium
neck lengths (e.g. O. splendens, Fig. 1), unsheathed, reniform to allantoid ascospores
(Type A, Fig. 2a), and sporothrix-like anamorphs (Fig. 3). Several of the human
pathogenic and soil-associated species, in addition to the normal hyaline conidia, also
produce small, pigmented conidia, a character unique to this complex. The only other
group producing pigmented conidia, but usually significantly larger, are the ambrosial,
raffaelea-like fungi. Furthermore, all species in the S. schenckii-O. stenoceras complex for
which B-tubulin data are available has an arrangement (-/5) different from the majority of
species in Ophiostoma s.str. In addition to the phylogenetic separation between
Ophiostoma s.str. and the S. schenckii-O. stenoceras complex, these features further
distinguish the two groups and suggest that the generic status of the complex needs
reconsideration.

The O. tenellum complex

This lineage included only three species, O. tenellum, O. coronatum and O. nigricarpum.
Although morphologically similar to species in the S. schenckii-O. stenoceras complex,
and with a similar arrangement of B-tubulin introns (3/-/5), these three conifer-infesting
species were also peripheral to that complex in previous studies (Villarreal et al. 2005,
Zipfel et al. 2006, Linnakoski et al. 2010). These species grouped close to Lineage F (see
below). For the present we prefer to treat it as part of Ophiostoma s.1.

The Raffaelea lauricola complex

The lineage (Fig. 4a), containing the laurel wilt pathogen, R. lauricola, included two other
species, R. brunnea and an undescribed species, referred to as Raffaelea sp. 4. This
lineage was also present in the phylogenies produced by Massoumi Alamouti et al. (2009)
and Harrington et al. (2010), but because they included fewer taxa, it grouped close to the
R. sulphurea complex (see below) and Raffaelea s.str. Based on our analyses, this
complex does not form part of Raffaelea s.str. or any of the other well-resolved genera.
These species also differ from Raffaelea s.str. and the other complexes in Ophiostoma by
its B-tubulin intron arrangement of 3/-/-. Perhaps these species need to be treated in
another genus, but their generic status and position in the Ophiostomatales should await
further investigation including more gene regions, before any new combinations are made.
We thus treat the complex as part of Ophiostoma s.I.

Raffaelea brunnea is the older name of the two described taxa in this lineage (Verrall
1943, Batra 1967), but we suggest that the lineage be referred to as the R. lauricola
complex. The latter species is widely known as a serious pathogen of the Lauraceae in
the USA (Harrington et al. 2008, 2011, Evans et al. 2010, Eskalen & McDonald 2011,
Ploetz et al. 2011, Shields et al. 2011). In common with R. lauricola, R. brunnea is also
associated with ambrosia beetles on hardwoods, namely Monarthum spp infesting
Quercus and Acer (Verrall 1943, Batra 1967). The undescribed taxon was isolated from
the mycangia of the ambrosia beetle, Trypodendron rufitarsus, from lodgepole pines
infested by Dendroctonus ponderosae, and was reported in the study of Massoumi
Alamouti et al. (2009).

Smaller lineages
The generic placement of the following lineages will need to be confirmed in future
studies. They are best treated in Ophiostoma s.I. at present.

Lineage A (Fig. 4a) consists of only O. microsporum, a species characterized by a
sporothrix-like anamorph. The ascospores are of Type A (Fig. 2a), but are smaller than
most other species in the Ophiostomatales (Davidson 1942).

Lineage C (Fig. 4a) includes two Leptographium spp., L. brachiatum and L. antibioticum,
which grouped apart from other Leptographium spp in the ITS2-LSU phylogeny of Jacobs
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et al. (2001b). These two species, both from conifer wood in North America, are
morphologically similar and do not grow well on cycloheximide, a feature that typifies most
species of Leptographium s.I. (Harrington 1988). Although O. pseudonigrum groups close
to the two Leptographium spp. (Fig. 4a), the lineage containing all three species had no
statistical support. Ophiostoma pseudonigrum produces Type E (Fig. 2a) ascospores and
a hyalorhinocladiella-like anamorph and thus also does not fit with the two Leptographium
spp. based on morphology.

The well-supported Lineage D (Fig. 4a) consists of two species, O. grande and O.
ambrosium. Both species produce Type A (Fig. 2a) ascospores. Their anamorphs have
respectively been described as sporothrix-like (Samuels & Miiller 1978) and raffaelea-like
(De Hoog 1974), but although not very clear, the illustrations of the anamorphs show
some similarities.

In our LSU analyses (Fig. 4a) Lineage E included O. crenulatum and O. fasciatum, two
similar species with short-necked perithecia (Fig. 1) and ascospores with falcate sheaths
(Type D, Fig. 2a) similar to, but shorter than those of Ceratocystiopsis spp. No ITS
sequence was available for O. crenulatum, but in our ITS tree O. fasciatum grouped (Fig.
5a) with O. fumeum and S. brunneoviolaceae, although the three species were separated
from each other by long branches. Both the latter species were treated as part of the S.
schenckii-O. stenoceras complex (Madrid et al. 2010, Kamgan Nkuekam 2012), although
they grouped peripheral to the complex without statistical support. The perithecia of O.
fumeum are short-necked and show remarkable similarities with those of O. crenulatum
and O. fasciatum. However, while the ascospores of O. fumeum correspond in length with
those of O. fasciatum (without sheath), they lack the falcate sheaths characteristic of the
other two species (Olchowecki & Reid 1974, Kamgan Nkuekam 2012). The anamorphs of
O. fumeum and S. brunneoviolaceae are sporothrix-like with prominent denticles,
distinguishing them from hyalorhinocladiella-like anamorphs of O. crenulatum and O.
fasciatum (Olchowecki & Reid 1974). Lineage E had some statistical support in both
phylogenies, but because of the varying morphology of the four species, we prefer not to
define a species complex until further data can support the group.

In the ITS tree (Fig. 5a) two species, O. pallidulum and O. saponiodorum, described by
Linnakoski et al. (2010), form the well-supported Lineage F. In the analyses of Linnakoski
et al. (2010), this lineage formed part of a larger well-supported lineage that included what
was described above as the O. tenellum complex. In our analyses, the two groups are
again adjacent to each other (Fig. 5a), but without support. The B-tubulin intron
arrangements of the two groups also differ, with Lineage F having introns 4/5, and the O.
tenellum complex -/5.

Lineage G (Fig. 5a), accommodating O. sejunctum and O. angusticollis, shares
morphological similarities (Villarreal et al. 2005, Griffin 1968) with the O. tenellum
complex. In common with the phylogeny of Villarreal et al. (2005), these two species
grouped close to, but distinct from the O. tenellum complex.

Ceratocystiopsis

The elongated, sheathed, falcate ascospores (Types F, G, Fig. 3) and ascomata with
short necks (Fig. 1) that characterize Ceratocystiopsis, distinguish the genus from all
other groups in the Ophiostomatales. The genus was treated for a short time as a
synonym of Ophiostoma (Hausner et al. 1993a, Jacobs & Wingfield 2001), but Zipfel et al.
(2006) showed that it formed a distinct lineage, and re-instated the genus, originally
described by Upadhyay & Kendrick (1975). Our analyses (Figs 4a, 5b) support this
treatment. Plattner et al. (2009) published the first comprehensive study with sequences
for most species in the genus, showing that Cop. minuta, the type species, consists of
several cryptic species. Reid & Hausner (2010) designated an epitype for Cop. minuta,



53

fixing the identity of the species. In our analysis, we included the other two unnamed
cryptic species as Cop. minuta sp. 2 and sp. 3. Also included were three more
undescribed Ceratocystiopsis spp. from Plattner et al. (2009) as Ceratocystiopsis spp. 1, 2
and 3.

We included LSU data for Ophiostoma neglectum in our analyses, confirming that this
species also belongs in Ceratocystiopsis. Its hyalorhinocladiella-like anamorph (Fig. 3)
and ascospore morphology (Type H, Fig. 2b) is consistent with other species, but the
sheathed ascospores are much shorter than those of other species; rather than falcate,
they are somewhat cucullate in side view and triangular in face view. The necessary new
combination is provided by De Beer et al. (2012b).

Another species of somewhat uncertain generic placement is Cop. longispora. The
morphology of Cop. longispora, especially the falcate ascospores (Type F, Fig. 2b),
resembles Ceratocystiopsis species, but it grouped peripheral to members of
Ceratocystiopsis s.str. in the phylogenies of Hausner et al. (1993a), Hausner & Reid
(2003), Plattner et al. (2009) and Hafez et al. (2012). Zipfel et al. (2006) did not include
Cop. longispora, and based on the results of Hausner et al. (1993a) and Hausner & Reid
(2003), excluded the species from Ceratocystiopsis. However, in our trees (Figs 4a, 5b)
Cop. longispora groups slightly distant from the main body of Ceratocystiopsis, but still
within a well-supported lineage with those species. We thus follow the suggestion of
Upadhyay (1981) and include this species in Ceratocystiopsis.

Ceratocystiopsis minuta-bicolor, of which the anamorph (Fig. 3) is the type species of
Hyalorhinocladiella (Upadhyay & Kendrick 1975), groups unambiguously within
Ceratocystiopsis (Figs 4a, 5b). Under the emended Code, Hyalorhinocladiella is thus a
synonym of Ceratocystiopsis and the generic name can no longer be applied to species
outside this lineage. Species residing in other lineages of the Ophiostomatales that have
been treated in Hyalorhinocladiella in the past, are discussed under the O. ips complex,
Lineage B, , the L. lundbergii complex and Graphilbum.

Fragosphaeria

The genus Fragosphaeria, described by Shear (1923), was never associated with the
Ophiostomatales until Suh & Blackwell (1999), in a study on cleistothecial fungi,
discovered that the type species, F. purpurea, grouped among some Ophiostoma spp.
based on SSU and LSU sequences. This placement was confirmed in a four gene
phylogeny by Zhang et al. (2006). Sequences for the second species in the genus were
published by Yaguchi et al. (2006), confirming that the two species group together. Only a
few subsequent studies included Fragosphaeria in rather limited phylogenies of the
Ophiostomatales (Linnakoski et al. 2008, Kolarik & Hulcr 2009, Harrington et al. 2010).
Our analyses (Figs 4b, 5b) confirmed the monophyly of the two taxa and their distinct
generic status in the Ophiostomatales.

Of the two species in Fragosphaeria, F. reniformis was the first described, but in the
genus Cephalotheca (Saccardo 1881). Shear (1923) later described the genus
Fragosphaeria, with F. purpurea as its type. Gola (1930) and Chesters (1935) treated both
species in Cephalotheca, but Malloch & Cain (1970) reinstated Fragosphaeria, providing
the new combination for F. reniformis. The two morphological characters that seemingly
prevented any previous association with the Ophiostomatales, are the cleistothecial
ascomata (Fig. 1) and the slight pigmentation of the ascospores (Chesters 1935, Stchigel
& Guarro 2007). However, the unsheathed, reniform ascospores correspond with the
ascospore morphology of most species in Ophiostoma s.str. (Type A, Fig. 2a).
Furthermore, the illustrations by Chesters (1935) show a clear sporothrix-like anamorph
(Fig. 3) with prominent denticles on the conidiogenous cells of both species. Chesters
(1935) described the asci in detail, implying that they are more readily visible than is
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typical for other genera in the Ophiostomatales, but he did mention that they are
evanescent, as is the case for all the other ophiostomatalean species. Cleistothecial
ascomata are not a unique feature in the Ophiostomatales. Four ophiostomatalean
species previously treated in Europhium (Parker 1957, Robinson-Jeffrey & Davidson
1968), as well as G. yunnanense (Yamaoka et al. 2008), also produce ascomata lacking
necks and ostioles, but all form ascomata with cucullate ascospores and leptographium-
like anamorphs. What distinguishes Fragosphaeria from other genera in the
Ophiostomatales is thus not any single character, but the unige combination of
cleistothecia with slightly pigmented, reniform ascospores, and sporothrix-like anamorphs.

Ecologically, the two Fragosphaeria species also fit well within the Ophiostomatales. Both
are hardwood-inhabiting and associated with stained wood around and inside bark beetle
galleries (Shear 1923, Chesters 1935).

Leptographium s.l.

Leptographium was described with the anamorphic L. lundbergii as the type species
(Lagerberg et al. 1927). Grosmannia was described only a few years later for sexually
reproducing species with sheathed ascospores and leptographium-like anamorphs,
including as type species, G. penicillata (Goidanich 1936). Grosmannia was treated since
Siemaszko (1939) as synonym of Ophiostoma and later of Ceratocystis (Bakshi 1951). In
their monograph for Leptographium, Jacobs & Wingfield (2001) considered 29 species
known only by their anamorphs, together with 17 species with known teleomorphs, which
they treated in Ophiostoma. Zipfel et al. (2006) separated Grosmannia from Ophiostoma
based on a phylogeny of two gene regions and morphological differences. Apart from
species with leptographium-like anamorphs, they also showed that several Ophiostoma
spp. with synnematous anamorphs, not previously linked with Leptographium or
Grosmannia, grouped in a monophyletic lineage among species of these genera (Zipfel et
al. 2006). The addition of Leptographium sequence data in the present study (Figs 4b,
5b), as well as species with synnematous and raffaelea-like anamorphs, shows that the
monophyly of the lineage including Leptographium and Grosmannia spp. is not as strongly
supported as previously indicated. Some smaller lineages that were not previously
associated with Leptographium or Grosmannia form part of this group. For the purpose of
the present discussion, we refer to the larger lineage as Leptographium s.l., because
Leptographium is the oldest genus represented.

In recent studies, several species complexes have been defined within Leptographium s.1.
based on multigene studies, including gene regions not considered here (Lim et al. 2004,
Massoumi Alamouti et al. 2011, Six et al. 2011, Duong et al. 2012, Linnakoski et al. 2012).
Although not all of these complexes were equally well-supported in our analyses of rDNA
data, we have structured our discussion on this basis. The delineation of most of these
complexes is supported by unique intron arrangements of the B-tubulin and EF-1a
regions, and these are mentioned for each complex. Species not included in the
complexes, are treated below in Leptographium s.I.

The L. lundbergii complex

The type species of Leptographium groups with seven other species (Fig. 4b) to form the
L. lundbergii species complex. The first thorough phylogenetic study of L. lundbergii and
three of its sister species was undertaken by Jacobs et al. (2005). The species complex
was redefined and discussed extensively by Linnakoski et al. (2012), who added four
more recently described species. They also provided the necessary new combination for
Hyalorhinocladiella pinicola in Leptographium (Fig. 3). Intron arrangements in the 8-
tubulin and EF-1a regions are respectively 3/4/- and 3/-. This complex is and will be
definitive of any future delineation of Leptographium.
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The G. clavigera complex

The G. clavigera complex recently has gained substantial attention because of the close
association of G. clavigera and L. longiclavatum with the ongoing mountain pine beetle
(Dendroctonus ponderosae) outbreak in Canada and the northwestern states of the USA
(Kim et al. 2004, Roe et al. 2010, Massoumi Alamouti et al. 2011). As a result, G.
clavigera was the first species of the Ophiostomatales for which the full genome sequence
was released (DiGuistini et al. 2007, 2009). Using this genome, Massoumi Alamoulti et al.
(2011) showed with gene genealogies of 15 gene regions of what was initially perceived
as a population of G. clavigera, actually consisted of two cryptic species, one still
undescribed. Six et al. (2011) revealed yet another undescribed taxon in the complex, and
clarified the confusion that existed as a result of contradictory sequences for ex-type
strains of the other species in the complex. In addition to these two undescribed taxa, the
complex accommodates the seven species listed in Fig. 4b, together with L. tereforme
(Fig. 5b) (Kim et al. 2011). It is interesting to note that G. clavigera is the type species for
the genus Graphiocladiella (Upadhyay 1981). Ophiostoma trinacriforme, the type species
of another genus, Europhium, might also form part of the G. clavigera complex, but as a
result of conflicting sequences, the placement of the species is presently uncertain (see
Species 2, Incertae sedis, further down).

Species in the G. clavigera complex broadly share the same morphology: leptographium-
like anamorphs (e.g. G. aurea, Fig. 3) with relatively short stipes, cleitothecial ascomata
(e.g. G. aurea, Fig. 1) and reniform ascospores with hat-shaped sheaths (e.g. G. aurea
and G. clavigera, Type |, Fig. 2b). Intron arrangements for the B-tubulin and EF-1a
regions correspond with those of the L. lundbergii and G. piceiperda complexes.

The L. procerum complex

In common with the situation with the G. clavigera complex, the L. procerum complex
attracted research interest in recent years because of the association of L. procerum (Fig.
3) with the red turpentine beetle, Dendroctonus valens. The beetle was introduced into
China during the 1980’s, and in combination with L. procerum, has caused the death of
thousands of native pines (Yan et al. 2005, Lu et al. 2008, 2009a, b). The complex now
includes eight species, seven of them listed in Fig. 4b. In their treatment of the complex,
Linnakoski et al. (2012) showed that L. sibiricum also belongs to this group, but no
ribosomal sequences of this species were available for the present study. The B-tubulin
and EF-1a regions intron arrangements for all species in this complex are respectively
3/4/- and 3/4, except for L. latens that lacks intron 4 in EF-1a.

The G. galeiformis complex

Grosmannia galeiformis does not produce leptographium-like anamorphs, but
synnematous structures appearing to be loose aggregates of leptographium-like
conidiomata. Zhou et al. (2004c) were the first to show a phylogenetic relationship
between G. galeiformis and Leptographium. A second species, G. radiaticola, was
subsequently added to the complex Kim et al. (2005c). The third species included in the
complex based on our ITS phylogeny (Fig. 5b), is Hyalopesotum pini, which Kim et al.
(2005c¢) had confirmed as the anamorph of G. radiaticola. Based on B-tubulin and EF-1a
sequences, Linnakoski et al. (2012) showed that several previous reports of G. galeiformis
actually represent G. radiaticola, but also that there are at least two additional
undescribed cryptic species in the complex. Intron arrangements in the B-tubulin and EF-
1a regions are respectively -/4/- and 3/4.

The G. olivacea complex

The G. olivacea complex as defined by Linnakoski et al. (2012) and included the first five
species present in our LSU analyses (Fig. 4b). One of these species, G. sagmatospora
(Fig. 3), is the type species of the anamorph genus Phialographium (Upadhyay &
Kendrick 1974), currently treated as synonym of Leptographium s.I. (De Beer et al.
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2012b). Our results showed for the first time that G. vesca also belongs to this complex.
Its synnematous anamorph and cucullate ascospores (Type I, Fig. 2b) are consistent with
those of other members of the group (Davidson 1958). Based on SSU (Fig. 3, De Beer et
al. 2012a) and ITS data (Fig. 5b), Phialographium erubescens, known only from its
anamorph, also groups in the G. olivacea complex. Harrington et al. (2001) transferred
Pesotum erubescens to Phialographium, and treated it as the anamorph of G. cucullata.
De Beer et al. (2012b) listed it as a synonym of G. cucullata, but suggested that the
synonymy need to be reconsidered based on sequences from additional genes.
Linnakoski et al. (2012) also revealed problems in the delineation of G. cucullata and G.
olivaceapini, that needs to be resolved with further study. Intron arrangements for this
complex are the same as for the G. galeiformis complex.

The G. piceiperda complex

Linnakoski et al. (2012) showed that strains identified as G. piceiperda separate into five
lineages based on B-tubulin and translation elongation factor 1a (EF-1a) sequences,
probably representing cryptic species. Two of these lineages might represent G.
piceiperda and G. europhioides (as they are indicated in Figs 4b, 5b), but both species
lack ex-type strains and epitypes should be designated. The remaining three lineages in
the phylogenies of Linnakoski et al. (2012) are not represented in our data sets and
probably represent undescribed taxa. Two other known species included in the complex
are G. aenigmatica and G. laricis. All species are characterized by cucullate (Type | Fig.
2b) ascospores and typical leptographium-like anamorphs. Intron arrangements for the -
tubulin and EF-1a regions correspond with those of the L. lundbergii and G. clavigera
complexes.

The G. wageneri complex

Six et al. (2011) included six species in the G. wageneri complex. These are also included
in our LSU phylogeny (Fig. 4b), although not as a supported lineage. Five of the species
are associated with root-feeding beetles on conifers in the USA (Jacobs & Wingfield
2001), while one, L. reconditum, was isolated from the rhizosphere of wheat in South
Africa (Jooste 1978). Two of the taxa are considered host-specific varieties of G. wageneri
(Kendrick 1962, Harrington & Cobb 1987). Witthuhn et al. (1997) was able to distinguish
between these varieties based on RAPD profiles. The varieties in this group deserve
additional study based on multigene phylogenies. Intron arrangements in the p-tubulin and
EF-1a regions are respectively 3/4/- and 3/4.

The G. serpens complex

Duong et al. (2012) separated what was known as a single species, G. serpens with L.
alacris as synonym, into five species based on a five gene phylogeny. These five species
comprise the G. serpens complex. They reinstated Verticicladiella alacris as G. alacris,
describing a teleomorph for the species, and described three novel species based on their
anamorphs only: Leptographium castellanum, L. gibbsii, and L. yamaokae. Intron
arrangements are the same as those of the G. wageneri complex.

The Raffaelea sulphurea complex

Four species previously classified in Raffaelea (Harrington et al. 2010) form a
monophyletic lineage in Leptographium s.I. in our LSU phylogeny (Fig. 4b). This complex
includes R. sulphurea, the first species to be described (Batra 1967), together with R.
amasae, R. monteteyi, and R. quercivora. Only one of these four species, R. quercivora,
was represented in the ITS phylogeny (Fig. 5b), where it grouped with R. quercus-
mongolicae, which was not included in the LSU tree. The two lineages present in the LSU
tree have B-tubulin intron arrangements different from Raffaelea s.str. and the R. lauricola
complex, but corresponding to most complexes in Leptographium s.l. It was 3/4/- for R.
guercivora and R. montetyi, and -/4/- for the other two species. Massoumi Alamouti (2009)
also showed that these species formed a lineage distinct from Raffaelea s.str. Raffaleae
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amasae (Fig. 3) is the type species for Dryadomyces (Gebhardt et al. 2005), treated by
Harrington et al. (2010) as synonym of Raffaelea. It is clear that these species cannot be
accommodated in Raffaelea s.str., but our present phylogenies are not sufficiently robust
to show that this lineage represents a genus distinct from Leptographium. Assuming that
additional data will show that these species represent a novel genus, then Dryadomyces
would be the appropriate name for it. For the present, these species are retained in
Raffaelea, but listed under Leptographium s.| by De Beer et al. (2012b). Dryadomyces is
listed as a possible synonym (thus with a question mark) under Leptographium (De Beer
et al. 2012b).

Two species in this complex, R. quercivora in Japan (Kubono & Ito 2002) and R. quercus-
mongolicae in Korea (Kim et al. 2009), both vectored by ambrosia beetles, were
implicated as contributing to the death of large numbers of Quercus trees. Similar
pathogenicity and vectors are seen among members of the R. lauricola complex.

The G. penicillata complex

The type species of Grosmannia, G. penicillata (Figs 1, 2b, 3), formed a strongly
supported lineage with 17 other species in both our LSU (Fig. 4b) and ITS (Fig. 5b)
phylogenies, not including the two species of uncertain position labelled with black
numbers. The list of corresponds well with the species included by Six et al. (2011) and
Linnakoski et al. (2012) in the G. penicillata complex. The EF-1a intron composition was
the same (3/-) for all seven species in the complex for which data were available.
However, three patterns of B-tubulin introns (3/-/-, 3/4/-, or -/4/5) were observed for the 13
species with data. The species with known teleomorphs all produce allantoid to curved
ascospores surrounded by uniform sheaths (Type J, Fig. 2b). However, a sequence of the
ex-type isolate of G. pseudoeurophioides, produced by Hausner et al. (1993b, 2000), was
also included in the complex based on our LSU phylogeny (Fig. 4b). lllustrations from the
original description of G. pseudoeurophioides (Olchowecki & Reid 1974) clearly show
ascospores with distinct cucullate sheaths (Type |, Fig. 2b) reminiscent of those in the G.
piceiperda complex. Jacobs et al. (1998, 2000) and Jacobs & Wingfield (2001) considered
G. pseudoeurophioides a synonym of G. piceiperda, based on similarities in the
anamorph, not mentioning ascospores. The placement of G. pseudoeurophioides in the
G. penicillata complex is thus suspect and should be reconsidered including additional
collections and sequence data.

Lineage |

This lineage (Fig. 4b) represents one species, Esteya vermicola. The genus and species
were described from infected pinewood nematodes (Bursaphelenchus xylophilus) in
Taiwan (Liou et al. 1999). The fungus is characterized by two kinds of conidiogenous cells
and conidia. The first kind consists of slightly pigmented, hyalorhinocladiella-like
conidiogenous structures and conidia (Fig. 3). In contrast, the second type of conidia is
adhesive with a unique, lunate shape, produced from flask-shaped phialides and different
to all conidiogenous structures known in the Ophiostomatales. These conidia readily
attach to and infect the nematodes, which then die 8-10 days after infection (Liou et al.
1999). The first DNA sequences (used in the present study) were produced by Wang et al.
(2008), who correctly showed that E. vermicola groups among Grosmannia and
Leptographium spp in the Ophiostomatales. Several studies followed, considering the
potential for this fungus to be used in the biological control of the pinewood nematode
(Wang et al. 2009, 2010, 20114, b). The generic placement of this species has not been
fully resolved in the current phylogeny (Fig. 4b). Its unique biology and morphology
suggests that it warrants further study, to enable an appropriate placement within the
order.
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Raffaelea s.str.

Raffaelea was introduced by von Arx & Hennebert (1965) for a group of anamorphic fungi
living in symbiosis with wood-boring ambrosia beetles. In the same paper, they validated a
similar genus, Ambrosiella, published invalidly by Brader (1964). Over time, several
species were added to both genera and some confusion has emerged over the correct
placement of these taxa (Batra 1967). Several studies based on DNA sequences
confirmed that the two genera are not closely related, with the type species of Ambrosiella
grouping within the Microascales and that of Raffaelea in the Ophiostomatales (Cassar &
Blackwell 1996; Jones & Blackwell 1998). Gebhardt et al. (2005) described a second
ambrosial genus, Dryadomyces, in the Ophiostomatales. Massoumi Alamouti et al.
(2009), using a comprehensive multigene analysis including 56 taxa, showed that
Raffaelea is polyphyletic in the Ophiostomatales, and similarly, Ambrosiella in the
Microascales. Harrington et al. (2010) proceeded to make the necessary new
combinations in Raffaelea for Ambrosiella spp. in the Ophiostomatales. Some of these
emerged in our analyses as Lineage B (Fig. 4a) in Ophiostoma s.str. and are discussed
under that genus above.

Harrington et al. (2010) included 55 taxa in their LSU analyses, and 32 in their SSU
analyses. This created a deceptive ‘monophyletic’ Raffaelea for the remaining ambrosial
species. In our analyses (Figs 4, 5) Raffaelea sensu Harrington et al. (2010) separates
into three distinct lineages. The first lineage, well-supported and distinct from other
genera, includes the type species for the genus, R. ambrosiae, and thus represents
Raffaelea s.str. (Figs 4a, 5b). The second lineage (Fig. 4a) grouped within Ophiostoma
s.l. and was called the R. lauricola complex above, while the third lineage formed part of
Leptographium s.l. and is referred to as the R. sulphurea complex (Figs 4b, 5b) above.

Raffaelea s.str. is characterized by reduced conidiogenous structures (Fig. 3), resembling
the hyalorhinocladiella-like asexual states in other groups of the Ophiostomatales, but
often aggregating into sporodochia and producing pigmented conidia (Harrington et al.
2010). They are exclusively associated with ambrosia beetles, and have varying 3-tubulin
intron arrangements: 3/-/5 for R. tritirachium and R. albimanens, -/4/5 for R. sulcati, and
3/4/5 for R. ambrosiae and most of the other species.

No Raffaelea spp have known teleomorphs. The presence of two Ophiostoma spp. with
known teleomorphs in Raffaelea s.str. in the LSU tree (Fig.4a) should thus be carefully
considered, but not discounted. Ophiostoma deltoideosporum was isolated from stained
pine wood in Canada (Olchowecki & Reid 1974), and is characterized by small perithecia,
a reduced hyalorhinocladiella-like anamorph, and cylindrical ascospores with an ossiform
sheath (Type E, Fig. 2a). The short LSU sequence of the ex-type isolate (Hausher & Reid
1993b), places this species in Raffaelea s.str. Similarly, an ITS sequence of O.
deltoideosporum produced by Mullineux & Hausner (2009) grouped with R. canadensis in
the lineage representing Raffaelea s.str. in our ITS tree (Fig. 5b). This placement might
be viewed as an anomaly were it not for O. seticolle, a species with remarkably similar
ascospores, perithecia, and hyalorhinocladiella-like anamorph (Davidson 1966), which
grouped in the same lineage (Fig.4a). The latter species was isolated repeatedly from the
galleries of an unknown ambrosia beetle on Tsuga, suggesting that is has an ambrosial
biology (Davidson 1966). Certainly both these species should be considered in future
treatments of Raffaelea. If their placement in Raffaelea can be confirmed, new
combinations in Raffaelea will need to be provided for them.

Graphilbum

The lineage that is most distinct from the other well-supported genera in the
Ophiostomatales (Figs 4b & 5b), contains six known species and seven undescribed taxa.
Of the known species, Pesotum fragrans was the first to be described (Mathiesen-Kaarik
1954). The species is known only by its synnematous anamorph (Fig. 3). Harrington et al.
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(2001) recognized that the ex-type isolate did not produce a sporothrix-like synanamorph
similar to those of species of Ophiostoma s.str. with synnematous anamorphs. Jacobs et
al. (2003) and Jacobs & Seifert (2004) further characterized the morphology of the
species, and included several isolates in their ITS phylogeny. In a more comprehensive
phylogeny, Zhou et al. (2006) showed that the species grouped very distantly from other
Ophiostoma and Leptographium spp. Kamgan Nkuekam et al. (2008b) showed that O.
rectangulosporium, described earlier by Ohtaka et al. (2006), clustered with P. fragrans.
Our analyses revealed that four more known species grouped in this lineage, including C.
curvicollis (Olchowecki & Reid 1974), O. microcarpum (Yamaoka et al. 2004), O. nigrum
(Davidson 1958), and O. sparsum (Davidson 1971). All these species have
hyalorhinocladiella- to pesotum-like anamorphs (e.g. C. curvicollis and P. fragrans, Fig.
3), except for O. rectangulosporium, for which no anamorph has been observed (Ohtaka
et al. 2006). The five species that produce teleomorphs all produce ascomata with almost
cylindrical, rather than tapering necks of medium lengths (e. g. O. rectangulosporium, Fig.
1), with cylindrical ascospores with ossiform sheaths (Type E, Fig. 2a).

The anamorph of O. sparsum is the type species of the genus Graphilbum, which was
described to accommodate hyaline synnematous anamorphs of Ophiostoma (at the time
treated as Ceratocystis) (Upadhyay & Kendrick 1975). Although the anamorphs of O. ips,
O. montium and O. japonicum were later described as Graphilbum spp. (Upadhyay 1981,
Hutchison & Reid 1988, Yamaoka et al. 1997, Kim et al. 2003), no other species were
ever described in the genus. The synonymy of Graphilbum with Pesotum suggested by
Okada et al. (1998) was widely accepted (e.g. Hausner et al. 2000, Zipfel et al. 1996).
However, the type species of Pesotum, O. ulmi, groups within Ophiostoma s.str., which
means that Pesotum is treated under the new Code as synonym of Ophiostoma (De Beer
et al. this 2012b). The fact that O. sparsum groups in a lineage distinct from Ophiostoma
s.str., releases the name Graphilbum from its synonymy with Pesotum, and makes it
available for species in this lineage. The one fungus one name principles make it possible
to redefine what was previously considered an anamorph name for application to species
with known teleomorphs. De Beer et al. (2012b) thus re-instated the name Graphilbum,
redefined the genus to accommodate teleomorphs, and transferred P. fragrans, C.
curvicollis, O. nigrum and O. microcarpum to this genus.

Several other studies introduced taxa grouping with P. fragrans based on sequences, but
without describing the species. These taxa are all known only as anamorphs, and were
referred to various genera in various publications. We included these in our phylogenies,
referring to them as numbered species of Graphilbum. Graphilbum sp. 1 (Fig. 3, De Beer
et al. 2012a) comes from Ecuador and was reported as a Pesotum sp. in the study of
Geldenhuis et al. (2004). Graphilbum sp. 2 (Fig. 3, De Beer et al. 2012a) and Graphilbum
sp. 3 (Fig. 4b) were reported from Canada, respectively as an Ophiostoma (Hafez et al.
2012) and an Ambrosiella sp. (Kim et al. 2005b). Graphilbum spp. 4 and 5 (Figs 4b & 5b)
from California, as respectively Hyalorhinocladiella sp. A and ‘sterile fungus’ by Kim et al.
(2011). Graphilbum sp. 6 (Fig. 5b) were reported from China (Lu et al. 2009a), and
Graphilbum sp. 7 from Spain (Romoén et al. 2007), both as ‘O. rectangulosporium-like’.
Lastly, Thwaites et al. (2005) reported a Pesotum sp. from Australia, labelled in our tree
(Fig. 5b) as Graphilbum sp. 8.

Incertae sedis

The generic placement of the S. lignivora complex, Lineage H and the species indicated
with numbers in black circles in our phylogenetic trees (Figs 4, 5) is uncertain. For the
species listed below, different sequences of the same species resulted in conflicting
phylogenetic placements. The taxonomic position of all of these taxa needs to be
confirmed in studies that include ex-type isolates and analyses of sequences for additional
gene regions.
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The S. lignivora complex

In a study of sporothrix-like fungi isolated from wooden utility poles, De Meyer et al. (2009)
described amongst others, Sporothrix lignivora, a species that grouped in their phylogeny
peripheral to the S. schenckii-O. stenoceras complex. The study of Linnakoski et al.
(2010) and the results of this study (Figs 4b, 5b) confirmed that the species forms a
distinct lineage. The B-tubulin introns (-/4/5) of S. lignivora also differ from those of other
Sporothrix spp. in the S. schenckii-O. stenoceras complex. Our ITS tree (Fig. 5b),
furthermore, shows that two undescribed taxa form a well-supported lineage together with
S. lignivora. These taxa were respectively reported as Sporothrix sp. 2 from Thuja in
Canada (Lim et al. 2005a), and Sporothrix sp. in a metagenomic study on the fungal
endophytes of Yucca roots in the USA (Khidir et al. 2010). The distance with which this
complex groups from other genera and complexes in the Ophiostomatales, suggests that
it might represent a new genus. Until more material and data are available, we treat the
complex as of uncertain affiliation.

Lineage H

A single taxon, O. grandicarpum, formed Lineage H (Fig. 5b), which were close to, but not
part of the S. lignivora complex. This species also resembles species in the O. tenellum
complex and Lineages F and G, and grouped close to these in the smaller ITS phylogeny
of Villarreal et al. (2005). O. grandicarpum should be considered together with both the O.
tenellum and S. lignivora complexes in future taxonomic studies.

Species 1

The placement of O. seticolle in Raffaelea s.str. based on its LSU sequence (Fig. 4a) is
discussed above. However, ITS data of ex-type isolate (CBS 634.66) from Jacobs et al.
(2003) place this species close to O. rostrocoronatum in the S. schenckii-O. stenoceras
complex (Fig. 5a), from which it differs significantly in morphology. The ex-type isolates
must be obtained from both collections again and studied morphologically to determine
whether they still corresponds with the original description (Davidson 1966), before new
sequences are produced.

Species 2

Hausner et al. (1992, 2000) showed that O. trinacriforme (CFB 527) grouped in
Grosmannia, close to G. aurea based on SSU sequences. However, in the analyses of De
Beer et al. (2012a, Fig. 3) their sequence fell between Ophiostoma and Ceratocystiopsis.
The LSU sequence of the same strain (Hausner et al. 2000) was placed in the O. ips
complex in our analyses (Fig. 4a), while the sequence of O. trinacriforme (CBS 210.58 =
CMW 670) produced by Jacobs et al. (2001b) grouped with O. stenoceras in the S.
schenckii-O. stenoceras complex. None of these discordant placements correspond with
the morphological characters, such as cleistothecia, cucullate ascospores (Type |, Fig.
2b), and the leptographium-like anamorph originally described for O. trinacriforme (Parker
1957, Jacobs & Wingfield 2001), which suggest a placement in the Grosmannia clavigera
complex. For the present, the generic placement of the species must be considered
uncertain.

Ophiostoma trinacriforme is the type of the genus Europhium. Therefore, it is appropriate
to consider our current understanding of the status of Europhium here. Subsequent to its
description (Parker 1957), the majority of authors recognised Europhium as a distinct
genus because of its cleistothecial ascomata (Muller & von Arx 1973, von Arx 1974, 1981,
Redhead & Malloch 1977, von Arx & Van der Walt 1987, Barr 1990). De Hoog (1974) was
the first to treat Europhium as synonym of Ophiostoma, while Upadhyay & Kendrick
(1975), and Upadhyay (1981, 1993) treated it as a synonym of Ceratocystis s.|. Most
recently, Zipfel et al. (2006) listed Europhium as synonym of the reintroduced
Grosmannia, to which they transferred the three other Europhium species (Robinson-
Jeffrey & Davidson 1968). All three of these species are now treated in the G. clavigera
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complex. However, the unresolved generic placement of E. trinacriforme calls to question
the suggested synonymy of Europhium with Grosmannia. For the present, Europhium is
listed as a possible synonym under Grosmannia in the nomenclator compiled by De Beer
et al. (2012b).

Species 3

The LSU sequence for the ex-type strain of O. brevicolle (CBS 795.73 = CMW 447 =
ATCC 12971) from Jacobs et al. (2001b) placed this species close to O. bragantinum in
the S. schenckii-O. stenoceras complex in our analyses (Fig. 4a). However, Hausner et
al. (2000), Mullineux & Hausner (2009), and Hafez et al. (2012) produced LSU, ITS and
SSU sequences, respectively, for another isolate of O. brevicolle (CBS 150.78 = CMW
474), that placed this species close to the G. olivacea complex (Figs 4b, 5b), where its
morphology (Davidson 1958) suggests it might more appropriately group.

Species 4

ITS sequences for two strains (UM 110, UM 113) generated for Cop. rollhanseniana by
Plattner et al. (2009) are identical and group close to G. galeiformis (Fig. 5b). The LSU
and B-tubulin sequences (data not shown) of the same strains group within
Ceratocystiopsis, which is probably correct. Their LSU sequences also correspond to that
of the ex-type isolate (CBS 118669 = UAMH 9774 = CMW 13791) produced by Zipfel et
al. (2006), forming part of Ceratocystiopsis (Fig. 4a). Despite these contradictory
sequences, we believe the placement of Cop. rollhanseniana in Ceratocystiopsis is
correct.

Species 5

LSU sequences for G. francke-grosmanniae from the studies of Hausner et al. (2000) (ex-
type ATCC 22061), Jacobs et al. (2001b) (ex-type CMW 445), and Zipfel et al. (2006)
(CMW 2975), gave different results in our analyses. The sequence by Hausner et al.
(2000) grouped between the L. procerum and G. galeiformis complexes (Fig. 4b), that of
Zipfel et al. (2006) between the G. wageneri- and G. serpens-complexes, and the one by
Jacobs et al. (2001b) in the G. penicillata-complex. An ITS sequence of ATCC 22061
produced by Mullineux & Hausner (2009) grouped close to the G. olivacea complex (Fig.
5b). The treatment of this species in Grosmannia by Zipfel et al. (2006) remains the most
acceptable for the present, but the correct placement of the species within Leptographium
s.l. needs to be determined.

Species 6

ITS and LSU sequences for the ex-type strain of L. guttulatum (CMW 742) were produced
by Jacobs et al. (2001a) and Jacobs et al. (2001b), respectively. However, L. guttulatum is
placed differently in the two phylogenies, in the G. clavigera complex by ITS (Fig. 5b) and
G. penicillata (Fig. 4b) complex with LSU.

CONCLUSIONS

The present study is the first review of the taxonomy of the Ophiostomatales since 1993
(Wingfield et al. 1993), and it attempts to assess and condense the impact of 20 years of
DNA sequencing on the taxonomy for this group of fungi. The most extensive ribosomal
DNA data sets for the Ophiostomatales to date were assembled and data for 266 taxa
were analysed. The resulting phylogenies confirmed the delineation of six genera, 17
species complexes and eight minor lineages. They also revealed new relationships and
showed that some lineages previously believed to be monophyletic are not so.

Careful comparison of the phylogenetically defined genera and species complexes with
the many species groups and sections from studies predating DNA sequences, verified
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that not a single one of the previously defined morphological groups accurately predicted
the present phylogenetic lineages. In the older studies, groups were most often based on
a single common morphological character, e.g. ascospore shape (Upadhyay 1981), while
the phylogenetically defined genera and species complexes emerging in this study were in
almost all cases supported by a unique combination of ascomatal morphology, ascospore
shape, ecological niche, and B-tubulin and EF-1a intron arrangements. Although
anamorph morphology was broadly reflected by the major groups, substantial overlap
between anamorph types made this feature less valuable in defining groups. Most of the
morphological characters evolved more than once in the Ophiostomatales, e.g. cylindrical
ascospores with pillow shaped sheaths (Type E, Fig. 2a) characterize both the O. ips
complex and the newly defined genus Graphilbum. Similarly, raffaelea-like ambrosial fungi
are present in at least three lineages. The result is that none of the phylogenetically
defined groups can be identified based on only one morphological character. Clearly,
phylogenetic analyses of DNA sequences are absolutely indespensable to resolve
relationships between taxa at all levels in this order.

The movement towards a one fungus one name for fungal systematics that resulted in the
emended nomenclatural Code (Hawksworth 2011, McNeill et al. 2011), has emerged from
the clarity that phylogenetic analyses has provided. Over a relatively long period of time,
five teleomorph genera and 12 anamorph genera had been described in the
Ophiostomatales. Under dual nomenclature, it was accepted that Ophiostoma
accommodated Ophiostoma, Pesotum, Hyalorhinocladiella and Sporothrix spp. Based on
phylogenetic inference we are now able to confidently delineate five genera in the
Ophiostomatales. However, under the new Code the oldest name in any lineage including
the type species of more than one genus, will have priority, with the other names as
synonyms, irrespective of morph. In the Ophiostomatales, three of the currently accepted
genera are defined by names previously reserved for species with known teleomorphs
(Ophiostoma, Ceratocystiopsis, Fragosphaeria), while the other three (Leptographium,
Raffaelea, Graphilbum) were previously considered anamorph genera. In our analyses the
type species of seven other genera (Grosmannia, Europhium, Sporothrix, Phialographium,
Graphiocladiella, Dryadomyces, and Esteya) did not group in the same species
complexes as the type species of the genera in which those seven species are currently
treated. E.g. Phialographium sagmatospora in the G. olivacea complex represents
Phialographium, but Ph. sagmatospora is currently treated in Grosmannia, of which the
type species, G. penicillata, stands at the centre of the G. penicillata complex. The last
five of the seven genus names are typified by anamorphic species and were thus not
available for species with known teleomorphs. Under the emended Code, these names
have in effect been ‘released’ to be used irrespective of morph, and are now available
should some of these lineages be elevated to genus level. We have discussed the impact
that these changes will have on the various genera and species complexes in the
Ophiostomatales in the immediate future. We have also made some recommendations
(Boxes 1 & 2), especially for dealing with taxa in the interim, in cases where generic
boundaries are not fully resolved, to avoid indiscriminate name changes.

The present study provides a foundation for future taxonomic studies in the
Ophiostomatales. Many species complexes have been redefined, and the newly added
species should be incorporated in future studies dealing with these complexes. A priority
should be to clarify the generic status of the species complexes currently treated in
Ophiostoma s.I. and Leptographium s.|. to facilitate appropriate new combinations for
these species.
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Box 1 Recommendations to ensure nomenclatural stability in Ophiostoma s.l.

If the recommended one fungus one name principles (Hawksworth 2011, McNeill et al. 2011) are
applied indiscriminately and with immediate effect to Ophiostoma s.I. as defined in this study,
Sporothrix will have priority as the oldest valid genus in the group. The result would be a redefined
Sporothrix containing 147 species, 104 requiring new combinations, including well-known,
economically important species like O. ulmi and O. novo-ulmi. We recommend a more conservative
and phylogenetically defensible approach whereby Ophiostoma s.str. is maintained with O.
piliferum as type species. All new species and combinations needed in Ophiostoma s.str. should be
described as Ophiostoma, even in the absence of a teleomorph, as has already been done for
species like O. fuscum and O. tapionis (Linnakoski et al. 2010), and O. australiae, O. cupulatum, O.
macrosporum, and O. tingens (De Beer et al. 2012b).

The remaining complexes and lineages in Ophiostoma s.l. should be reconsidered carefully to

determine their generic status. For the interim we recommend the following:

1. maintain species currently treated in Ophiostoma (33 taxa not part of Ophiostoma s.str.),
Sporothrix (36 taxa), Leptographium (2 taxa), and Raffaelea (2 taxa) in those genera;

2. describe new species in Ophiostoma, irrespective of morph.

The result of this approach will be that currently known species in Ophiostoma s.l. (excluding
Ophiostoma s.str.) will be transferred to appropriate genera once those are delineated. Many
inappropriate new combinations that will need to be corrected later will be avoided following this
approach. Although species newly described in the foreseeable future in Ophiostoma s.I. will
probably have to be transferred to other genera at a later stage, these would be far fewer than if
the 80 known species are transferred now and then maybe again later.
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Box 2 Recommendations to ensure nomenclatural stability in Leptographium s.1.

Subsequent to the publication of Zipfel et al. (2006), species in Leptographium s.I. producing
teleomorphs were described in Grosmannia (Lu et al. 2009a, Duong et al. 2012, Masuya et al.
2012), and those presenting only anamorphic structures in Leptographium (Lu et al. 2008, Zhou et
al. 2008, Jacobs et al. 2010, Paciura et al. 2010a, Kim et al. 2011). In applying single name
nomenclature, Leptographium would take priority as the older of the two genera. The implication is
that 37 Grosmannia species need to be transferred to Leptographium, 20 requiring new
combinations. As illustrated by our analyses, Leptographium s.I. may include several smaller
genera that are not yet satisfactorily delineated by existing sequence data. The only way to resolve
the position of these taxa will be an extensive multigene phylogeny including several genes and
strains representative of all the major lineages. New combinations made now may be superceded
by the recognition of additional segregate genera in the forseeable future. To avoid such taxonomic
redundancy, we suggest that for the interim species of Leptographium s.l. be treated as follows:

The remaining complexes and lineages in Ophiostoma s.l. should be reconsidered carefully to

determine their generic status. For the interim we recommend the following:

1. maintain all species currently treated in Leptographium and Grosmannia in those genera;

2. treat all new species and combinations forming part of Leptographium s.l., apart from those
grouping the G. penicillata complex, in Leptographium, irrespective of their morph or anamorph
structures;

3. describe new species in the G. penicillata complex in Grosmannia, irrespective of their morph;

4. treat the current species and new taxa to be described in the R. sulphurea complex in
Raffaelea;

5. maintain Esteya vermicola in Esteya.

De Beer et al. (2012b) applied these recommendations to two species producing teleomorphs
treated in Ophiostoma that belong to Leptographium s.l. The two species, O. verrucosum and O.
obscurum, typically would have been transferred to Grosmannia, but based on our second
recommendation are now treated in Leptographium.
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Fig. 1 A selection of ascomata representing the variety of forms produced by species of the
Ophiostomatales, redrawn from illustrations in publications as indicated.
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Fig. 2a A representative selection of ascospores produced by species of the Ophiostomatales,
redrawn from illustrations in publications as indicated. The spores are grouped into types based on
shape and the presence or absence of gelatinous sheaths.
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Olchowecki & Siemaszko Olchowecki & Olchowecki & Davidson Hsiau & Bridges &
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Jacobs & Gebhardt et al. Masuya et al. Ohtaka et al. Jacobs & Jacobs & Jacobs &
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Olchowecki &
Reid 1974

Type K

G. crassivaginata
i

fusiform, sheath

Jacobs &
Wingfield 2001

Fig. 2b A representative selection of ascospores produced by species of the Ophiosto-
matales, redrawn from illustrations in publications as indicated. The spores are grouped into

types based on shape and the presence or absence of gelatinous sheaths.
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Fig. 3 The asexual forms of the Ophiostomatales, redrawn from illustrations in publications
as indicated and broadly categorized based on conidiogenous structures.
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Figs 4a, b Phylogram obtained from Bayesian Inference resulting from the analyses of the
LSU sequences of 216 species of the Ophiostomatales. Genera and species complexes are
delineated by shaded blocks. Blocks marked alphabetically indicate lineages not forming part
of the major groups, lacking statistical support, or represented by only one or two taxa.
Species with conflicting generic placement are indicated by numbers in black circles. Type
species of currently accepted genera are printed in blue type in boxes. Genera currently
treated as synonyms are printed in parentheses next to their type species.
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Figs 5a, b Phylograms resulting from ML analyses of the ITS sequences of 156 species of
the Ophiostomatales, divided in two data sets. Genera and species complexes are
delineated by shaded blocksBlocks marked alphabetically indicate lineages not forming part
of the major groups, lacking statistical support, or represented by only one or two taxa.
Species with conflicting generic placement are indicated by numbers in black circles.
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Abstract

In this updated nomenclator, the names of 596 species proposed for ophiostomatoid fungi
are considered. The result is 371 accepted species in 12 genera classified in the
Ophiostomatales and Microascales. The taxonomic status of each species was re-evaluated
based on all published details and where available, phylogenetic inferences, and data on
typification. The principle of single name nomenclature, as adopted by the 18th International
Botanical Congress, Melbourne in July 2011, was applied to all genera and species. Based
on these re-assessments, three genera were redefined: Graphilbum in the Ophiostomatales,
and Graphium and Knoxdaviesia (=Gondwanamyces) in the Microascales. Species were
reclassified as necessary, resulting in 28 new combinations and one new name. Ophiostoma
s.l. now includes 134 accepted species, Ceratocystiopsis 16 species, Fragosphaeria two,
Graphilbum eight, Raffaelea s.str. 13, and Leptographium s.l. (including Grosmannia) 93. A
further 29 species could not be assigned to any of these six genera with certainty, and seven
more species were invalidly described. In the Microascales, Ceratocystis contains 72
accepted species, Graphium nine, Knoxdaviesia nine, and Sphaeronaemella seven, while
Cornuvesica and Custingophora are both monotypic. Twenty microascalean species of
uncertain status and six invalidly published species remain. Type studies and evaluation of
the literature allowed the remaining 167 species described in the classical concept of
Graphium to be reconsidered. Finally, 19 species previously assigned to Ceratocystis,
Ceratostomella, Leptographium, Ophiostoma, Raffaelea, Sphaeronaemella and/or
Sporothrix, were excluded from both the Ophiostomatales and Microascales.

Taxonomic novelties:

Cephalotrichum album (Costantin) Seifert, comb. nov., Ceratocystiopsis neglecta (Kirschner
& Oberw.) ZW. de Beer & M.J. Wingf. comb. nov., Ceratocystis harringtonii Z.W. de Beer &
M.J. Wingf. nom. nov., Graphilbum brunneocrinitum (E.F. Wright & Cain) Z.W. de Beer &
M.J. Wingf. comb. nov., Graphilbum curvicolle (Olchow. & J. Reid) Z.W. de Beer & M.J.
Wingf. , comb. nov., Graphilbum fragrans (Math.-K&érik) Z.W. de Beer, Seifert & M.J. Wingf. ,
comb. nov., Graphilbum microcarpum (Yamaoka & Masuya), Z.W. de Beer, & M.J. Wingf.,
comb. nov., Graphilbum nigrum (R.W. Davidson), Z.W. de Beer & M.J. Wingf. , comb. nov.,
Graphilbum rectangulosporium (R.W. Davidson), Z.W. de Beer, & M.J. Wingf., comb. nov.,
Graphilbum tubicolle (Olchow. & J. Reid) Z.W. de Beer & M.J. Wingf. comb. nov.,
Grosmannia truncicola (R.W. Davidson) Z.W. de Beer & M.J. Wingf. comb. nov.,
Knoxdaviesia cecropiae (M. Kolafik) Z.W. de Beer & M.J. Wingf. comb. nov., Knoxdaviesia
scolytodis (M. Kolafik) Z.W. de Beer & M.J. Wingf. comb. nov., Knoxdaviesia serotectus (Van
der Linde & Jol. Roux) Z.W. de Beer & M.J. Wingf. comb. nov., Knoxdaviesia suidafrikana
(Morgan-Jones & R.C. Sinclair) Z.W. de Beer & M.J. Wingf. comb. nov., Knoxdaviesia ubusi
(Van der Linde & Jol. Roux) Z.W. de Beer & M.J. Wingf. comb. nov., Knoxdaviesia
undulatistipes (Pinnoi) Z.W. de Beer & M.J. Wingf. comb. nov., Knoxdaviesia wingfieldii
(Roets & Dreyer), Z.W. de Beer & M.J. Wingf. comb. nov., Leptographium obscurum (R.W.
Davidson) Z.W. de Beer & M.J. Wingf. comb. nov., Leptographium rostrocylindricum (R.W.
Davidson) Z.W. de Beer & M.J. Wingf. comb. nov., Leptographium verrucosum (Gebhardt, R.
Kirschner & Oberw.) Z.W. de Beer & M.J. Wingf. comb. nov., Ophiostoma australiae
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(Kamgan, K. Jacobs & M.J. Wingf.) ZW. de Beer & M.J. Wingf. comb. nov., Ophiostoma
cupulatum (McNew & Harrington) Z.W. de Beer & M.J. Wingf. , comb. nov., Ophiostoma
denticulatum (R.W. Davidson) Z.W. de Beer & M.J. Wingf. comb. nov., Ophiostoma
leucocarpum (R.W. Davidson) Z.W. de Beer & M.J. Wingf. comb. nov., Ophiostoma
macrosporum (Francke-Grosm.) Z.W. de Beer & M.J. Wingf. comb. nov., Ophiostoma
populicola (Olchow. & J. Reid) Z.W. de Beer, Seifert, M.J. Wingf. comb. nov., Ophiostoma
tingens (Lagerb. & Melin) Z.W. de Beer & M.J. Wingf. comb. nov., Phaeostilbella nigrum
(Berk.) Seifert, comb. nov., Sphaeronaemella betae (Delacr.) Z.W. de Beer & M.J. Wingf.
comb. nov., Stilbocrea aterrima (Welw. & Curr.) Seifert, comb. nov.

INTRODUCTION

Presented here is a nomenclatural implementation of the taxonomic concepts for
ophiostomatoid fungi proposed elsewhere in this volume by De Beer et al. (2012), De Beer &
Wingfield (2012) and B. Wingfield et al. (2012). The nomenclator includes all genera and
species currently classified in the Ophiostomataceae (Ophiostomatales), Ceratocystidaceae,
Gondwanamycetaceae and Graphiaceae (Microascales). In this listing, we follow the single
name principle accepted at the 18" International Botanical Congress held in Melbourne
during July 2011 (Hawksworth 2011, Hawksworth et al. 2011, Norvell 2011). These principles
are being incorporated into the newly named International Code of Nomenclature for Algae,
Fungi and Plants (ICN) and will enforce equal status for taxa (i.e. genera and species)
whether they were originally described as either teleomorphic or anamorphic. To maintain
nomenclatural stability and avoid premature and unnecessary hame changes, we followed
recommendations explained by De Beer et al. (2012), De Beer & Wingfield (2012) and B.
Wingfield et al. (2012).

Genera
In the nomenclator, we apply the generic concepts defined by De Beer & Wingfield (2012) for
the Ophiostomatales, and include all genera in that order. Not all fungi in the Microascales
are considered ophiostomatoid (De Beer et al. 2012). Therefore, we only consider genera of
the three ophiostomatoid families in that order, the Ceratocystidaceae,
Gondwanamycetaceae and Graphiaceae. For the Microascales, we apply generic concepts
as defined by B. Wingfield et al. (2012) and De Beer et al. (2012). Sphaeronaemella could
not be placed with confidence in a microascalean family (De Beer et al. 2012), but we
included it in our list because several of its species were previously classified in Ceratocystis,
and were thus considered ophiostomatoid.

In cases where a currently accepted genus includes the type species of different genera,
priority is given to the genus name that was described first. All other genus names are
treated as its synonyms, irrespective of the morph they previously represented.

Species
All species are listed under the genus in which they are currently treated in the
accompanying papers by De Beer & Wingfield (2012) and B. Wingfield et al. (2012); this
nomenclature has been applied throughout this book. Three genera, Ophiostoma sensu lato
(s.l.), Leptographium s.l., and Ceratocystis s.l., include species with generic names differing
from the genus where they are listed. This reflects the taxonomic uncertainties surrounding
these species, usually the consequence of inadequate phylogenetic support and the need for
additional multi-gene studies or more intensive sampling. For example, Leptographium
antibioticum is not part of Leptographium s.l., but of Ophiostoma s.I. based on rDNA
phylogenies (De Beer & Wingfield 2012), and is presently listed under the latter genus until
its accurate phylogenetic classification can be assured. To improve searchability within these
sensu lato genera, the species are alphabetically ordered by epithet, rather than their current
genus name.

Under the dual nomenclature system, previous monographs and nomenclators
distinguished between teleomorph and anamorph binomials. These names now have equal
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status and we thus treat all names applied to any single species as equal synonyms. These
synonyms are listed under the relevant species in order of priority; we have indicated those
that were originally considered anamorphs names in the synonymies.

Sections
The nomenclator is subdivided as follows:

A. The Ophiostomatales
1. Accepted genera and species
2. Valid species of uncertain status
3. Invalidly published species.
B. The ophiostomatoid genera and species in the Microascales
1. Accepted genera and species
2. Valid species of uncertain status
3. Invalidly published species.
C. Species excluded from the ophiostomatoid genera in the Ophiostomatales and
Microascales
1. Species described in Graphium.
2. Species described in other genera.

How to read the nomenclator

Currently accepted name (Original author/s) Author/s of new combination, Journal Vol:
page number of species description or new combination. Year. MYCOBANK number for new
names = Homotypic synonyms (i.e. synonyms based on the same type specimen)
(basionyms are indicated when the accepted name is the result of a new combination in this
paper) = Heterotypic synonyms (i.e. synonyms based on different types) [square brackets
include original, incorrect spelling of epithet if it has been corrected (Art. 23.5, 32.7, 60.1,
60.11), OR it contains an indication whether a name was invalidly or illegitimately described,
together with the relevant article of the Vienna Code (McNeill et al. 2006),(see Text Box 1)].

Anamorph: In accordance with single name nomenclature, separate generic names
should no longer be used to classify anamorphs. The format for our designation of
anamorphs is as suggested by Cannon & Kirk (2000), as endorsed by Hawksworth (2011).
When a species makes two or more morphologically distinct anamorphs, they are referred to
as synanamorphs and then that is used as the heading for the paragraph.

Descriptions: References to detailed morphological descriptions and/or illustrations of
the species. If the only description is the protologue, this paragraph is not included.

Phylogenetic data: References where DNA sequence data for this species and/or its
synonyms were used in phylogenetic analyses. If no phylogenetic data presently exists, we
have not included a paragraph with this heading.

Notes: Additional information, in most cases explaining synonymies and/or uncertainties
surrounding the status of species, and the current placement of a species in a species
complex based on phylogenetic analyses.

A.1. ACCEPTED GENERA AND SPECIES IN THE OPHIOSTOMATALES

Genus concepts as defined by De Beer & Wingfield (2012) are applied here. Under
Ophiostoma and Leptographium, we list all species treated respectively in Ophiostoma s.I.
and Leptographium s.l. as defined by De Beer & Wingfield (2012), following their
recommendations to ensure homenclatural stability under the emended Code.

Ophiostoma Syd., In Sydow & Sydow, Annls mycol. 17: 43. 1919 [type species O. piliferum]
?= Sporothrix Hektoen & C.F. Perkins, J. Exp. Med. 5: 80. 1900. Anamorphic synonym. [type
species S. schenckii]
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= Sporothrix section Sporothrix Weijman & de Hoog, Antonie van Leeuwenhoek 51: 118.
1985.
= Sporotrichopsis Gueguen, In De Beurmann & Gougerot, Archs Parasit. 15: 104. 1911.
Anamorphic synonym. [type species S. beurmannii; nom. inval., Art. 34.1]
= Dolichoascus Thibaut & Ansel, In Ansel & Thibaut, Compt. Rend. Hebd. Séances Acad.
Sci. 270: 2173. 1970. Teleomorphic synonym. [type species D. schenckii; nom. inval., Art.
37.1]
= Linostoma Hohn., Annls mycol. 16: 91. 1918 [nom. illegit., Art. 53.1, see De Beer et al.
2012].
= Ophiostoma Syd. section Longirostrata Nannf. pro parte, In Melin & Nannf., Svenska
SkogsvFor. Tidskr. 32: 407. 1934.
= Ophiostoma Syd. section Brevirostrata Nannf., In Melin & Nannf., Svenska SkogsvFor.
Tidskr. 32: 407. 1934.
?= Europhium A.K. Parker, Can. J. Bot. 35: 175. 1957. Teleomorphic synonym. [type species
O. trinacriforme]
= Pesotum J.L. Crane & Schokn., Am. J. Bot. 60: 347. 1973. Anamorphic synonym. [type
species P. ulmi (M.B. Schwarz) J.L. Crane & Schokn. 1973]
= Hyalopesotum H.P. Upadhyay & W.B. Kendr., Mycologia 67: 801. 1975. Anamorphic
synonym. [type species H. introcitrinum H.P. Upadhyay & W.B. Kendr. 1975]
= Pachnodium H.P. Upadhyay & W.B. Kendr., Mycologia 67: 802. 1975. Anamorphic
synonym. [type species P.canum H.P. Upadhyay & W.B. Kendr. 1975]
= Ceratocystis Ellis & Halst. section Ophiostoma (Syd.) H.P. Upadhyay pro parte, Monogr.
Ceratocystis & Ceratocystiopsis, p. 85. 1981 [type species O. piliferum]
= Ceratocystis Ellis & Halst. section Ips H.P. Upadhyay pro parte, Monogr. Ceratocystis &
Ceratocystiopsis, p. 70. 1981 [type species O. ips]

Note: In the majority of papers, the authority for Ophiostoma is given as Syd. & Syd., or
in some cases H. & P. Sydow. Although the original publication had two authors, the
authority of the genus name and new combinations in the paper were explicitly attributed
only to Sydow (p. 43, Sydow & Sydow 1919). Von Arx (1952) and von Arx & Miller (1954)
were the only authors to date to correctly follow the Code (Art. 46.2) by using only ‘Syd.’

The genus Sporothrix was initially described without a generic diagnosis (Hektoen &
Perkins 1900), which prompted Nicot & Mariat (1973) to provide a Latin diagnosis to validate
the name. de Hoog (1974) accepted the emended description of Nicot & Mariat (1973).
However, Domsch et al. (1980) regarded the validation unnecessary ‘in view of the rather
exhaustive descriptio generico-specifica (Art. 42)’ by Hektoen & Perkins (1900). Under the
Melbourne Code, Sporothrix, as the older name will have priority over Ophiostoma, which
imply that the latter should be treated as synonym of Sporothrix. However, De Beer &
Wingfield (2012) showed that the S. schenckii-O. stenoceras complex forms a lineage
distinct from Ophiostoma. s.str., which might represent a distinct genus. For the present they
suggested that the complex be treated as part of Ophiostoma s.I. The synonymies of
Sporotrichopsis and Dolichoascus with Sporothrix are discussed under S. schenckii.

The uncertain generic status of Europhium is a result of the uncertain placement of its
type species, O. trinacriforme (see section A.2, and De Beer & Wingfield, 2012).

The type species for Pesotum, Hyalopesotum and Pachnodium all group in Ophiostoma
s.str. (De Beer & Wingfield, 2012), rendering these genera synonyms of Ophiostoma under
the Melbourne Code.

Upadhyay (1981) designated official sections in Ceratocystis. Apart from two
Sphaeronaemella spp., all the taxa he included in his Section Ophiostoma are at present
included in Ophiostoma s.I. Similarly, most species in his Section Ips are included in
Ophiostoma s.l., with four of the species included in Graphilbum.

The fungal genus Ophiostoma should not be confused with Ophiostoma Rudolphi, a
genus of parasitic nematodes (Table 1; De Beer et al. 2012).
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Ophiostoma abietinum Marm. & Butin, Sydowia 42: 194. 1990.

Anamorph: sporothrix-like.

Description: Marmolejo & Butin (1993, pp 157, 166, Figs 1-4).

Phylogenetic data: Hausner et al. (1993b, 2000); De Beer et al. (2003d); Aghayeva et al.
(2004); Masuya et al. (2004); Zhou et al. (2004b, 2006); Villarreal et al. (2005); Roets et al.
(2008, 2010); Lu et al. (2009a); Massoumi Alamouti et al. (2009); Linnakoski et al. (2010); De
Beer & Wingfield (2012).

Notes: De Beer et al. (2003d) erroniously treated several isolates, including the ex-type
of O. abietinum, as the ‘O. nigrocarpum complex’. Aghayeva et al. (2004) showed that the
ex-type strains of O. nigricarpum and O. abietinum are distinct, and that De Beer’s isolates
grouped with the latter species. Ophiostoma abietinum belongs to the S. schenckii — O.
stenoceras complex (De Beer & Wingfield 2012). The name should not be confused with L.
abietinum (listed under Leptographium), which is a different fungus and a coincidental
epithet.

Ophiostoma adjuncti (R.W. Davidson) Harrington, Mycotaxon 28: 41. 1987 = Ceratocystis
adjuncti R.W. Davidson, Mycologia 70: 35. 1978.

Anamorph: hyalorhinocladiella- to pesotum-like.

Description: Upadhyay (1981, p. 79).

Phylogenetic data: Hausner et al. (1993b; 2000); Masuya et al. (2004); Zhou et al.
(2004b); Lu et al. (2009a); Linnakoski et al. (2010).

Notes: Considered a synonym of O. ips by Upadhyay (1981) and Hutchison & Reid
(1988a), but as distinct from O. ips by Harrington (1987, 1988), Hausner et al. (1993b, 2000),
and Zhou et al. (2004b). This fungus belongs to the O. ips species complex based on rDNA
phylogenies (De Beer & Wingfield 2012).

Ophiostoma africanum G.J. Marais & M.J. Wingf., Mycol. Res. 105: 241. 2001 = Sporothrix
africanum G.J. Marais & M.J. Wingf., Mycol. Res. 105: 242. 2001.

Anamorph: sporothrix-like.

Phylogenetic data: Viljoen et al. (1999); Wingfield et al. (1999); Roets et al. (2006, 2008,
2010, 2012); Zipfel et al. (2006); De Meyer et al. (2008); Harrington et al. (2010); De Beer &
Wingfield (2012).

Notes: Forms part of the S. schenckii — O. stenoceras species complex (De Beer &
Wingfield 2012).

Ophiostoma ainoae H. Solheim, Nord. J. Bot. 6: 201. 1986.

Anamorph: pesotum-like.

Description: Yamaoka et al. (1997, pp 1219-1220).

Phylogenetic data: Okada et al. (1998); Hausner & Reid (2003); Gebhardt et al. (2005);
Zipfel et al. (2006); Linnakoski et al. (2008, 2010); De Beer & Wingfield (2012).

Notes: Authentic isolates of O. ainoae from Norway were peripheral to O. piceae and its
sibling species (Hausner & Reid 2003, Zipfel et al. 2006), and were treated in the 'O. ips
sensu lato’ complex by Linnakoski et al. (2010). In the analyses of De Beer & Wingfield
(2012), the species groups with O. brunneo-ciliatum and O. tapionis, closer to O. floccosum
in Ophiostoma s.str. One Japanese isolate (JCM 9356) identified as O. ainoae and grouping
with G. cucullata, G. europhioides and G. penicillata (Okada et al. 1998; Gebhardt et al.
2005), is probably an undescribed species.

Ophiostoma allantosporum (Griffin) M. Villarreal, Mycotaxon 92: 262. 2005 = Ceratocystis
allantospora H.D. Griffin, Can. J. Bot. 46: 694. 1968.

Anamorph: hyalorhinocladiella-like.

Descriptions: Olchowecki & Reid (1974, p. 1704, Pl. XVI Fig. 315); Upadhyay (1981, p.
88). Figure number cited in the description of C. allantospora by Upadhyay (1981) actually
refer to those in the protologue, not his monograph.
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Phylogenetic data: Villarreal et al. (2005); Linnakoski et al. (2010); De Beer & Wingfield
(2012).

Notes: The species is closely related to O. kryptum and O. minus (De Beer & Wingfield
2012; Linnakoski et al. 2010).

Ophiostoma ambrosium (Bakshi) Hausner, J. Reid & Klassen, Can. J. Bot. 71: 1264. 1993
= Ceratocystis ambrosia Bakshi, Trans. Br. Mycol. Soc. 33: 116. 1950.

Anamorph: raffaelea-like.

Description: Hunt (1956, p. 44).

Phylogenetic data: Hausner et al. (1993b); Hausner & Reid (2003); De Beer & Wingfield
(2012).

Notes: Griffin (1968), Upadhyay (1981), Hutchison & Reid (1988a) and Seifert et al.
(1993) listed O. ambrosium as synonym of O. piliferum, but Hunt (1956) and de Hoog (1974)
treated it as distinct. De Beer & Wingfield (2012) showed that the short LSU sequence from
Hausner et al. (1993b) groups in a distinct lineage with O. grande in Ophiostoma s.I.

Leptographium antibioticum (W.B. Kendr.) M.J. Wingf., Trans. Br. Mycol. Soc. 85: 92.
1985 = Verticicladiella antibiotica W.B. Kendr., Can. J. Bot. 40: 789. 1962.

Anamorph: leptographium-like.

Descriptions: Kendrick (1962, pp 789-793, Figs 7, 10A-D); Jacobs & Wingfield (2001,
pp 64-66, Figs 37-39).

Phylogenetic data: Jacobs et al. (2001d); Masuya et al. (2004); Massoumi Alamouti et al.
(2006); Paciura et al. (2010a); Six et al. (2011); Duong et al. (2012); De Beer & Wingfield
(2012).

Notes: De Beer & Wingfield (2012) showed that this species is in a clade with L.
brachiatum in Ophiostoma s.l., and not in Leptographium as suggested by Jacobs et al.
(2001d).

Ophiostoma angusticollis (Wright & Griffin) M. Villarreal, Mycotaxon 92: 262. 2005 =
Ceratocystis angusticollis Wright & H.D. Griffin, In Griffin, Can. J. Bot. 46: 697. 1968.

Anamorph: sporothrix-like.

Descriptions: Olchowecki & Reid (1974, p. 1704, Pl. XV Figs 296-302); Upadhyay
(1981, p. 89, Figs 303-307).

Phylogenetic data: Villarreal et al. (2005); De Beer & Wingfield (2012).

Notes: Villarreal et al. (2005) and De Beer & Wingfield (2012) showed that O.
angusticollis groups with O. sejunctum close to, but distinct from, the O. tenellum complex.

Ophiostoma araucariae (Butin) de Hoog & Scheffer, Mycologia 76: 297. 1984 =
Ceratocystis araucariae Butin, Can. J. Bot. 46: 61. 1968.

Anamorph: pesotum-like.

Descriptions: Olchowecki & Reid (1974, p. 1709); Upadhyay (1981, p. 90, Figs 308—
313); de Hoog & Scheffer (1984, pp 293-295, Fig. 1).

Phylogenetic data: Hausner et al. (1993b); Gebhardt et al. (2004, 2005); Zipfel et al.
(2006); Linnakoski et al. (2008); Harrington et al. (2010); Matsuda et al. (2010); De Beer &
Wingfield (2012).

Notes: This species groups in Ophiostoma s. str. (De Beer & Wingfield 2012).

Ophiostoma arborea (Olchow. & J. Reid) Yamaoka & M.J. Wingf., In Yamaoka et al., Mycol.
Res. 101: 1223. 1997 = Ceratocystis arborea Olchow. & J. Reid, Can. J. Bot. 52: 1688. 1974.

Anamorph: pesotum-like.

Descriptions: Upadhyay (1981, p. 72, Figs 217-222); Seifert & Okada (1993, p. 32, Fig.
3B).

Phylogenetic data: Gebhardt et al. (2004, 2005); Harrington et al. (2010); Matsuda et al.
(2010); De Beer et al. (2012).
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Notes: This species is closely related to O. bicolor in the O. ips complex based on SSU
sequences (Gebhardt et al. 2004, 2005; De Beer et al. 2012). Although the sequence does
not come from the ex-type strain, the species is morphologically consistent with the O. ips
complex based on its oblong, sheathed ascospores and anamorph, and should be
considered in future treatments of that group.

Ophiostoma arduennense F.X. Carlier, Decock, K. Jacobs & Maraite, Mycol. Res. 110:
805. 2006.

Anamorph: unknown.

Phylogenetic data: Villarreal et al. (2005); Carlier et al. (2006); Kamgan Nkuekam et al.
(2008a, 2010); Linnakoski et al. (2008, 2009); De Beer & Wingfield (2012).

Notes: This species groups close to O. distortum, peripheral to the O. ulmi complex (De
Beer & Wingfield 2012).

Ophiostoma australiae (Kamgan, K. Jacobs & M.J. Wingf.) ZW. de Beer & M.J. Wingf.
comb. nov., MB 801085 = Pesotum australiae Kamgan, K. Jacobs & M.J. Wingf.,
Australasian Plant Path. 37: 410. 2008 [as ‘australe’] (basionym)

Anamorph: pesotum-like.

Description: Kamgan Nkuekam et al. (2008b, pp 410-412, Fig. 4).

Phylogenetic data: Kamgan Nkuekam et al. (2008b, 2010, 2011, 2012a); Linnakoski et
al. (2009, 2010); Grobbelaar et al. (2009, 2011); Six et al. (2011); De Beer & Wingfield
(2012).

Notes: Known only by its anamorph, this species is part of the O. ulmi complex (De Beer
& Wingfield 2012).

Ophiostoma aurorae X.D. Zhou & M.J. Wingf., Stud. Mycol. 55: 275. 2006.

Anamorph: sporothrix-like.

Phylogenetic data: Zhou et al. (2006); De Meyer et al. (2008); Roets et al. (2008, 2010);
Lu et al. (2009a); De Beer & Wingfield (2012).

Notes: This species is a part of the S. schenckii — O. stenoceras complex (De Beer &
Wingfield 2012).

Ophiostoma bacillosporum (Butin & G. Zimm.) de Hoog & Scheffer, Mycologia 76: 297.
1984 [as ‘bacillisporum’] = Ceratocystis bacillospora Butin & G. Zimm., Phytopathol. Z. 74:
281. 1972.

Anamorph: hyalorhinocladiella-like.

Description: Upadhyay (1981, p. 91, Figs 314-317).

Phylogenetic data: Hausner et al. (1993b); Villarreal et al. (2005); Carlier et al. (2006);
Linnakoski et al. (2009); Kamgan Nkuekam et al. (2010); Paciura et al. (2010b); (De Beer &
Wingfield 2012).

Notes: This species is part of the O. ulmi complex (De Beer & Wingfield 2012).

Ophiostoma bicolor R.W. Davidson & D.E. Wells, In Davidson, Mycologia 47: 63. 1955 =
Ceratocystis bicolor (R.W. Davidson & Wells) R.W. Davidson, Mycologia 50: 665. 1958.

Anamorph: hyalorhinocladiella-like.

Descriptions: Kotynkova-Sychrova (1966, pp 47, 52, Fig. 4); Griffin (1968, pp 696—699,
Figs 7679, PI. I); Olchowecki & Reid (1974, p. 1695); Upadhyay (1981, p. 73, Figs 232—
235); Yamaoka et al. (1997, p. 1220).

Phylogenetic data: Hausner et al. (1993b); Okada et al. (1998); Schroeder et al. (2001);
Gebhardt et al. (2004, 2005); Massoumi-Alamouti et al. (2007, 2009); Lu et al. (2009a);
Harrington et al. (2010); Linnakoski et al. (2010); Matsuda et al. (2010); De Beer & Wingfield
(2012).

Notes: Griffin (1968) mentioned three morphotypes of O. bicolor, but no DNA sequence
data are available for these. This species is part of the O. ips complex (De Beer et al. 2012,
De Beer & Wingfield 2012).
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Ophiostoma borealis Kamgan, H. Solheim & Z.W. de Beer, In Kamgan Nkuekam et al.,
Crypt. Mycol. 31: 295. 2010.

Synanamorphs: pesotum-like, sporothrix-like.

Phylogenetic data: Kamgan Nkuekam et al. (2010); Linnakoski et al. (2010); De Beer &
Wingfield (2012).

Notes: Forms part of the O. ulmi complex (De Beer & Wingfield 2012).

Ophiostoma botuliforme Masuya, In Masuya et al., Mycoscience 44: 304. 2003.
Anamorph: pesotum-like.
Notes: This species is morphologically similar to O. allantosporum (Masuya et al.
2003a), but without DNA sequence data it cannot be placed accurately in a clade within
Ophiostoma.

Leptographium brachiatum (Kendrick) M.J. Wingf., Trans. Br. Mycol. Soc. 85: 92. 1985 =
Verticicladiella brachiata W.B. Kendr., Can. J. Bot. 40: 786. 1962.

Descriptions: Kendrick (1962, pp 786—789, Fig. 6, 9K); Jacobs & Wingfield (2001, pp 70—
72, Figs 43-45).

Phylogenetic data: Jacobs et al. (2001d); Kim et al. (2004); Masuya et al. (2004);
Massoumi Alamouti et al. (2006); Paciura et al. (2010a); Six et al. (2011); Duong et al.
(2012); De Beer & Wingfield (2012).

Notes: Teleomorph unknown. De Beer & Wingfield (2012) showed that this species
groups with L. antibioticum within Ophiostoma s.I. and not in Leptographium as previously
suggested (Jacobs et al. 2001d).

Ophiostoma bragantinum Pfenning & Oberw., Mycotaxon 46: 381. 1993.

Anamorph: sporothrix-like.

Phylogenetic data: Madrid et al. (2010); De Beer & Wingfield (2012).

Notes: This species is part of the S. schenckii — O. stenoceras complex (De Beer &
Wingfield 2012).

Sporothrix brasiliensis Marimon, Gené, Cano & Guarro, In Marimon et al., J. Clin.
Microbiol. 45: 3203. 2007.

Phylogenetic data: Marimon et al. (2007, 2008); De Meyer et al. (2008); Madrid et al.
(2010); De Beer & Wingfield (2012).

Notes: Teleomorph unknown. Sporothrix brasiliensis groups in the S. schenckii — O.
stenoceras complex as part of Ophiostoma s.l. (Marimon et al. 2007).

Ophiostoma breviusculum W.H. Chung, Yamaoka, Uzunovic, J.J. Kim, Mycologia 98: 805.
2006.

Anamorph: pesotum-like.

Phylogenetic data: Chung et al. (2006); Linnakoski et al. (2008, 2009); Bommer et al.
(2009); Lu et al. (2009a); Kamgan Nkuekam et al. (2010); Linnakoski et al. (2010); Paciura et
al. (2010b); De Beer & Wingfield (2012).

Notes: This species is closely related to O. ssiori in Ophiostoma s.str. (De Beer &
Wingfield 2012).

Raffaelea brunnea (L.R. Batra) T.C. Harr., In Harrington et al., Mycotaxon 111: 351. 2010 =
Monilia brunnea Verrall, J. Agr. Res. 66: 142. 1943 [nom. illegit., Art. 53. 1] = Ambrosiella
brunnea L.R. Batra, Mycologia 59: 980. 1967 .

Descriptions: Verrall (1943, pp 142-143, Fig. 5); Batra (1967, pp 1004-1007, Figs 43,
45, 46).

Phylogenetic data: Cassar & Blackwell (1996); Rollins et al. (2001); Gebhardt et al.
(2005); Massoumi Alamouti et al. (2009); Harrington et al. (2010); Matsuda et al. (2010); De
Beer & Wingfield (2012).
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Notes: Teleomorph unknown. This species is part of the R. lauricola complex in
Opiostoma s.l. (De Beer & Wingfield 2012). The name should not be confused with Monilia
brunnea J.C. Gilman & E.V. Abbott.

Ophiostoma brunneo-ciliatum Math.-K&arik, Medd. Skogsforskninginst. 43: 44, 1954 =
Ceratocystis brunneo-ciliata (Math.-Kaarik) J. Hunt, Lloydia 19: 32. 1956.

Anamorph: pesotum-like (Okada et al. 1998).

Descriptions: Hunt (1956, p. 32); Upadhyay (1981, p. 74, Figs 236-241); Yamaoka et al.
(1998, p. 371, Figs 11-15).

Phylogenetic data: Hausner & Reid (2003); Linnakoski et al. (2010); De Beer & Wingfield
(2012).

Notes: This species is morphologically similar to O. clavatum but it groups with O. ainoae
and O. tapionis close to O. floccosum in Ophiostoma s.str. (De Beer & Wingfield 2012).

Sporothrix brunneoviolaceae Madrid, Gené, Cano & Guarro, In Madrid et al., Mycologia
102: 1199. 2010.

Descriptions: Halmschlager & Kowalski (2003, Figs 1-11, as S. inflata); Madrid et al.
(2010, pp 1198-1200, Fig. 2).

Phylogenetic data: Aghayeva et al. (2005 as S. inflata Clade 1V); Madrid et al. (2010); De
Beer & Wingfield (2012).

Notes: Teleomorph unknown. See notes under Sporothrix inflata, below. The species
groups with O. fumeum and O. fasciatum in a distinct lineage in Ophiostoma s.l. (De Beer &
Wingfield 2012).

Ophiostoma brunneum (R.W. Davidson) Hausner & J. Reid, Can. J. Bot. 81: 874. 2003 =
Ceratocystis brunnea R.W. Davidson, Mycologia 50: 663. 1958.

Anamorph: hyalorhinocladiella-like.

Descriptions: Olchowecki & Reid (1974, p. 1709); Hausner & Reid (2003, pp 869-871).

Phylogenetic data: Hausner & Reid (2003); Villarreal et al. (2005); Linnakoski et al.
(2010); De Beer & Wingfield (2012).

Notes: Considered closely related to O. piliferum by Griffin (1968) and Olchowecki &
Reid (1974). Upadhyay (1981) treated it as a doubtful species, but Hausner & Reid (2003)
reconfirmed that it is a good species, distinct from O. piliferum. It groups close to O. canum
and O. piceae in Ophiostoma s. str. (De Beer & Wingfield 2012).

Ophiostoma californicum (DeVay, R.W. Davidson & Moller) Hausner, J. Reid & Klassen,
Can. J. Bot. 71: 1264. 1993 = Ceratocystis californica DeVay, R.W. Davidson & Moller,
Mycologia 60: 639. 1968.

Anamorph: sporothrix-like.

Description: Upadhyay (1981, p. 92, Figs 318-324).

Phylogenetic data: Hausner et al. (1993b); Hausner & Reid (2003); Zanzot et al. (2010);
De Beer & Wingfield (2012).

Notes: Treated as synonym of O. longirostellatum by de Hoog (1974), but shown to be a
distinct species in the O. pluriannulatum complex based on LSU data (Hausner et al. 1993b,
Hausner & Reid 2003, De Beer & Wingfield 2012). Thwaites et al. (2005) suggested that two
isolates from California that were distinct from O. pluriannulatum based on ITS might
represent O. californicum, but they did not include the ex-type isolate of this species in their
study.

Ophiostoma candidum Kamgan, Jol. Roux & Z.W. de Beer, In Kamgan Nkuekam et al.,
Mycol. Progress 11: 526. 2012.

Anamorph: sporothrix-like.

Description: Kamgan Nkuekam et al. (2012a, pp 526-527, Fig. 5).

Phylogenetic data: Kamgan Nkuekam et al. (2012a); De Beer & Wingfield (2012).
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Notes: This species is part of the S. schenckii — O. stenoceras complex (De Beer &
Wingfield 2012).

Ophiostoma canum (Minch) Syd., In Sydow & Sydow, Annls mycol. 17: 43. 1919 =
Ceratostomella cana Minch, Naturw. Z. Forst. Landw. 5: 558. 1907 = Ceratocystis cana
(Miinch) Moreau, Rev. Mycol. (Paris) Suppl. Col. 17: 22. 1952 = Pachnodium canum H.P.
Upadhyay & W.B. Kendr., Mycologia 67: 802. 1975 = Pesotum canum (H.P. Upadhyay &
W.B. Kendr.) G. Okada & Seifert, In Okada et al., Can. J. Bot. 76: 1503. 1998.

Anamorph: pesotum-like.

Descriptions: Mathiesen (1950, pp 289-296, Figs 3-9); Mathiesen (1951, pp 210-212);
Hunt (1956, p. 35); Kotynkova-Sychrova (1966, p. 51); Olchowecki & Reid (1974, p. 1709);
Upadhyay (1981, p. 93); Seifert & Okada (1993, p. 32, Fig. 3F); Harrington et al. (2001, pp
119, 122).

Phylogenetic data: Hausner et al. (1993b); Harrington et al. (2001); Schroeder et al.
(2001); Jacobs et al. (2003c); Jacobs & Kirisits (2003); Masuya et al. (2003b); Villarreal et al.
(2005); Carlier et al. (2006); Chung et al. (2006); Zipfel et al. (2006); Linnakoski et al. (2008,
2010); Bommer et al. (2009); Lu et al. (2009a); Massoumi Alamouti et al. (2009); Grobbelaar
et al. (2010); Kamgan Nkuekam et al. (2010); Paciura et al. (2010b); Zanzot et al. (2010); De
Beer & Wingfield (2012).

Notes: The anamorph of O. canum is the type species of Pachnodium (Upadhyay &
Kendrick 1975), currently treated as a synonym of Ophiostoma. Ophiostoma canum consists
of more than one cryptic species in need of resolution, and groups close to O. piceae, O.
brunneum, O. breviusculum and O. flexuosum (Linnakoski et al. 2010; De Beer & Wingfield
2012).

Ophiostoma carpenteri J. Reid & Hausner, In Hausner et al., Can. J. Bot. 81: 42. 2003.

Anamorph: sporothrix-like.

Phylogenetic data: Hausner et al. (1993a) (as ‘Ceratocystiopsis sp. 1'); Zipfel et al.
(2006); De Beer & Wingfield (2012).

Notes: Based on LSU data, O. carpenteri forms part of the O. pluriannulatum complex
together with the morphologically similar O. retusum (De Beer & Wingfield 2012). These two
species differ markedly from other species in the complex in terms of morphology and
biology,y and their relationships should be explored further with sequences from more gene
regions (Hausner et al. 2003; De Beer & Wingfield 2012).

Ophiostoma castaneae (Vanin & Solovjev) Nannf., In Melin & Nannf., Svenska SkogsvFor.
Tidskr. 32: 408. 1934 = Ceratostomella castaneae Vanin & Solovjev, In Solovjev, Bull. Plant
Protection, Leningrad 5: 122. 1932 = Ceratocystis castaneae (Vanin & Solovjev) C. Moreau,
Rev. Mycol. (Paris) Suppl. Col. 17: 22. 1952.

Anamorph: unknown.

Description: Potlajczuk & Schekunova (1985, p. 156).

Notes: Hunt (1956) considered this species inadequately known because he was unable
to obtain material, but he noted that the protologue described a fungus that differed from any
that he knew. The species is nhot mentioned by Upadhyay (1981). Ophiostoma bacillosporum
is morphologically similar to this species (Butin & Zimmermann 1972; Upadhyay 1981). The
name is valid and could be resurrected by neotypification (Art. 9.6) or epitypification (Art.
9.7). Considering its long perithecial necks (1.1-1.8 mm) (Solovjev 1932), the species could
be a member of the O. pluriannulatum complex.

Ophiostoma catonianum (Goid.) Goid., Boll Staz. Patol. Veg. Roma 15: 125. 1935 =
Ceratostomella catoniana Goid., R.C. Accad. Lincei 21: 199. 1935 = Ceratocystis catoniana
(Goid.) C. Moreau, Rev. Myc. (Paris) Suppl. Co. 17: 22. 1952 = Graphium pirinum Goid.,
Boll. Staz. Patol. Veg. Roma 15: 132. 1935 = Pesotum pirinum (Goid.) G. Okada & Seifert, In
Okada et al., Can. J. Bot. 76: 1504. 1998 = Hyalodendron pirinum Goid., Boll. Staz. Patol.
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Veg. Roma 15: 136. 1935 = Sporothrix pirina (Goid.) Morelet, Ann. Soc. Sci. Nat. Arch.
Toulon et du Var 44: 110. 1992 [as ‘pirinum’]

Anamorph: pesotum- and sporothrix-like.

Description: Harrington et al. (2001, p. 126).

Phylogenetic data: Harrington et al. (2001); Jacobs et al. (2003c); Jacobs & Kirisits
(2003); Masuya et al. (2003b); Villarreal et al. (2005); Carlier et al. (2006); Kamgan Nkuekam
et al. (2008b, 2010); Linnakoski et al. (2008, 2009, 2010); Grobbelaar et al. (2009, 2011);
Paciura et al. (2010b); De Beer & Wingfield (2012).

Notes: A nomen dubium fide Hunt (1956), but de Hoog (1974), Upadhyay (1981),
Hutchison & Reid (1988a) and Przybyl & de Hoog (1989) all treated O. cationum as a
synonym of O. piceae. Hunt (1956) was unable to identify the degenerated ex-type culture
(CBS 263.35), but de Hoog (1974) identified the fungus from the sporothrix-like
synanamorphs. Harrington et al. (2001) showed that O. catonianum is a distinct species,
which is currently treated in the O. ulmi complex (De Beer & Wingfield 2012). Okada et al.
(1998) considered P. pirinum, the anamorph described for O. catonianum by Goidanich
(1935a), to be the anamorph of O. quercus. However, Harrington et al. (2001) distinguished
between O. catonianum and O. quercus and thus Grobbelaar et al. (2009) re-introduced P.
pirinum as the anamorph of O. catonianum.

Ophiostoma clavatum Math., Svensk. Bot. Tidskr. 45: 222. 1951 = Ceratocystis clavata
(Math.) Hunt, Lloydia 19: 37. 1956.

Anamorph: pesotum-like.

Descriptions: Mathiesen (1950, p. 298); Hunt (1956, pp 37-38); Upadhyay (1981, p.
136).

Notes: Upadhyay (1981) considered this a nomen dubium because there was no
teleomorph on the type specimen. The protologue includes a good illustration and the name
could thus be resurrected by epitypification (Art. 9.7). The species is morphologically similar
to O. brunneociliatum, and is probably a distinct species of Ophiostoma s.str.

Ophiostoma columnare (Olchow. & J. Reid) Seifert & G. Okada, In Okada et al., Can. J.
Bot. 76: 1504. 1998 [as ‘columnaris’] = Ceratocystis columnaris Olchow. & J. Reid, Can. J.
Bot. 52: 1689. 1974 = Ceratocystis ossiformis Olchow. & J. Reid, Can. J. Bot. 52: 1692.
1974.

Anamorph: pesotum-like (Okada et al. 1998).

Descriptions: Olchowecki & Reid (1974, pp 1689-1690, PI. VIl Figs 142-151);
Upadhyay (1981, p. 76, Figs 247-252); Seifert & Okada (1993, p. 29, Fig. 1B).

Phylogenetic data: Hausner et al. (1993b); Mullineux et al. (2011) for C. ossiformis; (De
Beer & Wingfield 2012).

Notes: The suggested synonymy of C. ossiformis with O. columnare (Upadhyay 1981)
was accepted by Hausner et al. (1993b). The LSU sequence of O. columnare is identical to
that of O. bicolor (Hausner et al. 1993b) and both specie are part of the O. ips complex (De
Beer & Wingfield 2012).

Ophiostoma conicola Marm. & Butin, Sydowia 42: 195. 1990 [as ‘conicolum’]

Anamorph: sporothrix-like.

Description: Marmolejo & Butin (1993, pp 157-158, 166, Figs 5-9).

Phylogenetic data: Hausner et al. (1993b, 2000); Masuya et al. (2004); Villarreal et al.
(2005); Zzanzot et al. (2010); De Beer & Wingfield (2012).

Notes: This species is part of the O. pluriannulatum complex (De Beer & Wingfield
2012).

Ophiostoma coronatum (Olchow. & J. Reid) M. Villarreal, Mycotaxon 92: 263. 2005 =
Ceratocystis coronata Olchow. & J. Reid, Can. J. Bot. 52: 1705. 1974.

Anamorph: sporothrix-like (Hutchison & Reid 1988).

Description: Hutchison & Reid (1988a, p. 66, 68).
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Phylogenetic data: Hausner et al. (1993b); Thwaites et al. (2005); Villarreal et al. (2005);
Linnakoski et al. (2010); Mullineux et al. (2011); De Beer & Wingfield (2012).

Notes: Upadhyay (1981) considered this species a synonym of O. tenellum, but this was
rejected by Hutchison & Reid (1988a) because of differences in the shape of ascospores.
ITS sequence data for O. coronatum differ in 5 bp from O. tenellum and the two were treated
as a distinct species by Villarreal et al. (2005). The two species group close to O.
nigricarpum in a lineage now referred to as the O. tenellum complex (De Beer & Wingfield
2012).

Ophiostoma cupulatum (McNew & Harrington) Z.W. de Beer & M.J. Wingf. , comb. nov.,
MB 801086 = Pesotum cupulatum McNew & Harrington, Mycologia 93: 121. 2001.

Synanamorphs: pesotum- and sporothrix-like.

Description: Paciura et al. (2010b, p. 84, Figs 6, 10, 14, 17).

Phylogenetic data: Harrington et al. (2001); Paciura et al. (2010b); De Beer & Wingfield
(2012).

Notes: Harrington et al. (2001) described P. cupulatum as anamorph of O. setosum
based on mating compatibility. ITS sequences of the ex-type strains of the two species differ
by 12 bp (De Beer & Wingfield 2012). We thus consider the species phylogenetically distinct
and transfer P. cupulatum to Ophiostoma. Sequences of isolates from China identified as O.
setosum by Paciura et al. (2010b) match those of P. cupulatum and should be ascribed to
this species.

Ophiostoma crenulatum (Olchow. & J. Reid) Hausner & J. Reid, Can. J. Bot. 81: 875. 2003
= Ceratocystis crenulata Olchow. & J. Reid, Can. J. Bot. 52: 1681. 1974 = Ceratocystiopsis
crenulata (Olchow. & J. Reid) H.P. Upadhyay, Monogr. Ceratocystis & Ceratocystiopsis, p.
124. 1981.

Anamorph: hyalorhinocladiella-like (Upadhyay 1981).

Description: Upadhyay (1981, p. 124, Figs 445—-448).

Phylogenetic data: Hausner & Reid (2003); Jacobs & Kirisits (2003); Hafez et al. (2012);
De Beer & Wingfield (2012).

Notes: This species is closely related to O. fasciatum based on LSU sequences, in a
distinct lineage in Ophiostoma s. I. (Hausner & Reid 2003, De Beer & Wingfield 2012). It also
groups separately from other Ophiostoma spp. based on SSU (Hafez et al. 2012).
Ophiostoma crenulatum and O. fasciatum share some morphological characters that are
unique within the Ophiostomatales (De Beer & Wingfield 2012).

Ophiostoma denticiliatum Linnakoski, Z.W. de Beer & M.J. Wingf., Persoonia 23: 12. 2009.
Synanamorphs: pesotum- and sporothrix-like.
Phylogenetic data: Linnakoski et al. (2009, 2010); Kamgan Nkuekam et al. (2010);
Grobbelaar et al. (2011); De Beer & Wingfield (2012).
Notes: This species is part of the O. ulmi complex (De Beer & Wingfield 2012).

Ophiostoma denticulatum (R.W. Davidson) Z.W. de Beer & M.J. Wingf. comb. nov., MB
801087 = Ceratocystis denticulata R.W. Davidson, Mycologia 71: 1088. 1979.

Anamorph: sporothrix-like.

Notes: The new combination is based on the sporothrix-like anamorph and kidney-
shaped ascospores. The species probably belong in the S. schenckii — O.stenoceras
complex and clearly not to Ceratocystis. The name should not be confused with the parasitic
nematode, Ophiostoma denticulatum Rudolphi, a name governed by the ICZN (Table 1).

Ophiostoma dentifundum Aghayeva & M. J. Wingf., Mycol. Res. 109: 1134. (2005).
Anamorph: sporothrix-like.
Phylogenetic data: Aghayeva et al. (2004, 2005); Roets et al. (2006, 2008, 2010); Zhou
et al. (2006); De Meyer et al. (2008); Madrid et al. (2010); De Beer & Wingfield (2012).
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Notes: This is a member of the S. schenckii — O. stenoceras complex (De Beer &
Wingfield 2012).

Sporothrix dimorphospora (Roxon & S.C. Jong) Madrid, Gené, Cano & Guarro, In Madrid
et al., Mycologia 102: 1199. 2010 = Humicola dimorphospora Roxon & S.C. Jong, Can. J.
Bot. 52: 517. 1974.

Descriptions: Roxon & Jong (1974, pp 517-519, Figs 1-9); Madrid et al. (2010, pp
1199-1201, Fig. 3).

Phylogenetic data: Aghayeva et al. (2005) as S. inflata; Madrid et al. (2010); De Beer &
Wingfield (2012).

Notes: Teleomorph unknown. See notes under Sporothrix inflata, below. The species is
part of the S. schenckii — O. stenoceras complex (De Beer & Wingfield 2012).

Ophiostoma distortum (R.W. Davidson) de Hoog & Scheffer, Mycologia 76: 297. 1984 =
Ceratocystis distorta R.W. Davidson, Mycologia 63: 10. 1971.

Anamorph: sporothrix-like.

Descriptions: Butin & Zimmermann (1972, p. 285, Fig. 5E); Olchowecki & Reid (1974, p.
1709); Upadhyay (1981, p. 94, Figs 334-338).

Phylogenetic data: Hausner et al. (1993b); Hausner & Reid (2003); Villarreal et al.
(2005); Zipfel et al. (2006); Linnakoski et al. (2009); De Beer & Wingfield (2012).

Notes: Upadhyay (1981) considered the anamorph of this species to be ‘yeast-like’, but
the original description by Davidson (which mentions 'sterigmata’) and Upadhyay's illustration
suggest a sporothrix-like anamorph. This species groups with O. arduennense, peripheral to
the O. ulmi complex in Ophiostoma s. str. (De Beer & Wingfield 2012).

Ophiostoma epigloeum (Guerrero) de Hoog, Stud. Mycol. 7: 45. 1974 = Ceratocystis
epigloea Guerrero, Mycologia 63: 921. 1971 [as ‘epigloeum’]

Anamorph: sporothrix-like (de Hoog 1974).

Descriptions: de Hoog (1974, pp 45-47, Fig. 17); Upadhyay (1981, p. 95, Figs 339—-343).

Phylogenetic data: Hausner et al. (1993b).

Notes: Based on an LSU sequence (not available in GenBank), O. epigloeum groups
close to the S. schenckii — O. stenoceras complex (Hausner et al. 1993b).

Ophiostoma fasciatum (Olchow. & J. Reid) Hausner, J. Reid & Klassen, Mycol. Res. 97:
631. 1993 [as ‘fasciata’] = Ceratocystis fasciata Olchow. & J. Reid, Can. J. Bot. 52: 1682.
1974 = Ceratocystiopsis fasciata (Olchow. & J. Reid) H.P. Upadhyay, Monogr. Ceratocystis
& Ceratocystiopsis, p. 120. 1981 = Ceratocystis spinifera Olchow. & J. Reid, Can. J. Bot. 52:
1686. 1974.

Anamorph: hyalorhinocladiella-like (Upadhyay 1981).

Descriptions: Upadhyay (1981, p. 126, Figs 454-465); Marmolejo & Butin (1993, pp 162,
170, Figs 38-41).

Phylogenetic data: Hausner et al. (1993a); Hausner & Reid (2003); Plattner et al. (2009);
De Beer & Wingfield (2012).

Notes: Ophiostoma fasciatum is closely related to the morphologically similar O.
crenulatum, in a distinct lineage within Ophiostoma s.l. based on LSU sequences. No ITS
data is available for O. crenulatum, but based on ITS O. fasciatum groups with O. fumeum
and S. brunneoviolaceae, but with little statistical support and long branches separating the
species (De Beer & Wingfield 2012).

Ophiostoma flexuosum H. Solheim, Nord. J. Bot. 6: 203. 1986.
Anamorph: hyalorhinocladiella-like.

Phylogenetic data: Hausner et al. (1993b); Villarreal et al. (2005); Zipfel et al. (2006);
Linnakoski et al. (2009, 2010); Kamgan Nkuekam et al. (2010); De Beer & Wingfield (2012).
Notes: This species is closely related to O. canum in Ophiostoma s.str. (De Beer &

Wingfield 2012).
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Ophiostoma floccosum Math., Svensk. Bot. Tidskr. 45: 219. 1951 = Ceratocystis floccosa
(Math.) J. Hunt, Lloydia 19: 36. 1956 = Graphium aureum Hedgc., Mo. Bot. Gard. Rep. 17:
94. 1906 = Pesotum aureum (Hedgc.) McNew & T.C. Harr., In Harrington et al., Mycologia
93: 119. 2001.

Anamorph: pesotum-like.

Descriptions: Mathiesen (1950, p. 297); Hunt (1956, pp 36—37); Harrington et al. (2001,
pp 119, 121-122).

Phylogenetic data: Harrington et al. (2001); Schroeder et al. (2001); De Beer & Wingfield
(2003d); Jacobs et al. (2003c); Jacobs & Kirisits (2003); Kim et al. (2003, 2005a); Masuya et
al. (2003b); Thwaites et al. (2005); Villarreal et al. (2005); Carlier et al. (2006); Chung et al.
(2006); Zhou et al. (2006); Zipfel et al. (2006); Romon et al. (2007); Kamgan Nkuekam et al.
(2008a, b, 2010); Linnakoski et al. (2008, 2010); Bommer et al. (2009); Lu et al. (2009a, b);
Massoumi Alamouti et al. (2009); Grobbelaar et al. (2010, 2011); Harrington et al. (2010);
Linnakoski et al. (2010); Paciura et al. (2010b); Kim et al. (2011); (De Beer & Wingfield
2012).

Notes: Ophiostoma floccosum was treated as a synonym of O. piceae by de Hoog
(1974), Hutchison & Reid (1988a), Przybyl & de Hoog (1989), and Seifert et al. (1993).
Harrington et al. (2001) showed that O. floccosum is a distinct species based on morphology
and ITS sequences. It groups in Ophiostoma s. str., close to O. ainoae, O. brunneo-ciliatum
and O. tapionis (De Beer & Wingfield 2012). Harrington et al. (2001) confirmed that
Graphium aureum is the anamorph of O. floccosum and transferred it to Pesotum. The name
P. aureum should not be confused with L. aureum, anamorph of G. aurea.

Ophiostoma fumeum Kamgan, Jol. Roux & Z.W. de Beer, In Kamgan Nkuekam et al.,
Mycol. Progress 11: 527. 2012.

Anamorph: sporothrix-like.

Description: Kamgan Nkuekam et al. (2012a, pp 527-528, Fig. 6).

Phylogenetic data: Kamgan Nkuekam et al. (2012a); De Beer & Wingfield (2012).

Notes: This species groups with S. brunneoviolaceae and O. fasciatum in a distinct
lineage in Ophiostoma s.l. (De Beer & Wingfield 2012).

Ophiostoma fuscum Linnakoski, Z.W. de Beer & M.J. Wingf., Persoonia 25: 85. 2010.

Anamorph: hyalorhinocladiella- to pesotum-like.

Phylogenetic data: Linnakoski et al. (2010); De Beer & Wingfield (2012).

Notes: Although no teleomorph is known for this species, Linnakoski et al. (2010)
described it in Ophiostoma. De Beer & Wingfield (2012) confirmed that it is part of the O. ips
complex.

Ophiostoma fusiforme Aghayeva & M.J. Wingf., Mycologia 96: 875. 2004.

Anamorph: sporothrix-like.

Phylogenetic data: Aghayeva et al. (2004, 2005); Zhou et al. (2004b, 2006); Villarreal et
al. (2005); Roets et al. (2006, 2008, 2010); Zipfel et al. (2006); De Meyer et al. (2008); Lu et
al. (2009a); Linnakoski et al. (2010); Matsuda et al. (2010); De Beer & Wingfield (2012).

Notes: This species is part of the S. schenckii — O. stenoceras complex (De Beer &
Wingfield 2012).

Ophiostoma gemellus Roets, Z.W. de Beer & Crous, Mycologia 100: 504. 2008.
Anamorph: sporothrix-like.
Phylogenetic data: Roets et al. (2008, 2010, 2012); De Beer & Wingfield (2012).
Notes: This species is part of the S. schenckii — O. stenoceras complex (De Beer &
Wingfield 2012).
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Sporothrix globosa Marimon, Gené, Cano & Guarro, In Marimon et al., J. Clin. Microbiol.
45: 3203. 2007 = Sporotrichum tropicale D. Panja, N.C. Dey & L.M. Ghosh, Indian Med. Gaz.
82: 202. 1947 [nom. inval., Art. 36.1]

Phylogenetic data: Marimon et al. (2007, 2008); De Meyer et al. (2008); Madrid et al.
(2010).

Notes: Teleomorph unknown. Sporothrix tropicale was listed as synonym of S. schenckii
by de Hoog (1974), but the ex-type isolate groups with S. globosa (Marimon et al. 2007).
Sporothrix globosa is part of the S. schenckii — O. stenoceras complex (Marimon et al. 2007,
Madrid et al. 2010).

Ophiostoma gossypinum (R.W. Davidson) J. Taylor, Mycopath. Mycol. Appl. 38: 112. 1976
= Ceratocystis gossypina R.W. Davidson, Mycologia 63: 12. 1971.

Anamorph: sporothrix-like.

Phylogenetic data: Hausner et al. (1993b); Hausner & Reid (2003); De Beer & Wingfield
(2012).

Notes: Davidson (1971) distinguished O. gossypinum and C. gossypina var. robusta
based on perithecium morphology but Upadhyay (1981) treated both as synonyms of O.
stenoceras. Hausner & Reid (2003) showed that the LSU sequence of the ex-type isolate
(ATCC 18999) of O. gossypinum is distinct from that of O. stenoceras, but the two species
group closely together in the S. schenckii — O. stenoceras complex (De Beer & Wingfield
2012).

Ophiostoma grande Samuels & E. Mill., Sydowia 31: 176. 1978.

Anamorph: sporothrix-like.

Phylogenetic data: Hausner et al. (1993b); Mullineux et al. (2011); De Beer & Wingfield
(2012).

Notes: This species groups with O. ambrosium in a distinct lineage in Ophiostoma s.I.
(De Beer & Wingfield 2012).

Ophiostoma himal-ulmi Brasier & M.D. Mehrotra, Mycol. Res. 99: 211. 1995.

Synanamorphs: pesotum- and sporothrix-like.

Description: Harrington et al. (2001, p. 127).

Phylogenetic data: Brasier et al. (1998); Harrington et al. (2001); Jacobs et al. (2003c);
Jacobs & Kirisits (2003); Masuya et al. (2003b); Gibb & Hausner (2005); Paoletti et al.
(2005); Villarreal et al. (2005); Carlier et al. (2006); Kamgan Nkuekam et al. (2008a, b, 2010);
Linnakoski et al. (2008, 2009, 2010); Grobbelaar et al. (2010, 2011); Paciura et al. (2010b);
De Beer & Wingfield (2012).

Notes: This species is a part of the O. ulmi complex (De Beer & Wingfield 2012).

Sporothrix humicola de Mey., Z.W. de Beer & M.J. Wingf., Mycologia 100: 656. 2008.
Description: De Meyer et al. (2008, pp 656-657, Figs 4d—f).
Phylogenetic data: De Meyer et al. (2008); De Beer & Wingfield (2012).
Notes: Teleomorph unknown. This species belongs to the S. schenckii — O. stenoceras
complex (De Beer & Wingfield 2012).

Ophiostoma hyalothecium (R.W. Davidson) Hausner, J. Reid & Klassen, Can. J. Bot. 71:
1264. 1993 = Ceratocystis hyalothecium R.W. Davidson, Mem. N.Y. Bot. Gard. 28: 47. 1976.

Anamorph: Unknown.

Description: Upadhyay (1981, p. 78, Figs 257-261).

Phylogenetic data: Hausner et al. (1993b); Hausner & Reid (2003); De Beer & Wingfield
(2012).

Notes: Ophiostoma hyalothecium groups belongs to the O. ips complex based on a short
LSU sequence (De Beer & Wingfield 2012). Although no anamorph is known, the species
has pillow-shaped ascospores similar to other species in the O. ips complex (Davidson 1976,
Upadhyay 1981).
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Sporothrix inflata de Hoog, Stud. Mycol. 7: 34. 1974.

Description: de Hoog (1974, pp 34-36, Fig. 14).

Phylogenetic data: Aghayeva et al. (2005); De Meyer et al. (2008); Roets et al. (2008);
Madrid et al. (2010); De Beer & Wingfield (2012).

Notes: Teleomorph unknown. Aghayeva et al. (2005) showed that isolates initially
identified as S. lignivora separated into four clades, one representing S. inflata s.str. The
second group included the ex-type isolate of Humicola dimorphospora, which was
subsequently transferred to Sporothrix by Madrid et al. (2010), while the same authors
described the third group as S. brunneoviolaceae. The fourth group remains undescribed.
Sporothrix inflata s.str. is a member of in the S. schenckii — O. stenoceras complex, and part
of Ophiostoma s.I. (De Beer & Wingfield 2012).

Ophiostoma introcitrinum (Olchow. & J. Reid) Hausner, J. Reid & Klassen, Can. J. Bot. 71:
1264. 1993 = Ceratocystis introcitrina Olchow. & J. Reid, Can. J. Bot. 52: 1706. 1974 =
Hyalopesotum introcitrinum H.P. Upadhyay & W.B. Kendr., Mycologia 67: 802. 1975 [as
‘introcitrina’] = Pesotum introcitrinum (H.P. Upadhyay & W.B. Kendr.) G. Okada & Seifert, In
Okada et al., Can. J. Bot. 76; 1503. 1998.

Anamorph: pesotum-like.

Descriptions: Olchowecki & Reid (1974, p. 1706, Pl. XV Figs 283-293); Upadhyay
(1981, p. 98, Figs 353—-358); Kowalski & Butin (1989, pp 237-238); Seifert & Okada (1993, p.
32, Fig. 3C).

Phylogenetic data: Hausner et al. (1993b); De Beer & Wingfield (2012).

Notes: The anamorph of O. introcitrinum is the type of the anamorph genus
Hyalopesotum (Upadhyay & Kendrick 1975) and groups closely with O. minus and O.
pseudominus in Ophiostoma s.str. (De Beer & Wingfield 2012). Therefore, Hyalopesotum is
treated as synonym of Ophiostoma.

Ophiostoma ips (Rumbold) Nannf., In Melin & Nannf., Svenska SkogsvFor. Tidskr. 32: 408.
1934 = Ceratostomella ips Rumbold, J. Agric. Res. 43: 864. 1931 = Grosmannia ips
(Rumbold) Goid., Boll. Staz. Patol. Veg. Roma 16: 27. 1936 = Ceratocystis ips (Rumbold) C.
Moreau, Rev. Mycol. (Paris) Suppl. Col. 17: 22. 1952 = Scopularia rumboldii Goid., Boll.
Staz. Patol. Veg. Roma 16: 39. 1936 [nom. invalid., Art. 36.1]

Anamorph: pesotum- to hyalorhinocladiella-like.

Descriptions: Nisikado & Yamauti (1933, pp 507-515, Figs 3—4); Leach et al. (1934, pp
327-331, Figs 7, 9, 10); Rumbold (1936, pp 420426, Figs 1-5); Goidanich (1937, pp 251-
253); Siemaszko (1939, pp 20, 22-23, PI. | Figs 1-5); Mathiesen-Kaarik (1953, pp 45-47);
Hunt (1956, pp 11, 30-32); Griffin (1968, pp 703—704); Olchowecki & Reid (1974, p. 1692,
PI. VI Fig. 120); Wingfield & Marasas (1980a, pp 66—68, Figs 4-10); Upadhyay (1981, p. 79);
Hutchison & Reid (1988a, pp 66, 68—70); Zhao (1992, pp 85-86); Marmolejo & Butin (1993,
pp 158, 167, Figs 10-13); Benade et al. (1995, pp 300-301, Figs 2-9).

Phylogenetic data: Hausner et al. (1993a, ¢, 2000); Hausner & Reid (2003); Kim et al.
(2003, 2005a); Zhou et al. (2004b); Thwaites et al. (2005); Villarreal et al. (2005); Carlier et
al. (2006); Zhou et al. (2006); Zipfel et al. (2006); Romédn et al. (2007); Lu et al. (2009a);
Massoumi Alamouti et al. (2009); Harrington et al. (2010); Linnakoski et al. (2010); Matsuda
et al. (2010); Paciura et al. (2010b); Zanzot et al. (2010); Kim et al. (2011); De Beer &
Wingfield (2012).

Notes: The O. ips species complex is characterised by pillow-shaped ascospores and
named after O. ips because it was the first species described in this complex. Ophiostoma
adjuncti and O. montium, both considered synonyms of O. ips by Upadhyay (1981), were
considered distinct by Harrington (1987) and Hausner et al. (1993b) respectively. Hausner et
al. (2000) further distinguished between O. ips and O. adjuncti, Kim et al. (2003) between O.
ips and O. montium, and Zhou et al. (2004b) between O. ips and O. pulvinisporum. Zhou et
al. (2002, 2007) applied microsatellite markers to investigate the population diversity of O.

ips.
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Ophiostoma japonicum Yamaoka & M.J. Wingf., In Yamaoka et al., Mycol. Res. 101: 1222,
1997.

Anamorph: pesotum-like (Harrington et al. 2001).

Phylogenetic data: Masuya et al. (2012); De Beer & Wingfield (2012).

Notes: Ophiostoma japonicum is morphologically similar to O. arborea (Yamaoka et al.
1997) and phylogenetically is part of the O. ips complex (Masuya et al. 2012, De Beer &
Wingfield 2012).

Ophiostoma karelicum Linnakoski, Z.W. de Beer & M.J. Wingf., Mycol. Res. 112: 1483.
2008.

Synanamorphs: pesotum- and sporothrix-like.

Phylogenetic data: Linnakoski et al. (2008, 2009, 2010); Kamgan Nkuekam et al. (2010);
Zanzot et al. (2010); Grobbelaar et al. (2011); De Beer & Wingfield (2012).

Notes: This species is part of the O. ulmi complex (De Beer & Wingfield 2012).

Ophiostoma kryptum K. Jacobs & Kirisits, Mycol. Res. 107: 1234. 2003.

Anamorph: hyalorhinocladiella- to pesotum-like.

Phylogenetic data: Jacobs & Kirisits (2003); Villarreal et al. (2005); Carlier et al. (2006);
Kamgan Nkuekam et al. (2008a, b, 2010); Linnakoski et al. (2008, 2010); Bommer et al.
(2009); Grobbelaar et al. (2010); De Beer & Wingfield (2012).

Notes: This species groups in Ophiostoma s.str. (De Beer & Wingfield 2012).

Raffaelea lauricola T.C. Harr., Fraedrich & Aghayeva, Mycotaxon 104: 401. 2008.

Descriptions: Fraedrich et al. (2008, pp. 219-220, Fig. 5).

Phylogenetic data: Fraedrich et al. (2008); Harrington et al. (2008, 2010, 2011); Kim et
al. (2009); Massoumi Alamouti et al. (2009); Matsuda et al. (2010); De Beer & Wingfield
(2012).

Notes: Teleomorph unknown. This species froms a clade with R. brunnea to form the R.
lauricola complex in Opiostoma s.I. (De Beer & Wingfield 2012).

Ophiostoma leucocarpum (R.W. Davidson) Z.W. de Beer & M.J. Wingf. comb. nov., MB
801088 = Ceratocystis leucocarpa R.W. Davidson, Mycopath. Mycol. Appl. 28: 278. 1966.

Anamorph: sporothrix-like (Upadhyay 1981).

Descriptions: Upadhyay (1981, p. 99, Figs 359-362).

Notes: Upadhyay (1981) reported that Davidson informed him that the type material was
lost. Fresh cultures of the species were isolated by Olchowecki & Reid (1974), which were
used by Upadhyay (1981). Based on the sporothrix-like anamorph and reniform ascospores,
this species was classified by Olchowecki & Reid (1974) in their ‘Pilifera group’ and by
Upadhyay (1981) in section Ophiostoma. Both groups of species are now incorporated in
Ophiostoma s.l. as defined here, but no DNA sequences are available to determine its exact
placement. The species clearly belong in Ophiostoma rather than Ceratocystis.

Ophiostoma lignorum (Wollenw.) Goid., Boll Staz. Patol. Veg. Roma, n.s. 15: 157. 1935 =
Ceratostomella lignorum Wollenw., In Wollenweber & Stapp, Biol. Reichs. Land Forstw. Arb.,
Berlin 16: 310. 1928.

Synamorphs: pesotum- and sporothrix-like (inferred from protologue).

Notes: Hunt (1956) treated the species as of uncertain status, but suggested that it
resembles O. tetropii. Upadhyay (1981) did not consider this species. This species from
spruce is validly published, and clearly belongs in Ophiostoma s.I. A neotype would need to
designated (Art. 9.6) to enable critical comparisons with other species of Ophiostoma.
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Ophiostoma longicollum Masuya, In Masuya et al., Mycoscience 39: 349. 1998.
Anamorph: sporothrix-like.
Notes: The ascospore and anamorph morphology of this species suggest a relationship
with species such as O. stenoceras or O. nigricarpum, but sequence data are needed to
confirm its correct placement in the Ophiostomatales.

Ophiostoma longiconidiatum Kamgan, K. Jacobs & Jol. Roux, In Kamgan Nkuekam et al.,
Fungal Diversity 29: 53. 2008.

Anamorph: sporothrix-like.

Phylogenetic data: Kamgan Nkuekam et al. (2008a); Linnakoski et al. (2009); Zanzot et
al. (2010); De Beer & Wingfield (2012).

Notes: This species is part of the O. pluriannulatum complex (De Beer & Wingfield
2012).

Ophiostoma longirostellatum (Bakshi) Arx & E. Mill., Beitr. Kryptogamenflora Schweiz 2:
395. 1954 = Ceratocystis longirostellata Bakshi, Mycol. Pap. 35: 11. 1951.

Anamorph: sporothrix-like.

Description: de Hoog (1974, pp 61-62, Fig. 23).

Phylogenetic data: Hausner et al. (1993b, 2000); Masuya et al. (2004); Mullineux et al.
(2011); De Beer & Wingfield (2012).

Note: This species was treated by Hunt (1956) as a synonym of O. capillifera, and by
Upadhyay (1981, as ‘O. longirostratum’) and Hutchison & Reid (1988a) as a synonym of O.
piliferum. Hausner et al. (1993b) showed it is distinct from O. piliferum. It is part of the O.
pluriannulatum complex (De Beer & Wingfield 2012).

Ophiostoma lunatum D.N. Aghayeva & M.J. Wingf., Mycologia 96: 874. 2004.

Anamorph: sporothrix-like.

Phylogenetic data: Aghayeva et al. (2004, 2005); Zhou et al. (2004b, 2006); Villarreal et
al. (2005); Roets et al. (2006, 2008, 2010); Zipfel et al. (2006); De Meyer et al. (2008); Lu et
al. (2009a); Linnakoski et al. (2010); Matsuda et al. (2010); De Beer & Wingfield (2012).

Notes: This species groups with O. fusiforme in the S. schenckii — O. stenoceras
complex (De Beer & Wingfield 2012).

Sporothrix luriei (Ajello & Kaplan) Marimon, Gené, Cano & Guarro, Med. Mycol. 46: 624.
2008 = S. schenckii var. luriei Ajello & Kaplan, Mykosen 12: 642. 1969.

Descriptions: Ajello & Kaplan (1969, pp 642—-643, Figs 2—20); Marimon et al. (2008, pp
623-624, Fig. 2).

Phylogenetic data: Marimon et al. (2008); Madrid et al. (2010); De Beer & Wingfield
(2012).

Notes: Teleomorph unknown. This species is part of the S. schenckii — O. stenoceras
complex (De Beer & Wingfield 2012).

Ophiostoma macrosporum (Francke-Grosm.) Z.W. de Beer & M.J. Wingf. comb. nov., MB
801089 = Trichosporum tingens var. macrosporum Francke-Grosm., Medd.
Skogsforskninginst. 41: 27. 1952 [as ‘Trichosporium tingens var. macrosporum’] (basionym)
= Ambrosiella macrospora (Francke-Grosm.) L.R. Batra, Mycologia 59: 980. 1967 =
Hyalorhinocladiella macrospora (Francke-Grosm.) TC. Harr., In Harrington et al., Mycotaxon
111: 355. 2010.

Anamorph: hyalorhinoclaidella- to raffaelea-like.

Description: Batra (1967, pp 1007-1008, Figs 47, 48).

Phylogenetic data: Cassar & Blackwell (1996); Rollins et al. (2001); Massoumi Alamouti
et al. (2009); Harrington et al. (2010); Matsuda et al. (2010); De Beer & Wingfield (2012).

Notes: Forms a distinct lineage together with O. tingens in Ophiostoma s.str. (De Beer &
Wingfield 2012). The arguments for the new combination are outlined under Lineage B in De
Beer & Wingfield (2012).
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Ophiostoma megalobrunneum (R.W. Davidson & Toole) de Hoog & Scheffer, Mycologia
76: 297. 1984 = Ceratocystis megalobrunnea R.W. Davidson & Toole, In Davidson, Hinds &
Toole, Mycologia 56: 796. 1964.

Synanamorphs: sporothrix- and yeast-like (Upadhyay 1981).

Description: Upadhyay (1981, p. 100, Figs 363—365).

Notes: The synanamorphs of this species were not illustrated in the protologue, nor by
Upadhyay (1981). Morphology of the ascospores and the descriptions of the sporothrix-like
anamorph suggest that it might be part of the S. schenckii — O. stenoceras complex, but it
should be re-examined and sequenced.

Sporothrix mexicana Marimon, Gené, Cano & Guarro, In Marimon et al., J. Clin. Microbiol.
45: 3203. 2007.

Description: Marimon et al. (2007, pp 3203-3204, Fig. 2E).

Phylogenetic data: Marimon et al. (2007, 2008); De Meyer et al. (2008); Madrid et al.
(2010).

Notes: Teleomorph unknown. This species was not considered by De Beer & Wingfield
(2012), but according to Madrid et al. (2010) it belongs to the S. schenckii — O. stenoceras
complex.

Ophiostoma microsporum Arx, Antonie van Leeuwenhoek 18: 211. 1952 = Ceratostomella
microspora R.W. Davidson, Mycologia 34: 650. 1942 [nom. illegit., Art. 52.1, later homonym
for Cs. microspora Ellis & Everh., see Section C.1] = Ceratocystis perparvispora J. Hunt,
Lloydia 19: 46. 1956 [superfluous nom. nov.] = Ceratocystis microspora (R.W. Davidson)
R.W. Davidson & Aoshima, Ph.D. thesis, University of Tokyo: 20. 1965 [nom. inval., Art.
29.1, 36.1] = Ceratocystis microspora (Arx) R.W. Davidson, J. Col.-Wyom. Acad. Sci. 6: 16.
1969.

Anamorph: sporothrix-like.

Descriptions: Hunt (1956, pp 46—47); Griffin (1968, p. 710); de Hoog (1974, pp 63-64,
Fig. 25); Olchowecki & Reid (1974, p. 1709); Upadhyay (1981, p. 50, Figs 104-108);
Maekawa et al. (1987, pp 8, 10, Figs 1-6).

Phylogenetic data: Hausner et al. (1993b); Mullineux et al. (2011); De Beer & Wingfield
(2012).

Note: The confusing taxonomy of this species (Davidson & Kuhlman 1978) was clarified
by Weresub (1979). The LSU sequence for isolate CBS 412.77 generated by Hausner et al.
(1993Db), is identical to the sequence produced by De Beer & Wingfield (2012) of the ex-
neotype isolate (CBS 440.69 = CMW 17152) designated by Davidson & Kuhlman (1978).
The species groups between Raffaelea s.str. and Ophiostoma s.str. in its own lineage. Its
generic placement remains uncertain (De Beer & Wingfield 2012). The name O.
microsporum should not be confused with L. microsporum (see under Leptographium), nor
Cs. microspora (see section C.2).

Ophiostoma minus (Hedgc.) Syd., In Sydow & Sydow, Annls mycol. 17: 43. 1919 [as
‘minor’] = Ceratostomella minor Hedgc., Mo. Bot. Gard. Ann. Rep. 17: 74. 1906 =
Ceratocystis minor (Hedgc.) J. Hunt, Lloydia 19: 47. 1956 = Ceratostomella exigua Hedgc.,
Mo. Bot. Gard. Ann. Rep. 17: 76. 1906 = Ophiostoma exiguum (Hedgc.) Syd., Annls mycol.
17: 43. 1919 = Ceratostomella pini Minch, Naturwiss. Z. Forst. Landw. 5: 541. 1907 =
Ophiostoma pini (Miinch) Syd., Annls mycol. 17: 43. 1919 = Grosmannia pini (Miinch) Goid.,
Boll. Staz. Patol. Veg. Roma 16: 27. 1936 = Scopularia pini Goid., Boll. Staz. Patol. Veg.
Roma 16: 39. 1936 [nom. invalid., Art. 36.1] = Ceratocystis pini (Miinch) C. Moreau, Rev.
Mycol. (Paris), Suppl. Colon. 17: 22. 1952.

Anamorph: hyalorhinocladiella-like.

Descriptions: Lagerberg et al. (1927, pp 189-196, Figs 17-21 as C. pini); Rumbold
(1931, pp 851-862 as C. pini); Nisikado & Yamauti (1934 pp 470-474, Plates 17-21, as Cs.
pini); Siemaszko (1939, pp 20, 31-32 as O. pini); Hunt (1956, pp 11, 47-48); Kotynkova-
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Sychrova (1966, p. 52); Griffin (1968, p. 704); Olchowecki & Reid (1974, p. 1707, Pl. XVI Fig.
314); Upadhyay (1981, p. 100); Potlajczuk & Schekunova (1985, p. 153); Benade et al.
(1996, pp 894-895, Figs 11-14).

Phylogenetic data: Gorton & Webber (2000); Jacobs & Kirisits (2003); Gorton et al.
(2004); Villarreal et al. (2005); Carlier et al. (2006); Romoén et al. (2007); Lu et al. (2009a);
Kamgan Nkuekam et al. (2010); Linnakoski et al. (2010); Paciura et al. (2010b); De Beer &
Wingfield (2012); Hafez et al. (2012).

Note: Hunt (1956), Griffin (1968), Olchowecki & Reid (1973) and Upadhyay (1981)
treated O. exiguum, O. pini, and O. pseudotsugae as synonyms of O. minus. However,
Gorton & Webber (2000) and Gorton et al. (2004) showed O. pseudotsugae to be distinct.

Rumbold (1931) reported O. pini from the USA. She distinguished between strains from
the east and west coasts, and a third type from Washington, D.C., which she suggested was
the same as the European O. pini. She considered O. exiguum and O. minus to be distinct,
based on studies of her own isolates. Mathiesen (1950) also differentiated her own O. pini
isolates from Sweden from those described from the USA by Rumbold (1931). Gorton &
Webber (2000), Gorton et al. (2004), Lu et al. (2009a) and Linnakoski et al. (2010) confirmed
that O. minus consists of at least two phylogenetic species grouping according to
geographical origin, a North American species (O. minus) and the European species. The
two species group closely together in Ophiostoma s. str. (De Beer & Wingfield 2012).
Epitypification of O. pini and O. exiguum would be necessary to resolve their status and the
appropriate name for the European isolates. Thus, we have treated O. pini and O. exiguum
as synonyms of O. minus until that research has been completed.

The name O. pini should not be confused with P. pini, a synonym of G. radiaticola.

Ophiostoma montium (Rumbold) Arx, Antonie van Leeuwenhoek 18: 211. 1952 =
Ceratostomella montium Rumbold, J. Agric. Res. 62: 597. 1941 = Ceratocystis montia
(Rumbold) J. Hunt, Lloydia 19: 45. 1956 = Tuberculariella ips J.G. Leach, L W. Orr & C.M.
Chr., J. Agr. Res. 49: 335. 1934 = Ambrosiella ips (J.G. Leach, LW. Orr & C.M. Chr.) L.R.
Batra, Mycologia 59: 980. 1967 = Hyalorhinocladiella ips (J.G. Leach, L.W. Orr & C.M. Chr.)
T.C. Harr., Mycotaxon 111: 355. 2010.

Anamorph: pesotum- to hyalorhinocladiella-like.

Descriptions: Leach et al. (1934, pp 331-336, Figs 11-12 of Tu. ips); Taylor-Vinje (1940,
pp 764—773, Figs 1-30); Rumbold (1941, pp 591-597, Figs 2-5); Hunt (1956, pp 45-46).

Phylogenetic data: Hausner et al. (1993b); Cassar & Blackwell (1996); Rollins et al.
(2001); Kim et al. (2003); Zhou et al. (2004b); Gebhardt et al. (2005); Zipfel et al. (2006); Lu
et al. (2009a); Massoumi Alamouti et al. (2009); Harrington et al. (2010); Linnakoski et al.
(2010); Matsuda et al. (2010); Paciura et al. (2010b); Zanzot et al. (2010); Roe et al. (2011);
De Beer & Wingfield (2012).

Note: Ophiostoma montium was treated as a synonym of O. ips by Upadhyay (1981) and
Hutchison & Reid (1988a), but Hausner et al. (1993b), Kim et al. (2003) and Zhou et al.
(2004b) distinguished between O. ips and O. montium.

Massoumi Alamouti et al. (2009) suggested that A. ips might be the anamorph of O.
montium based on DNA ssequences and morphological similarities. Harrington et al. (2010)
then transferred A. ips to Hyalorhinocladiella. However, SSU, LSU, and B-tubulin sequences
of the ex-type isolate of A. ips (CBS 435.34) differ by 0, 2 and 1 bp respectively when
compared to available sequences of more than 80 isolates of O. montium from the studies of
Kim et al. (2003), Gebhardt et al. (2005), Massoumi Alamouti et al. (2009), and Roe et al.
(2011). We therefore support the synonymy suggested by Massoumi Alamouti et al. (2009).
Although the epithet of Tu. ips is older that for Cs. montium, the epithet ips is already
occupied in Ophiostoma and transferring T. ips to Ophiostoma would create a later homonym
(nom. illegit., Art. 53.1), and therefore the continued use of O. montium is necessary.

Ophiostoma montium was included in a four gene phylogeographic study, showing that it
reproduces sexually in nature (Roe et al. 2011).
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Ophiostoma multiannulatum (Hedgc. & R.W. Davidson) Hendrix, Ann. Gembloux 33: 99.
1937 = Ceratostomella multiannulata Hedgc. & R.W. Davidson, In Davidson, J. Agric. Res.
50: 797. 1935 = Ophiostoma multiannulatum (Hedgc. & R.W. Davidson) N. Fries, Symb. Bot.
Upsal. 7: 21. 1943 [nom. illegit., Art. 52.1] = Ophiostoma multiannulatum (Hedgc. & R.W.
Davidson) Arx, Antonie van Leeuwenhoek 18: 211. 1952 [nom. illegit., Art. 52.1] =
Ceratocystis multiannulata (Hedgc. & R.W. Davidson) J. Hunt, Lloydia 19: 40. 1956.

Anamorph: sporothrix-like.

Descriptions: Hunt (1956, pp 11, 17, 40-41); de Hoog (1974, p. 53); Upadhyay (1981, p.
102, Figs 371-377).

Phylogenetic data: Villarreal et al. (2005); Zhou et al. (2006); Zipfel et al. (2006);
Kamgan Nkuekam et al. (2008a, b); Linnakoski et al. (2009); Paciura et al. (2010b); Zanzot
et al. (2010); De Beer & Wingfield (2012).

Notes: This species is part of the O. pluriannulatum complex (De Beer & Wingfield
2012).

Ophiostoma narcissi Limber, Phytopathology 40: 493. 1950 = Ceratocystis narcissi
(Limber) J. Hunt, Lloydia 19: 50. 1956.

Anamorph: sporothrix-like.

Descriptions: Hunt (1956, pp 11, 50); de Hoog (1974, pp 59-60, Fig. 22); Olchowecki &
Reid (1974, p. 1707, Pl. XVI Fig. 316); Upadhyay (1981, p. 103).

Phylogenetic data: De Beer et al. (2003b); Hausner & Reid (2003); Jacobs et al. (2003c);
Villarreal et al. (2005); Zhou et al. (2006); Linnakoski et al. (2010); De Beer & Wingfield
(2012).

Notes: Ophiostoma narcissi is part of the S. schenckii — O. stenoceras complex (De Beer
& Wingfield 2012).

Ophiostoma nigricarpum (R.W. Davidson) de Hoog, Stud. Mycol. 7: 62. 1974 [as
‘nigrocarpum’] = Ceratocystis nigrocarpa R.W. Davidson, Mycopath. Mycol. Appl. 28: 276.
1966.

Anamorph: sporothrix-like.

Descriptions: de Hoog (1974, pp. 62-63, Fig. 24); Olchowecki & Reid (1974, p. 1709);
Upadhyay (1981, p. 104 Figs 378-381); Benade et al. (1997, pp. 1110-1111, Figs 6-11).

Phylogenetic data: Aghayeva et al. (2004); Zhou et al. (2004b, 2006); Roets et al. (2006,
2008, 2010); Zipfel et al. (2006); De Meyer et al. (2008); Linnakoski et al. (2010); Madrid et
al. (2010).

Notes: De Beer et al. (2003b) incorrectly identified several isolates of O. abietinum as O.
nigricarpum. Aghayeva et al. (2004) showed that the ex-type strain of O. nigricarpum is
distinct from O. abietinum. It is part of the O. tenellum complex (De Beer & Wingfield 2012).

Ophiostoma nigrogranum Masuya, Mycoscience 45: 278. 2004.

Anamorph: sporothrix-like.

Notes: Listed by Masuya et al. (2012) as part of S. schenckii — O. stenoceras complex,
but this should be confirmed based on phylogenetic inference.

Ophiostoma nikkoense Yamaoka & Masuya, In Yamaoka et al., Mycoscience 45: 278.
2004.

Anamorph: pesotum-like.

Phylogenetic data: De Beer & Wingfield (2012); Masuya et al. (2012).

Notes: ITS sequence data place this species with septate conidia in Ophiostoma s. str.
(Masuya et al. 2012, De Beer & Wingfield 2012).

Ophiostoma nothofagi (Butin) Rulamort, Bull. Soc. Bot. Centre-Ouest, n.s. 17: 192. 1986 =
Ceratocystis nothofagi Butin, In Butin & Aquilar, Phytopathol. Z. 109: 84. 1984.
Anamorph: sporothrix-like.
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Notes: The cultural morphology of this species suggests that it is related to species such
as O. piliferum or O. pluriannulatum rather than to the S. schenckii — O. stenoceras complex.

Ophiostoma novo-ulmi Brasier, Mycopathologia 115: 155. 1991.

Anamorph: pesotum- and sporothrix-like.

Description: Harrington et al. (2001, p. 127).

Phylogenetic data: Bates et al. (a, b); Jeng et al. (1996); Brasier et al. (1998); Harrington
et al. (2001); Jacobs et al. (2003c); Jacobs & Kirisits (2003); Masuya et al. (2003); Hausner
et al. (2005a); Gibb & Hausner (2005); Paoletti et al. (2005); Villarreal et al. (2005); Carlier et
al. (2006); Chung et al. (2006); Zipfel et al. (2006); Kamgan Nkuekam et al. (2008a, b, 2010);
Linnakoski et al. (2008, 2009, 2010); Bommer et al. (2009); Massoumi Alamouti et al. (2009);
Grobbelaar et al. (2010, 2011); Paciura et al. (2010b); De Beer & Wingfield (2012).

Notes: Ophiostoma novo-ulmi is part of the O. ulmi complex (De Beer & Wingfield 2012).
According to strict application of Art. 60.9, the epithet for this species should be novoulmi (W.
Gams, in. litt.). Despite this, we propose to maintain the hyphenated version of the epithet of
this very important fungus because of its predominance in the literature, where the formally
corrected version has never been used. This hyphenated spelling will be included in the
eventual List of Protected Names for the Ophiostomatales, and we hope it will be approved
by the Nomeclature Committee for Fungi.

Several studies have shown that two biological groups, termed EAN and NAN races,
exist within O. novo-ulmi (Brasier 1979; Bates et al. 1993a, b; Solla et al. 2008). Brasier &
Kirk (2001) designated these two groups as subspecies:

Ophiostoma novo-ulmi Brasier subsp. novo-ulmi, In Brasier & Kirk, Mycol. Res. 105: 549.

2001

Ophiostoma novo-ulmi subsp. americana, Brasier & S.A. Kirk, Mycol. Res. 105: 550.

2001

Sporothrix pallida (Tubaki) Matsush., Icon. microfung. Matsush. lect. (Kobe): 143. 1975 =
Calcarisporium pallidum Tubaki, Nagaoa 5: 13. 1955 = Sporothrix albicans S.B. Saksena,
Curr. Sci. 34: 318. 1965 = Sporothrix nivea Kreisel & F. Schauer, J. Basic Microbiol. 25: 654.
1985.

Descriptions: Kreisel & Shauer (1985, pp 654-657, Figs 1-4); Matsushima (1975, p.
143, Plate 163).

Phylogenetic data: Marimon et al. (2007, 2008); Madrid et al. (2010); De Meyer et al.
(2008); De Beer & Wingfield (2012).

Notes: Teleomorph unknown. Calcarisporium pallidum and S. albicans were listed as
synonyms of S. schenckii by de Hoog (1974). However, De Meyer et al. (2008) showed that
these two species and S. nivea group together in a lineage distinct from S. schenckii, based
on B-tubulin sequences. They thus synonymised S. albicans and S. nivea with S. pallida. No
teleomorph is known for this species, which belongs to the S. schenckii — O. stenoceras
complex (De Beer & Wingfield 2012).

Ophiostoma pallidulum Linnakoski, Z.W. de Beer & M.J. Wingf., Persoonia 25: 86. 2010.
Anamorph: hyalorhinocladiella-like.
Phylogenetic data: Linnakoski et al. (2010); De Beer & Wingfield (2012).
Notes: Teleomorph not observed. The species groups with O. saponiodorum in a distinct
lineage within Ophiostoma s.l. (Linnakoski et al. 2010; De Beer & Wingfield 2012).

Ophiostoma palmiculminatum Roets, Z.W. de Beer & M.J. Wingf., Stud. Mycol. 55: 208.
2006.

Anamorph: sporothrix-like.

Phylogenetic data: Roets et al. (2006, 2008, 2010, 2012); De Meyer et al. (2008); Madrid
et al. (2010); De Beer & Wingfield (2012).

Notes: This species is part of the S. schenckii — O. stenoceras complex (De Beer &
Wingfield 2012).
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Ophiostoma perfectum (R.W. Davidson) de Hoog, Stud. Mycol. 7: 54. 1974 = Ceratocystis
perfecta R.W. Davidson, Mycologia 50: 665. 1958.

Synanamorphs: pesotum- and sporothrix-like (de Hoog 1974).

Descriptions: de Hoog (1974, pp 54-55, Fig. 20); Olchowecki & Reid (1974, p. 1707, PI.
XVI Figs 305-306, 309-310); Upadhyay (1981, p. 105).

Phylogenetic data: Thwaites et al. (2005); Villarreal et al. (2005); Kamgan Nkuekam et
al. (2008b); Zanzot et al. (2010).

Notes: This species was considered distinct by de Hoog (1974), Olchowecki & Reid
(1974) and Upadhyay (1981). Przybyl & de Hoog (1989) and Seifert et al. (1993) treated it a
synonym of O. piceae. Davidson (1958) did not mention a synnematous anamorph in the
original description, while de Hoog (1974) described both synnemata and a sporothrix-like
anamorph from the ex-type isolate (CBS 636.66). ITS sequences of the same generated
strain by different authors do not correspond. Thwaites et al. (2005) showed that it
(DQ062970) groups close to O. pluriannulatum, while the sequence of Villarreal et al. (2005)
(AY934514) is close O. floccosum. These observations suggest that the ex-type culture
might have been mixed; it should be re-examined to clarify the placement of the species in
Ophiostoma s..

Ophiostoma persicinum Govi & Di Caro, Ann. Speriment. Agraria, n.s. 7: 1644. 1953.
Anamorph: sporothrix-like.
Notes: The morphological description suggests that this is a good species of
Ophiostoma, and probably part of the S. schenckii — O. stenoceras complex. As far as we
could establish, no type material exists and neotypification is not recommended at this time.

Ophiostoma phasma Roets, Z.W. de Beer & M.J. Wingf., Stud. Mycol. 55: 207. 2006.

Anamorph: sporothrix-like.

Phylogenetic data: Roets et al. (2006, 2008, 2010, 2012); De Meyer et al. (2008); Madrid
et al. (2010); De Beer & Wingfield (2012).

Notes: This is part of the S. schenckii — O. stenoceras complex (De Beer & Wingfield
2012).

Ophiostoma piceae (Miunch) Syd., In Sydow & Sydow, Annls mycol. 17: 43. 1919 =
Ceratostomella piceae Miunch, Naturw. Land. Forstw. 5: 547. 1907 = Ceratocystis piceae
(Munch) Bakshi, Trans. Br. Mycol. Soc. 33: 113. 1950 = Pesotum piceae Crane &
Schoknecht, Am. J. Bot. 60: 348. 1973 = Graphium piceae (Crane & Schoknecht) M.J. Wingf.
& W.B. Kendr., Mycol. Res. 95: 1331. 1991.

Synannamorphs: pesotum- and sporothrix-like.

Descriptions: Only descriptions from studies that distinguish O. piceae and O. quercus
are listed: Mouton et al. (1993, pp 374-375, Figs 9-12, 14); Seifert & Okada (1993, p. 33,
Figs 4C-D); Halmschlager et al. (1994, pp 556-557); Benade et al. (1997, p. 1110, Figs 3-5);
Harrington et al. (2001, pp 117-119), Jacobs et al. (2003c, p. 322, Figs 2-6); Paciura et al.
(2010b, pp 82, 84, Figs 5, 9, 13, 16).

Phylogenetic data: Hausner et al. (1993c, 2000, 2005a); Halmschlager et al. (1994); Kim
et al. (1999, 2003, 2005a); Okada et al. (1998); Harrington et al. (2001); Kim & Breuil (2001);
Schroeder et al. (2001); De Beer et al. (2003d); Hausner & Reid (2003); Jacobs et al.
(2003c); Jacobs & Kirisits (2003); Masuya et al. (2003b, 2004); Gebhardt et al. (2005);
Thwaites et al. (2005); Villarreal et al. (2005); Carlier et al. (2006); Chung et al. (2006); Zipfel
et al. (2006); Romoén et al. (2007); Kamgan Nkuekam et al. (2008a, b, 2010); Linnakoski et
al. (2008, 2009, 2010); Bommer et al. (2009); Lu et al. (2009a, b); Massoumi Alamouti et al.
(2009); Grobbelaar et al. (2010, 2011); Harrington et al. (2010); Matsuda et al. (2010);
Paciura et al. (2010b); Zanzot et al. (2010); Kim et al. (2011); De Beer & Wingfield (2012).

Notes: A broad concept was applied to this species for many years, until mating studies,
biological differences and DNA sequence data delineated O. piceae as a conifer-inhabiting
species, distinct from hardwood species like O. quercus (Morelet 1992; Brasier & Kirk 1993;
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Brasier & Stephens 1993; Harrington et al. 2001). De Beer & Wingfield (2012) showed that
the conifer clade of the ‘O. piceae complex’ is not monophyletic, but the species previously
considered part of this complex all group in Ophiostoma s.str.

Ophiostoma piliferum (Fr. : Fr.) Syd., In Sydow & Sydow, Annls mycol. 17: 43. 1919 =
Sphaeria pilifera Fr., Syst. Mycol. 2(2): 472. 1822 = Ceratostoma piliferum (Fr.) Fuckel,
Symb. Mycol. p. 128. 1869 = Ceratostomella pilifera (Fr.) G. Winter, Rabenh. Kryptogamen-
Flora 1: 252. 1887 = Linostoma piliferum (Fr.) H6hn., Annls mycol. 16: 91. 1918 =
Ceratocystis pilifera (Fr.) C. Moreau, Rev. Mycol. (Paris), Suppl. Colon. 17: 22. 1952 =
Ceratostomella capillifera Hedgc., Mo. Bot. Gard. Ann. Rep. 17: 71. 1906 = Ophiostoma
capilliferum (Hedgc.) Syd., In Sydow & Sydow, Annls mycol. 17: 43. 1919 = Ceratocystis
capillifera (Hedgc.) C. Moreau, Rev. Mycol. (Paris) Suppl. Col. 17: 22. 1952 = Ceratostomella
schrenkiana Hedgc., Mo. Bot. Gard. Ann. Rep. 17: 67. 1906 = Ophiostoma schrenkianum
(Hedgc.) Syd., In Sydow & Sydow, Annils mycol. 17: 43. 1919 = Ceratocystis schrenkiana
(Hedgc.) C. Moreau, Rev. Mycaol. (Paris) Suppl. Col. 17: 22. 1952 = Ceratostomella coerulea
Munch, Naturw. Land. Forstw. 5: 561. 1907 = Ophiostoma coeruleum (Muinch) Syd., In
Sydow & Sydow, Annls mycol. 17: 43. 1919 = Ceratocystis coerulea (Miinch) C. Moreau,
Rev. Mycol. (Paris) Suppl. Col. 17: 22. 1952.

Anamorph: sporothrix-like (de Hoog 1974).

Descriptions: Von Schrenk (1903, pp 22-23, PI. 7 Figs 4-9); Hedgcock (1906, pp 64—67,
Pl. 3 Fig. 8, Pl. 4 Figs 5-7); Lagerberg et al. (1927, pp 163-174, Figs 1-8 as C. coerulea);
Goidanich (1937, pp 226-242, Figs 1-13); Siemaszko (1939, pp 20, 29-30, PI. | Figs 6-7);
Hunt (1956, pp 11, 15, 41-42); Kotynkova-Sychrova (1966, p. 52); Griffin (1968, pp 711—
712); de Hoog (1974, pp 47-50, Fig. 18); Olchowecki & Reid (1974, p. 1707, PIl. XVI Fig.
313); Upadhyay (1981, p. 107, Figs 382—386); Butin & Aquilar (1984, pp 83-84); Hutchison &
Reid (1988a, pp 75—77); Marmolejo & Butin (1993, pp 160-161, 168, Figs 23—-27); Benade et
al. (1998, pp 256-257, Figs 2-4).

Phylogenetic data: Hausner et al. (1993c, 2000); Schroeder et al. (2001, 2002); Hausner
& Reid (2003); Jacobs & Kirisits (2003); Kim et al. (2003, 2005a); Gorton et al. (2004);
Masuya et al. (2004); Gebhardt et al. (2005); Zipfel et al. (2006); Zhou et al. (2006); Tang et
al. (2007); Kamgan Nkuekam et al. (2008a, b, 2010); Linnakoski et al. (2008, 2009, 2010); Lu
et al. (2009b); Grobbelaar et al. (2010); Harrington et al. (2010); Paciura et al. (2010b);
Zanzot et al. (2010); De Beer et al. (2012).

Note: Schroeder et al. (2001, 2002) and Hausner & Reid (2003) suggested that
infraspecific variation among O. piliferum isolates can be linked to geographic origin (North
America versus Europe) or host (hardwoods versus conifers). The exact taxonomic status of
these groups, and the synonymies listed above and discussed below thus should be
reevaluated.

Ophiostoma capilliferum was considered a distinct species by Sydow & Sydow (1919),
Melin & Nannfeldt (1934), Hunt (1956), and Kaarik (1980). De Hoog (1974) could not locate
ascospores or conidia on the type material of O. capilliferum (BPI) and considered the
species doubtful. Upadhyay (1981), Hutchison & Reid (1988a) and Seifert et al. (1993) listed
O. capilliferum as synonym of O. piliferum. Ophiostoma schrenkianum was also considered
distinct species by Sydow & Sydow (1919), Melin & Nannfeldt (1934) and Hunt (1956). De
Hoog (1974) found the teleomorph “indistinguishable from O. piliferum” on the type material
(BPI), but because no conidia were found, he refrained from treating the two species as
synonyms. Griffin (1968), Upadhyay (1981), Hutchison & Reid (1988a) and Seifert et al.
(1993) listed O. schrenkianum as synonym of O. piliferum. Ophiostoma coeruleum was
treated as a distinct species by Sydow & Sydow (1919), Lagerberg et al. (1927), Melin &
Nannfeldt (1934) and Mathiesen-Kaarik (1953). However, Goidanich (1936, 1937),
Siemaszko (1939), Hunt (1956), Griffin (1968), Olchowecki & Reid (1974), de Hoog (1974),
Upadhyay (1981), Hutchison & Reid (1988a) and Seifert et al. (1993) treated it as a synonym
of O. piliferum.
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Ophiostoma pluriannulatum (Hedgc.) Syd., In Sydow & Sydow, Annls mycol. 17: 43. 1919
= Ceratostomella pluriannulata Hedgc., Mo. Bot. Gard. Ann. Rep. 17: 72. 1906 =
Ceratocystis pluriannulata (Hedgc.) C. Moreau, Rev. Mycol. (Paris) Suppl. Col. 17: 22. 1952
= Ceratocystis novae-zelandiae Hutchison & J. Reid, N. Z. J. Bot. 26: 70. 1988 =
Ophiostoma novae-zelandiae (Hutchison & J. Reid) Rulamort, Bull. Soc. Bot. Centre-Ouest,
n.s. 21: 512. 1990.

Anamorph: sporothrix-like.

Descriptions: Hedgcock (1906, pp 72-72, Pl. 3 Fig. 7, PI. 5 Fig. 1-2); Lagerberg et al.
(1927, pp 184-189, Figs 14-16); Hunt (1956, pp 15, 39-40); Upadhyay (1981, p. 109, Figs
387-392); Marmolejo & Butin (1993, pp 161, 169, Figs 28—-32); Benade et al. (1998, pp 256—
257, Figs 5-7).

Phylogenetic data: Hausner & Reid (2003); Thwaites et al. (2005); Villarreal et al. (2005);
Zhou et al. (2006); Zipfel et al. (2006); Romon et al. (2007); Kamgan Nkuekam et al. (2008a,
b); Linnakoski et al. (2009); Paciura et al. (2010b); Zanzot et al. (2010); De Beer & Wingfield
(2012).

Note: Ophiostoma pluriannulatum is the oldest known and thus the name-bearing
species of the O. pluriannulatum species complex in Ophiostoma s.str. (De Beer & Wingfield
2012). Griffin (1968) treated O. pluriannulatum as synonym of O. piliferum. The separation of
the two species was confirmed in several of the phylogenetic studies cited above. Thwaites
et al. (2005) suggested that the type material of O. novae-zelandiae was a mixture containing
O. pluriannulatum and O. piceae or O. quercus. They showed that the available cultures of
O. novae-zelandiae are sexually compatible with and have ITS sequences identical to those
of O. pluriannulatum, and suggested the synonymy of the two species.

Ophiostoma polyporicola Constant. & Ryman, Mycotaxon 34: 637. 1989.

Anamorph: sporothrix-like.

Phylogenetic data: Hausner et al. (1993b).

Notes: This species groups close to O. abietinum according to Hausner et al. (1993b),
but the LSU sequence they used is unavailable in GenBank, and could not be included in the
larger phylogeny by De Beer & Wingfield (2012).

Ophiostoma populicola (Olchow. & J. Reid) Z.W. de Beer, Seifert, M.J. Wingf. comb. nov.,
MB 801090 = Ceratocystis populicola Olchow. & J. Reid, Can. J. Bot. 52: 1700. 1974.

Anamorph: sporothrix-like.

Descriptions: Olchowecki & Reid (1974, p. 1700, Pl. X Figs 193-201); Upadhyay (1981,
p. 57, Figs 153-157).

Notes: The new combination is based on sporothrix-like anamorph and morphology of
ascospores, as described by Olchowecki & Reid (1974) and Upadhyay (1981). The name
should not be confused with Ceratocystis populicola J.A. Johnson & T.C. Harr [nom. illegit.,
Art. 53.1], see under Ceratocystis harringtonii.

Ophiostoma populinum (T.E. Hinds & R.W. Davidson) de Hoog & Scheffer, Mycologia 76:
297. 1984 = Ceratocystis populina T.E. Hinds & R.W. Davidson, Mycologia 59: 1102. 1967.

Anamorph: sporothrix-like.

Description: Upadhyay (1981, p. 110, Figs 393—-398).

Phylogenetic data: Hausner et al. (1993b); De Beer & Wingfield (2012).

Notes: LSU data place this species in the O. pluriannulatum complex. Thwaites et al.
(2005) included two isolates with ITS sequences identical to O. pluriannulatum, but
reproductively isolated from that species. They nevertheless suggested that these isolates
might represent O. populinum.

Ophiostoma proliferum (Kowalski & Butin) Rulamort, Bull. Soc. Bot. Centre-Ouest, n.s. 21:
511. 1990 = Ceratocystis prolifera Kowalski & Butin, J. Phytopathol. 124: 245. 1989.
Anamorph: sporothrix-like.
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Notes: Cultural, anamorph and ascospore morphology all suggest placement of O.
proliferum in the S. schenckii — O. stenoceras complex. However, annulations on the
ascomatal necks resemble those present in species of the O. pluriannulatum complex.

Ophiostoma protearum G.J. Marais & M.J. Wingf., Can. J. Bot. 75: 363. 1997 = Sporothrix
protearum G.J. Marais & M.J. Wingf., Can. J. Bot. 75: 364. 1997.

Anamorph: sporothrix-like.

Phylogenetic data: Viljoen et al. (1999); Wingfield et al. (1999); Roets et al. (2006, 2008,
2010, 2012); Zipfel et al. (2006); De Meyer et al. (2008); Harrington et al. (2010); De Beer &
Wingfield (2012).

Notes: This species is part of the S. schenckii — O. stenoceras complex (De Beer &
Wingfield 2012).

Ophiostoma protea-sedis Roets, M.J. Wingf. & Z.W. de Beer, Persoonia 24: 24. 2010.
Anamorph: sporothrix-like.
Phylogenetic data: Roets et al. (2010, 2012); De Beer & Wingfield (2012).
Notes: This species is part of the S. schenckii — O. stenoceras complex (De Beer &
Wingfield 2012).

Ophiostoma pseudominus (Olchow. & J. Reid) Hausner, J. Reid & Klassen, Can. J. Bot.
71: 1264. 1993 = Ceratocystis pseudominor Olchow. & J. Reid, Can. J. Bot. 52: 1708. 1974.

Anamorph: hyalorhinocladiella-like.

Description: Upadhyay (1981, p. 111, Figs 399-402).

Phylogenetic data: Hausner et al. (1993b); De Beer & Wingfield (2012).

Notes: The LSU sequence of O. pseudominus generated by Hausner et al. (1993b)
differs only by one bp from that of O. minus (De Beer & Wingfield 2012).

Ophiostoma pseudonigrum (Olchow. & J. Reid) Hausner & J. Reid, Can. J. Bot. 81: 875.
2003 = Ceratocystis pseudonigra Olchow. & J. Reid, Can. J. Bot. 52: 1693. 1974.

Anamorph: hyalorhinocladiella-like.

Phylogenetic data: Hausner & Reid (2003); Mullineux et al. (2011).

Notes: This specie was treated by Upadhyay (1981) as synonym of O. nigrum, but
shown to be distinct by Hausner & Reid (2003). A short LSU sequence places this species in
its own lineage in Ophiostoma s. I. (Hausner & Reid 2003; De Beer & Wingfield 2012).
Ascospore and anamorph morphology resemble those of species of the O. ips complex, and
therefore the phylogenetic placement of O. pseudonigrum should be explored further.

Ophiostoma pseudotsugae (Rumbold) Arx, Antonie van Leeuwenhoek 18: 211. 1952 =
Ceratostomella pseudotsugae Rumbold, J. Agric. Res. 52: 431. 1936 = Ceratocystis
pseudotsugae (Rumbold) C. Moreau, Rev. Mycol. (Paris) Suppl. Col. 17: 22. 1952.

Anamorph: hyalorhinocladiella-like (Upadhyay 1981).

Phylogenetic data: Gorton & Webber (2000); Gorton et al. (2004); Linnakoski et al.
(2008, 2010); Bommer et al. (2009); Lu et al. (2009a); De Beer & Wingfield (2012).

Notes: Hunt (1956) and Upadhyay (1981) both treated O. pseudotsugae as a synonym
of O. minus, but Gorton & Webber (2000) and Gorton et al. (2004) later showed that O.
pseudotsugae represents a distinct species, grouping close to O. piliferum (De Beer &
Wingfield 2012).

Ophiostoma pulvinisporum X.D. Zhou & M.J. Wingf., Mycol. Res. 108: 694. 2004.

Anamorph: hyalorhinocladiella-like.

Phylogenetic data: Zhou et al. (2004b); Zipfel et al. (2006); Massoumi Alamouti et al.
(2009); Linnakoski et al. (2010); Paciura et al. (2010b); Zanzot et al. (2010); De Beer &
Wingfield (2012).

Notes: This species is part of the O. ips complex (De Beer & Wingfield 2012).
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Ophiostoma pusillum Masuya, In Masuya et al., Mycoscience 44: 302. 2003.

Anamorph: hyalorhinocladiella-like.

Note: Ophiostoma pusillum was described as morphologically similar to O. nigrum and
O. tubicolle (Masuya et al. 2003a), and was treated by Masuya et al. (2012) in the O. ips
complex based on morphology. However, the morphological similarity of O. pusillum with O.
nigrum (Masuya et al. 2003) also suggests that this species might belong in Graphilbum (De
Beer & Wingfield 2012). The name should not be confused with S. pusilla U. Braun & Crous
[= Quambalaria pusilla (U. Braun & Crous) J.A.Simpson] (De Beer et al. 2006).

Ophiostoma quercus (Georgev.) Nannf., In Melin & Nannf., Svenska SkogsvFor. Tidskr. 32:
408. 1934 [as ‘querci’ by some authors] = Ceratostomella quercus Georgev., Compt. Rend.
Hebd. Séances Acad. Sci. 183: 759. 1926 [as ‘Querci’] [non Ceratostomella quercus A.C.
Santos & Sousa da Camara, Agronomia Lusitania 17: 136. 1955, nom. illegit., Art. 52.1] =
Ceratocystis querci (Georgev.) C. Moreau, Rev. Mycol. (Paris) Suppl. Col. 17: 22. 1952 =
Ceratostomella fagi W. Loos, Arch. Mikrobiol. 3: 376. 1932 = Ophiostoma fagi (W. Loos)
Nannf., In Melin & Nannf., Svenska SkogsvFor. Tidskr. 32: 408. 1934 = Ceratocystis fagi (W.
Loos) C. Moreau, Rev. Myc. (Paris) Suppl. Col. 17: 22. 1952 = Ceratocystis fagi (W. Loos)
Paclt, Ceska Mykol. 8: 80. 1954 [nom. illegit., Art. 52.1] = Ophiostoma roboris Georgescu &
Teodoru, In Georgescu, Teodoru & Badea, Anal. Inst. Cerc. Exp. For. Rom., Ser 1. 11: 207.
1948 = Ceratocystis roboris (Georgescu & Teodoru) Potl., In Potlajczuk & Schekunova, Nov.
Sist. Niz. Rast. 22: 154. 1985 = Graphium roboris Georgescu, Teodoru & Badea, Anal. Inst.
Cerc. Exp. For. Rom., Ser 1. 11: 212. 1948 = Pesotum roboris (Georgescu, Teodoru &
Badea) Grobbelaar, Z.W. de Beer & M.J. Wingf., Mycol. Progress 8: 233. 2009 =
Hyalodendron roboris Georgescu & Teodoru, In Georgescu, Teodoru & Badea, Anal. Inst.
Cerc. Exp. For. Rom., Ser 1. 11: 209. 1948 = Sporothrix roboris (Georgescu & Teodoru)
Grobbelaar, Z.W. de Beer & M.J. Wingf., Mycol. Progress 8: 233. 2009.

Synanamorphs: pesotum- and sporothrix-like.

Descriptions: Sczerbin-Parfenenko (1953, pp 47-49); Guseinov (1984, pp 145-148 as
O. roboris); Potlajczuk & Schekunova (1985, pp 152-153 as C. fagi, and p. 154 as C.
roboris); Halmschlager et al. (1994, pp 556-557); Harrington et al. (2001, pp 124-126);
Grobbelaar et al. (2009, pp 226-233, Figs 1 & 2); Paciura et al. (2010b, pp 81-84, Figs 4, 8,
12, 15).

Phylogenetic data: Halmschlager et al. (1994); Kim et al. (1999, 2003, 2005a); Uzunovic
et al. (2000); Harrington et al. (2001); Kim & Breuil (2001); Schroeder et al. (2001); De Beer
et al. (2003d); Jacobs et al. (2003c); Jacobs & Kirisits (2003); Lin et al. (2003); Masuya et al.
(2003b); Gebhardt et al. (2004); Geldenhuis et al. (2004); Zhou et al. (2004a, 2006);
Thwaites et al. (2005); Villarreal et al. (2005); Carlier et al. (2006); Chung et al. (2006); Zipfel
et al. (2006); Romén et al. (2007); Kamgan Nkuekam et al. (2008a, b, 2010); Linnakoski et
al. (2008, 2009, 2010); Bommer et al. (2009); Grobbelaar et al. (2009, 2010, 2011);
Massoumi Alamouti et al. (2009); Matsuda et al. (2010); Paciura et al. (2010b); Zanzot et al.
(2010); Kim et al. (2011).

Note: Ophiostoma quercus forms part of the hardwood clade of the O. piceae complex
(Harrington et al. 2001; Linnakoski et al. 2010), currently referred to as the O. ulmi complex
(De Beer & Wingfield 2012). Hunt (1956), Griffin (1968), Olchowecki & Reid (1974),
Upadhyay (1981), Hutchison & Reid (1988a), Kowalski & Butin (1989), and Przybyl & de
Hoog (1989), all treated O. quercus as a synonym of O. piceae. Brasier & Webber (1990)
suggested the separation of the two species, which was confirmed by several studies
(Morelet 1992, Brasier & Kirk 1993, Brasier & Stephens 1993, Przybyl & Morelet 1993,
Delatour et al. 1994, Halmschlager et al. 1994, Pipe et al. 1995, Kim et al. 1999, Harrington
et al. 2001, De Beer et al. 2003c). Confusion exists in these publications regarding the
correct formulation of the epithet (‘querci’ vs ‘quercus’). In a detailed argument, De Beer et al.
(2003a) showed why ‘quercus’ is the correct derivation.

Ophiostoma fagi was treated as of uncertain status by Hunt (1956), and as a synonym of
O. piceae by de Hoog (1974), Upadhyay (1981), Hutchison & Reid (1988a) and Przybyl & de
Hoog (1989). Harrington et al. (2001) and Grobbelaar et al. (2009) confirmed its synonymy
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with O. quercus using sexual crosses and DNA sequence comparisons. Ophiostoma roboris
was treated (along with O. quercus) as synonym of O. piceae by de Hoog (1979) and
Kowalski & Butin (1989). Upadhyay (1981) excluded the species and Przybyl & de Hoog
(1989) questioned the synonymy based on slight differences in anamorph morphology and a
lack of authentic material. Brasier & Kirk (1989, 1993) successfully crossed an O. roboris
isolate described by Guseinov (1984), with authentic O. quercus isolates, further suggesting
it might be a synonym of O. quercus. In a four gene phylogeny, Grobbelaar et al. (2009)
confirmed with that the Guseinov isolate and other O. roboris-like isolates from Azerbaijan
represented O. quercus, and thus synonymized the two species.

The pesotum- and sporothrix-like synanamorphs of O. quercus were never supplied with
binary names, while those of O. roboris were. When Grobbelaar et al. (2009) synonymized
O. roboris with O. quercus, the binary names of O. roboris became available for application
to the anamorphs of O. quercus, and new combinations were proposed. Under the
Melbourne Code, these are now considered synonyms of O. quercus.

Ophiostoma rachisporum Linnakoski, Z.W. de Beer & M.J. Wingf., Persoonia 25: 83. 2010.
Anamorph: pesotum- and sporothrix-like.
Phylogenetic data: Linnakoski et al. (2010); De Beer & Wingfield (2012).
Notes: This species groups in Ophiostoma s. str. (De Beer & Wingfield 2012).

Ophiostoma retusum (R.W. Davidson & T.E. Hinds) Hausner, J. Reid & Klassen, Mycol.
Res. 97: 631. 1993 = Ceratocystis retusi R.W. Davidson & T.E.Hinds, In Hinds & Davidson,
Mycologia 64: 407. 1972 = Ceratocystiopsis retusi (R.W. Davidson & T.E. Hinds) H.P.
Upadhyay, Monogr. Ceratocystis & Ceratocystiopsis, p. 135. 1981.

Anamorph: sporothrix-like (Seifert et al. 1993, Benade et al. 1998).

Descriptions: Upadhyay (1981, p. 135, Figs 506-509); Benade et al. (1998, pp 258-259,
Figs 8-11).

Phylogenetic data: Hausner et al. (1993a); Hausner & Reid (2003); Hafez et al. (2012);
De Beer & Wingfield (2012).

Notes: Ophiostoma retusum is part of the O. pluriannulatum complex (De Beer &
Wingfield 2012). See note under O. carpenteri.

Ophiostoma rostrocoronatum (R.W. Davidson & Eslyn) de Hoog & Scheffer, Mycologia 76:
297. 1984 = Ceratocystis rostrocoronata R.W. Davidson & Eslyn, In Eslyn & Davidson, Mem.
N.Y. Bot. Gard. 28: 50. 1976.

Anamorph: sporothrix-like.

Descriptions: Upadhyay (1981, p. 112); Hutchison & Reid (1988a, pp 76—78).

Phylogenetic data: Hausner et al. (1993b); Jacobs et al. (2003c); Villarreal et al. (2005);
Linnakoski et al. (2010); De Beer & Wingfield (2012).

Note: Ophiostoma rostrocoronatum groups in the S. schenckii — O. stenoceras complex
(De Beer & Wingfield 2012). Upadhyay (1981) listed Figs 399-402 as representing both O.
rostrocoronatum and Ceratocystis pseudominor. The plate itself is labelled with the latter
name, and Seifert et al. (1993) concluded that the former species was not illustrated.

Ophiostoma saponiodorum Linnakoski, Z.W. de Beer & M.J. Wingf., Persoonia 25: 88.
2010.

Synanamorphs: pesotum-like, hyalorhinocladiella-like.

Phylogenetic data: Linnakoski et al. (2010); De Beer & Wingfield (2012).

Notes: This species groups with O. pallidulum in a distinct lineage within Ophiostoma s.I.
(Linnakoski et al. 2010; De Beer & Wingfield 2012).

Sporothrix schenckii Hektoen & C.F. Perkins, J. Exp. Med. 5: 77. 1900 = Sporotrichum
beurmannii Matr. & Ramond, Compt. Rend. Hebd. Séances Mém. Soc. Biol. 2: 380. 1905 =
Sporotrichopsis beurmannii (Matr. & Ramond) Gueguen, In De Beurmann & Gougerot, Archs
Parasit. 15: 104. 1911 [nom. inval., Art. 34.1] = Sporothrix beurmannii (Matr. & Ramond)
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Meyer & Aird, J. Infect. Dis. 16: 399. 1915 = for more homotypic synonyms of S. beurmannii,
see de Hoog (1974, p. 37) = Dolichoascus schenckii Thibaut & Ansel, In Ansel & Thibaut,
Compt. Rend. Hebd. Séances Acad. Sci. 270: 2173. 1970 [nom. inval., Art. 37.1].

For more synonyms of S. schenckii, see de Hoog (1974, pp 37-38).

Descriptions: De Beurmann & Gougerot (1911, pp 25-32, Figs 1-5, Plates I-V); de Hoog
(1974, pp 36—-44, Fig. 16); De Meyer et al. (2008, p. 655, Figs 4j-1); Matsushima (1975, p.
143, Plate 163).

Phylogenetic data: Berbee & Taylor (1992a, b); Marimon et al. (2007, 2008); De Meyer
et al. (2008); Roets et al. (2008); Madrid et al. (2010); De Beer & Wingfield (2012).

Note: Sporothrix schenckii is the type species of Sporothrix, and groups with several other
species in a distinct lineage, referred to as the S. schenckii — O. stenoceras complex, within
Ophiostoma s.I. (De Beer & Wingfield 2012). For some years, S. schenckii was considered
the anamorph of O. stenoceras (Taylor 1970, Mariat 1971, de Hoog 1974), but Summerbell
et al. (1993) first suggested that the two species were distinct, later confirmed by De Beer et
al. (2003b) using ITS sequences. No teleomorph is currently known for S. schenckii. Several
recent phylogenetic studies of S. schenckii show that the human and animal pathogens form
several closely related lineages (Marimon et al. 2007). Three lineages are already described
as distinct species, namely S. brasiliensis, S. globosa, and S. luriei (Marimon et al. 2007,
2008). The status of the other lineages remains to be clarified.

Several synonyms for S. schenckii, all originating from the medical literature predating
1940, are listed by de Hoog (1974) and in MYCOBANK. We did not list these here, except for
S. beurmannii and D. schenckii for the reasons discussed below. Sporothrix beurmannii is
the type species of Sporotrichopsis Guég., published only as a provisional name (De
Beurmann & Gougerot 1911) and that is invalid (Art. 34.1). The generic name is now
occupied by Sporotrichopsis Stalpers. Davis (1920) convincingly argued that S. beurmannii is
a synonym of S. schenckii, a suggestion followed by de Hoog (1974), which implies that
Sporotrichopsis, had it been valid, would be a synonym of Sporothrix. Dolichoascus
schenckii is the type of Dolichoascus, but that species, and thus the genus as well, was
invalidly published (Ansel & Thibaut 1970) because a holotype was not indicated [Art. 34.1].
Ansel & Thibaut (1970) and Thibaut (1972) described endogenous ascospores, and
suggested Dolichoascus (Endomycetaceae) was the teleomorph of S. schenckii. Mariat &
Diez (1971) studied the strain (CBS 938.72) of Ansel & Thibaut (1970) and argued that the
‘ascospores’ were actually endoconidia. According to de Hoog (1974), the name
Dolichoascus could thus not be used for an anamorph genus. However, the D. schenckii
isolate is still viable and therefore lectotypifcation (Art. 90.2) and validation of the species and
genus would be possible. Furthermore, the Mebourne Code allows the use of Dolichoascus
whether a teleomorph is present or not. However, Marimon et al. (2007) produced a
calmodulin sequence for the D. schenckii isolate which placed it among S. schenckii isolates.
Despite this, there is no need for lectotypification or validation of Dolichoascus. because it
would only become a synonym of Sporothrix.

The remaining synonyms for S. schenckii should all be re-considered in future studies
delimiting phylogenetic species in this large complex.

Ophiostoma sejunctum M. Villarreal, Arenal, V. Rubio & M. de Troya, In Villarreal et al.,
Mycotaxon 92: 260. 2005.

Anamorph: hyalorhinocladiella-like.

Phylogenetic data: Villarreal et al. (2005); De Beer & Wingfield (2012).

Notes: This species groups with O. angusticollis in a distinct lineage close to the O.
tenellum complex (De Beer & Wingfield 2012).

Ophiostoma setosum Uzunovic, Seifert, S.H. Kim & C. Breuil, Mycol. Res. 104: 490. 2000.
Anamorph: pesotum- and sporothrix-like.
Descriptions: Harrington et al. (2001, pp 121, 123-124); Paciura et al. (2010b, p. 84,
Figs 6, 10, 14, 17).
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Phylogenetic data: Uzunovic et al. (2000); Harrington et al. (2001); Schroeder et al.
(2001); Jacobs et al. (2003c); Jacobs & Kirisits (2003); Masuya et al. (2003b); Kim et al.
(2005a); Carlier et al. (2006); Chung et al. (2006); Kamgan Nkuekam et al. (2008b, 2010);
Linnakoski et al. (2008, 2009, 2010); Bommer et al. (2009); Lu et al. (2009a, b); Massoumi
Alamouti et al. (2009); Grobbelaar et al. (2010, 2011); Paciura et al. (2010b); Zanzot et al.
(2010); (De Beer & Wingfield 2012).

Notes: Harrington et al. (2001) described P. cupulatum as the anamorph of O. setosum
based on mating compatibility, but did not include sequences of the ex-type of O. setoum in
their analyses. ITS sequences of the ex-types of O. setosum (Uzunovic et al. 2000) and P.
cupulatum differ by 12 bp (De Beer & Wingfield 2012). We thus consider the two species
distinct.

Ophiostoma sparsiannulatum Zanzot, Z.W. de Beer & M.J. Wingf., Mycol. Progress 9: 452.
2010.

Anamorph: sporothrix-like.

Phylogenetic data: Zanzot et al. (2010); De Beer & Wingfield (2012).

Notes: ITS sequences of O. sparsiannulatum are identical to those of O. pluriannulatum,
but the species have very different B-tubulin sequences (Zanzot et al. 2010; De Beer &
Wingfield 2012). It is part of the O. pluriannulatum complex (De Beer & Wingfield 2012).

Ophiostoma spinosum P. Cannon, Syst. Ascomycet. 15: 127. 1997.

Anamorph: Not observed.

Note: Ophiostoma spinosum is characterized by relatively short Ceratocystiopsis-like
ascomata, with pigmented setae surrounding the ostiole, and short bacilliform ascospores
lacking sheaths (Cannon 1997). These unique characters and the lack of a known anamorph
or a living culture, prevents an accurate placement of the species within the
Ophiostomatales. The name should not be confused with Ophiostoma spinosum Willemoes-
Suhm, a parasitic nematode, or Ceratocystis spinosa Ubaghs, an invertebrate fossil (Table
1).

Ophiostoma splendens G.J. Marais & M.J. Wingf., Mycol. Res. 98: 371. 1994 = Sporothrix
splendens G.J. Marais & M.J. Wingf., Mycol. Res. 98: 373. 1994.

Anamorph: sporothrix-like.

Description: Marais & Wingfield (2001, pp 243-246).

Phylogenetic data: Viljoen et al. (1999); Wingfield et al. (1999); Roets et al. (2006, 2008,
2010); Zipfel et al. (2006); De Meyer et al. (2008); Harrington et al. (2010); De Beer &
Wingfield (2012).

Notes: This species is part of the S. schenckii — O. stenoceras complex (De Beer &
Wingfield 2012).

Ophiostoma ssiori Masuya, Kubono & Ichihara, Bull. Nat. Sci. Mus., Tokyo, Ser. B 29: 39.
2003.

Synanamorphs: pesotum- and sporothrix-like.

Phylogenetic data: Masuya et al. (2003b); Villarreal et al. (2005); Linnakoski et al.
(2008); Kamgan Nkuekam et al. (2010); De Beer & Wingfield (2012).

Notes: Ophiostoma ssiori groups close to O. subalpinum in Ophiostoma s. str. (De Beer
& Wingfield 2012).

Ophiostoma stenoceras (Robak) Nannf., In Melin & Nannf., Svenska SkogsvFor. Tidskr.
32: 408. 1934 = Ceratostomella stenoceras Robak, Nyt Mag. Naturvid. Oslo 71: 214. 1932 =
Ceratocystis stenoceras (Robak) C. Moreau, Rev. Mycol. (Paris) Suppl. Col. 17: 22. 1952 =
Ophiostoma albidum Math.-Kaarik, Medd. Skogsforskninginst. 43: 52. 1953 = Ceratocystis
albida (Math.-K&arik) J. Hunt, Lloydia 19: 48. 1956 = Ceratocystis gossypina var. robusta
R.W. Davidson, Mycologia 63: 13. 1971 = Ceratocystis ponderosae T.E. Hinds & R.W.
Davidson, Mycologia 67: 715. 1975 = Ophiostoma ponderosae (T.E. Hinds & R.W. Davidson)
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Hausner, J. Reid & Klassen, Can. J. Bot. 71: 1264. 1993 = Ceratocystis eucastaneae R.W.
Davidson, Mycologia 70: 856. 1978.

Anamorph: sporothrix-like.

Descriptions: Davidson (1942, pp 651-655); Griffin (1968, p. 713, Fig. 83, 90, PI. 1, 11);
de Hoog (1974, pp 36—44); Olchowecki & Reid (1974, p. 1709); Upadhyay (1981, p. 113,
Figs 403—-407); Kowalski & Butin (1989, pp 242-243).

Phylogenetic data: Berbee & Taylor (19924, b); Okada et al. (1998); Hausner et al.
(2000); De Beer et al. (2003b); Hausner & Reid (2003); Jacobs et al. (2003c); Aghayeva et
al. (2004, 2005); Zhou et al. (2004b, 2006); Gebhardt et al. (2005); Thwaites et al. (2005);
Villarreal et al. (2005); Roets et al. (2006, 2008, 2010); Zipfel et al. (2006); Romon et al.
(2007); De Meyer et al. (2008); Linnakoski et al. (2009); Massoumi Alamouti et al. (2009);
Harrington et al. (2010); Madrid et al. (2010); Paciura et al. (2010b); Kim et al. (2011).

Note: The anamorph of O. stenoceras has often been referred to as S. schenckii, but the
two species are distinct (see under S. schenckii), forming the core of the S. schenckii — O.
stenoceras complex (De Beer et al. 2003d; De Beer & Wingfield 2012).

Ophiostoma albidum was treated as a distinct species by Hunt (1956), Griffin (1968),
and Olchowecki & Reid (1974). De Hoog (1974), Upadhyay (1981) and Seifert et al. (1993)
treated it as synonym of O. stenoceras. Hausner & Reid (2003) and De Beer et al. (2003b)
respectively showed that LSU and ITS sequences of O. albidum are identical to those of O.
stenoceras, supporting the synonymy of the two species.

The distinction between O. gossypinum and C. gossypina var. robusta by Davidson
(1971) was based only on perithecium morphology. Subsequent authors treated both species
as synonyms of O. stenoceras (Upadhyay 1981, Seifert et al. 1993). Hausner & Reid (2003)
showed that O. gossypinum is distinct from O. stenoceras, while Villarreal (2005) showed the
ITS sequence of the ex-type isolate of C. gossypina var. robusta to be identical to that of O.
stenoceras.

De Beer et al. (2003b) showed that the ex-type of O. ponderosae (ATCC 26665 = RWD
900) has an identical ITS sequence to O. stenoceras. An LSU sequence produced by
Hausner et al. (1993b, not in GenBank) of another O. ponderosae isolate (CBS 496.77
= RWD 899, ) from the study of Hinds and Davidson (1975), groups in the O. pluriannulatum
complex, but we accept the synonymy with O. stenoceras by De Beer et al. (2003b) based
on the ex-type.

Ceratocystis eucastanea was suggested as a synonym of O. stenoceras by Upadhyay
(1981), and this was accepted by Seifert et al. (1993).

Sporothrix stylites de Mey., Z.W. de Beer & M.J. Wingf., Mycologia 100: 656. 2008.

Description: De Meyer et al. (2008, p. 656, Figs 4a—c).

Phylogenetic data: De Meyer et al. (2008); Madrid et al. (2010); De Beer & Wingfield
(2012).

Notes: Teleomorph unknown. This species is part of the S. schenckii — O. stenoceras
complex (De Beer & Wingfield 2012).

Ophiostoma subalpinum Ohtaka & Masuya, In Ohtaka et al., Mycoscience 43: 152. 2002.

Anamorph: pesotum-like.

Phylogenetic data: Masuya et al. (2003b); Villarreal et al. (2005); Chung et al. (2006);
Bommer et al. (2009); Linnakoski et al. (2009); Lu et al. (2009a); Kamgan Nkuekam et al.
(2010); Linnakoski et al. (2010); De Beer & Wingfield (2012).

Notes: This species is part of Ophiostoma s.str. (De Beer & Wingfield 2012).

Ophiostoma subannulatum Livingston & R.W. Davidson, Mycologia 79: 145. 1987 =
Sporothrix subannulata Livingston & R.W. Davidson, Mycologia 79: 145. 1987.

Anamorph: sporothrix-like.

Phylogenetic data: Hausner & Reid (2003); Villarreal et al. (2005); Zipfel et al. (2006);
Kamgan Nkuekam et al. (2008a, b); Linnakoski et al. (2009); Paciura et al. (2010b); Zanzot
et al. (2010); De Beer & Wingfield (2012).
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Notes: Ophiostoma subannulatum is part of the O. pluriannulatum complex (Zanzot et al.
2010; De Beer & Wingfield 2012).

Ophiostoma tapionis Linnakoski, Z.W. de Beer & M.J. Wingf., Persoonia 25: 84. 2010.
Anamorph: hyalorhinocladiella-like.
Phylogenetic data: Linnakoski et al. (2010); De Beer & Wingfield (2012).
Notes: A species known only by its anamorph. Groups with O. brunneo-ciliatum and O.
ainoae, close to O. floccosum in Ophiostoma s.str. (De Beer & Wingfield 2012).

Ophiostoma tasmaniense Kamgan, Jol. Roux & Z.W. de Beer, In Kamgan Nkuekam et al.,
Austral. J. Bot. 59: 291. 2011.

Anamorph: pesotum-like.

Phylogenetic data: Kamgan Nkuekam et al. (2011); De Beer & Wingfield (2012).

Notes: This species is part of the O. ulmi complex (Kamgan Nkuekam et al. 2011; De
Beer & Wingfield 2012).

Ophiostoma tenellum (R.W. Davidson) M. Villarreal, Mycotaxon 92: 263. 2005 =
Ceratocystis tenella R.W. Davidson, Mycologia 50: 666. 1958 = Ceratocystis capitata H.D.
Griffin, Can. J. Bot. 46: 699. 1968.

Anamorph: sporothrix-like.

Descriptions: Griffin (1968, pp 713, 715, Fig. 93 PL. 1l1); Olchowecki & Reid (1974, p.
1708, PI. XVI Figs 307-308, 311-312); Upadhyay (1981, p. 114, Figs 408—412); Maekawa et
al. (1987, pp 10-11, Figs 19-20); Hutchison & Reid (1988a, p. 68).

Phylogenetic data: Villarreal et al. (2005); Linnakoski et al. (2010); De Beer & Wingfield
(2012).

Note: Ophiostoma tenellum groups together with O. nigricarpum and O. coronatum in a
distinct lineage peripheral to the S. schenckii — O. stenoceras complex (Linnakoski et al.
2010; De Beer & Wingfield 2012). Ceratocystis capitata was treated as a distinct species by
Olchowecki and Reid (1974), but as a synonym of O. tenellum by Upadhyay (1981) and
Villarreal et al. (2005).

Ophiostoma tetropii Math., Svensk. Bot. Tidskr. 45: 228. 1951 = Ceratocystis tetropii
(Math.) J. Hunt, Lloydia 19: 45. 1956.

Anamorph: leptographium- to hyalorhinocladiella-like (Jacobs et al. 2003c; Jacobs &
Seifert 2004).

Descriptions: Mathiesen (1950, p. 301); Hunt (1956, pp 11, 15, 45); Kotynkova-Sychrova
(1966, p. 52); de Hoog (1974, p. 45); Olchowecki & Reid (1974, p. 1709); Upadhyay (1981,
p. 115, Figs 413-417); Solheim (1986, p. 206); Jacobs et al. (2003c, pp 323—-326, Figs 7—
21); Jacobs & Seifert (2004, pp 7677, Figs 1-7).

Phylogenetic data: Hausner et al. (1993b, 2000); Jacobs et al. (2003a); Jacobs & Kirisits
(2003); Masuya et al. (2004); Villarreal et al. (2005); Carlier et al. (2006); Kamgan Nkuekam
et al. (2008b, 2010); Linnakoski et al. (2008, 2010); Bommer et al. (2009); De Beer &
Wingfield (2012).

Notes: Jacobs et al. (2003c) clarified the confusion surrounding the atypical ex-type
culture of O. tetropii and designated both a lectotype and an epitype for the species.
Linnakoski et al. (2010) treated O. tetropii as part of the O. minus complex, but in the
analyses of De Beer & Wingfield (2012), the species is placed separately from O. minus in
Ophiostoma s.str.

Ophiostoma tingens (Lagerb. & Melin) Z.W. de Beer & M.J. Wingf. comb. nov., MB
801091 = Trichosporum tingens Lagerb. & Melin, In Lagerberg et al., Svenska SkogsvFor.
Tidskr. 25: 238. 1927 (basionym) [as ‘Trichosporium tingens’] (basionym) = Ambrosiella
tingens (Lagerb. & Melin) L.R. Batra, Mycologia 59: 980. 1967 = Hyalorhinocladiella tingens
(Lagerb. & Melin) T.C. Harr., In Harrington et al., Mycotaxon 111: 356. 2010.

Anamorph: hyalorhinocladiella- to raffaelea-like.
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Description: Lagerberg et al. (1927, pp 233-238, Figs 43-47).

Phylogenetic data: Rollins et al. (2001); Massoumi Alamouti et al. (2009); Harrington et
al. (2010); Matsuda et al. (2010); De Beer & Wingfield (2012).

Notes: Teleomorph unknown. This species forms a distinct lineage together with O.
macrosporum in Ophiostoma s.str. (De Beer & Wingfield 2012). The arguments for the new
combination are presented under Lineage B in De Beer & Wingfield (2012).

Ophiostoma torticiliata (Olchow. & J. Reid) Seifert & G. Okada, In Okada et al., Can. J.
Bot. 76: 1504. 1998 = Ceratocystis torticiliata Olchow. & J. Reid, Can. J. Bot. 52: 1701. 1974.

Anamorph: pesotum-like (Okada et al. 1998).

Descriptions: Olchowecki & Reid (1974, pp 1701-1702, PI. Xl Figs 239-250); Upadhyay
(1981, p. 61, Figs 172-177); Seifert & Okada (1993, p. 33, Fig. 4B).

Notes: Ophiostoma torticiliata is morphologically similar to O. clavatum (Olchowecki &
Reid 1974). Its sheathed ascospores suggest a possible relationship with Grosmannia.

Ophiostoma torulosum (Butin & G. Zimm.) Hausner, J. Reid & Klassen, Can. J. Bot. 71.:
1264. 1993 = Ceratocystis torulosa Butin & G. Zimm., Phytopathol. Z. 74: 284. 1972.

Anamorph: sporothrix- to hyalorhinocladiella-like.

Phylogenetic data: Hausner et al. (1993b, 2000); Gebhardt et al. (2004); Masuya et al.
(2004); De Beer et al. (2012); De Beer & Wingfield (2012).

Notes: Treated as synonym of O. distortum by Upadhyay (1981), but Hausner et al.
(1993b) showed that O. torulosum is distinct. It groups near O. ulmi based on SSU (De Beer
et al. 2012) and LSU data (De Beer & Wingfield 2012). Its position in the O. ulmi complex
needs confirmation with ITS data because it does not produce a synnematous anamorph,
characteristic of all other species in the complex.

Ophiostoma tremulo-aureum (R.W. Davidson & T.E. Hinds) de Hoog & Scheffer,
Mycologia 76: 298. 1984 = Ceratocystis tremulo-aurea R.W. Davidson & T.E. Hinds, In
Davidson, Hinds & Toole, Mycologia 56: 794. 1964.

Anamorph: hyalorhinocladiella-like (Upadhyay 1981).

Descriptions: Olchowecki & Reid (1974, p. 1709, Pl. XVI Fig. 317); Upadhyay (1981, p.
115, Figs 418-421).

Phylogenetic data: Hausner & Reid (2003); De Beer et al. (2012); De Beer & Wingfield
(2012).

Notes: The LSU sequence of the ex-type isolate (CBS 361.65) produced by Hausnher &
Reid (2003) places O. tremulo-aureum in the O. ips complex (De Beer & Wingfield 2012).
However, the ascospore shape and hardwood origin of this species suggest a placement in
the O. ulmi complex. A careful re-assessment of the ex-type culture and additional material is
needed to confirm the placement in this species complex.

Ophiostoma triangulosporum Butin, Phytopathol. Z. 91: 230. 1978 = Ceratocystis
triangulospora (Butin) H.P. Upadhyay, Monogr. Ceratocystis & Ceratocystiopsis, p. 62. 1981.

Anamorph: raffaelea- to hyalorhinocladiella-like (Butin 1978, Upadhyay 1981).

Description: Upadhyay (1981, p. 62, Figs 178-184).

Phylogenetic data: Hausner & Reid (2003); Villarreal et al. (2005); Linnakoski et al.
(2010); De Beer & Wingfield (2012).

Notes: This species is peripheral to the O. ulmi complex (De Beer & Wingfield 2012).
This relationship needs confirmation with more sequences because ascospores of this
species have unique, triangular sheaths, different from other species in the O. ulmi complex
(De Beer & Wingfield 2012).
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Ophiostoma tsotsi Grobbelaar, Z.W. de Beer & M.J. Wingf., Mycopathologia 169: 419.
2010.

Synanamorphs: pesotum- and sporothrix-like.

Phylogenetic data: Grobbelaar et al. (2010, 2011); Linnakoski et al. (2010); De Beer &
Wingfield (2012).

Notes: This species is part of the O. ulmi complex (De Beer & Wingfield 2012).

Ophiostoma ulmi (Buisman) Nannf., In Melin & Nannf., Svenska SkogsvFor. Tidskr. 32:
408. 1934 = Ceratostomella ulmi Buisman, Tijdskr. Plantenziekt. 38: 1. 1932 = Ceratocystis
ulmi (Buisman) C. Moreau, Rev. Mycol. (Paris) Suppl. Col. 17: 22. 1952 = Graphium ulmi
M.B. Schwarz, Meded. Phytopathol. Lab. 5: 10. 1922 = Pesotum ulmi (M.B. Schwarz) Crane
& Schoknecht, Am. J. Bot. 60: 348. 1973.

Synanamorphs: pesotum- and sporothrix-like (de Hoog 1974).

Descriptions: Schwarz (1928, English translation of original, German description of Gr.
ulmi); Siemaszko (1939, pp 36-37, PI. V Figs 8-9); Hunt (1956, pp 38-39); Griffin (1968, pp
715-716, Fig. 84 PI. I); Booth & Gibson (1973, pp 1-2, Figs A-F); Olchowecki & Reid (1974,
p. 1709); de Hoog (1974, pp 50-53, Fig. 19); Upadhyay (1981, p. 117, Figs 422—-427);
Potlajczuk & Schekunova (1985, p. 155); Harrington et al. (2001, pp 126-127). Of pesotum-
like anamorph: Crane & Schoknecht (1973, pp 347-348, Figs 1-13); Mouton et al. (1993, pp
372-375, Figs 5-8, 13); Seifert & Okada (1993, p. 33, Fig. 4A).

Phylogenetic data: Berbee & Taylor (1992a, b); Bates et al. (1993a, b); Hausner et al.
(1993b, 2000); Jeng et al. (1996); Brasier et al. (1998); Okada et al. (1998); Harrington et al.
(2001); Schroeder et al. (2001); Hausner & Reid (2003); Jacobs et al. (2003c); Jacobs &
Kirisits (2003); Masuya et al. (2003b, 2004); Gebhardt et al. (2005); Gibb & Hausner (2005);
Paoletti et al. (2005); Villarreal et al. (2005); Carlier et al. (2006); Zipfel et al. (2006); Tang et
al. (2007); Kamgan Nkuekam et al. (2008a, b, 2010); Linnakoski et al. (2008); Massoumi
Alamouti et al. (2009); Harrington et al. (2010); Matsuda et al. (2010); Paciura et al. (2010b);
De Beer & Wingfield (2012).

Notes: Pesotum ulmi is the type species of Pesotum (Crane & Schoknecht 1973),
currently treated as synonym of Ophiostoma. Ophiostoma ulmi is the oldest and thus nominal
species of the O. ulmi complex (De Beer & Wingfield 2012).

Ophiostoma undulatum Kamgan, Jol. Roux & Z.W. de Beer, In Kamgan Nkuekam et al.,
Austral. J. Bot. 59: 291. 2011.

Anamorph: sporothrix-like.

Phylogenetic data: Kamgan Nkuekam et al. (2011).

Notes: This species is part of the O. ulmi complex (Kamgan Nkuekam et al. 2011, De
Beer & Wingfield 2012).

Ophiostoma valachicum Georgescu, Teodoru & Badea, Anal. Inst. Cerc. Exp. For. Rom.,
Ser 1. 11: 198. 1948 = Rhinotrichum valachicum Georgescu, Teodoru & Badea, Anal. Inst
Cerc. Exp. For., Ser. 1, 11: 201. 1948 = Ceratocystis valachicum (Georgescu, Teodoru &
Badea) Potl., In Potlajczuk & Schekunova, Nov. Sist. Niz. Rast. 22: 155. 1985.

Anamorph: sporothrix-like (Przybyl & de Hoog 1989).

Descriptions: Sczerbin-Parfenenko (1953, pp 47-48); Potlajczuk & Schekunova (1985,
p. 155).

Notes: Ophiostoma valachicum was treated as a nomen dubium by Upadhyay (1981),
while others considered it a possible synonym of O. piceae (Przybyl & de Hoog 1989) or O.
guercus (Harrington et al. 2001). Authentic material was unavailable for these studies.
Georgescu et al. (1948) mentioned only a sporothrix-like anamorph (as Rhinotrichum).
Sczerbin-Parfenenko (1953) also stated that no other anamorphs are known. Grobbelaar et
al. (2009) suggested that the confusion with O. piceae originated from Potlajczuk &
Schekunova (1985) who mentioned, but did not describe, a Graphium state. However, they
also described the ascospores as ‘a little curved’, while Georgescu et al. (1948) and
Sczerbin-Parfenenko (1953) described and illustrated the ascospores as semilunarii and
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crescent-shaped, respectively. Therefore, it seems likely that the material described by
Potlajczuk & Schekunova (1985) did not represent O. valachicum. For these reasons,
Grobbelaar et al. (2009) concluded that although no material is currently available for this
species, it is distinct. Recollection followed by neotypification (Art. 9.6) are prerequisites for
determining the correct phylogenetic placement of the species.

Sporothrix variecibatus Roets, Z.W. de Beer & Crous, Mycologia 100: 506. 2008.
Description: Roets (2008, p. 506, Fig. 6).
Phylogenetic data: Roets et al. (2008, 2010, 2012); De Beer & Wingfield (2012).
Notes: Teleomorph unknown. This species belongs to the S. schenckii — O. stenoceras
complex (De Beer & Wingfield 2012).

Ophiostoma zambiensis Roets, M.J. Wingf. & Z.W. de Beer, Persoonia 24: 24. 2010.
Anamorph: sporothrix-like.
Phylogenetic data: Roets et al. (2010, 2012); De Beer & Wingfield (2012).
Notes: This species groups with other Protea-infesting species of the S. schenckii — O.
stenoceras complex (De Beer & Wingfield 2012).

Ceratocystiopsis H.P. Upadhyay & W.B. Kendr., Mycologia 67: 799. 1975. emend. ZW. de
Beer, Zipfel & M.J. Wingf., In Zipfel et al., Stud. Mycol. 55: 87. 2006 [type species Cop.
minuta]

= Hyalorhinocladiella H.P. Upadhyay & W.B. Kendr., Mycologia 67: 800. 1975. Anamorphic
synonym. [type species Cop. minuta-bicolor]

Notes: For adiscussion of this genus, see De Beer et al. (2012) and De Beer & Wingfield
(2012). The anamorph of Cop. minuta-bicolor is the type of Hyalorhinocladiella; the species
groups within Ceratocystiopsis (De Beer & Wingfield 2012), rendering Hyalorhinocladiella a
synonym of Ceratocystiopsis.

Ceratocystiopsis brevicomis Hsiau & T.C. Harr., Mycologia 89: 662. 1997.

Anamorph: sporothrix-like.

Phylogenetic data: Hsiau & Harrington (1997); Six & Paine (1999); Plattner et al. (2009);
Hafez et al. (2012); De Beer & Wingfield (2012).

Ceratocystiopsis collifera Marm. & Butin, Sydowia 42: 197. 1990 = Ophiostoma colliferum
(Marm. & Butin) Hausner, J. Reid & Klassen, Mycol. Res. 97: 631. 1993 [as ‘coliferum’]

Anamorph: sporothrix-like.

Description: Marmolejo & Butin (1993, pp 162, 169, Figs 33-37).

Phylogenetic data: Hausner et al. (1993a, 2000); Hausner & Reid (2003); Mullineux &
Hausner (2009); Plattner et al. (2009); Hafez et al. (2012); De Beer & Wingfield (2012).

Notes: LSU data place Cop. collifera in Ceratocystiopsis (Hausner et al. 1993a, Plattner
et al. 2009), but published ITS and B-tubulin data of the same isolate (Plattner et al. 2009)
correspond closely with those of O. abietinum in S. schenckii — O. stenoceras complex. We
suggest careful reconsideration of the ex-type strain (CBS 126.89) to confirm these unlikely
results, which might be the result of a mixed culture.

Ceratocystiopsis concentrica (Olchow. & J. Reid) H.P. Upadhyay, Monogr. Ceratocystis &
Ceratocystiopsis, p. 121. 1981 = Ceratocystis concentrica Olchow. & J. Reid, Can. J. Bot. 52:
1679. 1974 = Ophiostoma concentricum (Olchow. & J. Reid) Hausner & J. Reid, Can. J. Bot.
81: 874. 2003.

Anamorph: hyalorhinocladiella-like (de Hoog 1993).

Description: Upadhyay (1981, p. 121, Figs 432—-435).

Phylogenetic data: Réblova & Winka (2000); Hausner & Reid (2003); Hafez et al. (2012);
De Beer & Wingfield (2012).
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Ceratocystiopsis conicicollis (Olchow. & J. Reid) H.P. Upadhyay, Monogr. Ceratocystis &
Ceratocystiopsis, p. 122. 1981 = Ceratocystis conicicollis Olchow. & J. Reid, Can. J. Bot. 52:
1680. 1974.

Anamorph: hyalorhinocladiella-like (Upadhyay 1981).

Description: Upadhyay (1981, p. 122, Figs 436—439).

Ceratocystiopsis longispora (Olchow. & J. Reid) H.P. Upadhyay, Monogr. Ceratocystis &
Ceratocystiopsis, p. 128. 1981 = Ceratocystis longispora Olchow. & J. Reid, Can. J. Bot. 52:
1683. 1974 = Ophiostoma longisporum (Olchow. & J. Reid) Hausner, J. Reid & Klassen,
Mycol. Res. 97: 631. 1993.

Anamorph: hyalorhinocladiella- to sporothrix-like.

Descriptions: Olchowecki & Reid (1974, pp 1683-1684, PI. IV Figs 65—73); Upadhyay
(1981, p. 128, Figs 466-471).

Phylogenetic data: Hausner et al. (1993a); Hausner & Reid (2003); Plattner et al. (2009);
Hafez et al. (2012); De Beer & Wingfield (2012).

Notes: The morphology of O. longisporum, especially the falcate ascospores, resembles
other Ceratocystiopsis species. DNA sequences suggest this species is slightly distinct from,
but always in a monophyletic lineage with significant support values. together with other
species of Ceratocystiopsis (Hausnher et al. 1993a; Hausner & Reid 2003; Plattner et al.
2009; Hafez et al. 2012; De Beer & Wingfield 2012), confirming the classification suggested
by Upadhyay (1981).

Ceratocystiopsis manitobensis (J. Reid & Hausner) Zipfel, Z.W. de Beer & M.J. Wingf., In
Zipfel et al., Stud. Mycol. 55: 87. 2006 = Ophiostoma manitobense J. Reid & Hausner, In
Hausner et al., Can. J. Bot. 81: 46. 2003.

Anamorph: hyalorhinocladiella-like.

Phylogenetic data: Hausner et al. (1993a) (as ‘Ceratocystiopsis sp. 3"); Zipfel et al.
(2006); Massoumi-Alamouti et al. (2007, 2009); Plattner et al. (2009); Hafez et al. (2012); De
Beer & Wingfield (2012).

Notes: Phylogenetic analyses by Plattner et al. (2009) show two lineages within Cop.
manitobensis, possibly representing distinct taxa and worthy of further exploration.

Ceratocystiopsis minima (Olchow. & J. Reid) H.P. Upadhyay, Monogr. Ceratocystis &
Ceratocystiopsis, p. 129. 1981 = Ceratocystis minima Olchow. & J. Reid, Can. J. Bot. 52:
1684. 1974 = Ophiostoma minimum (Olchow. & J. Reid) Hausner, J. Reid & Klassen, Mycol.
Res. 97: 631. 1993.

Anamorph: hyalorhinocladiella-like (Upadhyay 1981).

Description: Upadhyay (1981, p. 129, Figs 472-482).

Phylogenetic data: Hausner et al. (1993a); Hausner & Reid (2003); Zipfel et al. (2006);
Plattner et al. (2009); Hafez et al. (2012); De Beer & Wingfield (2012).

Ceratocystiopsis minuta (Siemaszko) H.P. Upadhyay & W.B. Kendr., Mycologia 67: 800.
1975 = Ophiostoma minutum Siemaszko, Planta Pol. 7: 23. 1939 = Ceratostomella minuta
(Siemaszko) R.W. Davidson, Mycologia 34: 655. 1942 = Ceratocystis minuta (Siemaszko) J.
Hunt, Lloydia 19: 49. 1956 = Ceratocystis dolominuta H.D. Griffin, Can. J. Bot. 46: 702. 1968.

Anamorph: hyalorhinocladiella-like (Upadhyay 1981).

Descriptions: Davidson (1942, pp 655-657); Mathiesen (1951, pp 205-208); Hunt (19586,
pp 11, 49); Kotynkova-Sychrova (1966, p. 52); Griffin (1968, pp 702-703; Fig. 80 PI. I);
Olchowecki & Reid (1974, p. 1685); Upadhyay (1981, p. 130, Figs 483—494); Marmolejo &
Butin (1993, pp 163, 170, Figs 42—-43); Yamaoka et al. (1997, pp 1216-1217); Yamaoka et
al. (1998, Figs 2-5, p. 369).

Phylogenetic data: Hausner et al. (1993a, ¢, 2000); Hausner & Reid (2003); Zipfel et al.
(2006); Massoumi-Alamouiti et al. (2007, 2009); Plattner et al. (2009); Hafez et al. (2012); De
Beer et al. (2012); De Beer & Wingfield (2012).
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Note: Plattner et al. (2009) showed that 23 putative isolates of Cop. minuta of diverse
origins grouped in seven lineages, two including new isolates from Poland from where Cop.
minuta was initially described. The lack of type material prevented them from designating
one of these two lineages as Cop. minuta sensu stricto. Reid & Hausner (2010) proceeded to
designate one of the new Polish isolates as epitype. The remaining ‘Cop. minuta’ lineages,
distinguished by Plattner et al. (2009) referred to as Cop. minuta sp. 1 and sp. 2 by De Beer
& Wingfield (2012), thus should be described as novel taxa.

Griffin (1968) was unable to obtain living cultures for C. dolominuta and described only
the teleomorph of this species. Olchowecki & Reid (1974) later obtained cultures and
described the anamorph (p. 1682, Figs 17-19). Upadhyay (1981) suggested that C.
dolominuta should be a synonym of Cop. minuta based on overlapping ascospore lengths.
Reid & Hausner (2010) disputed the synonymy because C. dolominuta consistently produces
shorter ascospores than Cop. minuta. Epitypification and DNA sequence data will resolve the
uncertain status of the species. Should it prove to be distinct, a new combination should be
provided for C. dolominuta in Ceratocystiopsis.

Ceratocystiopsis minuta-bicolor (R.W. Davidson) H.P. Upadhyay & W.B. Kendr.,
Mycologia 67: 800. 1975 = Ceratocystis minuta-bicolor R.W. Davidson, Mycopath. Mycol.
Appl. 28: 280. 1966 = Hyalorhinocladiella minuta-bicolor H.P. Upadhyay & W.B. Kendr.,
Mycologia 67: 800. 1975 = Ophiostoma minuta-bicolor (R.W. Davidson) Hausner, J. Reid &
Klassen, Mycol. Res. 97: 631. 1993 = Ceratocystis pallida H.D. Griffin, Can. J. Bot. 46: 708.
1968.

Anamorph: hyalorhinocladiella-like (Upadhyay & Kendrick 1975).

Descriptions: Olchowecki & Reid (1974, p. 1688); Upadhyay (1981, p. 131, Figs 495—
498); Benade et al. (1996, pp 892—-895, Figs 1-10).

Phylogenetic data: Hausner et al. (1993a); Hausner & Reid (2003); Zipfel et al. (2006);
Massoumi-Alamouti et al. (2007, 2009); Plattner et al. (2009); Hafez et al. (2012); De Beer &
Wingfield (2012).

Note: The anamorph of Cop. minuta-bicolor is the type of Hyalorhinocladiella, treated
under the Melbourne Code as a synonym of Ceratocystiopsis (De Beer & Wingfield 2012).
The synonymy of C. pallida with Cop. minuta-bicolor was suggested by Upadhyay (1981).
The name C. pallida should not be confused with S. pallida (Tubaki) Matsush. (Matsushima
1975).

Ceratocystiopsis neglecta (Kirschner & Oberw.) Z.W. de Beer & M.J. Wingf. comb. nov.,
MB 801066 = Ophiostoma neglectum Kirschner & Oberw., Can. J. Bot. 77: 247-252. 1999
(basionym).

Anamorph: hyalorhinocladiella-like.

Phylogenetic data: De Beer & Wingfield (2012).

Notes: DNA sequence data produced by De Beer & Wingfield (2012) for the ex-type
isolate (CBS 100596) confirmed that this species belongs to Ceratocystiopsis. The sheathed
ascospores, although shorter than typical for Ceratocystiopsis, and the hyalorhinocladiella-
like anamorph with some penicillately branched conidiophores, are consistent with those of
other species. The name should not be confused with Ceratocystis neglecta M. van Wyk, Jol.
Roux & C. Rodas.

Ceratocystiopsis ochracea (H.D. Griffin) H.P. Upadhyay, Monogr. Ceratocystis &
Ceratocystiopsis, p. 132. 1981 = Ceratocystis ochracea H.D. Griffin, Can. J. Bot. 46: 706.
1968.

Anamorph: unknown.

Descriptions: Olchowecki & Reid (1974, p. 1688, Pl I, Fig. 21); Upadhyay (1981, p. 132,
Figs 499-501).

Ceratocystiopsis pallidobrunnea (Olchow. & J. Reid) H.P. Upadhyay, Monogr.
Ceratocystis & Ceratocystiopsis, p. 133. 1981 = Ceratocystis pallidobrunnea Olchow. & J.
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Reid, Can. J. Bot. 52: 1685. 1974 = Ophiostoma pallidobrunneum (Olchow. & J. Reid)
Hausner & J. Reid, Can. J. Bot. 81: 875. 2003.

Anamorph: hyalorhinocladiella-like (de Hoog 1993).

Description: Upadhyay (1981, p. 133, Figs 502-505).

Phylogenetic data: Hausner & Reid (2003); Plattner et al. (2009); Hafez et al. (2012); De
Beer & Wingfield (2012).

Ceratocystiopsis parva (Olchow. & J. Reid) Zipfel, Z.W. de Beer & M.J. Wingf., In Zipfel et
al., Stud. Mycol. 55: 88. 2006 = Ceratocystis parva Olchow. & J. Reid, Can. J. Bot. 52. 1686.
1974 = Ophiostoma parvum (Olchow. & J. Reid) Hausner, J. Reid & Klassen, Mycol. Res. 97:
631. 1993.

Anamorph: hyalorhinocladiella-like, based on the protologue.

Phylogenetic data: Hausner et al. (1993a); Hafez et al. (2012); De Beer & Wingfield
(2012).

Notes: Upadhyay treated this species as a synonym of Cop. minima, but Hausner et al.
(1993c) showed that it is distinct from both Cop. minima and Cop. minuta. Plattner et al.
(2009) were unable to amplify some markers for Cop. parva.

Ceratocystiopsis ranaculosa T.J. Perry & J.R. Bridges, In Bridges & Perry, Mycologia 79:
631. 1987 [as ‘ranaculosus’] = Ophiostoma ranaculosum (T.J. Perry & J.R. Bridges)
Hausner, J. Reid & Klassen, Mycol. Res. 97: 631. 1993.

Anamorph: sporothrix-like.

Description: Hsiau & Harrington (1997, p. 665).

Phylogenetic data: Hausner et al. (1993a, ¢, 2000); Gorton & Webber (2000); Hausner &
Reid (2003); Gorton et al. (2004); Zipfel et al. (2006); Massoumi-Alamouti et al. (2007);
Plattner et al. (2009); Hafez et al. (2012); De Beer & Wingfield (2012).

Ceratocystiopsis rollhanseniana (J. Reid, Eyjélfsd. & Hausner) Zipfel, Z.W. de Beer & M.J.
Wingf., In Zipfel et al., Stud. Mycol. 55: 88. 2006 = Ophiostoma rollhansenianum J. Reid,
Eyjolfsd. & Hausner, In Hausner et al., Can. J. Bot. 81: 44. 2003.

Anamorph: hyalorhinocladiella-like.

Phylogenetic data: Hausner et al. (1993a) (as ‘Ceratocystiopsis sp. 27); Zipfel et al.
(2006); Plattner et al. (2009); Hafez et al. (2012); De Beer & Wingfield (2012).

Notes: The two ITS sequences produced for this species by Plattner et al. (2009) are
identical and group near G. galeiformis (De Beer & Wingfield 2012), while the LSU, SSU and
B-tubulin sequences group within Ceratocystiopsis, which is probably correct (Plattner et al.
2009, Hafez et al. 2012; De Beer & Wingfield 2012).

Ceratocystiopsis spinulosa (H.D. Griffin) H.P. Upadhyay, Monogr. Ceratocystis &
Ceratocystiopsis, p. 136. 1981 = Ceratocystis spinulosa H.D. Griffin, Can. J. Bot. 46: 713.
1968.

Anamorph: hyalorhinocladiella-like (de Hoog 1993). Anamorph first decribed by
Olchowecki & Reid (1974).

Descriptions: Olchowecki & Reid (1974, pp 1687-1688, PI. | Figs 12—-15); Upadhyay
(1981, p. 136, Figs 510-513).

Fragosphaeria Shear, Mycologia 15: 124. 1923 [type species F. purpurea]
Notes: For a discussion of this genus, see De Beer et al. (2012) and De Beer &
Wingfield (2012).

Fragosphaeria purpurea Shear, Mycologia 15: 124. 1923 = Cephalotheca purpurea (Shear)
Chesters, Trans. Br. Mycol. Soc. 19(4): 262 1935.

Anamorph: sporothrix-like, based on description by Chesters (1935).

Description: Chesters (1935).
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Phylogenetic data: Suh & Blackwell (1999); Kolafik & Hulcr (2009); Harrington et al.
(2010); De Beer et al. (2012); De Beer & Wingfield (2012).

Fragosphaeria reniformis (Sacc. & Therry) Malloch & Cain, Can. J. Bot. 48: 1819. 1970 =
Cephalotheca reniformis Sacc. & Therry, In Saccardo, Michelia 2: 312. 1881.

Anamorph: sporothrix-like, based on description by Chesters (1935).

Description: Chesters (1935).

Phylogenetic data: Suh & Blackwell (1999); Kolafik & Hulcr (2009); Harrington et al.
(2010); De Beer et al. (2012); De Beer & Wingfield (2012).

Graphilbum H.P. Upadhyay & W.B. Kendr., Mycologia 67: 800. 1975. emend. Z.W. de Beer,
Seifert & M.J. Wingf [type species Gra. sparsum]

= Ceratocystis Ellis & Halst. section Ips H.P. Upadhyay pro parte, Monogr. Ceratocystis &
Ceratocystiopsis, p. 70. 1981.

Ascocarps dark brown to black, bases globose; necks dark brown to black, straight or slightly curved,
cylindrical to tapered, less than 500 ym long; ostiole sometimes surrounded by ostiolar hyphae. Asci
evanescent. Ascospores hyaline, aseptate, cylindrical to oblong, surrounded with a hyaline,
gelatinous, ossiform to rectangular sheath. Synnematous anamorphs, when present, pesotum-like,
stipes pale to darkly pigmented, conidiophores more or less biverticillate, conidiogenous cells
extending percurrently, often with delayed conidial dehiscence giving the impression of sympodial
extension, conidia aseptate. oblong or ellipsoidal, base truncate, in slimy masses. Mononematous
anamorphs, when present, hyalorhinocladiella-like, with unbranched or sparingly branched
conidiophores, conidiogenous cells and conidia similar to those of the synnematous anamorph.
Phylogenetically classified in the Ophiostomatales. Associated with conifer-infesting bark beetles.

Note: De Beer & Wingfield (2012) showed that Gra. sparsum and the other species listed
below formed a well-supported, distinct lineage within the Ophiostomatales. Graphilbum is
thus re-introduced and redefined here to accommodate these taxa.

Upadhyay (1981) designated formal sections in Ceratocystis. Most species in his Section
Ips are included in Ophiostoma s.l., but four of the species are included here in Graphilbum.

Graphilbum brunneocrinitum (E.F. Wright & Cain) Z.W. de Beer & M.J. Wingf. comb.
nov., MB 801068 = Ceratocystis brunneocrinita E.F. Wright & Cain, Can. J. Bot. 39: 1218.
1961 (basionym).

Anamorph: hyalorhinocladiella-like.

Descriptions: Wright & Cain (1961, pp. 1218-1222, Figs 1-6, 21); Griffin (1968, p. 699);
Olchowecki & Reid (1974, p. 1689, Figs 116-117); Upadhyay (1981, p. 75, Figs 242-246).

Notes: The morphology of the anamorph, ascospores and perithecia of Gra. tubicolle
closely resemble those of Gra. nigrum and other Graphilbum spp. Although no DNA
sequences are available for this species, it clearly does not belong in Ceratocystis but in
Graphilbum.

Graphilbum curvicolle (Olchow. & J. Reid) Z.W. de Beer & M.J. Wingf. , comb. nov., MB
801069 = Ceratocystis curvicollis Olchow. & J. Reid, Can. J. Bot. 52: 1690. 1974 (basionym).

Anamorph: hyalorhinocladiella-like.

Description: Olchowecki & Reid (1974, pp 1690-1691, Figs 121-131).

Phylogenetic data: Hausner & Reid (2003); De Beer & Wingfield (2012).

Notes: Treated by Upadhyay (1981) as synonym of O. nigrum, LSU sequences differ by
5 bp (Hausner & Reid 2003). De Beer & Wingfield (2012) showed that this species groups in
Graphilbum.

Graphilbum fragrans (Math.-K&aarik) Z.W. de Beer, Seifert & M.J. Wingf. , comb. nov., MB
801070 = Graphium fragrans Math.-Kaarik, Medd. Skogsforskninginst. 43: 59. 1954
(basionym) = Pesotum fragrans (Math.-K&arik) Okada & Seifert, Can. J. Bot. 76: 1503. 1998.
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Anamorph: pesotum-like.

Descriptions: Harrington et al. (2001, p. 127, Figs 37—40); Jacobs et al. (2003c, pp 325—-
326, Figs 22-25); Jacobs & Seifert (2003, pp 79-80, Figs 1-5); Paciura et al. (2010b, p. 84,
Figs 7, 11, 18).

Phylogenetic data: Okada et al. (1998), Harrington et al. (2001), Jacobs et al. (2003c);
Kim et al. (2003); Thwaites et al. (2005); Zhou et al. (2006); Kim et al. (2007); Romdn et al.
(2007); Kamgan Nkuekam et al. (2008a); Lu et al. (2009a); Jankowiak & Kolafik (2010);
Paciura et al. (2010b); Hafez et al. (2012).

Notes: This species seems to consist of several species (De Beer & Wingfield 2012).
Harrington et al. (2001) showed that an isolate (CBS 219.83) considered authentic for P.
fragrans by Okada et al. (1998), and recently also Hafez et al. (2012), actually represented
another species. They suggested that CBS 279.54 should instead be treated as authentic for
the type of P. fragrans (Harrington et al. 2001).

Graphilbum microcarpum (Yamaoka & Masuya) Z.W. de Beer & M.J. Wingf., comb. nov.,
MB 801071 = Ophiostoma microcarpum Yamaoka & Masuya, In Yamaoka et al.,
Mycoscience 45: 280. 2004 (basionym).

Anamorph: pesotum-like.

Phylogenetic data: De Beer & Wingfield (2012); Masuya et al. (2012).

Notes: An ITS sequence produced by Masuya et al. (2012) groups clearly within
Graphilbum (De Beer & Wingfield 2012). The name should not be confused with
Ceratostomella microcarpa (= Ceratocystis microcarpa) (see Section C.1).

Graphilbum nigrum (R.W. Davidson), Z.W. de Beer & M.J. Wingf. , comb. nov., MB
801072 = Ceratocystis nigra R.W. Davidson, Mycologia 50: 662. 1958 (basionym) =
Ophiostoma nigrum (R.W. Davidson) de Hoog & Scheffer, Mycologia 76: 297. 1984.

Anamorph: hyalorhinocladiella-like.

Descriptions: Griffin (1968, pp 705-706), Olchowecki & Reid (1974, p. 1695), Upadhyay
(1981, p. 81, Figs 277-285).

Phylogenetic data: Hausner et al. (1993b); Hausner & Reid (2003).

Notes: An LSU sequence places this species Graphilbum (De Beer & Wingfield 2012).

Graphilbum rectangulosporium (R.W. Davidson), Z.W. de Beer & M.J. Wingf., comb.
nov., MB 801073 = Ophiostoma rectangulosporium Ohtaka, Masuya & Yamaoka, In Ohtaka
et al., Can. J. Bot. 84: 290. 2006 (basionym).

Anamorph: not observed.

Description: Ohtaka et al. (2006, pp 290-292, Fig. 5).

Phylogenetic data: Ohtaka et al. (2006); Lu et al. (2009a); Paciura et al. (2010b); De
Beer & Wingfield (2012).

Notes: This species groups within Graphilbum based on LSU and ITS sequences (De
Beer & Wingfield 2012).

Graphilbum sparsum H.P. Upadhyay & W.B. Kendr., Mycologia 67: 800. 1975 =
Ceratocystis sparsa R.W. Davidson, Mycologia 63: 14. 1971 = Ophiostoma sparsum (R.W.
Davidson) de Hoog & Scheffer, Mycologia 76: 297. 1984 = Pesotum sparsum (H.P.
Upadhyay & W.B. Kendr.) G. Okada & Seifert, In Okada et al., Can. J. Bot. 76: 1504. 1998.

Anamorph: pesotum-like.

Descriptions: Upadhyay (1981, p. 83, Figs 290-294); Seifert & Okada (1993, p. 32, Fig.
3A).

Phylogenetic data: Hausner & Reid (2003).

Notes: Graphilbum sparsum is the type species of the genus (Upadhyay & Kendrick
1975), re-introduced here to accommodate species previously treated in the P. fragrans
complex (De Beer & Wingfield 2012).
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Graphilbum tubicolle (Olchow. & J. Reid) Z.W. de Beer & M.J. Wingf. comb. nov., MB
801074 = Ceratocystis tubicollis Olchow. & J. Reid, Can. J. Bot. 52: 1694. 1974 (basionym).

Anamorph: hyalorhinocladiella-like (Upadhyay 1981).

Descriptions: Olchowecki & Reid (1974, pp 1694-1695, Figs 172-182); Upadhyay
(1981, p. 84).

Notes: The morphology of the anamorph, ascospores and perithecia of Gra. tubicolle
closely resemble those of Gra. nigrum and other Graphilbum spp. Although no DNA
sequences are available for this species, it clearly does not be classified in Ceratocystis but
in Graphilbum.

Leptographium Lagerb. & Melin, In Lagerberg et al., Svenska SkogsvFor. Tidskr. 25: 257.
1927 [type species L. lundbergii]

= Scopularia Preuss, Linnaea 24: 133. 1851 [nom. illegit., Art. 52.1] [type species Sc.
venusta, see L. lundbergii]

?= Grosmannia Goid., Boll. Staz. Patol. Veg. Roma 16: 31. 1936. emend. Z.W. de Beer,
Zipfel & M.J. Wingf., In Zipfel et al., Stud. Mycol. 55: 89. 2006. Teleomorphic synonym. [type
species G. penicillata]

?= Verticicladiella S. Hughes, Can. J. Bot. 31: 653. 1953. Anamorphic synonym. [type
species L. abietinum]

?= Europhium A.K. Parker, Can. J. Bot. 35: 175. 1957. Teleomorphic synonym. [type species
O. trinacriforme]

?= Phialographium H.P. Upadhyay & W.B. Kendr., Mycologia 66: 183. 1974. Anamorphic
synonym. [type species G. sagmatospora]

= Ceratocystis Ellis & Halst. section Ceratocystis pro parte, In Upadhyay, Monogr.
Ceratocystis & Ceratocystiopsis, p. 32. 1981.

?= Graphiocladiella H.P. Upadhyay, Monogr. Ceratocystis & Ceratocystiopsis, p. 138. 1981.
Anamorphic synonym. [type species G. clavigera]

?= Esteya J.Y. Liou, J.Y. Shih & Tzean, Mycol. Res. 103: 243. 1999. Anamorphic synonym.
[type species E. vermicola]

?= Dryadomyces Gebhardt, Mycol. Res. 109: 693. 2005. Anamorphic synonym. [type
species D. amasae]

Notes: De Beer & Wingfield (2012) showed that Leptographium s.l. is not a well
supported monophyletic clade. The type species of Grosmannia forms a strong monophyletic
lineage designated as the G. penicillioides complex in Leptographium s.l., the generic status
of this lineage needs reconsideration. For the interim, Grosmannia is listed as possible
synonym for Leptographium.

Wingfield (1985), Harrington (1988) and Jacobs & Wingfield (2001) treated
Verticicladiella as synonym of Leptographium. The type species, L. abietinum, groups in the
G. penicillata complex (De Beer & Wingfield 2012).

The synonymy of Europhium with Grosmannia as suggested by Zipfel et al. (2006) was
guestioned by De Beer & Wingfield (2012) because the generic placement of O. trinacriforme
remains uncertain.

Upadhyay & Kendrick (1974, 1975) and Upadhyay (1981) separated the synnematous
anamorphs of the Ophiostomatales in several distinct genera based on morphological
differences, but Okada et al. (1998) treated all these genera as synonyms of Pesotum.
Pesotum is now a synonym of Ophiostoma s.str. (see under Ophiostoma above), and the
type species of two of these genera, Phialographium and Graphiocladiella, group in
Leptographium s.l. (De Beer & Wingfield 2012). Because the delineation of genera within
Leptographium s.l. needs further study, the current status of these two genera is presently
uncertain.

Upadhyay (1981) designated official sections in Ceratocystis. Most species in his
Section Ceratocystis are here included in Leptographium s.I.
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The type species of the monotypic nematophagous genus, Esteya, groups peripherally to
the R. sulphurea complex in Leptographium s.I. This complex also contains the type species
of the ambrosial genus, Dryadomyces, and three Raffaelea spp. The generic status of both
Dryadomyces and Esteya needs to be reassessed (De Beer & Wingfield 2012).

Grosmannia abieticola (Yamaoka & Masuya) Masuya & Yamaoka, In Seifert & Wingfield
eds., Ophiostomatoid fungi: expanding frontiers, p. ¥*, 2012 = Ophiostoma abieticola
Yamaoka & Masuya, In Yamaoka et al., Mycoscience 45: 281. 2004.

Anamorph: pesotum-like.

Description: Masuya et al. (2012).

Notes: This species groups peripherally to the G. penicillata complex based on rDNA
sequences (De Beer & Wingfield 2012; Masuya et al. 2012). The hame should not be
confused with L. abieticolens.

Leptographium abieticolens K. Jacobs & M.J. Wingf., Mycoscience 41: 599. 2000.

Description: Jacobs & Wingfield (2001, pp 46—48, Figs 19-21).

Phylogenetic data: Jacobs et al. (2001d); Kim et al. (2004, 2005c); Masuya et al. (2004);
Massoumi Alamouti et al. (2006); Paciura et al. (2010a); Six et al. (2011); Duong et al.
(2012); De Beer & Wingfield (2012).

Notes: Teleomorph unknown. Leptographium abieticolens is part of the G. penicillata
complex (Six et al. 2011; De Beer & Wingfield 2012). The name should not be confused with
G. abieticola.

Leptographium abietinum (Peck) M.J. Wingf., Trans. Br. Mycol. Soc. 85: 92. 1985 =
Sporocybe abietina Peck, N. Y. State Museum Rep. 31: 45. 1879 = Periconia abietina (Peck)
Sacc., Syll. Fung. 4: 273. 1886 = Verticicladiella abietina (Peck) S. Hughes, Can. J. Bot. 31:
653. 1953 = Leptographium engelmannii R.W. Davidson, Mycologia 47: 59. 1955.

Descriptions: Kendrick (1962, pp 773-776, Fig. 1, 9A—C); Jacobs et al. (1998, p. 1662,
Figs 2, 4, 6); Jacobs & Wingfield (2001, pp 48-51, Figs 22-24).

Phylogenetic data: Jacobs et al. (2001d, 2005, 2006, 2010); Kim et al. (2004, 2005c, d);
Masuya et al. (2004); Massoumi Alamoulti et al. (2006, 2009); Zhou et al. (2008); Paciura et
al. (2010a); Six et al. (2011); Duong et al. (2012); Linnakoski et al. (2012); De Beer &
Wingfield (2012).

Notes: Teleomorph unknown. Leptographium abietinum is part of the G. penicillata
complex (Six et al. 2011; Linnakoski et al. 2012; De Beer & Wingfield 2012). Jacobs et al.
(1998) and Jacobs & Wingfield (2001) suggested that L. engelmannii is a synonym of L.
abietinum. This species hame should not be confused with O. abietinum.

Grosmannia abiocarpa (R.W. Davidson) Zipfel, Z.W. de Beer & M.J. Wingf., In Zipfel et al.,
Stud. Mycol. 55: 89. 2006 = Ceratocystis abiocarpa R.W. Davidson, Mycopath. Mycol. Appl.
28: 273. 1966 = Ophiostoma abiocarpum (R.W. Davidson) T.C. Harr., Mycotaxon 28: 41.
1987.

Anamorph: leptographium-like (Upadhyay 1981).

Descriptions: Olchowecki & Reid (1974, p. 1709); Upadhyay (1981, p. 87, Figs 295—
302).

Phylogenetic data: Jacobs et al. (2001d); Masuya et al. (2004); Greif et al. (2006);
Massoumi Alamouti et al. (2006, 2007, 2009); Harrington et al. (2010); Paciura et al. (2010a);
Six et al. (2011); Duong et al. (2012); Linnakoski et al. (2012); De Beer & Wingfield (2012).

Notes: Grosmannia abiocarpa is part of the G. penicillata complex (Six et al. 2011,
Linnakoski et al. 2012; De Beer & Wingfield 2012).

Grosmannia aenigmatica (K. Jacobs, M.J. Wingf. & Yamaoka) Zipfel, Z.W. de Beer & M.J.
Wingf., In Zipfel et al., Stud. Mycol. 55: 89. 2006 = Ophiostoma aenigmaticum K. Jacobs,
M.J. Wingf. & Yamaoka, In Jacobs et al., Mycol. Res. 102: 291. 1998 = Leptographium
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aenigmaticum K. Jacobs, M.J. Wingf. & Yamaoka, In Jacobs et al., Mycol. Res. 102: 291.
1998.

Anamorph: leptographium-like.

Description: Jacobs & Wingfield (2001, pp 52-55, Figs 25-27).

Phylogenetic data: Jacobs et al. (2004, 2005, 2006, 2010); Masuya et al. (2005);
Massoumi Alamouti et al. (2006, 2010); Zipfel et al. (2006); Zhou et al. (2008); Paciura et al.
(2010a); Six et al. (2011); Duong et al. (2012); Linnakoski et al. (2012); Jacobs et al. (2012);
De Beer & Wingfield (2012).

Notes: This species is part of the G. piceiperda complex (Linnakoski et al. 2012; De Beer
& Wingfield 2012).

Grosmannia alacris T.A. Duong, Z.W. de Beer & M.J. Wingf., In Duong et al., Mycologia
104: 723. 2012 = Verticicladiella alacris M.J. Wingf. & Marasas, Trans. Br. Mycol. Soc. 75:
22. 1980 = Leptographium alacre (M.J. Wingf. & Marasas) M. Morelet, Ann. Soc. Sci. Nat.
Arch. Toulon et du Var 40: 44. 1988 [nom. inval., Art. 33.4]

Anamorph: leptographium-like.

Descriptions: Wingfield & Marasas (1980b, pp 22-25, Figs 1-26); Duong et al. (2012, pp
723-724, Fig. 6).

Phylogenetic data: Duong et al. (2012); Linnakoski et al. (2012); De Beer & Wingfield
(2012).

Notes: Wingfield & Marasas (1981) suggested the synonymy of L. alacre with L.
serpens, which was accepted in subsequent studies (Harrington 1988, Jacobs & Wingfield
2001). Duong et al. (2012) showed that the two species were distinct based on a five gene
phylogeny, and they discovered and described the teleomorph of the species. Their data
confirmed that to date the true G. serpens has only been found in Italy, and that most other
reports of G. serpens actually represent G. alacris, implying that G. alacris has the widest
distribution in the G. serpens complex.

Leptographium albopini M.J. Wingf., T.C. Harr. & Crous, Can. J. Bot. 72: 234. 1994.

Descriptions: Wingfield et al. (1994b, pp 234-237, Figs 27-39); Jacobs & Wingfield
(2001, pp. 55-57, Figs 28-30).

Phylogenetic data: Jacobs et al. (2001d); Masuya et al. (2004); Massoumi Alamouti et al.
(2006); Paciura et al. (2010a); Six et al. (2011); Duong et al. (2012); De Beer & Wingfield
(2012).

Notes: Teleomorph unknown. Leptographium albopini forms a distinct lineage close to,
but distinct from. the L. lundbergii and G. clavigera species complexes in Leptographium s.|.
(Six et al. 2011; Linnakoski et al. 2012; De Beer & Wingfield 2012).

Leptographium alethinum K. Jacobs, M.J. Wingf. & Uzunovic, Mycol. Res. 105: 493. 2001.

Descriptions: Jacobs et al. (2001, pp 492-495, Figs 1-7); Jacobs & Wingfield (2001, pp
57-59, Figs 31-33).

Phylogenetic data: Jacobs et al. (2001d, 2004); Kim et al. (2004, 2005d); Masuya et al.
(2004); Massoumi Alamouti et al. (2006); Lu et al. (2009b); Paciura et al. (2010a); Six et al.
(2011); De Beer & Wingfield (2012).

Notes: Teleomorph unknown. Leptographium alethinum forms a distinct lineage close to,
but distinct from, the L. lundbergii and G. clavigera species complexes in Leptographium s.I.
(Six et al. 2011; De Beer & Wingfield 2012).

Leptographium altius Paciura, Z.W. de Beer & M.J. Wingf., In Paciura et al., Persoonia 25:
106. 2010.

Description: Paciura et al. (2010a, p. 106, Fig. 7h-m).

Phylogenetic data: Paciura et al. (2010a); Duong et al. (2012); Linnakoski et al. (2012);
De Beer & Wingfield (2012).

Notes: Teleomorph unknown. This species is part of the G. penicillata complex (Paciura
et al. 2010a; Linnakoski et al. 2012; De Beer & Wingfield 2012).
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Raffaelea amasae (Gebhardt) T.C. Harr., Mycotaxon 111: 350. 2010 = Dryadomyces
amasae Gebhardt, Mycol. Res. 109: 693. 2005.

Description: Gebhardt et al. (2005, pp 690-694, Figs 5-7).

Phylogenetic data: Gebhardt et al. (2005); Massoumi Alamouti et al. (2009); Harrington
et al. (2010); Matsuda et al. (2010); De Beer & Windfield (2012).

Notes: Teleomorph unknown. Raffaelea amasae is the type species of Dryadomyces
(Gebhardt et al. 2005). It is part of the R. sulphurea complex in Leptographium s.I. and does
not belong in Raffaelea s.str. (De Beer & Wingfield 2012)

Grosmannia americana (K. Jacobs & M.J. Wingf.) Zipfel, ZW. de Beer & M.J. Wingf., In
Zipfel et al., Stud. Mycol. 55: 89. 2006 = Ophiostoma americanum K. Jacobs & M.J. Wingf.,
In Jacobs et al., Can. J. Bot. 75: 1318. 1997 = Leptographium americanum K. Jacobs & M.J.
Wingf., Can. J. Bot. 75: 1318. 1997.

Anamorph: leptographium-like.

Descriptions: Jacobs et al. (1997b, pp 1317-1320, Figs 1-11); Jacobs & Wingfield
(2001, pp 60-63, Figs 34—-36).

Phylogenetic data: Jacobs et al. (2001a, d, 2005, 2006, 2010); Kim et al. (2004, 2005d);
Masuya et al. (2004); Greif et al. (2006); Massoumi Alamouti et al. (2006); Zhou et al. (2008);
Lu et al. (2009a); Mullineux & Hausner (2009); Paciura et al. (2010a); Six et al. (2011);
Duong et al. (2012); Linnakoski et al. (2012); De Beer & Wingfield (2012); Jacobs et al.
(2012).

Notes: Grosmannia americana is part of the G. penicillata complex (Six et al. 2011,
Linnakoski et al. 2012; De Beer & Wingfield 2012).

Grosmannia aoshimae (Ohtaka, Masuya & Yamaoka) Masuya & Yamaoka, In Seifert &
Wingfield eds., Ophiostomatoid fungi: expanding frontiers, p. #**, 2012 = Ophiostoma
aoshimae Ohtaka, Masuya & Yamaoka, In Ohtaka et al., Can. J. Bot. 84: 289. 2006 =
Ceratocystis polygrapha Aoshima, Ph.D. thesis, University of Tokyo: 12. 1965 [nom. inval.,
Art. 29.1, 36.1]

Anamorph: unknown.

Descriptions: Aoshima (1965, p. 12, Figs 40-41); Masuya et al. (2012).

Phylogenetic data: Ohtaka et al. (2006); De Beer & Wingfield (2012); Masuya et al.
(2012).

Notes: This species is part of G. penicillioides complex based on ITS sequence (De Beer
& Wingfield 2012).Ohtaka et al. (2006) suggested that the description of the invalid species
C. polygrapha corresponds with that of G. aoshimae.

Grosmannia aurea (R.C. Rob. & R.W. Davidson) Zipfel, ZW. de Beer & M.J. Wingf., In
Zipfel et al., Stud. Mycol. 55: 89. 2006 = Europhium aureum R.C. Rob. & R.W. Davidson, In
Robinson-Jeffrey & Davidson, Can. J. Bot. 46: 1525. 1968 = Ceratocystis aurea (R.C. Rob. &
R.W. Davidson) H.P. Upadhyay, Monogr. Ceratocystis & Ceratocystiopsis, p. 37. 1981 =
Leptographium aureum M.J. Wingf., Trans. Br. Mycol. Soc. 85: 92. 1985 = Ophiostoma
aureum (R.C. Rob. & R.W. Davidson) T.C. Harr., Mycotaxon 28: 41. 1987.

Anamorph: leptographium-like.

Descriptions: Robinson-Jeffrey & Davidson (1968, p. 1525, Figs 7-9, 12c¢); Upadhyay
(1981, p. 37, Figs 31-36); Jacobs & Wingfield (2001, pp 66-70, Figs 40-42); Lee et al.
(2003, pp 1107-1109, Figs 1-15).

Phylogenetic data: Hausner et al. (1992b, 2000, 2005); Jacobs et al. (2001d, 2004,
2005, 2006, 2010); Lee et al. (2003, 2005); Lim et al. (2004); Kim et al. (2005d); Masuya et
al. (2004, 2005); Massoumi Alamouti et al. (2006); Zipfel et al. (2006); Zhou et al. (2008); Lu
et al. (2009a, b); Mullineux & Hausner (2009); Matsuda et al. (2010); Paciura et al. (2010a);
Roe et al. (2010); Six et al. (2011); Duong et al. (2012); Linnakoski et al. (2012); De Beer &
Wingfield (2012); Jacobs et al. (2012).
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Notes: Hausner et al. (2005) suggested that L. wingfieldii and L. terebrantis are possible
synonyms of L. aureum. However, Roe et al. (2010) and Six et al. (2011) showed that these
species are distinct members of the G. clavigera complex.

Leptographium bhutanense X.D. Zhou, K. Jacobs & M.J. Wingf., In Zhou et al., Persoonia
21: 6. 2008.

Description: Zhou et al. (2008, pp 6-7, Figs 3—4).

Phylogenetic data: Zhou et al. (2008); Paciura et al. (2010a); Six et al. (2011); Duong et
al. (2012); Linnakoski et al. (2012); De Beer & Wingfield (2012).

Notes: Teleomorph unknown. This species is part of the L. procerum complex (Six et al.
2011; Linnakoski et al. 2012; De Beer & Wingfield 2012).

Leptographium bistatum J.J. Kim & G.H. Kim, In Kim et al., Mycol. Res. 108: 701. 2004.

Description: Kim et al. (2004, pp 701-72, Figs 1-13).

Phylogenetic data: Kim et al. (2004); Massoumi Alamouti et al. (2006); Paciura et al.
(2010a); Six et al. (2011); Duong et al. (2012); Linnakoski et al. (2012); De Beer & Wingfield
(2012).

Notes: Teleomorph unknown. Leptographium bistatum is part of the G. penicillata
complex (Six et al. 2011; Linnakoski et al. 2012; De Beer & Wingfield 2012).

Grosmannia cainii (Olchow. & J. Reid) Zipfel, Z.W. de Beer & M.J. Wingf., In Zipfel et al.,
Stud. Mycol. 55: 89. 2006 = Ceratocystis cainii Olchow. & J. Reid, Can. J. Bot. 52: 1697.
1974 = Ophiostoma cainii (Olchow. & J. Reid) T.C. Harr., Mycotaxon 28: 41. 1987.

Anamorph: pesotum-like.

Descriptions: Upadhyay (1981, p. 39, Figs 43-47); Seifert & Okada (1993, p. 32, Fig.
3D).
Phylogenetic data: Hausner et al. (2000); Masuya et al. (2004); Kim et al. (2005d); Six et
al. (2011); Duong et al. (2012); De Beer & Wingfield (2012).

Notes: Grosmannia cainii forms a lineage of its own, distinct from other species
complexes in Leptographium s.I. (De Beer & Wingfield 2012).

Leptographium calophylli (Wiehe) J.F. Webber, K. Jacobs & M.J. Wingf., Mycol. Res. 103:
1589. 1999 = Haplographium calophylli Wiehe, Mycol. Pap. 29: 5. 1949 = Verticillium
calophylli (Wiehe) W. Gams, In Cephalosporium-artige Schimmelpilze: 206. 1971.

Descriptions: Wiehe (1949, pp 3-5, Figs 2-50); Webber et al. (1999, pp 1589-1592,
Figs 1-12); Jacobs & Wingfield (2001, pp 76-78, Figs 49-51).

Notes: Teleomorph unknown. The morphology of L. calophylli differs from that of all
other Leptographium spp. In the absence of DNA sequences, it is not possible to assign this
species to a complex.

Leptographium castellanum T.A. Duong, Z.W. de Beer & M.J. Wingf., In Duong et al.,
Mycologia 104: 726. 2012.

Description: Duong et al. (2012, pp 726-727, Fig. 9).

Phylogenetic data: Duong et al. (2012); Linnakoski et al. (2012); De Beer & Wingfield
(2012).

Notes: Teleomorph unknown. This species is part of the G. serpens complex (Duong et
al. 2012; De Beer & Wingfield 2012).

Leptographium celere Paciura, Z.W. de Beer & M.J. Wingf., In Paciura et al., Persoonia 25:
100. 2010.

Description: Paciura et al. (2010a, pp100-102, Fig. 4g-l).

Phylogenetic data: Paciura et al. (2010a); Duong et al. (2012); Linnakoski et al. (2012);
De Beer & Wingfield (2012).
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Notes: Teleomorph unknown. In common with L. manifestum, L. celere groups in the L.
procerum complex based on rDNA, but in the L. lundbergii complex based on B-tubulin and
EF-1a sequences (Paciura et al. 2010a; Linnakoski et al. 2012; De Beer & Wingfield 2012).

Leptographium chlamydatum K. Jacobs, M.J. Wingf. & H. Solheim, In Jacobs et al., Mycol.
Progress 9: 73. 2010.

Description: Jacobs et al. (2010, pp 73-74, Figs 2-3).

Phylogenetic data: Jacobs et al. (2010); Duong et al. (2012); Linnakoski et al. (2012); De
Beer & Wingfield (2012).

Notes: Teleomorph unknown. This species is part of the G. penicillata complex
(Linnakoski et al. 2012; De Beer & Wingfield 2012).

Grosmannia clavigera (R.C. Rob. & R.W. Davidson) Zipfel, Z.W. de Beer & M.J. Wingf., In
Zipfel et al., Stud. Mycol. 55: 90. 2006 = Europhium clavigerum R.C. Rob. & R.W. Davidson,
In Robinson-Jeffrey & Davidson, Can. J. Bot. 46: 1523. 1968 = Ceratocystis clavigera (R.C.
Rob. & R.W. Davidson) H.P. Upadhyay, Monogr. Ceratocystis & Ceratocystiopsis, p. 40.
1981 = Graphiocladiella clavigera H.P. Upadhyay, Monogr. Ceratocystis & Ceratocystiopsis,
p. 40. 1981 = Ophiostoma clavigerum (R.C. Rob. & R.W. Davidson) T.C. Harr., Mycotaxon
28: 41. 1987 = Pesotum clavigerum (H.P. Upadhyay) G. Okada & Seifert, In Okada et al.,
Can. J. Bot. 76: 1503. 1998 = Leptographium clavigerum (H.P. Upadhyay) T.C. Harr., Six &
McNew, In Six et al., Mycologia 95: 791. 2003.

Anamorph: pesotum-like.

Descriptions: Robinson-Jeffrey & Davidson (1968, pp 1523-1525, Figs 1-6, 12a);
Upadhyay (1981, p. 38, Figs 48-57); Tsuneda & Hiratsuka (1984, pp 2619-2623, Figs 1-24);
Lee et al. (2003, pp 1108-1109); Six et al. (2003, pp 782—-783, 786—787).

Phylogenetic data: Hausner et al. (1992b); Six et al. (2003); Lee et al. (2003, 2005); Kim
et al. (2004, 2005d); Lim et al. (2004, 2005); Greif et al. (2006); Masuya et al. (2005);
Massoumi Alamouti (2006, 2009, 2011); Lu et al. (2009a, b); Paciura et al. (2010a); Roe et
al. (2010, 2011); Six et al. (2011); Duong et al. (2012); Linnakoski et al. (2012); De Beer &
Wingfield (2012).

Note: The anamorph of G. clavigera is the type species of Graphiocladiella (Upadhyay
1981). Lee et al. (2007) and Massoumi Alamouti et al. (2011) showed that the G. clavigera
population in British Columbia, Canada consists of two distinct groups, representing sibling
species. One species remains to be described as new. The complete genome of G. clavigera
has been sequenced, making it the first ophiostomatoid genome published (Diguistini et al.
2009, 2011). Roe et al. (2010, 2011) conducted a population and phylogeographic study
based on five gene regions on G. clavigera, showing that recombination in this species is
rare, which suggests that it reproduce sexually infrequently in nature.

Leptographium conjunctum Paciura, Z.W. de Beer & M.J. Wingf., In Paciura et al.,
Persoonia 25: 99. 2010.

Description: Paciura et al. (2010a, pp 99-100, Fig. 4a-f).

Phylogenetic data: Paciura et al. (2010a); Duong et al. (2012); Linnakoski et al. (2012);
De Beer & Wingfield (2012)

Notes: Teleomorph unknown. This species ispart of the L. lundbergii complex
(Linnakoski et al. 2012; De Beer & Wingfield 2012).

Grosmannia crassivaginata (H.D. Griffin) Zipfel, ZW. de Beer & M.J. Wingf., In Zipfel et al.,
Stud. Mycol. 55: 90. 2006 = Ceratocystis crassivaginata H.D. Griffin, Can. J. Bot. 46: 701.
1968 = Ceratocystiopsis crassivaginata (H.D. Griffin) H.P. Upadhyay, Monogr. Ceratocystis &
Ceratocystiopsis, p. 123. 1981 = Leptographium crassivaginatum M.J. Wingf., Trans. Br.
Mycol. Soc. 85: 92. 1985 = Ophiostoma crassivaginatum (H.D. Griffin) T.C. Harr., Mycotaxon
28:41. 1987.

Anamorph: leptographium-like.
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Descriptions: Olchowecki and Reid (1974, p. 1679, Pl. | Fig. 16); Upadhyay (1981, p.
123, Figs 440-444); Jacobs & Wingfield (2001, pp 81-84, Figs 55-57).

Phylogenetic data: Hausner et al. (1993c, 2000); Jacobs et al. (2001d); Hausner & Reid
(2003); Masuya et al. (2004); Kim et al. (2005d); Massoumi Alamouti et al. (2006); Zipfel et
al. (2006); Paciura et al. (2010a); Mullineux et al. (2011); Six et al. (2011); Duong et al.
(2012); De Beer & Wingfield (2012).

Notes: This species groups in a lineage with L. piriforme, distinct from other species
complexes in Leptographium s.I. (De Beer & Wingfield 2012).

Grosmannia cucullata (H. Solheim) Zipfel, ZW. de Beer & M.J. Wingf., In Zipfel et al., Stud.
Mycol. 55: 90. 2006 = Ophiostoma cucullatum H. Solheim, Nord. J. Bot. 6: 202. 1986 =
Graphium erubescens Math.-Kaarik, Medd. Skogsforskninginst. 43: 62. 1953 = Pesotum
erubescens (Math.-K&arik) G. Okada, Stud. Mycol. 45: 184. 2000 = Phialographium
erubescens (Math.-Kaarik) T.C. Harr. & McNew, In Harrington et al., Mycologia 93: 129.
2001.

Anamorph: pesotum-like.

Descriptions: Wingfield et al. (1989, pp 92-95, Figs 1-10), Yamaoka et al. (1997, pp
1220-1221). Of Anamorph: Harrington et al. (2001, pp 128-129, Figs 41-45).

Phylogenetic data: Hausner et al. (1992b, 1993b, 2000); Okada et al. (1998); Hausner et
al. (2000); Harrington et al. (2001); Schroeder et al. (2001); Gebhardt et al. (2004, 2005);
Greif et al. (2006); Massoumi Alamouti et al. (2009); Mullineux & Hausner (2009); Harrington
et al. (2010); Matsuda et al. (2010); Paciura et al. (2010a); Duong et al. (2012); Linnakoski et
al. (2012); De Beer & Wingfield (2012).

Notes: Harrington et al. (2001) suggested that P. erubescens represented the anamorph
of G. cucullata based on ITS sequences from the ex-type isolates of the two species, which
differed by only two bp. However, the SSU sequences of the same two isolates from
Hausner et al. (2000) and Okada et al. (2000) differ in 11 bp positions (see Fig. 2, De Beer et
al. 2012). Furthermore, the SSU sequence of a Japanese isolate labelled as ‘O. cucullatum’
by Okada et al. (1998), differ respectively in 5 and 19 bp from the ex-types of G. cucullata
and P. erubescens. Linnakoski et al. (2012) did not include the ex-type of P. erubescens in
their study, but showed that the species distinction of G. cucullata of G. olivaceapini in the G.
olivacea complex is problematic. We thus suggest a reconsideration of the synonymy of G.
cucullata and P. erubescens, and the status of the Japanese isolate and G. olivaceapini,
using authentic isolates of all species and sequences from more gene regions.

Leptographium curviconidium Paciura, Z.W. de Beer & M.J. Wingf., In Paciura et al.,
Persoonia 25: 104. 2010.

Description: Paciura et al. (2010a, pp 104-105, Figs 7a-g).

Phylogenetic data: Paciura et al. (2010a); Duong et al. (2012); Linnakoski et al. (2012);
De Beer & Wingfield (2012).

Notes: Teleomorph unknown. This species is part of the G. penicillata complex
(Linnakoski et al. 2012; De Beer & Wingfield 2012).

Leptographium curvisporum K. Jacobs, M.J. Wingf. & H. Solheim, In Jacobs et al., Mycol.
Progress 9: 74. 2010.

Description: Jacobs et al. (2010, pp 74-75, Figs 4-5).

Phylogenetic data: Jacobs et al. (2010); Duong et al. (2012); Linnakoski et al. (2012); De
Beer & Wingfield (2012).

Notes: Teleomorph unknown. Leptographium curvisporum is part of the G. penicillata
complex (Linnakoski et al. 2012; De Beer & Wingfield 2012).

Grosmannia davidsonii (Olchow. & J. Reid) Zipfel, ZW. de Beer & M.J. Wingf., In Zipfel et
al., Stud. Mycol. 55: 90. 2006 = Ceratocystis davidsonii Olchow. & J. Reid, Can. J. Bot. 52:
1698. 1974 = Ophiostoma davidsonii (Olchow. & J. Reid) H. Solheim, Nord. J. Bot. 6: 203.
1986.
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Anamorph: pesotum-like.

Descriptions: Upadhyay (1981, p. 42, Figs 58-62); Mouton et al. (1993, pp 376-377,
Figs 15-18); Ohtaka et al. (2002, pp 154-156).

Phylogenetic data: Hausner et al. (2000); Masuya et al. (2004); Mullineux & Hausner
(2009); Duong et al. (2012); Linnakoski et al. (2012); De Beer & Wingfield (2012).

Notes: This species is part of the G. olivacea species complex (Linnakoski et al. 2012;
De Beer & Wingfield 2012).

Leptographium douglasii M.J. Wingf., T.C. Harr. & Crous, Can. J. Bot. 72: 231. 1994.

Descriptions: Wingfield et al. (1994b, pp 231-234, Figs 14-26); Jacobs & Wingfield
(2001, pp 84-87, Figs 58-60).

Phylogenetic data: Jacobs et al. (2001d, 2004, 2005); Massoumi Alamouti et al. (2006);
Zhou et al. (2008); Paciura et al. (2010a); Six et al. (2011); Duong et al. (2012); De Beer &
Wingfield (2012).

Notes: Teleomorph unknown. This species groups in the G. wageneri complex (Six et al.
2011); De Beer & Wingfield 2012). The name L. douglasii should not be confused with C.
douglasii (see under Ceratocystis, section B.1).

Grosmannia dryocoetidis (W.B. Kendr. & Molnar) Zipfel, Z.W. de Beer & M.J. Wingf., In
Zipfel et al., Stud. Mycol. 55: 90. 2006 = Ceratocystis dryocoetidis W.B. Kendr. & Molnar,
Can. J. Bot. 43: 39. 1965 = Ophiostoma dryocoetidis (W.B. Kendr. & Molnar) de Hoog & R.J.
Scheff., Mycologia 76: 297. 1984 = Verticicladiella dryocoetidis W.B. Kendr. & Molnar, Can.
J. Bot. 43: 40. 1965 = Leptographium dryocoetidis (W.B. Kendr. & Molnar) M.J. Wingf.,
Trans. Br. Mycol. Soc. 85: 92. 1985.

Anamorph: leptographium-like.

Descriptions: Kendrick & Molnar (1965, pp 39-43, Figs 1-3); Upadhyay (1981, p. 43,
Figs 63—38); Jacobs & Wingfield (2001, pp 87-90, Figs 61-63).

Phylogenetic data: Hausner et al. (1993d, 2000); Jacobs et al. (2001a, d); Masuya et al.
(2004); Kim et al. (2005d); Greif et al. (2006); Massoumi Alamouti et al. (2006); Mullineux &
Hausner (2009); Harrington et al. (2010); Paciura et al. (2010a); Six et al. (2011); Duong et
al. (2012); De Beer & Wingfield (2012).

Notes: The ITS sequence (AF224333) of the ex-type strain of G. dryocoetis (CMW442),
deposited by Jacobs et al. (2001a) is a chimeric sequence: the ITS 1 region is a 91% BLAST
match of and aligns fairly well with a G. laricis sequence (GU134163), while the ITS 2 region
is 98% similar to AJ538340, an unpublished sequence by Villarreal et al. of the ex-type
isolate (CBS 376.66) of G. dryocoetis. The latter is thus the more reliable sequence and it
places the species in the G. penicillata complex (Six et al. 2011; Duong et al. 2012; De Beer
& Wingfield 2012).

Leptographium elegans M.J. Wingf., Crous & S.S. Tzean, Mycol. Res. 98: 783. 1994.

Descriptions: Wingfield et al. (1994a, pp 782—-784, Figs 1-8); Jacobs & Wingfield (2001,
pp 90-93, Figs 64-66).

Phylogenetic data: Jacobs et al. (2001d); Kim et al. (2004, 2005c); Masuya et al. (2004);
Massoumi Alamouti et al. (2006); Six et al. (2011); De Beer & Wingfield (2012).

Notes: Teleomorph unknown. Leptographium elegans forms a lineage between Esteya
vermicola and the R. sulphurea complex in Leptographium s.l., and is quite distinct from
other Leptographium spp. (Six et al. 2011; De Beer & Wingfield 2012).

Leptographium eucalyptophilum K. Jacobs, M.J. Wingf. & Jol. Roux, S. Afr. J. Bot. 65:
390. 1999.

Descriptions: Jacobs et al. (1999, pp 389-390, Figs 1-7); Jacobs & Wingfield (2001, pp
93-96, Figs 67-69).

Phylogenetic data: Jacobs et al. (2001d); Masuya et al. (2004); Kim et al. (2005d);
Massoumi Alamouti et al. (2006); Paciura et al. (2010a); Six et al. (2011); Duong et al.
(2012); De Beer & Wingfield (2012).
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Notes: Teleomorph unknown. This species is part of the G. penicillata complex (Six et al.
2011; De Beer & Wingfield 2012).

Leptographium euphyes K. Jacobs & M.J. Wingf., In Jacobs et al., Mycol. Res. 105: 497.
2001.

Descriptions: Jacobs et al. (2001c, pp 496-498, Figs 15-21); Jacobs & Wingfield (2001,
pp 9699, Figs 70-72).

Phylogenetic data: Jacobs et al. (2001d); Kim et al. (2004, 2005d); Masuya et al. (2004);
Massoumi Alamouti et al. (2006); Paciura et al. (2010a); Six et al. (2011); Duong et al.
(2012); De Beer & Wingfield (2012).

Notes: Teleomorph unknown. Leptographium euphyes is part of the G. penicillata
complex (Six