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Emerging lineages in the Ophiostomatales
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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 20th 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. All available sequence data for the Ophiostomatales were screened, and we carefully selected 
representative ribosomal DNA sequences of 266 taxa 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, and several lineages that could not be resolved. 
Five 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. l. was also not well-defined and included ten species complexes. Some of these complexes 
may represent distinct genera, but currently available sequence data are insufficient 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. l. and Leptographium s. l. Our approach in defining and naming 
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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INTRODUCTION: A BRIEF HISTORY OF THE GENUS 
OPHIOSTOMA

The genus Ophiostoma typifies the order Ophiostomatales 
sensu De Beer et al. (2013a). The type species, O. piliferum, 
was described as Sphaeria pilifera 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 delineated based 
on the appearance of perithecia in situ. As increasing numbers of 
species were described towards the end of the 19th 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 that genus. Münch (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 Höhnel (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. 2013a), 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 Münch (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 adopted in Europe (Goidànich 
1935, Siemaszko 1939, Bisby & Mason 1940, Mathiesen 1950, 
Rennerfelt 1950), authors on the other side of the Atlantic (Leach 

1934, Davidson 1935, 1942, Rumbold 1936, 1941, 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. to be synonyms of Ophiostoma, and transferred 13 
species of Ceratostomella, Grosmannia and Endoconidiophora to 
Ophiostoma. Later, von Arx & Müller (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 & Müller 1954). Both 
of 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 treated Ophiostoma sensu stricto species in 
Ceratocystis (Davidson 1958, 1966, 1971, Mathiesen-Käärik 1960, 
Griffin 1968, Olchowecki & Reid 1974, Upadhyay 1978, 1981). 

All treatments of Ophiostoma and Ceratocystis prior to 1967 
considered only morphological characters. During the 1960’s, 
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, 
it was considered an exception, because that polysaccharide 
had not been found previously in any Ascomycete (Rosinski & 
Campana 1964). Soon, cellulose was detected in cell walls of other 
Ceratocystis species with ‘exoconidial’ anamorphs (those now 
considered Ophiostoma spp.), while species with ‘endoconidial’ 
anamorphs lacked cellulose (Rosinksi 1965, Smith et al. 1967, 


