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INTRODUCTION

The multi-gene sequence datasets generated by the research 

consortium ‘Assembling the Fungal Tree of Life’ (AFTOL) 

have resulted in several multi-gene phylogenies incorporating 

comprehensive taxon sampling across Fungi (Lutzoni et al. 

2004, Blackwell et al. 2006, James et al. 2006). AFTOL gener-

ated a data matrix spanning all currently accepted classes in 

the Ascomycota, the largest fungal phylum. The phylogenies 

produced by AFTOL prompted the proposal of a phylogenetic 

classification from phylum to ordinal level in fungi (Hibbett et 
al. 2007). Although the Botanical Code does not require the 

principle of priority in ranks above family (McNeill et al. 2006), 

this principle was nevertheless followed for all taxa. The fol-

lowing ranked taxa were defined: subkingdom, phylum (suffix 
-mycota, except for Microsporidia), subphylum (-mycotina), 

class (-mycetes), subclass (-mycetidae) and order (-ales). As 

in Hibbett et al. (2007), several phylogenetically well-supported 

nodes above the rank of order could not be accommodated 

in the current hierarchical classification system based on the 
International Code of Botanical Nomenclature. To remedy this 

deficiency, rankless (or unranked) taxa for unambiguously 
resolved nodes with strong statistical support was proposed 

(Hibbett & Donoghue 1998). Hybrid classifications that include 
both rankless and Linnaean taxa have since been discussed 

elsewhere (Jørgensen 2002, Kuntner & Agnarsson 2006), and 

applied to diverse organisms from lichens (Stenroos et al. 2002) 

and plants (Sennblad & Bremer 2002, Pfeil & Crisp 2005) to 

spiders (Kuntner 2006). These studies all attempt to create a 

comprehensive code for phylogenetic nomenclature that retains 

the current Linnean hierarchical codes. 

In keeping with the practice of previous hybrid classifications, we 
propose to use names corresponding to clades of higher taxa 

that were resolved in this phylogeny as well as preceding studies.  

The proposed informal, rankless names for well-supported 

clades above the class level in our phylogeny agrees with the 

principles of the Phylocode (http://www.ohio.edu/phylocode/).  

It is our hope that such names should function as rankless 

taxa, facilitating the naming of additional nodes/clades as they 

become resolved. Eventual codification will follow the example 
of Hibbett et al. (2007) by applying principles of type names 

and priority. A number of published manuscripts already provide 

background on other supraordinal relationships of Fungi; for 

more complete treatments of the various classes, see Blackwell 

et al. (2006).

During the AFTOL project a data matrix was generated span-

ning all currently accepted classes in the Ascomycota, the 

largest fungal phylum. A multi-gene phylogeny was recently 

inferred from these data, demonstrating relevant patterns in 

biological and morphological character development as well as 

establishing several distinct lineages in Ascomycota (Schoch 

et al. 2009). Here we test whether the relationships reported in 

Schoch et al. (2009) remain valid by applying both maximum 

likelihood (ML) and Bayesian analyses on a more restricted 

but denser set of taxa, including expanded sampling in the 

Geoglossaceae.

We will therefore address the taxonomic placement of a group 

of fungi with earth tongue morphologies that are shown to be 

unrelated to other known classes. This morphology is closely 

associated with the family Geoglossaceae (Corda 1838). With 

typical inoperculate asci and an exposed hymenium, Geoglos­

saceae has long been thought to be a member of Leotiomy­

cetes, though the content of the family itself has experienced 

many changes (Nannfeldt 1942, Korf 1973, Spooner 1987, 

Platt 2000, Wang et al. 2006a, b). It is currently listed with 48 

species and 6 genera in the Dictionary of the Fungi (Kirk et 

al. 2008). Several analyses using molecular data supported 

a clade including three earth tongue genera, Geoglossum, 

Trichoglossum and Sarcoleotia (Fig. 1), and cast doubt upon 

their positions in Leotiomycetes (Platt 2000, Gernandt et al. 

2001, Lutzoni et al. 2004, Sandnes 2006, Spatafora et al. 2006, 

Wang et al. 2006b). Here we present a comprehensive phylum-

wide phylogeny, including data from protein coding genes. We 

can confidently place the earth tongue family as separate from 
currently accepted classes in Ascomycota. 
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Fig. 1   A most likely tree obtained by RAxML for Ascomycota. Subphyla, class and rankless taxa are indicated. Classes containing fungi designated as earth 

tongues are indicated in black. The tree was rooted with outgroup Rhizopus oryzae (not shown). Bootstrap values are shown in orange and Bayesian poste-

rior probabilities in blue. Orange, bold branches are supported by more than 80 % bootstrap and 95 % posterior probability, respectively. The full phylogeny, 

without collapsed clades, are shown in Fig. 2. The inset figures illustrate morphological ascomal diversity in the earth tongues. The species are as follows: 
A. Trichoglossum hirsutum; B. Geoglossum nigritum; C. Microglossum rufum; D. Spathularia velutipes; E. Geoglossum nigritum. Photo credits: A: Zhuliang 

Yang; B, D, E: Kentaro Hosaka; C: Dan Luoma.

MATERIALS AND METHODS

Data were extracted from the complete data matrix obtained 

from the WASABI database (www.aftol.org), incorporating 

representatives for all currently accepted classes, and maxi-

mizing the number of orders and available data. Following the 

approach of James et al. (2006) we performed a combined 

analysis, with both DNA and amino acid data, while allowing 

for missing data. This data was supplemented with additional 

ribosomal sequences from earth tongue genera obtained and 

deposited in GenBank from two previous studies (Wang et al. 

2006a, b). To further minimise poorly aligned areas, 219 ad-

ditional columns, which proved variable when viewed in BioEdit 

with a 40 % shade threshold, were excluded from the original 

AFTOL inclusion set. The refined dataset consisted of 161 taxa 
(including outgroups) and 4 429 characters for six different 

loci: the nuclear small and large ribosomal subunits (nSSU, 

nLSU), the mitochondrial small ribosomal subunit (mSSU) and 

fragments from three proteins: transcription elongation factor 

1 alpha (TEF1) and the largest and second largest subunits of 
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RNA polymerase II (RPB1, RPB2). A complete table with the 

published GenBank numbers is listed in Table 1. 

The phylogenetic analysis was run in RAxML v7.0.0 (Stama-

takis 2006), partitioning by gene (six partitions) and estimating 

unique model parameters for each gene, as in Schoch et al. 

(2009). Models of evolution were evaluated as in Schoch et al. 

(2009) with the same models selected. For DNA sequences, 

this resulted in a general time reversible model (GTR) with a 

discrete gamma distribution composed of four rate classes 

plus an estimation of the proportion of invariable sites. The 

amino acid sequences were analysed with a RTREV model 

with similar accommodation of rate heterogeneity across sites 

and proportions of invariant sites. In addition, protein models for 

TEF1 and RPB2 incorporated a parameter to estimate amino 

acid frequencies. The tree shown in Fig. 1 was obtained by 

using an option in RAxML running a rapid bootstrap analysis 

and search for the best-scoring ML tree in one single run. This 

meant the GTRCAT model approximation was used, which does 

not produce likelihood values comparable to other programs. 

The full tree is shown here as Fig. 2 and was deposited in 

TreeBASE (www.treebase.org). We also ran 100 repetitions 

of RAxML under a gamma rate distribution option. The best 

scoring tree was included in TreeBASE. 

A second analysis was run using Bayesian inference of maxi-

mum likelihood in MrBayes v3.1.2 (Huelsenbeck & Ronquist 

2001, Altekar et al. 2004) using models and parameters that 

were comparable to the maximum likelihood run. Data were 

similarly partitioned and amino acids were analysed, so that 

a mixture of models with fixed rate matrices for amino acid 
sequences could be evaluated. In all cases rate heterogeneity 

parameters were used by a discrete gamma distribution plus 

an estimation of the proportion of invariable sites. A metropolis 

coupled Markov Chain Monte Carlo analysis was run for 9 

million generations sampling every 200th cycle, starting from 

a random tree and using 4 chains (three heated and one cold) 

under default settings. Two separate runs were confirmed to 
converge using Tracer v1.4.1 (http://tree.bio.ed.ac.uk/software/

tracer/). The first 10 000 sampled trees (2 million generations) 
were removed as burn in each run. A 50 % majority rule con-

sensus tree of 70 000 Bayesian likelihood trees from the two 

combined runs was subsequently constructed, and average 

branch lengths and posterior probabilities determined. The 

numbers of nodes shared with the most likely tree in Fig. 1 was 

determined and plotted on the branches. This tree was depos-

ited in TreeBASE, along with the inclusive character set.

RESULTS 

The phylogeny presented in Fig. 1 supports 15 classes (11 in 

Pezizomycotina, 1 in Saccharomycotina, 3 in Taphrinomycotina) 

with good statistical support (both ML bootstrap and Bayesian 

posterior probability) for 14. Phylogenies with all lineages in the 

analysed data matrix are included in Fig. 2. A run with 100 repeti-

tions of RAxML under a gamma rate distribution option resulted 

in a best scoring tree with a log likelihood of -111983. This tree 

shared the same supported nodes with the one presented in 

Fig. 1 but had changes in poorly supported nodes regarding 

placement of the Eurotiomycetes and Dothideomycetes. The 

two Bayesian runs produced trees with harmonic means of 

likelihood values of -112094 and -112076, respectively, with 

similar topological differences in poorly supported nodes.

As can be seen in Fig. 1, we continue to find low bootstrap and  
posterior probability support for Leotiomycetes as a mono-

phyletic clade using a combined analysis of protein and nucleic 

acids. In our analysis, this includes Neobulgaria pura as the 

earliest diverging lineage. The node internal from this lineage 

is found in all ML bootstrap trees, suggesting that this taxon is 

unstable in our analyses. No conflicts were detected in Neob­

ulgaria genes under a previous study and missing data did not 

affect important nodes (Schoch et al. 2009). A repeat run under 

maximum likelihood was done with Neobulgaria pura removed 

under the same settings but with only 100 bootstrap repetitions. 

This trimmed dataset yielded a congruent phylogeny with in-

creased bootstrap for Leotiomycetes (78 %; data not shown). 

The instability of the placement of Neobulgaria pura does not 

compromise any of the conclusions we present here and may 

be due to various reasons. Improved taxon sampling will likely 

help to resolve its placement in future analyses.

We find support for numerous backbone nodes in Ascomycota, 

as did Schoch et al. (2009). Our phylum-wide sampling of 

Ascomycota classes in this study, combined with the results 

of a previous study (Schoch et al. 2009), facilitated addressing 

the placement of the previously problematic and unsampled 

lineages such as the Geoglossaceae in relation to all currently 

accepted Ascomycota classes. 

Taxonomy

Given their unique ascomatal development, ultrastructure of 

ascus apical apparatus, mossy habitat, and our multilocus gene 

phylogeny, Geoglossomycetes cl. & ord. nov. is justified here as 
incertae sedis in Pezizomycotina and ‘Leotiomyceta’. 

Geoglossomycetes, Geoglossales Zheng Wang, C.L. Schoch  

& Spatafora, cl. & ord. nov. — MycoBank MB513351, 

 MB513352

Ascomata solitaria vel gregaria, capitata, stipitata; stipe cylindricus, atrum, 

glabrum vel furfuraceus. Regio hymeniali capitata, clavata vel pileata, in-

distinctum ex stipite; hymenium atrum, continuatcum stipite ad praematuro 

incrementi grado. Asci clavati, inoperculati, octospori, poro parvo in iodo 

caerulescentes. Ascosporae elongatae, fuscae, pullae vel hyalinae, multi-

septatae. Paraphyses filiformes, pullae vel hyalinae. Distributio generalis, 
terrestris, habitaile locus fere uliginoso et muscoso.

 Type genus. Geoglossum Pers., Neues Mag. Bot. 1: 116. 1794; Geoglos­

saceae.

Ascomata scattered to gregarious, capitate, stipitate; stipe cylin-

drical, black, smooth to furfuraceous. Ascigerous portion capitate, 

club-shaped to pileate, indistinguishable from stipe. Hymenium 

surface black, continues with stipe at early development stage. 

Asci clavate, inoperculate, thin-walled, J+, usually 8-spored. 

Ascospores elongate, dark-brown, blackish to hyaline, septate 

when mature. Paraphyses filiform, blackish to hyaline. Global 
distribution, terrestrial, habitat usually boggy and mossy.

DISCUSSION

In keeping with the phylogeny presented in Fig. 1, we endorse 

use of the -myceta suffix in order to circumscribe well-sup-

ported clades above class. The numbers of these clades are 

limited, and the use of such taxa will continue to become more 

practical as our biological knowledge base broadens. Use of 

this suffix will also allow for the continued use of Leotiomyceta, 

a taxon that has already been defined with a Latin diagnosis 
provided as a ranked superclass (Eriksson & Winka 1997) and 

remains in use (Lumbsch et al. 2005, Wang et al. 2006a). We 

propose its continued use, but as a rankless taxon together 

with the newly proposed rankless taxa, ‘Saccharomyceta’, 

‘Dothideomyceta’ and ‘Sordariomyceta’. Since these taxa are 

not currently accepted under the Code (McNeill et al. 2006), 

we will refrain from formal designations. The relevant clades 

are discussed below with the informal designations indicated 

in single quotations.
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Fig. 2   A most likely tree obtained by RAxML for Ascomycota (as in Fig. 1). Phyla, subphyla, class, order and rankless taxa are indicated. Taxa designated as 

earth tongues are indicated in orange. The tree is displayed as two subtrees – orange arrows indicate where the subtrees were joined. The tree was rooted 

with outgroup Rhizopus oryzae (not shown). Bootstrap values are shown in orange above nodes and Bayesian posterior probabilities in blue below. Numbers 

were removed for nodes with 100 % bootstrap and 100 % posterior probability.
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Subphylum Taphrinomycotina

As in recent studies using large multi-gene datasets (Spatafora 

et al. 2006, Sugiyama et al. 2006, Liu et al. 2009, Schoch et al. 

2009), we find ML bootstrap support here for the monophyly of 
the Taphrinomycotina. The addition of sequences from protein 

coding genes has been vital to the establishment of statistical 

support for this grouping. Recent work has shown that the short 

generation times characteristic of species in this group make 

phylogenetic analyses particularly susceptible to long branch 

attraction artefacts (Liu et al. 2009). The placement of Neolecta 

in this subclade is also confirmed here. The club-shaped apoth-

ecia of the members of Neolecta share superficial similarity with 
those of the Geoglossaceae. Neolecta was long thought to be 

included in the Geoglossaceae until molecular work proved oth-

erwise (Landvik 1996). In support of its placement in this early 

diverging group, Neolecta has several presumably ancestral 

features, such as simplified non-poricidal asci without croziers 
and the absence of paraphyses (Redhead 1979, Landvik et al. 

2003). With additional sampling of both taxa and genes we find 
here moderate support for the monophyly of Taphrinomycotina, 

and thus demonstrate that the earliest diverging clade of the 

Ascomycota was dimorphic, with both filamentous and yeast 
growth forms. Nevertheless, it remains apparent that this part 

of the Ascomycota tree remains under sampled. This lack of 

adequate sampling is supported by the recent description of a 

clade labelled ‘Soil Clone Group I’ (SCGI). SCGI is ubiquitous 

in soil and is only known from environmental sequence data 

(Porter et al. 2008). It appears possible that they form a novel 

early diverging lineage outside of Taphrinomycotina. Very little 

remains known about their ecology, morphology and general 

biology. 

Rankless taxon ‘Saccharomyceta’

‘Saccharomyceta’ includes the two remaining subphyla of 

Ascomycota, Saccharomycotina and Pezizomycotina. Saccha­

romycotina comprises the ‘true yeasts’ (e.g., Saccharomyces 

cerevisiae), although hyphal growth has been documented in 

some taxa (e.g., Eremothecium). The Pezizomycotina consists 

of the majority of filamentous, ascoma producing species, but 
numerous species are additionally capable of yeast and yeast-

like growth phases. Thousands of species are only known  

to reproduce asexually. These two subphyla form a well-sup-

ported, monophyletic group that has been recovered in a large 

number of studies across a diversity of character and taxon 

sets. The recognition of ‘Saccharomyceta’ highlights the shared 

common ancestry of these two taxa and the inaccurate charac-

terisation of Saccharomycotina as a primitive or basal lineage 

of the Ascomycota. Rather, its small genome size (Dujon et al. 

2004) and dominant yeast growth phase can be characterized 

as derived traits for this subphylum. 

Rankless taxon ‘Leotiomyceta’

We apply ‘Leotiomyceta’ as a rankless taxon containing the 

majority of fungi with a diversity of inoperculate asci (e.g., 

fissitunicate, poricidal, deliquescent). ‘Leotiomyceta’ excludes 
the earliest diverging classes of Pezizomycotina, Pezizomy­

cetes and Orbiliomycetes. It was first defined as a superclass 
(Eriksson & Winka 1997). This definition has remained in 
use (Lumbsch et al. 2005, Spatafora et al. 2006). Included in 

this clade are the informal, rankless taxa ‘Dothideomyceta’, 

‘Sordariomyceta’, as well as the classes Eurotiomycetes, Le­

canoromycetes, Lichinomycetes, and a newly proposed class, 

Geoglossomycetes. 

The type genus of Geoglossaceae, Geoglossum was initially 

proposed by Persoon (1794). Persoon described it as club-

shaped, with unitunicate, inoperculate asci, with the type 

species given as Geoglossum glabrum Pers. Trichoglossum 

have historically been classified in Geoglossaceae, and Sar­

coleotia has historically been classified in the Helotiaceae 

(Leotiomycetes). These inoperculate Discomycetes produce 

terrestrial, stipitate, clavate ascomata, commonly referred to as 

earth tongues, which include Leotia, Microglossum, Cudonia, 

and Spathularia. In terms of ascomatal development, species 

of Geoglossum, Trichoglossum, and Sarcoleotia possess a 

hymenium that freely develops towards the base, while other 

earth tongue fungi feature a distinct ridge to their hymenium, 

implying a developmental stage during which the hymenium is 

enclosed (Schumacher & Sivertsen 1987, Spooner 1987, Wang 

et al. 2006b). An enclosed hymenium has been observed as 

well in several other lineages, such as Cyttaria, Erysiphales 

and Rhytismatales in the Leotiomycetes (Korf 1983, Gargas 

et al. 1995, Johnston 2001). Although the name earth tongue 

implies these fungi are terrestrial and have no direct associa-

tion found with other organisms, Trichoglossum, Geoglossum 

and Sarcoleotia globosa have often been recorded in boggy 

habitats abundant with bryophytes (Seaver 1951, Dennis 1968, 

Schumacher & Sivertsen 1987, Spooner 1987, Jumpponen et 

al. 1997, Zhuang 1998). Ascus apical morphology is one of 

the major features in distinguishing higher ascomycetes, and 

operculate ascomycetes as members of Pezizales have an 

apical or subapical operculum which is thrown back at spore 

discharge while a definite plug is present in the thickened 
‘inoperculate’ ascus apex as in species of the Helotiales (Korf 

1973). Ultrastructure of the ascus apical apparatus suggested 

no close relationship between Leotia lubrica and species of 

Geoglossum and Trichoglossum. A structure known as a tractus 

connects the uppermost spore to the apical wall and the spores 

to each other in Trichoglossum hirsutum, but is never found in 

other species of the Helotiales and is possibly homologous to 

structures in Sordariomycetes and Pezizomycetes (Verkley 

1994). Recent molecular phylogenetic analyses (Sandnes 

2006, Wang et al. 2006a, b) confirmed that the earth tongue 
fungi are not monophyletic. At least two origins occurred in 

Leotiomycetes: in Leotia and allies in Helotiales, and in Cudo­

nia and allies in Rhytismatales. Geoglossum, Trichoglossum. 

Sarcoleotia (Geoglossomycetes as we define it) represent a 
third, independent lineage of earth tongues, which we confirmed 
does not belong within the Leotiomycetes. 

DNA-only and combined model analyses produced conflicting 

placements of Geoglossaceae within Pezizomycotina. Previ-

ous analyses applying nucleotide sequences only placed the 

order as a sister group to the Lichinomycetes (Lutzoni et al. 

2004, Spatafora et al. 2006), which includes a small number 

of lichenised species mainly associated with cyanobacteria 

(Reeb et al. 2004). Our sampling of Lichinomycetes includes 

two genera, Peltula and Lichinella that encompass at least  

some of the ascal diversity, i.e., rostrate and deliquescent, 

present in the class. In contrast, our combined amino acid and 

nucleotide model analyses resolved Geoglossaceae as an 

isolated, unique lineage of ‘Leotiomyceta’ with no supported 

sister relationship, in agreement with Schoch et al. (2009). Dif- 

ferent levels of missing data underlie these two conflicting 

topologies, and several phenomena can potentially explain this 

conflict, ranging from model misspecification to long-branch 
attraction. Regardless of these concerns, our conclusion that 

the Geoglossaceae is a monophyletic lineage, unallied with 

members of the Leotiomycetes and any of the other large fungal 

classes remains strongly supported. 

Eurotiomycetes and Lecanoromycetes are the two remaining 

classes in ‘Leotiomyceta’. Eurotiomycetes is arguably the most 

ecologically diverse class within Ascomycota including lichen-

ised species, saprobes and pathogens of animals and plants. 

As currently defined, this class incorporates several distinct 
orders and three subclasses spanning virtually all known fun-
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gal ecological niches (Geiser et al. 2006). Lecanoromycetes 

contain the majority of the lichenised fungi (Miadlikowska et 

al. 2006). Earlier large-scale phylogenies (e.g. Lutzoni et al. 

2004) have suggested a sister relationship between these two 

classes, but we find that such a relationship remains without 
strong statistical support (Fig. 1). Despite this, internal nodes 

are well supported enough to provide good support for the 

hypothesis that lichenisation evolved multiple times in the 

Ascomycota, with losses being rare (Gueidan et al. 2008, 

Schoch et al. 2009). 

The remaining classes are discussed in relation to their respec-

tive rankless taxa listed below.

Rankless taxon ‘Dothideomyceta’

This taxon is well supported, with ML bootstrap of 91 % and 

a moderate Bayesian posterior probability of 92 %. It includes 

two classes of fungi which produce fissitunicate asci, Artho­

niomycetes and Dothideomycetes. Arthoniomycetes consists 

of ± 1 600 species of lichenised and lichenicolous fungi with 

fissitunicate asci and exposed hymenia (Grube 1998, Ertz et al. 
2009). Unlike other species with fissitunicate asci, these taxa 
have ascohymenial development, prompting their placement 

in a transitory group, or ‘Zwischengruppe’ that is intermediate 

between ascohymenial and ascolocular development (Henssen 

& Jahns 1974). The class is resolved as sister to Dothideo­

mycetes, consistent with recent studies (Lutzoni et al. 2004, 

Spatafora et al. 2006, Wang et al. 2006a). Dothideomycetes 

is a large class containing two subclasses, Dothideomycetidae 

and Pleosporomycetidae (Schoch et al. 2006). Our analysis 

contains members of all known orders in the class, including 

recent additions (Boehm et al. 2009). This broad representa-

tion yields increased resolution in the placement of an order 

previously labelled incertae sedis, Botryosphaeriales (Schoch 

et al. 2006). Placement of Botryosphaeriales within subclass 

Pleosporomycetidae is well supported, as is a close relationship 

with the unplaced family Tubeufiaceae (Fig. 2).

Rankless taxon ‘Sordariomyceta’

‘Sordariomyceta’ contains three classes, Leotiomycetes, Laboul­

beniomycetes and Sordariomycetes. We find similar resolution 
for this clade as for the ‘Dothideomyceta’. These three classes 

are characterised by the production of unitunicate, poricidal 

asci, or derivatives of such asci (e.g., deliquescent asci). Leotio­

mycetes and Sordariomycetes include numerous fungi associ-

ated with plants as pathogens, endophytes and epiphytes. The 

sordariomycete phylogeny is comparatively well resolved with 

15 orders and 3 subclasses named (Zhang et al. 2006, Kirk et 

al. 2008). In contrast, the leotiomycete classification still poorly 
matches its inferred phylogeny. A recent class-wide effort to 

assess morphological and ecological data in a phylogenetic 

context continued to find high levels of diversity unaccounted 
for in the current classification (Wang et al. 2009). In addition 
to the aforementioned two classes, Fig. 1 also supports the 

placement of the Laboulbeniomycetes reported in Schoch et 

al. (2009) as part of a monophyletic lineage. The relationship 

between the Sordariomycetes and Laboulbeniomycetes is 

also well supported but we will refrain from naming this node 

until sampling can be expanded for the Laboulbeniomycetes. 

The class Laboulbeniomycetes encompasses an enigmatic 

lineage of insect symbionts and mycoparasites that have long 

proved problematic with respect to placement in higher-level 

classification schemes. Laboulbeniomycetes comprises two 

orders, Laboulbeniales and Pyxidiophorales, that are united 

by an ascospore synapomorphy of a darkened holdfast region  

and by molecular data (Weir & Blackwell 2001, 2005). Members 

of Pyxidiophorales possess globose perithecia with a single 

layer of wall cells, and long perithecial necks that release their 

ascospores passively in droplets at the tips of their necks; this 

mechanism is repeatedly derived within Ascomycota for insect 

dispersal of ascospores (Blackwell 1994). For this reason, 

they have been likened to other insect-dispersed perithecial 

ascomycetes (e.g., Ophiostomatales) that now are strongly 

supported as members of Sordariomycetes. Laboulbeniales 

includes ectoparasites of insects and displays morphologi-

cal traits not found elsewhere in the Ascomycota. They form 

apomorphic ascomata produced by the division and enlarge-

ment of ascospores that are difficult to characterize in existing 
ascomatal terms. Laboulbeniales feature an ostiole, how-

ever, which is consistent with perithecia produced by hyphal 

growth. Determinate growth of the ascospore with a series of 

predictable cell divisions produces a thallus of a finite number 
of cells that is characteristic at the genus and species level 

(Tavares 1979). The analyses presented here strongly support  

Laboulbeniomycetes as sister to Sordariomycetes. This place-

ment corresponds with the terminology originally applied to 

this group (Thaxter 1896). It is interesting to note that while 

species of Pyxidiophorales are endowed with a diverse group 

of anamorphs, members of Laboulbeniales are mainly known 

to reproduce sexually.

Summary

In conclusion, we propose two monotypic formal taxa and 

describe continued support for four informal rankless taxa. 

Important improvements in the resolution of deep nodes within 

the Ascomycota may be attributed to multi-gene sequence data 

produced by AFTOL and other projects during the last 5 years. 

The accelerating accumulation of genome-scale sequence data 

will continue to challenge and improve existing phylogenetic  

hypotheses. However, in order to direct limited resources 

towards under-sampled areas in the fungal phylogeny, an ac-

curate, up-to-date classification is required. By placing three 
earth tongue genera in a separate newly described class, we 

underscore and communicate the genetic diversity that is found 

in the fungi producing these very convergent morphologies.
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