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INTRODUCTION

Microascaceae is a highly diverse family in the Microascales 
(Sordariomycetes, Ascomycota) with a worldwide distribution 
(Malloch 1970, Abbott 2000, Sandoval-Denis et al. 2016b). 
Members of this family can colonise diverse niches, and vary 
in lifestyle from saprobes, endophytes, plant pathogens and 
animal or human opportunistic taxa (Domsch et al. 2007, 
Sandoval-Denis et al. 2013, 2016a, b, Lackner et al. 2014, Li et 
al. 2017, Woudenberg et al. 2017a, b, Mamaghani et al. 2022). 
Many species of Microascaceae are important organisms that 
affect indoor environments and human health, e.g., species 
in Microascus, Scedosporium and Scopulariopsis, primarily 
because several of their species are well-known opportunistic 

pathogens and show intrinsic resistance to antifungal agents 
(Mohammedi et al. 2004, Van de Sande et al. 2007, Miossec et 
al. 2011, Skóra et al. 2015, Álvarez-Uría et al. 2021, Mhmoud 
et al. 2021). Furthermore, as cellulose-degrading fungi, some 
species of Microascaceae possess the ability to degrade cel-
lulose-based building materials, thereby damaging the building 
structure (Peterson et al. 2011, Woudenberg et al. 2017a, b). 
On the other hand, several species of Microascaceae can also 
produce various enzymes and antioxidants with anticancer and 
anti-inflammatory activities, as well as antifungal, antibacterial 
and nematicidal metabolites, which are widely used in the 
medicinal, industrial and agricultural fields (Shao et al. 2015, 
Zutz et al. 2016, Zhu et al. 2018).
Cephalotrichum was established by Link (1809) for two asexual 
species, C. rigescens and C. stemonitis, with C. stemonitis des-
ignated as the generic type, which was previously included in 
genera such as Doratomyces, Periconia and Stysanus (Corda  
1837, Hughes 1958, Abbott 2000). The diagnostic characteris-
tics of species in this genus includes formation of dry conidia in 
basipetal chains from percurrently proliferating conidiogenous 
cells, and indeterminate synnemata (Abbott 2000, Sandoval-
Denis et al. 2016b, Woudenberg et al. 2017b). The morphologi-
cal simplicity of the Cephalotrichum morphotype has histori-
cally led to the amalgamation of numerous unrelated species, 
thereby creating a heterogeneous genus. Previous taxonomy 
studies of Cephalotrichum, Doratomyces and Trichurus were 
based mainly on morphological characters and have been 
the subject of discussion in various treatments (Jiang et al. 
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2011, Seifert et al. 2011, De Beer et al. 2013). Doratomyces 
was introduced by Corda (1829) based on D. neesii, and cur-
rently comprises 22 species. Later, D. neesii was treated as 
a synonym of the older name C. stemonitis (Hughes 1958). 
Since Cephalotrichum shares morphological characteristics 
with Doratomyces, the former was considered a synonym of 
Doratomyces (Morton & Smith 1963). Another genus, Trichurus, 
which is typified by T. cylindricus, was introduced by Clements 
& Pound (1896). Morphologically, the genus is very similar to 
Cephalotrichum and Doratomyces, except that it produces se-
tae in the upper part of its synnemata (Morton & Smith 1963). 
However, the sole presence of setae was not considered to 
support their distinction at generic level (Hasselbring 1896, 
Swart 1964, Hammill 1977). Although molecular phylogenetic 
studies recognised the polyphyly of many morphologically-
defined taxa within these genera, multi-locus DNA sequence 
data confirmed support for Doratomyces and Trichurus to be 
treated as synonyms of Cephalotrichum (Sandoval-Denis et 
al. 2016b, Jiang et al. 2017). In a systematic revision of the 
Cephalotrichum, Woudenberg et al. (2017b) re-evaluated all  
taxa for which molecular data were available at the time, and 
accepted 16 phylogenetic species. Over the past several years,  
the taxonomy of Cephalotrichum has been well studied and dra
matically changed, and many species have been synonymized 
with known names after comparing morphological characteris-
tics and related DNA sequence data, but some taxa remain to 
be corrected and typified.
Microascus, typified by M. longirostris, is the largest genus of 
the family Microascaceae and was introduced by Zukal (1885) 
for a group of saprobic ascomycetes. It is characterised by 
solitary annellidic conidiogenous cells with a long and narrow 
annellated zone, smooth to roughened conidia, mostly ostiolate 
ascomata with papillate or long cylindrical necks, and coloured 
ascospores with a single, mostly inconspicuous germ pore 
(Barron et al. 1961, Abbott et al. 2002, Guarro et al. 2012, 
Sandoval-Denis et al. 2016a). A further asexual genus, Scopu­
lariopsis, was introduced by Bainier (1907) to accommodate 
S. brevicaulis (type species), S. rubellus and S. rufulus. It is 
characterised by the production of long chains of dry conidia 
from annellidic conidiogenous cells on branched (simple to 
penicillate) conidiophores (Morton & Smith 1963, Samson et 
al. 2010, Jagielski et al. 2013, 2016). Following the description 
of the genus, more than 114 species have been introduced 
with many of them now considered to be synonyms. Histori-
cally, the sexual morphs of Scopulariopsis were for a long time 
accommodated in the ascomycete genus Microascus, while 
Scopulariopsis commonly includes fungi that only exhibited 
asexual reproduction (Von Arx 1975, Abbott et al. 1998, Abbott 
& Sigler 2001, Lumbsch & Huhndorf 2007). However, except 
for a few species, the sexual morphs of most scopulariopsis-
like species are unknown, and have had a confused taxonomic 
history. Additionally, many species of this group can only re-
produce asexually, and even among fungi that reproduce 
sexually, often some strains/species easily lose their ability to 
sporulate sexually (Jagielski et al. 2016, Sandoval-Denis et al. 
2016a, Sun et al. 2020, Zhang et al. 2021). Considering the 
limitations related to morpho-taxonomy, many molecular phylo
genetic studies based on DNA sequences suggest that these 
scopulariopsis-like fungi should be redefined (Issakainen et al. 
2003, Ropars et al. 2012, Sandoval-Denis et al. 2013, Lackner 
et al. 2014). Subsequently, many of these morphology-based 
genera in Microascaceae, such as Cephalotrichum, Microascus 
and Scopulariopsis, have been re-described using multigene 
phylogenetic analysis combined with morphology (Sandoval-
Denis et al. 2016b, Woudenberg et al. 2017a). Phylogenetically, 
Microascus and Scopulariopsis were separated into two distinct 

lineages within Microascaceae, which are two distinct genera 
that both contained asexually and sexually reproducing species 
(Jagielski et al. 2016, Sandoval-Denis et al. 2016a). Following 
these studies, Woudenberg et al. (2017b) analysed a large set 
of scopulariopsis-like isolates, including the available ex-type 
strains of numerous species, recognising 33 and 12 species 
in the genera Microascus and Scopulariopsis, respectively. 
These advancements provide a stable taxonomic framework 
for Microascaceae, but the phylogenetic relationships of some 
poorly documented taxa remain unresolved due to its complex 
taxonomic history, which poses a handicap to defining generic 
boundaries.
Fossils are direct evidence of biological evolution and studies 
have shown that using molecular clocks calibrated with fossil 
information to estimate divergence times can more accurately 
infer the ages of different lineages, providing additional evi-
dence for classification arrangements at different taxonomic 
levels (Berbee & Taylor 2010, Dos Reis et al. 2015, Píchová et 
al. 2018, Wang et al. 2018, Ho 2020). Until now most molecular 
dating studies in the fungal tree of life have focused on higher 
taxonomic levels, with only a few divergence events involving 
smaller groups of fungi (Taylor et al. 2014, Liu et al. 2017, Zhu 
et al. 2019). Despite increasing interest in dating the origin and 
diversification of different groups of fungi, it has been difficult to 
choose a reliable calibration point for the divergence time esti-
mation due to the lack of satisfactory fossil data (Hedman 2010, 
Zhao et al. 2017, Steenwyk et al. 2019, Wang et al. 2022). This 
is largely attributed to the microscopic nature and the difficulty 
in recognizing them in the fossil record (Beimforde et al. 2014, 
Garnica et al. 2016). Moreover, fungi are delicate organisms 
that cannot be well preserved, leading to scarcity in the avai
lability of fossil resources (Prieto & Wedin 2013, Taylor et al. 
2015). Many studies on molecular evolution have highlighted 
the importance of precisely assigning fossils to particular nodes 
to constrain the molecular clock, and these analyses have 
provided a better understanding of fungal evolution (Sung et 
al. 2008, Benton et al. 2009, Lukoschek et al. 2012, Tischer et 
al. 2019). In recent years, as more and more fungal fossils with 
geological information are continuously discovered, molecular 
clock analyses and divergence time estimates have been widely 
applied in various taxonomic studies. To infer the origin and 
subsequent evolution of the main fungal lineages, Tedersoo 
et al. (2018) proposed an updated phylum- and class-level 
fungal classification accounting for monophyly and divergence 
times to provide a more natural classification, and improve 
the taxonomic and phylogenetic precision in evolutionary and 
biodiversity analyses. Thus, given the rich species diversity of 
Microascaceae and its adverse effects on human health, it is 
necessary to infer the timing of their origin in the fungal tree 
of life, and to reveal the evolutionary history of this family and 
related lineages.
In this study, we updated the species diversity of Cephalotri­
chum and Microascus using phylogenetic analyses of combined 
datasets of ITS, LSU, tef1 and tub2 gene sequences from 
47 strains representing 21 species. Subsequently, divergence 
time estimations were performed utilizing fossils representing 
the four major Hypocreomycetidae subclasses as calibration 
points to evaluate the phylogenetically-delimited genera in 
Microascaceae. Our main purpose was to: 1) determine the 
placement of newly collected taxa with evidence from mor-
phological characters and phylogenetic analyses; 2) resolve 
species boundaries within Cephalotrichum and allied genera by 
using morphology, molecular markers and evolutionary analy-
ses; and 3) use molecular clock analysis to infer the origins of 
this group of microascaceous saprobic fungi.
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MATERIALS AND METHODS

Isolates and specimens
Isolates used in this study were obtained from various types 
of soil and dust samples in China by dilution plate isolation  
methods. The samples were stored in zip-lock bags or enve-
lopes and taken to the laboratory for examination. Single-co-
nidial cultures were established on water agar (WA; agar 20 g, 
deionized water 1 000 mL). All fungal colonies were isolated 
and purified prior to identification. For subculture, pure cultures 
were transferred to potato dextrose agar (PDA; potato 200 g, 
dextrose 20 g, agar 20 g, deionized water 1 000 mL) and culti-
vated under cool white light at 26 °C for 4 wk. Additional strains 
were obtained from the Culture Collection of the Department 
of Plant Pathology, Shandong Agricultural University. In total 
47 isolates were collected in this study, comprising 31 Cepha­
lotrichum isolates (14 species) and 16 Microascus isolates 
(seven species). These strains were subsequently deposited 
in the Culture Collection of the Department of Plant Pathology, 
Agriculture College, Guizhou University, China (GUCC). An 
overview of the strains collected in this study and other strains 
used in the phylogenetic analyses is listed in Table 1 and 2.

Morphological analysis
Oatmeal agar (OA; oatmeal extract 30 g, agar 20 g, deionized 
water 1 000 mL) favours synnematal development of micro-
ascaceous fungi and morphological descriptions are mainly 
based on cultures grown on this medium. Inoculated medium 
plates were incubated upside down at 25 °C under continuous 
near-ultraviolet light to promote sporulation. The macroscopic 
characters (colony diameter, obverse and reverse colours, 
texture of aerial mycelium, soluble pigments and exudates) of 
the colony were observed using a super depth of field 3D micro
scope (VHX-7000, Keyence, Japan) and digital images were 
captured. To examine the asexual structures of the isolates, 
a slide culture method was used for microscopic observation 
(Crous et al. 2019). Lactic acid (60 %) was used as mounting 
fluid, and slides were gently heated over a flame of an alcohol 
lamp to remove air bubbles. Microscopic micrographs were 
captured using a Zeiss Axioscope 5 compound microscope 
with a Axiocam 208 colour digital camera (Zeiss, Germany). For 
certain images of micromorphological structures, the stacking 
software Zerene Stacker v. 1.04 (Zerene Systems, USA) was 
used. The ZEN v. 3.0 software was used to measure at least 
30 randomly selected representative reproductive structures, 
and calculate the average value, standard deviation, minimum–
maximum values and extreme measurements.

DNA extraction, amplification and sequencing
Total genomic DNA was extracted from fresh mycelium grown 
on PDA using the BIOMIGA Fungus Genomic DNA Extraction 
Kit GD2416 (Biomiga, USA) following the protocols provided 
by the manufacturer. The isolated DNA was stored at -20 °C 
for PCR amplification and subsequent sequencing. The PCR 
amplification and sequencing of the ITS region (ITS1, 5.8S 
rDNA and ITS2) using the primer pair ITS5/ITS4 (White et 
al. 1990), and the 28S rRNA gene (LSU) was amplified using 
primer pair LR5/LR0R (Vilgalys & Hester 1990, Vilgalys & Sun 
1994). Partial β-tubulin fragments (tub2) were generated us-
ing the primer combination BT2a/BT2b (Glass & Donaldson 
1995), for translation elongation factor 1-alpha (tef1-α) the 
primers 983F/2218R (Rehner & Buckley 2005) were used. 
The amplification cycles were performed following Sandoval-
Denis et al. (2016a, b) and Woudenberg et al. (2017a, b). PCR 
products were purified at the Sangon Biotech, China, and the 
amplicons were sequenced in both directions using the same 
primers used for amplification to ensure accuracy. All newly 

generated sequences in this study were deposited in GenBank 
and are listed in Table 1.

Phylogenetic analyses
Phylogenetic analysis was based on concatenated DNA se-
quence datasets (ITS, LSU, tef1 and tub2) to determine the 
generic boundaries and species relationships. The forward 
and reverse sequences for each locus were assembled into 
a consensus sequence using ContigExpress component from 
the Vector NTI Advance v. 11.5 software package (Invitrogen, 
Carlsbad, CA, USA) (Lu & Moriyama 2004), and then BLAST 
searches were performed in the NCBI database to compare 
homology with representative sequences. Multiple sequence 
alignments were generated with MAFFT v. 7.5.2 (Rozewicki et 
al. 2019) and the alignment was manually optimized using Bi-
oEdit v. 7.1.9 (Hall 1999) and MEGA v. 11 (Tamura et al. 2021). 
Individual alignments were concatenated using Sequence 
Matrix v. 1.9 (Vaidya et al. 2011), and the final alignments were 
exported as Phylip or Nexus files. Phylogenetic re-construction 
was conducted using Maximum Likelihood (ML) and Bayesian 
Inference (BI). The best-fit nucleotide substitution models for 
the four gene partitions were tested under the output strategy 
of Akaike information criterion (AIC) (Nylander 2004) using 
jModelTest v. 2.1.7 (Darriba et al. 2012) and incorporated into 
the analyses.
The BI analyses were performed in MrBayes v. 3.2.1 (Ronquist 
et al. 2012) based on the best-fit models of evolution for the four 
loci. The Markov Chain Monte Carlo (MCMC) algorithm of four 
chains were run for two runs from random trees for 2 M genera-
tions. The analyses lasted until the average standard deviation 
of the split frequencies dropped below 0.01; trees were sampled 
every 100th generation. The first 25 % was discarded as burn-in 
to ensure that stationarity in log-likelihood had been reached, 
and the remaining trees were used to calculate the posterior 
probabilities. The ML analyses were preformed using RAxML 
v. 8.2.12 (Stamatakis 2014) through the CIPRES website (http://
www.phylo.org) to obtain another measure of branch support. 
The GTR+GAMMA model was chosen and ML bootstrap analy-
ses were estimated with 1 000 rapid bootstrap replications. The 
clade is supported when its RAxML Bootstrap support value is 
≥ 50 %, and the Bayesian PP value is ≥ 0.90. The phylogenetic 
trees were viewed using FigTree v. 1.4.4 (Rambaut 2018) and 
edited in Adobe Illustrator CC 2022 (Adobe Systems, USA). 
The final alignments and the phylogenetic trees obtained from 
this study were deposited in TreeBASE (http://www.treebase.
org) under submission number No. S31029.

Fossil calibrations and divergence time estimates
A time-calibrated phylogeny for the Microascaceae was con-
structed from four gene datasets (ITS, LSU, tub2 and tef1) of 
184 species (Table 1, 2). This dataset includes 15 genera and 
representative species of Microascaceae, as well as reference 
taxa corresponding to fossil calibration. For the evolutionary 
model, we calibrated the phylogeny with the divergence time 
and fossil information of the subclass Hypocreomycetidae 
provided by previous studies (Dayarathne et al. 2019, Tischer 
et al. 2019, Chuaseeharonnachai et al. 2020, Wang et al. 
2022). The following four calibration points were selected, 
including three fossil data and an additional secondary calibra-
tion: a uniform distribution for Scopulariopsis (lower = 34.2, 
upper = 38.7), an exponential distribution for Ophiocordyceps 
(offset = 100, mean = 27.5), a uniform distribution for Colle­
totrichum (lower = 61.6, upper = 72.3), and a truncated normal 
distribution with an upper hard bound (truncation) of 186 Mya 
and a standard deviation (SD) of 25 Mya was applied to calibrate 
Hypocreomycetidae.

http://www.phylo.org
http://www.phylo.org
http://www.treebase.org
http://www.treebase.org
http://www.phylo.org
http://www.phylo.org
http://www.phylo.org
http://www.treebase.org">(<Ahref="http://www.treebase.org">http://www.treebase
http://www.treebase.org">(<Ahref="http://www.treebase.org">http://www.treebase
http://www.treebase.org
http://www.treebase.org
http://www.treebase.org
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Divergence time estimates were performed using the BEAST 
v. 2.7.6 (Bouckaert et al. 2019) software package. The data-
set partition scheme and setting priors were implemented in 
BEAUti v. 2.7.6 according to the best-fit substitution model for 
each gene. To accommodate for rate heterogeneity across 
the branches of the tree, we used an uncorrelated relaxed 
clock model with lognormal distribution in the fossil analysis. A 
Yule process speciation rate was used for the tree prior. Two 
independent Markov chain Monte Carlo (MCMC) runs of 100 M 
generations were performed, with sampling at every 1 000th 
generation. Tracer v. 1.7.2 (Rambaut et al. 2018) was used to 
evaluate convergence and ensure that adequate ESS values 
for all parameters were > 200. After discarding the first 25 % 
representing the burn-in phase, the remaining trees were com-
bined using LogCombiner v. 2.7.6, and then the time-calibrated 
species tree was summarised as a Maximum Clade Credibility 
(MCC) tree in TreeAnnotator v. 2.7.6. The MCC tree was viewed 
and modified in the Interactive Tree of Life (iTOL) (https://itol.
embl.de) online tool (Letunic & Bork 2021).

RESULTS

Phylogenetic analyses
Phylogenetic tree reconstructions were carried out using two 
different datasets (Sequence data of 68 Cephalotrichum and 
72 Microascus strains) and two different approaches (ML 
and BI). For each dataset, the two tree-building approaches 
obtained almost identical topologies, and the ML tree was 
selected to represent and discuss the phylogenetic relation-
ships among taxa (Fig. 1, 2). In Cephalotrichum (Fig. 1), the 
combined dataset of 24 taxa and four genes consisted of 3 083 
characters (630 for ITS, 904 for LSU, 981 for tef1 and 568 
for tub2), 2 575 of which are constant, 147 are variable and 
parsimony-uninformative, while 361 are parsimony-informative. 
Sequences of Wardomyces inflatus and W. pulvinatus were 
used as the outgroups. The jModelTest selected the best-fit 
model for four gene regions (ITS GTR+I+G, LSU GTR+I+G, 
tef1 GTR+G, tub2 HKY+I+G) based on the results under the 
output strategy of AIC. For Microascus (Fig. 2), the sequence 
data comprised 49 taxa with Pseudoscopulariopsis schumach­
eri and Scopulariopsis soppii as the outgroup taxa. The align-
ment consisted of 2 933 characters (654 for ITS, 852 for LSU, 
901 for tef1 and 526 for tub2), including 2 138 constant, 623 
parsimony-informative and 172 parsimony-uninformative. The 
optimal nucleotide substitution model of the four gene regions 
(ITS GTR+G, LSU GTR+I+G, tef1 TrN+I+G, tub2 HKY+G) was 
used for the phylogenetic analyses.
Within Cephalotrichum, the phylogenetic analyses recognized 
24 species with strong support, which chiefly clustered in 11 sub- 
clades (Fig. 1), including four newly described species, C. brun­
neisporum, C. lageniforme, C. multisynnematum and C. silva­
num. As the tree shows, almost all the relationships between 
the major clades are highly supported by three independent 
algorithms. Among these clades, C. nanum diverged first, and 
then a monophyletic group formed by the type species C. ste­
monitis and its sister species C. hinnuleum. Subsequently, its 
sister subclade branched into two lineages, one which was 
comprised of C. lignatile and C. silvanum, and the other of four 
strains of C. microsporum. Species within the C. brunneispo­
rum, C. multisynnematum and C. tenuissimum subclades share 
a broad range of morphological and ecological traits, which 
reflects in their phylogenetic placement as a monophyletic 
group. In particular, the C. brevistipitatum, C. dendrocepha­
lum, C. inflatum and C. purpureofuscum clades are strongly 
supported monophyletic lineages, with an emergent internal 
structure. Additionally, there is a strongly supported subclade 
consisting mainly of C. domesticum, a species with a worldwide 

https://itol.embl.de
https://itol.embl.de
https://itol.embl.de
https://itol.embl.de
https://itol.embl.de
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Fig. 1   Phylogenetic tree of Cephalotrichum inferred with a Maximum Likelihood (RAxML) analysis of the combined ITS, LSU, tef1, and tub2 gene sequences. 
The statistical support of the branches is represented by different colours, with RAxML Bootstrap support values ≥ 50 % (MLBS) and Bayesian posterior prob-
abilities ≥ 0.90 (BIPP) shown at the nodes (MLBS/BIPP). Wardomyces inflatus (CBS 367.62 T) and W. pulvinatus (CBS 112.65 T) were used as outgroups. 
Those in bold are new taxa proposed in the current study and the strains obtained. Ex-type strains are indicated with (T) at the end of the taxa labels.
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Fig. 2   Phylogenetic tree of Microascus inferred with a Maximum Likelihood (RAxML) analysis of the combined ITS, LSU, tef1, and tub2 gene sequences. The 
statistical support of the branches is represented by different colours, with RAxML Bootstrap support values ≥ 50 % (MLBS) and Bayesian posterior probabilities 
≥ 0.90 (BIPP) shown at the nodes (MLBS/BIPP). Pseudoscopulariopsis schumacheri (CBS 435.86 T) and Scopulariopsis soppii (UAMH 9169 T) were used as 
outgroups. Those in bold are new taxa proposed in the current study and the strains obtained. Ex-type strains are indicated with (T) at the end of the taxa labels.
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distribution, as well as a new species, C. lageniforme, but also 
including C. guizhouense, a species known only from caves in 
China. Cephalotrichum oligotrophicum was placed as sister to 
C. verrucisporum, and this clade served as sister to C. laeve. 
All analyses suggested that the C. asperulum, C. cylindricum 
and C. transvaalense were located at the terminal end of the 
phylogenetic tree, and together they constituted a sister sub-
clade with C. gorgonifer as well as C. telluricum.
The phylogenetic tree of Microascus distinguished 49 species, 
which chiefly clustered in 14 subclades (Fig. 2), of which four 
correspond to the novel species proposed here, namely M. am­
pulliformis, M. echinulatus, M. qinghaiensis and M. truncatus. 
Within the ingroup, M. longirostris and M. pseudolongirostris 
were placed as the basal lineage with strong support, which 
is the earliest diverging clade of the genus. Importantly, the 
Microascus core clade is represented by the following spe-
cies: M. aculeatus, M. brunneosporus, M. chinensis, M. enno­
thomasiorum, M. intricatus, M. longicollis, M. micronesiensis, 

M. onychoides and M. spinosporus. In contrast, the M. alveo­
laris, M. cirrosus, M. levis and M. terreus clades were resolved 
as monophyletic groups of four species, and showed close 
relationships with M. appendiculatus, M. cinereus and M. gra­
cilis, while M. campaniformis, along with M. macrosporus and 
M. pyramidus were placed as basal branches of this lineage, 
although their branching order was less resolved. However, 
relationships among these species were less resolved. Micro­
ascus anfractus, M. globulosus and M. senegalensis subclades 
formed several well-circumscribed monophyletic lineages with 
strong support. Moreover, the analysis showed that strains 
from M. ampulliformis, M. echinulatus, M. murinus, M. restric­
tus, M. rothbergiorum, M. sparsimycelialis and M. verrucosus 
formed a subclade, in which M. ampulliformis and M. echinu­
latus were inferred as two well-supported monophyletic new  
species. On the other hand, M. chartarum, M. expansus, M. tri­
gonosporus and M. trigonus belong to a monophyletic sub- 
clade, but each species is weakly supported. It should be 
pointed out that all isolates of the new species M. truncatus 

Fig. 3   Maximum clade credibility (MCC) tree with divergence times estimates for main groups of the subclass Hypocreomycetidae obtained from a Bayesian 
approach (BEAST) using four fossil constraints. Different orders of the subclass Hypocreomycetidae are depicted using different-coloured blocks. Assignments 
of the fossil constraints are marked with red stars. Nodes with posterior probabilities (PP) lesser than 0.90 are marked with blue circles in proportion to their 
PP values. For reference, the time scale is shown right above the phylogenetic tree.
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were more closely related to M. croci than to M. superficialis. 
Similarly, M. cleistocarpus was inferred as a sister group of 
M. hyalinus, which shares the most recent common ancestor 
with M. qinghaiensis, while M. qinghaiensis was identified as a 
divergent lineage. In particular, M. fusisporus and M. trautmannii 
are resolved as the closest phylogenetic relative to M. collaris, 
which serves as the basal taxon of this lineage. Microascus 
atrogriseus and M. pseudopaisii clustered in the same sub-
clade and received moderate to strong support. Microascus 
hollandicus and M. paisii formed a branch sister to the clade 
comprising all strains of M. melanosporus.

Divergence time estimation
One hundred and eighty-four taxa were selected for molecular 
dating to estimate the divergence time of the Microascaceae, 
including 15 genera representing this family, and four calibra
ting points (Table 2, Fig. 3). Chaetomium contagiosum and 
Ramophialophora globispora were selected as outgroups. 
Based on the clear divergence age estimates, the divergence 
time of the Microascales crown group is 223.06 Mya (95 % 
HPD: 189.89–259.68 Mya), which is also within the period 
that major fungal orders diverged, similar to those described in 
previous reports (Liu et al. 2017). Dating analyses supported 
the supposition that the Microascaceae originated as an inde-
pendent group in the Late Triassic (210.37 Mya, 95 % HPD: 
177.18–246.96 Mya) and diversified in the Middle Jurassic 
(162.99 Mya, 95 % HPD: 129.75–198.48 Mya) (Fig. 3). At the 
genus level, the crown age of Microascus was estimated to 
be approximately the Late Cretaceous, at 76.21 Mya (95 % 
HPD: 61.03–92.38 Mya), while the two genera Yunnania and 
Pithoascus evolved 6.59–48.85 Mya. For Cephalotrichum, 
the ßdivergence times of the species range from 3.18 Mya to 
39.79 Mya, while for Wardomyces it is 8.25 Mya to 74.28 Mya. 
Moreover, Pseudoscopulariopsis and Scopulariopsis share the 
most common ancestor at 65.84 Mya (95 % HPD: 49.59–85.90 
Mya) in the Late Cretaceous. Acaulium originated earlier as an 
independent group in the Middle Cretaceous (94.07 Mya, 95 % 
HPD: 74.58–115.70 Mya), while Gamsia originated later as an 
independent group in the Late Cretaceous (74.28 Mya, 95 % 
HPD: 57.50–92.90 Mya).

TAXONOMY

Cephalotrichum Link, Mag. Ges. Naturf. Freunde Berlin 3: 
20. 1809

Synonyms. Doratomyces Corda, Deutschl. Fl., Abt. 3, Pilze Deutschl. 2: 
65. 1829.

Echinobotryum Corda, Deutschl. Fl., Abt. 3, Pilze Deutschl. 3: 51. 1831.
Stysanus Corda, Icon. Fungorum (Prague) 1: 21. 1837.
Synpenicillium Costantin, Bull. Soc. Mycol. France 4: 62. 1888.
Trichurus Clem., Bot. Surv. Nebraska 4: 7. 1896.
Berkeleyna Kuntze, Revis. Gen. Pl. (Leipzig) 3: 447. 1898.
Pycnostysanus Lindau, Verh. Bot. Vereins Prov. Brandenburg 45: 160. 1904.
Stysanopsis Ferraris, Ann. Mycol. 7: 281. 1909.
Capnostysanus Speg., Physis (Buenos Aires) 4: 295. 1918.

 Type species. Cephalotrichum stemonitis Link

 Notes — Cephalotrichum, typified by C. stemonitis, is cha- 
racterised by the formation of dry-spored, indeterminate synne-
mata and enteroblastic percurrent conidiogenesis (Link 1809, 
Abbott 2000, Sandoval-Denis et al. 2016b, Woudenberg et al. 
2017b). Other genera of Microascaceae, such as Microascus, 
Scopulariopsis and Wardomycopsis, except that they never 
form synnemata, have very similar asexual morphs to Cepha­
lotrichum, especially when isolates grow on a rich culture me-
dium like PDA. The 33 strains (14 species) of Cephalotrichum 
collected in China in the present study indicate that the genus 
has a wide geographical distribution range.

Cephalotrichum asperulum (J.E. Wright & S. Marchand) 
Sand.-Den. et al., Stud. Mycol. 83: 201. 2016 — Fig. 4

Basionym. Doratomyces asperulus J.E. Wright & S. Marchand, Bol. Soc. 
Argent. Bot. 14: 308. 1972.

Description — Wright & Marchand (1972).

 Materials examined. China, Hubei Province, Shiyan City, isolated from 
farmland soil, 2006, Y.L. Jiang (HGUP 18600), living culture GUCC 18600; 
Shaanxi Province, Hanzhong City, Yangxian County, isolated from vegetable 
soil, 2005, T.Y. Zhang (HGUP 18601), living culture GUCC 18601.

 Notes — This species was originally introduced as Dora­
tomyces asperulus from the humus-rich soil of grassland in 
Argentina (Wright & Marchand 1972), and subsequently trans-
ferred to Cephalotrichum as a synonym of C. purpureofuscus 
(Abbott 2000). Later, Sandoval-Denis et al. (2016b) confirmed 
the taxonomic position of this species within Cephalotrichum 
and introduced a new name C. asperulum based on a multigene 
phylogenetic analysis and detailed morphological studies. In 
this study, phylogenetic inference revealed that our two newly 
collected isolates clustered together with the ex-type culture of 
C. asperulum with high statistical support (Fig. 1). Furthermore, 
despite that C. asperulum shares a sister relationship with 
C. transvaalense, the high number of variable positions in the 
ITS (4 bp, 1 %), LSU (6 bp, 1 %), tef1 (11 bp, 1 %) and tub2 
(24 bp, 4 %) alignments supports the split into two distinct taxa. 
Morphologically, the most remarkable features of C. asperulum 
are the presence of apically pointed and coarsely roughened 
conidia with a spiral-sculpted appearance (Fig. 4). Therefore, 
we identified our isolates as C. asperulum based on morpho
logy and their identical sequences.

Cephalotrichum brunneisporum T.P. Wei & Y.L. Jiang, sp. nov.  
— MycoBank MB 850570; Fig. 5

 Etymology. Referring to the dark brown conidia produced by this fungus.

 Typus. China, Qinghai Province, Tongren City, isolated from forest soil, 
2006, Y.L. Jiang (holotype HGUP 18602, culture ex-type GUCC 18602).

Hyphae septate, subhyaline to pale brown, branched, smooth and  
thin-walled, 1.5–3 μm wide. Synnemata (355–)401–1042.5 
(–1102) μm high, scattered or caespitose, stipes dark brown to 
black, composed of rather compact attached hyphae, with some 
anastomoses between adjacent hyphae, unbranched or with 
1–2 side branches, somewhat interwoven and rough-walled 
towards the base, (247.5–)262–636(–713) × (13.5–)14–36 
(–40) μm, conidial heads brown to olive grey, obclavate to cy-
lindrical, (108.5–)113–405(–546) × (91–)98.5–199(–226) μm. 
Setae absent. Conidiophores in synnemata arising directly 
from vegetative hyphae, branched or unbranched, septate, 
pale brown to brown, irregularly mono- or biverticillate, with 
all elements tightly appressed, metulae (5.5–)6–19(–25) × 
2.5–3(–4) μm. Conidiogenous cells percurrent, commonly peni- 
cillately arranged, (3.5–)4–6.5(–7.5) × (2–)2.5–3 μm, am-
pulliform to cylindrical, subhyaline to pale brown, smooth and 
thin-walled, tapering gradually to a cylindrical annellate zone, 
(1–)1.5(–2) μm wide. Conidia obovoid to cylindrical, with trun-
cate base and rounded apex, single or in short chains, smooth 
or finely verruculose, olive brown to dark brown, (4.5–)5–6 × 
3–4(–4.5) μm (av. ± SD = 5.5 ± 0.5 × 3.5 ± 0.3 μm, n = 30). 
Sexual morph not observed.
 Culture characteristics — Colonies on OA reaching up to 
67–75 mm diam after 21 d at 25 °C, flat, with sparse aerial 
mycelium, white with iron grey synnemata, margin entire to 
undulate. On PDA reaching 40–56 mm diam, compact, finely 
felty, slightly raised, with abundant aerial mycelium, white or 
cream-coloured to olivaceous grey from margin to centre, 
margin regular. On SNA attaining 55–72 mm diam, flat, with 
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Fig. 4   Cephalotrichum asperulum (GUCC 18600). a–c. Colony on OA, PDA and SNA; d. synnemata; e–h. detail of the apical portion of a synnema; i. conidio
phores, conidiogenous cells and conidia; j. ovoid to ellipsoidal conidia in chains. — Scale bars: d = 200 μm, g, h = 20 μm, all others = 10 µm.

dense dark brown synnemata at the centre, cream-coloured or 
pale grey in outer region, aerial mycelium scanty, with fimbriate 
margin.

 Additional materials examined. China, Qinghai Province, Xinghai County, 
isolated from farmland soil, 2006, Y.L. Jiang (HGUP 18603), living culture 
GUCC 18603; Shandong Province, Dongying City, isolated from cotton soil, 
2008, H.M. Liu (HGUP 18604), living culture GUCC 18604.

 Notes — In the present study C. brunneisporum is introduced 
as a new species based on morphological and phylogenetic 

differences to other Cephalotrichum species. According to our 
phylogenetic inference, the three newly collected isolates repre-
senting C. brunneisporum were resolved as a strongly support-
ed genealogically exclusive lineage in the phylogeny inferred 
from the combined dataset (Fig. 2). Although C. brunneisporum 
shares a sister relationship with C. multisynnematum, it differs 
from the latter by 32 bp in the four loci dataset. Furthermore, 
they can also be distinguished based on their morphological 
characteristics as C. brunneisporum is characterised by obovoid 
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Fig. 5   Cephalotrichum brunneisporum (culture ex-type GUCC 18602). a–c. Colony on OA, PDA and SNA; d, e. synnemata; f, i. conidiophores, polyblastic 
conidiogenous cells bearing conidia; g, h. detail of the apical portion of a synnema; j. obovoid to cylindrical conidia in chains. — Scale bars: d, e = 200 μm, 
all others = 10 µm.
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Fig. 6   Cephalotrichum cylindricum (GUCC 18605). a–c. Colony on OA, PDA and SNA; d–f. synnemata; g, h. detail of the apical portion of synnema; i. tip of 
synnema with annellidic conidiogenous cells and conidia; j. ovoid to ellipsoidal conidia in chains. — Scale bars: d–f = 200 μm, g, h = 50 μm, all others = 10 µm.

to cylindrical, olive brown to dark brown, smooth or finely ver-
ruculose conidia (4.5–6 × 3–4.5 μm), and 355–1102 μm high 
synnemata. In contrast, the conidia of C. multisynnematum are 
subglobose or pyriform, with thickened and darkened secession 
scars, brown to olive green and smaller (3.5–4.5 × 3–4 μm), 
as well as longer synnemata (541.5–1252 μm) (Fig. 11).

Cephalotrichum cylindricum (Clem. & Shear) S.P. Abbott, 
Stud. Mycol. 83: 207. 2016 — Fig. 6

Basionym. Trichurus cylindricus Clem. & Shear, Bot. Surv. Nebraska 4: 7. 1896.
Synonym. Trichurus terrophilus Swift & Povah, Mycologia 21: 214. 1929.

Descriptions — Swift (1929), Abbott (2000).

 Materials examined. China, Qinghai Province, Dari County, isolated from 
steppe soil, 2007, H.Q. Pan (HGUP 18605), living culture GUCC 18605; 
Sichuan Province, Leshan City, Mount Emei, isolated from shrub soil, 2005, 
Y.L. Jiang (HGUP 18606), living culture GUCC 18606.
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Fig. 7   Cephalotrichum domesticum (GUCC 18607). a–c. Colony on OA, PDA and SNA; d. synnemata; e. synnema with stipes and conidial head; f. young 
synnema; g. apical portion of synnema; h. ellipsoidal to cylindrical conidia in chains. — Scale bars: d = 200 μm, e, f = 20 μm, all others = 10 µm.

 Notes — Molecular analyses in this study showed that our 
isolates (GUCC 18605 and GUCC 18606) clustered together 
with C. cylindricum (culture ex-epitype UAMH 1348) with full 
statistical support (Fig. 1), and the nucleotide homology be-
tween GUCC 18605 and UAMH 1348 for ITS, LSU, tef1 and 
tub2 is high at 99 % (567/568 bp), 100 % (882/882 bp), 99 % 
(927/931 bp) and 99 % (533/539 bp), respectively. Addition-
ally, the morphological characters of our studied specimens fit 
well with C. cylindricum (Sandoval-Denis et al. 2016b; Fig. 6). 
Cephalotrichum cylindricum was originally reported from the 

decaying seeds of Cucurbita maxima, and subsequently from 
the seed of Sorghum and the timber of Eucalyptus saligna (Swift 
1929, Abbott 2000, Sandoval-Denis et al. 2016b). This study 
expands its habitat range from the United States and South 
Africa to China, further confirming its lifestyle as saprophytic.

Cephalotrichum domesticum Woudenb. & Seifert, Stud. 
Mycol. 88: 146. 2017 — Fig. 7

Description — Woudenberg et al. (2017b).
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Fig. 8   Cephalotrichum gorgonifer (GUCC 18609). a–c. Colony on OA, PDA and SNA; d, e. synnemata; f, g. detail of synnemal setae; h. top of synnema 
showing divergent conidiophores; i. ovoid to ellipsoidal conidia in chains. — Scale bars: d, e = 200 μm, f = 20 μm, g = 50 μm, all others = 10 µm.

 Materials examined. China, Chongqing City, Beibei District, isolated from 
bamboo forest soil, 2005, Y.L. Jiang (HGUP 18607), living culture GUCC 
18607; Guangxi Province, Guilin City, isolated from botanical garden grass 
soil, 2005, Y.L. Jiang (HGUP 18608), living culture GUCC 18608.

 Notes — In the present study, the phylogenetic result shows 
that our new collections (GUCC 18607 and GUCC 18608) 
cluster together with C. domesticum with high statistical sup-
port (Fig. 2). Cephalotrichum domesticum always clustered 
outside the sections C. lageniforme and C. guizhouense, be-

ing resolved as a sister to the latter two species. Furthermore, 
this taxon (CBS 255.50) has lower nucleotide homology with 
the latter two species in ITS (3 and 3 bp), LSU (2 and 2 bp), 
tef1 (16 and 7 bp) and tub2 (17 and 29 bp). Its distinguishing 
features include pale brown to brown, smooth-walled and el-
lipsoidal to cylindrical conidia with truncate base and rounded 
or pointed apex (Fig. 7). These distinctive characteristics serve 
to differentiate C. domesticum from other closely related taxa. 
This is the second report of C. domesticum, representing a 
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Fig. 9   Cephalotrichum lageniforme (culture ex-type GUCC 18612). a–c. Colony on OA, PDA and SNA; d, e. synnemata; f–k. conidiophores, polyblastic 
conidiogenous cells and conidia; l. synnema with stipes and conidial head; m. apical portion of a synnema. — Scale bars: d, e = 250 μm, all others = 10 µm.
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new record from China, having previously been isolated in the 
Netherlands from manure, plaster and indoor air (Woudenberg 
et al. 2017b).

Cephalotrichum gorgonifer (Bainier) Sand.-Den. et al., Stud. 
Mycol. 83: 207. 2016 — Fig. 8

Basionym. Trichurus gorgonifer Bainier, Bull. Soc. Mycol. France 23: 230. 
1907.

Synonyms. Trichurus spiralis Hasselbr., Bot. Gaz. 29: 321. 1900.
Cephalotrichum heliciforme T.Y. Zhang, Mycosystema 33: 948. 2014.

Descriptions — Ellis (1971), Domsch et al. (2007).

 Materials examined. China, Guangdong Province, Huizhou City, Huidong 
County, isolated from forest soil, 2004, Y.L. Jiang (HGUP 18609), living culture 
GUCC 18609; Dongguan City, isolated from farmland soil, 2004, Y.L. Jiang 
(HGUP 18610), living culture GUCC 18610; Qinghai Province, Jainca County, 
isolated from forest soil, 2006, H.M. Liu (HGUP 18611), living culture GUCC 
18611.

 Notes — Cephalotrichum gorgonifer was initially described 
as Trichurus gorgonifer because of the presence of its spirally 
coiled setae, and later transferred to Cephalotrichum (Ellis 
1971, Domsch et al. 2007, Zhang et al. 2014). This species 
has a widespread distribution and has been recorded from 
compost, domestic waste, soil, wood, house, human hair and 
foot, bronchoalveolar lavage fluid, and maxillary sinus fluid in 
Canada, Italy, South Africa, the Netherlands, Germany and 
the USA (Sandoval-Denis et al. 2016b, Woudenberg et al. 
2017b). Some strains of C. gorgonifer were isolated from hu-
man clinical samples, mainly hair and respiratory specimens 
(Sandoval-Denis et al. 2016b). However, the three strains 
obtained in the present study and the majority of isolates that 
have been reported for this species thus far originate from soil 
and decaying vegetable materials, indicating that this species 
can also be saprophytic, corroborating the supposition that it 
can be saprophytic or an opportunistic pathogen.

Cephalotrichum lageniforme T.P. Wei & Y.L. Jiang, sp. nov. — 
MycoBank MB 850571; Fig. 9

 Etymology. Referring to the shape of conidiogenous cells produced by 
this species.

 Typus. China, Sichuan Province, Jiuzhaigou County, Jiuzhaigou Valley 
Scenic and Historic Interest Area, isolated from coniferous forest soil, 2005, 
Y.L. Jiang (holotype HGUP 18612, culture ex-type GUCC 18612).

Hyphae pale brown to brown, septate, branched, smooth and 
thin-walled, 1.5–2 μm diam. Synnemata solitary, up to (1409–) 
1647–2473.5(–2508.5) μm tall, stipes dark brown to black, com-
posed of rather compact attached hyphae, unbranched, (736–) 
887–1581(–1597) × (24.5–)30–50(–52) μm, upper portion form-
ing an ellipsoidal to broad fusiform sporulating head, brown to  
olive grey, (429–)560–892.5(–918) × (263–)369–545(–627) μm;  
sessile conidiomata lacking a stipe present in some trans-
fers, forming brown to olive green, subglobose conidial tufts. 
Conidiophores arising from synnemata or vegetative hyphae, 
unbranched or sparingly branched, septate, pale brown to 
brown, monoverticillate to irregularly bi- or terverticillate, com-
monly aggregated in dense synnemata or reduced to single 
conidiogenous cells, (7.5–)10.5–82(–98) × (1.5–)2–3 μm. 
Conidiogenous cells terminal or intercalary, lageniform to cy- 
lindrical or irregularly fusiform, smooth and thin-walled, sub
hyaline to pale brown, tapering gradually to a cylindrical annel- 
late zone 1.5–2 μm wide, usually in groups of 1–9 on short 
metulae, (3–)3.5–6.5(–7) × 2.5–3 μm. Conidia ovoid to sub-
cylindrical, base truncate to short obconically truncate with 
visible secession scars, apex obtuse, single or in short chains, 
brown to olive green, smooth or finely verruculose, (4–)4.5–6 × 

2.5–3.5 μm (av. ± SD = 5.2 ± 0.5 × 3 ± 0.3 μm, n = 30). Sexual 
morph not observed.
 Culture characteristics — Colonies on OA reaching 68– 
79 mm diam after 21 d in darkness at 25 °C, flat, with entire 
margin, aerial mycelium moderately dense, whitish or pale grey 
to olivaceous brown from margin to centre. On PDA reaching 
43–54 mm diam, compact, finely felty, with abundant aerial 
mycelium, cream-coloured or pale grey to dark grey from margin 
to centre, with entire to undulate margin, spreading and lacking 
synnemata. On SNA attaining 67–69 mm diam, planar, spread-
ing, pale grey to dark brown with conspicuous concentric rings, 
margin entire, with sparse aerial mycelium.

 Additional material examined. China, Guizhou Province, Anshun City, 
Puding County, isolated from forest soil, 15 Nov. 2022, T.P. Wei (HGUP 
18613), living culture GUCC 18613.

 Notes — Based on the analysis of DNA sequences of four 
markers, C. lageniforme forms a strongly supported subclade 
in Cephalotrichum, which is resolved with C. domesticum as 
two phylogenetically distinct sister lineages (Fig. 1). Although 
C. lageniforme is phylogenetically allied to C. domesticum, it is 
genetically distinct by 38 bp (GUCC 18612 vs CBS 255.50: ITS, 
3 bp, LSU, 2 bp, tef1, 16 bp and tub2, 17 bp) in the four loci data-
set. Morphologically, C. domesticum differs from C. lageniforme 
in having ellipsoidal to cylindrical, pale brown to brown, smooth 
and larger conidia (5.5–6.5 × 3–4 μm vs 4–6 × 2.5–3.5 μm) 
with rounded or pointed apices, as well as shorter synnemata 
(130–245 μm vs 1409–2508.5 μm) (Woudenberg et al. 2017b; 
Fig. 7). The ovoid to subcylindrical, brown to olive green, and 
smooth or finely verruculose conidia of C. lageniforme differ 
from other reported members of Cephalotrichum (Fig. 9).

Cephalotrichum microsporum (Sacc.) P.M. Kirk, Kew Bull. 
38: 578. 1984 — Fig. 10

Basionym. Stysanus microsporus Sacc., Michelia 1: 274. 1878.
Synonyms. Doratomyces microsporus (Sacc.) F.J. Morton & G. Sm., Mycol. 
Pap. 86: 77. 1963.

Graphium graminum Cooke & Massee, Grevillea 16: 11. 1887.
Graphium pistillarioides Speg., Revista Fac. Agron. Univ. Nac. La Plata 2: 
254. 1896.

Descriptions — Morton & Smith (1963), Ellis (1971), Domsch 
et al. (2007).

 Materials examined. China, Anhui Province, Bengbu City, isolated from 
forest soil, 2007, Y.L. Jiang (HGUP 18614), living culture GUCC 18614; 
Guizhou Province, Guiyang City, Huaxi Wetland Park, isolated from lawn 
soil, 6 Aug. 2018, X. Zhang (HGUP18615), living culture GUCC 18615.

 Notes — Cephalotrichum microsporum is a saprophytic fun-
gus isolated from rotted trunks of Robinia pseudacacia, dead 
twigs of Ligustrum vulgare, indoor air, and wheat-field soil in 
Italy, the Netherlands, Canada and Germany (Sandoval-Denis 
et al. 2016b). This species was previously reported Stysanus 
microsporus and later transferred to the genus Doratomyces 
(as D. microsporus) and Cephalotrichum (Saccardo 1878, 
Morton & Smith 1963, Kirk & Spooner 1984). In this study, 
the phylogenetic results agreed with the previous results of 
Sandoval-Denis et al. (2016b). The two strains we collected 
and the two cultures representing C. microsporum clustered in 
a separate lineage, clearly distant from the branch bearing their 
sister species (C. lignatile and C. silvanum) (Fig. 1), which also 
shows low sequence similarity. Morphologically, the ovoid to 
ellipsoidal, 3.5–5 × 2–3 μm, green brown and smooth conidia, 
as well as 500–1000 μm tall synnemata of C. microsporum 
easily distinguish it from allied species (Fig. 10).
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Cephalotrichum multisynnematum T.P. Wei & Y.L. Jiang, sp. 
nov. — MycoBank MB 850572; Fig. 11

 Etymology. Referring to the multiple branched synnemata produced by 
this fungus.

 Typus. China, Qinghai Province, Haixi Mongolian and Tibetan Autono-
mous Prefecture, Ulan County, isolated from farmland soil, 2007, Y.L. Jiang 
(holotype HGUP 18616, culture ex-type GUCC 18616).

Mycelium superficial or immersed, hyphae branched, septate, 
subhyaline to brown, thin-walled, 1.5–2 μm wide. Synnemata 

scattered, up to (541.5–)668.5–943(–1252) μm tall, stipes dark 
brown to black, composed of rather compact attached hyphae, 
with some anastomoses between adjacent hyphae, unbranched 
or with 1–3 side branches, (319.5–)321–839.5(–936) × 22–
36.5(–47) μm, upper portion forming a cylindrical sporulating 
head, brown to olive grey, (199–)210–415.5(–426.5) × (91–) 
94–170(–171) μm. Setae absent. Conidiophores irregularly 
mono- to bi- or terverticillate, septate, unbranched or sparingly 
branched, pale brown to brown, smooth, usually aggregated 

Fig. 10   Cephalotrichum microsporum (GUCC 18614). a–c. Colony on OA, PDA and SNA; d. synnemata; e, f. apical portion of synnema; g. top of synnema 
showing divergent conidiophores; h. ovoid to ellipsoidal conidia in chains. — Scale bars: d = 100 μm, e, f = 20 μm, all others = 10 µm.
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Fig. 11   Cephalotrichum multisynnematum (culture ex-type GUCC 18616). a–c. Colony on OA, PDA and SNA; d, e. branched synnemata; f, g. detail of the 
apical portion of synnema; h. top of synnema showing divergent conidiophores; i. subglobose or pyriform conidia in chains. — Scale bars: d, e = 200 μm, all 
others = 10 µm.
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in synnemata, with all elements tightly appressed, occasion-
ally reduced to conidiogenous cells, (16–)16.5–57.5(–58.5) × 
2–3(–3.5) μm. Conidiogenous cells cylindrical or elongate 
ampulliform, terminal or intercalary, subhyaline to pale brown, 
smooth and thin-walled, with a distinct shoulder tapering to 
a cylindrical annellated zone 1.5–2.5 μm wide, annellations 
inconspicuous or slightly prominent, 3.5–5.5(–6) × 2–3 μm. 
Conidia subglobose or pyriform, apex rounded, base truncate 
to short obconically truncate, with thickened and darkened 
secession scars, smooth or finely verruculose, brown to olive 
green, single or in short chains, 3.5–4(–4.5) × 3–4 μm (av. ± 
SD = 3.7 ± 0.2 × 3.5 ± 0.2 μm, n = 30). Sexual morph not 
observed.
 Culture characteristics — Colonies on OA reaching up to 
66–71 mm diam after 21 d at 25 °C, olivaceous brown centre 
with white to cream-coloured outer ring, colony centre with 
conspicuous synnemata, margin discrete or dentate. On PDA 
reaching 38–45 mm diam, cottony, finely felty, abundant aerial 
mycelium, white to cream or beige, raised in the periphery, 
synnemata not produced, with an entire edge. On SNA attain-
ing 56–58 mm diam, flat, spreading, with dense dark brown 
synnemata at the centre and grey loose synnemata near the 
edge.

 Additional material examined. China, Shaanxi Province, Hanzhong City, 
Yangxian County, isolated from vegetable soil, 2005, T.Y. Zhang (HGUP 
18617), living culture GUCC 18617.

 Notes — Cephalotrichum multisynnematum is phylogeneti
cally related to C. brunneisporum and C. tenuissimum, but 
C. multisynnematum forms a distinct branch as the sister clade  
to the latter two species, and is genetically distant from all spe-
cies of Cephalotrichum (Fig. 1). Moreover, this new species 
differs by 32 bp and 26 bp from C. brunneisporum and C. ten­
uissimum, respectively, in the combined dataset. Morphologi-
cally, C. brunneisporum differs from C. multisynnematum by 
its obovoid to cylindrical, olive brown to dark brown and larger 
conidia (4.5–6 × 3–4.5 μm vs 3.5–4.5 × 3–4 μm), as well as 
shorter synnemata (355–1102 μm vs 541.5–1252 μm) (Fig. 5); 
C. tenuissimum differs by its ellipsoidal, hyaline to pale green 
brown, smooth and larger conidia (4.5–6.5 × 3–4 μm), as 
well as shorter synnemata (495–900 μm) (Woudenberg et al. 
2017b; Fig. 16). In this study, multi-locus phylogenetic analyses 
and morphological features strongly support the recognition of 
C. multisynnematum as one phenotypically and phylogeneti-
cally distinct species.

Cephalotrichum nanum (Ehrenb.) S. Hughes, Canad. J. Bot. 
36: 744. 1958 — Fig. 12

Basionym. Periconia nana Ehrenb., Sylv. Mycol. Berol. (Berlin) 13: 24. 1818.
Synonyms. Stilbum nanum (Ehrenb.) Spreng., Syst. Veg., ed. 16. 4: 547. 
1827.

Graphium nanum (Ehrenb.) Sacc., Syll. Fung. (Abellini) 4: 616. 1886.
Doratomyces nanus (Ehrenb.) F.J. Morton & G. Sm., Mycol. Pap. 86: 80. 1963.
Stysanus verrucosus Oudem., Ned. Kruidk. Arch., 3 sér. 2: 923. 1903.

Descriptions — Morton & Smith (1963), Ellis (1971), Domsch 
et al. (2007).

 Materials examined. China, Qinghai Province, Yushu Tibetan Autonomous 
Prefecture, Yushu City, isolated from meadow soil, 2007, Y.L. Jiang (HGUP 
18618), living culture GUCC 18618; Shaanxi Province, Baoji City, Meixian 
County, isolated from forest soil, 2005, T.Y. Zhang (HGUP 18619), living 
culture GUCC 18619.

 Notes — Cephalotrichum nanum was originally described as  
Periconia nana (Ehrenberg 1818) before Sprengel (1827) placed  
it in Stilbum as S. nanum. After this, the species was succes
sively transferred to Graphium (as G. nanum, Saccardo 1886)  
and Doratomyces (as D. nanus, Morton & Smith 1963), with 
a complex taxonomic history. Based on our multi-locus phylo-

genetic analyses, C. nanum, C. hinnuleum and C. stemonitis 
formed a fully supported subclade at the most basal position 
within Cephalotrichum (Fig. 1). Although C. nanum is most 
closely related to C. hinnuleum, it differs by 45 bp in the four 
loci dataset. Morphologically, this species differs from its sister 
species in the production of globose to subglobose or ovoid, 
coarsely warted, green brown and smaller conidia (6–8.5 × 
4.5–7.5 μm) (Domsch et al. 2007; Fig. 12), while C. hinnuleum 
has an echinobotrym-like morph with ovoid to navicular, 
warted, slightly pointed and larger conidia (8.5–10 × 5.5–7 μm) 
(Sandoval-Denis et al. 2016b). This species has a widespread 
distribution and has been recorded on indoor air, deer dung, bi-
son dung, and soil in Canada, England, the USA, and Germany 
(Domsch et al. 2007, Sandoval-Denis et al. 2016b, Woudenberg 
et al. 2017b). This study expands its habitat range to China and 
confirms it to be saprophytic.

Cephalotrichum purpureofuscum (Schwein.) S. Hughes, 
Canad. J. Bot. 36: 744. 1958 — Fig. 13

Basionym. Aspergillus purpureofuscus Schwein., Trans. Amer. Philos. Soc. 
4: 282. 1832.

Synonyms. Doratomyces purpureofuscus (Schwein.) F.J. Morton & G. Sm., 
Mycol. Pap. 86: 74. 1963.

Stilbum brevipes Wallr., Fl. Crypt. Germ. (Norimbergae) 2: 326. 1833.
Sporocybe brevipes (Wallr.) Sacc., Syll. Fung. (Abellini) 4: 607. 1886.
Cephalotrichum brevipes (Wallr.) Kuntze, Revis. Gen. Pl. (Leipzig) 3: 453. 1898.
Cephalotrichum leucocephalum Wallr., Fl. Crypt. Germ. (Norimbergae) 2: 
330. 1833.

Graphium leucocephalum (Wallr.) Sacc., Syll. Fung. (Abellini) 4: 615. 1886.
Pachnocybe grisea Berk., Engl. Fl., Fungi (Edn 2) (London) 5: 334. 1836.
Graphium griseum (Berk.) Sacc., Syll. Fung. (Abellini) 4: 616. 1886.
Sporocybe grisea (Berk.) Goid., Ann. Bot., Roma 21: 49. 1935.
Periconia fusca Corda, Icon. Fungorum (Prague) 1: 19. 1837.
Stysanus fuscus (Corda) E.W. Mason & M.B. Ellis, Mycol. Pap. 56: 31. 1953.
Periconia discolor Corda, Icon. Fungorum (Prague) 3: 13. 1839.
Stysanus mandlii Mont., Ann. Sci. Nat., Bot. 4: 365. 1845.
Periconia brassicicola Berk. & Broome, Ann. Mag. Nat. Hist. 15: 33. 1875.
Sporocybe brassicicola (Berk. & Broome) Sacc., Syll. Fung. (Abellini) 4: 
606. 1886.

Cephalotrichum brassicicola (Berk. & Broome) Kuntze, Revis. Gen. Pl. 
(Leipzig) 3: 453. 1898.

Stysanus medius Sacc., Michelia 2: 300. 1881.
Stysanopsis media (Sacc.) Ferraris, Ann. Mycol. 7: 281. 1909.
Cephalotrichum medium (Sacc.) S. Hughes, Canad. J. Bot. 36: 744. 1958.
Pycnostysanus medius (Sacc.) Bat. & Peres, Nova Hedwigia 2: 469. 1960.
Doratomyces medius (Sacc.) Matsush., Matsush. Mycol. Mem. 1: 33. 1980.
Sporocybe sacchari Speg., Revista Fac. Agron. Univ. Nac. La Plata 2: 253. 
1896.

Descriptions — Morton & Smith (1963), Ellis (1971), Domsch 
et al. (2007).

 Materials examined. China, Sichuan Province, Dujiangyan City, isolated 
from broad-leaved forest soil, 2005, Y.L. Jiang (HGUP 18620), living culture 
GUCC 18620; Fujian Province, Fuqing City, isolated from farmland soil, 2004, 
Y.L. Jiang (HGUP 18621), living culture GUCC 18621.

 Notes — Cephalotrichum purpureofuscum is a widespread 
saprophytic fungus and has been recorded on tunnel walls 
containing cellulose, indoor air and grain in the Netherlands, 
Germany and Canada (Sandoval-Denis et al. 2016b, Wouden-
berg et al. 2017b). In the present study, it was also confirmed 
from Fujian and Sichuan Provinces of China. Multi-locus phylo-
genetic analyses indicated that our two newly collected strains 
clustered together with C. purpureofuscum, forming a fully 
supported monophyletic lineage, which was genetically distant 
from all species of Cephalotrichum (Fig. 1). Morphologically, 
the distinguishing features of C. purpureofuscum include ovoid 
to ellipsoidal, 5–8 × 3–4.5 μm, smooth or slightly roughened 
and green brown conidia. Furthermore, it lacks setae, and has 
800–1600 μm tall synnemata (Sandoval-Denis et al. 2016b; 
Fig. 13).
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Fig. 12   Cephalotrichum nanum (GUCC 18618). a–c. Colony on OA, PDA and SNA; d, e. synnemata; f, h, i. detail of the apical portion of synnema; g. conidio
phores, polyblastic conidiogenous cells bearing conidia; j. maturation process of the subspherical to ovoid conidia. — Scale bars: d = 500 μm, e = 250 μm, 
all others = 10 µm.
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Fig. 13   Cephalotrichum purpureofuscum (GUCC 18620). a–c. Colony on OA, PDA and SNA; d. synnemata; e, f. apical portion of synnema; g. conidiophores, 
conidiogenous cells bearing conidia; h. ovoid to ellipsoidal conidia in chains. — Scale bars: d = 200 μm, e, f = 20 μm, all others = 10 µm.

Cephalotrichum silvanum T.P. Wei & Y.L. Jiang, sp. nov. — 
MycoBank MB 850573; Fig. 14

 Etymology. From Latin silva, forest, wood, referring to the substrate and 
forest habitat of this species.

 Typus. China, Shaanxi Province, Baoji City, Meixian County, isolated 
from farmland soil, 2005, T.Y. Zhang (holotype HGUP 18622, culture ex-type 
GUCC 18622).

Mycelium consisting of subhyaline to brown, septate, branched, 
smooth, thin-walled, 1.5–2 μm diam hyphae. Synnemata scat-

tered or gregarious, up to (1073.5–)1351–4411(–5028.5) μm tall, 
with a compact cylindrical stipe, dark brown to black, unbranched 
or infrequently branched, somewhat interwoven and rough-
walled towards the base, (351.5–)421.5–1942.5(–2006) ×  
(24–)29.5–91.5(–95.5) μm, fertile at the upper portion forming  
a clavate or cylindrical conidial head, brown to olive grey, (415–) 
440–2938.5(–3041) × (107–)151–398.5(–399) μm. Setae 
absent. Conidiophores infrequently branched, irregularly mono- 
or bi- to terverticillate, pale brown to brown, septate, smooth, 
occasionally reduced to conidiogenous cells, usually aggre-
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Fig. 14   Cephalotrichum silvanum (culture ex-type GUCC 18622). a–c. Colony on OA, PDA and SNA; d, e. synnemata; f, h. detail of the apical portion of 
synnema; g. top of synnema showing divergent conidiophores; i. obovoid to broadly fusoid conidia in chains. — Scale bars: d, e = 500 μm, f, g = 20 μm, all 
others = 10 µm.
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gated in dense synnemata, (9–)14–44.5(–71.5) × 2–3 μm.  
Conidiogenous cells terminal, solitary or caespitose at the ends 
of the stipe hyphae, subhyaline to pale brown, ampulliform to 
cylindrical, smooth and thin-walled, (3.5–)4–6(–6.5) × 2.5–
3 μm, with a distinct shoulder tapering gradually to a cylindrical 
annellated zone 1.5–2.5 μm wide. Conidia obovoid to broadly 
fusoid, apex subobtuse to bluntly pointed, base broadly trun-
cated with thickened and darkened secession scars, smooth 
to finely roughened, brown to olive brown, single or in short 
chains, 4–5 × 2.5–3 μm (av. ± SD = 4.4 ± 0.3 × 3 ± 0.1 μm, 
n = 30). Sexual morph not observed.
 Culture characteristics — Colonies on OA reaching up to 
32–35 mm diam after 21 d at 25 °C, moderately expanding, 
olive brown or buff brown centre with white to hyaline outer ring, 
conspicuous synnemata in centre region, margin entire. On PDA 
reaching 9–11 mm diam, compact, white or cream-coloured, 
raised in the centre, folded, cerebriform, lobate margin, with 
sparse aerial mycelium, synnemata not produced. On SNA at-
taining 17–29 mm diam, floccose to loosely cottony, cream to 
grey brown, spreading and lacking synnemata, slightly raised 
to umbonate at centre, with a regular margin.

 Additional material examined. China, Guangxi Province, Guilin City, iso-
lated from forest soil, 2005, Y.L. Jiang (HGUP 18623), living culture GUCC 
18623.

 Notes — In the phylogenetic analysis based on the four-gene 
concatenated dataset, C. silvanum was nested among C. ligna­
tile and C. microsporum, but formed a separate lineage with 
high statistical support (Fig. 2). Furthermore, this new species 
has lower nucleotide homology with the latter two species in ITS  
(2 and 6 bp), LSU (0 and 0 bp), tef1 (16 and 21 bp) and tub2 (32 
and 27 bp). Our phylogenetic results showed that the three are 
not conspecific and can be easily differentiated based on the 
morphology of their synnemata and conidia. Cephalotrichum 
silvanum is clearly distinct from C. lignatile, which has obovoid 
to irregularly fusiform, smooth-walled, pale brown to brown 
and larger conidia (4.5–6.5 × 2.5–4 μm), as well as shorter 
synnemata (280–465 μm) (Woudenberg et al. 2017b); C. micro­
sporum differs by its ovoid to ellipsoidal, 3.5–5 × 2–3 μm, 
green brown, and smooth conidia, and shorter synnemata 
(500–1000 μm) (Sandoval-Denis et al. 2016b; Fig. 10).

Cephalotrichum stemonitis (Pers.) Nees, Mag. Ges. Naturf. 
Freunde Berlin 3: 20. 1809 — Fig. 15

Basionym. Isaria stemonitis Pers., Comm. Fung. Clav. (Lipsiae): 234. 1797.
Synonyms. Periconia stemonitis (Pers.) Pers., Syn. Meth. Fung. (Göttingen) 
2: 687. 1801.

Stysanus stemonitis (Pers.) Corda, Icon. Fungorum (Prague) 1: 22. 1837.
Doratomyces stemonitis (Pers.) F.J. Morton & G. Sm., Mycol. Pap. 86: 70. 
1963.

Periconia subulata Nees, Nova Acta Phys.-Med. Acad. Caes. Leop.-Carol. 
Nat. Cur. 9: 238. 1818.

Stilbum subulatum (Nees) Spreng., Syst. Veg., 16th ed. 4: 547. 1827.
Pachnocybe subulata (Nees) Berk., Engl. Fl., Fungi, 2nd ed., 5: 333. 1836.
Graphium subulatum (Nees) Sacc., Syll. Fung. 4: 612. 1886.
Ceratopodium subulatum (Nees) Kuntze, Rev. Gen. Pl. 2: 847. 1891.
Doratomyces neesii Corda, Deutschl. Fl., Abt. 3, Pilze Deutschl. 2: 65. 1829.
Echinobotryum atrum Corda, Deutschl. Fl., Abt. 3, Pilze Deutschl. 3: 51. 1831.
Stilbum setosum Wallr., Fl. Crypt. Germ. (Norimbergae) 2: 329. 1833.
Periconia setosa (Wallr.) Rabenh., Deutschl. Krypt.-Fl. (Leipzig) 1: 118. 1884.
Sporocybe setosa (Wallr.) Sacc., Syll. Fung. (Abellini) 4: 607. 1886.
Cephalotrichum setosum (Wallr.) Kuntze, Rev. Gen. Pl. (Leipzig) 3: 453. 1898.
Stilbum typhinum Wallr., Fl. Crypt. Germ. (Norimbergae) 2: 330. 1833.
Graphium typhinum (Wallr.) Sacc., Syll. Fung. (Abellini) 4: 617. 1886.
Ceratopodium typhinum (Wallr.) Kuntze, Revis. Gen. Pl. (Leipzig) 2: 847. 
1891.

Echinobotryum parasitans Corda, Pracht-Flora. 17: 1839.
Stysanus capitatus Reinke & Berthold, Zerselg. d. Kartoff. 1: 51. 1879.
Stysanus ramifer Rolland, Bull. Soc. Mycol. France 6. 106: 1890.
Stysanus tubericola Ellis & Dearn., Proc. Canad. Inst. 1. 90: 1897.

Descriptions — Morton & Smith (1963), Domsch et al. (2007).

 Materials examined. China, Qinghai Province, Dulan County, isolated from 
grassland soil, 2007, Y.L. Jiang (HGUP 18624), living culture GUCC 18624; 
Dari County, isolated from grassland soil, 2007, H.Q. Pan (HGUP 18625), 
living culture GUCC 18625; Gansu Province, Lanzhou City, Yongdeng County, 
isolated from lawn soil, 2006, Y.L. Jiang (HGUP 18626), living culture GUCC 
18626.

 Notes — Cephalotrichum stemonitis was chosen by Hughes 
(1958) as the type species of Cephalotrichum, which is charac
terised by producing an echinobotryum-like synasexual morph 
with fusoid, 8–19 × 6–7.5 μm, coarsely warted and apically 
beaked conidia (Abbott 2000, Sandoval-Denis et al. 2016b; 
Fig. 15). According to the phylogenetic inference in the present 
study, our three newly collected isolates cluster in a clade close-
ly related to C. stemonitis with high statistical support (Fig. 1). 
Cephalotrichum stemonitis is closely related to C. hinnuleum, 
but differs by 27 bp in the combined dataset. The morphological 
characters of our studied specimens fit well with C. stemonitis 
(Fig. 13). Moreover, C. hinnuleum can be easily distinguished 
from C. stemonitis based on its echinobotrym-like morph, and 
has smaller (8.5–10 × 5.5–7 μm), ovoid to navicular, warted, 
and slightly pointed conidia (Sandoval-Denis et al. 2016b). In 
contrast, C. stemonitis produces fusoid, coarsely warted, dark 
brown and larger conidia (8–19 × 6–7.5 μm) (Sandoval-Denis 
et al. 2016b; Fig. 15).

Cephalotrichum tenuissimum Woudenb. & Seifert, Stud. 
Mycol. 88: 149. 2017 — Fig. 16

Description — Woudenberg et al. (2017b).

 Materials examined. China, Qinghai Province, Jainca County, isolated 
from forest soil, 2006, T.Y. Zhang (HGUP 18627), living culture GUCC 18627; 
Chongqing City, Beibei District, isolated from farmland soil, 2005, Y.L. Jiang 
(HGUP 18628), living culture GUCC 18628.

 Notes — Cephalotrichum tenuissimum was previously re
ported as a saprophytic fungus isolated from soil, and was 
introduced by Woudenberg et al. (2017b). Based on the phylo-
genetic analyses, our newly obtained isolates clustered together 
with C. tenuissimum, and were sister to C. brunneisporum and 
C. multisynnematum with full statistical support (Fig. 1). Mor-
phologically, C. tenuissimum can be readily distinguished from 
other members of Cephalotrichum by its ellipsoidal, pale green 
brown and smooth conidia with truncate base and rounded apex 
(Fig. 16). In this study, our isolates and C. tenuissimum have 
basically the same morphological characteristics. Furthermore, 
it is noteworthy that this is the second report on this taxon, repre-
senting a new record from China, and extending its distribution 
to China from its original location in the USA (Woudenberg et 
al. 2017b).

Cephalotrichum verrucisporum (Y.L. Jiang & T.Y. Zhang) Y.L. 
Jiang & T.Y. Zhang, Mycotaxon 117: 224. 2011 — Fig. 17

Basionym. Doratomyces verrucisporus Y.L. Jiang & T.Y. Zhang, Mycotaxon 
104: 133. 2008.

Description — Jiang & Zhang (2008).

 Materials examined. China, Tibet Autonomous Region, Changdu City, 
isolated from willow forest soil, 2006, Y.L. Jiang (HGUP 18629), living culture 
GUCC 18629; Guizhou Province, Guiyang City, Huaxi Wetland Park, isolated 
from lawn soil, 16 June 2019, X. Zhang (HGUP18630), living culture GUCC 
18630.

 Notes — Cephalotrichum verrucisporum is a saprophytic 
fungus isolated from mountain soil, sand dune soil, agricultural 
soil, and indoor air in China, the Netherlands, and Germany 
(Woudenberg et al. 2017b). This species was originally de-
scribed as Doratomyces verrucisporus (Jiang & Zhang 2008). 
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Fig. 15   Cephalotrichum stemonitis (GUCC 18624). a–c. Colony on OA, PDA and SNA; d, e. synnemata; f–h. tip of synnema with annellidic conidiogenous 
cells and conidia; i. ellipsoidal to cylindrical annelloconidia and fusoid solitary conidia. — Scale bars: d = 500 μm, e = 200 μm, all others = 10 µm.
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Fig. 16   Cephalotrichum tenuissimum (GUCC 18627). a–c. Colony on OA, PDA and SNA; d. synnemata; e–g. detail of the apical portion of a synnema;  
h. conidiophores, polyblastic conidiogenous cells bearing conidia; i. ellipsoidal conidia in chains. — Scale bars: d = 200 μm, all others = 10 µm.

Later, it was transferred to the genus Cephalotrichum as C. ver­
rucisporum (Jiang et al. 2011). According to our phylogenetic 
inference based on the four loci dataset, our two newly collected 
strains clustered with C. verrucisporum with high statistical 
support (Fig. 2), and the nucleotide homology between GUCC 
18629 and CBS 187.78 for ITS, LSU, tef1 and tub2 is high at 
100 % (565/565 bp), 100 % (846/846 bp), 99 % (954/957 bp) 
and 100 % (538/538 bp), respectively. Morphologically, it dif-
fers from its sister species by its globose to ovoid, rough, dark 
brown and larger conidia (6–9 × 3–5.5 μm) (Fig. 17), while 

C. oligotrophicum has ellipsoidal to ovoid, pale brown, smooth 
and smaller conidia (5.5–7.5 × 3–4.5 μm) (Jiang et al. 2017).

Microascus Zukal, Verh. Zool.-Bot. Ges. Wien 35: 339. 1885

Synonyms. Peristomium Lechmere, Compt. Rend. Hebd. Séances Acad. 
Sci. 154: 178. 1912.

Masonia G. Sm., Trans. Brit. Mycol. Soc. 35: 149. 1952.
Masoniella G. Sm., Trans. Brit. Mycol. Soc. 35: 237. 1952.

 Type species. Microascus longirostris Zukal
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Fig. 17   Cephalotrichum verrucisporum (GUCC 18629). a–c. Colony on OA, PDA and SNA; d, e. divergent synnemata; f, g. detail of the apical portion of 
a synnema; h. tip of synnema with annellidic conidiogenous cells and conidia; i. globose to ovoid conidia in chains. — Scale bars: d = 200 μm, e = 250 μm,  
f, g = 20 μm, all others = 10 µm.

 Notes — Microascus was established by Zukal (1985) with 
M. longirostris as the type species and its members are wide-
spread, occurring in abundance in soil, indoor environments and 
plant debris. Furthermore, some species are also recognised 
as important animal or human opportunistic pathogens (Zukal 
1885, Barron et al. 1961, Mohammedi et al. 2004, Brasch et 
al. 2019, Mhmoud et al. 2021). Recent studies revealed that 
Microascus is highly polyphyletic, and that members of Micro­

ascus belong to at least three distinct genera of Microascaceae, 
of which numerous species with scopulariopsis-like morphs 
remain undefined (Jagielski et al. 2016, Sandoval-Denis et al. 
2016a, Woudenberg et al. 2017a). Based on molecular phylo
genetic evidence, the genus now includes taxa with a more 
diverse range of morphological features. Besides the four new 
species (M. ampulliformis, M. echinulatus, M. qinghaiensis and 
M. truncatus) described in the present study, 16 species have 
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Fig. 18   Microascus ampulliformis (culture ex-type GUCC 18631). a–c. Colony on OA, PDA and SNA; d, f– i. conidiophores with conidiogenous cells and 
conidia. e. conidiophores arising from hyphal coils; j– l. branched conidiophores. — Scale bars: d–h = 10 μm, all others = 5 μm.
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Fig. 19   Microascus atrogriseus (GUCC 18633). a–c. Colony on OA, PDA and SNA; d, e. swollen hyphae and conidiophores; f–h. broadly ellipsoidal conidia 
in chains; i–k. branched conidiophores. — Scale bars: d, i–k = 10 μm, all others = 5 μm.

been confirmed to be distributed in China (Sandoval-Denis et 
al. 2016a, Woudenberg et al. 2017a, Sun et al. 2020, Zhang 
et al. 2017, 2021).

Microascus ampulliformis T.P. Wei & Y.L. Jiang, sp. nov. — 
MycoBank MB 850574; Fig. 18

 Etymology. Referring to the shape of the conidiogenous cells produced 
by this species.

 Typus. China, Fujian Province, NanPing City, isolated from farmland soil, 
2004, Y.L. Jiang (holotype HGUP 18631, culture ex-type GUCC 18631).

Mycelium consists of subhyaline to medium brown, septate, 
branched, rough-walled, 1–2.5 µm wide hyphae, occasionally 

forming hyphal coils. Conidiophores erect, pale brown, clavate 
or subcylindrical, straight to gently curved, sparsely septate, 
simple or branched, mostly reduced to conidiogenous cells, 
(8.5–)11–48.5(–51) × 1.5–3 μm. Conidiogenous cells annel-
lidic, terminal or lateral, hyaline to pale brown, cylindrical or 
ampulliform, solitary on vegetative hyphae, or clustered on 
conidiophores, smooth or finely roughened, with inconspicuous 
apical collarette, 5–11(–11.5) × (1.5–)2–3 μm. Conidia globose, 
sessile or on short protrusions, smooth or finely verruculose, the 
colour of immature conidia changed from greyish to greenish 
olivaceous or dark brown, 3.5–4.5(–5) × (3.5–)4–4.5 μm (av. ± 
SD = 4.2 ± 0.3 × 4.2 ± 0.2 μm, n = 30), arranged in long chains, 
up to (7–)8–36(–37) μm long. Sexual morph, chlamydospores 
and solitary conidia not observed.
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 Culture characteristics — Colonies on OA reaching up to 
19–31 mm diam after 21 d at 25 °C, floccose to loosely cottony, 
flat to slightly raised, olivaceous grey or buff green centre, with 
white to hyaline outer ring, margin entire to undulate. On PDA 
reaching 13–23 mm diam, compact, pale olivaceous grey to 
smoke grey, finely felty, with sparse aerial mycelium, raised in 
the centre, hemispherical, folded, cerebriform, margin slightly 
undulate. On SNA attaining 15–28 mm diam, moderately ex-
panding, dark yellow to brown, with abundant aerial hyphae, 
slightly raised to umbonate at centre, with fimbriate margin.

 Additional material examined. China, Guizhou Province, Guiyang City, 
Tianhetan Tourist Holiday Resort, isolated from forest litter, 16 Nov. 2018, 
X. Zhang (HGUP 18632), living culture GUCC 18632.

 Notes — Morphological and phylogenetic data support our 
strains as a new species of Microascus. Microascus ampul­
liformis is phylogenetically allied to M. restrictus and M. ver­
rucosus, but M. ampulliformis showed high heterogeneity,  
forming a monophyletic clade as the sister branch to the 
latter two species, which was genetically distant from other 
reported members of Microascus (Fig. 1). Nonetheless, this 
new species differs from the phylogenetically related species 
M. verrucosus by 32 bp in the four loci dataset. Morphologically, 
this species is clearly distinguished from those species by the 
absence of solitary conidia. Moreover, M. restrictus differs from 
M. ampulliformis by its globose to obovoidal, dark brown and 
larger conidia (4.5–6 × 4–5.5 µm vs 3.5–5 × 3.5–4.5 μm), 
as well as subhyaline, smooth-walled and longer annellides 
(7–19 × 2–4.5 µm vs 5–11.5 × 1.5–3 μm) (Sandoval-Denis 
et al. 2016a); M. verrucosus differs from our strain in having 
globose to subglobose, dark brown, and larger conidia (5–7 × 
4.5–6 µm), as well as shorter annellides (8–10 × 1–3 µm) 
(Sandoval-Denis et al. 2016a).

Microascus atrogriseus Woudenb. & Samson, Stud. Mycol. 
88: 14. 2017 — Fig. 19

Basionym. Masonia grisea G. Sm., Trans. Brit. Mycol. Soc. 35: 149. 1952.
Synonym. Masoniella grisea (G. Sm.) G. Sm., Trans. Brit. Mycol. Soc. 35: 
237. 1952.

Description — Woudenberg et al. (2017a).

 Materials examined. China, Qinghai Province, Yushu Tibetan Autonomous 
Prefecture, Yushu City, isolated from meadow soil, 2007, H.Q. Pan (HGUP 
18633), living culture GUCC 18633; Sichuan Province, Leshan City, Mount 
Emei, isolated from shrub soil, 2005, Y.L. Jiang (HGUP 18634), living culture 
GUCC 18634.

 Notes — In this study, the phylogenetic result shows that our 
two new collections (GUCC 18633 and GUCC 18634) cluster 
together with M. atrogriseus, sharing a sister relationship to 
M. pseudopaisii with high statistical support (Fig. 2). Morpho-
logically, the most remarkable features of M. atrogriseus is the 
presence of broadly ellipsoidal to short clavate and hazel co-
nidia (Woudenberg et al. 2017a). The morphological characters 
of our studied specimens fit well with M. atrogriseus (Fig. 18). 
Microascus atrogriseus was originally isolated as a culture 
contaminant in London, England, and subsequently from soil 
and the indoor environment (Woudenberg et al. 2017a). This 
study expands its habitat range from England, Germany and the 
Netherlands to China, and further confirms it to be saprophytic.

Microascus chinensis Jin Yu et al., Fungal Biology 120: 594. 
2016 — Fig. 20

Description — Jagielski et al. (2016).

 Materials examined. China, Qinghai Province, Xining City, isolated from 
vegetable soil, 2004, H.F. Wang (HGUP 18635), living culture GUCC 18635; 
Guizhou Province, Meitan County, on decaying Camellia sinensis leaf litter, 
10 Aug. 2019, T.P. Wei (HGUP 18636), living culture GUCC 18636.

 Notes — Microascus chinensis was collected from human 
nails and an unknown clinical specimen in Beijing, China, and 
was introduced by Jagielski et al. (2016). Multi-locus phyloge-
netic analyses indicate that this species is sister to M. micro­
nesiensis and is fully supported as phylogenetically distinct 
(Fig. 2). Moreover, this taxon has lower nucleotide homology 
with the phylogenetically related species M. micronesiensis in 
ITS (556/571 bp, 97 %), LSU (860/868 bp, 99 %), tef1 (822/833 
bp, 99 %) and tub2 (468/489 bp, 96 %). Morphologically, its 
distinguishing features include clavate or ellipsoidal ascospores 
with a single and inconspicuous germ pore, as well as ellipsoi-
dal, 2–4 × 2–3.5 μm, smooth-walled and dark brown conidia 
(Jagielski et al. 2016; Fig. 19), whereas M. micronesiensis 
differs by its broadly obovoid, hyaline or subhyaline and larger 
conidia (3–4.5 × 2–3.5 μm), as well as the lack of a sexual 
morph (Woudenberg et al. 2017a).

Microascus echinulatus T.P. Wei & Y.L. Jiang, sp. nov. — Myco
Bank MB 850575; Fig. 21

 Etymology. The epithet refers to the minutely echinulate hyphae.

 Typus. China, Qinghai Province, Xining City, isolated from vegetable soil, 
2004, Y.L. Jiang (holotype HGUP 18637, culture ex-type GUCC 18637).

Mycelium superficial or immersed, hyphae septate, branched, sub- 
hyaline to olivaceous brown, verruculose or minutely echinu-
late, thick-walled, 1.5–2.5 μm wide. Conidiophores solitary, 
lageniform or rarely subcylindrical, smooth to finely roughened, 
brown to olive brown, usually reduced to conidiogenous cells 
arising directly from vegetative hyphae, (7.5–)8–44.5(–65.5) × 
(1–)1.5–3 μm. Conidiogenous cells ampulliform or pyriform, 
hyaline to pale brown, smooth to verruculose, straight or slightly 
curved, solitary on aerial hyphae, or clustered on the apex of 
conidiophores, with non-flared collarette, (2.5–)3.5–10.5(–11) × 
1.5–3 μm. Conidia formed in chains, up to 6.5–52(–55) μm 
long, pyriform to broadly ellipsoidal, with a truncate base, the 
colour of conidia changed from subhyaline to olivaceous brown 
to pale black, and gradually from smooth to sparsely warted, 
3.5–4(–4.5) × 3–4 μm (av. ± SD = 3.8 ± 0.3 × 3.4 ± 0.2 μm, 
n = 30). Sexual morph not observed.
 Culture characteristics — Colonies on OA attaining 30– 
47 mm diam after 21 d at 25 °C, spreading, immersed, cream-
coloured or pale grey to olivaceous grey from edge to centre, 
with moderate aerial mycelium, slightly granular at the centre, 
margin crenated. On PDA reaching 19–29 mm diam, compact, 
with a pale black to yellow grey centre, yellow grey to cream-
coloured at periphery, with sparse aerial mycelium, folded, 
raised in the centre, margin slightly undulate. On SNA attaining 
33–41 mm diam, moderately expanding, with abundant aerial 
hyphae, velvety to finely granular, white to pale brown at the 
centre, with a dark yellow or pale grey and regular margin, with 
conspicuous radial gaps.

 Additional material examined. China, Qinghai Province, Xining City, 
isolated from vegetable soil, 2004, Y.L. Jiang (HGUP 18638), living culture 
GUCC 18638.

 Notes — The two isolates representing M. echinulatus were 
resolved as a strongly supported genealogically exclusive 
lineage in the phylogeny inferred from the combined dataset 
(Fig. 2). Despite M. echinulatus sharing a sister relationship 
with M. sparsimycelialis, it differs from the latter by 58 bp (ITS 
16 bp, LSU 4 bp, tef1 27 bp and tub2 11 bp) in the combined 
dataset. Furthermore, they can also be distinguished based 
on their morphological characteristics, as M. echinulatus is 
characterised by pyriform to broadly ellipsoidal, subhyaline 
to olivaceous brown or pale black conidia, and verruculose or 
minutely echinulate hyphae (Fig. 21). However, M. sparsimy­
celialis produces ovoid to globose, pale brown, and larger 
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Fig. 20   Microascus chinensis (GUCC 18635). a–c. Colony on OA, PDA and SNA; d. branched conidiophores; e–k. flask-shape conidiogenous cells bearing 
conidia; l. ellipsoidal conidia in chains. — Scale bars: d = 10 μm, all others = 5 μm.

conidia (3.5–6 × 3–5.5 μm vs 3.5–4.5 × 3–4 μm), and lacks 
verruculose or echinulate hyphae (Zhang et al. 2021).

Microascus melanosporus (Udagawa) Woudenb. & Samson, 
Stud. Mycol. 88: 19. 2017 — Fig. 22

Basionym. Scopulariopsis melanospora Udagawa, J. Agric. Sci. (Tokyo) 5: 
18. 1959.

Description — Woudenberg et al. (2017a).

 Materials examined. China, Qinghai Province, Xunhua County, isolated 
from orchard soil, 2006, Y.M. Wu (HGUP 18639), living culture GUCC 18639; 
Xunhua County, isolated from farmland soil, 2006, Y.M. Wu (HGUP 18640), 
living culture GUCC 18640; Chindu County, isolated from flower bed soil, 

2007, H.Q. Pan (HGUP 18641), living culture GUCC 18641; Guizhou Pro
vince, Anshun City, Puding County, isolated from farmland soil, 15 Nov. 2022, 
T.P. Wei (HGUP 18642), living culture GUCC 18642.

 Notes — This species was originally described as Scopulari­
opsis melanospora (Udagawa 1959) and was later transferred 
to the genus Microascus as M. melanosporus (Woudenberg et 
al. 2017a). Microascus melanosporus is a saprobic species with 
a worldwide distribution and has been recorded on soil, plant 
debris, plaster, the indoor environment and dust in Germany, the 
Netherlands, Poland, South Africa and the USA (Woudenberg 
et al. 2017a). In this study, it was also distributed in Qinghai and 
Guizhou Provinces of China. Multi-locus phylogenetic analysis 
shows that our four newly collected isolates clustered together 
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Fig. 21   Microascus echinulatus (culture ex-type GUCC 18637). a–c. Colony on OA, PDA and SNA; d. hyphae with minutely echinulate; e. branched conidio
phores; f– i. pyriform to ellipsoidal conidia in chains; j– l. conidiophores reduced to conidiogenous cells. — Scale bars: d–i = 5 μm, all others = 10 μm.

with M. melanosporus, sharing a sister relationship to M. hol­
landicus and M. paisii with strong support (Fig. 2). These newly 
isolated strains and M. melanosporus basically have the same 
morphological characteristics (Fig. 22).

Microascus qinghaiensis T.P. Wei & Y.L. Jiang, sp. nov. — 
MycoBank MB 850576; Fig. 23

 Etymology. Name refers to Qinghai, the location where it was collected.

 Typus. China, Qinghai Province, Yushu Tibetan Autonomous Prefecture, 
Chindu County, isolated from flower bed soil, 2007, Y.L. Jiang (holotype 
HGUP 18643, culture ex-type GUCC 18643).

Vegetative hyphae pale brown to olive brown, septate, branch
ed, slightly rough, thick-walled, 2–3.5 μm diam. Conidiophores 
slightly pigmented to dark brown, solitary, septate, flexuous, 
subcylindrical or slightly swollen, branched, slightly rough 
to tuberculate in older parts, sometimes reduced to conidio
genous cells, (4.5–)11–45(–50.5) × 1.5–3 μm. Conidiogenous 
cells annellides, cylindrical to ampulliform, subhyaline to pale 
brown, smooth to finely rough-walled, terminal and intercalary 
on conidiophores or lateral on vegetative hyphae, tapering to a 
distinct neck, (1.5–)2–12(–13.5) × 1.5–3 μm. Conidia globose 
to subglobose, olivaceous grey to dark brown, smooth, thick-
walled, base truncate or with inconspicuous scars, apical ends 
obtusely rounded, (3–)3.5–4.5(–5) × 3.5–4.5(–5) μm (av. ± 
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Fig. 22   Microascus melanosporus (GUCC 18639). a–c. Colony on OA, PDA and SNA; d, f, g. conidiophores and conidiogenous cells bearing conidia;  
e. germinating conidia; h. hyphal circle; i, j. branched conidiophores. — Scale bars: g, i = 5 μm, all others = 10 μm.
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Fig. 23   Microascus qinghaiensis (culture ex-type GUCC 18643). a–c. Colony on OA, PDA and SNA; d–g. conidiophores, conidiogenous cells and conidia; 
h, i. conidiophores reduced to conidiogenous cells; j– l. globose to subglobose conidia in chains. — Scale bars: d–i = 5 μm, all others = 10 μm.

SD = 4.1 ± 0.3 × 4 ± 0.3 μm, n = 30), arranged in long chains, 
up to (7–)7.5–46(–57.5) μm long, sometimes producing solitary 
conidia. Sexual morph not observed.
 Culture characteristics — Colonies on PDA attaining 21–
27 mm diam after 21 d at 25 °C, moderately expanding, finely 
felty, slightly raised, olivaceous black centre with white outer 
ring, aerial mycelium moderately dense, margin regular. On 
PDA reaching 15–18 mm diam, finely felty, compact, cream-
coloured or pale pink, with sparse aerial mycelium, raised in 
the centre, folded, cerebriform, margin entire to undulate. On 
SNA attaining 19–21 mm diam, spreading, flat, olivaceous 
grey at centre, white to smoke grey at the periphery, with 
abundant aerial hyphae, velvety to slightly granular at centre, 
with fimbriate margin.

 Additional material examined. China, Qinghai Province, Yushu Tibetan 
Autonomous Prefecture, Chindu County, isolated from flower bed soil, 2007, 
H.Q. Pan (HGUP 18644), living culture GUCC 18644.

 Notes — Our two strains representing M. qinghaiensis clus- 
ter as a separate branch in Microascus, and are sister to 
M. cleistocarpus and M. hyalinus with full statistical support 
(Fig. 2). Microascus qinghaiensis differs from the latter two spe-
cies by nucleotide differences in ITS (18 and 22 bp), LSU (5 and 
3 bp), tef1 (19 and 19 bp) and tub2 (32 and 32 bp). Furthermore, 
M. qinghaiensis can also be distinguished from M. cleistocarpus 
and M. hyalinus by morphological characteristics. Microascus 
qinghaiensis differs from M. cleistocarpus and M. hyalinus by 
the absence of a sexual morph. Conidia of M. cleistocarpus are 
larger (4.5–6.5 × 3.5–4.5 μm vs 3–5 × 3.5–5 μm), obovoid, 
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Fig. 24   Microascus truncatus (culture ex-type GUCC 18645). a–c. Colony on OA, PDA and SNA; d. conidiophores, conidiogenous cells and conidia;  
e, f. conidia in simple chains arising from conidiogenous cells; g, h. hyphal coil. — Scale bars: e, f = 5 μm, all others = 10 μm.

and hyaline to hazel (Woudenberg et al. 2017a); M. hyalinus 
differs by its hyaline to pale brown, ovoid and narrower conidia 
(3.5–5 × 2–3.5 μm vs 3–5 × 3.5–5 μm), often covered with 
mucilaginous material (Malloch & Cain 1971).

Microascus truncatus T.P. Wei & Y.L. Jiang, sp. nov. — Myco
Bank MB 850577; Fig. 24

 Etymology. Named after the broadly truncate conidia produced by this 
fungus.

 Typus. China, Hubei Province, Shiyan City, Fang County, isolated from 
farmland soil, 2006, Y.L. Jiang (holotype HGUP 18645, culture ex-type GUCC 
18645).

Mycelium hyaline to pale brown, smooth, sparsely septate, 
branched, 1–3 μm diam, sometimes coiled. Conidiophores 
erect, pale brown, occasionally branched, clavate or subcylindri-
cal, straight to gently curved, sparsely septate, mostly reduced 
to conidiogenous cells, (7–)8.5–20(–26) × 1.5–2.5 μm. Coni­
diogenous cells lateral or terminal on conidiophores or aerial hy-
phae, cylindrical or ampulliform, solitary, hyaline to pale brown,  
smooth-walled, erect or curved, constricted at base, with 
non-flared collarette, 4–12(–12.5) × 1.5–2.5(–3) μm. Co­
nidia formed in chains, up to 7.5–86(–87) μm long, globose 
to subglobose, greenish olivaceous or dark brown, the base 
with a prominent truncate hilum, usually sparsely warted, 
3.5–4(–4.5) × 3.5–4 μm (av. ± SD = 4.1 ± 0.2 × 3.7 ± 0.2 μm, 
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n = 30). Sexual morph, chlamydospores and solitary conidia 
were not observed.
 Culture characteristics — Colonies on OA attaining 58–
61 mm diam after 21 d at 25 °C, moderately expanding, finely 
felty, with conspicuous radial gaps, olivaceous black centre with 
pale brown to smoke grey outer ring, aerial hyphae abundant, 
with fimbriate margin. On PDA reaching 27–36 mm diam, 
compact, cream-coloured or pale brown to whitish from margin 
to centre, with sparse aerial mycelium, raised in the centre, 
folded, cerebriform, with a regular margin. On SNA attaining 
64–67 mm diam, moderately expanding, flat, smoke grey or 
cream-coloured to grey brown with conspicuous concentric 
rings, aerial mycelium moderately dense, velvety to granular 
at centre, radially striated, margin entire.

 Additional material examined. China, Zhejiang Province, Zhoushan City, 
Putuo District, isolated from forest soil, 2007, J.J. Xu (HGUP 18646), living 
culture GUCC 18646.

 Notes — Based on the analysis of DNA sequences of four 
markers, M. truncatus is resolved as the closest phylogenetic 
relative to M. croci, which serves as the basal taxon of this 
lineage. However, there are significant genetic differences 
and phylogenetic distances between the two species (Fig. 2). 
Although M. truncatus is phylogenetically allied to M. croci, it 
is genetically distinct by 16 bp in the four loci dataset. Morpho-
logically, M. croci resembles M. truncatus, and lacks a sexual 
morph. Nonetheless, conidia of M. croci are globose or ellipsoi-
dal to short clavate, pale brown and larger (3.5–5 × 3–4 µm), 
as compared to the globose to subglobose, greenish olivaceous 
or dark brown and smaller conidia (3.5–4.5 × 3.5–4 μm) of 
M. truncatus (Sandoval-Denis et al. 2016a; Fig. 24). Therefore, 
our phylogenetic and morphological data confirm this taxon as 
a distinct species in Microascus.

DISCUSSION

The taxonomy of Cephalotrichum has been widely studied in 
recent years, and several long-standing questions concerning 
the species boundaries of this genus have been elucidated 
based on molecular phylogenetic analyses (Sandoval-Denis 
et al. 2016b, Woudenberg et al. 2017b). MycoBank currently 
lists 90 epithets in Cephalotrichum (https://www.mycobank.
org, December 2023); however, some of these taxa still lack 
living cultures and molecular data, and their taxonomic place-
ments have not been proven by phylogenetic studies, which 
complicates the revision of Cephalotrichum (Sandoval-Denis et 
al. 2016b, Jiang et al. 2017, Woudenberg et al. 2017b, Das et 
al. 2020). Consequently, to resolve the phylogenetic position of 
these species in Cephalotrichum, they need to be re-collected, 
sequenced and epitypified. As stated in the results section, the 
24 species of Cephalotrichum were recognized in this study 
by combining the results of a multi-locus sequence analysis 
and phenotypic data, which chiefly clustered in 11 subclades 
(Fig. 1), including four novel species proposed here, namely 
C. brunneisporum, C. lageniforme, C. multisynnematum and 
C. silvanum. The production of abundant synnemata and dry 
airborne conidia under oligotrophic conditions are the key mor-
phological characteristics that distinguishes Cephalotrichum 
from other genera of Microascaceae, such as Microascus, 
Scopulariopsis and Wardomyces (Sandoval-Denis et al. 2016b, 
Woudenberg et al. 2017b). We found that C. brunneisporum, 
C. lageniforme, C. microsporum, C. silvanum and C. tenuis­
simum produced fewer synnemata than most other species of 
Cephalotrichum, but their hyphae stick to the substrate surface, 
forming fine hyphal networks, and produce large numbers of 
solitary conidia, which might be a survival strategy to promote 
the spore dispersal in different environments.

As reported by Sandoval-Denis et al. (2016a), the scopulari
opsis-like morphs are polyphyletic and include two distinct 
lineages (Microascus and Scopulariopsis) residing in Micro­
ascaceae, which are clearly different from their allied genera 
Pithoascus, Pseudoscopulariopsis and Yunnania (Fig. 1). 
Despite these differences, their species boundaries remain 
incompletely resolved due to historical confusion and limited 
molecular data. On the other hand, Microascus is currently 
the largest genus of Microascaceae with 89 accepted species 
names recorded in MycoBank (December 2023). Some of 
these Microascus taxa are based on lost specimens or have 
invalid names, which means they practically exist only as 
undefined taxa in scientific literature. The ambiguous identities 
of these species have hindered taxonomic resolution of the 
genus Microascus. In this study, to better define the species 
boundaries and reveal the evolutionary relationship of Micro­
ascus, we performed multi-gene phylogenetic analyses using 
sequence dataset consisting of four gene regions (ITS, LSU, 
tef1 and tub2) with increased taxon sampling and morphological 
analysis. The current results resolved 49 species in the genus 
Microascus with high statistical support (Fig. 2), of which four 
correspond to the novel species proposed here, viz., M. am­
pulliformis, M. echinulatus, M. qinghaiensis and M. truncatus. 
In recent years, using the updated phylogenetic framework, 
more species are continuously discovered and accepted in 
Microascus, such as M. aculeatus, M. collaris, M. ennothoma­
siorum, M. rothbergiorum, M. spinosporus (Brasch et al. 2019, 
Sun et al. 2020, Zhang et al. 2021, Crous et al. 2022). Overall, 
all 49 phylogenetic species of Microascus recognised can be 
identified with ITS, LSU, tef1 and tub2 gene sequences. One 
anomaly is M. alveolaris, M. appendiculatus, M. campaniformis, 
M. cinereus, M. cirrosus, M. gracilis, M. levis, M. macrosporus, 
M. pyramidus and M. terreus, who do not form clearly separated 
and highly supported phylogenetic clades (Fig. 2). This is most 
likely due to the small number of isolates included for these 
species, or the current four gene regions alone do not provide 
stable and reliable resolution for their delimitation. However, a 
final conclusion cannot be drawn because we could not gain 
access to their ex-type cultures and lack additional isolates.
Cephalotrichum and Microascus are a heterogeneous group of 
fungi with a worldwide distribution that includes saprobes, plant 
endophytes and pathogens (Abbott 2000, Guarro et al. 2012, 
Sandoval-Denis et al. 2016a, b, Woudenberg et al. 2017a, b, 
Crous et al. 2022, Mamaghani et al. 2022). In addition, some 
species have been described as colonisers or pathogens of 
mammals, including insects, animals and humans (De Hoog 
et al. 2011, Lackner et al. 2014, Sandoval-Denis et al. 2013, 
2016a, b, Brasch et al. 2019, Álvarez-Uría et al. 2021, Mhmoud 
et al. 2021). In the present study, the 47 newly collected strains 
and most isolates that have been reported thus far were ob-
tained from soil and decaying vegetable material. As sapro-
phytes, they can adapt to a plant or animal-fungal associated 
lifestyle, as well as play a very vital role in cellulose degradation 
and hydrolysis of keratinous materials such as pelage, nails and 
skin. Another point of attention is the exception of C. gorgonifer, 
as no other members of Cephalotrichum are regarded as human 
pathogens, and also not known as producers of mycotoxins 
(Álvarez-Uría et al. 2021). Although many strains of C. gor­
gonifer are isolated from soil, the indoor or built environments, 
this species has been repeatedly detected in clinical samples, 
mostly human respiratory systems, and its ability to grow at 
40 °C is also a good indication of the opportunistic pathogenicity 
of the species. In addition, M. chinensis and M. melanosporus 
are described as important opportunistic pathogens of animals 
and humans (Baddley et al. 2000, De Hoog et al. 2011, Guarro 
et al. 2012, Sandoval-Denis et al. 2013, Jagielski et al. 2016), 
but in this paper, isolates of these two species were obtained 
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from soil and plant litter, respectively, indicating that they can 
also be saprophytic.
In recent years, with the development of molecular approaches 
and the availability of fossil calibration data, the estimation of 
divergence times using molecular-clock dating has been used 
as objective evidence for higher ranking of taxa. Multi-gene 
phylogenetic analysis resolved most genera of Microascaceae 
as monophyletic groups, but there is still no strong consensus 
on the divergence times within this family. In our molecular 
clock analyses, the crown age of Microascaceae was around 
210.37 Mya, the divergence times of the genus range from 
35.08 Mya to 162.99 Mya and those of the species range from 
2.52 Mya to 91.64 Mya (Fig. 3). Deeper in the tree, Cephalotri­
chum is phylogenetically allied to Wardomyces and Gamsia, 
with the three lineages estimated to diverge from each other 
about 40 Mya and 74 Mya, respectively. Despite they share 
a sister relationship, the divergence time of over 34 Mya and 
the striking morphological differences strongly support their 
classification as separate genera. Notably, our inferred di-
vergence time corroborated the results of previous molecular 
phylogenetic studies on Wardomyces (Sandoval-Denis et al. 
2016a, b). The molecular dating analysis indicated that the 
lineage appeared to be polyphyletic, with species distributed in 
three closely related subclades that diverged from each other 
about 47 Mya and 58 Mya (Fig. 3). However, since morpho-
logical differences between these species are not constant, it 
is necessary to analyse more taxa to provide morphological 
evidence (Sandoval-Denis et al. 2016a, b). Furthermore, the 
divergence times also supported the delimitation of several 
scopulariopsis-like genera with very similar sexual morphs 
in previous studies (Lackner et al. 2014, Sandoval-Denis et 
al. 2016a, b, Woudenberg et al. 2017a, Su et al. 2021), viz., 
Acaulium, Fairmania, Microascus, Pithoascus, Pseudoscopu­
lariopsis, Scopulariopsis and Wardomycopsis. In our study, 
Acaulium was inferred as the sister group to Fairmania and 
Wardomycopsis, and the molecular dating analysis results 
were consistent with previous phylogenetic views (Sandoval-
Denis et al. 2016a, b, Zhang et al. 2021; Fig. 3). The three 
lineages diverged about 61 Mya and 94 Mya, earlier than the 
later time limit of the other accepted genera in the family, sup-
porting their existence as generic-level taxa. Microascus was 
placed as sister to Pithoascus, with two subclades estimated to 
diverge from each other about 76 Mya; Pseudoscopulariopsis 
was inferred to be sister to Scopulariopsis, with both lineages 
estimated to diverge from each other about 66 Mya. Importantly, 
our divergence time estimates suggested that Microascus 
members started to diverge at 70.46 Mya, while the common 
ancestor of the extant Scopulariopsis is estimated to have lived 
in 36.14 Mya, with the latter being about 34 Mya younger than 
the former (Fig. 3). In total, the genus-level classification of 
Microascaceae should not only be well-supported by multi-gene 
phylogeny and phenotypic traits, but also possess a divergence 
time of over 35 million years ago.
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