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The species Tricholosporum goniospermum is mainly known from north Europe and north Italy. However, recently, the pres-
ence of this species was reported also in central Italy. In this study we examined samples collected in central Italy that showed a 
spore size smaller than typically reported for this species. In agreement with morphological observations we found genetic poly-
morphisms in the ITS region suggesting that populations from central Italy are genetically different from those of northern Italy. 
Moreover, we detected intra-individual polymorphism in the ITS region. These finding may be explained with the extremely 
fragmented habitat of this species that may represent a limit for gene flow. Based on morphology the genus Tricholosporum is 
currently classified in the Tricholomataceae, however the presence of cruciate basidiospores represents a distinctive character 
with respect to other Tricholomataceae. Thus, we used nuclear ITS, LSU, SSU and rpb2 DNA sequences to evaluate the phyloge-
netic position of this genus within the clade of “tricholomatoid” fungi. This analysis showed a low affinity of Tricholosporum with 
the clade of the Tricholomataceae and an isolated position of this genus within the Tricholomatineae. Thus the analyses per-
formed in this study provided further insight for the revision of the species and family in the Tricholomatineae.

Keywords: ITS, LSU, SSU rpb2, Tricholomataceae.

Tricholosporum is a rare fungal genus with a 
mainly pantropical distribution (Contu & Mua 
2000, Heaton 2014). This genus comprises 14 species 
according to Index Fungorum (http://www.index-
fungorum.org/names/Names.asp)  although only 
nine species were included in the key provided by 
Angelini et al. (2014).  It is represented in Europe by 
the following species: T. goniospermum, T. subgoni-
ospermum, T. tetragonosporum, and T. cassonianum 
(Baroni 1982, Bohus et al. 1999, Contu & Mua 2000, 
Moreau & Contu 2007, Boisselet & Moreau 2008). 
Tricholosporum goniospermum is the type species 
of the genus. It is mainly distributed in northern 
and central Europe, and is considered a saprotroph 
that colonizes small soil patches near deciduous 
trees. The first Italian record of this species is re-
ported from northern Italy, in the region of Trentino 
Alto Adige (Bresadola 1892); only a few and scat-
tered localities in northern Italy were known until 
1995, then it was reported also on high altitude 
grasslands in central Italy (Tafini 1995, Contu & 
Mua 2000, Onofri et al. 2005). These findings suggest 

a disjunct geographic distribution and prompted 
for a more in-depth investigation of the habitat 
types and distribution of this species in Italy (Di 
Massimo & Donnini 2008). In the Umbria-Marche 
Apennines in central Italy T. goniospermum is com-
monly referred to as “Cervino” and appreciated for 
its culinary qualities (Tafini 1995). 

Although Tricholosporum differs from Tricholo-
ma by the unusual cruciate or staurosporous shaped 
basidiospores and in some species for presence of 
purplish, violaceous or lilac-vinaceous pigments in 
some portion of the basidioma (Baroni 1982), these 
fungi were initially included in the genus Tricholo-
ma (Bresadola 1892, Singer 1945). The genus Tricho-
losporum was established by Guzmán (1975) for 
those Tricholoma-like agarics which Singer placed 
in Tricholoma sect. Iorigida, such as T. goniosper-
mum (typus generis), T. porphyrophyllum from the 
temperate zone of Japan (Imai 1938, Bohus et al. 
1999), and T. subporphyrophyllum from tropical ar-
eas of Mexico (Guzmán 1975). Subsequently, several 
other species have been described from Central and 
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North America (Baroni 1982; Guzmán et al. 1990, 
1994; Halling & Franco-Molano 1996), Malaysia 
(Watling 1997), South Africa (Reid et al. 1988), Hun-
gary (Bohus et al. 1999), France (Moreau & Contu, 
2007), La Palma (Canary Islands, Spain) (Fernandez 
Vincente et al. 2010) and the Dominican Republic 
(Angelini et al. 2014). 

The genus Tricholosporum has been included in 
the family of Tricholomataceae based on morpho-
logical characters, however, recently molecular 
studies have provided increasing evidence that this 
family, defined based on the morphology of basidi-
omata (e.g. the white or rarely pale cream colour of 
spore deposit, the adnexed, sinuate-emarginate to 
decurrent type of lamellae), is polyphyletic (Sánchez-
García et al. 2014). A number of molecular studies 
have been performed to re-evaluate taxonomy, phy-
logeny and relationship of tricholomatoid fungi now 
classified as Tricholomatineae (Dentinger et al. 
2016). In particular, Sánchez-García et al. (2014) 
proposed to include in the Tricholomataceae the fol-
lowing seven genera: Dennisiomyces, Porpoloma, 
Corneriella, Albomagister, Tricholoma, Pseu-
dotricholoma and Leucopaxillus. The other well re-
solved clades were the Entolomataceae, including 
the genera Entoloma, Rhodocybe, Clitopilus, and the 
Lyophyllaceae including the genera Lyophyllum, 
Tephrocybe, Calocybe, Tricholomella, Ossicaulis, 
Termitomyces. Many other species resulted phyloge-
netically distinct from these three main clades, but 
were not strongly supported in phylogenetic recon-
structions and referred as the residual tricholoma-
toid clades (Sánchez-García et al. 2014). With this 
background, the aims of the present study were to: 
i) assess whether samples harvested in central Italy 
belong to T. goniospermum by studying the fast 
evolving internal transcribed spacer (ITS) region; ii) 
clarify the phylogenetic position of the genus Tricho-
losporum within the Tricholomatineae. For this pur-
pose both the ITS, the genes for the ribosomal small 
(SSU) and large (LSU) subunit of rDNA and the 
gene for the RNA polymerase II second largest sub-
unit (rpb2) were used. 

Materials and methods 

Sampling and morphological identification

Basidiomata were collected between 2010 and 
2013 in central Italy on both the western and east-
ern sides of the Apennine (Sibillini Mountains) in 
the Umbria and Marche regions, respectively, be-
tween 1600 and 1750 m a.s.l. More specifically the 
basidiomata were collected in two sites (Assisi and 

Spello) within the Regional Park of Mount Subasio, 
in one site (Norcia) on Mount Vettore and in one site 
(Ascoli) on Mount Monaco (Tab. 1).  The collection 
sites are marked by semi-circular belts of greener, 
lusher grass, the so-called “witches’ circles”. All col-
lected specimens were dried and deposited in the 
herbarium of Perugia University (PERU). A voucher 
specimen of T. goniospermum collected in Trieste 
(North Italy) was also examined and compared with 
specimens collected in central Italy.

For species determination, both fresh samples 
and exsiccata were examined for their macroscopic 
and microscopic morphological characters. Dried 
specimens were rehydrated by soaking in 3 % KOH 
for 10 min. Dried and fresh samples were stained 
with 1 % Congo Red and 1 % Floxina solutions in 
water. Spores, cystidia and other morphological 
structures were observed and photographed with a 
Zeiss light microscope. Biometric analyses were car-
ried out with a graduated reticule and using the soft-
ware Mycomètre v. 2.02 (http://mycolim.free.fr/DOC_ 
SML/mycm202/Charg_Mycm202.htm) by averaging 
30 independent measurements. To test for differenc-
es in spore size pairwise t-test were performed using 
R software (https://www.r-project.org/). 

DNA isolation and molecular analyses

Genomic DNA was isolated from fresh and dried 
specimens according to Angelini et al. (2012). DNA 
quality and quantity were evaluated by agarose gel 
electrophoresis (0.8 %) in the presence of ethidium 
bromide and a DNA mass ladder (GeneRuler DNA 
Ladder Mix, Fermentas, Hannover, MD). The inter-
nal transcribed spacer (ITS) region was amplified 
with the ITS1f and ITS4 primers (White et al. 1990, 
Gardes & Bruns 1993). The 5' end of the large subu-
nit (LSU) rDNA region was amplified using the 
LR0R/LR7 primers pair (Moncalvo et al. 2000, 
Tedersoo et al. 2006).  The small subunit (SSU) of 
rDNA was amplified using the primers NS1-NS4 
and NS5-NS8 (White et al. 1990). Polymerase chain 
reactions (PCR) were performed according to Ru-
bini et al. (2011). The rpb2 gene was amplified using 
the primers pair bRPB25f-bRPB27r and the PCR 
conditions described by Matheny (2005). The PCR 
products were analysed by electrophoresis on 2 % 
agarose gels stained with ethidium bromide in pres-
ence of size standards (GeneRuler DNA Ladder 
Mix, Fermentas, Hannover, MD).

Sequencing and phylogenetic analyses 

The PCR amplified products were purified using 
the JetQuick PCR purification Kit (Genomed, Löh-
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ne, Germany) and directly sequenced. ITS frag-
ments from samples MA41, MS44, MS45, AR122 
and AR123 were also cloned in E. coli using the 
pGEM-T Easy Vector System (Promega Corp., Mad-
ison, Wisconsin, USA) following standard proce-
dures (Sambrook et al. 1989).  From each of the two 
ITS clone libraries obtained, ten colonies were 
picked randomly, heated for 5 min in 50 µl of sterile 
water, PCR amplified with ITS1F/ITS4 primer pair 
and sequenced. 

Sequences were carried out with BigDye termi-
nator sequencing kit (Life Technologies, USA) ac-
cording to the supplier’s instructions and by using 
an ABI 3130 genetic analyzer. All the ITS, SSU, LSU 
and rpb2 sequences were checked for similarity 
with sequences deposited in GenBank using the 
BLASTn service at NCBI. The sequences showing 
the highest similarity were retrieved and aligned 
using Muscle v. 3.7 (Edgar 2004).  For combined 
dataset sequences of rpb2, LSU and SSU genes of T. 
goniospermum sample MS41 were concatenated 
and realigned with sequences of the tricholomatoid 
species used by Sánchez-García et al. (2014) and re-
trieved from TreeBase web site. Sequences obtained 
in this study were deposited in GenBank under 
the following accession numbers: KU559844-
KU559865. 

Phylogenetic trees were inferred with maxi-
mum-likelihood (ML) method using RaxML soft-
ware (Stamatakis 2014) at the CIPRES Science 
Gateway V. 3.3 web service (https://www.phylo.org/
portal2/login). The rapid bootstrapping option of 
RaxML and the CAT model of rate heterogeneity 
were used. The combined dataset was analysed by 
considering three partition of 685 (rpb2), 1736 
(SSU) and 1508 (LSU) bp, respectively, and using 
the same substitution model. 

The alignments and phylogenetic trees were de-
posited in TreeBase (https://treebase.org/treebase-
web/home.html).

Results

Taxonomy

All the samples collected in central Italy (Tab. 1) 
showed the following macro-morphological charac-
ters: habit tricholomatoid. Pileus 4–15 cm wide, 
hard and compact, white, darkening with cutting 
and handling, rather fleshy, evolving from almost 
globate to semi-globate, then flattened, margin in-
volute, colour pale brown, then fading to yellowish 
brown, bruises reddish brown (Fig. 1). Cuticle not 
viscid. Lamellae ranging from very crowded to 
completely tighten in older individuals, emarginate, 
whitish, greyish or pinkish, finally slightly lilac 
(Fig. 2). Stipe 5–10 × 1–2 cm, cylindrical, sometimes 
slightly ventricose, attenuated towards the base, 
white, sometimes yellow with shades of lilac, be-
coming darkish with manipulation (Fig. 2). Stipe 
base tending to retain residue of soil mixed with li-
lac mycelium. Basidioma smell pleasant of flour, 
somewhat spermatic. Pileipellis composed of hy-
phae of 2-6 µm diam. and showing clamp connec-
tions (Figs. 3, 11). Spore deposit white. Spores hya-
line, elongated cruciform, generally with four, but 
sometimes with three or five prominences (Figs. 4, 
8). Basidia 30–38 × 6.5–9 µm, clavate (Figs. 5, 10), 
four sterigmata, rarely two (Figs. 6, 10). Cystidia 
present as cheilocystidia 30–40 × 6.5–10 µm, fusi-
form, lageniform, clavate or moniliform (Figs. 7, 9), 
pleurocystidia not observed. 

The T. goniospermum samples collected in cen-
tral Italy showed features similar to those described 
by Contu & Mua (2000) and those of the sample 

Tab. 1. List of Tricholosporum goniospermum samples used in this study.

Code
Collection sites

(Italy)
Date

Voucher 

(PERU)

ITS haplotype1

h1 h2 h3 h4 h5 h6 h7

Ms41 Ascoli 2011 A005711API x x

Ms42 M. Subasio, Assisi 2011 A005811PGI x x

Ms43 M. Vettore, Norcia 2011 A005911PGI x

Ms44 M. Subasio, Spello 2012 A006012PGI x x

Ms45 M. Vettore, Norcia 2010 A005510PGI x x

AR122 Trieste 2010 A005610PGI x x

AR123 Ascoli 2011 A006211PGI x x

1 the x indicates the presence of the haplotype
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Figs. 1–11. Morphological features of Tricholosporum goniospermum samples collected in central Italy. 1–2. Pileus and stipe. Bars 
12 mm. 3, 11. Cuticle hyphae. Bars 16 µm. 4, 8. Spores. Bars 7 µm. 5, 10. Basidia. Bars 16 µm. 6, 9. Cheilocystidia. Bars 16 µm.
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AR122 collected in north Italy. However, a careful 
examination showed that spores of samples from 
central Italy were slightly smaller than those de-
scribed in the literature and those of the sample 
AR122. In particular, the spores of AR122 were 
(6.29)8.60±0.21(10.6) × (5.16)6.37±0.18(8.59) µm 
whereas, in samples from central Italy the spore size 
was in the range of 5.07–8.56 × 4.04–6.55 µm (Tab. 2). 
The T-test reveals no significant differences among 
the spore size of samples from central Italy, whereas 
these resulted significantly different from that of 
sample AR122.

Tab. 2. Spore size of T. gionospermum. av = average.

Code Spore size (μm)

MS41 5.29–7.60 × 4.04–6.55
(av 6.53 ± 0.24 × 5.28 ± 0.23)

MS42 5.07–7.66 × 4.08–6.24
(av 6.35 ± 0.22 × 5.26 ± 0.24)

MS43 5.12–7.26 × 4.96–6.23
(av 6.12 ± 0.21 × 5.42 ± 0.16)

MS44 6.21–7.69 × 4.85–6.46
(av 6.82 ± 0.44 × 5.83 ± 0.49)

MS45 5.26–7.34 × 4.38–6.55
(av 6.43 ± 0.24 × 5.28±0.21)

AR122 6.29–10.6 × 4.1–8.59
(av 8.60±0.21 × 6.37±0.18)

AR123 5.29–8.56 × 4.04–6.39
(av 6.64±0.16 × 5.16±0.13)

ITS analysis

In order to test if samples from central Italy and 
the T. goniospermum sample AR122 belong to the 
same species, analysis of the ITS region was per-
formed. PCR resulted in an amplicon of approxi-
mately 600 bp in all samples considered. With the 
only exception of MS43, direct sequencing with the 
forward primer ITS1f resulted in additive sequence, 
starting approximately from the nucleotide residue 
220. This suggested the presence of more than one 
ITS copy, differing for the presence of insertion/de-
letions. Sequence additivity was confirmed when 
the ITS4 was used as reverse sequencing primer.

In order to obtain ITS sequences without ambi-
guities the PCR products from samples MS41, 
MS42, MS44, MS45, AR122 and AR123 were cloned 
and ten clones for each sample sequenced. Sequenc-
ing revealed in each of these samples the presence 
of two divergent haplotypes, differing from each 
other for short insertions and/or A/T nucleotide 
substitutions, all located in the same region. In sum, 

seven haplotypes arranged in various combinations 
were detected (Tab. 1). Some of the haplotypes were 
shared between samples from central Italy. More 
specifically, the samples AR123 and MS44 showed 
the haplotypes h1 and h2 and both shared the hap-
lotype h1 with MS43. The samples MS41 and MS42 
showed the haplotypes h3 and h4 and both shared 
the haplotype h4 with MS45. The haplotype h5 was 
detected in the sample MS45, whereas the haplo-
types h6 and h7 were detected in the sample AR122 
from Trieste only (Tab. 1). The percentage of simi-
larity between these haplotypes was about 98 %. 
Blast analysis resulted in the similarity with se-
quence KC969668 belonging to the species T. por-
phyrophyllum.

Phylogenetic analysis 

In order to evaluate the position of genus Tricho-
losporum within the tricholomatoid clade, we per-
formed a maximum likelihood phylogenetic analy-
sis using the ITS, LSU, SSU and rpb2 sequences. We 
used these genes to perform both single gene and 
multiple gene phylogenies. For each marker a set of 
sequences representative of the species belonging to 
the Tricholomatineae were retrieved from GenBank 
and aligned. The species in the different clades were 
selected according to the phylogenetic studies of 
Moncalvo et al. (2002) and Sánchez-García et al. 
(2014) and by considering the results of BlastN 
analysis.

In the ITS tree the T. goniospermum samples 
formed a clade with T. porpyrophyllum (KC969668) 
and this clade appears closely related to that in-
cluding the species Callistosporium spp., Clitocybe 
fellea and Macrocybe gigantea. These two clades 
were related to the clade formed by Entoloma spe-
cies although with a low bootstrap support (Fig. 12). 
Similarly, in the LSU tree T. goniospermum appears 
related to Callistosporium and the Entolomataceae 
(Fig. 13). Conversely in SSU (Fig. 14) and rpb2 
(Fig. 15) trees T. goniospermum showed affinity 
with Entolomataceae and Lyophyllaceae. The com-
bined rpb2-SSU-LSU tree (Fig. 16) placed, although 
with low bootstrap support, Tricholosporum within 
a clade including the Callistosporium group, the 
Entolomataceae and Lyophyllaceae.

Discussion

Genetic diversity of T. goniospermum

In the present study careful morphological ex-
amination of basidiomata collected from different 
localities in central Italy revealed some distinctive 
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Figs. 12–15.  Phylogenetic trees based on ITS (12) LSU (13) SSU (14) rpb2 (15) sequences. GenBank accession numbers are given 
in brackets. Numbers near the branches indicate the bootstrap values.
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characteristics compared to those reported in the 
literature. In particular, microscopic examination 
has revealed the presence of cheilocystidia, not al-
ways reported for T. goniospermum (Bresadola 
1927, Contu & Mua 2000). Moreover, the basidio-
spore size of these specimens appears smaller than 
that reported for T. goniospermum according to 
various authors without significant differences 
among these samples. In the examined samples, the 
spores reached 8.56 µm in length and 6.5 µm in 
diam., whereas for T. goniospermum a spore size of 
8–10 × 5–7 µm has been previously reported (Bres-
adola 1927, Contu & Mua 2000, Angelini et al. 2014). 
The comparison carried out with the T. goniosper-
mum sample (AR123) collected in Trentino has con-
firmed this difference, highlighting in this sample 
spores up to 10.6 µm in length and up to 8.59 µm in 
diam., therefore significantly bigger than those of 
samples collected in central Italy. Considering the 
spore size, the samples from central Italy may re-
semble the species T. subgoniospermum, T. pseu-
dosordidum and T. subporphyrophyllum. However, 
the samples examined differed from these species in 

other morphological characters: T. subgoniosper-
mum tends to get stained vividly yellow when han-
dled (Bohus et al. 1999, Angelini et al. 2014), T. pseu-
dosordidum (Baroni 1982) has a different pileus 
colour, while T. subporphyrophyllum differed for 
the size of the pileus and the stipe (Baroni 1982).

In order to assess whether the morphological 
differences observed between samples from north 
and central Italy were reflected at a genetic level, an 
analysis of the ITS region of rDNA has been carried 
out. Sequencing of ITS revealed the presence of pol-
ymorphism among the samples of central Italy as 
well as differences from the sample of north Italy.  
However, as the ITS sequences share about 98 % of 
similarity, these differences are likely to be consid-
ered at an intraspecific level.  Further to this, the 
analysis of ITS region evidenced polymorphisms at 
an intra-individual level. In fact, direct sequencing 
and subsequent analysis using a clone library ap-
proach showed in each individual, with the only ex-
ception of MS43, the presence of at least two differ-
ent ITS haplotypes. Overall, seven haplotypes dif-
fering for a short region of 10–12 bp were identified.  
Interestingly, the two ITS haplotypes of the sample 
collected in northern Italy are different from all 
those detected in the individuals of central Italy. 
Conversely, individuals collected from different lo-
calities of central Italy share some of these haplo-
types, such as the haplotype h1, h3 and h4. The pres-
ence of intra-individual heterogeneity of the ITS 
region was reported in different organisms: plants, 
insects and even fungi. For example, Hughes & Pe-
tersen (2001) reported the presence of intra-indi-
vidual ITS polymorphism in Flammulina as a result 
of hybridization of two different species (F. rosea 
and F. velutipes). Hughes et al. (2013) reported the 
occurrence of both intra- and inter-specific hybrid-
ization in several fungal species such as Armillaria 
mellea, Amanita citrina, Gymnopus dichrous and 
Hygrocybe flavescens. According to Hughes et al. 
(2013) these divergences and successive hybridiza-
tion may have originated from the re-contact of 
populations that have been isolated in different ref-
ugia during the last glacial period. Furthermore, 
Hughes et al. (2013) speculated that, later, other fac-
tors such as the adaptation to different ecological 
niches may have maintained this population’s ge-
netic diversity giving rise to phenomena of hybridi-
zation occurring in the contact zones (i.e. the pe-
riphery of their distribution areas). To this regard, it 
has been observed that the concerted evolution that 
is known to be responsible for the homogenization 
of the ribosomal genes arrays not always works so 
efficiently as generally assumed for these genes (Si-

Fig. 16. Phylogenetic trees based on combined rpb2-LSU-SSU 
sequences. Numbers near the branches indicate the bootstrap 
values. Strains names according to Sánchez-García et al. 
(2014) in brackets.
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mon & Weiß 2008). In other words, the homogeniza-
tion process depends on the rate of speciation and 
the hybrid organism initially may retain copies of 
both parental ITS sequences (Sang et al. 1995, 
Cronn et a1. 1996). In the case of T. goniospermum 
samples analysed in this study, it can be hypothe-
sized that, because of the fragmented distribution, 
the populations of these fungi are characterized by 
hybridization processes. More specifically, the di-
vergence may have been generated by a barrier such 
as the areal fragmentation, but the absence of re-
productive incompatibility still allows rare epi-
sodes of crossing between individuals of neighbour-
ing populations. This is in agreement with the fact 
that haplotypes are shared between individuals of 
close areas of central Italy, but not with samples 
from more distant areas such as northern Italy.

As an alternative hypothesis, paralog ribosomal 
genes fixed in the same haploid genome may be pre-
sent. However, because no more than two haplo-
types in each individual have been identified, it is 
likely that the observed ITS heterogeneity resulted 
from crossing between divergent genotypes. In or-
der to better clarify the origin of the intra-individ-
ual ITS polymorphism observed in this species, 
studies of segregation using single spore mycelial 
cultures are in progress. 

The genetic divergence of populations due to 
fragmented geographical distribution was also in 
agreement with the observed morphological differ-
ences (i.e. the spore size) between individuals of 
central and northern Italy.

Inferring the phylogenetic relationship of Tricholo-
sporum with tricholomatoid fungi

The genus Tricholosporum was established to 
accommodate those Tricholoma-like species with 
unusual bumped/cruciate basidiospores as well as 
distinctive purplish, violaceous or lilac-vinaceous 
colour of some part of the basidioma (Guzmán 
1975). These fungi were in fact previously classified 
in the genus Tricholoma (Bresadola 1892) but later, 
because of the presence of these features, unusual 
for the Tricholomataceae, subgenus, sections and 
subsections were created. For example, Singer 
(1945) included Tricholosporum in the genus 
Tricholoma but created the subgenus Contextocutis 
within the Iorigida section. This view was followed 
by e.g. Bohus (1985) and Bon (1991) while more re-
cently many authors considered Tricholosporum a 
valid genus (Angelini et al. 2014 and references 
therein). However, this genus was never included in 
a molecular phylogenetic study, thus the relation-

ship of Tricholosporum with the other tricholoma-
toid fungi remained to be evaluated.

In the present study the ITS, SSU, LSU and rpb2 
genes of T. goniospermum were sequenced and ana-
lysed within the phylogenetic framework recently 
proposed for tricholomatoid fungi by Sánchez-
García et al. (2014). The phylogenetic trees obtained 
(Figs. 12–16) seem to indicate that the genus Tricho-
losporum does not have great affinity with the 
Tricholomataceae within the Tricholomatineae. The 
trees based on SSU and rpb2 genes in fact placed 
Tricholosporum within the Entolomataceae/Lyo-
phyllaceae. The LSU and ITS trees placed Tricholo-
sporum within a group of morphologically hetero-
geneous species such as Macrocybe gigantea, Clito-
cybe fellea, Pleurocollybia brunnescens and Cal-
listosporium spp. According to Moncalvo et al. 
(2002) these species belong to the “callistosporoid” 
group and appeared closely related to the Entolo-
mataceae. Successive studies, however, produced 
contrasting results: Matheny et al. (2006) excluded 
the affinity of Callistosporium with the Entolo-
mataceae, whereas according to Ammirati et al. 
(2007) and Sánchez García et al. (2014) it belong to 
the Catathelasma clade detected as sister clade to 
Entolomataceae but with poor bootstrap support. 

Finally, the phylogenetic tree based on combined 
rpb2-SSU-LSU genes showed a relationship of 
Tricholosporum with the clade Entolomataceae, 
Lyophyllaceae, the “Clytocybe/Lepista/Collybia” 
and the “callistosporoid” groups, although this rela-
tionship was poorly resolved and had a low boot-
strap support.

Overall, the phylogenetic analyses performed 
placed Tricholosporum outside the family Tricholo-
mataceae, however the position of this genus within 
a given group of Tricholomatineae is scarcely sup-
ported statistically. In the combined tree, Tricholo-
sporum is placed within the clade that include En-
tolomataceae and Lyophyllaceae thus it can be 
speculated that this genus may belong to a new dis-
tinctive family phylogenetically related to this 
clade. It is interesting to note the presence in Tricho-
losporum of some morphological characters such as 
spores with bumped ornamentations to suggest an 
affinity with the Entolomataceae. However, these 
similarities must be considered with caution. Co-
David et al. (2009) in fact demonstrate that the 
spore walls forming the ornamentation of Entolo-
mataceae are not homologous to those of other 
tricholomatoid species with bumped spores (e.g. Te-
phrocybe tylicolor, Lepista nuda, L. irina, Omphali-
aster asterosporus), and that these bumped orna-
mentations may have arisen independently in the 
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Entolomataceae. More specifically, differently from 
these species, in the Entolomataceae the spore or-
namentation originates from the modification of the 
epicorium layer of the spore wall (Co-David et al. 
2009). Thus, future study of spore ultrastructure 
will be important to evaluate the origin of basidio-
spore ornamentation of Tricholosporum and to 
make comparisons with those of other species in the 
Tricholomatinae. 
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