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Abstract

The members otycoperdaceaecommonly known as puffballsre widely distributed as
saprotrophicfungi. The current taxonomic system of this family has been extensively debated,
primarily due toconflicts between morphological based system and the phylogenetickdhis
study, wereconstructed a comprehensive phylogenyyafoperdaceaerepresented b96 species
acrossl9 genera, using multiple gene sequena@grnal transcribed spac@i’'S), large ribosomal
subunit(nrLSU), the secondargestRNA polymerase subunirpb2), andtranslation elongation
factor Talpha(tefl-U). Additionally, we estimated the divergence times for each taxon, considering
it as an additional criterion for taxonomic rankirgased on updated phylogenetic results and
examination of morphological charaddrycoperdaceaés divided into a total o19 genera, with a
divergence time range of 26.75.5 Ma. This includes the identification of five new genera:
FuscospinaLeptocauis, LycoperdiscusPseudoperdonand Sinoperdon Four previously known
Lycoperdons.l. subgeneraBpvistella Morganella Utraria and Vascellum and Bovista subg.
Globaria were elevated to the generic level. Moreover, we proposed and described 22 new species
and 5 new combinations from the geneBovistg Calvatia Globaria and Lycope&don s.l.
Simultaneously, morphologica&xaminationrevealed key features, such as capillitium types and
paracapillitium, which could potentially be informative to delineate spectbs generic levelThis
study enhancethe understanding of the phyloge and evolution ofLycoperdaceaebridging
diversity gaps within Asia and contributing to the global species diversityaoiperdaceae.
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INTRODUCTION

Fungi belonging td.ycoperdaceaé&. Berchtold & J. Predre commonly known as puffballs.
They feature globose to subglobose basidiomes and mature gleba, releasing a powdery mass of spores
passively through the apical opening of the endoperidium. These species are widely distributed in
temperate, arid, and tragail climates, found on the forest floor, rotting wood, or open meadows
(Pegler et al. 1995). Some species within this family have culinary and medicinal value. For instance,
Calvatia craniiformis(Schwein.) Fr. ex De Toni ar@ cyathiformigBosc) Morgarare used as food
in the UK, whileC. gigantegBatsch) LloydC. lilacina(Mont. & Berk.) Henn areised in traditional
medicine for their hemostatic properties and to treat various ailrféatsWyk & Coetzee 2009)
Terrestrial saprophytic species, likgcoperdon perlatuniPers.; andovistella utriformis(Bull.)
Demoulin & Rebriev, contribute to organic matter decomposition and heavy metal enrichment
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(Petkovgek & Pokorny 2013)

Lycoperdaceageestablished by F. BerchtolhdJ. Presin 1820, originally enompassed 18
genera and around 150 species. Initighig family wasconsidered synonymous witkgaricaceae
(Kirk et al. 2008), molecular phylogenetic analyses later revealsatoperdaceaeto be a
monophyletic gasteroid lineage distinct fréxgaricaceagHibbett et al. 1997Kruger et al. 2001
Moncalvo et al. 2002Vellinga 2004). Subsequent studies identified four main subclades within
Lycoperdaceagerepresenting the geneBovistg Calvatia Disciseda andLycoperdonsensu lato
(Larsson & Jeppson 20p8Notably, some rare taxancluding Holocotylon Abstoma and
Bryoperdonwere not included in these analyses. In the recent taxonomic system of Basidiomycota,
Lycoperdaceads treated as a distinct family comprising the genamoperdon (Kreisel &

D. Krige) Vizzini, BovistaPers.,BryoperdonVizzini, Calvatia Fr., CalbovistaMorse ex M.T.
Seidl., GastropilaHomrich & J.E. WrightLycoperdonPers.,MorganellaZeller (He et al. 2019).
However, certain puffbalike genera such adbstomaG. Cunn.,AcutocapillitiumP. Ponce de
Leo n.,ArachnionSchwein. CalvatiopsisHolloGs, DiscisedaCzern.,GlyptodermaR. Heim & Perr.

i Bertr., JaponogasterKobayasi, andLycoperdopsisHenn. were still accommodatedvithin
Agaricaceag(He et al. 2019). Conversely,racent compendium of generic names for agarics and
Agaricales proposed the conceptAgaricaceass.l., which includes five familied:ycoperdaceae
Agaricaceae s.str., Coprinaceae fiLepiotaceaé (temporarily due tonom invald.), and
Tulostomataceaeg(Kalichman et al. 2020). While historically treated as synonymous with
Agaricaceae(Kirk et al. 2008),Lycoperdaceaehas more recently been acknowledged as an
independent familyHe et al. 2019Kalichman et al. 2020).

Historically, the genera dfycoperdaceawereclassified bynorphologicacharacters such as
the presence ahpillitium or paracapillitiumthetypeof capillitium (Lycoperdortype,Bovistatype,
Calvatiatype, intermediateBovistaLycoperdontype, andMycenastrurtype), the apical opening
type of endoperidium and the presence or absence of the pseudiistisel 1969 Kreisel 1993
Pegler et al. 1995Sarasini 2005 Larsson & Jeppson 200N8Although some morphological
characters, such as the presence G#lvatiatype a@pillitium in Calvatia appear to be
phylogenetically significant in generic segregatigRebriev 2013), Mycenastrurtype in
Mycenastrum(Gurgel et al. 2017)while in genera more than one, distinctive features can be
observed, such as Bovistaspecies Were two types of capillitiums are present: tlyeoperdon
type and théBovistatype (BautistaHernandez et al. 201Rebriev et al. 202Krakhmalnyi et al.
2023) In addition VascellumF . G ma r MbeganallanZe:ller are morphologically distinct,
however they are both currently assignedLligcoperdors.l. (Larsson & Jeppson 20R8herefore,
an updated DNA based phylogeny coupled with-axa&mination of morphological characters is
needed to reassess the current classification scheme of these gene

The species richest genus withiycoperdaceaés the type genukycoperdorPers Molecular
phylogenetics conducted lyarsson & Jeppso(2008)has recommended addsense concept of
Lycoperdon which incorporates some traditional genera suchBasistella Morganellg and
Vascellumto date Lycoperdonas circumscribed in the current classification, was divided into five
subgeneraand they weresubg. Bovistellg Lycoperdon Morganellg Utraria and Vascellum
However,some recent studies showibe taxonomi@rrangementf those five subgenera did not fit
well with some taxa. For example, caudatumandL. nigrescensveretemporarily treated in the
subg.Utraria with its phylogenetic positiomvas out ofthis subgenug¢Bates et al. 20Q%Gube &
Piepenbring 2009Jeppson & Larsson 201@lfredo et al. 2017)In addition Vizzini & Ercole
(2017) had raisedLycoperdonsubg. Apioperdoninto generic level with the type species of
Apioperdorpyriforme(Schaeff.) Vizzini (Lycoperdon pyriform&chaeff) However some scholars
disagreewith these findingglue to the relatively small number of samples invol{&iftedo et al
2017) Therefore, a comprehensive reevaluationLgEoperdonbased on extensive research is
necessary

The delineation of genera within thgcoperdaceaeas well as théamilial placement within
the order, has undergone significant changes through the integration of morphological characteristics.
(Kreisel 1969Hibbett et al. 199,/Kriiger et al. 200IMoncalvo et al. 2002Krtiger & Kreisel 2003
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Bates 2004Vizzini & Ercole 2017, Krakhmalnyi et al. 20R3Nith the contributions of numerous
prominent mycologists, the taxonomic system lofcoperdaceaeis converging toward a
comprehensive understanding of its natural divergence history. The first molecular phylogenetic
analysis ofLycoperdaceaeutilizing ITS and nrLSU sequences, was conducted in 2088son &
Jeppson 2008 The familyLycoperdaceaéncludes genera likeycoperdonBovistg Calvatia and
Disciseda(Kruger et al. 2001Kriiger & Kreisel 2003Larsson & Jeppson 200Bates et al. 20Q9
Larsson et al. 2009eppson & Larsson 2018lfredo et al. 2017)The largest genukycoperdon
is divided into subgeneraBovistella Morganella and Vascellum despite distinguished
morphological differencegLarsson & Jeppson 2008Bates et al. 20Q9Alfredo et al. 2017
Krakhmalnyi et al. 2023)Bovistais subdivided into two subgenetgvistaand Globaria, while
Calvatiais classified into two subgeneraangermanniaand Calvatia (Larsson & Jeppson 2008
Rebriev et al. 2020Krakhmalnyi et al. 2023)However, this taxonomic system heavily relies on
specimens from Europe and America, with scarce representation from Asia, especially China.
Additionally, some genera, such AbvstomaG. Cunn. andArachnion Schwein, have not been
subjected to molecular glogenetic studies, necessitating clarification of tkeeonomic status

In this study, an extensive collection of specimens, particularly from China, was utilized. The
taxonomic framework ofLycoperdaceaewith a particular focus on intricate genera rsuas
LycoperdonBovistg Globaria, andCalvatia was revisedbased on molecular phylogeny employing
multiple gene sequences (ITS, nrLSPh2, andtefli U. The assessment of taxa above the species
level was conducted through the phylogenetic analyses, morphological characteristics, and
supplemented with divergence time estim@##so et al. 201,He et al. 2019).

MATERIALS AND METHODS

Morphological study
Specimens were collected from 13 provinces att2s & the field. Upon esite photography,
aluminum foil was utilized to wrap specimens, preventing mixing or crushing. Maarphological
features and chemical reactions of fresh specimens were promptly documented upon return.
Subsequently, the specinsawere thoroughly dried with a food drier at®®0) sealed in plastic bags,
and deposited in the Herbarium Mycologicum Academiae Sinicae, Beijing, China (HMAS).
Anatomical and cytological features including basidiospores, basidia, capillitium, eucapillitia
threads and paracapillitial threads, exoperidium and endoperidium elements were observed. Dried
specimens were examined follmg the protocols of Largert al(1986). Additionally, basidiospore
ornamentations and other microstructures were obsamsgd) a JEN1400 scanning electron
microscope (SEMYollowing previous studies (Hosen et al. 20XW et al. 2019Wanget al. 2024.
Staining reactions were performed using 95% ethanol, 5% KOH, and 10 mg/mL Congo Red. More
than twenty measurements of muscopic features (basidiospores) were recorded, including x (the
mean length by width 8D), Q (the quotient of basidiospore length to width), and Qm (the mean of
Q-values £ SD) (Largent et al. 1986).

DNA extraction PCR amplification and sequencing

DNA extraction from dried specimens was performed using a Bspadtrum plant Rapid
Genomic DNA Kit (Biomed) following the manufactuéerprotocol. For the internal transcribed
spacer (ITS), primers ITS4 and ITS5 were employed, while primers LROR and LRbiseerdor
the large ribosomal subunit (nrLSU). Thgb2 gene was amplified and sequenced using primers
brpb2 6F/brpb27.1R (Matheny 2005), and thefli U gene was targeted with primers EF1
983F/EF11567R (Renner 2005).

PCR cycling conditions included amtial denaturation for 5 minutes at 9, followed by 35
cycles of denaturation at 9%C f or 50 seconds, tedliUheabRng &1 TS
55 rpb2)(for 50 seconds, and extension atZXor 1 minutgHe et al. 2019Li et al. 2021 Ling
et al. 2021) The PCR products were sent to a Biomed Biotechnology commercial company for
purification and sequencing. The contiguous sequences were assembled using SegMan, implemented
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in Lasergene v7.1 (DNASTAR Inc., USAAll available sequences bfcoperdaceaa this research
areprovided in Table1i 6.

Phylogenetic analyses

In this section, a fougene combined dataset (MBLSUi rpb2i tefl-Udataset) was created.
Raw sequences were individually aligned using MAFFT V7 (&Hloh & Standley 2013)manually
adjusted in BioEdit (Hall 1999), and then concatenated using SequenceMatrix v1.7.8 (Vaidya et al.
2011). Missing data and ambiguous regions were codé@il.asAdditionally, introns ofrpb2 and
tefl-awere excluded. MrModeltest v2.3 (Nylandeakt2004) was employed to select the Hetd
substitution model based on the Akaike Information Criterion (AIC). Consequently, GTR+I+G was
chosen as the best model for ITS and nrLSU, TVM+I+Q b2, and SYM+I+G fortefli U

Both Maximum Likelihood (ML and Bayesian Inference (BI) methods were executed. Firstly,
the ML tree was constructed using RAXML v7.2.6 with the GTR+G+I model of site substitution,
which includes the estimation of Gamidiatributed rate heterogeneity and a proportion of invariant
sites (Stamatakis 2006). Statistical supports were obtained through nonparametric bootstrapping with
1000 replicates. Secondly, Bl analyses were performed with MrBayes @RB22quist &
Huelsenbeck 2003utilizing a general time reversible (GTR) model of ANubstitution and a
gamma distribution rate variation across si{feenquist & Huelsenbeck 20Q3four chains were
processed with the generation set at 10 million for each gene. Trees were sampled every 100
generations, and chain convergence was assesseg Tracer v1.7.1 (Rambaut et al. 2018)
(http://tree.bio.ed.ac.uk/software/tracer/) to ensure sufficiently large Effective Sample Size (ESS)
values. The stop rule was applied when parallel MCMC runs converged (ESS value > 200). Finally,
15 million generdons were considered for convergence. The first 25% of the sampled trees were
discarded as bufim, and the remaining trees were used to reconstruct a majority rule consensus and
calculate Bayesian posterior probabilities (BPP) for the clades. The mgduéies were visualized
using iTOL v5(Letunic & Bork 2021)

Estimation of Divergence times

The divergencdime analysis followed the methodology outlined in previous styéeaner
2005, Zhao et al. 2017, He et al. 2Q18}ilizing a secondary calibration method, two separate
analyses were conducted to estimate the divergence timggaberdaceaand the incorporated
genergRenner 2005, Sanch&amirez et al. 2015, Aime et al. 2018)

To assess the time bfycoperdaceaea separate monophyletic gasteroid lineage within the
lepiotoid fungi inAgaricaceaea mean stem age of approximately 125 MyXgaricaceases.l. was
utilized based on previous studigtibbett & Thorn 2001Kriiger et al. 2001Vellinga 2004 He et
al. 2019. For this calibration, 84 samples representing 34 genedgaricaceae seven genera of
Lycoperdaceaeand other closely related taxa were sele@eduence data for this part are provided
in Table7.

Similarly, the divergence times of genera withiycoperdaceasvere estimated based on the
results obtained above. This analysis involved 199 samples representing 19 genera within this family,
with Mycenastrum coriurset as the outgroup taxon.

Divergence time anasges were conducted using BEAST v1.10.4 (Suchard et al. 2018). XML
files were constructed with BEAUti v1.10.4 by importing separate NEXUS files for each gene
partition. Gene partitions were set to be unlinked for substitution and moletat&rmodels but
linked (concatenated) for gene trees. Substitution models for nucleotides were determined using
jModelTest v2, with the following settings: GTR+I+G for ITS and nrLSU, SYM+I+Gtégti U,
TVM+I+G for rpb2. An uncorrelated logormal distributed clock modelnd a Yule speciation
model were selected as priors to assume a constant speciation rate per lineage. The prior for the
ucld.mean parameter was gamdistributed (shape = 1.0; scale = 0.001; offset = 0.0) for all genes.
Secondary calibrations were conduttaising a normally distributed calibration of the
treeModel.rootHeight parameter (SD, 1; the mean value was determined by fossil node calibrations,
like 125 Myr for Agaricaceaes.l., 83 Myr forLycoperdaceae Four independent Markov chain
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Monte Carlo (MCMC) chains of 50,000,000 generations with a sampling frequency of 10,000 were
performed. Log files were checked for convergence and mixing in Tracer v1.7.1 (Rambaut et al. 2018)
(http://tree.bio.ed.ac.uk/software/tracer/) to ensure effective sample si3¢ {&lBes were at least

200. An ultrametric maximum clade credibility (MCC) tree with mean and 95% HPD node ages and
perclade posterior probabilities was summarized using TreeAnnotator 1.10.4, with 25% booh

a 0.8 posterior limit (PP value). The uéshg trees were visualized using iTOL {=etunic & Bork

2021)

RESULTS

The phylogenyof Lycoperdaceae

This study generated 362 new sequences, including 105 ITS, 105 nrLSphZ &nd 82
tefl-U The comprehensive dataset, which includes all available sequerngeppérdaceaén this
research along with 170 sequences retrieved from GenBank, comprises 209 samples. These samples
represent 96 species from nineteen genetayobperdaceaewith Mycenastrum coriunthosen as
the outgroup taxon. Sequence data for this part are providedlal. The besffitted model for this
combined dataset, estimated and applied in the Bayesian Inference (Bl) analysis, was GTR+I+G. The
Maximum Likelihood (ML) trees constructed exhibited similar topologies to the BI tree, and the
Maximum Clade Credibility (MCCiree is presented ffig. 1.

The phylogenetic analysis revealed thgtoperdaceadorms a monophyletic clade with
robust statistical supporfig. 1). Twenty subclades, each representing a distinct genus, were
identified with high statistical support (Resor Probabilities [PP] displaying full values, Bootstrap
[BS] values ranging from 70% to 100%). These genera incim#oma Apioperdon Arachnion
Bryoperdon Calvatia, Disciseda andLycoperdon(in the sense of Larsson et al. 2008arsson &
Jeppsor2008. Notably, the genuBovistaappeared as a paraphyletic group, comprising two strongly
supported subclades representedBoyistasubg.Globaria and Bovistasubg. Bovistaseparately
(Fig. 1). In this study, subdslobaria has been elevated to the generic level withjooperdaceae
as indicated by red asterisksHig. 1, while subgBovistahas been proposed to be recognized as the
true Bovista

As depicted inFig. 1, Lycoperdons.l., constitutes a welupported lineag¢PP = 1.00),
predominantly encompassing genera withynoperdonThis broader category, previously identified
asLycoperdors.l., can now be phylogenetically subdivided into eleven subclades, each with robust
statistical supportHig. 1, Lycoperdors.l.).Notably, the genulolocotylonforms a distinct subclade,
while five subclades align with the subgen®&wavistella Lycoperdon Morganella Utraria and
Vascellumas identified in prior researg¢harsson & Jeppson 2008lIfredo et al. 2017)However,
the remaining five subclades (highlighted with red asterisksgnl) currently lack corresponding
subgenera to accommodate the respetij®perdorspecies. Given the significant morphological
differences among the known subgend3avistella Lycoperdon Morganellg Utraria, and
Vascellumandconsidering the results of the phylogenetic analysis and subsequent molecular clock
analyses, this study proposes the restoration of the known subBenestellg Morganella Utraria,
and Vascellumto the generic level. Additionally, five new genera. FuscospinaLeptocaulis
LycoperdiscusPseudoperdorandSinoperdorhave been established, as indicateBign 1 with red
asterisks.

The divergence times ot.ycoperdaceaand genera

Two independent datasets were analyzed to estimate the divergence tlyespsfrdaceae
and various genera. The first dataset comprised 81 species from 34 geAgaichceaes.l.,
utilizing four-gene sequencell'S, nrLSU,rpb2, tefl-U). Six species &im the familiednocybaceae
and Crepidotaceaewnere designated as the outgroup. Sequence data for this part are provided in
Table 7 The Maximum Clade Credibility (MCC) tre€i@. 2) revealed welldefined lineages for six
families (Agaricaceaes. str.,Coprinaceae LycoperdaceagMycenastracegePhelloriniaceae and
Tulostomatacegewith strong statistical support. However, the supportif@piotaceaé wasnot
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robust. Additionally, these seven families exhibited close divergence times ranging from 80 to 118.3
million years, withLycoperdaceadaving a divergence time of 82.6 million years, represented by
nine species from its main subclades.
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Figure 17 Continued.

The second dataset comprised 199 specimens from 19 gerieyeopkerdaceaeutilizing a
combined fowgene sequence, wittlycenastrum coriunchosen as the outgroup. In this analysis,
the calibration point for the root afycoperdaceasvas set at 83 millioyears. The mean stem age
of diverse genera was also annotated in the Maximum Clade Credibility tiegemberdaceae
(Fig. 1). Details on the estimated divergence times withytoperdaceaewith abbreviations
corresponding to the different genera. dse provided inTable8.

Lycoperdons.l., appeared as a wslipported monophyletic lineage, along with eight other
genera that received full support (PP value), with divergence times ranging from 26.7 to 75.5 million
years. Notably, the genefdbstomaDisciseda andCalvatiadiverged relatively early, ranging from
61.1 to 75.5 million yeard={g. 1). Additionally, Apioperdon Bryoperdon Bovista andGlobaria
were estimated to have similar divergence times of around 55 million years §J.abtnsequetty,
Globariawas elevated to the genus level due to its similar divergence times compared to others. The
type genud.ycoperdorshowed a more recent division around 27.7 million years, and the 11 genera
within Lycoperdons.l., shared roughly similar diveegce times (261834.5 million yearsFig. 1)
with full support (PP = 1). The five known genera, nantdyistellg Lycoperdon Morganellg
Utraria, andVascellumexhibited divergence times of 30.9, 27.7, 33.1, 26.7, and 27.7 million years,
respectively. Aditionally, the monophyletic gentiolocotylondiverged around 34.4 million years.

The five newly proposed generayscospina Pseudoperdonand Sinoperdon showed a similar
divergence time of 34.5 million years, whlleptocaulisandLycoperdiscugliverged around 26.7

and 30.9 million years, respectively. The broadly similar divergence times, combined with
phylogenetic results and morphological differences, support the ranking of these 11 lineages within
Lycoperdors.l. as genera.
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Table 1Taxa,vouchersand GenBanlccessiomumbersn the phylogenyof Lycoperdaceae

Species Voucher/specimen ITS LSU rpb2 tefli U References

numbers
Utraria frigida MJ4088 DQ112564 i [ [ Larsson & Jeppson (2008)
Utraria sp. M Jeppson 4285  DQ112573 i i i Larsson &Jeppson (2008)
Utraria frigida M Jeppson 4273  DQ112562 i [ T Larsson & Jeppson (2008)
Utraria frigida M Jeppson 7716  DQ112561 i i T Larsson & Jeppson (2008)
Utraria sp. M Jeppson 4277  DQ112574 i T [ Larsson & Jeppson (2008)
Utraria mollis MJ4260 DQ112566 i T [ Larsson & Jeppson (2008)
Utraria mollis HMAS 258849 OR792733 OR831337 i PP392957 this study
Utraria mammiformis MJ4841 DQ112567 i [ T Larsson & Jeppson (2008)
Utraria mammiformis KA121179 KP340187 i [ | Kim et al. (2016)
Utraria mammiformis HMAS 258845 OR792712 ORS831331 ORS853814 PP387681 this study
Utraria mammiformis HMAS 258900 OR792708 OR831333 OR853816 PP387684 this study
Utraria nivea MJ4109 DQ112570 i T T Larsson & Jeppson (2008)
Utraria nivea M Jeppson 4068 DQ112571 i | | Larsson & Jeppson (2008)
Utraria nivea HMAS 258843 OR792727 OR831311 i T this study
Utraria nivea HMAS 258901 OR792729 OR831310 ORS853818 i this study
Utraria nivea HMAS 258839 OR792730 ORS831312 OR853817 PP351995  this study
Utraria sp. ZRL20191480 OR792736 OR831332 i PP387678 this study
Utraria sp. ZRL20180880 OR792735 OR831335 OR853811 PP387686 this study
Utraria sp. ZRL20190306 OR792724 OR831334 OR853810 PP387687 this study
Utraria atropurpurea MJ3269 DQ112586 i T T Larsson & Jeppson (2008)
Utraria decipiens MJ850902 DQ112583 i | | Larsson & Jeppson (2008)
Utraria decipiens M. Jeppson 7715 DQ112583 i T T Larsson & Jeppson (2008)
Utraria sp. QL20170285 OR792713 OR831319 OR853821 PP387683 this study
Utraria cretacea MJ4302 DQ112598 i T T Larsson & Jeppson (2008)
Utraria cretacea MJ4105 DQ112597 i T T Larsson & Jeppson (2008)
Utraria cretacea HMAS 258858 OR792715 OR831264 OR853819 PP387680 this study
Utraria cretacea HMAS 258859 OR792716 ORS831323 i T this study
Utraria cretacea HMAS 258860 OR792718 OR831320 ORS853820 i this study
Utraria cretacea HMAS 258862 OR792717 ORS831321 i PP352000 this study
Utraria malleata HMAS 258764 OR792722 OR831308 ORS853812 PP352002 this study
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Table 1 Continued.

Species Voucher/specimen ITS LSU rpb2 tefli U References

numbers
Utraria malleata HMAS 258765 OR792721 OR831307 OR853813 PP352001 this study
Utraria excipuliformis MJ6467 DQ112590 i T T Larsson & Jeppson (2008)
Utraria excipuliformis KA121185 KP340186 i KU764390 1 Kim et al. (2016)
Utraria excipuliformis HMAS 258850 OR792705 OR831326 i PP351997 this study
Utraria excipuliformis HMAS 258851 OR792703 OR831328 i PP387677 this study
Utraria excipuliformis HMAS 258852 OR792704 OR831327 i T this study
Utraria excipuliformis HMAS 258854 OR792706 OR831329 i PP387676 this study
Utraria excipuliformis HMAS 258856 OR792707 OR831325 i PP351996 this study
Utraria turneri M Jeppson 4265  DQ112595 i [ | Larsson & Jeppson (2008)
Utraria turneri M Jeppson 5251  DQ112594 i T [ Larsson & Jeppson (2008)
Utraria umbrina MJ4556 DQ112591 i [ [ Larsson & Jeppson (2008)
Utraria umbrina M Jeppson 4559  DQ112592 i [ T Larsson & Jeppson (2008)
Utraria lambinonii MJ5245 DQ112576 i [ | Larsson & Jeppson (2008)
Utraria malleata HMAS 258902 OR792723 OR831309 i [ this study
Utraria echinata MJ6498 DQ112578 i [ [ Larsson & Jeppson (2008)
Utraria sp. ZRL20191222 OR792701 ORS831330 ORS853809 PP351994 this study
Leptocaulus subumbrinus HMAS 258885 OR792673 OR831315 OR853828 PP351998 this study
Leptocaulussubumbrinus  HMAS 258886 OR792675 OR831317 ORS853830 PP351999 this study
Leptocaulus subumbrinus HMAS 258887 OR792674 OR831316 OR853829 i this study
Leptocaulus subumbrinus  MJ6377 DQ112602 i T [ Jeppsoret al.(2012)
Leptocaulus subumbrinus M. Jeppsory524 JN572907 i [ [ Jeppsoret al.(2012)
Leptocaulus subumbrinus M. Jeppson 6394 DQ112601 1 T T Jeppsoret al.(2012)
Leptocaulus muscorum M. Jeppson 7717 DQ112604 i | | Jeppsoret al.(2012)
Leptocaulus muscorum M. Jeppson 9017 JN572905 i 1 1 Jeppsoret al.(2012)
Leptocaulussp. ZRL20201062 OR792749 OR831314 i 1 this study
Leptocaulussp. ZRL20220380 OR792747 OR831313 OR853826 PP392956 this study
Leptocaulussp. ZRL20191420 OR792748 OR831298 OR853827 PP352003 this study
Leptocaulussublongistipes HMAS 258775 OR792741 OR831318 ORS853825 i this study
Leptocaulus albiperidia KA121210 KP340182 i KU764391 i Kim et al. (2016)
Leptocaulus albiperidia KA121551 t KP340183 i i KU764399 Kim et al. (2016)
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Table 1 Continued.

Species Voucher/specimen ITS LSU rpb2 tefli U References

numbers
Leptocaulus ericaea MJ 5395 DQ112605 i T T Larsson & Jeppson (2008)
Leptocaulus ericaea KA131463 KP340185 i KU764396 KU764404 Kim et al. (2016)
Leptocaulus ericaea M. Jeppson 4866 DQ112606 i T T Larsson & Jeppson (2008)
Lycoperdiscus HMAS 258766 OR792725 OR831324 OR853822 i this study
tianzhuensis
Lycoperdiscus lividus MJ4005 DQ112600 i T T Larsson & Jeppson (2008)
Bovistella radicata parker970911 DQ112608 i | | Larsson & Jeppson (2008)
Bovistella utriformis MJ5388 DQ112607 i T T Larsson & Jeppson (2008)
Bovistella emodensis HMAS 287485 PP175744 PP175752 PP351955 PP351962 this study
Bovistella emodensis HMAS 287486 PP175745 PP175753 PP351956 PP351963 this study
Holocotylon biconicum HMAS 258778 OR792667 OR831266 i | this study
Holocotylonsp. DC 14 024 KU167031 i T T Unpublished
Holocotylon rupicola MJ4304 DQ112580 i | | Jeppsoret al.(2012)
Holocotylon rupicola M. Jeppson 7007  JN572902 i T T Jeppsoret al.(2012)
Holocotylonsp. HMAS 258781 OR792672 OR831267 ORS853805 PP387664 this study
Holocotylon purpurascens HMAS 258780 OR792671 OR831300 ORS853806 i this study
Holocotylon dermoxanthum MJ4856 DQ112579 i | | Larsson & Jeppson (2008)
Holocotylon brandegeeanur STB111 EU833660 1 T T Bateset al.2009
Lycoperdon perlatum MJ4684 DQ112630 i | | Larsson & Jeppson (2008)
Lycoperdon perlatum HMAS 258865 OR792758 OR831262 OR853791 PP387672 this study
Lycoperdon perlatum HMAS 258866 OR792763 OR831257 OR853792 PP387673 thisstudy
Lycoperdon perlatum HMAS 258867 OR792760 OR831263 i PP387671 this study
Lycoperdon perlatum HMAS 258904 OR792759 OR831265 i | this study
Lycoperdon subperlatum  HMAS 258873 OR792751 OR831261 OR853789 PP387670 this study
Lycoperdon subperlatum  HMAS 258875 OR792750 OR831260 ORS853790 1 this study
Lycoperdon subperlatum  KA120693 KP340207 1 KU764388 i Kim et al. (2016)
Lycoperdon norvegicum MJ5453 DQ112631 i T 1 Larsson & Jeppson (2008)
Vascellum curtisii HMAS 258878 OR792665 OR831258 ORS853787 1 this study
Vascellum curtisii HMAS 258879 OR792666 OR831259 ORS853788 i this study
Vascellum pratense MJ5858 DQ112556 i T i Larsson & Jeppson (2008)
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Table 1 Continued.

Species Voucher/specimen ITS LSU rpb2 tefli U References
numbers
Vascellum pratense HMAS 258880 OR792664 PP175749 PP351953 i this study
Morganella fuliginea UFRN-Fungos 2575 KU958325 KU958326 i i Alfredo et al.(2017)
Morganella fuliginea UFRN-Fungos 257¢ KU958349 KU958350 i T Alfredo et al.(2017)
Morganella fuliginea UFRN-Fungos 1971 KU958321 KU958322 i T Alfredo et al.(2017)
Morganella nuda UFRN-Fungos 176€ KU958315 KU958316 i [ Alfredo et al.(2017)
Morganella oblongata UFRN-Fungos 257C KU958355 KU958356 i1 [ Alfredo et al.(2017)
Morganella tricolor HMAS 287487 PP175741 PP175750 i PP351959 this study
Morganellasp. UFRN-Fungos 2554 KU958309 KU958310 i T Alfredo et al.(2017)
Sinoperdon gyirongense  HMAS 258798 OR792682 OR831247 i | this study
Sinoperdon gyirongense  HMAS 258787 OR792686 OR831248 OR853801 PP351990  this study
Sinoperdon gyirongense  HMAS 258788 OR792699 OR831243 OR853799 PP387666 this study
Sinoperdon gyirongense  HMAS 258789 OR792696 OR831246 OR853800 PP387667 this study
Sinoperdon gyirongense  HMAS 258790 OR792695 OR831249 i | this study
Sinoperdon caudatum GC920818 DQ112633 i T T Jeppson & Larsson (2010)
Sinoperdonsp. ZRL20191589 OR792677 OR831236 OR853793 PP387663 this study
Sinoperdonsp. ZRL20220977 OR792676 OR831235 ORS853794 i this study
Sinoperdonsp. GX20170471 OR792627 OR831233 ORS853808 PP387668 this study
Sinoperdorsp. KA120505 KP340215 i KU764387 i Kim et al. (2016)
Sinoperdon maritimum HMAS 287488 OR792626 OR831234 OR853807 PP387669 this study
Fuscospinasp. KA131471 KP340188 i T T Kim et al. (2016)
Fuscospina HMAS 258812 T OR792678 PP175748 PP351958 PP351961 this study
scabricapillitia
Fuscospina nigrescens MJ5376 DQ112577 i | | Larsson & Jeppson (2008)
Fuscospina nigrescens HMAS 258881 OR792702 OR831256 PP351957 PP351964 this study
Pseudoperdon medogense HMAS 258782 OR792742 OR831253 i PP387675 this study
Pseudoperdon medogense HMAS 258784 OR792745 OR831254 OR853823 PP387674 this study
Pseudoperdon medogense HMAS 258785 OR792746 OR831255 OR853824 i this work
Pseudoperdon M. Jeppson 9032 JN572908 i T T Jeppsoret al. (2012)
subcretaceum
Apioperdon pyriforme SJ980920 DQ112557 i T T Larsson & Jeppson (2008)
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Table 1 Continued.

Species Voucher/specimen ITS LSU rpb2 tefli U References

numbers
Apioperdon pyriforme MJ4849 DQ112558 i T T Larsson & Jeppson (2008)
Apioperdonpyriforme QL20170019 PP175742 PP175746 1 | this study
Apioperdon pyriforme ZRL20182005 PP175743 PP175747 i PP351960 this study
Bovista litangensis HMAS 258800 OR792635 OR831301 ORS853765 PP351969 this study
Bovista litangensis HMAS 258801 OR792636 OR831302 OR853764 PP351968 this study
Bovista tomentosa MJ5433 DQ112616 i T T Larsson & Jeppson (2008)
Bovista tomentosa Steinke 951015 DQ112617 i [ [ Larsson & Jeppson (2008)
Bovista nigrescens S&JJ980905 DQ112612 i [ [ Larsson & Jeppson (2008)
Bovista limosa MJ60816 EU915075 i | | Larssonret al.(2009)
Bovista limosa MJ5226 DQ112615 i [ [ Larsson & Jeppson (2008)
Bovista echinella HMAS 287484 OR792634 OR831289 i [ this study
Bovista nyalamensis HMAS 258836 OR792637 OR831304 ORS853767 PP351972 this study
Bovista nyalamensis HMAS 258837 OR792638 OR831306 OR853766 PP351971 this study
Bovista nyalamensis HMAS 258838 OR792639 OR831305 ORS853768 PP351970 this study
Bovista plumbea MJ4856 DQ112613 i | | Larsson & Jeppson (2008)
Bovistacretacea ANMH11622 DQ112611 i [ [ Larsson & Jeppson (2008)
Bovista cretacea MJ5207 DQ112610 i [ [ Larsson & Jeppson (2008)
Bovista paludosa MJ4301 DQ112609 i T T Larsson & Jeppson (2008)
Bryoperdon acuminatum  YuR0946 MH628567 i | | Rebriev et al. (2020)
Bryoperdon acuminatum  YuRI993 MH628573 i [ [ Rebriev et al. (2020)
Bryoperdon acuminatum  TO HG191016 KY581201 KY581199 i [ Vizzini & Ercole(2017)
Bryoperdon acuminatum  HMAS 258888 OR792632 OR831232 i PP351973 this study
Globaria testacea HMAS 258819 OR792656 OR831280 ORS853778 1 this study
Globaria testacea HMAS 258820 OR792655 OR831283 i [ this study
Globaria testacea HMAS 258821 OR792653 OR831251 ORS853779 i this study
Globaria testacea HMAS 258822 OR792654 OR831282 ORS853783 i this study
Globariatestacea HMAS 258823 OR792651 OR831275 ORS853781 1 this study
Globaria testacea HMAS 258824 OR792657 OR831286 ORS853782 i this study
Globaria testacea HMAS 258825 OR792658 OR831279 ORS853780 i this study
Globaria testacea HMAS 258826 OR792647 OR831284 ORS853776 i this study

4930



Table 1 Continued.

Species Voucher/specimen ITS LSU rpb2 tefli U References
numbers
Globaria testacea HMAS 258827 OR792648 OR831285 ORS853773 i this study
Globaria testacea HMAS 258828 OR792646 OR831281 ORS853777 I this study
Globaria testacea HMAS 258829 OR792649 OR831278 i [ this study
Globaria testacea HMAS 258830 OR792652 OR831277 OR853774 1 this study
Globaria testacea HMAS 258831 OR792650 OR831276 ORS853775 i this study
Globaria aestivalis MJ1122 DQ112620 i T [ Larsson& Jeppson (2008)
Globaria promontorii MJ7070 DQ112621 i | [ Larsson & Jeppson (2008)
Globaria gyirongensis HMAS 258813 OR792660 OR831288 OR853785 PP351977 this study
Globaria gyirongensis HMAS 258814 OR792661 OR831287 OR853786 PP351976 this study
Globaria shannanensis HMAS 258883 OR792662 ORS831303 i T this study
Globaria albata HMAS 258884 OR792659 OR831270 OR853784 i this study
Globaria jingningensis HMAS 258815 OR792644 OR831273 i T this study
Globaria jingningensis HMAS 258816 OR792645 OR831272 ORS853770 i this study
Globaria jingningensis HMAS 258817 OR792642 OR831271 ORS853769 PP351967 this study
Globaria jingningensis HMAS 258818 OR792643 OR831274 i | this study
Globaria muscicola HMAS 258834 OR792640 OR831269 ORS853772 PP351974 thisstudy
Globaria muscicola HMAS 258835 OR792641 OR831268 OR853771 PP351975 this study
Globaria furfuracea MJ5435 DQ112622 i T T Larsson & Jeppson (2008)
Calvatiasp. ZRL20162233 OR792619 OR831231 i T this study
Calvatia HMAS 258802 OR792617 OR831229 OR853757 PP351981 this study
longisetulosa
Calvatia HMAS 258803 OR792618 OR831230 OR853758 PP351982 this study
longisetulosa
Calvatia nodulata UFRN Fungos 1691 KP751206 i [ [ Alfredo et al.(2014)
Calvatia nodulata BAFC 4549 KY366490 i 1 1 Alfredo et al.(2014)
Calvatia rubroflava TENN59078 AF485064 1 T T Kriger et al. (2003)
Calvatia rubroflava TFB11269 KY559335.1 i T T Senthilaraset al. (2018)
Calvatia aff. rugosa MEL 2382849 KP012724.1 i 1 1 Senthilaraset al. (2018)
Calvatiashennongjiaens  HMAS 258804 OR792621 OR831294 OR853761 PP351978 this study
Calvatia shennongjiaensi HMAS 258806 OR792623 OR831291 ORS853759 PP351979 this study
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Table 1 Continued.

Species Voucher/specimen ITS LSU rpb2 tefli U References

numbers
Calvatia HMAS 258807 OR792624 OR831293 i PP351966 this study
shennongjiaens
Calvatia HMAS 258808 OR792625 OR831292 OR853760 PP351980 this study
shennongjiaens
Calvatia candida MJ3514 DQ112624.1 i T T Larsson & Jeppson (2008)
Calvatia craniiformis Steinke001017 DQ112625 i T T Larsson & Jeppson (2008)
Calvatia HMAS 258804 OR792621 OR831294 OR853761 PP351978 this study
shennongjiaens
Calvatia HMAS 258806 OR792623 OR831291 ORS853759 PP351979 this study
shennongjiaens
Calvatia HMAS 258807 OR792624 OR831293 i PP351966 this study
shennongjiaens
Calvatia HMAS 258808 OR792625 OR831292 OR853760 PP351980 this study
shennongjiaens
Calvatia candida MJ3514 DQ112624.1 i [ [ Larsson & Jeppson (2008)
Calvatia craniiformis Steinke001017 DQ112625 i [ [ Larsson & Jeppson (2008)
Calvatia gigantea MJ3566 DQ112623 i [ [ Larsson & Jeppson (2008)
Calvatia subbooniana HMAS 258809 OR792631 OR831296 i T this study
Calvatia subbooniana HMAS 258810 OR792630 OR831297 i | this study
Disciseda candida STB304 EU833654 i [ [ Bateset al.(2009)
Disciseda cervina FK17016 MN338568 i [ [ Unpublished
Disciseda bovista M. Jeppson 5078 DQ112627 i [ [ Larsson & Jeppson (2008)
Discisedasp. BJTC06072350 OR792633 OR831295 OR853763 PP351965 this study
Discisedasp. BJTC06072239 i PP175751 PP351954 i this study
Abstoma KM162954 GQ981488 1 T T Unpublished
purpureum
Abstoma indicum UZ-04-19 MN231720 i | | Altaf et al.(2022)
Mycenastrum corium STB113 EU833666 i T T Bateset al.2009
Mycenastrum corium MJ5467 DQ112628 i T T Larsson & Jeppson (2008)
Mycenastrum corium KA17 0641 MK351723 i | | Kim et al. (2016)
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Table 2 Taxa,vouchersand GenBanlaccessiomumbersn the phylogenyof Lycoperdors.l.

Species Voucher/specimen ITS LSU rpb2 tefli U References

numbers
Utraria frigida MJ4088 DQ112564 i [ [ Larsson & Jeppson (2008)
Utraria sp. M Jeppson 4285 DQ112573 i [ i Larsson & Jeppson (2008)
Utraria frigida Lange 191 DQ112559 i [ [ Larsson & Jeppson (2008)
Utraria frigida M Jeppson 4273 DQ112562 i [ i Larsson & Jeppson (2008)
Utraria frigida M Jeppson 7716 DQ112561 i | T Larsson & Jeppson (2008)
Utraria sp. M Jeppson 4277 DQ112574 i i [ Larsson & Jeppson (2008)
Utraria mollis MJ4260 DQ112566 i [ [ Larsson & Jeppson (2008)
Utraria mollis HMAS 258848 OR792734 i [ [ this study
Utraria sp. ZRL20190897 OR792731 OR831336 i PP387682 this study
Utraria sp. ZRL20191234 OR792732 OR831338 ORS853815 PP387685 this study
Utraria mammiformis HMAS 258900 OR792708 OR831333 ORS853816 PP387684 this study
Utraria mammiformis MJ4841 DQ112567 i i T Larsson & Jeppson (2008)
Utraria mammiformis KA121179 KP340187 i | | Kim et al. (2016)
Utraria mammiformis HMAS 258845 OR792712 ORS831331 OR853814 PP387681 this study
Utraria mammiformis HMAS 258846 OR792711 i | | this study
Utraria mammiformis HMAS 258899 OR792710 i i [ this study
Utraria nivea MJ4109 DQ112570 i | [ Larsson & Jeppson (2008)
Utraria nivea M Jeppson 4068 DQ112571 i i T Larsson & Jeppson (2008)
Utraria nivea HMAS 258843 OR792727 OR831311 i | this study
Utraria nivea HMAS 258844 OR792728 i i [ this study
Utraria nivea HMAS 258901 OR792729 OR831310 ORS853818 i this study
Utraria nivea HMAS 258839 OR792730 OR831312 OR853817 PP351995 this study
Utraria sp. ZRL20191480 OR792736 OR831332 i PP387678 thisstudy
Utraria pulcherrima stb066 EU833663 i i T Bateset al.2009
Utraria sp. ZRL20211761 OR792709 1 T T this study
Utraria sp. ZRL20180880 OR792735 OR831335 OR853811 PP387686 this study
Utraria sp. ZRL20190306 OR792724 OR831334 ORS853810 PP387687 this study
Utraria atropurpurea MJ3269 DQ112586 i i T Larsson & Jeppson (2008)
Utraria rimulata STB112 EU833664 i i T Bates et al. 2009
Utraria rimulata FFUI -1 MN596942 i T ] Unpublished
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Table 2 Continued.

Species Voucher/specimen ITS LSU rpb2 tefli U References

numbers
Utraria decipiens MJ850902 DQ112583 i T T Larsson & Jeppson (2008)
Utraria decipiens M. Jeppson 7715 DQ112583 i | | Larsson & Jeppson (2008)
Utraria sp. QL20170285 OR792713 ORS831319 OR853821 PP387683 this study
Utraria cretacea MJ4302 DQ112598 i T T Larsson & Jeppson (2008)
Utraria cretacea MJ4105 DQ112597 i T T Larsson & Jeppson (2008)
Utraria cretacea HMAS 258857 OR792714 OR831322 i T this study
Utraria cretacea HMAS 258858 OR792715 OR831264 OR853819 PP387680 this study
Utraria cretacea HMAS 258859 OR792716 OR831323 i T this study
Utraria cretacea HMAS 258860 OR792718 OR831320 OR853820 i this study
Utraria cretacea HMAS 258861 OR792719 i T T this study
Utraria cretacea HMAS 258862 OR792717 OR831321 i PP352000 thisstudy
Utraria malleata HMAS 258764 OR792722 OR831308 ORS853812 PP352002 this study
Utraria malleata HMAS 258765 OR792721 OR831307 OR853813 PP352001 this study
Utraria altimontana MJ4270 DQ112588 i T T Larsson & Jeppson (2008)
Utraria excipuliformis MJ6467 DQ112590 i | | Larsson & Jeppson (2008)
Utraria excipuliformis KA121185 KP340186 1 KU764390 i Kim et al. (2016)
Utraria excipuliformis HMAS 258850 OR792705 OR831326 i PP351997 this study
Utraria excipuliformis HMAS 258851 OR792703 OR831328 i PP387677 this study
Utraria excipuliformis HMAS 258852 OR792704 OR831327 i | this study
Utraria excipuliformis HMAS 258854 OR792706 OR831329 i PP387676 this study
Utraria excipuliformis HMAS 258856 OR792707 OR831325 i PP351996 this study
Utraria turneri Lange 0895 DQ112596 i [ T Larsson & Jeppson (2008)
Utraria turneri M Jeppson 4265 DQ112595 i | [ Larsson & Jeppson (2008)
Utraria turneri M Jeppson 5251 DQ112594 i T [ Larsson & Jeppson (2008)
Utraria umbrina MJ4556 DQ112591 i 1 1 Larsson &Jeppson (2008)
Utraria umbrina M Jeppson 4559 DQ112592 i [ T Larsson & Jeppson (2008)
Utraria lambinonii MJ5245 DQ112576 i 1 T Larsson & Jeppson (2008)
Utraria lambinonii Demoulin 4622 DQ112575 i [ [ Larsson & Jeppson (2008)
Utraria lambinonii HMAS 258863 OR792720 i 1 1 this study
Utraria malleata HMAS 258902 OR792723 OR831309 i i this study
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Table 2 Continued.

Species Voucher/specimen ITS LSU rpb2 tefli U References

numbers
Utraria echinate MJ6498 DQ112578 i T T Larsson & Jeppson (2008)
Utraria sp. ZRL20191222 OR792701 ORS831330 ORS853809 PP351994 this study
Leptocaulus subumbrinus HMAS 258885 OR792673 OR831315 OR853828 PP351998 this study
Leptocaulus subumbrinus HMAS 258886 OR792675 OR831317 ORS853830 PP351999 this study
Leptocaulus subumbrinus HMAS 258887 OR792674 OR831316 OR853829 i this study
Leptocaulus subumbrinus MJ6377 DQ112602 i T T Jeppsoret al.(2012)
Leptocaulus subumbrinus M. Jeppson 7524 JN572907 i [ | Jeppsoret al.(2012)
Leptocaulus subumbrinus M. Jeppson 6394 DQ112601 i i T Jeppsoret al.(2012)
Leptocaulus cf. umbrinus STB098B EU833665 1 | | Larsson & Jeppson (2008)
Leptocaulus muscorum MPM2673 JN572904 1 T T Jeppsoret al.(2012)
Leptocaulus muscorum M. Jeppson 7717 DQ112604 i [ | Jeppsoret al.(2012)
Leptocaulusnuscorum M. Jeppson 9017 JN572905 i i T Jeppsoret al.(2012)
Leptocaulussp. ZRL20201062 OR792749 OR831314 i | this study
Leptocaulussp. ZRL20220380 OR792747 OR831313 ORS853826 PP392956 this study
Leptocaulussp. ZRL20191420 OR792748 OR831298 OR853827 i this study
Leptocaulus sublongistipes HMAS 258768 OR792740 1 T T this study
Leptocaulus sublongistipes HMAS 258769 OR792738 i | + this study
Leptocaulus sublongistipes HMAS 258770 OR792739 i T + this study
Leptocaulus sublongistipes HMAS 258771 OR792737 1 | | this study
Leptocaulus sublongistipes HMAS 258775 OR792741 OR831318 OR853825 i this study
Leptocaulus albiperidia KA121210 KP340182 i KU764391 i Kim et al. (2016)
Leptocaulus albiperidia KA121551 t KP340183 i T KU764399 Kim et al.(2016)
Leptocaulus ericaea MJ 5395 DQ112605 i | | Larsson & Jeppson (2008)
Leptocaulus ericaea KA131463 KP340185 i KU764396 KU764404 Kim et al. (2016)
Leptocaulus ericaea M. Jeppson 4866 DQ112606 i T T Larsson & Jeppson (2008)
Lycoperdiscus HMAS 258766 OR792725 OR831324 OR853822 i this study
tianzhuensis
Lycoperdiscus HMAS 258767 OR792726 1 T T this study

tianzhuensis
Lycoperdiscus lividus

Dobremez 19740514 DQ112599

Larsson & Jeppson (2008)
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Table 2 Continued.

Species Voucher/specimen ITS LSU rpb2 tefli U References

numbers
Lycoperdiscus lividus MJ4005 DQ112600 1 T T Larsson & Jeppson (2008)
Bovistella radicata parker970911 DQ112608 i T T Larsson & Jeppson (2008)
Bovistella utriformis MJ5388 DQ112607 1 T T this study
Bovistella emodensis HMAS 287485 PP175744 PP175752 PP351955 PP351962 this study
Bovistella emodensis HMAS 287486 PP175745 PP175753 PP351956 PP351963 this study
Holocotylon biconicum HMAS 258776 OR792668 1 T T this study
Holocotylon biconicum HMAS 258777 OR792669 1 [ [ this study
Holocotylon biconicum HMAS 258778 OR792667 OR831266 i i this study
Holocotylonsp. DC 14 024 KU167031 1 | | Unpublished
Holocotylon rupicola MJ4304 DQ112580 i T T Jeppsoret al.(2012)
Holocotylon rupicola M. Jeppsory007 JN572902 i [ [ Jeppsoret al.(2012)
Holocotylon rupicola Vetter 407 DQ112581 i i i Jeppsoret al.(2012)
Holocotylonsp. HMAS 258781 OR792672 OR831267 OR853805 PP387664 this study
Holocotylon purpurascens HMAS 258779 OR792670 1 T PP392955 thisstudy
Holocotylon purpurascens HMAS 258780 OR792671 OR831300 OR853806 i this study
Holocotylon dermoxanthum MJ4856 DQ112579 i T T Larsson & Jeppson (2008)
Lycoperdon perlatum HE21023 KC505543 i | | Unpublished
Lycoperdon perlatum TNSKasuya B780 KF551249 i T T Kasuyaet al.(2013)
Lycoperdon perlatum ASIS22671 KF668322 1 | | Unpublished
Lycoperdon perlatum KA130555 KP340193 i KU764393 KU764403 Kim et al. (2016)
Lycoperdon perlatum TENN58040 AJ237627 i | | Krigeret al.(2001)
Lycoperdorperlatum MJ4684 DQ112630 i T T Larsson & Jeppson (2008)
Lycoperdon perlatum HMAS 258864 OR792764 i | | this study
Lycoperdon perlatum HMAS 258865 OR792758 OR831262 OR853791 PP387672 this study
Lycoperdon perlatum HMAS 258866 OR792763 OR831257 OR853792 PP387673 this study
Lycoperdon perlatum HMAS 258867 OR792760 OR831263 i PP387673 this study
Lycoperdon perlatum HMAS 258868 OR792756 i 1 T this study
Lycoperdon perlatum HMAS 258869 OR792757 1 T T this study
Lycoperdon perlatum HMAS 258870 OR792765 i T T this study
Lycoperdon perlatum HMAS 258871 OR792762 i i i this study
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Table 2 Continued.

Species Voucher/specimen ITS LSU rpb2 tefli U References
numbers
Lycoperdon perlatum HMAS 258872 OR792761 1 T T this study
Lycoperdon perlatum HMAS 258904 OR792759 OR831265 i | this study
Lycoperdon subperlatum HMAS 258873 OR792751 OR831261 OR853789 PP387670 this study
Lycoperdon subperlatum HMAS 258875 OR792750 OR831260 ORS853790 1 this study
Lycoperdon subperlatum HMAS 258876 OR792755 1 T T this study
Lycoperdon subperlatum HMAS 258877 OR792754 i T T this study
Lycoperdon subperlatum HMAS 258905 OR792752 i | | this study
Lycoperdon subperlatum HMAS 258906 OR792753 i T T this study
Lycoperdon subperlatum KA120918t KP340208 1 | KU764400 Kim et al.(2016)
Lycoperdon subperlatum KA120693 KP340207 1 KU764388 i Kim et al. (2016)
Lycoperdon marginatum parker750822 DQ112632 i | | Larsson & Jeppson (2008)
Lycoperdon marginatum stb072 EU833661 i T | Bateset al.2009
Lycoperdon norvegicum MJ5453 DQ112631 i | | Larsson & Jeppson (2008)
Vascellum curtisii HMAS 258878 OR792665 OR831258 OR853787 i this study
Vascellum curtisii HMAS 258879 OR792666 OR831259 OR853788 i this study
Vascellum curtisii NCP49 HQ235048 i T | Miller et al.(2011)
Vascelluncurtisii NCP9 HQ235045 i [ | Miller et al.(2011)
Vascellum curtisii HIP1 HQ235043 1 1 | Miller et al.(2011)
Vascellum curtisii AMPO085 KY777489 i | | Peli (2018)
Vascellum pratense MJ5858 DQ112556 i T T Larsson & Jeppson (2008)
Vascellum pratense HMAS 258880 OR792664 PP175749 PP351953 i this study
Morganella fuliginea UFRN-Fungos 2575  KU958325 KU958326 1 | Alfredo et al.(2017)
Morganella fuliginea UFRN-Fungos 2579  KU958349 KU958350 i | Alfredo et al.(2017)
Morganella fuliginea UFRN-Fungos 1971  KU958321 KU958322 i | Alfredo et al.(2017)
Morganella fuliginea UFRN-Fungos 2568 KU958313 KU958314 i | Alfredo et al.(2017)
Morganella nuda UFRN-Fungos 1766  KU958315 KU958316 i | Alfredo et al.(2017)
Morganellasp. UFRN-Fungos 2554  KU958309 KU958310 i | Alfredo et al. (2017)
Morganellasp. R-83 KR135347 1 | | Alfredo et al. (2017)
Morganella oblongata UFRN-Fungos 2570 KU958355 KU958356 i | Alfredo et al. (2017)
Morganella subincarnata EG106 AJ237626 i | | Alfredo et al. (2017)
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Species Voucher/specimen ITS LSU rpb2 tefli U References

numbers
Morganella subincarnata TNS Kasuya B286 KF551244 i T T Alfredo et al. (2017)
Morganella tricolor HMAS 287487 PP175741 PP175750 PP351959 this study
Morganella sosinii YR2013 KC591769 1 T T Alfredo et al. (2017)
Morganella purpurascens MEL 2382736 KP012918 i T T Alfredo et al. (2017)
Sinoperdon gyirongense HMAS 258791 OR792683 OR831252 OR853798 PP351984 this study
Sinoperdon gyirongense HMAS 258792 OR792681 OR831238 OR853797 PP387665 this study
Sinoperdon gyirongense HMAS 258798 OR792682 OR831247 i | this study
Sinoperdon gyirongense HMAS 258799 OR792680 OR831237 ORS853802 PP351989 this study
Sinoperdon gyirongense HMAS 258789 OR792696 OR831246 OR853800 PP387667 this study
Sinoperdon gyirongense HMAS 258787 OR792686 OR831248 ORS853801 PP351990 this study
Sinoperdon caudatum GC920818 DQ112633 i | | Jeppson & Larsson (2010)
Sinoperdonsp. ZRL20191589 OR792677 OR831236 OR853793 PP387663 this study
Sinoperdonsp. ZRL20220977 OR792676 OR831235 OR853794 i this study
Sinoperdonsp. GX20170471 OR792627 OR831233 ORS853808 PP387668 this study
Sinoperdorsp. KA120505 KP340215 i KU764387 i Kim et al. (2016)
Sinoperdon maritimum HMAS 287488 OR792626 OR831234 OR853807 PP387669 this study
Fuscospinasp. KA131471 KP340188 i | | Kim et al. (2016)
Fuscospina HMAS 258812 T OR792678 PP175748 PP351958 PP351961 this study
scabricapillitia
Fuscospina nigrescens MJ5376 DQ112577 i T T Larsson & Jeppson (2008)
Fuscospina nigrescens HMAS 258881 OR792702 OR831256 PP351957 PP351964 this study
Pseudoperdon medogense HMAS 258782 OR792742 OR831253 i PP387675 this study
Pseudoperdon medogense HMAS 258783 OR792744 i | | this study
Pseudoperdon medogense HMAS 258784 OR792745 OR831254 OR853823 PP387674 this study
Pseudoperdon medogense HMAS 258785 OR792746 OR831255 OR853824 i this study
Pseudoperdon medogense HMAS 258786 OR792743 i T T this study
Apioperdon pyriforme SJ980920 DQ112557 i T T Larsson & Jeppson (2008)
Apioperdon pyriforme MJ4849 DQ112558 i T T Larsson & Jeppson (2008)
Apioperdon pyriforme AFTOL -ID 480 AY854075 1 AY218495 AY883426 Vellingaet al.(2011)
Apioperdon pyriforme EG1810910s AJ237620 i | | Vizzini & Ercole (2017)
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Table 3Taxa,vouchersand GenBanlaccessiomumbersin the phylogenyof Bovista

Species Voucher/specimen ITS LSU rpb2 tefli U References

numbers
Bovista tomentosa ML96.28 MT303138 1 [ [ Rebriev et al. (2020)
Bovista tomentosa YuR3115 MH628581 1 [ [ Rebriev et al. (2020)
Bovista tomentosa LE253893 MH628564 1 [ [ Rebriev et al. (2020)
Bovista helenae LE253875 MH628572 1 [ [ Rebriev et al. (2020)
Bovista altaica LE314839 MH628583 1 [ [ Rebriev et al. (2020)
Bovista tomentosa MJ5433 DQ112616 1 [ [ Larsson & Jeppson (2008)
Bovista hollosii P. Finy45 KT958937 i [ [ Jeppsoret al.(2016)
Bovista hollosii MJ6045 KT958938 i [ [ Jeppsoret al.(2016)
Bovista subcatastoma LE314841 MH628584 1 | | Rebriev et al. (2020)
Bovista disciseda LE314840 MH628582 1 i i Rebriev et al(2020)
Bovistasp. YuR2470 MH628576 1 [ [ Rebriev et al. (2020)
Bovistasp. YuR2255 MH628575 1 [ [ Rebriev et al. (2020)
Bovista pezica APBP100 MK966425 1 [ [ Caffotet al.(2020)
Bovista pezica LSD3232 MT444003 1 [ [ Caffotet al.(2020)
Bovistapezica LSD3230 MT444002 1 [ [ Caffotet al.(2020)
Bovista pila WBCooke52813 MT303139 i i i Rebriev et al. (2020)
Bovista pila 0SC40127 MT444004 1 [ [ Rebriev et al. (2020)
Bovista litangensis HMAS 258800 OR792635 ORS831301 OR853765 PP351969 thisstudy
Bovista litangensis HMAS 258801 OR792636 OR831302 OR853764 PP351968 this study
Bovista nigrescens S&JJ980905 DQ112612 1 i i Larsson & Jeppson (2008)
Bovista nigrescens YuR3672 MT303137 1 [ [ Rebriev et al. (2020)
Bovista graveolens Widgren030816 DQ112618 1 i i Larsson & Jeppson (2008)
Bovista graveolens YuR2923 MH628578 1 [ [ Rebriev et al. (2020)
Bovista limosa EL4 06 EU915074 1 [ [ Larssoret al.(2009)
Bovista limosa MJ60816 EU915075 i1 T T Larssonret al.(2009)
Bovista limosa YuR1649 MT303140 i T T Rebriev et al. (2020)
Bovista limosa MJ5226 DQ112615 i [ [ Larsson & Jeppson (2008)
Bovista echinella HMAS 287484 OR792634 OR831289 i [ this study
Bovista pusilla MJ8305 EU915072 i [ [ Larssonret al.(2009)
Bovista pusilla MJ8365 EU915073 1 i i Larssoret al.(2009)
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Species Voucher/specimen ITS LSU rpb2 tefli U References

numbers
Bovista pusilla BMJ3971 DQ112614 | | | Larsson & Jeppson (2008)
Bovista nyalamensis HMAS 258836 OR792637 OR831304 OR853767 PP351972 this study
Bovista nyalamensis HMAS 258837 OR792638 OR831306 ORS853766 PP351971 this study
Bovista nyalamensis HMAS 258838 OR792639 OR831305 OR853768 PP351970 this study
Bovistasp. YuR1346 MT279450 | | | Rebriev et al. (2020)
Bovista plumbea MJ4856 DQ112613 i [ [ Larsson & Jeppson (2008)
Bovista plumbea NYGDO1 JX183694 i [ [ Yousafet al.(2013)
Bovista cretacea ANMH11622 DQ112611 i [ [ Larsson & Jeppson (2008)
Bovista cretacea MJ5207 DQ112610 i | [ Larsson & Jeppson (2008)
Bovistacretacea YuR3725 MT303135 T T T Rebriev et al. (2020)
Bovista paludosa YuR1344 MH628568 1 [ [ Rebriev et al. (2020)
Bovista paludosa MJ4301 DQ112609 i [ [ Larsson & Jeppson (2008)
Calvatia craniiformis Steinke001017 DQ112625 i [ [ Larsson & Jeppsof2008)
Calvatia candida MJ3514 DQ112624 i i i Larsson & Jeppson (2008)

Table 4 Taxa, Vouchers, and GenBank Accession Numbers in the Phylog&igharia

Species Voucher/specimen ITS LSU rpb2 tefli U References

numbers
Globaria polymorpha TENNS8028 AJ237613 | [ [ Krugeret al (2001)
Globaria aestivalis HMAS 258882 OR792663 OR831290 i [ this study
Globaria aestivalis MJ3860 DQ112619 1 i i Larsson & Jeppson (2008)
Globaria aestivalis STB0124 FJ438477 T | | Bateset al.(2009)
Globaria aestivalis MJ1122 DQ112620 1 [ [ Larsson & Jeppson (2008)
Globaria gyirongensis HMAS 258813 OR792660 OR831288 ORS853785 PP351977 this study
Globaria gyirongensis HMAS 258814 OR792661 ORS831287 OR853786 PP351976 this study
Globaria shannanensis HMAS 258883 OR792662 OR831303 i T this study
Globaria albata HMAS 258884 OR792659 OR831270 OR853784 i this study
Globaria MJ7070 DQ112621 i T T Larsson & Jeppson (2008)
promontorii
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Species Voucher/specimen ITS LSU rpb2 tefli U References
numbers

Globaria himalaica MH 2011 JX183689 | [ | Yousafet al.(2013)

Globaria himalaica NYGL5 T JX183690 i i i Yousafet al.(2013)

Globaria himalaica NYG3 JX183693 | | | Yousafet al.(2013)

Globaria HMAS 258815 OR792644  ORS831273 i T this study

jingningensis

Globaria HMAS 258816 OR792645 OR831272 OR853770 1 this study

jingningensis

Globaria HMAS 258817 OR792642 OR831271 OR853769 PP351967 this study

jingningensis

Globaria HMAS 258818 OR792643 OR831274 i T this study

jingningensis

Globaria testacea HMAS 258819 OR792656 OR831280 ORS853778 i this study

Globaria testacea HMAS 258820 OR792655 OR831283 i [ this study

Globaria testacea HMAS 258821 OR792653 OR831251 ORS853779 i this study

Globaria testacea HMAS 258822 OR792654 OR831282 OR853783 i this study

Globaria testacea HMAS 258823 OR792651 OR831275 ORS853781 i this study

Globaria testacea HMAS 258824 OR792657 OR831286 OR853782 i this study

Globaria testacea HMAS 258825 OR792658 OR831279 ORS853780 i this study

Globaria testacea HMAS 258826 OR792647 OR831284 ORS853776 1 this study

Globaria testacea HMAS 258827 OR792648 OR831285 ORS853773 1 this study

Globaria testacea HMAS 258828 OR792646 OR831281 ORS853777 i this study

Globaria testacea HMAS 258829 OR792649 OR831278 i i this study

Globaria testacea HMAS 258830 OR792652 OR831277 ORS853774 i this study

Globaria testacea HMAS 258831 OR792650 OR831276 ORS853775 i this study

Globaria furfuracea MJ5435 DQ112622 i T [ Larsson & Jeppson (2008)

Globaria furfuracea YuR3037 MH628579 i i i Rebriev et al. (2020)

Globaria muscicola HMAS 258834 OR792640 OR831269 OR853772 PP351974 this study

Globaria muscicola HMAS 258835 OR792641 OR831268 ORS853771 PP351975 this study

Calvatia craniiformis Steinke001017 DQ112625 i T T Larsson & Jeppson (2008)

Calvatia candida MJ3514 DQ112624 i i i Larsson & Jeppson (2008)




Table 5Taxa, Vouchers, and GenBank Accession Numbers in the Phylog@ahaitia

Species Voucher/specimen ITS LSU rpb2 tefli U References

numbers
Calvatia candida Strain PB101 GU939632.1 1 [ [ Unpublished
Calvatiasp. ZRL20162233 OR792619 ORS831231 i i this study
Calvatia holothurioides LE 287408 JQ734547.1 i | | Rebrievet al.(2013)
Calvatia holothurioides KA11-0287 KJ909662.1 1 [ [ Kim et al. (2016)
Calvatia longisetulosa HMAS 258802 OR792617 OR831229 OR853757 PP351981 this study
Calvatia longisetulosa HMAS 258803 OR792618 ORS831230 ORS853758 PP351982 this study
Calvatia nodulata UFRN Fungos 1691  KP751206 i | | Alfredo et al.(2014)
Calvatia nodulata BAFC 4549 KY366490 i i i Alfredo et al.(2014)
Calvatiasp. HMAS 258833 OR792620 1 | [ this study
Calvatia rubroflava TENN59078 AF485064 i i i Kriger et al. (2003)
Calvatia rubroflava TFB11269 KY559335.1 1 [ [ Senthilaraset al. (2018)
Calvatia aff. rugosa MEL 2382849 KP012724.1 1 [ [ Senthilaraset al. (2018)
Calvatia shennongjiaensi HMAS 258804 OR792621 OR831294 ORS853761 PP351978 this study
Calvatia shennongjiaensi HMAS 258805 OR792622 i i i this study
Calvatia shennongjiaensi HMAS 258806 OR792623 OR831291 ORS853759 PP351979 this study
Calvatia shennongjiaensi HMAS 258807 OR792624 OR831293 i PP351966 this study
Calvatia shennongjiaensi HMAS 258808 OR792625 OR831292 OR853760 PP351980 this study
Calvatia craniiformis TNS Kasuya B734 KF551248.1 1 | | Senthilaraset al. (2018)
Calvatia candida MJ3514 DQ112624.1 i [ [ Larsson & Jeppson (2008)
Calvatia craniiformis Steinke001017 DQ112625 1 i i Larsson & Jeppson (2008)
Calvatia fragilis AH 24114 AJ486959.1 i [ [ Senthilaraset al. (2018)
Calvatia fragilis AH 25227 AJ486958.1 1 i i Senthilaraset al. (2018)
Calvatia fragilis K 56043 AJ486960.1 i | | Senthilaraset al. (2018)
Calvatia fragilis AH 18553 AJ486870.1 1 i i Senthilaraset al. (2018)
Calvatia fragilis Sydow 941 (M) AJ486871.1 1 [ [ Bateset al.(2009)
Calvatia fragilis Cragin 523NY AJ486957.1 i [ [ Senthilaraset al. (2018)
Calvatia cyathiformis Strain JTT10 MF686508.1 1 [ [ Senthilaraset al. (2018)
Calvatiacyathiformis var. AH 25225 AJ486866.1 i [ [ Bateset al.(2009)
cyathiformis
Calvatia cyathiformis MP12 KY706183.1 1 I I Senthilaraset al. (2018)
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Species Voucher/specimen ITS LSU rpb2 tefli U References
numbers
Calvatia cyathiformisar. AH 25232 AJ486864.1 i | | Senthilaraset al. (2018)
cyathiformis
Calvatia cyathiformis var. HAJB 2811 AJ486869.1 i | | Senthilaraset al. (2018)
crucibulum
Calvatia fragilis AH 21915 AJ486961.1 i I I Senthilaraset al. (2018)
Calvatia fragilis PAD 3309 AJ486962.1 1 | | Senthilaraset al. (2018)
Calvatia fragilis AH 25228 AJ486963.1 i I I Senthilaraset al. (2018)
Calvatia pachydermica AN014692 EU833653.1 i i i Bateset al.(2009)
Calvatia fenzlii Strain Jz01 FJ772413.1 1 | | Senthilaraset al. (2018)
Calvatia cf. leiospora ANO014671 EU833652.1 1 I I Bateset al.(2009)
Calvatia bicolor LMG75658 EU833651 1 I I Bateset al.(2009)
Calvatia gigantea MJ3566 DQ112623 i I I Larsson & Jeppson (2008)
Calvatia gigantea HMAS 258889 OR792628 OR831299 OR853762 PP351983 this study
Calvatia subbooniana HMAS 258809 OR792631 OR831296 i i this study
Calvatia subbooniana HMAS 258810 OR792630 OR831297 i [ this study
Calvatia subbooniana HMAS 258811 OR792629 1 i i this study
Disciseda candida STB304 EU833654 1 | | Bateset al.(2009)
Disciseda cervina FK17016 MN338568 1 i i Unpublished
Disciseda cervina FK1802 MN338569 1 [ [ Unpublished
Disciseda cervina FK1801 MN338570 1 i i Unpublished
Discisedasp. BJTC06072350 OR792633 OR831295 OR853763 PP351965 this study
Discisedasp. BJTC06072239 i PP175751 PP351954 i this study
Table 6 Taxa,vouchersand GenBanlkccessiomumbersn the phylogenyof Morganella
Species Voucher/specimen ITS LSU References
numbers
Morganella fuliginea UFRN-Fungos2579 KU958349 KU958350 Alfredo et al.(2017)
Morganella fuliginea UFRN-Fungos 2582 KU958339 KU958340 Alfredo et al.(2017)
Morganella fuliginea UFRN-Fungos 2586 KU958343 KU958344 Alfredo et al.(2017)
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Species Voucher/specimen ITS LSU References
numbers
Morganella nuda UFRN-Fungos 2565 KU958311 KU958312 Alfredo et al.(2017)
Morganella nuda UFRN-Fungos 1766 KU958315 KU958316 Alfredo et al.(2017)
Morganella nuda UFRN-Fungos 2568 KU958313 KU958314 Alfredo et al.(2017)
Morganella nuda ICN 154541 KU958317 KU958318 Alfredo et al.(2017)
Morganella nuda UFRN-Fungos 1765 KU958319 KU958320 Alfredo et al.(2017)
Morganella albostipitata INPA 239563 KU958363 KU958364 Alfredo et al.(2017)
Morganella albostipitata UFRN-Fungos2249 KU958361 KU958362 Alfredo et al.(2017)
Morganella albostipitata UFRN-Fungos 2569 KU958357 KU958358 Alfredo et al.(2017)
Morganella albostipitata UFRN-Fungos 2572 KU958359 KU958360 Alfredo et al.(2017)
Morganella oblongata UFRN-Fungos 2570 KU958355 KU958356 Alfredo et al.(2017)
Morganella tricolor HMAS 287487 PP175741 PP175750 this study
Morganella purpurascens MEL 2382736 KP012918 T Alfredo et al.(2017)
Morganella sosinii YR2013 KC591769 [ Alfredo et al.(2017)
Morganella sosinii VLA 15520 KC59176 T Alfredo et al.(2017)
Morganella subincarnata EG106 AJ237626 | Alfredo et al.(2017)
Morganella subincarnata TNS Kasuya B286 KF551244 [ Alfredo et al.(2017)
Vascellum curtisii HMAS 258878 OR792665 OR831258 this study
Vascellumcurtisii HMAS 258879 OR792666 OR831259 this study
Vascellunmsp. UFRN-Fungos 814 KU958375 KU958376 Alfredo et al.(2017)
Vascellum pratense MJ5858 DQ112556 T Larsson & Jeppson (200¢
Vascellum pratense HMAS 258880 OR792664 PP175749 this study
Lycoperdon arenicola UFRN Fungos 656 KU958291 KU958292 Alfredo et al.(2017)
Lycoperdon arenicola UFRN Fungos 1006 KU958303 KU958304 Alfredo et al.(2017)
Lycoperdon arenicola UFRN Fungos 649 KU958297 KU958298 Alfredo et al.(2017)
Lycoperdorsp. UFRN Fungos 655 KU958307 KU958308 Alfredo et al.(2017)
Lycoperdorsp. UFRN Fungos 2554 KU958309 KU958310 Alfredo et al.(2017)
Lycoperdon norvegicum MJ5453 DQ112631 T Larsson & Jeppson (200¢
Lycoperdon perlatum MJ4684 DQ112630 T Larsson & Jeppso(2008)
Lycoperdon perlatum HMAS 258865 OR792758 OR831262 this study
Lycoperdon perlatum HMAS 258866 OR792763 OR831257 this study
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Table 6 Continued.

Species Voucher/specimen ITS LSU References
numbers
Lycoperdon perlatum HMAS 258867 OR792760 OR831263 this study
Lycoperdon perlatum HMAS 258904 OR792759 OR831265 this study
Lycoperdon subperlatum HMAS 258873 OR792751 OR831261 this study
Lycoperdon subperlatum HMAS 258875 OR792750 OR831260 this study
Lycoperdon subperlatum KA120918 KP340208 T Kim etal. (2016)
Lycoperdon subperlatum KA120693 KP340207 T Kim et al. (2016)
Apioperdon pyriforme QL20170019 PP175742 PP175746 this study
Apioperdon pyriforme ZRL20182005 PP175743 PP175747 this study
Apioperdon pyriforme UFRN Fungos 155 KU958365 KU958366 Alfredo et al.(2017)
Apioperdon pyriforme MJ4849 DQ112558 T Larsson & Jeppson (200¢
Bovista paludosa MJ4301 DQ112609 | Larsson & Jeppson (200¢
Bovista cretacea ANMH11622 DQ112611 ] Larsson & Jeppson (200¢
Table 7 Taxa,sequencealata for estimation alivergenceimes inAgaricaceass.l.
Species Voucher/specimen LSU rpb2 tefli U References
numbers
Leucoagaricus cf. HKAS54240 JN944081 JN940295 JN993684 i Unpublished
rubrotinctus
Leucoagaricus ZT13003 KP300875 i HM488853 HMA488916 Ge et al. (2015)
rubroconfusus
Leucoagaricus ZW.Ge 878 T KP096236 i KP096240 1 Ge et al. (2015)
subcrystallifer
Leucoagaricus ZW.Ge406T KP096233 T KP096241 i Ge et al. (2015)
subpurpureolilacinus
Leucoagaricus LAH SJF13 T KU647727  KU900515 KY965808 KU900512 Hussain et al. (2018)
pakistaniensis
Leucoagaricus LAHSHL2T KU647729  KU900517 KU900509 KU900511 Hussain et al. (2018)
lahorensiformis
Leucoagaricus sultanii LAHSH115T KU647733  KU900519 KU900523 KU900513 Hussain et al. (2018)
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Table 7 Continued.

Species Voucher/specimen ITS LSU rpb2 tefli U References
numbers
Leucoagaricus orientiflavus ~ HKAS 54260 T GU084262  JN940290 JN993687 Ge(2010)
Lepiota flammeotincta ecv3315 GU136165 1 HM488831 HM488904 Vellingaet al.(2011)
Leucoagaricus barssii ecv3126 DQ911600 DQ9Y11601 DQ911602 HM488924 Vellingaetal.(2011)
Termiticolasp. TL6106 AY176352 AY176353 1 T Vellinga (2004)
Leucoagaricus pardalotus ecv3313 T GQ258479 1 HM488829 i Vellingaet al.(2011)
Leucoagaricus sabinae ANGE305 Paratype KM983666 KM983668 i [ Justoet al.(201%)
Leucocoprinussp. LE2017034 PP151904 1 [ | this study
Micropsalliot delicatula ZRL2015249 T MT671229 1 | [ this study
Micropsalliot ZRL20180564 T MT671239 MT671250 i [ this study
digitatocystis
Podaxis pistillaris PREM 34405 KT844877 KT844831 i [ Conlonet al.(2016)
Podaxis rugospora PREM 27280 KT844863 KT844827 i T Conlonet al.(2016)
Pseudolepiota zangmilii Ge2106 KY768927 1 | | Geé& Yang(2017)
Pseudolepiota zangmui FLU100515 KX904355 i i i Ge& Yang(2017)
Pseudolepiota zangmui Ge2175 KY768928 MG742049 KY768929 MG742106 Ge& Yang(2017)
Coniolepiota spongodék ecv3898 HM488755 HM488798 HM488882 Vellingaet al.(2011)
Coniolepiota spongodes ZRL2012204 PP158529 PP152291 i | this study
Hymenagaricus LD2012186 KM982451  KM982453 i | Kumlaet al.(2021)
saisamornaeg
Hymenagaricussp. 0lgs20170163 PP158531 PP152283 i i this study
Heinemannomyces ecv3586 HM488760 HM488769 HM488793 i Vellingaet al.(2011)
splendidissim&a
Agaricus kerriganii LAPAG808 KT951306 KT951442 KT951528 KT951589 Zhaoet al.(2017)
Agaricus augustus ZRL2012598 KT951373 KT951477 i KT951629 Zhaoet al.(2017)
Barcheria willisiana MEL2177563 JF495036 AY372216 i T Lebel& Syme(2012)
Barcheriawillisiana Bougher H7564 JF495038 JF495019 i i Lebel& Syme(2012)
Clarkeinda trachodes ZRL2013322 PP158530 PP152287 i [ this study
Eriocybe chioned ecv3560 HM488752 HMA488773 HM488800 i Vellingaet al.(2011)
Chlorophyllum globosum LE2019002 PP217292 PP152290 i [ this study
Chlorophyllum hortense GX20170707 PP217294 PP152289 i i this study
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Table 7 Continued.

Species Voucher/specimen ITS LSU rpb2 tefli U References

numbers
Chlorophyllum ZRL20191953 PP217293 PP152284 i | this study
sphaerosporum
Macrolepiota HKAS 45863 Type NR_119833 JN940279 JN993682 i Ge(2010)
orientiexcoriata
Macrolepiota colombiana NY-EFM694 u85311.1 ug8s276.1 i | Ge(2010)
Calvatia gigantea Strain 9 7A HM237179 i i i Unpublished
Calvatia cyathiformis var. AH 25225 AJ486866.1 i | | Bateset al.(2009)
cyathiformis
Disciseda bovista MJ5078 DQ112627 1 | I Larsson & Jeppson (2008)
Bovista aestivalis MJ1122 DQ112620 1 i I Larsson & Jeppson (2008)
Apioperdon pyfiforme QL20170019 PP175742 PP175746 i | this study
Bryoperdon acuminatum TOHG201016 KY581202 KY581200 i i Vizzini & Ercole(2017)
Bryoperdon acuminatum TOHG191016 KY581201 KY581199 i I Vizzini & Ercole(2017)
Lycoperdon ericaeum KA131463 KP340185 i KU764396 KU764404 Kim etal. (2016)
Abstoma purpureum Uz-04-19 MN231720 7 | | Altaf et al.(2022)
Abstoma purpureum KM162954 GQ981488 i i | Unpublished
Mycenastrum corium MJ5467 DQ112628 i | | Larsson & Jeppson (2008)
Mycenastrum corium KA17 0641 MK351723.1 i1 T T Kim et al. (2016)
Melanophyllum E.C. Vellinga2249 AF391038 T | I Vellingaet al.(2011)
haematospermum
Cystolepiota HMAS276122 KF804000 T | | Xu et al.(2016)
pseudofumosifolia
Chamaemyces fracidus TAAL172045 | AM946419 i | Vellingaet al.(2011)
Melanophyllum eyrei TL6692 AY176493 i i i Kasuya& Knudsen(2003)
Cystolepiota aff. seminuda  HKAS 92275 MN810149 MN810101 MN820980 MN820926 Houé& Ge(2020)
Echinoderma HKAS 87905 MN810147 MN810098 MN820969 MN820903 Houé& Ge(2020)
flavidoasperum
Echinoderma asperum HKAS 84240 MN810136 MN810090 MNB820965 MN820909 Houé& Ge(2020)
Smithiomyces asiaticus HKAS 54324 MW522981 i T T Geet al.(2021)
Smithiomyces lepiotoides HKAS 54388 MW522982 i i i Geet al.(2021)
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Table 7 Continued.

Species Voucher/specimen ITS LSU rpb2 tefli U References
numbers
Smithiomycedominicanus CA18 KR604686 1 | | Justoet al.(201%)
Smithiomycemexicanus UTC258259 JX409901 JX409900 i1 T Justoet al.(201%0)
Lepiota aff. Carinii NL2202 MK277953 MK277953 i i Hou & Ge(2020)
Lepiota alba HKAS 90371 MN810115 MN810075 MN820946 MN820930 Houé& Ge(2020)
Lepiota LE2017053 PP152237 PP152288 i i this study
brunneoincarnata
Lepiota geocarpa UTC00143916 HQO020412 EU130550 MN820945 MN820935 Houé& Ge(2020)
Lepiota jacobi HKAS 48802 MN810138 GU199356 MN820953 i Hou & Ge(2020)
Lepiota maculans JMB 05080918 HM222939 HQ832458 HQ832436 1 Hou & Ge(2020)
Lepiota mengei UTC00253524 MN810131  MN810082 MN820942 MN820936 Houé& Ge(2020)
Lepiota omninoflava HKAS 106734 MN810157 MN810092 MN820951 MN820923 Houé& Ge(2020)
Lepiota venenata HKAS 105751 MN810128 MN820958 MNB820927 Hou& Ge(2020)
Coprinussp. ZRL20152555 PP152257 PP152285 i | this study
Coprinus comatus ZRL20181306 PP152258 PP152286 i [ this study
Phellorinia herculanea BCC-MPM1050 AF097753 T [ | Martin et al.(2000)
Phellorinia longistriatica LE2017059 MZ047792  MZO047794 i i this study
Dictyocephalos attenuatus AH 19028 AF095688 T [ [ Martin et al.(2000)
Dictyocephalos ZRL20151108 MZ047791  MZ047793 i [ this study
xinjiangensis
Chlamydopusneyenianus AH 18743 AF097755 i i i Martin et al.(2000)
Tulostoma beccarianum Finy 2 KU519076 KU519076 i KU843959 Jeppsoret al.(2017)
Tulostoma calcareum Jeppson 6965 T KU519086  KU519086 1 KU843881 Jeppsoret al.(2017)
Crepidotus cfapplanatus PBM 717 DQ202273  AY380406 AY333311 i Mathenyet al (20Q0)
Neopaxillus dominicanus MCVE 26928 JNO033216.1 JNO033217.1 i i Vizzini et al.(2012)
Simocybe serrulata AFTOL_ID_970 DQ494696  AY745706 DQ484053 i Mathenyet al.(2006)
Inocybe jarrahae PBM 2207 T AY380381 AY337382 i Mathenyet al.(2005)
Inocybesp. ZT 8944 T EU600903 EU600902 i Matheny(2005)
Pleuroflammula praestans ZRL2015066 LT716043 KY418859 KY419005 i Zhaoet al.(2017)
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Table 8 Estimateddivergence timem Lycoperdaceaewith abbreviations coespondingd different

genera.

Genera recognized in this study Abbr

Mean of stem PP values

age (Myr)

eviations

AbstomaG. Cunn. 1926
Apioperdon(Kreisel & D. Kruiger)
Vizzini 2017
ArachnionSchwein. 1822
BovistaPers. 1794

[

Ab.
Ap.

75.5
55 1

=

Ar.
Ba.

55
55 1
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Table 8 Continued.

Genera recognized in this study Abbreviations Mean of stem PP values
age (Myr)
BovistellaMorgan 1892 Be. 30.9 0.8
BryoperdonVizzini 2017 Br. 55 1
CalvatiaFr. 1849 C. 61.1 1
DiscisedaCzern. 1845 D. 62.5 1
FuscospinaR.L. Zhao & J.X. Li, gen. F. 34.5 1
nov.
GlobariaQuél. 1873 G. 55 1
HolocotylonLloyd 1906 H. 34.4 1
Leptocaulisk.L. Zhao & J.X. Li, gen. Le 26.7 1
nov.
Lycoperdiscufk.L. Zhao & J.X. Li, Li. 30.9 0.8
gen. nov.
LycoperdorPers. 1794 Lo. 27.7 1
MorganellaZeller 1948 M. 33.1 1
PseudoperdoR.L. Zhao & J.X. Li, P 34.5 1
gen. nov.
SinoperdorR.L. Zhao & J.X. Li, gen. S. 34.5 1
nov.
Utraria Quél. 1873 u. 26.7 1
VascellunF. Sgmarda 1 V. 27.7 1

Phylogeny ofLycoperdons.|.

A combined dataset of fougene sequences was utilized to deduce the phylogeny of
Lycoperdon encompassing 443 sequences (198 for ITS, 122 for nrLSU, 5@uar66 fortefli U)
from 198 specimens. The dataset also incorporated 153 sequences retriev&erBank, primarily
generated bylLarsson & Jeppson 200Barsson et al. 20Q9eppson et al. 201Kim et al. 2016)
Sequence data for this part are provided in Tablde GTR+I+G model was determined as the best
fit for this combined dataset and was payed in the Bayesian inference (BI) analysis. Both
Maximum Likelihood (ML) and Bl analyses yielded nearly identical topologies, with minimal
variation in statistical support values. The Bl tree was selected for disgtay. b

The phylogenetic analysiindicates that the previously identifikgcoperdons.l. forms a
monophyletic group, strongly supported by both bootstrap values and posterior probabilities. The
results reveal thdtycoperdons.l. is subdivided into eleven subclades, all of which are elevated to
the generic level in this study. Among these, five were previously recognizégicaperdon
subgenera, nameBovistellg Lycoperdon Morganellg Utraria, andVascellum Additionally, six
subclades were newly identified in tiggidy corresponding to a monophyletic gerdslocotylon
and five newly proposed genera namredcospinaleptocaulis LycoperdiscusPseudoperdorand
Sinoperdon

As depicted in Fig. 3lL.ycoperdon together withMorganella and Vascellum forms a core
lineage with strong support (PP values = 0.9), consistent with previous studies (Bates et, al. 2009
Gube 2009Alfredo et al. 2017). AdditionallyHolocotylon historically a genus accommodating
only one speciesiolocotylon brandegeeanumdoyd, clusters withHolocotylon dermoxanthum
(= Lycoperdon dermoxanthukittad.) andHolocotylon rupicola(= Lycoperdon rupicolaleppson,
E. Larss. & M.P. Martin), forming a subclade.

The newly proposed gen@snoperdorforms a distinct lineage with high support in Bl values
(PP = 0.9), represented ®moperdon caudaturfr Lycoperdon caudaturd. Schrot.) and several
closely related taxa. The phylogenetic positiorsofoperdon caudatunvas previously unclear in
previousstudies(Larsson & Jeppson 2008lfredo et al. 2017) To address this, a new genus is
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proposed here to better categorize these taxa. The second proposedPgendsperdonis
established to accommodaBseudoperdon subcretaceum Lycoperdon subcretacen (Zeller)
Jeppson & E. Larss.) aseudoperdon medogerRd.. Zhao & J.X. Lisp. nov.This genus forms
a subclade that receives full support in both ML and BI analyses. The third newly proposed genus
includesFuscospina scabroscapillitiuR.L. Zhao & JX. Li sp. nov.and Fuscospina nigrescens
(= Lycoperdon nigrescenBers). In previous phylogenetic studi€s,nigrescensvas tentatively
placed inLycoperdormsubg.Utraria due to its separation from most specietJtshiria and its more

distant location.

Utraria frigida MJ4088

Utraria sp. M Jeppson 4285

ida Lange 191

igida M Jeppson 4273
* Utraria frlgulu M Jeppson 7716

L ‘traria sp. M Jeppson 4277

Utraria mollis MJ4260

Utraria mollis HMAS 258848

" Utraria mollis HMAS 258849

T

Utraria sp. ZRL20190897
* Utraria sp. ZRL20191234
Utraria mammiformis KA121179
Utraria mammiformis HMAS 258846
Utraria mammiformis HMAS 258845

""" Utraria mammiformis HMAS 258899

y

Figure 3 i Phylogenetic tree ofycoperdons.l. inferred from ITS, nrLSUrpb2, and tefl-U

"< Utraria mammiformis MJ484

Utraria mammlﬁrrmn HMAS 258900
Utraria nivea M Jeppson 4068
Utraria nivea HMAS 258839
Utraria nivea HMAS 258844
Utraria nivea HMAS 258843
Utraria nivea HMAS 258901
Utraria nivea MJ4109
Utraria sp. ZRL20191480
Utraria pulcherrima stb066
Utraria sp. ZRL20211761
e Utraria sp. ZR1.20180880
Utraria sp. ZR1.20190306
Utraria atropurpurea MJ3269
Utraria rimulata (MW 554474)
mlata STB112
nulata (MN596942)
a decipiens MJ850902
Utraria decipiens M lepion 7715
Utraria sp. Q1.2017028;
Utraria cretacea HMAS 258857
Utraria cretacea HMAS 258859
v Utraria cretacea HMAS 258858
Utraria cretacea HMAS 258862
Utraria acea MJ4105
1| Utraria cretacea MJ4302
Utraria cretacea HMAS 258860
Utraria cretacea HMAS 258861
Utraria malleata HMAS 258765
" Utraria malleata HMAS 258764 T
Utraria excipuliformis MJ6467

Utraria excipuliformis HMAS 258852
)

Utraria altimontana MJ427(
Utraria excipuliformis KA121185
Utraria excipuliformis HMAS 258856
Utraria excipuliformis HMAS 258850
Utraria excij HMAS 258851
Utraria a.\'('ipull]urmu HMAS 258854
Utraria turneri Lange 0895
Utraria turneri M Jeppson 4265
o ' Utraria turneri M Jeppson 5251
Utraria umbrina MJ4556
wio Utraria umbrina M Jeppson 4559
Utraria lambinonii M15245
.~ Utraria lambinonii Demoulin 4622
" Utraria lambinonii HMAS 258863
Utraria sp. ZRL20201099
Utraria echinata MJ(H‘)X
Utraria sp. 7. 222
Leptocaulis ubumbnnm HMAS 258885
Leptocaulis subumbrinus HMAS 258886
Leptocaulis subumbrinus HMAS 258887
Leptocaulis subumbrinus MJ6377 t
Leptocaulis subumbrinus M Jeppson 7524
Leptocaulis subumbrinus M J;‘mvxnn 6394
Leptocaulis cf. umbrinus stb0!
Leptocaulis muscorum MPM2673
Leptocaulis muscorum M Jeppson 9017
" Leptocaulis muscorum M J;ypmn m7
I(/rluumh\ sp. ZRL202
T8 Leptocaulis sp. LRL’O""O}SO
Leptocaulis sp. ZR1.20191420
: ipes HMAS 258771
pes HMAS 258769
pes HMAS 258770
HMAS 258768 T

Lkpluumll\ albiperidia KA121210
Leptocaulis albiperidia KA121551 t
+ Lepiocaulis ericaca KA131463
Leptocaulis ericaea MJ5395
" Leptocaulis ericaca M Jngmn 4866
I\wpu ividus Dobremez 19740514
Lycoperdiscus lividus MJ4005
Lycoperdiscus tianzhuensis HMAS 258767
'“ Lycoperdiscus tianzhuensis HMAS 258766 T
" Bovistella radicata parker970911

\ Bovistella utriformis MJ5388

Bovistella emodensis HMAS 287486
* Bovistella emodensis HMAS 287485 T
Holocotylon biconicum HMAS 258777
Holocotylon biconicum HMAS 258778 T
" Holocotylon biconicum HMAS 258776
Holocotylon sp. DC 14 024 (KU167031)
Holocotylon rupicola M Jeppson 4304 t
Holocotylon rupicola M Jeppson 7007
" Holocotylon rupicola Vetter 407
Holocotylon fmmm egeeanum T STB111
Holocotylon sp. HMAS 25878

""" Holocotylon /mr,mnnzen\ HMAS 258780
Holocotylon dermoxanthum M Jeppson 4856

sequences, rooted Byiopedon pyriforme
are indicated. Eleven generic names are labeled, with ngwlyosed names marked by a red

asterisk. The examined specimens in this study are in bold.

Holocotylon purpurascens HMAS 258779 T
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Figure 37 Continued.

Additionally, the newly proposebeptocaulisand Lycoperdiscusvere previously classified
within Lycoperdorsubg.Utraria without statistical suppoftarsson & Jeppson 2008Ifredo et al.
2017) This study suggests that the previously designdteatia can be further divided into three
monophyletic subclades. The one containing the type specigsrarfa [Utraria excipulformis
(Scop.) Quél] is retained &ftraria. The subclade representedlygoperdiscus nive@ Lycoperdon
lividum Pers.) andLycoperdiscus tianzhuensR.L. Zhao & J.X. Lisp. nov.is proposed as
Lycoperdiscus The last subclade, represented bgptocauils albiperidius (= Lycoperdon
albiperidiumChang S. Kim) andleptocaulissubumbrinug= Lycoperdon subumbrinudeppson &

E. Larss.), is proposed bsptocaulis Detailed descriptions of these newly recommended taxonomic
taxa, as well as new species, amevited in the following section dfifaxonomyo

Phylogeny ofBovista
The phylogeny ofLycoperdaceadias revealed that the previous gemawvistawas not a

monophyletic groupKig. 1). OneBovistasubg.Bovistg with the type specieBa. plumbedPers.,

was retained aBovista In this analysis, a combined fegene dataset was employed to infer the
phylogenetics irBovistg comprising 89 sequences (45 for ITS, 34 for nrLSU, fivedbg, five for

tefli U from 45 specimensSequence data for thigrt are provided iiTable3. The best model for

this combined dataset, estimated and applied in the Bayesian Inference (Bl) analysis, was JC. Both
Maximum Likelihood (ML) and BI analyses generated almost identical topologies with minimal
variation instatistical support values, and the Bl tree was selected for disjptpy). Phylogenetics
indicated that the newly defindgovistawas monophyletic, strongly supported by both bootstrap
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value (BS = 100%) and posterior probability (PP = 1). Two new epegere proposed, and one
known speciesBa. echinellaPat, was ralefined.

Bovista tomentosa ML96 28
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Bovista tomentosa Steinke 951015
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1 - Bovista nyalamensis HMAS 258837
10010 | 7409(\- Bovista nyalamensis HMAS 258836 T N '
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Bovista sp. YuR1346 \
09 Bovista plumbea MJ4856
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96/1.0[\ Bovista cretacea MI5207
Bovista cretacea YuR3725
[ Bovista paludosa MJ4301
92/1.0 Bovista paludosa YuR1344

I Calvatia craniiformis Steinke001017
100/1.0 Calvatia candida MJ3514

Tree scale: 0.01 I —

Figure 41 Phylogenetic tree dBovistainferred from ITS, nrLSUrpb2 andtefli Useq’uences data,
rooted withCalvatia craniiformisandC. candida Branches supported by bdS O 70 % and
0.90 were labeled. The examined specimens in this study are in bold.

Phylogeny ofGlobaria

Phylogenetic analysis dfycoperdaceaan this study revealed thablobaria (previously
Bovistasubgenusslobaria) forms a monophyletic group astiould be elevated to the generic level.
A combined fowgene sequences dataset was used to infer the phylogeBioludria, which
included 89 sequences (37 for ITS, 33 for nrLSU, 18R, 21 fortefli U from 37 specimens.
Sequence data for this paregrovided inTable4. The best model for this combined dataset was
estimated and applied in the Bayesian Inference (Bl) analysis using the JC model. Both Maximum
Likelihood (ML) and BI analyses generated almost identical topologies with minimal variation in
statistical supporntalues, and the Bl tree is displayedHig. 5 Phylogenetic analysis indicated that
Globariais monophyletic, supported by both bootstrap and posterior probability values. Here, six
new species and two new combinations are proposed.
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Figure 57 Phylogertic tree (ML) ¢ Globariainferred from ITS, nrLSUrpb2andtefli Usequences,
rooted withCalvatia craniiformisandC. candida Br anches supported by
0.90 were labeled. The examined specimens in this studly bodd.

Phylogeny ofCalvatia

A dataset comprising combined fegene sequences was utilized to investigate the
phylogenetic relationships @falvatia This dataset included 81 sequences (50 for ITS, 16 for nrLSU,
seven forpb2, and eight fotefli U) from 37 speitnens. Sequence data for this part are provided in
Table 5. The best model for this combined dataset was estimated and applied in the Bayesian
Inference (BIl) analysis using the JC model. Both Maximum Likelihood (ML) and Bl analyses
generated nearly idenéittopologies with minimal variation in statistical support values, and the BI
tree is displayed iRig. 6. Phylogenetic results revealed tRatlvatiais monophyletic and is strongly
supported by both bootstrap values and posterior probability. Two mibatages were identified
corresponding t&alvatia subg.Calvatiaand subgLangermanniaThe former accommodates the
majority of species, including fourteen species, two of which areuvie®. shennongjiaensisp.
nov.andC. longisetulosap. nov.Subg.Langermanniacomprises five species, including one new
species C. subboonianap. nov. All proposed new species received full statistical support.

Phylogeny ofMorganella

A combined dataset of ITS and nrLSU sequences was employed for the pbktilogdarence
of Morganella encompassing 69 sequences (36 for ITS, 33 for nrLSU) and including eight
MorganellaspeciesSequence data for this part are provided able 6. The best model for this
combined dataset was estimated and applied in the Baybdgerence (BI) analysis using the JC
model. Both Maximum Likelihood (ML) and Bl analyses yielded nearly identical topologies, with
the BI tree displayed ifrig. 7. The results revealed thdorganellawas fully supported as a
monophyletic group (PP = 1). The proposed new spedéikestricolor sp. nov.,nested with
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M. purpurascengBerk. & M.A. Curtis) Kreisel & Dring andV. sosiniiRebriev & Bulakh 2015,
forming a distinct lineage with full support ¢=i7).
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Figure 61 Phylogenetic treefcCalvatiainferred from ITS, nrLSUgpb2 andtefli Usequences data, )
rooted withDisciseda Br anches supported by both BS O
examined specimens in this study sré&old.

Taxonomy

Lycoperdaceaé. Berchtold & J. Pres| 1820

Note T In this study, leveraging information from phylogeny, divergence times, and
morphology,Lycoperdons.l. is restructured into 11 genera. The previous subgedevastella
Morganellg Utraria, andVascellun have been elevated to the genus leitoperdoris redefined
to encompass the clade with the type spdcigeerlatum and five new genera have been proposed
to accommodate unnamed clades (Fig3)1

Nineteen major clades are wslipported, with divgrence times spanning 2675.5 Myr.
These clades correspond to 14 known gerfdoatbmaApioperdon Arachnion Bovistg Bovistellg
Bryoperdon Calvatia Disciseda Globaria, Holocotylon Lycoperdon Morganellg Utraria,
Vascellun), and the five newly established genera in this stuélyscospina Leptocaulis
Lycoperdiscus Pseudoperdon and Sinoperdon Additionally, seven genera Acutocapillitium
P. Ponce de Leo GalvatiopsisHollds, CalbovistaMorse ex M.T. SeidlGastropilaHomrich & J.E.
Wright, GlyptodermaR. Heim & Perr] Bertr., Japonogaster Kobaygdsycoperdopsisienn.) were
provisionally included inLycoperdaceaedue to the absence of molecular data. Herein,
Lycoperdaceaencompasse®6 genera as given below;

AbstomaG. Cunn. 1926
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AcutocapillitiumP. Ponce de Leo'n 1976
Apioperdon(Kreisel & D. Kru“ger) Vizzini 2017
ArachnionSchwein. 1822

BovistaPers. 1794

BovistellaMorgan 1892

BryoperdonVizzini 2017

CalvatiopsisHollos 1929

CalbovistaMorse ex M.T. Seidl 1995
CalvatiaFr. 1849

DiscisedaCzern. 1845

Fuscospinal.X. Li, R.L. Zhaogen. nov2024
GastropilaHomrich & J.E. Wright 1973
GlobariaQue’l. 1873

GlyptodermaR. Heim & Perri Bertr. 1971
JaponogasteKobayasi 1989
HolocotylonLloyd 1906

Leptocaulis].X. Li, R.L. Zhaogen. nov2024
Lycoperdiscug.X. Li, R.L. Zhaogen. nov2024
LycoperdorPers. 1794

Lycoperdopsigienn. 1900

MorganellaZeller 1948

Pseudoperdod.X. Li, R.L. Zhaogen. nov2024
Sinoperdond.X. Li, R.L. Zhaogen. nov2024
Utraria Que’l. 1873

VascellumF. Sgmarda 1958

In the present study, 17 genera out®B2cepted genera have been studied for morphological
characterization. Among these, five genera are reported as new, and six have been recovered.
Furthermore, 22 new speciesve been introduced, and 8ew combinations have been made. The
details are as follows.

AbstomaG. Cunn.,Trans. Proc. N.Z. Inst. 57: 206 (1926)

Fungal Name: FN19001

Type specie$ Abstoma purpureurfLloyd) G. Cunn., Tran€Proc. N.Z. Inst. 57: 2061L926)

Abstomaestablished by Cunninghafh926) is mainly characterized by basidiomes lacking a
determined stoma and peridium irregularly rupturing, with basidiospores exhibiting reticulate
ornamentation and conspicuous to obsolete pedicels. The taapillis of Calvatiatype
(Cunningham 1926Wright & Suarez199Q Kriger et al. 2001Gube & Dorfelt 2011) The type
speciesAb. purpureumwas included in this study, and the phylogenetic results indicated that this
genus was fully supported as a monophyletic group appearing to be basallwibperdaceae
Molecular clock analyses inferred its divergence around 75.5 Myr (Fig. 1).

Apioperon (Kreisel & D. Kruger) Vizzini, Phytotaxa 299(1): 81 (2017)

Fungal Name: FN819913

Type specied Apioperdon pyriformgSchaeff.) Vizzini, in Vizzini & Ercole, Phytotaxa
299(1): 81 (2017)

The genusApioperdoncurrently consists of only one species. Iimainly characterized by
clustered, obovoid to obpyriform basidiomes with a cellular subgleba, conspicuous white
rhizomorphs, unpittedycoperdonrtype capillitium, abundant paracapillitium, and basidiospores that
are smooth to minutely ornamenigteisel 1962 Demoulin 1971Pegler et al. 199%alonge 1998
Kriger & Kreisel 2003Sarasini 2005Vizzini & Ercole 2017 He et al. 2019)The type species,
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Ap. pyriforme was included in this study, and the phylogenetic results indicated that this genus was
fully supported as a monophyletic group that diverged around 55 Myr (Fig. 1).

Morganella fuliginea UFRN Fungos 2586
Morganella fuliginea UFRN Fungos 2582
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T007T Morganella albostipitata UFRN Fungos 2249
Morganella albostipitata UFRN Fungos 2572
100—|«1

95/1

Morganella albostipitata UFRN Fungos 2569
Morganella albostipitata NPA 239563 T
Morganella oblongata UFRN Fungos 2570 T

Morganella tricolor HMAS 287487 T ; @

Morganella purpurascens MEL 2382736 \ 33 S é»._
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19U yascellum pratense HMAS 258880
Vascellum pratense SAH20000915 Vascellum
Vascellum curtisit HMAS 258878
Vascellum curtisii HMAS 258879
Vascellum sp. UFRN Fungos 814
——If,yt*o;7ei'don arenicola UFRN Fungos 656

T007

97/1

9871} - Lycoperdon arenicola UFRN Fungos 1006
- L Lycoperdon arenicola UFRN Fungos 649
Lycoperdon sp. UFRN Fungos 655
1007117, ycoperdon sp. UFRN Fungos 2554
Lycoperdon norvegicum MJ5453
Lycoperdon subperlatum KA120918
Lycoperdon subperlatum HMAS 258873
Lycoperdon subperlatum KA120693
Lycoperdon subperlatum HMAS 258875
Lycoperdon perlatum HMAS 258865
Lycoperdon perlatum HMAS 258866
Lycoperdon perlatum MJ4684
1ol Lycoperdon perlatum HMAS 258904
— BN Lycoperdon perlatum HMAS 258867

osJApioperdon pyriforme QL20170019
Apioperdon pyriforme ZRL20182005 .
*mm—@p[()pem’(m pyriforme UFRN Fungos 155 Apiopendon

Apioperdon pyriforme MJ4849
Bovista cretacea MJ4301
WM Bovista cretacea ANMH 11622

[T Tr—

100/1

Lycoperdon

10071

Outgroup

Figure 77 Phylogenetic tree dflorganellainferred from ITS and nrLSU sequences data, rooted
withBa.cretacea Br anches supported by both BS O 70%
specimens in this study arebold.

Arachnion Schwein., Schr. naturf. Ges. Leipzig 1: 59 [33 of repr.] (1822)

Fungal Name: FN19017

Type species Arachnion albunSchwein. Schr. naturf. Ges. Leipzig 1: 59 (1822)

The genusArachnion is characterized by smadized basidiomes, an endoperidium that
disintegrates at maturity, and a gleba that develops minute peridioles resembling sand grains. The
capillitium is either absent opoorly developed, and the basidiospores exhibit reticulate
ornamentatio(Underwood 1899Kreisel 1962 Wright & Suarez 1990Cortez et al. 2010b)The
type speciesAr. album was included in thistudy, and the phylogenetic results indicated that this
genus was fully supported as a monophyletic group that diverged around 5%ilglyt)(
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BovistaPers., Neues Mag. Bot. 1: 86 (1794)

Fungal Name: FN19036

Type specie$ Bovista plumbe#®ers., Ann. Bot. (Usteri) 15: 4 (1795)

The puffball genusBovista typified by Ba. plumbeaPers., was established in 1794 and
comprises approximately 58 species based on the current classification system (He et al. 2019).
Morphologically, this genus is distinguished by basidiomes usually with persistent spines on the
exoperidium, the presence or absence of a subgdastatype capillitium or an intermediate
BovistaLycoperdortype, and usually ellipsoid, pedicellate spdtessson & Jeppson 2008arsson
et al. 2009 Rebriev et al. 2020)Kreisel divided this genumto two subgenera based on these
morphological characteristics: subgermvistawith the type specieBa. plumbeaand subgenus
Globariawith the type specieG. aestivaligBonord.) (Kreisel 1964).

In this study, the multigene phylogeny dfycoperdaceaéndicated that the previous genus
Bovistawas not a monophyletic group; the subgeBosistaand subgenu&lobaria were welt
supported, respectivel¥ig. 1). Additionally, their divergence time of 55 Myr falls within the range
of all other genera dfycoperdaceaeConsequently, these two subgenera are elevated to the rank of
two genera, respectivelpovistais redefined as the genus with the type speBasplumbeaThe
main morphological features distinguishiBgvistafrom Globaria include the abent or reduced
subglebaBovistatype capillitium, and pedicellate sporéslobaria, on the other hand, includes
species with more characteristicsgtoperdonsuch as developing a subgleba and an intermediate
BovistaLycoperdortype capillitium(Kreisd 1964, Larsson & Jeppson 200Rebriev et al. 2020)

Bovista litangensiR.L. Zhao & J.X. Lisp. nov. Fig. 8

Fungal Name: FN571698; Facesoffungi numb@f15155

Etymology i referring to the Litang County, Sichuan Province, where hbletype was
collected.

Type 1 Ching Sichuan Province, Ganzi Tibetan Autonomous Prefecture, Litang County,
Ni magong Shenshan, 100A45Nj44. 68njN, R.L3 @H#as8, Nj4 9 . :
ZRL20200963holotypeHMAS 258800).

Diagnosisi This species is characterized by its globose to subglobose basidiomes, developing
an indistinct pseudostipe. The exoperidium is initially whitish but turns dark brown at the lower part
when mature. The basidiospores are globose to subglobose, denselgrieaawith coarse, minute
verrucae, and have a long pedicel. The capillitiuBasgistatype and thickwalled.

Macroscopic descriptioin Basidiomegglobose to subglobose, i1 mm with, 1525 mm
height.Pseudostipeeduced or indistinct. Rhizomorphs spamshite, often densely embedded in the
substratePeridium layered.Exoperidiuminitially whitish, densely covered with minutely smooth
granular verrucose, gradually cracking but not falling off, and the lower part turn dark brown when
mature, irregular aggning at the tipEndoperidiumsmooth, offwhite, yellowishwhite, fragile and
papery.Gleba pulverulent, initially white, turning dark brown as it matures, fibrous, pulverulent.

Subglebabsent.

Microscopic descriptiofi Basidiosporeglobose to subglobes4.25. 4 e m i n di a me
4.8 £ 0.3, n = 30], thickvalled, with an oil drop central, light brown in 5% KOH, usually with a long
pedicel 851 0. 5 em in Lengt h, n = 30), often the I«

densely ornamented coamninute verrucae, irregulari@apillitium of Bovistatype, (1.3)3.81 2 & m

in width, dark brown, thickvalled, tapering towards the tips, and often undulate at the end,

intertwined and branches abundant, elastic, no pores and septa observed, dark brown in 5% KOH.

Paracapillitium absent. Exoperidium composedl chains of inflated cells, slightly thiekalled,

variety of shapes, subglobose to globose, oblong to pyriform, cylindricaB 78 2 e m i n w

14649. 3 em i n | engt Endopéridiamimade w ofiintertwsnéa hyalinelhyphae,

hardly branbes, straight to slight undulate,133. 0 e m i n wi dth, septa not
Ecology and distributioin ]l t 6 s assumed that this species o0

state, altitude over 4300m, within the alpine meadow. It often fruiting in hswilss socially in a

habitat full of lowgrowing herbsknown from China.
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Figure 8 T Morphology of Bovista litangensisA gasterocarps (holotypesIMAS 258800.

B gasterocarpsHMAS 25880). C, D basidiospores under SEM basidiosporesd= exoperidial
elements (sphaerocysts)G capillitial threads H endoperidial hyphae Scale bars:
AiB=1cm,CiH =5 pm.

Additional material examined China Sichuan Province, Ganzi Tibetan Autonomous
Prefecture, Litang County, Zaga Shenshan, 20 A@Q02 R.L. Zhao,ZRL20201295HMAS
258801).

Notesi Ecologically, this new species occurs at high altitudes (over 4,000 meters) on moist
grassy ground in alpine meadow biomes. The phylogenetic analysis in this study indicates that this
fungus is nested withiBovistg showing a sister relationship wila. nigrescensa common species
in most areas of North and West Eurdparsson & Jeppson 20R8hey share many macro features
and spore size characteristics, such as the initially white exoperidium turning dark brown when
mature and globose to subglobosesiti@spores with a long pedicel (580 pm in size in
Ba. nigrescens4.25 . 4 ¢ m i n Badlitangersispe mov.)(Watling & Gregory 1977Beig
et al. 2008) The microscopic morphology of the spores sets them apart, Baithhigrescens
possessingarger verrucae in the SEM sense of Rebee\al. (Rebriev et al. 2020) and shorter
pedicels up to 8 um long, while Ba. litangensisp. nov.minute warts or structures similar to peint
like and longer pedicels (85 0. 5 e m i n | e n 8dviktg plumleess gerysimitarcto v e d .
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Ba. litangensisp. nov. put can be easily recognized mainly by its white exoperidium, which, when
removed, reveals the lead grey endoperidium (Batiistaandez et al. 2012Bovista bovistoides

and Ba. limosaare easil confused due to their similar appearance, with globose to subglobose
basidiomes and an initially white exoperidium covered with small granules. However, the former can
be distinguished by its basidiospores with a longer pedicéll@m in length) (Fa2019), while

the latter can be differentiated mainly by the presence of a delimited peristome, a peristomal
depression, and a fimbriate, protruding stomBanlimosa(Larsson et al. 2009).

Bovista nyalamensif.L. Zhao& J.X. Li sp. nov. Fig.9

FungalName: FN571699; Facesoffungi numbieoF15156

Etymologyi referring to the Nyalam County, Shigatse City, Xizang Autonomous Region in
China where théolotypewas collected.

Typei Ching Xizang Autonomous Region, Shigatse City, Nyalam County, Zhangmu Town,
Zhangmugou, 4 Aug. 2022, R.L. ZhatiRL2022083%holotypeHMAS 258836).

Diagnosisi Macroscopically, this species is characterized by globose to subglobose
basidiomes with a whitish or effthite exoperidium that is densely covered with minutely smooth
granular verruculose. The capillitium is of thBovistatype, and the globose to subglobose
basidiospores usually have a long pedicel and are ornamented with cylindrical verruculose.

Macroscopic description Basidiomegylobose to subglobose, depressed globosSe826hm
with, 18 38 mm height. Rhizomorphs abundant, light brown, solid, heavily encrusted with particles
of soil and stone$?seudostip@bsent or indistinctederidiumlayered Exoperidiumwhitish, white
to off-white, densely covered with minutely smooth granular verruculose, becoming light brown,
yellowish white in the upper part of the basidiontesdoperidiunsmooth, offwhite, fragile, papery,
yellowishwhite. Gleba pulverulent, initially white, turning d&arbrown as it matures, fibrous to
cottony.Subglebabsent.

Microscopic descriptioii Basidiosporeglobose, subglobose, sometimes ovoidi85 0 & m
in diameter (n = 30), thickvalled, with an oil drop central, dark olive green in 5% KOH, usually
with a long pedicel 628 . 9 em i n Lengt h, n = 30), someti me
SEM, asperulate, densely ornamented with cylindrical warts, usually the apex of several verrucose
connectedCapillitium of Bovistatype, 5.21 0. 4 & m i n rown, tickwalled (B&5 k ¢ im
in width), tapering towards the tips, intertwined and many branches, elastic, no pores and septa
observedParacapillitiumabsentExoperidiumcomposed of chains of hyaline inflated cells, slightly
thickwal | ed ( u yarigtyofsltapes, subgiopbose to globose, oblong to pyriform, cylindrical,
3215. 5 em iid 8wi6d €t m, Endopebdaunmgatlelup of intertwined and unbranches
hyaline hyphae, 1i4 . 0 em i n width, |l ight ol iundulatg,septan i n
not observed.

Ecology and distributioin | t 6s assumed that this species
state, often found on the grass, solitary or socially in a relatively humid environment. known from
China.

Additional material eaminedi Ching Xizang Autonomous Region, Shigatse City, Nyalam
County, Zhangmu Town, Zhangmugou, 4 Aug. 2022, R.L. ZBE&),20220626HMAS 258837);

Ching Xizang Autonomous Region, Shigatse City, Yadong County, Lower Yadong Town, Poroka
meadow, 26 JukR022,M.Q. He,ZRL2022004@HMAS 258838).

Notesi Morphologically,Ba. nyalamensisp. nov.forms mediurrsized basidiomes that are
globose to subglobose and lack a subgleba. The exoperidium is whitishvtbiteff developing
minutely smooth granules. Thaapillitium is of theBovistatype, and its verrucose basidiospores
usually have a long pedicel and are breakable. Phylogenetic analysis in this study indicated that
Ba. nyalamensisp. novfalls near the typ8a. plumbeasharing similar features. Bosipecies have
a white exoperidium and verrucose basidiospores. HowBeaemplumbealiffers by having larger
basidiospores (4i% . 6 e m i n dib athetcer iln 5 .etgt h) and di
endoperidium (Fan 2019). Additionallga. paludosas morphologically similar toBa. nyalamensis
sp. nov.due to the white to ofivhite appearances of basidiomes. Howefer, paludosacan be
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distinguished by its restricted habitats, usually attached to living mosses, and more or less pear
shaped fruiting bodig@olshakov et al. 201&ebriev et al. 2020). In the field, the white exoperidium

in Ba. litangensisp. nov.may lead to misidentifications witBa. nyalamensisp. nov, however,

they differ asBa. litangensisp. nov.has an exoperidium that turns ddmown when mature and
possesses larger spores (4.2 um) with pedicels.

Figure 9 7 Morphology of Bovista nyalamensisA, B gasterocarps (holotypelMAS 258836.
C gasterocarps (HMAS 258838), E basidiospores under SEM basidiosporesG capillitial
threads H exoperidial elements (sphaerocystsgndoperidial hyphaeScale bars: AC = 1 cm
DIE=2pum Fil=5pum.

Bovista echinellaPat., in Patouillard & Lagerheim, Bull. Soc. mycol. Fr. 7: 165 (1891) 1891
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Fig. 10

Fungal Name: FR03073

Diagnosisi This species is distinguished by globose to subglobose basidiomes surface with
small spines, persistent. Capillitium Bbvistatype and with abundant Paracapillitium, globose to
subglobose basidiospores ornamented with fine wart, mirks®y pedicels

Macroscopic descriptiori Basidiomes globose, subglobose, 108 mm in diameter.
Pseudostip@ot indistinct, the base encrusted with soil around niResdiumlayered Exoperidium
surface with granular or small spines, initially white, turn brown after maturity, not easily fall off.
Endoperidiunpapery, smooth, brownish, tear shaped at the apical Gtkeapowdery, yellowish
brown at maturity.

Figure 10 7 Morphology of Bovista echinella A gasterocarps (holotypesMAS 287484.

B, C basidiospores under SEM basidiospores E exoperidial elements (sphaerocysts)
F endoperidial hypha&s capillitial threadsH Paracapillitium Scale bars: A1 cm BIiE=5 um,
F=2pum, (GiH) 5 um.
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Microscopic descriptioil Basidiosporeglobose to subglobose, 42. 4 e m i n di ame
4.8 £ 0.3, n = 30]yellowishrbrown, smooth in LM, verrucose in SEM, ornamented fine wart, with
long pedicels, 851 2 . 7 Capiflitium of Bovistatype, dark brown, thickwalled, 279 . 5 & m,
tapering towards the tips, no sepsé@d often undulate at the erfélaracapillitium short without
branching, same color with capillitial threads,i@.8 . 5 ¢ m, produce septa. I
of irregular sphaerocysts, thiskalled, hyalire in 5% KOH.Endoperidiumcomposed of straight,
interwoven hyaline hyphae, I83. 5 ¢ m.

Ecologyi Terrestrial and found in broadleaf forest, growing solitary in the soil around moss.

Material examined Ching Sichuan Province, Liangshan Autonomous Prefecture, Yanyuan
County, Xiamosuo Gou, 8 Aug. 2019, R.L. ZhZa&L20190374HMAS 287484).

Notesi Bovista echinellas characterized by its globose to subglobose basidiomes, featuring
an exoperidium adorned with small, persistent spines, and basidiospores with fine warts and long
pedicels. The examined specimen (HMAS 287484) closely aligns with the descopBovista
echinella (Fan 2019). The most morphologically similar specie®as limosaRostr. The key
distinction lies in the production of capillitium, which is of intermediate ty@anlimosa whereas
it is Bovistatype inBa. echinella(Fan 209).

BovistellaMorgan, J. Cincinnati Soc. Nat. Hist. 14: 141 (1892)

Fungal Name: FN19038

Type specie$ Mycenastrum ohiendellis & Morgan, J. Mycol. 1: 89 (1885)

This genus is mainly characterized by the development of a distinct pdeyaiwagm to
separate the gleba from the subgleba, the production of a fragile capillitium, and walls with abundant
pits of irregular outlinéLarsson & Jeppson 2008, Fan 20Bvistella utriformeandBe. radicatum
have been included in the phylogeny, and the resoitBrm that both taxa cluster together with high
support (PP values = 1), regardless of which gene fragment is used. Thd3efosgllais fully
supported as a monophyletic genus with a divergence time of 30.9 Myr (Fig. 1).

Bovistella emodensiR.L. Zhao & J.X. Lisp. nov. Fig. 11

Fungal Name FN571822; Facesoffungi number: FOF15345

Etymologyi referring to thenolotypewas collected in the Himalayan region, China

Typei Ching Xizang Autonomous Region, Shigatse City, Yadong County, Pali Town, Plateau
Meadow, 28 Jul. 2022.Q. He,ZRL20220383holotypeHMAS 287485).

Diagnosisi This species is identified by basidiomes exhibiting irregular cracking at the upper
part and flaky verrucae at the lower part. The basidiospores are globose to subglohoseg feat
long pedicel and an asperulate surface. It thrives in soils within the alpine meadow, specifically at
altitudes exceeding 4300.

Macroscopic descriptioin Basidiomessubglobose, depressed globose,-guiiform, 12 30
mm width, 2025 mm heightPseaudostipenot indistinct. Rhizomorphs sparse, encrusted with soil.
Peridium layered. Exoperidium whitish overall when young, the upperpart possesses irregular
cracking, yellowiskbrown, the lower part densely covered with flaky verruc@&sedoperidium
whitish when young, fragile, papergleba pulverulent or fibrous, initially whitishSubgleba
pulverulent.

Microscopic descriptioni Basidiosporesglobose, subglobose, 4®. 2 em i n di a
asperulate, surface densely ornamented with irregigad verruca, with long pedicel, 871 . 2 & m.
Capillitium of Lycoperdontype, 1.14 . 4 e m wi dt h, occasionally swo

septa obswed. Paracapillitium absent. Exoperidium made up of chains of inflated cells, slightly
thick-walled, hyaline in 5% KOHENndoperidiummade up of hyaline inflated hyphae, interwoven,
septa abundant.

Ecology and distributioin | t 6 s a s s u me d octuls antthe higher slevaigne af thee s
state, altitude over 43Q8. It often fruiting in soils within the alpine meadow, socially two or more
in a habitat full of lowgrowing herbs. known from China.
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Figure 117 Morphology of Bovistella emodensi\, B gasterocarps (holotyp&MAS 287485
ZRL2022038B C, D basidiospores under SEM, F capillitial threads under SENG exoperidial
elements (sphaerocysts) endoperidial hypha&cale bars: AB=1cm CiD =5 um Ei F=2 um,
GiH =5 pm.

Additional material examined Ching Xizang Autonomous Region, Shigatse City, Yadong
County, Pali Town, Plateau Meadow, 28 Jul. 2022). He,ZRL2022038%HMAS 287486).

Notesi Phylogenetic trees, generated using ITS, nrLgib2, andtefli U sequences data
(Fig. 3), indicate thaBe. emodensisp. nov. is nested withiBovistellawith fully supported PP
values. The morphological features of this new species align with those of the Bewistella
emodensisp. novis characterized by basidiomes exhibiting itdeg cracking at the upper part and
asperulate basidiospores with long pedicels. In comparison to closely related speBiesrhkiecata
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Pat. andBe. utriformis(Bull.) Demoulin & Rebriev,Be. emodensisp. nov. shows significant
morphological differenes. For instancé3e. radicatahas an echinulate exoperidium with granules

or spines, distinguishing it froBe. emodensisp. nov.Additionally, its basidiospores feature
different verruca ornamentation (Fan 201Bjvistella utriformisdevelops echinulatbasidiomes

with an exoperidium adorned with conical spines, further differentiating it from the cracking pattern
observed irlBe. emodensip. nov(Kuragina & Krakhmaleva 2IB). While Be. sinensitloyd shares
morphological similarities witlBe. emodens sp. nov, its basidiomes exhibit irregular lobes at the
apical portion, and a distinct pseud@aphragm is present (Fan 2019).

Bovistella radicataPat., Bull. Soc. mycol. Fr. 15: 55 (1899)
Basionymi Lycoperdon radicaturburieu & Mont., in Durieu1848.

Bovistella utriformis(Bull.) Demoulin & Rebriev, Lejeunia 197: 6 (2017)
Basionymi Lycoperdon utriforméull., Hist. Champ. France: 153 (1791).

BryoperdonVizzini, Phytotaxa 299(1): 80 (2017)

Fungal Name: FN819911

Type species Bryoperdoracuminatun{Bosc) Vizzini, in Vizzini & Ercole, Phytotaxa 299(1):
80 (2017)

The genudBryoperdoncurrently contains only one species, well characterized by -smat
oblong, conical basidiomes with white mycelial cords, Lycopettgpe pitted capillitium and
minutely ornamented basidiospof&seisel & Dring 1967 Kreisel & Karasch 20055arasini 2005
Poumarat 20Q07Vizzini & Ercole 2017) In this study, a specimen collected from the Xizang
Autonomous Region from China was identified as Br. acuminatasedon molecular phylogeny
and morphological examinatiorisig. 1). This species is a new record from China, and its description
follows.

Bryoperdon acuminatum(Bosc) Vizzini, in Vizzini & Ercole, Phytotaxa 299(1): 80 (2017)
Fig. 12

Fungal Name: FR19912

Macroscopic descriptionBasidiomed cm broad, 1.3 cm high, ovoid, obovoid, with a pointed
apex and rounded base. Initially whitish to cream, pale ochraceous when rixtperidium
covered with small, pyramidal spindsndoperidiumwhitish when young, turn light to dark brown
later.Glebaat first whitish then yellowish green to dark brown with age.

Microscopic descriptiofi Basidiosporeglobose to subglobose, 28. 5 ¢ m, [ x = 3
n = 30], smooth to asperulate, slightlydkiwalled, with an oil drop central, yellowish brown in 5%
KOH, without a pedicel or short (up to 0.5 pm), under SEM ornamented with cylindrical 1o sub
cylindrical verrucaeCapillitium of Lycoperdortype, 2 6 um width, slightly thickwalled, less than
1 pm width, yellowishbrown in 5% KOH, smooth to asperulate on surface under SEM.
Paracapillitium absent Exoperidiumwas made up of inflated cells, globose to subglobose, thick
walled, smooth, hyaline in 5% KOHEndoperidiumwas made up of straight hyphae3ibs.3 um
width, rare branched. septa abundant.

Ecology and distribution Terrestrial and often gregarious on moss or under coniferous forests.
Known from North America, Europe, Asia.

Material examined Ching Xizang Autonomous Region, Shigatse City, Gyirong Country,
Gyirong Gully, 2 Aug. 2022, M.Q. HZRL20220548HMAS 258888).

Notesi Vizzini et al.proposedBryoperdonas a distinct genus due to its unique phylogenetic
position relative toBovista species(Vizzini & Ercole 2017) However, this classification was
contested due to limited sample representation (Alfredo et al., Zd@tiev et al. 2020). The
phylogenetic analysis in this study suppoBsyoperdonas an independent genuBig. 1).
Bryoperdon acminatumis easily identified by its small, ovoid basidiome, the absence of a subgleba,
Lycoperdonrtype capillitium, and small globose to subglobose basidiospores with indistinct pedicels
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(Vizzini & Ercole 2017) Holocotylon rupicola(= Lycoperdon rupicolaleppson, E. Larss. & M.P.

Martin) shares morphological similarities wiin. acuminatunbut differs in having an exoperidium
composed of sphaerocysts distinct from thos8rofacuminatum Additionally, the finely warted

globose basidiospores f rupicolaare largerinsize (4@ . 5 e m i n di ameter) (J
Holocotylon biconicunsp. novimay be confused witBr. acuminatundue to certain morphological
similarities such as fusiform basidiomes and an exoperidium finely pointed at the apical part,
featuring connected smallish slender spines. However, it can be distinguishdgt flacnminatum

by its largersized basidiospord8.94 . 4 e m i nFigd2b)amet er ) (

Figure 12 7 Morphology of Bryoperdon acuminatumA gasterocarps (HMAS258889.
B basidiospores under SEN capillitiumsunder SEMScale bars: A1 cm BiC=2 um.

CalvatiaFr., Summa veg. Scand., Sectio P@Stockholm): 442 (1849)

Fungal Name: FN19051

Type specie$ Calvatia craniiformis(Schwein.) Fr., Summa veg. Scand.: 442(1849).

The genugCalvatiais characterized by globose to pyriform, turbinate, epigeous basidiomes,
gleba pulverulent to cottony, rudimiary to often weldeveloped subgleba, dehiscence of peridium
occurring by irregular fragmentatioBalvatiatype capillitium, and basidiospores that are smooth to
verrucose and echina{&reisel 1992 Kriiger et al. 2001Larsson & Jeppson 20P8Subgenus
Langermannias distinguished by medium to larger basidiomes without a subgleba (Kreisel 1992
Kriger et al. 2001). In this study, sevent&alvatiaspecies were involved in phylogenetic analyses
using ITS, nrLSUrpb2, andtefli Usequences. Ehresults indicated that the ger@mlvatiaformed
a distinct monophyletic group, strongly suppori@8 values = 100; PP values =, Bnd its
divergence was estimated around 61.1 Myig(1). FurthermoreCalvatia split into two lineages
corresponding tosubg. Calvatia and subg.Langermannia which diverged around 51 Myr
respectively. Here, three new species are described as follows.
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Calvatia longisetulos&.L. Zhao & J.X. Lisp. nov. Fig. 13

Fungal Name: FN57170Q@acesoffungi number: F45109

Etymologyi longus(long) andsetulosa(setulose). The epithet refers to the densely arranged
coniform spines adhered to the exoperidium.

Type i Thailand Huai Kang Pla, 8 Jul. 201X.Y. Zhu, THAI20190073(holotype HMAS
258802).

Figure 131 Morphology ofCalvaia longisetulosaA, B gasterocarps (holotype, HMAS 258802)
C, D basidiospores under SEM verrucose basidiospords exoperidial elementss capillitial
threadsH endoperidial hyphaé&cale bars: ABB=1cm CiD=1pum E=3 um FiH =2 pm.

Diagnosisi Macroscopically, this species features pyriform basidiomes that are yeHowish
brown with a reddistbrown upper part. The basidiomes are adorned with robust coniform spines,
densely arranged, and the apical part gradually falls off as theyamatur

Macroscopic description Basidiomegyriform, depressed globose,iZdd mm width, 2035
mm height, Pseudostipeplicate, yellowishwhite in lower part. Rhizomorphs scarce, whitish.
Peridiumlayered.Exoperidiumyellowishrwhite, yellowishbrown, dark brown to reddigbrown in
upper part, densely with robust spines, coniform, sometimes with connected tips, gradually shed in
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places at apex, to reveal a whitiShdoperidium papery, fragileGlebainitially whitish, grayish
brown, lightbrown, pulverulent, cottonysubglebgulverulent, brownish, comprising o#tleird of
the basidiomes, tapering at the base, attached to substrate.

Microscopic descriptioni Basidiosporesglobose, 3.83 . 7 em in di amet e
ornamented echinate, echinate coniform in SEM, short pedicels present, ujplto Oc®&apillitium
Calvatiatype,1.43 . 6 e m di ameter hyalinewabtbboprl ess #ahi
often ornamented with numerous nodulesj 0.5 5 & m straight, gdeasionally branched and
septaParacapillitiumabsentExoperidiumcomposed of chains of hyaline hyphae, ellipsoid, oblong,
pyriform, occasionally globose to subglobose, sphaecysts;whatikd. Endoperidiuncomposed of
unbranched interwovemyaline hyphae.

Ecology and distributioni growing solitary or two basidiomes on soil under briealed
forest, known to data from Thailand.

Additional material examined Thailand Huai Kang Pla, 8 Jul. 2019X.Y. Zhu,
THAI2019006 {HMAS 258803).

Notesi Calvatia longisetulosap. nov. can be morphologically characterized by pyriform
basidiomes, an exoperidium with distinct coniform robust spines, and echinate basidiospores. In the
phylogenetic treeHig. 6), two specimens of this new species form a mtistliineage close to
C. candida(Rostk.) Holl6s andC. holothuriodesRebriev.Calvatia candidadiffers from this new
species due to basidiospores being ellipsoid B#4x 2.33. 1 e m) and excipul i
broadly shaped (Kshirsagar 202Calvatia holothuroidesliffers from this new species by having a
thinner, fragile, yellowistwhite to yellowish exoperidium, basidiospores that appear smooth under
LM, and finely verrucose under SEM (Holl6s 19@mira 2018).Calvatia nodulataAlfredo &

Baseia, originally described from Brazil, shares some morphological features with this new species,
such as punctate basidiospores and usually capillitium ornamented with spaced nodules. However, it
differs with a granulose to pilose exoperidium, mature glebolivebrown color, and subgleba
sometimes disappearing aftaaturity (Alfredo et al. 2014).

Calvatia shennongjiaensi®.L. Zhao & J.X. Lisp. nov. Fig. 14

Fungal Name: FN5717QFacesoffungi number: F46110

Etymologyi The epithet refers to the Shennongjia National Forestry Park of Hubei province,
China where théolotypewas collected.

Typei Chinag Hubei Province, Shennongjia Forestry District, Shennongding Area, Jizi Gully,

27 Aug. 2022X.Y. Zhu, ZRL2022124&holotype HMAS 258806)

Diagnosisi This species is characterized by lagjged basidiomes attached by a thick
rhizomorph, featuring a wetleveloped subgleba. The basidiospores are globose to subglobose and
echinate, and the capillitium is of t@alvatiatype.

Macroscopic descriptiofi Basidiomes3.5 cm broad, 3 cm high, broadly obpyriform to
turbinate, slightly tapering at the base and develop a rounded base, which attached by a thick
rhizomorph.Exoperidiuminitially whitish, ochraceous to dark brownish wheatare and breaking
up into thin irregulasshaped flaky patchs, and finally the upper part is completely detached.
Endoperidiumpale yellow, papery and fragil&lebainitially whitish, pale brown to oliveellow
when mature, cottony.

Microscopic descriptini Basidiosporeglobose to subglobose, 2. 0 ¢ m, [ x = 3
n = 30], spinose observed under LM, wunder SEM
with a short pedicel (less than 3 pr@apillitium of Calivatia-type, straight, rare branched, septate,
fragile, under SEM smooth to asperula®aracapillitium absent.Exoperidiumwas made up of
inflated cells, globose to subglobose or pear shaped, slightlylalied, smooth, hyaline in 5%

KOH. Endoperidiumwas male up of tightly interwoven inflated cells.

Ecology and distributiori often occur on open grounds or meadows, growing alone or
gregariously. known from China.

Additional material examined Ching Hubei Province, Shennongjia Forestry District,
Shennongdig Area, Jizi Gully, 27 Aug. 2022\1.Q. He,ZRL2022091QHMAS 258807);Ching
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Hubei Province, Shennongjia Forestry District, Shennongding Area, Jizi Gully, 27 Aug.J2822,
Li, ZRL2022125QHMAS 258808)China Yunnan Province, Kunming City, Baoshan tagiehong
Stilwell Highway, 4 Jul. 2018, M.Q. HZRL2018010@HMAS 258805).

Figure 14 7 Morphology of Calvatia shennongjiaensisA gasterocarps (HMAS 2588Q08)
B gasterocarps (HMAS 258807 gasterocarps (holotype, HMAS 25880B)basidiospores under
SEM. E capillitiumsunder SEMScale bars: AC=2cm DIiE=2 pum.

Notesi Phylogenetic studies based on ITS, nrL&h2, and &fli Usequence data revealed
that five specimens representedhyshennongjiaensgp. nov clustered together, forming a distinct
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lineage with strong support (BS 100, PP = 1), falling into Calvatia subg. Calvatia
Morphologically, C. shennongjiaensisp. nov.resembles the commonly knoviBrain puffbalb

C. craniiformis(Schwein.) Fr. ex D&oni; both possess larggzed basidiomes, a dark dull yellow
exoperidium, and globose to subglobose spinose basidiospores. However, they exhibit more than
forty base site differences between our examined specime@s sifennongjiaensisp. nov.and

C. aaniiformis (Steinke001017 DQ112625) in the ITS sequer@avatia craniiformisdisplays
variability in morphology across different countries. For insta@cegraniiformisfrom North-East

India exhibits white to tan basidiomes when mature, with mosiptiell basidiospores (312 . 8 & m
in diameter, 404 . 8 & m i(Gogoi &Kungat 2090)However,C. craniiformisreported from
Peninsular Malaysia exhibits a unique peridium rupturing pattern and differences in basidiospore size
and shape; it can be tigguished by having light brown gleba when mature (Amira 2018).

Calvatia subboonian&.L. Zhao & J.X. Lisp. nov. Fig. 15

Fungal Name: FN5717QFacesoffungi number: FOF15111

Etymologyi sub: under, close to, near, afdooniana refers to the morphological features
reminding ofCalvatia booniana.H. Sm.

Typei Ching Inner Mongolia Autonomous Region, Baotou City, Olympic Park, 24 Aug. 2019,
J.Y. ZhangZRL20191927(holotypeHMAS 258810)

Diagnosisi This species is characterized by lagiged basidiomes with a depressed globose
or oviform shape, featuring a walkeveloped rhizomorph. The exoperidium exhibits smallish
lamellar cracks, and the mature gleba adopts a dark olive color. Microscopiadallgistinguished
by ovoid and oblong basidiospores, with a capillitium ofGiadvatia-type.

Macroscopic descriptionBasidiomegllobose, depressed globose, subovate8@éhm width,
30150 mm height. Rhizomorphs weleveloped, robust, heavily incrustadth soil. Peridium
layered. Exoperidium greeniskolive or sometimes light reddidtrown, thin, possess smallish
lamellar cracks, deeper and wider when mature. Apical pore irregular cracking, large, often reveal a
whitish papery Endoperidium and Gleba Mature gleba yellowistwhite, dark olivebrown,
pulverulent.

Microscopic descriptioin Basidiosporesvoid, oblong, 5.26.6 x 3.75 . 1, svith an oitdrop

central, smooth in LM, asperul at e u CdpdlitumSE M,
Calvatiatype, 247 . 2 em di ameter, straight to -Brédwnght | vy
thick-walled, occasionally branched and septa, constricted at the &gvtapillitium absent.
Exoperidium made up of hyaline hyphae, branched, septa pte51 0. 1 ¢ m, i nfl at

irregular arrangement, pyriform, globose to subglobose, colorless and transpadogeridium
composed of undulate hyaline hyline hyphae, occasionally branched, septa presént, 2.8 € m.

Ecology and distributiofi growing solitary or two basidiomes on grassland, known to data
from China.

Additional material examinedl Ching Inner Mongolia Autonomous Region, Baotou City,
Olympic Park, 24 Aug. 2019, J.Y. Zhar®RL2019193GHMAS 258809);China Inner Mongolia
Autonomous Region, Baotou City, Olympic Park, 3 Oct. 2018, J.Y. ZI#ERGQ20182024HMAS
258811).

Notesi Calvatia subboonianap. novis primarily characterized by its largized basidiomes,
and the exoperidium exhibits small flaky gags. Phylogenetic results indicate that three specimens
cluster together, forming a distinct lineage ©f subboonianasp. nov.within Calvatia subg.
LangermanniaFig. 6). Several species share morphological similarities @itlsubboonianap.
nov., including C. pachydermica(Speg.) Kreisel andC. gigantea(Batsch) Lloyd. However,

C. pachydermic&an be distinguished by its thin, fragile, papery exoperidium, which easily breaks
and falls off, and basidiospores that are globose, subglobose, and smooth under SEM (Bates et al.
2009).Calvatia gigantedas verrucose basidiospores with small warts usé&#/ (Diego Calonge

& Martin 199Q Li 2011). Calvatia boonianaA.H. Sm. differs due to the presence of thick or
irregularly shaped patches on the exoperidium and globose, subglobose basidiosp@r8s{3.9
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4.8 ¢€&m) ( Bat &alvatia sculpa (Harkn.2 Didy® gan be clearly distinguished by
exhibiting pyramidal warts and possessing Bovigpe capillitium (Bates et al. 2009).

Figure 157 Morphology of Calvatia subboonianaA gasterocarpshflotype HMAS 258810)
B gasterocarps (HMA258809) C, D basidiospores under SEM basidiosporesd= exoperidial
elements G endoperidial hyphaed capillitial threads Scale bars: AB =1 cm CiD = 2 um,
ErH=5pum.

DiscisedaCzern., Bull. Soc. Imp. nat. Moscou 18(no. 3): 153 (1845)

Fungal NameFN19104

Type specie$ Disciseda collabescenSzern. Bull. Soc. Imp. nat. Moscou 18(no. 3): 153
(1845)

This genus is mainly characterized by globose to gledepeessed basidiomes, with the lower
half of the exoperidium covered by a sand case. The endapn features dehiscence through a
small, fimbriate peristoma at the height of the septum. The capillitium is oC&heatiatype,
commonly wavy, and basidiospores are pedicellate, smooth to verrucose, and shortly pedicellate
(Underwood 1899 Kreisel 1962 Kers 1975 Wright & Suarez 1990Cortez et al. 2010b)
Phylogenetic results strongly support this genus as a monophyletic group that diverged around 62.5
Myr (BS =95, PP=1) (Fig. 1).
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FuscospinaR.L. Zhao & J.X. Li,gen. nov.

Fungal Name: FN57171&acesoffungi number: FA5150

Type specie$ Fuscospina scabricapillitid&.L. Zhao & J.X. Li

Etymologyi fuscus(dark, dark brown) andpina (spine). The epithet refers to the dusky
basidiomes with spined exoperidium.

Fuscospinagen. nov.is proposed to accommodate species exhibiting distinct morphological
characteristics: lycoperdoid basidiomes with a dark brown appearance, an exoperidium adorned with
conical and curved warts that persist longer than those of other lycoperdoidssipycoperdon
type capillitium with pits, and basidiospores covered with rounded warts. Previous phylogenetic
studies suggested an uncertain placemeht ofgresceng= Lycoperdon nigresceri®ers.), leading
to its temporary assignment liycoperdonsubg. Utraria (Larsson & Jeppson 200Barsson et al.

2009 Alfredo et al. 2017)

In this study, phylogenetic analysis involving two speckesscabricapillitia sp. nov.and
F. nigrescengPers.) R.L. Zhao & J.X. Laomb. nov, reveals this genus as a fullypported distinct
lineage (Figs 1, 3). Furthermore, divergetioge analysis suggests tlfaiscospinaliverged around
34.5 Myr, aligning with other estimates witHiycoperdaceaéFig. 1). Ecologically,F. nigrescens
previously reported as a common species in Europe and recorded in South America, now represents
its first record from China. Here, one new species and the new record for China are described as
follows.

Fuscospina scabricapillitiaR.L. Zhao & J.X. Lisp. nov. Fig. 16

Fungal Name: FN5717Q&acesoffungi number: FAB166

Etymology 1 scaber/scabra/scabrummeaning coarse and the feminine aaidpillitium. The
epithet refergo the gleba develop coarsapillitium.

Type 1 Ching Guizhou Province, Tongren City, TaipiAgwn, Fanjingshan, 27°%V'N,
108°6703'E, 29 Sep. 2021, R.L. ZhadRL2021191%holotypeHMAS 258812).

Diagnosisi The exoperidium is densely covered with brownish conical spines that easily fall
off from the tip to the base, resulting in a depresaad rounded grid appearance on the
endoperidium. Microscopically, basidiospores are globose to subglobose, verrucous, with a long
pedicel. The capillitium presents a coarse surface covered with large pieces of flaky fibers under
SBEMacroscopiaescriptioni Basidiomesubpyriform to subglobose, depressed globose, 40 mm in
diameter, 30 mm heighseudostipéndistinct. Rhizomorphs sparse, white, often densely embedded
in the substratd?eridiumlayered Exoperidiumechinate, densely with conical spines,vando dark
brown when mature, shedding from tip to base with age, reveal yelloBmgtoperidium
membranous, papery, with rounded grid, slightly depresSésba yellowish green when fully
mature, fibrous to cottony, pulverulent.

Microscopicdescriptioni Basidiosporeglobose to subglobose, 6. 5 & m, [ x = 4
30], thickwalled, with an oil drop central, yellowish brown 5% KOH, usually with a long pedicel
(7.89.7 um, n = 30), under SEM ornamented with cylindrical to sub cylindrical verrucas, &
connect or isolated with linea€apillitium of Lycoperdortype, 1.44 . 4 & m wiwdlledy , t h
brownish, dark brown, straight to slightly undulate. under SEM, coarse surface covered with large
pieces of flaky fibers which is easy to shed. no pare$ septa observeBaracapillitium absent.
Exoperidiumwas made up of inflated cells, irregular, slightly thwélled, smooth, hyaline in 5%

KOH. Endoperidiunmade up of unbranched arrangement hyphae, pale brownish, straight, no septa
observed.

Ecologyanddistributioni | t 6 s assumed that this species o0
state, altitude over 2000m, within the mixed broadleaf forestsCkknelliag Rhododendronit often
fruiting on decaying wood, surrounded by moss, solitaryriglaively humid environment. known
to data from China

Notesi The distinctive feature d¥. scabricapillitiasp. nov.lies in its exoperidium, which is
initially covered by brownish conical spines that easily detach from the tip to the base. The
basidiospores are ornamented with cylindrical to-sgllmdrical verrucae, measuring 845 pum,
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with a long pedicel. The captlum is of theLycoperdortype, covered with large pieces of flaky

fibers on the surface. Phylogenetic analysis indicates that it is the sister spdtigsgi@scens

Despite sharing many morphological features, such as pyriform to subglobose, atbgiebsse
basidiomes, and an exoperidium densely covered with conical spines, these two species can be
distinguished by their micromorphological characteristics of basidiospores and capillitium.
Fuscospina nigrescensas rounded warts on the surface ositi@spores (Baseia 2005), and
capillitium threads develop vertical stripes on the surface (observed in this dhiglyl4). In

contrast, spores df. scabricapillitia are ornamented with cylindrical to sallindrical verrucae,
featuring a long pedicegnd the capillitium presents a coarse surface covered with large pieces of
flaky fibers Fig. 16).

G — H

Figure 16 T Morphology of Fuscospina scabricapillitiaA, B gasterocarps (holotype, HMAS
258812) C basidiospores under SEND capillitium under SEM E basidiospores under LM
F exoperidial elements (sphaerocystsS)capillitial threads H endoperidial hyphaeScale bars:
AiIB=2cmCiD=2 um EiH =5 pm.
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Fuscospina nigrescenfers.) R.L. Zhao & J.X. Léomb. nov. Fig. 17

Fungal Name: FN571729

Basionymi Lycoperdon nigresceri®ers., Neues Mag. Bot.1: 87 (1794)

Macroscopic descriptioil Basidiomes3.5 cm broad, 3 cm high, turbinate to subglobose;
exoperidium yellowish browrgpinose, spines up to 1 mm in length, dense, falling off from the top
when matureEndoperidiunbrown, paperyGlebayellowish-brown.Subglebaof the same color.

Microscopic descriptioii Basidiosporeglobose to subglobose, 834. 5 e m, [ x = 4
30], smooth to asperulate in LM, slightly thiakalled, with anoil drop central, olivegreen color in
5% KOH, without a pedicel or short (less than 2 um), under SEM ornamented with cylindrical to
sub-cylindrical verrucaeCapillitium of Lycoperdortype, 1.4 7.2 um width, olive green color in 5%
KOH, under SEM it ornaented with vertical stripeRaracapillitiumabsentExoperidiumwas made
up of inflated cells, irregular, slightly thiekalled, smooth, hyaline in 5% KOHWndoperidiunwas
made up of unbranched arrangement hyphae, straight, no septa.

Ecology andlistributioni Terrestrial and found in grassy aresditary on soil or litterKnown
from North America, Europe, Asia

Material examined China Sichuan Province, Liangshan Yi Autonomous Prefecture, Muli
Tibetan Autonomous County, Duckbill Reserve, 8 ARQ19, R.L. ZhaoZRL20190611{HMAS
258881).

Figure 17 7 Morphology of Fuscospina nigrescensA gasterocarps HMAS 25888).
B basidiospores under SEN capillitiumsunder SEMScale bars: A1 cm BiC=5 um.

Notesi Phylogenetic analysis in ths&udy indicates thaE. nigrescenss a member of the
newly proposed genug-uscospina In comparison to another species in this subclade,
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F. scabricapillitia, they share several common macroscopic features, such as a yebowigh
exoperidium covered wh dense spines, which fall off from the top with age. However, specific
microscopic characteristics, such as basidiospores with long pedicels and capillitium composed of
large pieces of flaky fibers, serve as distinctive identifiPiego Calonge & Syvadn 2008 Bates

et al. 2009) While Lycoperdon perlatuniPers. appears morphologically closerRonigrescens
distinctions arise in the exoperidium composition, formed by conical but not curved spines, and the
capillitium appearing yellow to pale brownish3% KOH, allowing for differentiatiofBaseia 2005

Diego Calonge & Syvokon 2008im et al. 2016)

Globaria Quél., Mém. Soc. Emul. Montbéliard, Sér. 2 5: 370 (1873)

Fungal Name: FN19143

Type specie$ Globaria aestivaligBonord.)Hazsl. 1877

In this study, the phylogeny and divergence time analysis indicated that the foBoeidia
subgenusGlobaria should be recognized as a distinct genus (Figs 1, 3). The main morphological
characters see those described uriBterista Here, six new specieme introduced, and two new
combinations are detailed as follows.

Globaria albataR.L. Zhao & J.X. Lisp. nov. Fig. 18

Fungal Name: FN57182Facesoffungi number: F46346

Etymologyi referring to the whitish color of basidiomes.

Typei Ching Heilongjiang Province, Yichun City, Wuyilingational Nature Reserve, 31
Aug. 2017,Z.L. Ling, ZRL20170966holotypeHMAS 258884).

Diagnosisi Macroscopically, this species is characterized by basidiomes exhibiting a whitish
color, with the exoperidium developing irregular cracking at the upper part. Microscopically, it
possessekycoperdortype capillitium and minutely verruculose basidiospasiit inconspicuous
pedicels.

Macroscopic description Basidiomesubglobose, depressed globosd&,2Bbmm width, 15
25 mm heightPseudostipaot indistinct.Peridium layered.Exoperidiumwhitish almost overall,
pale yellowish at the upperpart and developgular cracking with age. Sparsely with granular and
smallish wartsEndoperidiunsmooth, fragile, papery, whitis@lebapulverulent, whitishSubgleba
absent.

Microscopic descriptioin Basidiosporeglobose, subglobose,28. 1 e m i n di amet
+ 0.3, n = 30], slightly thickvalled, with an oil drop central, hyaline in 5% KOH, under SEM surface
densely ornamented with irreguisized arrangements, the verruca occasionally connect with linear,
short pedi cel Capiliisnsof Lydomedontgpe, 347%.n8 e m wi dt h, dar
thick-walled, unequal width, often swollen in the middle and tapering towards the tips, elastic, no
pores and septa observ@aracapillitiumabsentExoperidiummade up of inflated cells, irregularly
arranged, lgghtly thick-walled, hyaline in 5% KOHEndoperidiummade up of hyaline hyphae, 2.4
5.4 em in width, short branched, produce sept

Ecology and distributioin Solitary or in small groups around dried pine needles, known from
China.

Notesi Globaria albatasp. nov.can be easily distinguished by its whitish basidiomes, with
the exoperidium developing irregular cracking at the upper part. Phylogenetic trees based on ITS,
nrLSU, rpb2, andtefli Usequences dat&if). 5) demonstrate th&. albataforms a distinct lineage
and is sister t@. gyirongensisp. nov.with full PP valuesKig. 5). Additionally, both species are
closely related to th€&. aestivalicomplex. Morphologically, both species have whitish basidiomes;
however,G. gyirongensissp. nov. has an exoperidium covered with yellowidhite minutely
verrucae without cracking, and it develops intermediate capillitial threads. In coGtraibatasp.
nov.possesses capillitium of thgcoperdortype. Another closely related speci€saestivalis also
exhibits whitish basidiomes at an early stage. However, its exoperidium is densely covered with
yellowish warts at the upper part (Bautistarnandez et al. 2012), and morphologically, it has
intermediate capillitial threads and an exogiermn made up of chained cylindrical cell3d. 24).
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Figure 1871 Morphology ofGlobaria albat A gasterocarps (holotypeIMA258884ZRL2017096%
B, C basidiospores and capillitial threads under SENVbasidiosporesE exoperidial elements
(sphaerocystsF endoperidial hypha& capillitial threadsScale bars: A1 cm B =2 um, C=5
pm, D=2 um ErG =5 pm.

Globaria gyirongensifR.L. Zhao & J.X. Lisp. nov. Fig. 19

Fungal Name: FN571704; Facesoffungi number: FOF15157

Etymologyi referring to the Gyirong County, Shigatse City, Xizang Autonomous Region from
China where théolotypewas collected.

Typei Ching Xizang Autonomous Region, Shigatse City, Gyirong County, Gyirong Gully, 2
Aug. 2022, M.Q. HeZRL2022068@holotypeHMAS 258313).
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Diagnosis i Macroscopically, this species is characterized by globose to subglobose
basidiomes with an exoperidium densely covered in yellowisite minutely verrucae. The
capillitium is of an intermediate type, generating globose to subgloboshkdsasires with surfaces
densely ornamented with conical warts.

Macroscopic description Basidiomeglobose to subglobose, 128 mm with, 1526 mm
height. Rhizomorphs sparse, white, solid, inserted with 8sieudostipaeduced or indistinct.
Peridiumlayered.Exoperidiumwhitish, yellowishwhite, becoming yellowish white to pale yellow
when mature. densely covered with minutely verruculose, becoming slightly smooth near the base.
Endoperidiumsmooth, fragile, papery, yellowidirown, gray.Gleba pulverulent, initially white,
turning yellowishbrown as it matures, fibrous to cottoiBubglebabsent or indistinct.

G

Figure 197 Morphology of Globaria gyirongensisA gasterocarps (holotypé&]MAS 258813.
B gasterocarpsHMAS 258814. C, D basidiospore under SEME basidiospores under LM
F exoperidial elements (sphaerocysts)capillitial threads H endoperidial hyphaeScale bars:
AiIB=1cm CiE=1pum F=10 um GiH =5 pm.
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Microscopic description Basidiosporeglobose, subglobose,22. 8 e m i n di amet
thick-walled, with an oil drop central, hyaline in 5% KOH, asperulate under SEM, rough surface
densely ornamented conical warts, irregularly arrangement, verrucose usually connect with linear,
shortpedi c el pr es ent Capilitiensas intérrhediate type, i ¢ M) e m wi dt h,
brownish, thickwalled, unequal width, tapering towards the tips, elastic, straight to undulate, no
pores and septa observ@aracapillitiumabsentExoperidiummade up of inflated cells, subglobose
to globose, oblong to pyriform, 932 . 3 e m i ii4 4vi ld tehm ilnl .I13e+waglledh , s |
(l'ess than 0.5 ¢ nindopetdipramaderue of hyalinethypha& @FH.. 3 e m i n
width, straight and slightlbranched, produces septa mot constricted.

Ecology and distributioinl t 6 s assumed that this species 0
state, altitude over 3,500, within the coniferous forest, growing on the grass, often solitary in a
relativelyhumid environment. known from China.

Additional material examined Ching Xizang Autonomous Region, Shigatse City, Jilong
Country, Jilong Gully, 1 Aug. 2022, P. DoiZiRL2022068ZHMAS 258814).

Notesi Morphologically,G. gyirongensisp. novcan be easily distinguished by its subglobose
or pearshaped basidiomes, white to -@fhite exoperidium with minute verrucae, intermediate
capillitium, and its globose to subglobose basidiospores. Phylogenetic analykbamniaindicates
that the two spcimens formed a distinct lineage with full suppdfig( 5) and nested in the
G. aestivaliscomplex, near the typ8. aestivalis Although confusion may arise due to the whitish
exoperidium and minute verrucae at times, they can be clearly differentiatedi on spore
morphology.G. aestivalis for example, possesses larger basidiospore$53.14 e m) ( Abr ar
2008). In realityG. gyirongensisp. nov. may be misidentified in the wild wia. litangensisand
Ba. nyalamensi@ithin the genu8ovistabecause they all have a white to-offite exoperidium and
are covered with minute verrucae more or less. However, the basidioBeditdngensisurn dark
brown when mature, and it has larger basidiospore$54.24 € m) ; Baengalawemsisane |,
be distinguished by its basidiospores usually having a long pedice8(6.2 e m) . Addi t i ¢
capillitium of Bovistatype in these twdovistaspecies is also an important feature to distinguish
them from this new species.

Globaria jingningensisR.L. Zhao & J.X. Lisp. nov. Fig. 20

Fungal NameEN57170% Facesoffungi number: F46158

Etymology i referring to the region where thieolotype was collected, Jingning She
Autonomous County of Zhejiang Province in China.

Typei Chinag Zhejiang Province, Jingning She Autonomous County, Grass carp pond, 6 Sep.
2019, X.Y. ZhuZRL2019159@holotypeHMAS 258815)

Diagnosisi This species is characterized by subglobose, depressed globose basidiomes, with
the exoperidium densely covered wigranular verrucae, and the mature gleba exhibiting an-olive
green color.

Macroscopic descriptiofi Basidiomesglobose, subglobose, depressed globose3mm
width, 8 18mm height. Rhizomorphs thick and solid, white, unbranched, encrusted with humus and
soil. Peridiumlayered.Exoperidiumyellowishwhite, yellowishbrown, densely covered with small
granular warts, becoming slightly smooth near the base, turns islgwdark brown when mature.
Endoperidiumsmooth, fragile, papery, lacerat®leba pulverulent, initially white, turning light
olive-green as it matureSubglebabsent.

Microscopic descriptiori Basidiosporesglobose to subglobose, 28. 9 em i n di a
verrucose with an oil drop central, cylindrical warts with rounded tips, occasionally isolate8 or 2
connected, short pedi cCapillgiumpf lycoEemdntype, lyedlavish t h an
brown, straight to undulate, thickalled, tapering towad the tips,1.2714 . 3 em i n di a
Paracapillitium not observedExoperidiumcomposed of numerous hyaline sphaerocysts, thick
walled, subglobose to globose, 1223 . 8 ¢ m i Endogericiumoerhpesed of filamentous
interwoven hyphae, sometimes braedhmedially expanded as a bulging parcel. Basidia can be
observed at a young age, colorless and transparenty#iied, 6.112.1 x4.86 . 3 & m.
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Ecology and distributiori Terrestrial and found in open areas, growing solitary in the soil
under coniferougorests, in a humid environment, sometimes surrounded by mosses. known from
China.

Additional material examineid Ching Zhejiang Province, Jingning She Autonomous County,
Grass carp pond, 6 Sep. 2019, X.Y. ZBERL2019159(HMAS 258816);ZRL20191595HMAS
258817);ZRL2019161§HMAS 258818).

Figure 20 7 Morphology of Globaria jingningensis A gasterocarpshflotype HMAS 258815)
B gasterocarps (HMAS 258817¢, D basidiospores under SEME basidiospores under LM
F exoperidial elements (sphaerocysts) endoperidial hyphaeH capillitial threads Scale bars:
AiIB=1cmCiD=1pmE=3 um F=5um, GiH =2 pm.

Notesi The species is characterized by basidiomes that are yellovkish to brown, covered
with densely arranged granular warts, and the gleba turns pale olive when mature. In the phylogenetic
tree (Fig. 5), four specimens of this new species form a distimeade with full support. In the field,
Ba. citrina[= Bovista citrina(Berk. & Broome) Bottomley] andlo. asperunSpeg. may resemble
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G. jingningensissp. nov. However, Ba. citrina possesses intermedidige capillitia, larger
basidiospores |/ ¢ m meter), dnd #he gleba turns lemon yellow when mature (Fan 2019). The
exoperidium ofLo. asperunpresents warts and is easily detacfiekisel & Hausknecht 2002)
These features distinguish them from the new species.

Globaria testace&®.L. Zhao & J.X. Lisp. nov. Fig. 21

Fungal Name: FN57170&acesoffungi number: FG5159

Etymologyi referring to brownish color at the upperpart of the fruiting body, especially at
apical part.

Typei Chinag Xizang Autonomous Region, Shigatse City, Gyirong County, Gyirong Town, 2
Aug. 2022, P. DorjiZRL2022072¢holotypeHMAS 258819).

Diagnosisi This species is distinguished by its pyriform basidiomes. The exoperidium is
granular or with verrucae, accomjpesh by whitish or brownish slender spines, which appear dark
brown in the upper part.

Macroscopic descriptioin Basidiomesyriform, globose, subglobose, i2ZBmm with, &
18mm height. Rhizomorphs occasionally with white flocculent, encrusted with rotten wood.
Peridiumlayered Exoperidiuminitially white, granular with smallish warts, easily shed slender soft
spines often dark to tan in upper pa&hdoperidiumfragile, papery, apical pore lacerateleba
initially cottony, whitish, light brown, becoming powdery, yellowAstown at maturity.

Microscopic descriptioin Basidiosporegllobose to subglobosei3. 9 e m i n di amet
to asperulate in LM, verrucose inBE pedi c el s Jdagmllgiwen Lycopardortype, E m.

3. 7em di a nbrowny strhighibtovindulate, thiska | | e d , up to 1.5 &m,
towards the tips, no sepfaracapillitiumabsentExoperidiumcomposed of numerous sphaerocysts,
subglobose, depressed globose, pyriform, obpyriform, colorless and transparemwattsck 0.3
39.2x8.725 . 8 Endaperidiumli4 . 4 em, composed of straight,
light brown in 5% KOH.

Ecology and distributioii Terrestrial ad found in broadleaf forest, growing solitary in the
soil. known from China.

Additional material examined China, Xizang Autonomous Region, Shigatse City, Jilong
County, Jilonggou, 1 Aug. 2022, M.Q. H&ZRL20220464(HMAS 258820); China, Xizang
Autonomous Region, Shigatse City, Jilong County, Jilong Town, 2 Aug. 2022, R.L. Zhao,
ZRL20220727THMAS 258821); China, Xizang Autonomous Region, Shigatse City, Jilong County,
Jilong Town, Zhangmugou, 2 Aug. 2022, B. CAZRL20220825HMAS 258822); China, Xizang
Autonomous Region, Shigatse City, Jilong County, Jilong Town, 2 Aug. 2022, M.Q. He,
ZRL2022069%5HMAS 258823); China, Xizang Autonomous Region, Shigatse City, Jilong County,
Jilong Town, 2 Aug. 2022, M.Q. HERL2022068{HMAS 258824); China, Xizang Autonomsu
Region, Shigatse City, Jilong County, Jilong Town, 2 Aug. 2622orji, ZRL20220724HMAS
258825); China, Hubei Province, Shennongjia Forestry District, Shennongding Area, Guanyin Cave,
2 Sep. 2022, X.Y. ZhuZRL20221443(HMAS 258826); China, Hubei Pvimce, Shennongjia
Forestry District, Shennongding Area, Guanyin Cave, 2 Sep. 2022, M.@RH202214594HMAS
258827); China, Sichuan Province, Liangshan Yi Autonomous Prefecture, Muli Tibetan Autonomous
County, Shuiluo Town, 11 Aug. 2019, R.L. Zh&@RL2190919(HMAS 258830);ZRL20190915
(HMAS 258831); China, Sichuan Province, Ganzi Tibetan Autonomous Prefecture, Batang County,
Drukpa Cage Nature Reserve, 18 Aug. 2020, M.Q. BRL20201152(HMAS 258828),
ZRL2020115YHMAS 258832); China, Sichuan Province, Ganzi Tibetan Autonomous Prefecture,
Batang County, Drukpa Cage Nature Reserve, 19 Aug. 2020, M.QZRI€£0201534HMAS
258829).

Notesi Based on morphological characteristiGs,testaceap. nov.can be distingwhed by
its dark brown upper basidiomes, with the exoperidium covered in finely granular verrucae or
spiniform structures. In the phylogenetic tree (Fig. 5), twelve specimens of this new species form a
distinct lineage with full support.ycoperdon asperurfLév.) Speg. appears macroscopically most
similar to this new species; however, it differs due to its larger basidiosporéd (36 & m i n
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diameter), mature gleba presenting a clear olivaceous to ochraceous brown color, and the
development of along pedid®i2 0 g¢Kme)sel & Hausknecht 2002Another resembling species

is G. jingningensissp. nov.as they both exhibit yellowishrown basidiomes. Nevertheless,

G. jingningensissp. nov.has an exoperidium with granular verrucae, not slender spines, end th
mature gleba is noticeably pale oligesen (Fig. 20).

Figure 21 7 Morphology of Globaria testacea A gasterocarpshplotype HMAS 258819,
B gasterocarpsHMAS 25883), C, D basidiospores under SEME basidiospores under LM
F exoperidial elementésphaerocysts)G endoperidial hyphaeH capillitial threads Scale bars:
AIB=1cmCiD=1pm E=3 um GiH =5 pm.

Globaria shannanensi®.L. Zhao & J.X. Lisp. nov. Fig. 22

Fungal Name: FN57182Facesoffungi number: FOF15347

Etymologyi referring to the region where thelotypewas collected, Shannan City of Xizang
Autonomous Region in China.

Typei Ching Xizang Autonomous Region, Shannan City, Lhiinzé County, Gatang Village,
Xuesha Township, 17 Sep. 2015, X.Y. ZAERL2015223%holotypeHMAS 258883).
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Diagnosisi This species is distinguishable by its yellowish basidiomes covered with small
granules or warts. Microscopically, it exhibits globose to subglobose basidiospores without pedicels,
minutely verruculose, and an intermedititpe @pillitium.

Macroscopic description Basidiomesubglobose, depressed globose, obpyriforr1%0nm
width, 1520 mm height. Rhizomorphs sparse, encrusted withRBeildiumlayered.Exoperidium
yellowish, yellowishbrown, densely covered with small granular or warts, initially whitish,
becoming yellowistbrown with ageEndoperidiumsmooth, papery, fragilé&slebapulverulent, or
fibrous to cottony, yellowistorown, brownish when matur&ubglebanot indistinct, pulverulent,
brownish.

Microscopic descriptioil Basidiosporeglobose to subglobose, 834.. 1 e m i n di ame
3.6 £ 0.3, n = 30], thickvalled, darkbrown, with an oil drop central, pedicels short or inconspicuous,
| ess t hander BEM5sarface with cylindrical warts, random arrangen@apillitium of
intermediate type, 1i5 . 8 e m i n dwalked) gdlovishbrown,hdarkbitown, tapering
towards the tips, no pores and septa obseRa&capillitiumnot observedExoperidum composed
of numerous hyaline sphaerocysts, often subglobose to globose, pyriform, slightiyaisd.
Endoperidiuncomposed of almost straight hyaline hyphaei;3.6 8 e m i n wi dt h, pr

Ecology and distributioin Terrestrial and growing sitdry in the soil, known from China.

Notesi Phylogenetic analysis within this genus revealed@&ahannanensip. nov. formed
a distinct clade, closely associated w@h gyirongensisp. nov.,G. albatasp. nov., and the type
speciesG. aestivalis (Fig. 5), with support primarily indicated by PP values (PP = 0.9).
Morphologically, G. gyirongensissp. nov. and G. shannanensisp. nov. share numerous
characteristics, such as globose to subglobose basidiomes with exoperidia densely covered in
yellowish-white minute granules or warts, and basidiospores exhibiting surface ornamentation with
irregularly arranged warts, along with an intermedtgpe capillitium. However, the size of spores
serves as a distinguishing factor, with gyirongensisneasuring 2Zi2 . 8 e m i n di amet
G. shannanensimngesfrom3i4 . 1 e m i n di a me Geaestivalitine presemgad r i S ¢
yellowish warts at the upper part of basidiomes differs, and the spdgesestivaligypically have
short pedicels(Abrar & al. 2008 Rebriev et al. 202Q)a feature not as conspicuous in
G. shannanensisp. nov.The other two species with yellowish basidiomes in this g&€busgstacea
sp. nov. ands. muscicolap. nov., can be distinguished fr@n shannanensigy variations in spore
size and ornamentation, as detailed in the corresponding descriptions within this genus.

Globaria muscicolaR.L. Zhao & J.X. Lisp. nov. Fig. 23

Fungal Name: FN5717QFacesoffungi number: FG5160

Etymologyi muscugefersto moss and-colarefers todweller, sathe epithemuscicolarefers
to the habit of growing on mossy rotting wood mostly.

Typei China, Zhejiang Province, Jingning She Autonomous County, Grass carp pond, 1 Sep.
2017, Z.L. Ling,ZRL2017101%holotypeHMAS 258835).

Diagnosig This species features a wedkveloped pseudostipe, with the exoperidium covered
in small granular verrucae and distinct inverted pyramidal slender spines. It predominantly grows on
rotten wood, often surrounded by moss.

Macroscopiadescriptioni Basidiomebpyriform, gyroscopic, 20 mm width, 2023 mm
height, has a wellleveloped pseudostipe. Rhizomorphs scarce, with rotten wood incRstetium
layered. Exoperidium yellowistvhite, yellowishbrown, smooth to asperulate, witlormivant
slender spines, inverted pyramidal, less than 1 Bmdoperidiumight white, pale yellow, papery,
apical pore present, irregular lobéslebasoft, initially cream, yellowish at maturity, pulverulent,
cottory. Subglebaoccupying half of the basimimes, tapering at the base attached to the substrate,
yellowish, pulverulent, cottony.

Microscopic descriptiori Basidiosporesglobose to subglobose, 84. 5 em i n di a
smooth to asperulate in LM, verrucose in SEM, isolated or in groups with rotipdegedicels
straight , Capifitiunh Bovistatype,noccasionally{ycoperdontype, 1.69 . 5 em di a
straight to undulate, brownish, unequal width, thicdled, no septa, paracapillitium not observed.
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Exoperidium composed of chains of inflatedigecolorless, transparent, thigkalled, subglobose,
ellipsoid, irregularly oblong, 11i35.7 x 91 4 . 6 Emrdoperidiumcomposed of straight,
interwoven unbranched hyphae, hyaline, no septa elastic.

Figure 22 i Morphology of Globaria shannanensisA gasterocarps (holotypesiMA258883
ZRL2015223p B, C basidiospores and capillitial threads under SHM basidiospores
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