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Abstract

The first occurrence of Marasmiellomycena and Pulverulina in the Chinese mycobiota
are reported, M. tomentosa and P. flavoalba, two new species and M. albodescendens,
a new combination, revealed by phylogenetic analyses and morphological study. These
newly-recorded genera, Marasmiellomycena, which can be distinguished by their agar-
icoid basidiomata, dark-coloured stipe, sarcodimitic tramal structure, stipitipellis with
yellow to yellowish-brown pigments and yellow-pigmented thick-walled caulocystidia
and Pulverulina, which differs from other genera of Porotheleaceae by its pruinose stipe,
decurrent lamellae, inamyloid basidiospores and absence of hymenial cystidia. We also
formally describe three other new species of Porotheleaceae collected from Chinese
temperate to subtropical zones of Fujian and Zhejiang Provinces: Clitocybula fuscostria-
ta, Gerronema brunneosquamulosum and Leucoinocybe subglobispora. Furthermore, we
include the results of a phylogenetic analysis of Porotheleaceae, based on a multi-locus
(ITS, nrLSU and rpb2) dataset. According to this analysis, Chrysomycena, Clitocybula,
Delicatula, Hydropodia, Hydropus, Leucoinocybe, Marasmiellomycena, Megacollybia,
Pulverulina, Trogia and Vizzinia are monophyletic. However, Gerronema is identified as
polyphyletic and, additionally, Porotheleum does not form a monophyletic group either
because Porotheleum parvulum and Porotheleum albidum are “unassigned” in phyloge-
netic analysis. The results of our phylogenetic analyses, coupled with morphological
observations, confirm recognition of these new taxa. Morphological descriptions, pho-
tographs, line drawings and comparisons with closely-related taxa are presented for
the new species. A key to the 22 species belonging to nine genera of Porotheleaceae in
China is also provided.

Key words: cyphelloid polypores, new taxon, Porotheleum, systematics, white-spored
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Introduction

The family Porotheleaceae (order Agaricales), formally proposed by Murrill
(1916), comprises saprotrophic, mainly wood-decaying fungi that are primar-
ily agarics, but also include cyphelloid fungi. The type genus, Porotheleum Fr.,
is distinguished by fruiting in clusters of small cup-shaped to tubular cream
cyphelloid basidiomes, whereas other genera are typically agaricoid (Vizzini et
al. 2022). Previous taxonomic studies have included 15 genera in Porotheleace-
ae: Chrysomycena Vizzini, Picillo, Perrone & Dovana, Clitocybula (Singer) Singer
ex Métrod, Delicatula Fayod, Gerronema Singer, Hydropodia Vizzini & Consiglio,
Hydropus Kiihner ex Singer, Leucoinocybe Singer ex Antonin, Borovicka, Holec
& Kolafik, Lignomphalia Antonin, Borovicka, Holec & Kolafik, Marasmiellomyce-
na De la Pefia-Lastra, Mateos, Kolafik, Sevéikova & Antonin, Megacollybia Kotl.
& Pouzar, Porotheleum, Pulverulina Matheny & K.W. Hughes, Pseudohydropus
Vizzini & Consiglio, Trogia Fr. and Vizzinia Sev&ikova & Kolafik (Antonin et al.
2019; Vizzini et al. 2019, 2022; Matheny et al. 2020; Senanayake et al. 2023).
Most taxa, except for Porotheleum, are well characterised, based on the follow-
ing features: a saprophytic habit; omphalinoid, collybioid, to clitocyboid basidi-
omata; partly to entirely pigmented pileus; adnexed, subdecurrent, to decurrent
lamellae; smooth, thin-walled basidiospores; and the frequent presence of sar-
codimitic tramal tissues (Singer 1951, 1982; Redhead 1987; Norvell et al. 1994;
Hughes et al. 2007; Kumar and Manimohan 2009; Yang et al. 2012; Vizzini et al.
2019; Consiglio et al. 2022; Senanayake et al. 2023). Species of Porotheleaceae
are widespread in subtropical to tropical regions and tend to be lower diversity
in temperate zones (Singer 1951, 1970; Norvell et al. 1994; Antonin and Noor-
deloos 2004; Hughes et al. 2007; Antonin et al. 2019; Vizzini et al. 2019; Consi-
glio et al. 2022; Na et al. 2022a; Senanayake et al. 2023). Six new genera have
recently been recognised: Chrysomycena, Hydropodia, Marasmiellomycena, Pul-
verulina, Pseudohydropus and Vizzinia (Vizzini et al. 2019; Matheny et al. 2020;
Consiglio et al. 2022; Senanayake et al. 2023). These newly-described genera
have been found in diverse regions, predominantly in Europe and North Ameri-
ca, with some findings in Oceania, Africa and Asia, but the distribution reflects
the broad yet unequal exploration of this family’s species, only one species is
from Japan, in Asia and none from China (Cooper 2014; Vizzini et al. 2019; Vil-
larreal et al. 2021; Consiglio et al. 2022; Kasuya et al. 2023; Senanayake et al.
2023). While Index Fungorum (http://www.indexfungorum.org/Names/Names.
asp 2023.3.16) records 670 Porotheleaceae species, only seven species are
documented from China, indicating a disparity in mycological research within
the region (Liu 1995; Yang et al. 2012; Liu et al. 2019; Na et al. 2022a).

A comprehensive phylogenetic analysis of Porotheleaceae has not been per-
formed because few sequences are available. Prior to 2012, the family was in-
formally cited in literature as the ‘hydropoid’ clade within the ‘marasmioid’ clade
(Moncalvo et al. 2002; Matheny et al. 2006; Antonin et al. 2019). Many authors
have since suggested that members of the hydropoid clade should be placed
in the phylogenetically defined Porotheleaceae clade (Henrici 2012; Redhead
2013; Cooper 2016; Vizzini et al. 2019, 2022; Kalichman et al. 2020; Matheny et
al. 2020; Senanayake et al. 2023). According to a study based on the large sub-
unit of nuclear ribosomal DNA (nrLSU) sequences (Moncalvo et al. 2002), eight
species in five genera (Clitocybula, Gerronema, Hydropus, Megacollybia and
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Porotheleum) constitute this hydropoid (/hydropoid) clade. The results of that
study also support the placement of Megacollybia and Clitocybula as close rela-
tives of Hydropus. Moncalvo et al. (2002) also proposed that Gerronema sensu
Singer (1986) was polyphyletic (Lutzoni 1997; Moncalvo et al. 2000), whereas
this genus as delineated by Norvell et al. (1994) was monophyletic. However,
the type species of Gerronema was not included in the molecular phylogeny of
Moncalvo et al. (2002). The delimitation of Gerronema by Norvell et al. (1994)
was based solely on morphology in comparison to an epitype, with emphasis
on the presence of sarcodimitic tissue. The hydropoid clade configuration de-
fined by Moncalvo et al. (2002) based on ribosomal LSU is also presented in
Bodensteiner et al. (2004). In a multigenic analysis (18S, 5.8S, 25S, rpb1 and
rpb2) performed by Matheny et al. (2006), the hydropoid clade included Clitocy-
bula atrialba (Murrill) Singer [currently Gerronema atrialbum (Murrill) Borovicka
& Kolarik], Clitocybula oculus (Peck) Singer, Henningsomyces candidus (Pers.)
Kuntze, Hydnopolyporus fimbriatus (Cooke) DA Reid (currently Irpex rosettiform-
is C.C. Chen & Sheng H. Wu), Hydropus marginellus (Pers.) Singer, Hydropus
cf. scabripes (Murrill) Singer [currently Mycopan scabripes (Murrill) Redhead,
Moncalvo & Vilgalys], Megacollybia platyphylla (Pers.) Kotl. & Pouzar and sev-
eral species formerly placed in Mycena (Pers.) Roussel [i.e. Mycena auricoma
Har. Takah. (currently Leucoinocybe auricoma (Har. Takah.) Matheny), Mycena
amabilissima (Peck) Sacc. (currently Atheniella amabilissima (Peck) Redhead,
Moncalvo, Vilgalys, Desjardin & B.A. Perry) and Mycena aurantiidisca (Murrill)
Murrill (currently Atheniella aurantiidisca (Murrill) Redhead, Moncalvo, Vilgalys,
Desjardin & B.A. Perry)]. Henrici (2012) combined Megacollybia, Clitocybula and
Hydropus, along with other genera, into the family Porotheleaceae, comprising
a total of 19 genera. Redhead (2012, 2013) expanded the ‘hydropoid’ clade by
introducing Atheniella Redhead, Moncalvo, Vilgalys, Desjardin & B.A. Perry and
established the genus Phloeomana Redhead within the family Porotheleace-
ae. Cooper (2016) also believes that Porotheleum should belong to the Poro-
theleaceae family, despite the possibility of misidentification in the sequenced
material of Porotheleum fimbriatum (generic type). Finally, Antonin et al. (2019)
introduced the new genera Leucoinocybe and Lignomphalia, which were sepa-
rated from Clitocybula. However, it should be noted that Singer (1943) originally
proposed Leucoinocybe as a provisional name, rendering the use by Antonin
et al. (2019) as a validation rather than the establishment of a completely new
genus. In an analysis by Vizzini et al. (2019), Porotheleaceae was statistically
well supported (MLB = 100%) when only Hydropus, Clitocybula, Leucoinocybe,
Megacollybia, Porotheleum, Trogia and some species of Gerronema were in-
cluded. In addition, Chrysomycena formed a distinct monophyletic lineage cor-
responding to a separate genus, sister to a clade formed by Megacollybia, Tro-
gia and some species of Gerronema (Vizzini et al. 2019). Matheny et al. (2020)
performed a phylogenetic analysis of a combined ITS-28S dataset of 73 taxa
and found that Delicatula and Pulverulina (representing a new genus) are mem-
bers of Porotheleaceae sensu Vizzini et al. (2019); this was in agreement with
the concept of Porotheleaceae s.I. of Kalichman et al. (2020), which com-
prises Porotheleaceae sensu Vizzini et al. (2019), Actiniceps Berk. & Broome,
Atheniella, Calyptella Quél., Chaetotyphula Corner, Hemimycena Singer, Ligno-
mphalia, Phloeomana and Scytinotus P. Karst. Vizzini et al. (2022) considered
the family Porotheleaceae to be equivalent to Porotheleaceae sensu Vizzini et
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al. (2019) and included the other taxa in Porotheleaceae s.I. Kalichman et al.
(2020) in Cyphellaceae Burnett, a sister family to Porotheleaceae. Senanayake
et al. (2023) agree with the concept and composition of Porotheleaceae as de-
fined by Vizzini et al. (2019, 2022) and proposed two new genera of the family,
Marasmiellomycena and Vizzinia. Finally, Hydropus subalpinus (H6hn.) Singer,
which was not aggregated into clade Hydropus with high statistical support,
was recently treated as Hydropodia subalpina (Hohn.) Vizzini, Consiglio & M.
Marchetti by Consiglio et al. (2022). In the same study, Pseudohydropus Vizzini
& Consiglio was established, with Pseudohydropus floccipes (Fr.) Vizzini & Con-
siglio designated as the type species, comprising a total of four species.

Seventeen species belonging to seven genera of Porotheleaceae, namely,
one species of Clitocybula (Singer) Singer ex Métrod, one species of Delicatula,
seven species of Gerronema, four species of Hydropus, one species of Leu-
coinocybe, two species of Megacollybia and one species of Trogia, have been
recognised in China as of 2023 (Liu 1995; Dai et al. 2010; Yang et al. 2012; Liu
etal. 2019; Wang et al. 2021; Na et al. 2022a). Progress has recently been made
in clarifying the status of mycenoid and omphalinoid fungi in China, including
the discovery of four new taxa from Anhui, Fujian and Zhejiang Provinces: Ger-
ronema baishanzuense Q. Na, H. Zeng & Y.P. Ge; G. microcarpum Q. Na, H. Zeng
& Y.P. Ge; G. zhujian Q. Na, H. Zeng & Y.P. Ge; and Leucoinocybe lishuiensis Q.
Na, H. Zeng & Y.P. Ge (Na et al. 2021, 2022a). As part of our ongoing research
on omphalinoid fungi, we uncovered the first occurrence of two newly-record-
ed genera, Marasmiellomycena and Pulverulina, including two new species and
we incorporated one species from Porotheleum into Marasmiellomycena. We
also discovered three new species belonging to Clitocybula, Gerronema and
Leucoinocybe in temperate and subtropical China. We accordingly present a
morphological description of the new species and provide an identification key
to the 22 species of Porotheleaceae currently known from China.

Materials and methods
Specimens and morphology

Macroscopic descriptions were based on the study of fresh specimens, whereas
micromorphological descriptions relied on dried materials. In our descriptions,
colour abbreviations follow the colour standards and colour nomenclature of
Ridgway (1912). Microscopic observations were made on dried specimens
mounted in 5% potassium hydroxide (KOH) and stained with Congo red when
necessary. The prepared specimens were observed under a Lab A1 microscope
(Carl Zeiss AG, Jena, Germany) and photographed and recorded using ZEN 2.3
software (Carl Zeiss AG). Melzer’s reagent was used to test whether spores and
tissues were amyloid (Horak 2005). Twenty mature basidiospores from each
basidiomata (two basidiomata per holotype) were measured in side view. Sizes
of basidiospores were recorded, with the notation [a/b/c] used at the beginning
of each entry in the description to indicate a basidiospores from b basidiomata
of ¢ specimens were measured. Measured sizes (including Q values) are given
in the description as (d)e—f—g(h) x (i)j—k—I(m), where d is the smallest length,
e—g represents the range of at least 90% of values, f is the average length and
h is the largest value; width (i-m) is expressed in the same way. In addition,
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Q stands for the length-width ratio of a spore and Q + av is the average Q of all
basidiospores + the sample standard deviation (Ge et al. 2021; Liu et al. 2021,
2022; Na et al. 2021, 20223, 2022b). Hyphae of the pileipellis and stipitipellis
and a total of 20 basidia, cheilocystidia and caulocystidia were measured from
each collection. The examined collections have been deposited in the fungari-
um of the Fujian Academy of Agricultural Sciences (FFAAS), China. Author ab-
breviations follow Index Fungorum (http://www.indexfungorum.org).

DNA extraction, polymerase chain reaction (PCR) amplification and
sequencing

Genomic DNAs of the putative new species were extracted from dried mate-
rials using a NuClean PlantGen DNA kit (Kangwei Century Biotechnology Co.,
Beijing, China). Gene regions were amplified using the following primer pairs:
ITS1/ITS4 (White et al. 1990) for 5.8S and internal transcribed spacer ITS1 and
ITS2 regions (ITS), LROR/LR7 (Hopple and Vilgalys 1999) for the large subunit
of nuclear ribosomal DNA (nrLSU) and bRPB2-6f/bRPB2-7.1R (Matheny 2005)
for the second largest subunit of RNA polymerase Il (rpb2). Amplifications were
performed in 25 pl reaction mixtures consisting of 9.5 ul ddH,0, 12.5 ul 2x UTaq
PCR Master Mix (Zoman Biotechnology Co., Beijing, China), 1 pl of each primer
(10 mM) and 1 pl DNA template. PCR amplification of the ITS region used the
following protocol: initial denaturation at 95 °C for 4 min, followed by 34 cycles
of 94 °C for 45 s, 52 °C for 45 s and 72 °C for 1 min and a final extension at 72
°C for 10 min. Cycling conditions used for amplification of the nrLSU were as
follows: initial denaturation at 93 °C for 2 min, followed by 20 cycles of 93 °C
for 1 min, 50 °C for 1 min and 72 °C for 1 min and a final extension at 72 °C for
10 min. The PCR protocol for rpb2 amplification was as follows: initial denatur-
ation at 93 °C for 2 min, 20 cycles of 93 °C for 1 min, 50 °C for 1 min and 72 °C
for 1 min, 20 cycles of 93 °C for 1 min, 53 °C for 1 min and 72 °C for 1 min and a
final extension at 72 °C for 10 min. The PCR products were subjected to Sanger
dideoxy sequencing at the Beijing Genomics Institute (Beijing, China).

Phylogenetic analysis

For phylogenetic analysis, we constructed a concatenated dataset of 168 ITS,
87 nrLSU and 14 rpb2 sequences from 58 taxa of 14 genera of Porotheleace-
ae. In addition, six sequences (three ITS and three nrLSU) of Mycena purpureo-
fusca (Peck) Sacc. were included as outgroups according to the results of Na
et al. (2022a). Sequences retrieved from GenBank and those obtained in this
study are listed in Table 1. Alignments were performed in Mafft 7.376 (Katoh
and Standley 2013). Sequence editing and necessary adjustments were carried
out in BioEdit 7.0.4.1 and Clustal X 1.81 (Thompson et al. 1997; Hall 1999).
Bayesian Inference (BlI) and Maximum Likelihood (ML) bootstrap analyses
were performed using the best-fit substitution models identified in ModelTest
3.7 (Posada and Crandall 1998). The Bl analysis was carried out in MrBayes
3.2.6 (Ronquist and Huelsenbeck 2003). Runs of 1,000,000 generations, with
trees sampled every 100" generation, were initiated for eight heated and one
cold Markov chain(s). Analyses were automatically terminated when the aver-
age standard deviation of split frequencies reached a value below 0.01 and the
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Table 1. Specimens used in phylogenetic analysis, with geographic origin and GenBank accession numbers.
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22
23
24
25
26
27
28
29
30
31
32
33

34

35
36
37
38
39
40
M
42
43
44
45

Taxa

Chrysomycena perplexa
Clitocybula albida
Clitocybula albida
Clitocybula abundans
Clitocybula familia
Clitocybula familia
Clitocybula familia
Clitocybula familia
Clitocybula familia
Clitocybula fuscostriata
Clitocybula fuscostriata
Clitocybula fuscostriata

Clitocybula lacerata

Clitocybula lacerata

Clitocybula lacerata

Clitocybula lacerata
Clitocybula lacerata
Clitocybula oculus
Clitocybula oculus

Clitocybula oculus

Clitocybula oculus

Clitocybula oculus
Clitocybula oculus
Delicatula integrella
Delicatula integrella
Delicatula integrella
Gerronema baishanzuense
Gerronema baishanzuense
Gerronema baishanzuense
Gerronema baishanzuense
Gerronema baishanzuense
Gerronema baishanzuense

Gerronema
brunneosquamulosum

Gerronema
brunneosquamulosum

Gerronema indigoticum
Gerronema indigoticum
Gerronema indigoticum
Gerronema keralense
Gerronema keralense
Gerronema kuruvense
Gerronema kuruvense
Gerronema kuruvense
Gerronema microcarpum
Gerronema microcarpum

Gerronema microcarpum

Voucher

MCVE:30184 TYPE
CUH AM064
CUH AMO065
STU:SMNS-B-FU-2017/00898
2319-QFB-25741
PRM 921866
BRNM 736053
STU:SMNS-B-FU-2017/00926
NAMA 2017-349
FFAAS1029
FFAAS1030 Holotype
FFAAS1031
LE 6639

LE 262744
LE 262743

PRM 915404
WU 19575
3512
WU 20008

S.D. Russell iNaturalist
#8606755

S.D. Russell iNaturalist
#8591258

BIOUG24046-B03
AFTOL-ID 1554
KA12-1305
S.D. Russell MycoMap # 6067
G0060
FFAAS0359 Holotype
FFAAS0360
FFAAS0361
FFAAS0362
FFAAS0363
FFAAS0366
FFAAS1032 Holotype

FFAAS1033

HMJAU 47636
HMJAU 47942
HMJAU 47943

2
BKF10263
CAL 1665
BKF10266
DCY3362(HGASMF01-15010)
FFAAS0365
FFAAS0371
FFAAS0372
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Locality

Italy
India
India
Germany
Canada
Czech Republic
Slovakia
Germany
USA
China
China
China

Russia

Russia

Russia

Czech Republic
Austria
Canada
Canada

India

India

Canada
USA
Korea
USA
USA
China
China
China
China
China
China
China

China

China
China
China
India
Thailand
India
Thailand
Chian
China
China
China

ITS LSU
Sequence ID Sequence ID  Sequence ID
NR172974 | NG071251
MG250188 -
MG250189 -
MF627833 -
KM406970 -
JF730327 | JF730320
JF730328 | JF730323
MF627834 -
MH979253 -
OR238881 A OR238893
OR238882 | OR238894
OR238883 | OR238895
HM191746 -
HM191747 -
HM191748 -
LT854054 LT854030
LT854053 | LT854031
KM406971 -
LT854017 | LT854017
MN906165 -
MN906164 -
KT695321 -
DQ192178 | DQ192178
KR673538 -
MN906231 -

- MK277924
0L985962 | 0L985984
0L985963 -
0L985964 | 0L985985
0L985965 | 0L985986
0L985966 | 0L985987
0L985967 | 0L985988
OR238884 | OR238896
OR238885 | OR238897
MK693727 | MK693732
MK693728 | MK693733
MK693729 | MK693734
MH156555 | NG_064531
MZ452107 | MZ452144
NG_159831 | NG_064530
MZ452090 | MZ452669
MZ951144 -

- 0L985989
0L985968 | 0L985990
0L985969 | 0L985991

rpb2

OR258374
OR258375
OR258376

OR258377

OR258378

Reference

Vizzini et al. (2019)
Dutta et al. (2018)
Dutta et al. (2018)

Unpublished
Unpublished
Antonin et al. (2011)
Antonin et al. (2011)
Unpublished
Unpublished
This study
This study
This study

Malysheva and
Morozova (2011)

Malysheva and
Morozova (2011)

Malysheva and
Morozova (2011)

Antonin et al. (2019)
Antonin et al. (2019)
Unpublished
Antonin et al. (2019)
Unpublished

Unpublished

Telfer et al. (2015)
Matheny et al. (2006)
Kim et al. (2015)
Unpublished
Varga et al. (2019)
Na et al. (2022a)
Na et al. (2022a)
Na et al. (2022a)
Na et al. (2022a)
Na et al. (2022a)
Na et al. (2022a)
This study

This study

Liu et al. (2019)

Liu et al. (2019)

Liu et al. (2019)
Latha et al. (2018)
Direct Submission
Latha et al. (2018)
Direct Submission
Direct Submission
Na et al. (2022a)
Na et al. (2022a)
Na et al. (2022a)
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http://www.ncbi.nlm.nih.gov/nuccore/HM191748
http://www.ncbi.nlm.nih.gov/nuccore/LT854054
http://www.ncbi.nlm.nih.gov/nuccore/LT854030
http://www.ncbi.nlm.nih.gov/nuccore/LT854053
http://www.ncbi.nlm.nih.gov/nuccore/LT854031
http://www.ncbi.nlm.nih.gov/nuccore/KM406971
http://www.ncbi.nlm.nih.gov/nuccore/LT854017
http://www.ncbi.nlm.nih.gov/nuccore/LT854017
http://www.ncbi.nlm.nih.gov/nuccore/MN906165
http://www.ncbi.nlm.nih.gov/nuccore/MN906164
http://www.ncbi.nlm.nih.gov/nuccore/KT695321
http://www.ncbi.nlm.nih.gov/nuccore/DQ192178
http://www.ncbi.nlm.nih.gov/nuccore/DQ192178
http://www.ncbi.nlm.nih.gov/nuccore/KR673538
http://www.ncbi.nlm.nih.gov/nuccore/MN906231
http://www.ncbi.nlm.nih.gov/nuccore/MK277924
http://www.ncbi.nlm.nih.gov/nuccore/OL985962
http://www.ncbi.nlm.nih.gov/nuccore/OL985984
http://www.ncbi.nlm.nih.gov/nuccore/OL985963
http://www.ncbi.nlm.nih.gov/nuccore/OL985964
http://www.ncbi.nlm.nih.gov/nuccore/OL985985
http://www.ncbi.nlm.nih.gov/nuccore/OL985965
http://www.ncbi.nlm.nih.gov/nuccore/OL985986
http://www.ncbi.nlm.nih.gov/nuccore/OL985966
http://www.ncbi.nlm.nih.gov/nuccore/OL985987
http://www.ncbi.nlm.nih.gov/nuccore/OL985967
http://www.ncbi.nlm.nih.gov/nuccore/OL985988
http://www.ncbi.nlm.nih.gov/nuccore/OR238884
http://www.ncbi.nlm.nih.gov/nuccore/OR238896
http://www.ncbi.nlm.nih.gov/nuccore/OR258377
http://www.ncbi.nlm.nih.gov/nuccore/OR238885
http://www.ncbi.nlm.nih.gov/nuccore/OR238897
http://www.ncbi.nlm.nih.gov/nuccore/OR258378
http://www.ncbi.nlm.nih.gov/nuccore/MK693727
http://www.ncbi.nlm.nih.gov/nuccore/MK693732
http://www.ncbi.nlm.nih.gov/nuccore/MK693728
http://www.ncbi.nlm.nih.gov/nuccore/MK693733
http://www.ncbi.nlm.nih.gov/nuccore/MK693729
http://www.ncbi.nlm.nih.gov/nuccore/MK693734
http://www.ncbi.nlm.nih.gov/nuccore/MH156555
http://www.ncbi.nlm.nih.gov/nuccore/NG_064531
http://www.ncbi.nlm.nih.gov/nuccore/MZ452107
http://www.ncbi.nlm.nih.gov/nuccore/MZ452144
http://www.ncbi.nlm.nih.gov/nuccore/NG_159831
http://www.ncbi.nlm.nih.gov/nuccore/NG_064530
http://www.ncbi.nlm.nih.gov/nuccore/MZ452090
http://www.ncbi.nlm.nih.gov/nuccore/MZ452669
http://www.ncbi.nlm.nih.gov/nuccore/MZ951144
http://www.ncbi.nlm.nih.gov/nuccore/OL985989
http://www.ncbi.nlm.nih.gov/nuccore/OL985968
http://www.ncbi.nlm.nih.gov/nuccore/OL985990
http://www.ncbi.nlm.nih.gov/nuccore/OL985969
http://www.ncbi.nlm.nih.gov/nuccore/OL985991
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No.

46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
7
72
73
74
75
76
77

78

79

80

81

82

83

84
85

86
87
88
89
90
91

Taxa

Gerronema microcarpum
Gerronema microcarpum
Gerronema microcarpum
Gerronema nemorale
Gerronema nemorale
Gerronema nemorale
Gerronema nemorale
Gerronema nemorale
Gerronema nemorale
Gerronema strombodes
Gerronema strombodes
Gerronema strombodes
Gerronema strombodes
Gerronema strombodes
Gerronema strombodes
Gerronema strombodes
Gerronema strombodes
Gerronema strombodes
Gerronema subclavatum
Gerronema subclavatum
Gerronema subclavatum
Gerronema subclavatum
Gerronema subclavatum
Gerronema subclavatum
Gerronema subclavatum
Gerronema waikanaense

Gerronema wildpretii

Gerronema xanthophyllum

Gerronema zhujian
Gerronema zhujian
Gerronema zhujian

Hydropodia subalpina
(=Hydropus subalpinus)

Hydropodia subalpina
(=Hydropus subalpinus)

Hydropodia subalpina
(=Hydropus subalpinus)

Hydropodia subalpina
(=Hydropus subalpinus)

Hydropodia subalpina
(=Hydropus subalpinus)

Hydropodia subalpina
(=Hydropus subalpinus)

Hydropodia subalpina
(=Hydropus subalpinus)

Hydropus atramentosus

Hydropus fuliginarius

Hydropus fuliginarius
Hydropus marginellus
Hydropus marginellus
Hydropus rugosodiscus
Hydropus rugosodiscus

Hydropus rugosodiscus

Voucher

FFAAS0373 Holotype
FFAAS0374
FFAAS0375
KACC 43599
KACC 43600
not indicated

FA249
FA236
FA239
DJLO5NC72
TFB12519/TENN60718
TFB12783/TENN61350
TFB11947 clone C2
TFB11947 clone C3
TFB11947 clone C5
TFB14234
TFB14514
TFB11947
Redhead 5175, DAOM
FLAS-F-60986
FLAS-F-61518
Smith-2018
Mushroom Observer # 243440
iNaturalist # 8545787
S.D. Russell MycoMap # 6854
PDD:87667
BRNM 788347
PRM 924657
FFAAS0364
FFAAS0370
FFAAS0376 Holotype
STU:SMNS-STU-F-0900123

Montri-291

Montri-312

Montri-323

OKA-TR-K364

OKA-TR-K380

OKA-TR-B400

918

S.D. Russell ONT iNaturalist #
130794969

DAOM196062
AFTOL-ID 1720
0SC 112834
MGW1257
PBM4022

Taxon 10

MycoKeys 105: 49-95 (2024), DOI: 10.3897/mycokeys.105.118826

Locality

China
China
China
Korea
Korea
Korea
Pakistan
Pakistan
Pakistan
USA
USA
USA
USA
USA
USA
USA
USA
USA
not indicated
USA
USA
USA
USA
India
India
New Zealand
Madeira
Czech Republic
China
China
China

Germany

not indicated

not indicated

not indicated

Turkey

Turkey

Turkey

Italy
USA

USA

not indicated
USA
USA
USA

not indicated

ITS

LsuU

rpb2

Sequence ID Sequence ID | Sequence ID

0L985970
0L985971
0L985972
EU883592
EU883593
EU883594
MN744686
MN744687
MN744688
EU623639
EU623640
EU623641
KY242503
KY242504
KY242506
KY242507
KY242509
KY271083
U66434
MH016932
MH211945
MK573888
MK607510
MN906021
MN906138
JQ694117
LT854045
LT854023
0L985973
0L985974
0L985975
MF039248

MK028414

MK028415

MK028416

MN701620

MN701621

MN701622

JF908050
0P643427

DQ490627

EU669314

KY777386

KY777390
MW399385

0L985992

0L985993

LT854043
LT854023
0L985994
0L985995
0L985996

MN700170

MN700171

MN700172

AF261368
DQ457674
EU852808

DQ472722

Reference

Na et al. (2022a)

Na et al. (2022a)

Na et al. (2022a)
Unpublished
Unpublished
Unpublished

Aqdus and Khalid (2021)
Aqdus and Khalid (2021)
Aqdus and Khalid (2021)
Hughes et al. (2007)
2007)
2007)
2007)
2007)
2007)
Hughes et al. (2007)
Hughes et al. (2007)
from GenBank
Lutzoni (1997)

from GenBank

Hughes et al.
Hughes et al.
Hughes et al.
Hughes et al.
Hughes et al.

~lAaAalala Sl

from GenBank
Direct Submission
Direct Submission
from GenBank
from GenBank
from GenBank
Antonin et al. (2019)
Antonin et al. (2019)
Na et al. (2022a)
Na et al. (2022a)
Na et al. (2022a)
Eberhardt et al. (2018)

Unpublished
Unpublished
Unpublished
Unpublished
Unpublished
Unpublished

Osmundson et al. (2013)
Unpublished

Moncalvo et al. (2002)
Matheny et al. (2006)
Unpublished
Unpublished
Unpublished
Unpublished
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http://www.ncbi.nlm.nih.gov/nuccore/OL985970
http://www.ncbi.nlm.nih.gov/nuccore/OL985992
http://www.ncbi.nlm.nih.gov/nuccore/OL985971
http://www.ncbi.nlm.nih.gov/nuccore/OL985972
http://www.ncbi.nlm.nih.gov/nuccore/OL985993
http://www.ncbi.nlm.nih.gov/nuccore/EU883592
http://www.ncbi.nlm.nih.gov/nuccore/EU883593
http://www.ncbi.nlm.nih.gov/nuccore/EU883594
http://www.ncbi.nlm.nih.gov/nuccore/MN744686
http://www.ncbi.nlm.nih.gov/nuccore/MN744687
http://www.ncbi.nlm.nih.gov/nuccore/MN744688
http://www.ncbi.nlm.nih.gov/nuccore/EU623639
http://www.ncbi.nlm.nih.gov/nuccore/EU623640
http://www.ncbi.nlm.nih.gov/nuccore/EU623641
http://www.ncbi.nlm.nih.gov/nuccore/KY242503
http://www.ncbi.nlm.nih.gov/nuccore/KY242504
http://www.ncbi.nlm.nih.gov/nuccore/KY242506
http://www.ncbi.nlm.nih.gov/nuccore/KY242507
http://www.ncbi.nlm.nih.gov/nuccore/KY242509
http://www.ncbi.nlm.nih.gov/nuccore/KY271083
http://www.ncbi.nlm.nih.gov/nuccore/U66434
http://www.ncbi.nlm.nih.gov/nuccore/MH016932
http://www.ncbi.nlm.nih.gov/nuccore/MH211945
http://www.ncbi.nlm.nih.gov/nuccore/MK573888
http://www.ncbi.nlm.nih.gov/nuccore/MK607510
http://www.ncbi.nlm.nih.gov/nuccore/MN906021
http://www.ncbi.nlm.nih.gov/nuccore/MN906138
http://www.ncbi.nlm.nih.gov/nuccore/JQ694117
http://www.ncbi.nlm.nih.gov/nuccore/LT854045
http://www.ncbi.nlm.nih.gov/nuccore/LT854043
http://www.ncbi.nlm.nih.gov/nuccore/LT854023
http://www.ncbi.nlm.nih.gov/nuccore/LT854023
http://www.ncbi.nlm.nih.gov/nuccore/OL985973
http://www.ncbi.nlm.nih.gov/nuccore/OL985994
http://www.ncbi.nlm.nih.gov/nuccore/OL985974
http://www.ncbi.nlm.nih.gov/nuccore/OL985995
http://www.ncbi.nlm.nih.gov/nuccore/OL985975
http://www.ncbi.nlm.nih.gov/nuccore/OL985996
http://www.ncbi.nlm.nih.gov/nuccore/MF039248
http://www.ncbi.nlm.nih.gov/nuccore/MK028414
http://www.ncbi.nlm.nih.gov/nuccore/MK028415
http://www.ncbi.nlm.nih.gov/nuccore/MK028416
http://www.ncbi.nlm.nih.gov/nuccore/MN701620
http://www.ncbi.nlm.nih.gov/nuccore/MN700170
http://www.ncbi.nlm.nih.gov/nuccore/MN701621
http://www.ncbi.nlm.nih.gov/nuccore/MN700171
http://www.ncbi.nlm.nih.gov/nuccore/MN701622
http://www.ncbi.nlm.nih.gov/nuccore/MN700172
http://www.ncbi.nlm.nih.gov/nuccore/JF908050
http://www.ncbi.nlm.nih.gov/nuccore/OP643427
http://www.ncbi.nlm.nih.gov/nuccore/AF261368
http://www.ncbi.nlm.nih.gov/nuccore/DQ490627
http://www.ncbi.nlm.nih.gov/nuccore/DQ457674
http://www.ncbi.nlm.nih.gov/nuccore/DQ472722
http://www.ncbi.nlm.nih.gov/nuccore/EU669314
http://www.ncbi.nlm.nih.gov/nuccore/EU852808
http://www.ncbi.nlm.nih.gov/nuccore/KY777386
http://www.ncbi.nlm.nih.gov/nuccore/KY777390
http://www.ncbi.nlm.nih.gov/nuccore/MW399385

Qin Na et al.: Five new species of Porotheleaceae (Agaricales, Basidiomycota) from China

No.

92

93

94
95
96
97
98

99

100

101
102
103
104
105
106
107
108
109
110
111

112

113

114

115

116

117

118

119

120
121
122
123
124
125
126
127
128
129
130

Taxa
Leucoinocybe auricoma
(=Mycena auricoma)

Leucoinocybe auricoma
(=Mycena auricoma)

Leucoinocybe danxiashanensis
Leucoinocybe danxiashanensis
Leucoinocybe danxiashanensis
Leucoinocybe danxiashanensis

Leucoinocybe flavoaurantia
Leucoinocybe flavoaurantia
Leucoinocybe flavoaurantia

Leucoinocybe lenta
Leucoinocybe lishuiensis
Leucoinocybe lishuiensis
Leucoinocybe lishuiensis
Leucoinocybe lishuiensis
Leucoinocybe sp.
Leucoinocybe subglobispora
Leucoinocybe subglobispora
Leucoinocybe sulcata
Leucoinocybe taniae

Marasmiellomycena
albodescendens

Marasmiellomycena
albodescendens

Marasmiellomycena
omphaliiforme
(=Porotheleum omphaliiforme)

Marasmiellomycena
omphaliiforme
(=Porotheleum omphaliiforme)

Marasmiellomycena
omphaliiforme
(=Porotheleum omphaliiforme)

Marasmiellomycena
omphaliiforme
(=Porotheleum omphaliiforme)

Marasmiellomycena
pseudoomphaliiformis

Marasmiellomycena
pseudoomphaliiformis

Marasmiellomycena
pseudoomphaliiformis

Marasmiellomycena tomentosa
Marasmiellomycena tomentosa
Marasmiellomycena tomentosa
Megacollybia clitocyboidea
Megacollybia clitocyboidea
Megacollybia clitocyboidea
Megacollybia clitocyboidea
Megacollybia fallax
Megacollybia fallax
Megacollybia fallax
Megacollybia fallax

Voucher

HKAS126433

AFTOL-ID 1341 (specimen_

voucher HKAS41510)
GDGM79543
GDGM80113
GDGM80114
GDGM80184
D

GDOR

LE 262757

BOZ (EPITYPE)
FFAAS 0111 (HOLOTYPE)
FFAAS 0112
FFAAS 0113
FFAAS 0115
KA12-0435
FFAAS1034 Holotype
FFAAS1035
CAL 1246 (HOLOTYPE)
BCN-SCM B-4064
PDD 96142

PDD 96321

WU 16775

LIP 0401689

AMB 18850

AMB 18845

BRNM:552721

BRNM:552654

BRNM:552658

FFAAS1036 Holotype
FFAAS1037
FFAAS1038

TFB11884/TENN60766
TENN62231

TENN62230 clone c4

TENN62230 clone c5
MICH 45002

TFB11561/TENN59447
DAOM208710

Mushroom Observer 291302

MycoKeys 105: 49-95 (2024), DOI: 10.3897/mycokeys.105.118826

Locality

China

China

China
China
China
China
Italy

Italy

Russia

Italy
China
China
China
China

South Korea
China
China
India

Italy

New Zealand

New Zealand

Italy

France

France

France

USA

USA

USA

China

China

China
USA
USA
USA
USA
USA
USA
USA
USA

ITS

0Q025169

DQ490647

MZ667475
MZ667476
MzZ667477
MZ667478
HM191743

HM191744

HM191745

MW424488
MW424489
MW424490
MW424491
KR673482
OR238886
OR238887
KR029720
LT854057
0L998341

01998343

OoM422777

0M422780

0M422781

0M422782

OR913562

OR913560

OR913561

OR238888
OR238889
OR238890
EU623658
EU623664
EU623673
EU623674
EU623714
EU623723
EU623724
MN176984

LsuU

MZ667479
MZ667480
MZ667481
MZ667482

LT854032
MW424492
MW424493
MW424494
MW424495
OR238898
OR238899

KR029721

LT854028
0L998380

01998382

0M423654

0M423655

0M423656

OR913566

OR913564

OR913565

OR238900
OR238901
OR238902

rpb2

Sequence ID Sequence ID | Sequence ID

OR258379
OR258380

OR258381
OR258382
OR258383

Reference

Direct Submission
Matheny et al. (2006)

Unpublished
Unpublished
Unpublished
Unpublished

Malysheva and
Morozova (2011)

Malysheva and
Morozova (2011)

Malysheva and
Morozova (2011)

Antonin et al. (2019)
Na et al. (2021)
Na et al. (2021)
Na et al. (2021)
Na et al. (2021)
Kim et al. (2015)

This study
This study
Latha et al. (2015)
Antonin et al. (2019)
Consiglio et al. (2022)

Consiglio et al. (2022)

Direct Submission
Direct Submission
Direct Submission
Direct Submission

Senanayake et al. (2023)
Senanayake et al. (2023)
Senanayake et al. (2023)

This study

This study

This study
Hughes et al. (2007)
Hughes et al. (2007)
Hughes et al. (2007)
Hughes et al. (2007)
Hughes et al. (2007)
Hughes et al. (2007)
Hughes et al. (2007)

Direct Submission
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http://www.ncbi.nlm.nih.gov/nuccore/OQ025169
http://www.ncbi.nlm.nih.gov/nuccore/DQ490647
http://www.ncbi.nlm.nih.gov/nuccore/MZ667475
http://www.ncbi.nlm.nih.gov/nuccore/MZ667479
http://www.ncbi.nlm.nih.gov/nuccore/MZ667476
http://www.ncbi.nlm.nih.gov/nuccore/MZ667480
http://www.ncbi.nlm.nih.gov/nuccore/MZ667477
http://www.ncbi.nlm.nih.gov/nuccore/MZ667481
http://www.ncbi.nlm.nih.gov/nuccore/MZ667478
http://www.ncbi.nlm.nih.gov/nuccore/MZ667482
http://www.ncbi.nlm.nih.gov/nuccore/HM191743
http://www.ncbi.nlm.nih.gov/nuccore/HM191744
http://www.ncbi.nlm.nih.gov/nuccore/HM191745
http://www.ncbi.nlm.nih.gov/nuccore/LT854032
http://www.ncbi.nlm.nih.gov/nuccore/MW424488
http://www.ncbi.nlm.nih.gov/nuccore/MW424492
http://www.ncbi.nlm.nih.gov/nuccore/MW424489
http://www.ncbi.nlm.nih.gov/nuccore/MW424493
http://www.ncbi.nlm.nih.gov/nuccore/MW424490
http://www.ncbi.nlm.nih.gov/nuccore/MW424494
http://www.ncbi.nlm.nih.gov/nuccore/MW424491
http://www.ncbi.nlm.nih.gov/nuccore/MW424495
http://www.ncbi.nlm.nih.gov/nuccore/KR673482
http://www.ncbi.nlm.nih.gov/nuccore/OR238886
http://www.ncbi.nlm.nih.gov/nuccore/OR238898
http://www.ncbi.nlm.nih.gov/nuccore/OR258379
http://www.ncbi.nlm.nih.gov/nuccore/OR238887
http://www.ncbi.nlm.nih.gov/nuccore/OR238899
http://www.ncbi.nlm.nih.gov/nuccore/OR258380
http://www.ncbi.nlm.nih.gov/nuccore/KR029720
http://www.ncbi.nlm.nih.gov/nuccore/KR029721
http://www.ncbi.nlm.nih.gov/nuccore/LT854057
http://www.ncbi.nlm.nih.gov/nuccore/LT854028
http://www.ncbi.nlm.nih.gov/nuccore/OL998341
http://www.ncbi.nlm.nih.gov/nuccore/OL998380
http://www.ncbi.nlm.nih.gov/nuccore/OL998343
http://www.ncbi.nlm.nih.gov/nuccore/OL998382
http://www.ncbi.nlm.nih.gov/nuccore/OM422777
http://www.ncbi.nlm.nih.gov/nuccore/OM423654
http://www.ncbi.nlm.nih.gov/nuccore/OM422780
http://www.ncbi.nlm.nih.gov/nuccore/OM423655
http://www.ncbi.nlm.nih.gov/nuccore/OM422781
http://www.ncbi.nlm.nih.gov/nuccore/OM423656
http://www.ncbi.nlm.nih.gov/nuccore/OM422782
http://www.ncbi.nlm.nih.gov/nuccore/OR913562
http://www.ncbi.nlm.nih.gov/nuccore/OR913566
http://www.ncbi.nlm.nih.gov/nuccore/OR913560
http://www.ncbi.nlm.nih.gov/nuccore/OR913564
http://www.ncbi.nlm.nih.gov/nuccore/OR913561
http://www.ncbi.nlm.nih.gov/nuccore/OR913565
http://www.ncbi.nlm.nih.gov/nuccore/OR238888
http://www.ncbi.nlm.nih.gov/nuccore/OR238900
http://www.ncbi.nlm.nih.gov/nuccore/OR258381
http://www.ncbi.nlm.nih.gov/nuccore/OR238889
http://www.ncbi.nlm.nih.gov/nuccore/OR238901
http://www.ncbi.nlm.nih.gov/nuccore/OR258382
http://www.ncbi.nlm.nih.gov/nuccore/OR238890
http://www.ncbi.nlm.nih.gov/nuccore/OR238902
http://www.ncbi.nlm.nih.gov/nuccore/OR258383
http://www.ncbi.nlm.nih.gov/nuccore/EU623658
http://www.ncbi.nlm.nih.gov/nuccore/EU623664
http://www.ncbi.nlm.nih.gov/nuccore/EU623673
http://www.ncbi.nlm.nih.gov/nuccore/EU623674
http://www.ncbi.nlm.nih.gov/nuccore/EU623714
http://www.ncbi.nlm.nih.gov/nuccore/EU623723
http://www.ncbi.nlm.nih.gov/nuccore/EU623724
http://www.ncbi.nlm.nih.gov/nuccore/MN176984
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No.

131
132
133
134
135
136
137
138
141
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164

165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183

184

Note:

Taxa

Megacollybia fallax
Megacollybia marginata
Megacollybia marginata
Megacollybia marginata
Megacollybia marginata
Megacollybia platyphylla
Megacollybia platyphylla
Megacollybia platyphylla
Megacollybia rodmani
Megacollybia rodmani
Megacollybia subfurfuracea
Megacollybia subfurfuracea
Megacollybia texensis
Megacollybia texensis
Megacollybia texensis
Mycena purpureofusca
Mycena purpureofusca
Mycena purpureofusca
Porotheleum fimbriatum
Porotheleum fimbriatum
Porotheleum fimbriatum
Porotheleum fimbriatum
Porotheleum fimbriatum
Porotheleum fimbriatum

Porotheleum parvulum

Pseudohydropus floccipes
Pseudohydropus floccipes
Pseudohydropus floccipes
Pseudohydropus globosporus
Pseudohydropus sp
Pulverulina flavoalba
Pulverulina flavoalba
Pulverulina ulmicola
Pulverulina ulmicola
Pulverulina ulmicola
Trogia benghalensis
Trogia benghalensis
Trogia infundibuliformis
Trogia infundibuliformis
Trogia venenata

Trogia venenata

Trogia venenata

Trogia venenata

Vizzinia domingensis
(=Porotheleum domingense)
Vizzinia nigripes
(=Porotheleum nigripes)

Voucher

Mushroom Observer 286893
PRM 860926
PRM 859785
HR 91642
HR 91607
AFTOL-ID 560
BRNM 737654
BRNM 766972
BHS2009-06
PUL F27039

TFB11075/TENN59558 clone c3
TFB11075/TENN59558 clone c8

DPL7405/TENN62058 clone c1
DPL7405/TENN62058 clone c2
FLAS-F-61511
HMJAU 43554
HMJAU 43624
HMJAU 43640
Dai 12276
Dai 12289
CLZhao 1120
CLZhao 2368
SWFC 006350
SWFC 006399
JBSD131802 Type

AMB 18768
BRNM 825631
BRNM 751633
BAP 661 (Holotype, SFSU)
MushroomObserver490861
FFAAS1039 Holotype
FFAAS1040
TENN 029208 Holotype
TFB13871
KUBOT-KRMK-2020-13
CUH AMO031
CUH AM122
KUN_HKAS63661
KUN_HKAS56709
KUN_HKAS54710
KUN_HKAS56679
TC2-28
MHHNU 8750
JBSD131801a

JBSD131803

Newly-generated sequences are in bold.
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JQ031780
JQ031781
JQ031778
JQ031779

0M423646

0M423648

rpb2

DQ385887

OR258384
OR258385

Reference

Direct Submission
Antonin et al. (2019)
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Consiglio et al. (2022)
Consiglio et al. (2022)
Cooper et al. (2019)
Direct Submission
This study
This study
Matheny et al. (2020)
Matheny et al. (2020)
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Dutta et al. (2017)
Dutta et al. (2017)
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first 25% of trees were discarded as burn-in (Ronquist and Huelsenbeck 2003).
The ML analysis was performed in RAXML GUI 2.0 using a rapid bootstrapping
algorithm involving 1,000 replicates (Edler et al. 2021). The aligned datasets
for Bayesian and ML analyses have been deposited in TreeBASE (submission
ID 31062; study accession URL: http://purl.org/phylo/treebase/phylows/study/
TB2:S31062). Phylogenetic trees were displayed using FigTree v.1.4.3.

Results
Phylogenetic analysis

A data matrix was created for 59 taxa, including 58 taxa of Porotheleaceae
and, as an outgroup, one taxon of Mycena. Including gaps, the aligned dataset
comprised 2,274 nucleotide sites: 974 for ITS, 610 for nrLSU and 690 for rpb2
exons (all sites without introns). For the ML analysis, the best-fit substitution
models selected for ITS, nrLSU and rpb2-exon partitions in the concatenated
dataset were TPM2uf+|+G4, GTR +1+G4 and TIM2+1+G4, respectively. For the Bl
analysis, the best-fit substitution model selected for each of the three DNA re-
gions (ITS, nrLSU and rbp2 exons) was GTR+I+G. Phylogenetic reconstructions,
based on Bl and ML methods, yielded similar topologies. The Bl topology was,
therefore, selected as a representative phylogeny (Fig. 1).

In the tree shown in Fig. 1, 21 major well-supported clades are evident: Chry-
somycena, Clitocybula, Delicatula, Hydropodia, Hydropus, Leucoinocybe, Maras-
miellomycena, Megacollybia, Pulverulina, Pseudohydropus, Trogia and Vizzinia,
all of which form monophyletic groups at the generic level. However, within
Porotheleum, two species, totalling three specimens, form two unassigned
clades. In addition, Marasmiellomycena, forms a well-supported (MLB = 81%;
BPP = 0.90) independent clade comprising four species distinct from Vizzinia
and the unassigned Porotheleum. In the phylogenetic tree, Chrysomycena, Ger-
ronema, Hydropus, Leucoinocybe, Megacollybia, Trogia and five taxa of Clitocy-
bula cluster together with high statistical support (MLB = 96%; BPP = 1.00), but
one sequence of Delicatula appears outside this large clade in the Maximum
Likelihood analysis. The variation in the phylogenetic analysis outcomes for
Delicatula specimens can be ascribed to inconsistent sequence coverage. Of
the three Delicatula specimens evaluated, two only contained ITS sequences
clustered together into a clade (MLB = 99%; BPP = 0.68), suggesting some de-
gree of relatedness. In contrast, the remaining specimen, which only included
an LSU sequence, was placed differently across the analyses. Such disparities
in sequence coverage are likely to be responsible for the observed discrepan-
cies between different computational algorithms used in the phylogenetic re-
constructions. Hydropodia and Pulverulinaform a large, poorly supported clade.
Moreover, Hydropus (MLB = 100%; BPP = 1.00), Leucoinocybe (MLB = 99%; BPP
=1.00) and Clitocybula (MLB = 82%; BPP = 1.00) are strongly supported as dis-
tinct genera and collectively constitute a distinct clade separate from all other
clades. However, Gerronema is polyphyletic (Gerronema 1 to Gerronema 6), with
each individual Gerronema clade sister to Megacollybia or Trogia. Finally, Chry-
somycena and Hydropodia comprise a single species each.

In the phylogenetic tree, samples of the new species and new combination
are placed in Marasmiellomycena, where they constitute monophyletic lineag-
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es, each with high statistical support (M. albodescendens: MLB = 93%, BPP =
1.00; M. tomentosa: MLB = 100%, BPP = 1.00). The four other new species are
strongly supported as members of Gerronema 3, Pulverulina, Leucoinocybe and
Clitocybula clades (C. fuscostriata: MLB = 92%, BPP = 1.00; G. brunneosqua-
mulosum: MLB = 100%, BPP = 1.00; L. subglobispora: MLB = 100%, BPP = 1.00;
and Pulverulina flavoalba: MLB = 100%, BPP = 1.00). Marasmiellomycena to-
mentosa is closely related to a clade containing two species and a new com-
bination, M. albodescendens, M. omphaliiforme and M. pseudoomphaliiformis.
Pulverulina flavoalba sp. nov. is grouped with high statistical support (MLB =
100%; BPP = 1.00) with three sequences of Pulverulina ulmicola (H.E. Bigelow)
Matheny & K.W. Hughes from India and the USA (including holotype voucher no.
TENN 029208). Within the Leucoinocybe clade, L. subglobispora constitutes a
monophyletic lineage that is most closely related to Leucoinocybe lishuiensis,
a new species recently described from China (Na et al. 2021). Clitocybula fus-
costriatais placed along with C. lacerata (Scop.) Métrod in an unresolved lineage
that is treated as C. lacerata agg. by Antonin et al. (2019) and in our studies.

Clitocybula albida A.K. Dutta, K. Acharya & Antonin, reported from India as
a new species, was transferred to Porotheleum [as Porotheleum albidum (A.K.
Dutta, K. Acharya & Antonin) Vizzini & Consiglio] and Porotheleum parvulum
Angelini, Vizzini, Consiglio & M. Marchetti as a new species from the Dominican
Republic (Dutta et al. 2018; Consiglio et al. 2022). The phylogenetic status of
Clitocybula albida is currently unclear and treated as unassigned clades in the
study of Senanayake et al. (2023). On the other hand, Porotheleum parvulum is
known to cluster with Marasmiellomycena and Vizzinia, forming a clade. Within
this clade, Porotheleum parvulum is specifically determined to be a sister group
to Marasmiellomycena. In the research conducted by Senanayake et al. (2023),
Pseudohydropus and Pulverulina were identified as forming a monophyletic
group. Contrastingly, in our phylogenetic tree, Pseudohydropus emerges as an
independent lineage, receiving robust support (MLB =100%; BPP = 1.00) and
not aligning as a sister group with any other genera. The observed differences
might stem from variances in sequence coverage and the evolutionary rates of
the genes. While Senanayake et al. (2023) utilised ITS and LSU sequences for
their phylogenetic construction, our study encompassed ITS, LSU and RPB2 in
the combined phylogenetic analysis. (Fig. 1).

Taxonomy

Clitocybula fuscostriata Q.Na & Y.P.Ge, sp. nov.
MycoBank No: 849407
Figs 2-4

Diagnosis. Pileus with dark-brown striae. Differs from C. striata in having broad-
er basidiospores and lacking hymenial cystidia.

Holotype. CHINA. Zhejiang Province: Baiyun National Forest Park, Liandu Dis-
trict, Lishui City, 2 Aug 2021, Qin Na, Yupeng Ge, Zewei Liu, Yaping Hu, Chang-
jing Liu and Hui Ding, FFAAS7030 (collection number MY0460).

Etymology. Name refers to the pileus with radially fuscous striae.

Description. Pileus 3.0-28.5 mm in diameter, hemispherical at first, then
convex with depressed centre, expanded with age, infundibuliform with
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/.| Porotheleum fimbriatum Dai 12276
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Figure 1. Phylogenetic consensus tree inferred from the Maximum Likelihood (ML) analysis based on a concatenated
ITS, nrLSU and rpb2 dataset (MLB = 75%, BPP = 0.90 are indicated). The tree is rooted with Mycena purpureofusca. The

new species and combination are marked by red.

MycoKeys 105: 49-95 (2024), DOI: 10.3897/mycokeys.105.118826

60



Qin Na et al.: Five new species of Porotheleaceae (Agaricales, Basidiomycota) from China

T A
————————— Chrysomycena perplexa MCVE:30184 TYPE
Gerronema baishanzuense FFAAS0359 Holotype
Gerronema baishanzuense FFAAS0360
Gerronema baishanzuense FFAAS0361
100/1.90} Gerronema baishanzuense FFAAS0362
Gerronema baishanzuense FFAAS0363
Gerronema baishanzuense FFAAS0366
98/1.00r— Gerronema kuruvense CAL 1665
Gerronema kuruvense BKF10266
Gerronema kuruvense DCY3362
Gerronema zhujian FEFAAS0364
Gerronema zhujian FFAAS0376 Holotype
Gerronema zhlgian FFAAS0370
Gerronema strombodes DJLOSNC72
Gerronema strombodes TFB11947 clone C2
Gerronema strombodes TFB11947 clone C5
Gerronema strombodes TFB11947 clone C3
Gerronema strombodes TFB12519/TENN60718
Gerronema strombodes TFB12783/TENN61350
Gerronema strombodes TFB14514
2 Gerronema strombodes TFB11947
-/ Gerronema strombodes TFB14234
Gerronema nemorale KACC 43599
Gerronema nemorale KACC 43600
bks/0. 00| Gerronema nemorale not indicated
7 Gerronema nemorale FA249
Gerronema nemorale FA236
Gerronema nemorale FA239
Gerronema subclavatum Redhead 5175, DAOM
Gerronema subclavatum FLAS-F-60986
Gerronema subclavatum FLAS-F-61518
Gerronema subclavatum Smith-2018
Gerronema subclavatum MushroomQbserver#243440
Gerronema subclavatum iNaturalist # 8545787
Gerronema subclavatum S.D.Russell MycoMap#6854

99/1.00
9

93/1.

96/1.00]

79/4.93 100/1.00; Trogia benghalensis CUH AMO031
95/1.00 Trogia benghalensis CUH AM122
' 85/--| Trogia venenata KUN_HKAS54710
95/1 Trogia venenata MHHNU 8750

Trogia venenata TC2-28
99/1.00 Trogia venenata KUN_HKAS56679
rogia infundibuliformis KUN HKAS63661
1007T.00= Trogia infundibuliformis KUN HKAS56709
”]“)f'uﬂl Gerronema brunneosquamulosum FFAAS1032 Holotype @
Gerronema brunneosquamulosum FFAAS1033 @
76/1.00r Gerronema indigoticum HMJAU 47636
100/1.00M— Gerronema indigoticum HMJAU 47943
' Gerronema indigoticuin HMJAU 47942
- Gerronema waikanaense PDD:87667
Gerronema xanthophyllum PRM 924657
Gerronema wildpretii BRNM 788347
98/1 .00[ Gerronema keralense CAL 1666
Gerronema keralense BKF10263
100/1.00 Gerronema microcarpum FEAAS0365
Gerronema microcarpum FFAAS0371
100/1.00| , Gerronema microcarpum FEAAS0372
1 Gerronema microcarpum FFAAS0374
-—/-- Gerronema microcarpum FFAAS0375
Gerronema microcarpum FFAAS0373
Megacollybia clitocyboidea TFB11884
Megacollybia clitocyboidea TENN62230 c4
98/0.94L Megacollybia clitocyboidea TENN62231
Megacollybia clitocyboidea TENN62230 ¢5
Megacnl‘;vbia JSallax MICH 45002
Megacol [Vbia Jfallax DAOM208710
Megacol ”ybx'a JSallax TFB11561
Megacollybia fallax MO 291302
Megacellybia fallax MO 286893
Megacr)l}vbia marginata PRM 860926
Ivbia marginata HR 91642
Megacollybia marginata HR 91607
Megacal?;bia marginata PRM 859785
Iybia plmypl;lyﬂa BRNM 737654
100/1.00~ Megacollybia MRVE lla BRNM 76972
94/1.00 Megacoilybj‘t/zlplag’phy la OL-ID 560
’ 100/1.00 egacol;vbia rodmani BHS2009-06
99/1.00) Megacol g}bia rodmani PUL F27039
L0 Megacollybia subfurfuracea TEB11075 c3
Megacollybia subfurfuracea TFB11075 c8
Megacollybia texensis DPL7405 cl
Megacol [vbia texensis DPL7405 c2
Megacollybia texensis FLAS-F-61511

"

Mpycena purpureofusca HMJAU 43554
100/1.00f nycena purpureofusca HMJAU 43624 Qutgroup
L Mycena purpureofusca HMJAU 43640

02
Figure 1. Continued.
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deeply umbilicate at the centre when old, thin-fleshed, dry, surface innate-
ly radially Fuscous (XLVI13"k) to Fuscous-Black (XLVI13™m) striate, surface
somewhat fibrillose, becoming glabrous, radially cracked at margin when old,
Benzo Brown (XLVI13™"i), Hair Brown (XLVI17"i), Fuscous (XLVI13"k) to Fus-
cous-Black (XLVI13"m) at the centre, Pale Smoke Grey (XLVI21"f) in the margin
when young, Pale Smoke Grey (XLVI21"f) to Smoke Grey (XLVI21™"d) with Bone
Brown (XL13"m) at the centre when old. Context thin, white, fragile. Lamellae
subdecurrent, white, with 1-3 tiers of lamellulae, irregularly intervenose, edges
concolorous with the face. Stipe 17.0-52.0 x 1.0-2.5 mm, hollow, cylindrical,
strongly and coarsely grooved, slightly bulbous at the base, fragile, finely whit-
ish fibrillose, white in the upper part, Citrine Drab (XL21"i) in the base, base
covered with a few white fibrils. Odour and taste inconspicuous.

Basidiospores (80/4/3) (5.2) 5.4-5.8-6.2 (6.5) x (4.2) 4.3-4.7-5.0 (5.1) um
[Q =1.13-1.34, Q = 1.25 * 0.050] [holotype (40/2/1) (5.3) 5.5-5.8-6.2 (6.5) x
(4.2) 4.4-4.6-5.0 (5.1) yum, Q = 1.17-1.32, Q = 1.26 + 0.040], broadly ellipsoid,
hyaline in 5% KOH, smooth, thin-walled, guttulate, amyloid. Basidia 22-32 x
5-9 um, 2- or 4-spored, clavate, sterigmata 2.5-4.7 x 0.6—1.6 pm. Hymenial
cystidia absent. Lamellae edge cells scattered, cylindrical, narrowly clavate,
thin-walled. Lamellar trama subregular; hyphae 3-7 pm wide, thin-walled, hy-
aline, non-dextrinoid. Pileipellis hyphae 4-9 um wide, smooth; pileocystidia
70-162 x 7-19 ym, cylindrical or narrowly clavate, apically obtuse, thin-walled,
hyaline, smooth. Stipitipellis a cutis made up of 3-8 ym wide hyphae, smooth,
thin-walled; caulocystidia 27-63 x 5-8 pym, cylindrical, clavate, fusoid, apically
obtuse, thin-walled base, smooth, transparent. Clamps present in all tissues.

Habit and habitat. Scattered on rotten branches or twigs in Acer, Armeniaca,
Cercidiphyllum, Emmenopterys and Picea mixed forests.

Known distribution. Zhejiang Province, China.

Additional material examined. CHINA. Zhejiang Province: Baiyun National
Forest Park, Liandu District, Lishui City, 2 Aug 2021, Qin Na, Yupeng Ge, Hui
Zeng and Yulan Sun, FFAAS1029 (collection number MY0459); Zhejiang Prov-
ince: Baiyun National Forest Park, Liandu District, Lishui City, 2 Aug 2021, Qin
Na, Yupeng Ge, Zewei Liu, Yaping Hu, Changjing Liu and Hui Ding, FFAAS1031
(collection number MY0466).

Notes. Clitocybula fuscostriata is considered to be a distinct species in the
genus on account of its pileus with dark-brown striae, broadly ellipsoid basidio-
spores, absence of cheilocystidia and pleurocystidia and thin-walled pileipellis
and stipitipellis hyphae. Five recorded species morphologically resemble this
new species: C. familia (Peck) Singer, C. lacerata (Scop.) Métrod, C. oculata
(Murrill) H.E. Bigelow, C. striata Dahncke, Contu & Vizzini and C. tilieti (Sing-
er) Singer (Singer 1943; Romagnesi 1968; Bigelow 1973; Lennox 1979; Lud-
wig 2000, 2001; Dahncke et al. 2010; Antonin et al. 2011). Clitocybula striata,
a new taxon reported from Spain, has certain morphological similarities to C.
fuscostriata, namely, a grey-brown to brown pileus with dark-brown striae, but
differs from C. striata in having ellipsoid basidiospores (5-7 x 3.5-4.8 ym; Q
= 1.5) and presence of utriform or lageniform cheilocystidia (Dahncke et al.
2010). In contrast to C. fuscostriata, C. tilieti can be easily mistaken for C. stri-
ata, but the pileus of C. tilieti is distinctly viscid and its stipitipellis and caulo-
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Figure 2. Basidiomata of Clitocybula fuscostriata A=D collection FFAAS71029 E-F collection FFAAS7030, holotype
G-H collection FFAAS10317. Scale bars: 10 mm (A-H).
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Figure 3. Morphological features of Clitocybula fuscostriata (FFAAS1030, holotype) A basidiomata B basidiospores
C basidia D caulocystidia E pileipellis and pileocystidia. Scale bars: 10 mm (A); 5 ym (B); 10 um (C-E).
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Figure 4. Microscopic features of Clitocybula fuscostriata (FFAAS1030, holotype) A-E basidiospores F basidia G margin
of lamellae H lamellar trama I pileipellis and pileocystidia J caulocystidia. Scale bars: 5 um (A-E); 10 pm (F-J). Struc-
tures were stained with 1% Congo Red aqueous solution before photographing.
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cystidia are thick-walled (Singer 1943; Antonin et al. 2011). Clitocybula lacerata
(Scop.) Métrod, the type species of Clitocybula, is characterised by its caespi-
tose stipes, beige-grey to pale-grey brown pileus, presence of clavate cheilocys-
tidia and a pileipellis with pale encrusting pigmentation, differentiating it from
C. fuscostriata (Peck 1878; Breitenbach and Kranzlin 1991; Ludwig 2000, 2001;
Antonin et al. 2019). Clitocybula oculata (Murrill) H.E. Bigelow and C. familia re-
semble C. fuscostriata in colour and size of the pileus and stipe, but can be dis-
tinguished from the new species by the size and shape of the basidiospores [C.
oculata basidiospores (8.5-)10-12(=13) x 6—9 um, broadly ellipsoid or ovate;
C. familia basidiospores 3.5-5.3(=5.5) x 3.5-5.0 pm, globose, subglobose to
broadly ellipsoid] (Romagnesi 1968; Bigelow 1973; Lennox 1979; Ludwig 2000,
2001; Antonin et al. 2011).

Gerronema brunneosquamulosum Q.Na & Y.P.Ge, sp. nov.
MycoBank No: 849408
Figs 5-7

Diagnosis. Differs from G. zhujian in having a fuscous stipe densely covered with
deep-brown pubescence or scales and by the presence of large basidiospores.

Holotype. CHINA. Zhejiang Province: Baiyun National Forest Park, Liandu
District, Lishui City, 2 Aug 2021, Qin Na, Yupeng Ge, and Hui Zeng, FFAAS1032
(collection number MY0481).

Etymology. Name refers to the pileus and stipe covered with dark-brown
scales.

Description. Pileus 4.5-42.0 mm in diam., applanate and centrally de-
pressed, subumbilicate to umbilicate when young, concave to deeply infundib-
ulate with age, pellucid-striate or sulcate, always + distinctly radially striped
with darkened lines, Buffy Brown (XL17"k) at the centre, Olive Buff (XL21"d) in
margin when young, Olive Brown (XL17"k), Clove Brown (XL17"m), Light Grey-
ish-Olive (XLVI21"b) in margin with age, densely covered with tiny, Warm Black-
ish-Brown (XXXIX1"m) granules, pubescence or scales, slightly sparse with
age, dry, lustreless, with a slightly involuted margin. Context white, thin, tough.
Lamellae narrowly adnexed to subdecurrent, moderately broad, pure white,
edges concolorous with the sides. Stipe 6.0—-32.0 x 1.5—-2.0 mm, central, cylin-
drical, almost equal above, white, densely covered with Warm Blackish-Brown
(XXXIX1"m) scales, hollow, base Light Seal Brown (XXXIX9"m), slightly swollen
with tiny, inconspicuous fine white hairs. Odourless. Taste mild.

Basidiospores [60/3/2] (9.0) 9.2-10.0-11.2 (12.9) x (4.9) 5.2-5.8-6.6 (7.2)
pm [Q = 1.54-1.91, Q = 1.73 £ 0.097] [holotype [40/2/1] (9.0) 9.2-10.2-11.2
(12.9) x (5.3) 5.5-5.9-6.5 (7.2) um, Q = 1.54-1.90, Q = 1.77 + 0.086], ellipsoid
to narrowly ellipsoid, hyaline, guttulate, thin-walled, inamyloid. Basidia 22-39
x 7-9 pym, hyaline, clavate, 2- or 4-spored, sterigmata 2.3-6.0 x 0.8-2.2 ym.
Cheilocystidia 23-59 x 6—9 pm, subfusiform, clavate, apex usually swollen, hy-
aline. Pleurocystidia absent. Lamellar trama subregular; hyphae 2-7 pm wide,
thin-walled, hyaline, inamyloid. Pileus trama subregular, sarcodimitic. Pileipel-
lis hyphae 3—-7 um wide, a cutis, light yellow (2B2); terminal elements clavate
or utriform with rounded apex, 53-95 x 7-16 pm, Dark Citrine (IV21m), Olive
Brown (XL17"k) to Clove Brown (XL17"k) pigmented; true pileocystidia absent.
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Figure 5. Basidiomata of Gerronema brunneosquamulosum A, B FFAAS1032, holotype C, D collection FFAAS7033
E, F pileus with granules, fur or scales G, H stipe covered with dark brown scales. Scale bars: 10 mm (A-E); 5 mm (F-H).
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Figure 6. Morphological features of Gerronema brunneosquamulosum (FFAAS1032, holotype) A basidiomata B basidia
C basidiospores D cheilocystidia E caulocystidia F pileipellis. Scale bars: 10 mm (A); 10 um (B=F).

MycoKeys 105: 49-95 (2024), DOI: 10.3897/mycokeys.105.118826 68



Qin Na et al.: Five new species of Porotheleaceae (Agaricales, Basidiomycota) from China

Figure 7. Microscopic features of Gerronema brunneosquamulosum (FFAAS1032, holotype) A—E basidiospores F basidia

G-J cheilocystidia K lamellar trama L pileipellis and pileocystidia M caulocystidia. Scale bars: 5 pm (A-E); 10 ym (struc-
tures A-K, M were stained with 1% Congo Red aqueous solution and L in 5% KOH aqueous solution before photographing).
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Hyphae of the stipitipellis 5-11 pm wide, hyaline, smooth; caulocystidia long
cylindrical, sometimes with rounded apex, 40-76 x 5-12 um, hyaline, thin-
walled. All tissues non-reactive in iodine. Clamps present in all tissues.

Habit and habitat. Solitary to scattered on rotten wood, branches and twigs
in Acer, Ginkgo, Liriodendron, Picea and Tsuga.

Known distribution. Fujian Province, Zhejiang Province, China.

Additional material examined. CHINA. Fujian Province: Wuyi Mountain, Nan-
ping City, 13 Aug 2021, Qin Na, Yupeng Ge, Junging Yan, Hui Zeng, and Zewei
Liu, FFAAS1033 (collection number MY0571).

Notes. Gerronema brunneosquamulosum is uniqgue amongst members of
Gerronema on account of its fuscous pileus and stipe with dark-brown to black-
ish-brown pubescence or scales, larger basidiospores and a dark-pigmented
pileipellis. Gerronema zhujian, reported from Anhui and Fujian Provinces in
China, is the most closely allied congener of G. zhujian on the basis of the brown
colouration of the umbilicus of its pileus, its whitish stipe and similarly-shaped
cheilocystidia and terminal elements of the pileipellis (Na et al. 2022a). This
taxon differs from G. brunneosquamulosum in having a pruinose white stipe,
subdecurrent to decurrent lamellae and possessing smaller basidiospores (Na
et al. 2022a). Two species of Omphalina Quél., characterised by dark pigments
in the pileus, have been described from Argentina—Omphalina depauperata
(Singer) Raithelh. and O. subpallida (Singer) Raithelh., formerly named Gerrone-
ma subpallidum Singer and G. depauperatum Singer, respectively. These two
species most closely resemble G. brunneosquamulosum, but differ in having
an unornamented stipe, ellipsoid basidiospores and no cheilocystidia (Singer
1970). Other species of Gerronema, such as G. nemorale and G. strombodes,
are well characterised with a distinctly yellow, yellowish-orange, olive-yellow to
yellowish-brown pileus and their micromorphological features are also differ-
ent (Singer 1970; Antonin et al. 2008; Latha et al. 2018). Species of Trogia, es-
pecially Trogia fulvochracea Corner (p.31) and Trogia mycenoides (p.53) Corner,
share some similarities with the new taxon (Corner 1991). Trogia fulvochracea,
however, has a fulvous or cinnamon-ochraceous pileus, a smooth white stipe
and smaller basidiospores (7-9.5 x 4.5-6.0 ym). Trogia mycenoides differs in
having a smaller pileus (5-30 mm in diam.), ellipsoid basidiospores and clav-
ate to subglobose cheilocystidia; in addition, true pileocystidia are present, but
are soon evanescent (Corner 1991).

Leucoinocybe subglobispora Q.Na & Y.P.Ge, sp. nov.
MycoBank No: 849409
Figs 8-10

Diagnosis. Pileus dark brown. Basidiospores subglobose to broadly ellipsoid.
Pileocystidia and caulocystidia thick-walled. Differs from L. lishuiensis in hav-
ing broader basidiospores.

Holotype. CHINA. Zhejiang Province: Tianmu Mountain, Hangzhou City, 1 Aug
2021, Qin Na, Yupeng Ge, Zewei Liu and Yulan Sun, FFAAS1034 (collection num-
ber MY0444).

Etymology. Name refers to the subglobose to broadly ellipsoid basidio-
spores.
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Description. Pileus 2.5-8.0 mm in diameter, hemispherical or campanulate
when young, becoming campanulate with age, umbilicate at the centre, sul-
cate, finely granulose all over, Dark Livid Brown (XXXIX1"k), Benzo Brown (XL-
VI13"i) to Fuscous (XLVI13"k) at the centre, Pale Smoke Grey (XLVI21"f) in the
margin, uplifted or recurved at the margin and sometimes rimose in age, dry.
Context white, thin, fragile. Lamellae adnexed to slightly subdecurrent, white,
with 1-2 tiers of lamellulae, edges concolorous with the face. Stipe 9.5-14.0
x 1.0-1.5 mm, equal or slightly broadened at the base, hollow, fragile, white,
sometimes inconspicuous Pale Olive-Buff (XL21"d) at the base, densely pru-
inose, but sparsely with age, base covered with small white fibrils. Odour and
taste indistinctive.

Basidiospores (60/3/2) (5.6) 5.8-6.4-7.1 (7.5) x (4.8) 5.0~-5.6—6.5 (6.8) um
[Q =1.06-1.27,Q = 1.76 * 0.054] [holotype (40/2/1) (5.7) 5.9-6.5-7.2 (7.5) x
(4.9) 5.0-5.5-6.5 (6.8) um, Q = 1.07-1.27, Q = 1.718 + 0.052], subglobose to
broadly ellipsoid, hyaline in 5% KOH, smooth, thin-walled, guttulate, amyloid.
Basidia 28-37 x 7-9 ym, 4-spored, clavate, sterigmata 1.4-2.7 x 0.8=1.7 ym.
Cheilocystidia 28—62 x 9—15 pm, distinct, flexuose, narrowly utriform, fusoid or
lageniform, subcapitate, thin-walled, hyaline. Pleurocystidia absent. Lamellae
trama subregular; hyphae 2-6 um wide, thin-walled, hyaline, amyloid. Pileipellis
hyphae 2-8 pym wide, smooth; pileocystidia 62-116 x 10—-19 pm, lageniform,
subulate, apically obtuse, distinctly 0.8—1.8 um thick-walled, with a thin-walled
base, hyaline, smooth. Stipitipellis a cutis made up of 3—-9 ym wide hyphae,
smooth, thin-walled; caulocystidia 34-62 x 5-10 ym, subulate, fusoid, lageni-
form, sometimes clavate, always thick-walled in the middle part and with a thin-
walled base, smooth, transparent. Clamps present in all tissues.

Habit and habitat. Solitary or scattered on rotten wood or branches in Acer,
Armeniaca, Cercidiphyllum, Emmenopterys and Picea mixed forests.

Known distribution. Zhejiang Province, China.

Additional material examined. CHINA. Zhejiang Province: Baiyun National
Forest Park, Liandu District, Lishui City, 2 Aug 2021, Qin Na, Yupeng Ge, Zewei
Liu, Yaping Hu and Hui Ding, FFAAS7035 (collection number MY0475).

Notes. Leucoinocybe subglobispora is considered to be a distinct species of
Leucoinocybe on account of its subdecurrent lamellae, subglobose to broadly
ellipsoid basidiospores, thick-walled pileocystidia and caulocystidia and sapro-
phytic habitat. Leucoinocybe lenta, the type species of Leucoinocybe, also has a
white stipe and lamellae, similarly-shaped cheilocystidia and thick-walled pile-
ocystidia, but differs from the new species by the presence of a reddish-brown
pileus with pinkish shades or pale pinkish-beige at the centre that fades to white
towards the margin, larger basidiomata and ellipsoid basidiospores [(5.3)6.0—
7.3(7.9) x (3.8)4.0-4.5(5.1) um] (Groger 2006; Eyssartier and Roux 2011; An-
tonin et al. 2019; Kaygusuz et al. 2020). Leucoinocybe taniae (= Clitocybula
flavoaurantia) resembles L. subglobispora in having a brown pileus, white and de-
current lamellae and a white stipe with a brownish base, but differs in possess-
ing the following features: a reddish-yellow pileus when old, larger and broadly
amygdaliform spores (6.2-7.8 x 4.8—7.0 ym) and thin-walled pileocystidia and
caulocystidia (Vila 2002; Contu 2003; Malysheva and Morozova 2011; Antonin
et al. 2019). Leucoinocybe sulcata, recently described as a new taxon from India,
is easily distinguished from the new species by the presence of greyish-orange
to brown basidiomata, a larger pileus (13—-52 mm in diam.), broadly ellipsoid
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Figure 8. Basidiomata of Leucoinocybe subglobispora A—E collection FFAAS1034, holotype F-G collection FFAAS7035.
Scale bars: 10 mm (A-G).
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Figure 9. Morphological features of Leucoinocybe subglobispora (FFAAS1034, holotype) A basidiomata B basidiospores
C cheilocystidia D basidia E caulocystidia F pileocystidia. Scale bars: 5 mm (A); 10 um (B-F).
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Figure 10. Microscopic features of Leucoinocybe subglobispora (FFAAS1034, holotype) A—-E basidiospores F basidia
G-J cheilocystidia K lamellar trama L pileipellis and pileocystidia M caulocystidia. Scale bars: 5 pm (A-E); 10 ym (F=M).

Structures were stained with 1% Congo Red aqueous solution before photographing.
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to subamygdaliform basidiospores (5.0-6.5 x 4.0-5.5 ym; Q = 1.1-1.5) and
thin-walled caulocystidia and the absence of pileocystidia (Latha et al. 2015).
Leucoinocybe lishuiensis, reported as a new species from south-eastern China
in our previous study, can be easily mistaken for L. subglobispora on account
of having an identical habit and habitat, a small, pure-brown pileus, slightly de-
current lamellae, similarly-shaped cheilocystidia and thick-walled pileocystidia
and caulocystidia; however, the narrowly ellipsoid basidiospores and smaller
pileocystidia of L. lishuiensis can be used to distinguish this species from L.
subglobispora (Na et al. 2021). Another new combination of Leucoinocybe, L. au-
ricoma (Har. Takah.) Matheny, originally named Mycena auricoma Har. Takah., is
also comparable to the present species in having thick-walled pileocystidia and
caulocystidia; however, L. auricoma has a yellowish-orange flocculent pileus and
stipe, ovoid-ellipsoid to ellipsoid basidiospores (5-7 x 3—4 um) and pileocystidia
and caulocystidia with yellow contents (Takahashi 1999; Matheny et al. 2020).

Marasmiellomycena albodescendens (J.A. Cooper) Q.Na & Y.P.Ge, comb. nov.
MycoBank No: 851718

Basionym. Porotheleum albodescendens J.A. Cooper, in Consiglio, Vizzini, Coo-
per, Marchetti, Angelini, Brugaletta & Setti, Riv. Micol. 64(2): 117, 2022.

Type specimen. Holotype: NEw ZEALAND: North Island, Taupo, Tauhara Cen-
tre, 15 May 2011, PDD 96321.

Selected description. Consiglio et al. (2022).

Distribution. New Zealand.

Notes. Marasmiellomycena albodescendens has marasmielloid basidiomes,
a pure-white pileus, relatively large spores, no hymenial cystidia and abundant,
thick-walled pileocystidia and caulocystidia with yellowish contents. Unlike oth-
er species of Marasmiellomycena possessing a yellow, reddish-brown or yel-
lowish-brown pileus, M. albodescendens can be easily recognised by its white
pileus. The pileus of Marasmiellomycena albodescendens is macromorpholog-
ically more similar to some species of Marasmiellus Murrill (Stevenson 1964);
however, its micromorphological characteristics place this species in Maras-
miellomycena, consistent with the results of our phylogenetic analysis (Fig. 1).
Marasmiellomycena albodescendens has been infrequently collected in New
Zealand, but is probably common and widespread and grows on small, dead,
fallen branches and twigs in indigenous scrub and broad-leaf forests in late
summer and autumn (Consiglio et al. 2022).

Marasmiellomycena tomentosa Q.Na & Y.P.Ge, sp. nov.
MycoBank No: 851717
Figs11-14

Diagnosis. Pileus and stipe distinctly tomentose. Pileus dark brown, subsqua-
mulose. Basidiospores narrowly ellipsoid, slightly amyloid. Hymenial cystid-
ia absent. Pileipellis and stipitipellis sarcodimitic, hyphae thick-walled with
yellowish-brown pigments. Pileocystidia and caulocystidia thick-walled with
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yellow contents. Differs from M. pseudoomphaliiformis by possessing a dis-
tinctly tomentose, dark-brown subsquamulose pileus, narrowly ellipsoid basid-
iospores and absence of cheilocystidia.

Holotype. CHINA. Zhejiang Province: Tianmu Mountain, Hangzhou City, 30
Jul 2021, Qin Na, Zewei Liu, Yulan Sun and Yupeng Ge, FFAAS1036 (collection
number MY0421).

Etymology. Name refers to the tomentose to subsquamulose pileus.

Description. Pileus 0.5-18.5 mm in diameter, at first convex or campanu-
late, soon expanding to plano-convex, always depressed to umbilicate at the
centre, surface dry, densely covered with minute white (LIIl) pubescence, to-
mentose all over, subsquamulose, ground colour Verona Brown (XXIX13"k) to
Warm Sepia (XXIX13"m), Mustard Yellow (XVI19'b), Old Gold (XVI19'i) to Buffy
Citrine (XVI19'k), Saccardo’s Olive (XVI19'm) at the centre, fading to Wax Yel-
low (XLVI21"f) when old, margin slightly sulcate, uplifted or recurved in age.
Context thin, Primrose Yellow (XXX23"d). Lamellae decurrent to subdecurrent,
Wax Yellow (XLVI21™"f), Mustard Yellow (XVI19'b), with 1-2 tiers of lamellulae,
edges concolorous with the face, slightly fimbriate edge. Stipe 7.5-21.0 x 1.0-
1.6 mm, central, terete, curved, equal or slightly broadened at the base, hollow
or stuffed, dry, Mustard Yellow (XVI19'b) in the upper part, Saccardo’s Olive
(XVI19'm), Benzo Brown (XLVI13"i), Fuscous (XLVI13"m), Deep Greyish-Olive
(XLVI21™b) towards the base, densely and minutely silky-fibrillose and white
(LIN) pruinose-floccose to tomentose throughout, base covered with white my-
celium. Odour indistinct to fungoid, taste mild.

Basidiospores (80/4/3) (6.8) 7.2-7.6-8.2 (8.4) x (3.7) 3.9-4.1-4.5 (4.6) ym
[Q =1.75-1.98,Q = 1.83 + 0.052] [holotype (40/2/1) (6.8) 7.2-7.7-8.4 x 3.9—
4.2-4.6 ym, Q = 1.75-1.98, Q = 1.82 + 0.050], narrowly ellipsoid, hyaline in 5%
KOH, smooth, thin-walled, multiguttulate, slightly amyloid. Basidia 20—35 x 5-8
pm, 2- or 4-spored, clavate, sterigmata 2.2-4.8 x 0.6-1.6 pm. Hymenial cystidia
absent. Lamellar trama subregular; hyphae 3-10 pm wide, with 0.5-1.0 pm
thick-walled, light yellow, dextrinoid. Pileipellis hyphae 3-8 pm wide, sarcodim-
itic, cutis, smooth, 0.4-1.0 ym thick-walled, with intracellular yellowish-brown
pigment; pileocystidia 38—223 x 5-12 pm, in clusters, narrowly subulate or nar-
rowly lageniform to fusiform with very long and tapering neck, distinctly 0.6—
1.5 pm thick-walled, yellow, smooth. Stipitipellis made up of cylindrical, 4—9 ym
wide hyphae, sarcodimitic, smooth, 0.5-1.0 pm thick-walled, with intracellular
brownish-orange pigment; caulocystidia 45—-327 x 5—9 ym, similar to the pileo-
cystidia, but usually longer, 0.5-1.3 pm thick-walled, smooth, with intracellular
yellowish pigment. Clamps present in all tissues.

Habit and habitat. Solitary or scattered on rotten branches, twigs and wood de-
bris in Acer, Armeniaca, Cercidiphyllum, Emmenopterys and Picea mixed forests.

Known distribution. Zhejiang Province, China.

Additional material examined. CHINA. Zhejiang Province: Tianmu Moun-
tain, Hangzhou City, 30 Jul 2021, Qin Na, Zewei Liu, Yulan Sun and Yupeng Ge,
FFAAS1037 (collection number MY0422); Zhejiang Province: Tianmu Moun-
tain, Hangzhou City, 1 Aug 2021, Qin Na, Zewei Liu, Yulan Sun and Yupeng Ge,
FFAAS1038 (collection number MY0443).
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Figure 11. Basidiomata of Marasmiellomycena tomentosa A-D collection FFAAS7036, holotype E, F collection FFAAS1037
G, H collection FFAAS1038. Scale bars: 10 mm (A-H).
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Figure 12. Morphological features of Marasmiellomycena tomentosa (FFAAS1036, holotype) A basidiomata B basidio-
spores C basidia D pileipellis and pileocystidia. Scale bars: 10 mm (A); 10 ym (B-D).
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Figure 13. Morphological features of Marasmiellomycena tomentosa (FFAAS1036, holo-
type) A stipitipellis and caulocystidia. Scale bars: 10 um (A).

Notes. Marasmiellomycena tomentosa is a rare thermophilous species report-
ed from south-eastern areas of China from July to August on rotten branches,
twigs and woody debris of deciduous and coniferous trees (Acer, Armeniaca, Cer-
cidiphyllum, Emmenopterys and Picea). The most distinctive characteristics of
this species are a tomentose, brown subsquamulose pileus, a tomentose stipe,
narrowly ellipsoid and slightly amyloid basidiospores, the absence of hymenial
cystidia and thick-walled pileipellis, stipitipellis, pileocystidia and caulocystidia
with yellow or brownish-orange contents. Species morphologically most close-
ly allied to Marasmiellomycena tomentosa include M. omphaliiforme, M. pseu-
doomphaliiformis and M. albodescendens. Marasmiellomycena pseudoomphalii-
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Figure 14. Microscopic features of Marasmiellomycena tomentosa (FFAAS1036, holotype) A-E basidiospores F basidia
G-J lamellae margin. Scale bars: 5 pm (A-E); 10 um (F-J). Structures were stained in 5% KOH aqueous solution before
photographing.
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formis resembles M. tomentosa by the presence of a pale beige to brown pileus
with finely tomentose to pubescent pileus, but differs in having white to cream-
white or beige lamellae rather than yellow, ellipsoid to ellipsoid-fusiform basid-
iospores [(6.5-)7.0—-9.0(-9.5) x 4.0—5.5 ym] and clavate, fusiform to lageniform
cheilocystidia (Senanayake et al. 2023). Marasmiellomycena omphaliiforme is
considered to be a closely-related taxon with evident affinities to M. tomentosa—
not only regarding its phylogenetic placement, but also in terms of morphologi-
cal features (Kiihner and Romagnesi 1954; Antonin and Noordeloos 1993, 1997,
Consiglio et al. 2022; Senanayake et al. 2023). The two species resemble one
another in having a similarly-coloured pileus and stipe, similarly-shaped basid-
iospores, pileocystidia and caulocystidia and a yellowish-pigmented pileipellis
and stipitipellis; however, the minutely pubescent, granulose to subsquamulose
pileus, as well as the relative abundance of cheilocystidia, appear to be vari-
able characters in M. omphaliiforme in contrast to the new species (Kiihner and
Romagnesi 1954; Antonin and Noordeloos 1993, 1997; Consiglio et al. 2022).
According to the description of Consiglio et al. (2022), Marasmiellomycena albo-
descendens from New Zealand has a pure-white pileus, a thin-walled pileipellis
and larger basidiospores (9.6 + 0.7 ym x 5.2 + 0.4 pm).

Pulverulina flavoalba Q.Na & Y.P.Ge, sp. nov.
MycoBank No: 849410
Figs 15-17

Diagnosis. Pileus white to light orange yellow. Basidiospores cylindrical. Hy-
menial cystidia absent. Lamellar trama, pileipellis and stipitipellis hyphae thin-
walled. Differs from Pu. ulmicola in having larger and longer basidiospores and
possessing thin-walled lamellar trama, pileipellis and stipitipellis hyphae.
Holotype. CHINA. Guangxi Zhuang Autonomous Region: Liangfengjiang
National Forest Park, Nanning City, 13 Jul 2022, Yupeng Ge and Renxiu Wei,
FFAAS1039 (collection number MY0863).
Etymology. Name refers to the white to light-yellow pileus and stipe.
Description. Pileus 1.2-5.8 mm in diameter, arched or plano-convex with a
slight depression at the centre when young, becoming more depressed with
age, translucent striate, floccose or granulose, glabrescent when old, surface
dull, dry; white (LIIl) when young, aniline yellow (IV19i) or light orange-yellow (lI-
[17d) at the centre and in the margin with age, margin decurved. Context white,
thin, not fragile. Lamellae decurrent, white, orange citrine (IV19k) tinged when
old, with 1-2 tiers of lamellulae, edges even, medium-broad. Stipe 1.6-14.4 x
0.5-1.0 mm, terete or slightly broadened at the base, curved, dry, white, with a
pruinose, pubescent or fibrillose surface, sparser with age, hollow, not fragile,
white, sometimes aniline yellow (1V19i), light orange-yellow (1l117d) in the middle
and at the base; base covered with white mycelium. Odour absent, taste mild.
Basidiospores (60/3/2) (6.8) 7.0-7.9-8.8 (9.1) x (3.3) 3.7-4.1-4.4 (4.7) pm
[Q =1.81-2.19,Q = 1.93 £ 0.099] [holotype (40/2/1) (6.8) 7.0-7.8-8.9 (9.1) x
(3.3)3.7-4.1-4.4 (4.7) ym, Q = 1.77-2.19, Q = 1.92 + 0.084], cylindrical, hyaline
in 5% KOH, smooth, thin-walled, guttulate, inamyloid, with a small, but discernible
apiculus. Basidia 21-30 x 4—6 pym, 2- or 4-spored, clavate, sterigmata 1.9-5.6
x 0.6—1.6 pm. Hymenial cystidia absent. Lamellar trama subregular to interwo-
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Figure 15. Basidiomata of Pulverulina flavoalba A-D collection FFAAS1039, holotype E-H collection FFAAS7040. Scale
bars: 5 mm (A-H).
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Figure 16. Morphological features of Pulverulina flavoalba (FFAAS1039, holotype) A basidiomata B basidia C basidio-
spores D caulocystidia E pileipellis. Scale bars: 2 mm (A); 10 um (B, D, E); 5 um (C).

MycoKeys 105: 49-95 (2024), DOI: 10.3897/mycokeys.105.118826 83



Qin Na et al.: Five new species of Porotheleaceae (Agaricales, Basidiomycota) from China

Figure 17. Microscopic features of Pulverulina flavoalba (FFAAS1039, holotype) A—E basidiospores F basidia G lamellae
margin H lamellar trama I pileipellis J caulocystidia. Scale bars: 5 ym (A-E); 10 pm (F=J). Structures A-F were stained
in 5% KOH aqueous solution and G—J with 1% Congo Red aqueous solution before photographing.
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ven; hyphae 5-15 pm wide, hyaline, thin-walled. Pileipellis a cutis of cylindrical
hyphae 3-7 pm wide, smooth; end cells often protruding, 35-105 x 3—12 pm, cy-
lindrical, subfusiform, apically obtuse, thin-walled, hyaline, smooth. Stipitipellis
hyphae 3-8 pm wide, smooth, thin-walled; caulocystidia 19-50 x 4-9 pm, clav-
ate, subfusiform, thin-walled, smooth, transparent. Clamps present in all tissues.

Habit and habitat. Scattered to gregarious on rotten wood, branches or fruits
in mixed forests of Acacia, Ficus, llex, Parashorea, Picea and Trachycarpus etc.

Known distribution. Guangxi Zhuang Autonomous Region, China.

Additional material examined. CHINA. Guangxi Zhuang Autonomous Region:
Liangfengjiang National Forest Park, Nanning City, 13 Jul 2022, Yupeng Ge and
Renxiu Wei, FFAAS1040 (collection number MY0865).

Notes. Clitocybe ulmicola H.E. Bigelow was established by Bigelow in 1982 and
published as a new combination, Pulverulina ulmicola (H.E. Bigelow) Matheny
& K.W. Hughes (Matheny et al. 2020). The description of Pulverulina ulmicola
modified from Bigelow (1982) includes observations based on recent American
material (Matheny et al. 2020). As far as we know, only Pulverulina ulmicola has
previously been included in the genus and has had morphological features de-
scribed in detail (Bigelow 1982; Matheny et al. 2020). In appearance, Pulverulina
ulmicola is a small, whitish, marasmioid fungus, with small basidiomata, distant
decurrent lamellae, a tough texture, interwoven gill trama, long cylindrical cau-
locystidia and short, ellipsoid, smooth basidiospores and occurs on the bark of
living Uimus and Quercus trees. Our collections of Pulverulina flavoalba from the
Guangxi Zhuang Autonomous Region represent a taxon that is distinct from Pul-
verulina ulmicola, as compared to the macroscopic and microscopic characters
described by Matheny et al. (2020). Pulverulina ulmicola differs from P. flavoalba
in having a white or whitish to very pale brown or faintly greyish pileus, broadly
ellipsoid to ovoid basidiospores and lamellar trama, pileipellis and stipitipellis
hyphae with thickened walls (Matheny et al. 2020). The Pulverulina genus com-
prises two additional species besides Pulverulina ulmicola, namely Pulverulina
cyathella (J. Favre & Schweers ex Kuyper) Chalange & P-A. Moreau and Pulveru-
lina praticola (Kuyper, Arnolds & P-J. Keizer) Chalange & P-A. Morea. These two
species were transferred to Pulverulina by Chalange and Moreau (2023) from
their previous classification under Omphalina. Both species can be readily dis-
tinguished from Pulverulina flavoalba based on their spore size and morphology.
Specifically, the spores of Pulverulina praticola [(6.0-)6.5-8.0(-8.5) x (5.0-)5.5-
6.5(-7.0) um] are noticeably wider than those of Pulverulina flavoalba, resulting
in a significantly lower Q value (Q =1.1-1.3,Q, ., = 1.2) compared to Pulverulina
flavoalba (Kuyper et al. 1997). Similarly, Pulverulina cyathella also exhibits wider
spores [(5.5-)6.5-7.0 x (5.0-)6.0-6.5 pm] and are (sub)globose in shape, distin-
guishing them from the cylindrical spores of Pulverulina flavoalba (Kuyper 1996).

Key to 22 species belonging to nine genera of Porotheleaceae in China

1 Lamellae not well developed..........cccooeiiiiiinieenne. Delicatula integrella
—  Lamellae well developed...........c..oouiiiieiiiiiiiicieeeee e 2
2 Pileocystidia PreSENnt.........cccocieiiieiiiiicieceeeeee e 3
—  Pileocystidia @bsSent ..........ccooiiiiiiii e 9
3  Cheilocystidia not seen..........c..cceeuveenenee. Marasmiellomycena tomentosa
—  Cheilocystidia abundant ............cccooeeiiiiieieiiiee e 4
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4 Basidiospores inamyloid Megacollybia...............ccccccovevvevvecieviniiiiieiennn. 5
—  Basidiospores amyloid............cceiiiiiiiiiieeee e 6
5  Cheilocystidia digitate, narrowly or broadly clavate or sphaeropeduncu-
late, rarely with short apical outgrowths.............c........... Me. clitocyboidea
—  Cheilocystidia clavate, without outgrowths......................... Me. platyphylla
6  Cheilocystidia distinctly thick-walled overall Leucoinocybe........................ 7
—  Cheilocystidia thin-walled or slightly thick-walled in the base Clitocybula...8
7  Basidiospores narrowly ellipsoid ..........cccooeieiiiiiiiiiee. L. lishuiensis
— Basidiospores subglobose to broadly ellipsoid................. L. subglobispora
8 Basidiospores(5.2) 5.4-5.8-6.2 (6.5) x (4.2) 4.3-4.7-5.0 (5.1) ym, broad-
ly €llipSOId ... C. fuscostriata
- Basidiospores 3.5-5.3(=5.5) x 3.5-5.0 um, globose, subglobose to broad-
[Y @IIIPTIC .ot C. familia
9  Pileus trama sarcodimitiC.........ccevieiiieiiieiieieceee e 10
—  Pileus trama not sarcodimitiC ...........ccoouevierieniiieieeeeee e 18
10 Basidiospores inamyloid.............ccccceeveiecieviiniiiiiieieee Trogia venenata
—  Basidiospores amyloid Gerronema................ccccoecereneeeeieieiseneeeeee. 11
11 Basidiomata distinctly small (Pileus < 9 mm in diam.)...... G. microcarpum
- Basidiomata moderately small (Pileus > 9 mm in diam.)...........coccon...... 12
12 Pleurocystidia present ........ccocoveieenenericeeeeeeeee G. chrysocarpum
—  Pleurocystidia @abSent............ccoeouiiiiiiiiiiccee e 13
T3 PiIleus bIUE......c.oooviieie e G. indigoticum
= PIleUS NOTDIUE ... 14
14  Pileus and stipe pure White...........ccccooviiiiieciiccicieeeceeeee G. albidum
- Pileus yellow to brown, stipe white to yellowish-brown............................ 15
15 Pileus without pubescence or scales .........cccoovveiieiieiiiiiiieeeeeee, 16
- Pileus densely covered with deep brown pubescence or scales............. 17
16 Cheilocystidia up to 48 pm long......ccccovvvvevieieieieienee. G. baishanzuense
—  Cheilocystidia less than 35 pm [oNg ......ccoooveieieiiiiiieeee, G. nemorale
17 Stipe without fuscous pubescence or scales, basidiospores (6.3) 6.7—
7.4-8.0(8.5)%x(3.2)3.7-4.1-4.6 (4.8) UM ..covevivirericrirereereinn, G. zhujian
- Stipe with deep brown fuscous pubescence or scales, basidiospores (9.0)
9.2-10.0-11.2 (12.9) x (4.9) 5.2-5.8=6.6 (7.2) UM ....revrrverrirrerirererrerennn.
................................................................................ G. brunneosquamulosum
18 Cheilocystidia absent.........ccccoooiiieirieieiiiieee Pulverulina flavoalba
—  Cheilocystidia PreSent..........cccocouieiieiiiiiiieceeeee e 19
19 Dermatocystidia inconspicuous and rare.......... Pseudohydropus floccipes
-  Dermatocystidia abundant Hydropus............cccceveoeiiieniiieieeeseeeee 20
20 Carpophore blackening when touched or bruised ........................ H. nigrita
- Carpophore not blackening in any part when touched or bruised ........... 21
21 Basidiospores ellipsoid.........cccoooiiiiiiieieiiieeeeeeee e H. marginellus
-  Basidiospores broadly ellipsoid ...........c..cccooiiiieciiciiiieice H. atriceps
Discussion

Previous molecular phylogenetic analyses of the so-called hydropoid clade and
the Porotheleaceae have been conducted, based on various combinations of
ITS, 28S, 18S, 5.8S, 25S, rpb7 and rpb2 loci (Moncalvo et al. 2002; Matheny et al.
2006, 2020; Antonin et al. 2019; Vizzini et al. 2019, 2022; Consiglio et al. 2022;
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Senanayake et al. 2023). In the present study, we chose three regions, namely,
ITS, nrLSU and rpb2, to analyse phylogenetic relationships in Porotheleaceae.
Phylogenetic analyses, based on a combined dataset of these three loci, indi-
cated that Marasmiellomycena comprising four species and Pulverulina, com-
prising two species, constitute monophyletic clades within Porotheleaceae.
We thus report new records in China for two genera, Marasmiellomycena and
Pulverulina, which cover two new species and a new combination. Marasmi-
ellomycena now includes two new species, namely M. tomentosa and M. al-
bodescendens. Additionally, the species previously identified as Porotheleum
albodescendens has been combined as Marasmiellomycena albodescendens,
representing a new combination within the Marasmiellomycena, all well char-
acterised by having agaricoid basidiomata. On the basis of macromorphology
and phylogenetic affinities, we have only retained one species in Porotheleum-
the type species, Porotheleum fimbriatum (Pers.) Fr., which is distinguished
by its fruiting clusters of small cup-shaped to tubular cream cyphelloid basid-
iomes that are densely crowded on a common membranous, resupinate subic-
ulum/stroma with a broad rhizomorphic margin (Cooke 1989). Our results also
agreed with Senanayake et al. (2023) that the genus Vizzinia contains two spe-
cies V. dominingense and V. nigripes, which forms a well-supported lineage and
the phylogenetic positions of Porotheleum albidum and Porotheleum parvulum
are unclear.

Morphologically, Marasmiellomycena is easily recognisable as an omphali-
noid mushroom in the field owing to its pileus that is depressed to umbilicate
at the centre, decurrent to subdecurrent lamellae, dark-coloured stipe, sarcod-
imitic structure and thick-walled caulocystidia with contents. Marasmiellomy-
cena is most similar to Vizzinia, but Vizzinia differs in basidiomata turning
brownish on handling, distinctly squamulose pileus, weakly amyloid spores
and absence of cheilocystidia. Pulverulina resembles Clitocybula in being an
omphalinoid basidiocarps with decurrent lamellae, but can be distinguished
by pruinose stipes, inamyloid basidiospores and absence of hymenial cystidia.
Gerronema, Megacollybia and Trogia are more similar to Marasmiellomycena
on the basis of their sarcodimitic structure. Marasmiellomycena can be readily
discriminated in possessing dark-coloured stipe, inamyloid basidiospores and
thick-walled caulocystidia with yellow to yellowish-brown pigments. Pulveruli-
na species are characterised by their inamyloid basidiospores, non-sarcodim-
itic structure, thin-walled caulocystidia and non-pigmented pileocystidia and
caulocystidia.

Our multi-gene phylogenetic analysis divided Gerronema into several high-
ly-supported clades. This finding is consistent with the analyses of Antonin et
al. (2019), Vizzini et al. (2019, 2022), Matheny et al. (2020) and Na et al. (2022a),
who have reported that Gerronema is a non-monophyletic genus comprising
several unrelated clades. The type of Gerronema has not been sequenced so it
is unclear which belongs to Gerronema sensu stricto. Other genera in Porothe-
leaceae, namely, Chrysomycena, Clitocybula, Delicatula, Hydropodia, Hydropus,
Leucoinocybe, Marasmiellomycena, Megacollybia, Pulverulina, Trogia and Vizz-
inia are monophyletic in previous phylogenetic studies as well as the present
one (Matheny et al. 2020; Consiglio et al. 2022; Vizzini et al. 2022; Senanayake
et al. 2023). Hydropodia subalpina (Hohn.) Vizzini, Consiglio & M. Marchetti, a
new combination from Hydropus, is not related to Hydropus s. s.—which corre-
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sponds to the clade including the type species Hydropus fuliginarius (Batsch)
Singer in the phylogenetic classification of Consiglio et al. (2022). In addition,
Consiglio et al. (2022) consider Hydropodia to be sister to the Porotheleum
clade; in our studies, however, Hydropodia is closer to Pseudohydropus and
forms a sister clade.

Several species of Porotheleaceae have been reported to be edible or
have toxic or ecological effects. Megacollybia platyphylla (Pers.) Kotl. & Pou-
zar (Dai et al. 2010), are known to be edible, whereas Trogia venenata Zhu
L. Yang, Yan C. Li & L.P. Tang has caused hundreds of deaths in south-west-
ern China (Yang et al. 2012). Current evidence regarding the edibility and
ecological functions of other Porotheleaceae species is insufficient. Spe-
cifically, whether they engage in symbiotic or saprophytic relationships with
plants, as well as their roles within ecosystems, remains unclear. Although
it is uncertain if these species exhibit symbiosis (and likely absent), future
studies may uncover their capabilities to promote seed germination, simi-
lar to some Mycena species or possessing characteristics like biolumines-
cence. Further research is needed to investigate the edibility and ecological
role of Porotheleaceae.

Acknowledgements

We thank Dr Junging Yan (Jiangxi Agriculture University), Ms. Zewei Liu (Lud-
ong University), Ms. Yulan Sun (Ludong University) and Ms. Renxiu Wei (Ludong
University) for their kind help during fieldwork. We sincerely thank the reviewers
for their corrections and suggestions to improve our work.

Additional information

Conflict of interest

The authors have declared that no competing interests exist.

Ethical statement

No ethical statement was reported.

Funding

This study was supported by the National Natural Science Foundation of China (grant
no. 32200008), the Natural Science Foundation of Shandong Province (grant no.
ZR2020QC001), the 5511 Collaborative innovation project of Fujian Province (grant
no. XTCXGC2021007), the Central Public-Interest Scientific Institution Basal Research
Fund (grant no. GYZX200203), the East-west cooperation project, FAAS (grant no. DKBF-
2022-12), the Natural Science Foundation of Fujian Province (grant no. 2023J01379),
the Project of Biological Resources Survey in Wuyishan National Park (grant no.
HXQT2020120701), the Project of Biodiversity Conservation in Lishui, Zhejiang Prov-
ince (grant no. HXYJCP2021110648), the Biodiversity investigation, observation and
assessment program of Ministry of Ecology and Environment of China (grant no.
2110404 and 2019-2023), the Shandong Agricultural Industry Technology System (2021
grant no. 26, SDAIT-07-03) and the Soft Science project of Ministry of Public Security
(grant no. 2022LL75).

MycoKeys 105: 49-95 (2024), DOI: 10.3897/mycokeys.105.118826 88



Qin Na et al.: Five new species of Porotheleaceae (Agaricales, Basidiomycota) from China

Author contributions

Qin Na, Xianhao Cheng, and Yupeng Ge were responsible for designing the research
and contributed significantly to data analysis and interpretation. Hui Zeng, Yaping Hu,
Zhiheng Zeng, Bingrong Ke, Changjing Liu, and Hui Ding actively participated in the field
investigation. All authors have contributed to the manuscript and approved the version
submitted for publication.

Author ORCIDs

Qin Na ® https://orcid.org/0000-0001-8406-6389

Hui Zeng ©® https://orcid.org/0000-0003-2025-844X
Yaping Hu ® https://orcid.org/0000-0003-1242-1139

Hui Ding @ https://orcid.org/0000-0003-4490-2105
Binrong Ke © https://orcid.org/0009-0008-7209-7362
Zhiheng Zeng © https://orcid.org/0009-0008-4208-2629
Xianhao Cheng @ https://orcid.org/0000-0002-5922-9913
Yupeng Ge ® https://orcid.org/0000-0001-5754-201X

Data availability

All of the data that support the findings of this study are available in the main text.

References

Antonin V, Noordeloos ME (1993) A monograph of Marasmius, Collybia and related gen-
era in Europe. Part 1: Marasmius, Setulipes, and Marasmiellus. Libri Botanici, IHW
Verlag, Eching, 229 pp.

Antonin V, Noordeloos ME (1997) A monograph of Marasmius, Collybia and related gen-
era in Europe. Part 2: Collybia, Gymnopus, Rhodocollybia, Crinipellis, Chaetocalathus,
and additions to Marasmiellus. Libri Botanici, IHW Verlag, Eching, 256 pp.

Antonin V, Noordeloos ME (2004) A monograph of the genera Hemimycena, Delicatula,
Fayodia, Gamundia, Myxomphalia, Resinomycena, Rickenella, and Xeromphalina
(Tribus Mycenae sensu Singer, Mycena excluded) in Europe. Libri Botanici, IHW-Verlag,
Eching, 280 pp.

Antonin V, Ryoo R, Shin HD (2008) Gerronema nemorale (Basidiomycota, Agaricomy-
cetes): Anatomic-morphological, cultivational, enzymatic and molecular characteris-
tics and its first records in the Republic of Korea. Czech Mycology 60(2): 197-212.
https://doi.org/10.33585/cmy.60204

Antonin V, Beran M, Borovicka J, Dvorék D, Holec J (2011) Clitocybula familia (Fungi,
Agaricales) — taxonomy, distribution, ecology and first records in the Czech Republic
and Slovakia. Czech Mycology 63(1): 1-11. https://doi.org/10.33585/cmy.63101

Antonin V, Borovicka J, Holec J, Piltaver A, Kolafik M (2019) Taxonomic update of Clito-
cybula sensu lato with a new generic classification. Fungal Biology 123(6): 431-447.
https://doi.org/10.1016/j.funbio.2019.03.004

Aqdus F, Khalid AN (2021) Gerronema nemorale: first report of the genus and species
from Pakistan. Mycotaxon 136(1): 249-259. ttps://https://doi.org/10.5248/136.249

Bigelow HE (1973) The Genus Clitocybula. Mycologia 65(5): 1101-1116. https://doi.org
/10.1080/00275514.1973.12019530

Bigelow HE (1982) North American species of Clitocybe. Part 1. Beihefte zur Nova Hed-
wigia 72: 5-280.

MycoKeys 105: 49-95 (2024), DOI: 10.3897/mycokeys.105.118826 89


https://orcid.org/0000-0001-8406-6389
https://orcid.org/0000-0003-2025-844X
https://orcid.org/0000-0003-1242-1139
https://orcid.org/0000-0003-4490-2105
https://orcid.org/0009-0008-7209-7362
https://orcid.org/0009-0008-4208-2629
https://orcid.org/0000-0002-5922-9913
https://orcid.org/0000-0001-5754-201X
https://doi.org/10.33585/cmy.60204
https://doi.org/10.33585/cmy.63101
https://doi.org/10.1016/j.funbio.2019.03.004
https://doi.org/10.5248/136.249
https://doi.org/10.1080/00275514.1973.12019530
https://doi.org/10.1080/00275514.1973.12019530

Qin Na et al.: Five new species of Porotheleaceae (Agaricales, Basidiomycota) from China

Bodensteiner P, Binder M, Moncalvo JM, Agerer R, Hibbett DS (2004) Phylogenetic rela-
tionships of cyphelloid homobasidiomycetes. Molecular Phylogenetics and Evolution
33(2): 501-515. https://doi.org/10.1016/j.ympev.2004.06.007

Breitenbach J, Kranzlin F (1991) Fungi of Switzerland. Vol. 3. Boletes and Agarics, 1
Part. Edition Mykologia, Lucerne, 359 pp.

Chalange R, Moreau PA (2023) Deux taxons rares, Omphalina praticola et Omphalina
cyathella, reclassés dans le genre Pulverulina. Bulletin de la Société Mycologique de
France 139(1-2): 87-105.

Consiglio G, Vizzini A, Cooper J, Marchetti M, Angelini C, Brugaletta E, Setti L (2022) The
agaricoid members of the genus Porotheleum (Porotheleaceae, Agaricales), Poro-
theleum emend., Porotheleaceae s. stricto, and new genera for Agaricus floccipes and
Mycena subalpina. Rivista di Micologia 64(2): 99-190.

Contu M (2003) Una straordinaria nuova specie di Pseudoomphalina (Basidiomycetes,
Leucopaxilloideae) dalla Sardegna. Micologia e Vegetazione Mediterranea 18(1):
61-68.

Cooke WB (1989) The cyphelloid fungi of Ohio. Memoirs of the New York Botanical
Garden 49: 158-172.

Cooper JA (2014) New species and combinations of some New Zealand agarics be-
longing to Clitopilus, Lyophyllum, Gerhardtia, Clitocybe, Hydnangium, Mycena, Rhodo-
collybia and Gerronema. Mycosphere : Journal of Fungal Biology 5(2): 263-288.
https://doi.org/10.5943/mycosphere/5/2/2

Cooper JA (2016) Notes on the Porotheleaceae of New Zealand. Mycological Notes 23.
Self-published.

Cooper A, Desjardin DE, Perry BA (2019) The genus Mycena (Basidiomycota, Agaricales,
Mycenaceae) and allied genera from Republic of Sdo Tomé and Principe, West Africa.
Phytotaxa 383(1): 1-47. https://doi.org/10.11646/phytotaxa.383.1.1

Corner EJH (1991) Trogia (Basidiomycetes). Gardens’ Bulletin Supplement, Singapore
Botanic Gardens, Singapore, 100 pp. https://doi.org/10.5962/bhl.title.77527

Dahncke RM, Contu M, Vizzini A (2010) Clitocybula striata sp. nov. (Basidiomycota, Agar-
icomycetes, Agaricales): Una nuova specie delle isole Canarie (Spagna), con note
sulla diffusione del genere Clitocybula nell'isola di La Palma. Revista Catalana de
Micologia 32: 7-12.

Dai YC, Zhou LW, Yang ZL, Wen HA, Bau T, Li TH (2010) A revised checklist of edible
fungi in China. Junwu Xuebao 29(1): 1-21. https://doi.org/10.13346/j.mycosyste-
ma.2010.01.022

Dutta AK, Nandi S, Tarafder E, Sikder R, Roy A, Acharya K (2017) Trogia benghalensis (Ma-
rasmiaceae, Basidiomycota), a new species from India. Phytotaxa 331(2): 273-280.
https://doi.org/10.11646/phytotaxa.331.2.11

Dutta AK, Antonin V, Barui R, Acharya K (2018) A new species of Clitocybula (Maras-
miaceae) from West Bengal, India. Nova Hedwigia 107(1): 195-203. https://doi.
org/10.1127/nova_hedwigia/2017/0464

Eberhardt U, Schiitz N, Krause C, Beker HJ (2018) Hebelomina (Agaricales) revisited and
abandoned. Plant Ecology and Evolution 151(1): 96-109. https://doi.org/10.5091/
plecevo.2018.1361

Edler D, Klein J, Antonelli A, Silvestro D (2021) raxmlIGUI 2.0: A graphical interface and
toolkit for phylogenetic analyses using RAXML. Methods in Ecology and Evolution
12(2): 373-377. https://doi.org/10.1111/2041-210X.13512

Eyssartier G, Roux P (2011) Le guide des champignons France et Europe. Belin, Paris,
1150 pp.

MycoKeys 105: 49-95 (2024), DOI: 10.3897/mycokeys.105.118826 90


https://doi.org/10.1016/j.ympev.2004.06.007
https://doi.org/10.5943/mycosphere/5/2/2
https://doi.org/10.11646/phytotaxa.383.1.1
https://doi.org/10.5962/bhl.title.77527
https://doi.org/10.13346/j.mycosystema.2010.01.022
https://doi.org/10.13346/j.mycosystema.2010.01.022
https://doi.org/10.11646/phytotaxa.331.2.11
https://doi.org/10.1127/nova_hedwigia/2017/0464
https://doi.org/10.1127/nova_hedwigia/2017/0464
https://doi.org/10.5091/plecevo.2018.1361
https://doi.org/10.5091/plecevo.2018.1361
https://doi.org/10.1111/2041-210X.13512

Qin Na et al.: Five new species of Porotheleaceae (Agaricales, Basidiomycota) from China

Ge YP,LiuZW, Zeng H, Cheng XH, Na Q (2021) Updated description of Atheniella (Mycenaceae,
Agaricales), including three new species with brightly coloured pilei from Yunnan Province,
southwest China. MycoKeys 81: 139—164. https://doi.org/10.3897/mycokeys.81.67773

Groger F (2006) Bestimmungsschliissel fir Blatterpilze und Rohrlinge in Europa. Band 1.
Regensburger Mykologische Schriften, 638 pp.

Hall TA (1999) BioEdit: A user—friendly biological sequence alignment editor and anal-
ysis program for Windows 95/98/NT. Nucleic Acids Symposium Series 41: 95-98.
https://doi.org/10.1021/bk-1999-0734.ch008

Henrici A (2012) Notes & records. Field Mycology : a Magazine for the Study and Identi-
fication of Wild Fungi 13(3): 105-108. https://doi.org/10.1016/j.fldmyc.2012.06.013

Hopple Jr JS, Vilgalys R (1999) Phylogenetic relationships in the mushroom genus Co-
prinus and dark—spored allies based on sequence data from the nuclear gene cod-
ing for the large ribosomal subunit RNA: Divergent domains, outgroups, and mono-
phyly. Molecular Phylogenetics and Evolution 13(1): 1-19. https://doi.org/10.1006/
mpev.1999.0634

Horak E (2005) Rohrlinge und Blatterpilze in Europa: Bestimmungsschliissel fiir Polypo-
rales (pp), Boletales, Agaricales, Russulales. Elsevier, Spektrum Akad Verlag, 555 pp.

Hughes KW, Petersen RH, Mata JL, Psurtseva NV, Kovalenko AE, Morozova OV, Lickey EB,
Blanco JC, Lewis DP, Nagasawa E, Halling RE, Takehashi S, Aime MC, Bau T, Henkel T
(2007) Megacollybia (Agaricales). Reports of the Tottori Mycological Institute 45: 1-57.

Kalichman J, Kirk PM, Matheny PB (2020) A compendium of generic names of agarics
and Agaricales. Taxon 69(3): 425-447. https://doi.org/10.1002/tax.12240

Kasuya T, Kaneko R, Takehashi S, Hosaka K (2023) Hydropodia silvae-nipponicae (Poro-
theleaceae), a new species from evergreen broad-leaved forests in Japan. Mycosci-
ence 64(4): 116—122. https://doi.org/10.47371/mycosci.2023.06.002

Katoh K, Standley DM (2013) MAFFT multiple sequence alignment software version 7:
Improvements in performance and usability. Molecular Biology and Evolution 30(4):
772-780. https://doi.org/10.1093/molbev/mst010

Kaygusuz O, Sev&ikova H, Battistin E, Tiirkekul B (2020) A multi-gene molecular phy-
logeny regarding the two phylogenetically close genera Hydropus and Leucoinocybe
(Agaricales, Basidiomycota), new for Turkey. Nova Hedwigia 111(3-4): 429-448.
https://doi.org/10.1127/nova_hedwigia/2020/0601

Kim CS, Jo JW, Kwag YN, Sung GH, Lee SG, Kim SY, Shin C-H, Han S-K (2015) Mushroom
Flora of Ulleung-gun and a newly recorded Bovista species in the Republic of Korea.
Mycobiology 43(3): 239-257. https://doi.org/10.5941/MYC0.2015.43.3.239

Kihner R, Romagnesi H (1954) Compléments a la Flore analytique Ill. Espéces, nou-
velles, critiques ou rares de Pleurotacées, Marasmiacées et Tricholomacées. Bulletin
de la Société des Naturalistes d'Oyonnax 8: 73—-131.

Kumar TKA, Manimohan P (2009) Rediscovery of Trogia cyanea and record of T. infun-
dibuliformis (Marasmiaceae, Agaricales) from Kerala State, India. Mycotaxon 109(1):
429-436. https://doi.org/10.5248/109.429

Kuyper T (1996) Notulae ad Floram agaricinam neerlandicam—XXIV-XXVIIl. Some taxo-
nomic and nomenclatural changes in the Tricholomataceae, tribus Clitocybeae. Per-
soonia-Molecular Phylogeny and Evolution of Fungi 16(2): 225-232.

Kuyper TW, Arnolds E, Keizer PJ (1997) Omphalina praticola, eine neue Art aus den Nie-
derlanden. Osterreichische Zeitschrift fiir Pilzkunde 6: 131-134.

Latha KPD, Raj KNA, Sharafudheen SA, Manimohan P (2015) Clitocybula sulcata—a new
species from India. Phytotaxa 208(1): 063-069. https://doi.org/10.11646/phyto-
taxa.208.1.6

MycoKeys 105: 49-95 (2024), DOI: 10.3897/mycokeys.105.118826 91


https://doi.org/10.3897/mycokeys.81.67773
https://doi.org/10.1021/bk-1999-0734.ch008
https://doi.org/10.1016/j.fldmyc.2012.06.013
https://doi.org/10.1006/mpev.1999.0634
https://doi.org/10.1006/mpev.1999.0634
https://doi.org/10.1002/tax.12240
https://doi.org/10.47371/mycosci.2023.06.002
https://doi.org/10.1093/molbev/mst010
https://doi.org/10.1127/nova_hedwigia/2020/0601
https://doi.org/10.5941/MYCO.2015.43.3.239
https://doi.org/10.5248/109.429
https://doi.org/10.11646/phytotaxa.208.1.6
https://doi.org/10.11646/phytotaxa.208.1.6

Qin Na et al.: Five new species of Porotheleaceae (Agaricales, Basidiomycota) from China

Latha KPD, Nanu S, Sharafudheen SA, Manimohan P (2018). Two new species of
Gerronema (Agaricales, Basidiomycota) from Kerala State, India. Phytotaxa 364(1):
081-091. https://doi.org/10.11646/phytotaxa.364.1.5

Lennox JW (1979) Collybioid genera in the Pacific Northwest. Mycotaxon 9: 117-231.

Liu PG (1995) Five new species of Agaricales from Southern and Southeastern Yunnan,
China. Mycotaxon 6: 89-105.

Liu LN, Mou GF, Bau T (2019) A new Gerronema species with striking colours from China.
Phytotaxa 405(2): 074-082. https://doi.org/10.11646/phytotaxa.405.2.2

Liu ZW, Na Q, Cheng XH, Wu XM, Ge YP (2021) Mycena yuezhuoi sp. nov. (Mycenaceae,
Agaricales), a purple species from the peninsula areas of China. Phytotaxa 511(2):
148-162. https://doi.org/10.11646/phytotaxa.511.2.3

Liu ZW, Ge YP, Zeng H, Cheng XH, Na Q (2022) Four new species of Mycena sect. Cal-
odontes (Agaricales, Mycenaceae) from northeast China. MycoKeys 93: 23-56.
https://doi.org/10.3897/mycokeys.93.86580

Ludwig E (2000) Pilzkompendium. Band. 1. Abbildungen. In: Libri Botanici, IHW-Verlag,
Eching, 192 pp.

Ludwig E (2001) Pilzkompendium. Band 1. Beschreibungen. In: Libri Botanici, IHW-Ver-
lag, Eching, 758 pp.

Lutzoni F (1997) Phylogeny of lichen- and non-lichen-forming omphalinoid mushrooms
and the utility of testing for combinability among multiple data sets. Systematic
Biology 46(3): 373-406. https://doi.org/10.1093/sysbio/46.3.373

Malysheva EF, Morozova OV (2011) New combinations in Clitocybula: A study of cystidiate
Pseudoomphalina species (Basidiomycota, Agaricomycetes). Sydowia 63(1): 85-104.

Matheny PB (2005) Improving phylogenetic inference of mushrooms with RPB1 and
RPB2 nucleotide sequences (Inocybe, Agaricales). Molecular Phylogenetics and
Evolution 35(1): 1-20. https://doi.org/10.1016/j.ympev.2004.11.014

Matheny PB, Curtis JM, Hofstetter V, Aime MC, Moncalvo JM, Ge ZW, Yang Z-L, Slot JC, Am-
mirati JF, Baroni TJ, Bougher NL, Hughes KW, Lodge DJ, Kerrigan RW, Seidl MT, Aanen
DK, DeNitis M, Daniele GM, Desjardin DE, Kropp BR, Norvell LL, Parker A, Vellinga EC, Vil-
galys R, Hibbett DS (2006) Major clades of Agaricales: A multilocus phylogenetic over-
view. Mycologia 98(6): 982-995. https://doi.org/10.1080/15572536.2006.11832627

Matheny PB, Hughes KW, Kalichman J, Lebeuf R (2020) Pulverulina, a new genus of
Agaricales for Clitocybe ulmicola. Southeastern Naturalist (Steuben, ME) 19(3):
447-459. https://doi.org/10.1656/058.019.0301

Mi F, Zhang Y, Yang D, Tang XZ, Wang PF, He XX, Zhang Y, Dong J, Cao Y, Liu C, Zhang K-Q,
Xu J (2016) Evidence for inbreeding and genetic differentiation among geographic
populations of the saprophytic mushroom Trogia venenata from southwestern China.
PLoS ONE 11(2): 1-21. https://doi.org/10.1371/journal.pone.0149507

Moncalvo JM, Lutzoni FM, Rehner SA, Johnson J, Vilgalys R (2000) Phylogenetic rela-
tionships of agaric fungi based on nuclear large subunit ribosomal DNA sequences.
Systematic Biology 49(2): 278-305. https://doi.org/10.1093/sysbio/49.2.278

Moncalvo JM, Vilgalys R, Redhead RA, Johnson JE, James TY, Aime MC, et al. (2002)
One hundred and seventeen clades of euagarics. Molecular Phylogenetics and Evolu-
tion 23(3): 357-400. https://doi.org/10.1016/S1055-7903(02)00027-1

Murrill WA (1916) Index to lllustrations of Fungi I-XXII. Mycologia 8(1): 47-51. https://doi.
org/10.1080/00275514.1916.12018862

Na Q, Bau T (2018) New species of Mycena (Mycenaceae, Agaricales) with colored
lamellae and three new species records from China. Phytotaxa 361(3): 266-278.
https://doi.org/10.11646/phytotaxa.361.3.2

MycoKeys 105: 49-95 (2024), DOI: 10.3897/mycokeys.105.118826 92


https://doi.org/10.11646/phytotaxa.364.1.5
https://doi.org/10.11646/phytotaxa.405.2.2
https://doi.org/10.11646/phytotaxa.511.2.3
https://doi.org/10.3897/mycokeys.93.86580
https://doi.org/10.1093/sysbio/46.3.373
https://doi.org/10.1016/j.ympev.2004.11.014
https://doi.org/10.1080/15572536.2006.11832627
https://doi.org/10.1656/058.019.0301
https://doi.org/10.1371/journal.pone.0149507
https://doi.org/10.1093/sysbio/49.2.278
https://doi.org/10.1016/S1055-7903(02)00027-1
https://doi.org/10.1080/00275514.1916.12018862
https://doi.org/10.1080/00275514.1916.12018862
https://doi.org/10.11646/phytotaxa.361.3.2

Qin Na et al.: Five new species of Porotheleaceae (Agaricales, Basidiomycota) from China

Na Q, Hu YP, Liu ZW, Zeng H, Qi LL, Ding H, Cheng X, Ge Y (2021) The first reported occur-
rence of Leucoinocybe (Porotheleaceae, Agaricales) in China: Leucoinocybe lishuien-
sis sp. nov. from Zhejiang Province. Nova Hedwigia 113(3-4): 453-469. https://doi.
org/10.1127/nova_hedwigia/2021/0661

Na Q, Hu YP, Zeng H, Song ZZ, Ding H, Cheng XH, Ge Y (2022a) Updated taxonomy on
Gerronema (Porotheleaceae, Agaricales) with three new taxa and one new record
from China. MycoKeys 89: 87-120. https://doi.org/10.3897/mycokeys.89.79864

Na Q, Liu ZW, Zeng H, Ke BR, Song ZZ, Cheng XH, Ge Y (2022b) Taxonomic studies of
bluish Mycena (Mycenaceae, Agaricales) with two new species from northern China.
MycoKeys 90: 119-145. https://doi.org/10.3897/mycokeys.90.78880

Norvell L, Redhead S, Ammirati J (1994) Omphalina sensu lato in North America 1-2.
1: Omphalina wynniae and the genus Chrysomphalina. 2: Omphalina sensu Bigelow.
Mycotaxon 50: 379-407.

Osmundson TW, Robert VA, Schoch CL, Baker LJ, Smith A, Robich G, Mizzan L, Garbe-
lotto MM (2013) Filling gaps in biodiversity knowledge for macrofungi: Contributions
and assessment of an herbarium collection DNA barcode sequencing project. PLoS
ONE 8(4): €62419. https://doi.org/10.1371/journal.pone.0062419

Peck CH (1878) Agaricus (Collybia) abundans n. sp. Annual report on the New York State
Museum of Natural History 29: 38.

Posada D, Crandall KA (1998) Modeltest: Testing the model of DNA substitution. Bio-
informatics (Oxford, England) 14(9): 817-818. https://doi.org/10.1093/bioinformat-
ics/14.9.817

Redhead SA (1987) The Xerulaceae (Basidiomycetes), a family with sarcodimitic tissues.
Canadian Journal of Botany 65(8): 1551-1562. https://doi.org/10.1139/b87-214

Redhead SA (2012) Nomenclatural novelties. Index Fungorum 14: 1.

Redhead SA (2013) Nomenclatural novelties. Index Fungorum 15: 1-2.

Ridgway R (1912) Color standards and color nomenclature. Robert Ridgway, Washing-
ton D.C, 110 pp. https://doi.org/10.5962/bhl.title. 144788

Romagnesi H (1968) Sur un Collybia a spores amyloids. Collectanea Botanica 7(58):
1083-1090.

Ronquist F, Huelsenbeck JP (2003) MrBayes 3: Bayesian phylogenetic inference under
mixed models. Bioinformatics (Oxford, England) 19(12): 1572-1574. https://doi.
org/10.1093/bioinformatics/btg180

Senanayake C, Rossi W, Leonardi M, Weir A, McHugh MC, Rajeshkumar K, Verma RK,
Karunarathna SC, Tibpromma S, Ashtekar N, Ashtamoorthy SK, Raveendran S, Kour
G, Singh A, De la Pefia-Lastra S, Mateos A, Kolafik M, Antonin V, Sevéikova H, Esteve-
Raventos F, Larsson E, Pancorbo F, Moreno G, Altés A, Turégano Y, Du T-Y, Lu L, Li Q-R,
Kang J-C, Gunaseelan S, Kezo K, Kaliyaperumal M, Fu J, Samarakoon MC, Gafforov Y,
Teshaboeva S, Kunjan PC, Chamaparambath A, Flakus A, Etayo J, Rodriguez-Flakus
P, Zhurbenko MP, de Silva NI, Tennakoon DS, Latha KPD, Manimohan P, Raj KNA,
Calabon MS, Ahmadpour A, Heidarian Z, Alavi Z, Alavi F, Ghosta Y, Azizi R, Luo M,
Zhao M-P, Kularathnage ND, Hua L, Yang Y-H, Liao C-F, Zhao H-J, Lestari AS, Jayasiri
SC, Yu F-M, Lei L, Liu J-W, Karimi O, Tang S-M, Sun Y-R, Wang Y, Zeng M, Htet ZH,
Linaldeddu BT, Alves A, Phillips AJL, Bregant C, Montecchio L, De Kesel A, Hustad
VP, Miller AN, Fedosova AG, Kucera V, Raza M, Hussain M, Chen Y-P, Thiyagaraja
V, Gomdola D, Rathnayaka AR, Dissanayake AJ, Suwannarach N, Hongsanan S,
Maharachchikumbura SSN, Dissanayake LS, Wijayawardene NN, Phookamsak R,
Lumyong S, Jones EBG, Yapa N, Wanasinghe DN, Xie N, Doilom M, Manawasinghe
IS, Liu J-K, Zhao Q, Xu B, Hyde KD, Song J (2023) Fungal diversity notes 1611-1716:

MycoKeys 105: 49-95 (2024), DOI: 10.3897/mycokeys.105.118826 93


https://doi.org/10.1127/nova_hedwigia/2021/0661
https://doi.org/10.1127/nova_hedwigia/2021/0661
https://doi.org/10.3897/mycokeys.89.79864
https://doi.org/10.3897/mycokeys.90.78880
https://doi.org/10.1371/journal.pone.0062419
https://doi.org/10.1093/bioinformatics/14.9.817
https://doi.org/10.1093/bioinformatics/14.9.817
https://doi.org/10.1139/b87-214
https://doi.org/10.5962/bhl.title.144788
https://doi.org/10.1093/bioinformatics/btg180
https://doi.org/10.1093/bioinformatics/btg180

Qin Na et al.: Five new species of Porotheleaceae (Agaricales, Basidiomycota) from China

Taxonomic and phylogenetic contributions on fungal genera and species emphasis
in south China. Fungal Diversity 122(1): 161-403. https://doi.org/10.1007/s13225-
023-00523-6

Singer R (1943) Das System der Agaricales Ill. Annales Mycologici 41(1-3): 1-189.

Singer R (1951) New genera of fungi V. Mycologia 43(5): 598-604. https://doi.org/10.1
080/00275514.1951.12024157

Singer R (1970) Omphalinae (Clitocybeae—Tricholomataceae, Basidiomycetes). Organi-
zation for Flora Neotropica, University of California, 131 pp.

Singer R (1982) Hydropus (Basidiomycetes-Tricholomataceae-Myceneae). Flora Neo-
tropica Monograph, New York, 154 pp.

Singer R (1986) The Agaricales in modern taxonomy, 4" edn. Koeltz Scientific Books,
Konigstein, 981pp.

Stevenson G (1964) The Agaricales of New Zealand: V. Kew Bulletin 19(1): 1-59.
https://doi.org/10.2307/4108283

Takahashi H (1999) Mycena auricoma, a new species of Mycena section Radiatae from
Japan, and Mycena spinosissima, a new record in Japan. Mycoscience 40(1): 73-80.
https://doi.org/10.1007/BF02465677

Telfer A, Dewaard J, Young M, Quinn J, Perez K, Sobel C, Sones J, Levesque-Beaudin
V, Derbyshire R, Fernandez-Triana J, Rougerie R, Thevanayagam A, Boskovic A,
Borisenko A, Cadel A, Brown A, Pages A, Castillo A, Nicolai A, Glenn Mockford BM,
Bukowski B, Wilson B, Trojahn B, Lacroix CA, Brimblecombe C, Hay C, Ho C, Steinke C,
Warne C, Garrido Cortes C, Engelking D, Wright D, Lijtmaer D, Gascoigne D, Hernandez
Martich D, Morningstar D, Neumann D, Steinke D, Marco DeBruin DDB, Dobias D, Sears
E, Richard E, Damstra E, Zakharov E, Laberge F, Collins G, Blagoev G, Grainge G, Ansell
G, Meredith G, Hogg |, McKeown J, Topan J, Bracey J, Guenther J, Sills-Gilligan J,
Addesi J, Persi J, Layton K, D'Souza K, Dorji K, Grundy K, Nghidinwa K, Ronnenberg K,
Lee KM, Xie L, Lu L, Penev L, Gonzalez M, Rosati M, Kekkonen M, Kuzmina M, Iskandar
M, Mutanen M, Fatahi M, Pentinsaari M, Bauman M, Nikolova N, Ivanova N, Jones N,
Weerasuriya N, Monkhouse N, Lavinia P, Jannetta P, Hanisch P, McMullin RT, Ojeda
Flores R, Mouttet R, Vender R, Labbee R, Forsyth R, Lauder R, Dickson R, Kroft R, Miller
S, MacDonald S, Panthi S, Pedersen S, Sobek-Swant S, Naik S, Lipinskaya T, Eagalle
T, Decaéns T, Kosuth T, Braukmann T, Woodcock T, Roslin T, Zammit T, Campbell
V, Dinca V, Peneva V, Hebert P (2015) Biodiversity inventories in high gear: DNA
barcoding facilitates a rapid biotic survey of a temperate nature reserve. Biodiversity
Data Journal 30(3): €6313. https://doi.org/10.3897/BDJ.3.e6313

Thompson JD, Gibson TJ, Plewniak F (1997) The Clustal-X windows interface: Flexible
strategies for multiple sequence alignment aided by quality analysis tools. Nucleic
Acids Research 63(24): 215-228. https://doi.org/10.1093/nar/25.24.4876

Varga T, Krizsan K, Foldi C, Dima B, Sanchez-Garcia M, Sanchez-Ramirez S, Sz6ll6si GJ,
Szarkandi JG, Papp V, Albert L, Andreopoulos W, Angelini C, Antonin V, Barry KW,
Bougher NL, Buchanan P, Buyck B, Bense V, Catcheside P, Chovatia M, Cooper J,
Damon W, Desjardin D, Finy P, Geml J, Haridas S, Hughes K, Justo A, Karasinski D,
Kautmanova |, Kiss B, Kocsubé S, Kotiranta H, LaButti KM, Lechner BE, Liimatainen
K, Lipzen A, Lukacs Z, Mihaltcheva S, Morgado LN, Niskanen T, Noordeloos ME, Ohm
RA, Ortiz-Santana B, Ovrebo C, Racz N, Riley R, Savchenko A, Shiryaev A, Soop K,
Spirin V, Szebenyi C, TomsSovsky M, Tulloss RE, Uehling J, Grigoriev 1V, Vagvolgyi C,
Papp T, Martin FM, Miettinen O, Hibbett DS, Nagy LG (2019) Megaphylogeny resolves
global patterns of mushroom evolution. Nature Ecology & Evolution 3(4): 668—-678.
https://doi.org/10.1038/s41559-019-0834-1

MycoKeys 105: 49-95 (2024), DOI: 10.3897/mycokeys.105.118826 94


https://doi.org/10.1007/s13225-023-00523-6
https://doi.org/10.1007/s13225-023-00523-6
https://doi.org/10.1080/00275514.1951.12024157
https://doi.org/10.1080/00275514.1951.12024157
https://doi.org/10.2307/4108283
https://doi.org/10.1007/BF02465677
https://doi.org/10.3897/BDJ.3.e6313
https://doi.org/10.1093/nar/25.24.4876
https://doi.org/10.1038/s41559-019-0834-1

Qin Na et al.: Five new species of Porotheleaceae (Agaricales, Basidiomycota) from China

Vila J (2002) Clitocybula taniae Vila, una nova espécie del litoral catala. Revista Catalana
de Micologia 24: 283-286.

Villarreal M, Esteve-Raventds F, Sdnchez F, Pérez-De-Gregorio MA (2021) Chrysomycena
dunicola comb. nov. (Agaricales, Porotheleaceae), un nombre prioritario sobre Chry-
somycena perplexa. Boletin de la Sociedad Micologica de Madrid 45: 43—-52.

Vizzini A, Picillo B, Luigi B Dovana F (2019) Chrysomycena perplexa gen. et sp. nov.
(Agaricales, Porotheleaceae), a new entity from the Lazio region. Rivista Micologica
Romana 107(2): 96-107.

Vizzini A, Consiglio G, Marchetti M, Borovi¢ka J, Campo E, Cooper J, Lebeuf R, Sevéikova
H (2022) New data in Porotheleaceae and Cyphellaceae: Epitypification of Prunulus
scabripes Murrill, the status of Mycopan Redhead, Moncalvo & Vilgalys and a new
combination in Pleurella Horak emend. Mycological Progress 21(4): 44. https://doi.
org/10.1007/s11557-022-01795-z

Wang M, Wu D, Jiang LL, Feng Z, Xiang Z, Li P, et al. (2021) Overview on edible fun-
gi resources in Guizhou Province. Zhongguo Shiyongjun 40(1): 7-23. https://doi.
org/10.13629/j.cnki.53-1054.2021.01.002

White TJ, Bruns TD, Lee SB, Taylor JW, Innis MA, Gelfand DH, et al. (1990) Amplification
and direct sequencing of Fungal Ribosomal RNA Genes for phylogenetics. Academic
Press, San Diego, 315-322. https://doi.org/10.1016/B978-0-12-372180-8.50042-1

Yang ZL, Li YC, Tang LP, Shi GQ, Zeng G (2012) Trogia venenata (Agaricales), a novel
poisonous species which has caused hundreds of deaths in southwestern China.
Mycological Progress 11(4): 937-945. https://doi.org/10.1007/s11557-012-0809-y

MycoKeys 105: 49-95 (2024), DOI: 10.3897/mycokeys.105.118826 95


https://doi.org/10.1007/s11557-022-01795-z
https://doi.org/10.1007/s11557-022-01795-z
https://doi.org/10.13629/j.cnki.53-1054.2021.01.002
https://doi.org/10.13629/j.cnki.53-1054.2021.01.002
https://doi.org/10.1016/B978-0-12-372180-8.50042-1
https://doi.org/10.1007/s11557-012-0809-y

	Morphological and phylogenetic analyses reveal five new species of Porotheleaceae (Agaricales, Basidiomycota) from China
	Abstract
	Introduction
	Materials and methods
	Specimens and morphology
	DNA extraction, polymerase chain reaction (PCR) amplification and sequencing
	Phylogenetic analysis

	Results
	Phylogenetic analysis
	Taxonomy
	Clitocybula fuscostriata Q.Na & Y.P.Ge, sp. nov.
	Gerronema brunneosquamulosum Q.Na & Y.P.Ge, sp. nov.
	Leucoinocybe subglobispora Q.Na & Y.P.Ge, sp. nov.
	Marasmiellomycena albodescendens (J.A. Cooper) Q.Na & Y.P.Ge, comb. nov.
	Marasmiellomycena tomentosa Q.Na & Y.P.Ge, sp. nov.
	Pulverulina flavoalba Q.Na & Y.P.Ge, sp. nov.
	Key to 22 species belonging to nine genera of Porotheleaceae in China

	Discussion
	Acknowledgements
	Additional information
	References

