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Abstract

In Bolbitiaceae, the polyphyletic origin &holiotinasensu lato has led to the classification of
many species oPholiotina under Conocybe causing confusion among researchers. This study
amed to reconcile morphology and phylogeny using Chinese materials and reliable gene
sequences. To reconstruct the relationship$lodliotina sensu lato, we conducted maximum
likelihood and Bayesian analyses using a combined dataset of nuclear ribodd/ahnt®rnal
transcribed spacer regionr(TS), nuclear ribosomal DNA 28S subunit (nrLS@hd translation
elongation factor -hlpha {ef1-U. The analysis revealed three major clades wiltioliotinasensu
lato: Pholiotina Clade 1, Pholiotina Clade 2, andPholiotina Clade 3. A new genus named
Conocybulawas established withiRholiotinaClade 1, sister t&alerellanigeriensis Conocybula
comprises theConocybulasecton Cyanopodaeand Conocybulasecton Conocybula Pholiotina
Clade 2 was identified as &w genus calle@€onobolbiting which includesConobolbitinasecton
Conobolbiting Conobolbitina secton Aeruginosa and Conobolbitina secton Verrucisporae
Based onthe revision of Hausknect® definition of Pholioting the monophyletic group of
Pholiotina Clade 3, characterised by the presence of a veil, is considered &holietina
Therefore Pholiotinanow includes onlyPholiotinasecton Pholioting PholiotinasectionVestitae
andPholiotinasecton Intermediae This study discovered 30 new taxwnic groups, including two
new genera, 17 new species, 11 new combinations, and two new records from China. Keys for the
genera, sections, and species within the family Bolbitiaceae in China are compiled. Morphological
descriptions and line drawings of thé new species and two newly recorded species are provided.
By resolving the delimitation of genera, sections, and species vthatiotina sensu lato, we
addressed possible phylogenetic relationships and evolutionary trends among genera and
infragenericanks in Bolbitiaceae.
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INTRODUCTION

The genusPholiotina Fayod classified under Bolbitiaceae Singer derit@$iame from the
Greek wordiip h o | i s 0 ,fis gqruieaameaigniéps the presence of a veltgyod1889). These
fungi are classified as saprophytic, and are commonly found on fertile lsmilsyore dungand
plant remains (Matheny et al. 2006, Toth et al. 2013). Certain species withithdiietina s.I.
contan toxic substances, such as psilocybin, phallotoxins, and amatoxins, which can have
neuropsychotropic, gastroenteric, and hepatotoxic effmudlsitis worth noting that these toxic
substances also exhibit potential pharmacological activities (Wu eti#l).20
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In 1889, Fayod establishddholiotina as a genus and defined its species based on the
presence of a ring on the stipe (Fayod 1889). However, for an extended péradidfina was
considered a subgenus©@bnocybd-ayod. Kilhner (1935) observed thafetiences in théamella
tramawere insufficient for a distinct generic classification and prop&dediotinaas a subgeneric
rank within Conocybe This perspective found support from several scholars (Walting 1965, Kits
van Waveren 1970, Walting 1982%ingeits (1951) adaption td-ayods perspective elevates
Pholiotinato a generic levedndexpanded Fayad original definitionFayod (1889)py transferring
the sectPiliferae Kiihner ex Singer fron€onocybeo Pholioting considering the presence of Ron
lecythiform cheilocystidia, although se@iliferae lack veils. Singer also included setbgulares
Konrad & Maublanowvhich are characterised by a veil residue on the pileus margin and a ring on
the stipe withinPholiotina (Singer1951). Watling (1965) introduced the secWestitae(Watling)
Hausks. & Krisai forPholiotina species lacking a ring but with néecythiform cheilocystidia.
Watling (1971) established the sectntermediae (Watling) Singer for species possessing
lecythiform cheilocystidia and chcystidia, serrulate veil remnants on the pileus margin, and
phaseoliformto-reniform basidiospores (Watling 1965, 1971). Kits van Waveren (1970) proposed
a distinction betweerPholiotina and Conocybebased on the loss of red pigmentRholiotina
during drying, which could not be recovered upon rehydratibhrough extensive specimen
observations, Kits van Waveren (1970) identified significant variations in the length and depth of
the striations on the pileus surface within the species. These variaftensbecame indistinct
when the specimens were dried. Consequently, Kits van Waveren disagreed withaK ((t9&5)
proposal of using pileus striations as a classification criterionPtooliotina Singer (1973)
established sec€yanopoda&singer forPholiotina species exhibiting a bluisgreen colouration at
the base of the stipe or a bluish colouration on the pileus (containing psilocybin), and sect.
VerrucisporaeSinger for species with basidiospores featuring crigiatectate surfaces (Singer
1973). S$nger argued for the separation @onocybe from Pholiotina emphasising the
differentiation based on the structure of the lamellar trama (Singer 1986). In 2002, Horak and
Hausknecht introduced the se¢esiculosagHorak & Hauskn. folPholiotinaspecies karacterised
by spheropedunculate cheilocystidia (Horak & Hausknecht 2002). Hausknecht (2009) presented a
comprehensive summary of the classification hierarchy wkRhioliotina incorporating traditional
morphological criteria, which received broad redtign and acceptance. In this article, the authors
have revised the definition &holiotina as detailed in the results section.

The advent of molecular techniques has revealed discrepancies between traditional
morphological classifications and phylogeaetlationships in fungal taxonomy, prompting a shift
towards integrating morphology and systematics. Moncalvo et al. (2000) discoverEdrtbat/be
and Bolbitius Fr. formed a monophyletic group, wiiholiotina closely related tdBolbitius as its
sistergroup (Moncalvo et al. 2002). This finding was further confirmed by Matheny et al. (2006)
through analysis of six gene regio(pbl, rpbl-intron2, rpb2, 18S, 25S and 5.8SRecent
systematic molecular studies Bholiotinahave been conducted by varicesearchers. Toth et al.
(2013) constructed a phylogenetic framework €@onocybeand Pholiotina using the nriTS,
nrLSU, andtefl-U gene regions. The results indicate ti@dnocybeand Bolbitius formed a
monophyletic group, where&@holiotinaandGalerellaEarle had multiple origindescoleaSinger
is identified as the basal lineage within this group. This study also revealed an important issue:
Pholiotina could be divided into three clades. According to the definitiofPlodlioting, which
includes speciewith well-developed veils and rings on the stipe, oRligoliotina Clade 3
(consisting of species from seholiotina Fayod sectintermediag and sectVestita fit this
definition. ConsequentlyRholiotinashould be limited td’holiotinaClade 3, wheras species with
indistinct or absent veils, including those from seCyanopodag sect. Piliferae, and sect.
Verrucisporaeshould be excluded. However, the authors did not provide a further taxonomic
classification forPholiotina clades 1 andPholiotina Clade 2 (T6th et al. 2013). Recognising this
issue, Karich (2020) suggested tRdoliotina Clade 1 andPholiotina Clade 2 be split into one or
two separate genera while retaining the n&heliotinafor the clade exhibiting a distinct veil
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The results fom Liu (2018) and Song & Bau (2023) support the findings of Toth et al. (2013)
and further extend the analysis to encompass samples from northeastern China, providing
additional insights into the phylogenetic framework of this group. These studies cahfinate
Pholiotinais polyphyletic and adopted the clade designations proposed by Toth et al. (2013). It was
observed thatPholiotina Clade 1 andPholiotina Clade 2 are sister groups alerella and
Bolbitius, respectively. Notably, the species from s&yanopodagcharacterised by their blue
colouration, were identified in botRholiotina Clades 1 andPholiotina Clade 2 with strong
support, indicating the polyphyletic nature of this section. Therefore, relying solely on blue
colouration as the basis feubdivision is insufficient (T6th et al. 2013ul2018). Both Téth et al.
(2013) and Song et al. (2023) found that some species currently classifiedPhotietinaClade 3
still retain the genus nanféonocybe such asC. dentatomarginataVatling, C. apaos Kits van
Wav., andC. serrataT. Bau & J. Liu. This suggests that although the independent status of
Pholiotina as a genus has been recognised, issues arise owing to historical reasons and the
indistinct boundary betwedpholiotinaand Conocybe Song ¢ al. (2023) followed the viewpoints
of Kihner (1935) and Hausknecht (2009) to clarify the boundaries betReelntina and
Conocyben China, and recombined. serratainto P. serrata(T. Bau & J. Liu) T. Bau & H. B.

Song. However, a drawback of this apgch is thaPholiotinaremains polyphyletic

Pholiotina species are relatively uncommon, with a documented total of 55 species
worldwide reported by Hausknecht (2007), encompassing multiple polyphyletic clades. In recent
years, only a handful of specibave been added to thholiotina genus, such aB. calongei
Siquier, E. Suéarez, Salom, & Pland®, mediterraneaSiquier & Salom,P. pleurocystidiata
Hauskn. & Krisai,P. pseudoampullaceocysti&rich, P. serrataand P. sphagnicolaT. Bau &
Burenbaatar G(Siquier & Salom 2017, Siquier et al. 2021, Hausknecht & kigsailhuber 2020,
Karich 2020, Song et al. 2023u&nbaataet al. 2024). Presently, the Index Fungorum lists 129
records ofPholiotina (29 June 2024)however, some cases still exist in whieholiotina species
are listed under the genus nafenocybeleading to confusion. China, with its vast territory and
diverse ecological types, provides excellent natural conditiori3Holiotinaspecies. However, the
number of reportedPholiotina speces in China is much lower than those in Europe and North
America (Song et al. 2023). Many records in China still rely on the names of species reported in
Europe and America and lack precise verification using polyphasic classification methods. In this
study, we aim to address the polyphyletic naturétbliotina by reconstructing the phylogenetic
relationships oPholiotinas.l. using specimens collected in China and reliable foreign sequences,
integrating macroscopic morphological and phylogenetic amatgsachieve this goal.

MATERIALS AND METHODS

Samplings and Morphological Analyses

Specimens for this study were collected from China. Field habitat photographs were taken,
and specimens were deposited at the Fungarium Mycology of Jilin Agriculturalendiyw
(HMJAU). The specify of the specimens were treated with 5% Potassium hydroxide (KOH)
solution and 1% Congo red solution, and an ammonia reaction was carried out using a 25%
ammonia solution (Hausknecht 2009). Observations were made using a CarlPHei® Star
optical microscope (Jena, Germany). The basidiospores were captured using a ZEISS MERLIN
electron microscope with an accelerating voltage of EFbK\. The color of fresh basidioma was
described using the colaoding system developed by them@an Institute for Quality Assurance
and Certification (Reiché&usschuss fur Lieferbedingungen und Guetesicherung, https://www.ral
guetezeichen.de/)

To provide accurate measurements, the basidiospore measurements in this study do not
include the apiculusThey are presented as '(ajtd), where 'Ibc’ represents the minimum of 90%
of the measured values, and 'a’ and 'd' represent the extreme values. The main body (excluding
sterigmata or excrescences) of the basidia, cheilocystidia, caulocystidia, emellsl were
measured (if present) to record their dimensions accurately. The notation (n/m/p) indicates that
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measurements were made on "n" randomly selected basidiospores frobasmibmataof "p
collections. This sampling method ensures a representaeasurement sample. Q is the ratio of
length divided by width, providing a measure of the elongation of the spores. Qm represents the
average quotient (length/width ratio) + standard deviation, giving an overall average value with
variation.

DNA Extraction, PCR Amplification, and Sequencing

Genomic DNA extraction and the polymerase chain reaction (PCR) procedures were
conducted following the protocol outlined by Mou & Bau (2021). To amplify specific sequences,
we utilized the primer pairs ITS1F/ITS4 d€les & Bruns 1993), LROR/LR7 (Moncalvo et al.
2000), and EFP83F/EF12218R (Rehner & Buckley 2005) for th&lTS, nrLSU, andtefl-U
sequences, respectively. Following the amplification, sequencing services were performed by
Sangon Biotech (Shanghai) Cbtd., resulting in the acquisition of sequence data.

Phylogenetic Analyses

A total of 146 sequences were generated in this study and those have been submitted to NCBI
GenBank. In addition to these new sequences, relevant sequences were obtained following
(Table 1) from GenBank and UNITE for constructing the phylogenetic trees
(https://www.ncbi.nim.nih.gov/, https://unite.ut.ee/). THETS, nrLSU, andtefl-Usequences were
aligned using the @NS-i algorithm with two iterative cycles only. The alignment was performed
using the online Mafft version 7 (https://matfft.cbrc.jp/alignment/server/) and then manually refined
and trimmed using MEGA7. The concatted alignment was generated using PhyloSuite (Zhang
et al. 2020). The besit partition model (edgainlinked) was selected using the BIC criterion with
ModelFinder (Kalyaanamoorthy et al. 2017). Maximum likelihood phylogenies were inferred using
IQ-TREE under the edgénked partition model. The analysis included 5000 ultrafast bootstraps
and the Shimodairblasegawdike approximate likelihoodatio test (Nguyen et al. 2015, Guindon
et al. 2010). Bayesian inference phylogenies were inferred using MrB&ésunder the partition
model. The analysis involved two parallel runs and 1,000,000 generations (Ronquist et al. 2012),
with the initial 25% of the sampled data discarded as-byraverage standard deviation of split
frequencies is 0.006774. Gene stuwmes were analyzed using the GSDS online software
(http://gsds.gadab.org/index.php). The final figures were edited using iTOL (Letunic & Bork
2019), Adobe Photoshop 2021, and Adobe lllustrator 2021

Table 1Information on the DNA sequences used t@mnstruct phylogenetic trees.

Taxon Voucher ID nriTS nrLSU tef1-U Origin References
Bolbitius coprophilus HMJAU64958 0Q780315 0Q758216 i China Song & Bau
(2023)
B. coprophilus SZMC-NL-2640 DQ234567 DQ234567 DQ234567 Hungary Tothetal.
(2013)
B. reticdatus Wu30001 JX968249 JX968366  JX968455 Hungary Téthetal.
(2013)
B. subvolvatus Wu28379 JX968248 JX968365 JX968454 ltaly Téth et al.
(2013)
Conobolbitina aeruginosa WU27104 JX968247 JX968364 i Germany Téth et al.
(2013)
Con. dasypus HMJAU62002 OR995@®1 OR995711 PP000854 China This study
Con. dasypus SZMC-NL-2279 JX968152 JX968269 JX968385 Hungary T6thetal.
(2013)
Con. micheliana HMJAU65015 OR995677 OR994080 PP000869 China This study
Con. micheliana HMJAU65016 OR995678 OR994081 PP000870 China This study
Con. ochroleuca HMJAU65017 OR995679 OR994082 PP000871 China This study
Con. ochroleuca HMJAU65018 OR995680 OR994083 PP000872 China This study
Con. pygmaeoaffinis WuU16600 JX968149 JX968382 i Austria Toth et al.
(2013)
Conobolbitinasp.1 HMJAU65106 OR995670 PP001410 PP000863 China This study
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Table 1 Continued.

Taxon Voucher ID nriTS nrLSU tef1-U Origin References

Conobolbitinasp.2 HMJAU65107 OR995671 PP001411 PP000864 China This study

Conocybe alkovii LE262841 JQ247196 T T Russia Malysheva
(2012)

C. antipus wuU19791 JX968215 JX968332 JX968432  Austria Toth et al.
(2013)

C. ceracea HMJAU64951 0Q758110 0Q758218 0Q758305 China Song & Bau
(2023)

C. coniferarum LE313009 NR_155030 i T Russia Malysheva
(2017)

C. crispella Wu27367 JX968208 JX968325 JX968426  Australia Téth et al.
(2013)

C. cylindrospora HMJAU42440 MG250375 0Q758203 i China Liu & Bau
(2018),Song
& Bau
(2023)

C. deliquescens HMJAU61998 OP373403 0Q758204 0Q758292 China Song & Bau
(2023)

C. enderlei wu21272 JX968163 JX968279 i Italy Toth et al.
(2013)

C. gigasperma SZMC-NL-3972 JX968179 JX968295 JX968403  Slovakia Tath et al.
(2013)

C. hausknechtii LE253998 JQ247194 T ) Russia Malysheva
(2013)

C. hornana SZMC-NL-3499 JX968178 JX968294  JX968402  Slovakia T6th et al.
(2013)

C. incerta LE313017 NR_ 155031 1 ) Russia Malysheva
(2017)

C. leporina SZMC-NL-2380 JX968177 JX968293 JX968401 Hungary T6th et al.
(2013)

C. olivaceopileata LE313106 NR_155028 i T Russia Malysheva
(2017)

C. parapilosella JLS3063/WU30224 MN872706 T T Spain Siquier &
Salom
(2021)

C. pilosella HMJAU64957 0Q780306 0Q758206 0Q758295 China Song & Bau
(2023)

C. praticoh HMJAU64965 0Q780303 i i China Song & Bau
(2023)

C. pseudocrispa HMJAU64944 0Q780308 0Q758211 0Q758298 China Song & Bau
(2023)

C. pubescens WuU20759 JX968170 JX968286  JX968396 ltaly Toth et al.
(2013)

C. rostellata SZMC-NL-2499 JX968162 JX968278  JX96839D Sweden  Téth et al.
(2013)

C. rufostipes HMJAU64937 0Q758120 0Q758227 0Q758317 China Song & Bau
(2023)

C. semiglobata wu8794 JX968188 JX968304  JX968168  Austria Toth et al.
(2013)

C. siennophylla HMJAU64966 0Q780312 0Q758210 0Q758297 China Song & Bau
(2023)

C. singeriana Wu22129 JX968166 JX968282  JX968393  Austria Toth et al.
(2013)

C. volvicystidiata LIPO001212 KY346827 T T France Hausknecht
& Broussal
(2016)

C. watlingii wu22744 JX968172 JX968288 JX968398  Finland Téth et al.
(2013)

Conocybula coprapila SZMC-NL-2176 JX968156 JX968273 i Hungary Toth et al.
(2013)
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Table 1 Continued.

Taxon Voucher ID nriTS nrLSU tef1-U Origin References

Co. coprophila HMJAU62008 OR995662 OR995712 PP000855 China This study

Co. cyanopus wu2134 JX968157 JX968274  JX968388  Austria Toth et al.
(2013)

Co. cyanopus HMJAU62007 OR995663 OR995713 PP000856 China This study

Co. longistipitata LE312984 KY627842 KY627843 i Russia Crous et al.
(2017)

Co. longistipitata HMJAU64974 OR995664 OR995714 PP000857 China This study

Co. smithii HMJAU62001 OP373407 0Q758215 0Q758300 China Song & Bau
(2023)

Co. smithii CCB185 KF830097 KF830088 i USA Direct
Submission

Conocybulasp.1 HMJAU65104 OR995672 PP001412 PP000865 China This study

Conocybulasp.2 HMJAU65105 OR995673 PP001413 PP000866 China This study

Descolea antarctica Nz5182 AF325647 i i USA Peintner &
Bougher
(2001)

D. quercina HMJAU64959 0Q78033 0Q758213 0Q758299 China Song & Bau
(2023)

Galerella nigeriensis CNF1/5859 JX968251 JX968368  JX968457  Nigeria Toth et al.
(2013)

Pholiotina aberrans SZMC-NL-3161 JX968256 JX968373 JX968459 Sweden Téth et al.
(2013)

P. aporos SZMC-NL-1241 JX968260 JX968376  JX968462 Hungary Téthetal.
(2013)

P. arrhenii SZMC-NL-2509 JX968261 JX968377 i Sweden  Téth et al.
(2013)

P. arrhenii HMJAU65103 OR995665 OR995715 PP000858 China This study

P. bambusicola HMJAU65054 OR995681 OR994084 PP000873 China This study

P. bambusicola HMJAUG65055 OR995682 OR994085 PP000874 China This study

P. bifurcaticystidia HMJAU65030 OR995683 OR994086 PP000875 China This study

P. bifurcaticystidia HMJAU65032 OR995684 OR994087 PP000876 China This study

P. bispora HMJAU65070 OR995685 OR994088 PP000877 China This study

P. bispora HMJAU65072 OR995686 OR994089 PP000878 China This study

P. brevipila HMJAU65082 OR995687 OR994090 PP000879 China This study

P. brevipila HMJAU65084 OR995688 OR994091 PP000880 China This study

P. brunnea GLM-F39772 MK412353 T ) Germany Karich
(2020)

P. brunnea OF254586 uDBO035771 1 ) Norway Karich
(2020)

P. brunnea S2805 MT909555 T ) Germany Karich
(2020)

P. brunnea SZMC-NL-1216 JX968259 JX968375 JX968461 Hungary Téthetal.
(2013)

P. calongei 98486 NR_182947  OK256958 i Spain Siquier et al.
(2021)

P. changbaishanensis HMJAU65101 OR995689 OR994092 PP000881 China This study

P. changbaishanensis HMJAU65102 OR995690 OR994093 PP000882 China This study

P. communis HMJAUG65038 OR995691 OR994094 PP000883 China This study

P. communis HMJAU65039 OR995692 OR994095 PP000884 China This study

P. dentatomarginata SZMC-NL-2921 JX968258 JX968374  JX968460 Hungary Toth etal.
(2013)

P. eburnea HMJAU65034 OR995693 OR994096 PP000885 China This study

P. eburnea HMJAU65035 OR995694 OR994097 PP000886 China This study

P. exannulata GLM-F42368 MK412399 T ) Germany Karich
(2020)

P. exannulata HMJAU45107 OR995666 OR995716 PP000859 China This study

P. excrescenticystidiata ~HMJAU65021 OR995695 OR994098 PP000887 China This study

P. excrescenticystidiata HMJAU65022 OR995696 OR994099 PP000888 China This study
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Table 1 Continued.

Taxon Voucher ID nriTS nrLSU tef1-U Origin References
P. filaris MSC378482 AY194542 T ) USA Hallen et al.
(2003)
P. gracilenta PDD:87363 KM975419 KM975382 i New Direct
Zealand  Submission
P. hadrocystis Wu10748 MF142251 T T Spain Siquier &
Salom
(2017)
P. horchinensis HMJAU65097 OR995697 OR994100 PP000889 China This study
P. horchinensis HMJAU65098 OR995698 OR994101 PP000890 China This study
P. indica Wwu20891 JX968263 JX968378  JX968464 India Téth et al.
(2013)
P. intermedia HMJAU62014 OR995667 OR995717 PP000860 China This study
P. liudingshanensis HMJAU65052 OR995699 OR994102 PP000891 China This study
P. liudingshanensis HMJAU65053 OR995700 OR994103 PP0M892 China This study
P. longicystidiata HMJAU65056 OR995701 OR994104 PP000893 China This study
P. longicystidiata HMJAU65060 OR995702 OR994105 PP000894 China This study
P. mediterranea MA:Fungi:89945 NR_ 158849 i ) Spain Siquier &
Salom
(2017)
P. micrgpora HMJAU65076 OR995703 OR994106 PP000895 China This study
P. micropora HMJAU65080 OR995704 OR994107 PP000896 China This study
P. parvula GLM-F39727 MK412362 T T Germany Direct
Submission
P. pleurocystidiata WU40666 NR_176740 i T Austria Hausknecht
& Krisak
greilhuber
(2020)
P. pseudoampullaceocysti AK20191010 MT903471 T ) Germany Karich
(2020)
P. rostellulata HMJAU65049 OR995705 OR994108 PP000897 China This study
P. rostellulata HMJAU65050 OR995706 OR994109 PP000898 China This study
P. rufidispora HMJAU65027 OR995707 OR994110 PP000899 China This study
P. rufidispora HMJAU65029 OR995708 OR994111 PP000900 China This study
P. septentrionalis JDRG3010201101 MN449431 MN449432 i Spain Hallen et al.
(2003)
P. serrata HMJAU42442 MG250376 i i China Liu & bau
(2018)
P. serrata HMJAU62006 OP538570 0Q758217 0Q758301 China Song & Bau
(2023)
Pholiotinasp. 137771707 OP743631 i i USA Direct
Submission
Pholiotinasp. DM30-03805 OM212973 i T USA Direct
Submission
Pholiotinasp. G4516 UDB0414885 1 ) Estonia Karich
(2020)
Pholiotinasp.1 HMJAU65108 OR995674 PP001414 i China This study
Pholiotinasp.2 HMJAU65109 OR995675 PP001415 PP000867 China This study
Pholiotinasp.3 HMJAU65110 OR995676 PP001416 PP000868 China This study
P. sphagnicola HMJAU64971 PP034263 PP034265 PP034744 Mongolia Burenbaatar
et al. (2024)
P. striipes WU26997 JX968150 JX968267  JX968383  Austria Toth et al.
(2013)
P. sulcata SZMC-NL-1975 JX968153 JX968270 JX968386 Hungary T6thetal.
(2013)
P. sulciceps HMJAU65099 OR995709 OR994112 PP00®01 China This study
P. sulciceps HMJAU65100 OR995710 OR994113 PP000902 China This study
P. teneroides SZMC-NL-3501 JX968264 JX968379 JX968465  Slovakia Téth et al.
(2013)
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Table 1 Continued.

Taxon Voucher ID nriTS nrLSU tef1-U Origin References

P. utricystidiata Wwu20164 JX968262 JX968463 i Germany Toth et al.
(2013)

P. utricystidiata HMJAU45885 OR995668 OR995718 PP000861 China This study

P. vestita SZMC-NL-2191 JX968266 JX968381 JX968467 Hungary Téthetal.
(2013)

P. vexas SZMC-NL-3967 JX968265 JX968380 JX968466  Slovakia Téthetal.
(2013)

P. vexans HMJAU45078 OR995669 OR995719 PP000862 China This study

Psathyrella leucotephra ~ SZMC-NL-1953 FM163226 FM160683 FM897219 Hungary Nagy et al.
(20112)

Ps. piluliformis HMJAU37922 MG734716 MW413364 MW411001 China Yan & Bau
(2018)

Note: T 0O means no relevant genetic information, and the new species are represented in bold.
RESULTS

Phylogenetic analyses

The ML phylogenetic tree was constructed based on a combined dataseSofmki$U, and
tefl-U, while the Bayesian tree was not presented due to their consistent topology. Support values
were indicated on the tree nodes. All Bayesian posterior probabilities and ML bootstrap values
(PP/MLbs) were retained (Fid). The multilocus datasetr(fITS + nrLSU +tefl-U) of Pholiotina
s.l. comprised 901 bp fonrlTS, 1299 bp for nrLSU, and 1193 bp ftefl-U The alignment
included 124 sequences with 3393 columns, resulting in 1643 distinct patterns, 1244 parsimony
informative sites, 19%ingleton sites, and 1953 constant sites. During the construction of ML
phylogenetic trees, the befiit models, GTR+F+R5, were selected fudTS, nrLSU, andtefl-U
based on the BIC. Similarly, for Bayesian phylogenetic trees, thdibesddels accordig to the
BIC were GTR+F+|+G4 fonrITS and nrLSU, SYM+I+G4 fotef1-U,

The phylogenetic tree d?holiotina s.l. (Figs 1, 2) includedPsathyrella(Fr.) Quél. as the
outgroup at the base of the tree. The tree revealedPti@iotina was polyphyletic, compsing
Pholiotina Clade 1,PholiotinaClade 2, andPholiotina Clade 3. On the other hanBplbitius and
Conocybewere identified as monophyletic grougholiotina Clade 1 (1/89) includes the new
generaConocybulaT. Bau & H. B. Song and>alerella (1/100), demonstrating strong support.
Conocybulaconsists ofCo. sect.CyanopodagSinger) T. Bau & H. B. Son{l/99) andCo. sect.
ConocybulaPholiotina Clade 2 (1/99) is now recognized as the new g&uarsobolbitinaT. Bau
& H. B. Song, encompassingon.sect.Conobolbitina(= P. sect.Piliferae), Con.sect.Aeruginosa
(Hauskn. & Krisai) T. Bau & H. B. Song, ar@@on. sect.Verrucisporae(Singer) T. Bau & H. B.

Song. Pholiotina Clade 3 (0.99/98) corresponds to the traditioRBbliotina, comprisingonly
P. sect. Pholiotina P. sect. Vestitag and P. sect. Intermediae In total, 30 new taxa were
discovered, including two new genera, 17 new species, 11 new combinations, and two new records.

Fitting morphology with phylogenetics

In Fig. 2, the analysis of morphaia@al characteristics in conjunction with phylogenetics
revealed distinctive features among different t&@nocybulaspecies were observed to have stipes
lacking a ring, pileus without blugreen hues, elliptical basidiospores devoid of crigtatectate
ornamentation, featuring a smooth surface with a germ pore. Cheilocystidia were found te be non
lecythiform, ceoccurring with subecythiform, lageniform, and nettle hashaped elements, while
no excrescences were present. Caulocystidia displayed-ceythiform shape, and pileocystidia
were detected, interspersed with nettle 8hi@ped elements. Similarly, f@onobolbitinaspecies,
the stipes were found to be devoid of a ring, basidiospores exhibited an elliptical shape with a germ
pore, and cheilogtidia were noslecythiform. Pholiotina species were characterized by the
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presence of a veil, pileus and stipes lacking {gteen hues, and basidiospores being smooth
without cristatepunctate ornamentation. Further details can be foufiign 2 and Taonomyo.
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The phylogenetic relationships d@tholiotina s.I. in Bolbitiaceae using Bayesian

inference and maximum likelihood methods based on a +oglis dataset (nrITS, nrLSU, and
tefl-U). Nodes with PP values and ML begitap support vaks are indicated in the phylogenetic
tree,the newly described taxa are highlighted in bold red font for new species, bold blue font for
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new records in China, purple font for new combinations, and bold black font for hypothesized
species. T denotes the segce of the type species
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Figure 217 Pholiotinas.|. was fitted with a morphology using a Bayesian phylogenetic tree based
on a multilocus datasenfITS, nrLSU,tefl-U), and PP values are labeled on the nodes

Taxonomy

ConocybulaT. Bau & H. B. Song, gen. nov.

Mycobank number: MB85147%acesoffungi numbeEoF15316

Etymologyi fiConocybul@ is composed of the two pani€onocybé andfiulao, indicating
its correhtion withConocybe

Typespecies Conocybula longistipitatéE.F. Malysheva & Kiyashko) T. Bau & H. B. Song

Basidioma small, mycenoid. Pileus conit@alobtusely conicalcampanulate, hemispherical,
convex, parabolicsurface smooth, hygrophanous, greasyongreasy, distinctly pubescent, with
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or without striaeContext thin, beige (RAL1001), sandy yellow (RAL1002), or the same color as
the pileus, odor indistincl.amellae adnexedto narrowly adnate, looselyo crowded, unequal,
maize yellow (RAL1006),ochre brown (RAL8001), clay brown (RAL8003), copper brown
(RAL8004), smooth or slightly serrated at the margin. Stipe cylindrical, slightly swollen or bulbous
at the base. After injury, the stipe turns pastel blue (RAL5024), light blue (RAL5012), ongemai
uncolored.Surface of the stipe is covered with powdery frost and pubescence, with longitudinal
fibrous striations.The pileus has a veil only in the early stages, which quickly disappears or
becomes absent.

Basidiospores smootbkllipsoidto oblong, sghtly amygdaliform, occasionallghaseoliform
to reniform, with a distinct germ pore, and some are eccentrically positi@asidia clavate,
spheropedunculatd; or 2-spored with vacuolar content€heilocystidia are variable, lageniform,
with slightly capitate apex, sulecythiform. Lamellar edges are sterile, and pseudoparaphyses may
be present or abseleurocystidia absentaulocystidia are polymorphic and irregular, including
lageniform, longnecked lageniform with curved necks, dabythiform, utriform, fusiform,
clavate, subcylindrical, subcapitate, spheropedunculate, nettishagied, conical (like an icicle),
or hairlike. Pileipellis hymeniform, composed of sphaeropedunculate elements and nearly clavate
elements, with yellow pigments ahe base.Pileocystidia presdn lageniform, longnecked
lageniform with curved necks, sdécythiform, hairlike, nettle hairshaped to conical (like an
icicle), relatively | arge, with a |l ength of
pigment. Clamp connections presentbsent. It can react negatively or positively with ammonia
solution, and if positive, it forms rhomboid crystad.the genetic level, the first intron of thef-
1 ({983 2218) region is missing in species within this genus, which can serve as a dltissific
criterion Fig. 3).

Habitati Grows on feces, on the forest floor between coniferous and-tzaaed trees, and
on moist mossy layers.

Known distributioni It is widely distributed worldwide.

Notesi Conocybulavas originally classified within thBholiotina Clade 1 and is considered
a lineage derived fronfPholiotina However, some scholars argue ti@inocybulashould be
placed withinConocybgKuhner 1935). This is becauS€®nocybulais morphologically closer to
ConocybeNonetheless, there arefiliguishing factors between the two genera. The cheilocystidia
of Conocybeare lecythiform, and the presence of filamentous hyphae in the trama allows for
differentiation (Song et al. 2023). In contrast, Hausknecht (2009) considerestybulaas part of
Pholiotina. However, this treatment has resultedPholiotinabeing polyphyletic. In this study, we
adopted a combined approach of morphology and molecular analysis, which led to the conclusion
thatPholiotinaClade 1 (excludingsalerellg) should be clasBed asConocybula

Key to sections ofConocybulain China

1. No color change in the stipe after iINJULY.............ueeeeieiiiiieeeiiiiieeeeeeeeeeeenn Co.sect.Conocybula
1 N;j. Bl uing of .t.he..s.t..p.e..alf.t.e.r..i.Cp.sectyanopodae

ConocybulasectionConocybula

Etymologyi fiConocybul@ is composed othe two part§iConocybe andfiulad, indicating
its correlation withConocybe

Basidioma small, mycenoid. Pileus conitalobtusely conicalcampanulate, hemispherical,
convex, parabolicsurface smooth, hygrophanous, greasy orgraasy, distinctly pubesent, with
or without striaeContext thin, beige (RAL1001), sandy yellow (RAL1002), or the same color as
the pileus, odor indistinct or without specific odoamellaeadnexedo narrowlyadnate, looselto
crowded, unequal, maize yellow (RAL1006), oclwewn (RALB001), clay brown (RALB003),
copper brown (RAL8004), smooth or slightly serrated at the margin. Stipe cylindrical, slightly
swollen or bulbous at the badé¢o color change in the stipe after inju§urface of the stipe is
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covered with powdery @ist and pubescence, with longitudinal fibrous striatidm®e pileus has a
veil only in the early stages, which quickly disappears or becomes absent.

Basidiosporesmooth, ellipsoid to oblong, slightly amygdaliform, occasionphgseoliform
to reniform, wth a germ pore, and some are eccentrically positiorigabkidia clavate,
spheropedunculatd; or 2-spored with vacuolar content&heilocystidia are variable, lageniform,
with slightly enlarged apex, sdbcythiform. Lamellar edges are sterile, and pspataphyses
present or absenBleurocystidia absenCaulocystidia are polymorphic and irregular, including
lageniform, longnecked lageniform with curved necks, dabythiform, utriform, fusiform,
clavate, subcylindrical, subcapitate, spheropedunculatde hairshaped, conical (like an icicle),
or hairlike. Pileipellis hymeniform, composed of sphaeropedunculate elements and nearly clavate
elements, with yellow pigments at the basgdleocystidia present, lageniform, longcked
lageniform with curvd necks, sulbecythiform, hairlike, nettle hairshaped to conical (like an
icicle), relatively large, with a lengtb f up to 200 &m. Some of t h
pigment. Clamp connections present or absent. It can react negatively or positively with ammonia
solution, and if positive, it forms rhomboid crystad.the genetic level, the first intron of thef-
1U(983 2218) region is missing in species within this sectfig. (3).

Habitati Grows on feces, on the forest floor between coniferous and-beaadd trees, and
on moist mossy layers.

Known distributioni It is widely distributed worldwide.

Notesi Speies within Conocybulasection Conocybulawere previously classified under
Pholiotina sectionPiliferae, which can cause confusion (Hausknecht & KriSaeilhuber 2007).
However, P. sect. Piliferae is characterized by cheilocystidia that are lageniformgloecked
lageniform, omettle hairshapedand never capitate enlarged at the apex

Key to ConocybulasectionConocybulain China

1.Sti pe Il ong and sl ender, ba.s..di.os.fo logistipifata s s t
1N, Stipe slightly short and thi.ck.,..basiZliosp
2. The base of the pileipellis iS COIOrESS..........oovviiiiiiiiiieee e Co. coprophila
2Nj The base hada ydlldwerowp pigment..p.e.l..l..i..s.............. Conocybulasp.1

Conocybula longistipitata(E.F. Malysheva & Kiyashko) T. Bau & H. B. Song, comb. nov.
Figs 4A, 5

Mycobank number: MB85164Facesoffungi numbeFoF15317

Basionymi Pholiotina longistipita& E.F. Malysheva & Kiyashko, in Crous et d&ersoonia
38: 361 (2017)

Pileus diameter 0i13.5 cm, initially paraboloidto hemispherical later obtuselyconical,
campanulate, center ochre brown (RAL8001), copper brown (RAL8004) to orangebrown
(RAL8023), magin is a pastel yellow (RAL1034), beige (RAL1001), and ochre brown
(RAL8001). Pileus hygrophanous, surface smooth, covered with fine, short pubescence, margin
striated, reaching 4/5 of the way to the cen@ontext thin, beige (RAL1001), no distinct odor
Lamellae adnexed, ventricose, slightly spaced, unequal in length, ranging from beige (RAL1001) to
sandy yellow (RAL1002), margin slightly serratestipe 2.06.0 cm long, 0.62.0 mm thick,
cylindrical, slightly bulbous at the base, reaching up to 2 ntipe $ght ivory (RAL1015), ranging
from oyster white (RAL1013) to cream (RAL9001), covered with a powdery coating and short
hairs, with longitudinal fibrous striations.

Basidiosporeg60/3/3) (8)8.419.9(10.7) x (4.8)515.9(6 . 2 ), Q 1(1.5)1.58 1.84(

1.95), Qm = 1.71(x 0.07}lightly ellipsoidto oblong, amygdaliform, occasionalihaseoliformo

reniform, with thick walls, containing oil dropletgerm pored i a met er | ess than
basidiosporesare eccentric Basidiospores appear ochre brown (RAL8001) to copper brown
(RAL8004) in KOH solution.Basidia (17)18/27(29) x 710341 1) em, -spbredy at e,
sterigmata®6 e m | ong, wi t MCheiloaystidia (2424 48¢ 50N x (& )Bi L4g 16)
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eEm,

| a gte tonghexkednlageniform, some with slightly swollen tips, -$edythiform,

interspersed with utriform and spheropedunculate elements, lamellae margin Rleuilecystidia

absent. Caulocystidia (BY39i110¢G 115) x (8)9117('1 8)

eEm,

| a g e1mackes r m

lageniform, nettle hairshaped nearly cylindrical, ice conshaped. Pileipellis hymeniform

consisting of sphaeropedunculate elements; )@B857( 60) x 10323312 4 )

eEm,

and

pigments at the baseRileocystidia (3#)37i 70(G73) x 815(G17), lagerform, longnecked
lageniform, nettle hairshaped nearly cylindrical, ice conshaped, similar to caulocystidiall

structures have clamp connections. It exhibits a weak positive reaction with ammonia, forming

rhombic crystals.

Conocybe watlingii WU22744
Conocybe pubescens WU20759

Conocybe singeriana WU22129
Conocybe gigasperma SZMC-NL-3972
Conocybe rostellata SZMC-NL-2499
Conocybe deliquescens HMJAU61998
Conocybe crispella WU27367

Conocybe antipus WU19791
Conocybe pseudocrispa HMJAU64944
Conocybe pilosella HMJAU64957
Conocybe ceracea HMJAU64951
Conocybe rufostipes HMJAU64937
Conocybe siennophylla HMJAU64966
Conocybe leporina SZMC-NL-2380
Conocybe hornana SZMC-NL-3499
Conocybula cyanopus WU2134
Conocybula cyanopus HMJAU62007
Conocybula sp.2 HMJAUB5105
Conocybula smithii HMJAU62001
Conocybula longistipitata HMJAU64974
Pholiotina aberrans SZMC-NL-3161
Conocybula sp.1 HMJAU65104

Conocybula coprophila HMJAU62008 e — e —
Galerella nigeriensis CNF1/5859 D = <y s
Pholiotina sulcata SZMC-NL-1975 D = D =<y s )
Conobolbitina ochroleuca HMJAU65017 <A < << e
Pholiotina striipes WU26997 A 4 << ~—— &
Conobolbitina pygmaeoaffinis WU16600 A 4 > ]
Conobolbitina sp.1 HMJAU65106 A = D = <y s )
Conobolbitina dasypus SZMC-NL-2279 <A . > o]
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Pholiotina brevipila HMJAU65082 A~ < <y v
Pholiotina micropora HMJAU65080 A~ < < e
Pholiotina bispora HMJAU65072 A A < =@
Pholiotina sp.3 HMJAU65110 A~ <~ < v §
Pholiotina longicystidiata HMJAUB5060 A A < )
Pholiotina bambusicola HMJAU65054 A~ < < v
Pholiotina brunnea SZMC-NL-1216 R 4 < e
Pholiotina liudingshanensis HMJAU65053 A~ < < v
Pholiotina sp.2 HMJAU65109 A~ A < v
Pholiotina rostellulata HMJAU65050 A~ A < =)
Pholiotina communis HMJAU65039 A~ < < v
Pholiotina intermedia HMJAU62014 <A 4 <G e
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Pholiotina vestita SZMC-NL-2191 R < <G e
Pholiotina serrata HMJAU42442 A < < v )
Pholiotina exannulata HMJAU45107 A~ < < v
Pholiotina aporos SZMC-NL-1241 A~ <~ < )
Pholiotina indica WU20891 < 4 <G =
Pholiotina utricystidiata WU20164 O — < =
Pholiotina utricystidiata HMJAU45885 A < < v @)
Pholiotina teneroides SZMC-NL-3501 < <> <« —— §
Pholiotina vexans SZMC-NL-3967 R < >~ ]
Pholiotina vexans HMJAU45078 A~ < < v
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Pholiotina sphagnicola HMJAU64971 A
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Figure 37 Schematic thgram of the intron structure teéf-1 (983 2218)
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Figure 41 Basidiomata ofCo. sect. Conocybulaspecies. ACo. longistipitata (HMJAU64974)
B Co. coprophila (HMJAU6498§. C Co. coprophila (HMJAU64987. D Co. coprophila
(HMJAUG64988. E, F Conocybulasp.1 (HMJAU65104)Scale barss 1 cm These pictures are
copyright of the collect@of specimens.

Habitati It grows scattered on the moss layer of coniferous forests.

Known distributioni China, Russia (type).

Collections examinedi China, Inner Mongolia Autonomous Region, Chifeng City,
Baiyinaobao National Nature Reserve, 1 August 2013, 1TFH, 43° 3056'N, alt. 1336 m, T.
Bau & L. Mu, HMJAU26286. Xinjiang Uyghur Autonomous Region, Altay Prefecture, Burgin
County, Kanas Scenic Area, 15 August 2021, 8098, 48°3710'N, alt. 1474 m, T. Bau & X. L.
Liu, LO81512 (HMJAU64973), L081516 (HMJAU6G4974).
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igure 51 Conocybula longistipitatdHMJAU64974) A BasidiomataB Basidiospores in KOH



Notesi Conocybula longistipitatas a newly recorded species from China. In previous
classifications,Co. longistipitatawas grouped unddp. sect.Piliferae (Crous et al. 2017). This
classification was based on the shared characteristics ohkxigd lageniform andettle hair
shaped cheilocystidia, as well as abundant pileocystidia. However, in the present study,
Co. longistipitatahas been reclassified withi@o. sect. Conocybulaand designated as the type
species. This reclassification igpported by the presence of cheilocystidia with-ladythiform
elements, which are transitional in nature. In contrast, species VAthgect. Piliferae possess
lageniform to longnecked lageniform,nettle hairshaped cystidia without sudecythiform
elements, and their apices do not swell (Hausknecht 2009). These differences allow for clear
differentiation between the two groups. It is worth noting @atlongistipitatais phylogenetically
closer toP. parvula (Dgssing & Watling) Bon ané. aberrans(Kuhner) Singer. However, as no
specimens oP. parvula and P. aberranswere collected for this analysis, they are currently not
included.

Conocybula coprophilgKihner) T. Bau & H. B. Song, comb. nov. Fig. 4Bi D

Mycobank number: MB85164 Facesoffungi numbeFoF15318

Basionymi Galera coprophilaKiihner, Botaniste 17¢4): 169 (1926)

Synonymyi Conocybe coprophilgKihner) Kiahner, Encyclop. Mycol. 7: 125 (1935).
Galerula coprophila(Kihner) Maire, Publ. Inst. Bot. Barcelona 3(no. 4): 98 (198Hpliotina
coprophila (Ktihner) Singer, Acta Inst. bot. Komarov. Acad. Sci., Pl. Crypt, ser. 2 6: 434 (1950)

Collections examined China, Jilin Province, Changchun City, Xincheng Street, 8 September
2016, 125°247'E, 43°483'N, alt. 221 m, T. Bu & J. Liu, HMJAU45@7. Inner Mongolia
Autonomous Region, Hulunbuir City, Ewenki Autonomous Banner, 5 September 2016,
119°4754'E, 48°3721"N, alt. 695 m, J. Liu, HMJAU45088, HMJAU45889. Tongliao City, Horgin
Left Back Banner, 7 August 2021, 12232'E, 43°1227'N, alt. 286 m, X. Wang, WX218702
(HMJAUG64975). Hulunbuir City, New Barag Left Banner, 7 August 2022, 11831,
48°1747'N, alt. 705 m, H. B. Song, S22080709 (HMJAU64976), S22080710 (HMJAU64977).
Hulunbuir City, New Barag Left Banner, 8 August 2022, 11&88%, 48°0719"N, alt. 674 m, H.

B. Song, S22080801 (HMJAU64978), S22080802 (HMJAU64979). Xinjiang Uyghur Autonomous
Region, Altay Prefecture, Burgin County, Kanas Scenic Area, 15 August 2021,'CB7E)3
48°3709'N, alt. 1400 m, Q. Q. Ye, HMJAU62008. IKazakh Autonomous Prefecture, Tekes
County, 11 August 2023, 81°RG'E, 43°1158'N, alt. 1204 m, H. B. Song, S23081102
(HMJAU64980), S23081106 (HMJAU64981), S23081109 (HMJAU64982). Ili Kazakh
Autonomous Prefecture, Zhaosu County, 12 August 2023, &r"E3 43°2035"N, alt. 2211 m, H.

B. Song, S23081201 (HMJAU64983), S23081202 (HMJAU64984), S23081205 (HMJAU64985).
lli Kazakh Autonomous Prefecture, Zhaosu County, 13 August 2023, '®@1E113°727'N, alt.

1796 m, H. B. Song, S23081307 (HMJAUG64986),3@21316 (HMJAU64987), S23081322
(HMJAU64988).

Notes i Conocybula coprophilagrows on dung, and its basidia are clavate to
spheropedunculate. It bears resemblanc@aimocybulasp.1 (Fig 4E, F), but the latter has yellew
brown pigmentation at the base pileipellis and has only been observed as an individual
basidioma in XinjiangHowever, the stipe dfo. coprophiladoes not change color when injured,
and it is macroscopically and microscopically similar G@nocybulasp.1l. Therefore, it is
temporarily cassified undeCo. sect.Conocybula If more species of thisladeare discovered in
the future and stable classification features are identifeder. Coprophilacan becombineinto
Co. sect.Coprophilg which is not addressed in this article. Previstiglies shown thahat Co.
coprophilalacks a veilhowever, in the present studiscovered the presence of a residual veil in a
single basidioma collected in Xinjiang in 2023 (F&P). Therefore, it is considered th&b.
coprophilais also a group imwhich the veil gradually disappears

ConocybulasectionCyanopodadSinger) T. Bau & H. B. Song, comb. nov.
Mycobank number: MB851642
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Typespecies Conocybula cyanopu$.F. Atk.) T. Bau & H. B. Song

Basionymi PholiotinasectionCyanopodaéinger, Beih Sydowia 7: 79 (1973)

SynonymyT1 Pholiotina subsectionCyanopodinagSinger) Arnolds, Persoonia 18(2): 229
(2003)

Based on the revision by Hausknecht (20@3sidiocarp mycenoid. Pileus hygrophanous,
smooth, in one species with faint, fibrillous, quickignishing veil. Stipe base with bhgeeen to
blue colours (presenceof psilocybin). Stipe slightly fibrillous, not entirely pruihasg. Spores
medium, thintoslightly thickwalled, smooth, with gerrpore. Cheilocystidia vary, lageniform,
nettle hairshaped, with subcapitate apex, mixed with -gedythiform. Caulocystidia are
polymorphic and irregular, similar to cheilocystidia. Pileipellis with pileocystsbaye filled with
yellow pigments. Gene fragmetet-1 [(983-2218) regiois first intron is mising (Fig 3).

Habitati Forest soil, meadows, grassland.

Known distributioni It is widely distributed worldwide

Notesi Conocybulasection Cyanopodaeoriginally belonged toPholiotina and included
species likePholiotina aeruginosagRomagn.) M.M. Moserwhich have a bluisigreen tint on
pileus. However, based on morphological and systematic considerations, the group of species with
pileus displaying a bluisgreen tint has been separated, as described in the following text.

Key to ConocybulasectionCyanopodaein China

1. Pileus has distinct grooves and undulate margin............cccccceeeveeemvneeeeeennenn. Conocybulasp.2

1 Nj. Pileus has distinc.t..st.ri.ae..and..l.acks2 undu
2. Cheil ocystidia | ess tha.n..b.Q..sm,...Q@oicyhaaopusy st i

2Nj Cheilocysti,dipi lceamc yrsetaicdi..a&b.0c.aem..r.e.L£c bmitli5 0 ¢ 1

Conocybula cyanopuéG.F. Atk.) T. Bau & H. B. Song, comb. nov. Fig. 6Ai C

Mycobank number: MB85164Facesoffungi numbeFoF15320

Basionymi Galerula cyanopu&.F. Atk., Proc. Am. phil. Soc. 57(5): 367 (1918)

Synonymyi Conocybe cyanopusG. F. At k. ) K¢hner [as dcyanc
128 (1935).Pholiotina cyanopugG.F. Atk.) Singer, Trudy Bot. Inst. Akad. Nauk SSSR, ser. 2,
Sporov. Rast. 6: 425 (1950)

Collections examined China, Jilin ProvinceChangchun City, Jingyuetan National Forest
Park, 10 August 2017, 125°28'01"E, 43°46'09"N, alt. 264 m, T. Bau & J. Liu, HMJAU45092.
Changchun City, Jingyuetan National Forest Park, 2 September 2021, 125°2823"E, 43°47'25"N,
alt. 274 m, H. B. Song, HMJAU@®7. Changchun City, Xincheng Avenue, 1 September 2022,
125°24'05"E, 43°48'38"N, alt. 215 m, H. B. Song, S22090108 (HMJAU64988ning Province,
Dandong City, Zhenxing District, 1 July 2023, 124°23'26"E, 40°7'11"N, alt. 8 m, H. B. Song,
S23070107 (MJAU64990).

Notesi Conocybula cyanopus characterized by the stipe changing to a bigigen color
when injured. It is recognized as the type speciesCof sect. Cyanopodae According to
Hausknecht (2009)Co. cyanopustypically develops a veil in itearly stage. However, the
specimens observed in this study did not exhibit any veil, suggesting that it may have disappeared.

Conocybula smithiilWatling) T. Bau & H. B. Song, comb. nov. Fig. 6DT F

Mycobank number: MB54540; Facesoffungi numbéfoF15319

Basionymi Conocybe smithWatling, Lloydia 30(2): 152 (1967)

Synonymyi Pholiotina smithii(Watling) Enderle, in Enderle & Hubner, Z. Mykol. 65(1): 16
(1999)

Collections examined China, Jilin Province, Changchun City, Jingyuetan National Forest
Park, B September 2021, 125°2817"E, 43°47'26"N, alt. 272 m, L. Y. Zhu, 721091802
(HMJAUG62001). Jilin City, Panshi City, Dongshan Park, 8 August 2022, 126°4'42"E, 42°56'25"N,
alt. 427 m, F. Guo & X. Wang, gf196 (HMJAU64991), 22WX1840808 (HMJAU64992).
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Changclun City, Jingyuetan National Forest Park, 12 August 2022, 125°28'38"E, 43°47'20"N, alt.
266 m, L. Y. Zhu, 222081203 (HMJAU64993). Changchun City, Jingyuetan National Forest Park,
18 August 2022, 125°27'0"E, 43°45'54"N, alt. 275 m, H. B. Song, S220§HBLBAU64994).
Changchun City, Jingyuetan National Forest Park, 24 August 2022, 125°27'47"E, 43°45'28"N, alt.
311 m, H. B. Song, S22082405 (HMJAUG64995). Changchun City, Jingyuetan National Forest
Park, 12 July 2023, 125°27'45"E, 43°45'50"N, alt. 316inB. Song, S23071213 (HMJAU64996),
S23071214 (HMJAUG64997). Jilin City, Jiaohe City, Shansongling, 28 July 2023, 127°12'0"E,
43°40'51"N, alt. 429 m, T.&1 & S. E. Wang, E2307195 (HMJAU64998). Heilongjiang Province,
Yichun City, Wuying National Forestak, 26 July 2023, 129°12'22"E, 48°14'57"N, alt. 424 m, H.

B. Song, S23072612 (HMJAU64999), S23072605 (HMJAUG65000). Inner Mongolia Autonomous
Region, Tongliao City, Horgin Left Middle Banner, 21 August 2022, 123°17'31"E, 43°47'27"N, alt.
261 m, T. Bu& S. E. Wang, E2208246 (HMJAU65001).

Figure 6 i Basidiomata ofCo. sect. Cyanopodaespecies. ACo. cyanopus(HMJAU62007)
B, C Co. cyanopus (HMJAU64990) D Co. smithii (HMJAU65000) E, F Co. smithii
(HMJAUG64997),Scale bars 1 cm. These pictures atepyright of the collectors of specimens.
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Notesi In the ConocybulasectionCyanopodagthe current inclusion consists of only three
species:Pholiotina sulcatipes(Peck) Kihner,Conocybula smithji and Conocybula cyanopus
However, a study conducted by td& & Hausknecht (2002) examined the type and concluded that
the stipe ofP. sulcatipesdoes not exhibit a blue coloration. Therefore, the only species with stipes
displaying a bluiskgreen tint areCo. smithiiand Co. cyanopusNevertheless, there remaian
ongoing controversy regarding whetl@&. smithiiis synonymous o€o. cyanopusas Hausknecht
(2009) does not consid€o. smithiias a synonym ofo. cyanopusFurthermore, Benedict et al.
(1967) described the differences betw&m smithiiand Co. cyanopus which lie in the color of
the lamellae, the width of basidiospores, and the width of cheilocystidia. However, Song et al.
(2023) due to a small number of specimens, using pileus shape as distinguishing criteria was
deemed incorrect. In our studye identified a species that closely resemBlescyanopu$ut can
be differentiated in the phylogenetic tree, clustering together@atrsmithiiCCB185 (although it
remains unclear how Matheny identified it). Considering these findings, besides
Co. cyanopuswe only can consideco. smithii Although classification is not solely based on the
process of elimination, we adhere to identifying this speci€soasmithii Additionally, we have
also determined distinguishing features based on microsstpictures, particularly the length of
cheilocystidia and pileocystidia

ConobolbitinaT. Bau & H. B. Song, gen. nov.

Mycobank number: MB85147&acesoffungi numbeFoF15321

Etymology i fiConobolbitina refers to an intermediate group betweRholiotina and
Conocybeand it is closely related ®olbitius

Type species Conobolbitina pygmaeoaffinigr.) T. Bau & H. B. Song

Basidiomata mycenoid, ranging from small to mediized. Pileus hemispherical avnical,
obtusely conical, convexapplanatewith a central projection or depression. Pileus exhibits light
blue (RAL5012), oxide red (RAL3009), golden yellow (RAL1004) to signal yellow (RAL1003),
ochre brown (RAL8001), chestnut brown (RAL8015), and the margin displays a pastel yellow
(RAL1034) colorationPileus hygrophanous, smooth or rugosus, greasy egreasy when moist,
it shows distinct striations, and with or without a pubescent surface. Context thin, ranging from
ivory (RAL1014) to sandy yellow (RAL1002), or it matches the color of the pileithout
specific odor Lamellae adnexetb narrowly adnate, ventricose, sparsely or densely distributed,
unequal in length, with a fine serrated or smooth edge. Stipe cylindrical, slightly swollen at the base
or bulbous, and does not change color when dacthathe lower part of the stipe may have white
fluffy mycelium. The surface of the stipe is covered with powdery frost and short pubescence,
displaying longitudinal fibrous striations. During its early stages, it develops a veil but does not
form a ring, vhich quickly disappears or is absent.

Basidiospores smooth or cristggenctate, ellipsoid to oblong, slightly amygdaliform, with
some being reniforno phaseoliformand possess a distinct germ pore. Basidia clavate, containing
vacuolar contents}- or 2-spored Cheilocystidia exhibit a wide range of morphologies, including
nortlecythiform, lageniform, longecked lageniformnettle hairshaped partially subcapitate at
the tip, spheropedunculate, utriform, capitate, clavate, subcylindrical, with sligiftiscated
heads, resembling femoral heads, and some with excrescences, edges of lamellae are sterile.
Pleurocystidia absenCaulocystidia exhibit a diverse range of shapes, similar to cheilocystidia but
slightly larger, spheropedunculate, lageniformatle hairshaped capitate, clavate, subcylindrical,
with slightly bifurcated heads, resembling femoral heads, and some with excresbdegasllis
hymeniform and consists of sphaeropedunculate elements and nearly clavate elements, with yellow
pigments &the base. Pileocystidia present or absent. If present, pileocystidia are lageniform, long
necked lageniformnettle hairshaped sublecythiform, hairlike, and similar to caulocystidia.
Clamp connections present or absent. It can exhibit a negativesiive reaction to ammonia,
forming diamoneshaped crystals when positive.

Habitati Growing on meadow, the litter layer of breleéved forests, or decaying wood in
coniferous forests.
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Known distributioni It is widely distributed worldwide.

Notes T Condolbitina was originally classified undefPholiotina The species of
Conobolbitinadisplay diverse morphological characteristics. The macroscopic and microscopic
features ofCon. sect.Verrucisporaeand Con. sect.Aeruginosaare more similar tdolbitius On
the other hand, the macroscopic and microscopic featur€omfsect. Conobolbitinaresemble
Conocybula but Conobolbitinaspecies do not exhibit deliquescent properties, which allows them
to be distinguished fromBolbitius (Arnolds 2005). Furthermorehe cheilocystidia ofCon. sect.
Conobolbitina are lageniform to longecked lageniformnettle hairshaped and never sub
lecythiform, which sets them apart frad@onocybula

Key to sectiors of Conobolbitinain China

1. Basidiospores with CriStafBUNCALE.............cooeeriiiiiiiiiiicce e Con.sect.Verrucisporae
IN;j. Basi di 0.S.p.0.1..8.5....5.M0O.0.1. N, 2
2. Pileus bluggreen, with deep blue hues..............oo o Con.sect.Aeruginosa
2Nj Pil eus-greenhubsa.u.t.. bl . We ... Con.sect.Conobolbitina

ConobolbitinasectionVerrucisporae(Singer) T. Bau & H. B. Song, comb. nov.

Mycobank number: MB851644

Type specie$ Conobolbitina verrucisporgSinger) T. Bau & H. B. Song

Basionymi PholiotinasectionVerrucisporaeSinger, Beih. Sydowia 7: 79 (1973)

Synonymyi Pholiotina subsectionVerrucisporae(Singer) Arnolds, Persoonia 18(2): 229
(2003)

Notesi Conobollitina section Verrucisporae originally classified undePholioting has
basidiospores with cristafgunctate, distinguishing it from other sections. Its cheilocystidia are
similar toBolbitius butBolbitiushas pseudoparaphyses and exhibits deliquesceraiéng it easy
to differentiate. The difference betwe€on.sect.VerrucisporaeandCon.sect.Aeruginosass that
Con. sect.Aeruginosahas smooth basidiospores and a fjueen hue on the pileus. Conversely,
the difference betwee@on. sect.Verrucispsae and Con. sect. Conobolbitinais that Con. sect.
Conobolbitina has smooth basidiospores and cheilocystidia that are-nlecked lageniform,
approachingnettle hairshaped Within this section, only four species are currently kno@an.
verrucispora Con. dasypusP. australis Singer, andP. glutinosaE. Horak & Hauskn. (Singer
1969, Horak & Hausknecht 2002)

Key to ConobolbitinasectionVerrucisporaein China

1. Pileus applanate, with an umbo, growing on decaying Wo0od.................eeeeeeennieierniennenene. 2

1 N;j. Pi | eus h alngrowipghnghe leaf Etér of broadlleaf forests......................... 3

2. Pileocystidia with yellow pigment or transparent at the apex.................. Conobolbitinasp.1

2Nj Pileocystidia with .daur.k..pu.r.p.l.eCombotpitmesp.2 a't
3. Pileus golden YellOW...........oooiiit e Con. micheliana

3 NJIBUSBIGE........cc et enenn . OONL DASYPUS

Conobolbitina verrucisporgSinger) T. Bau & H. B. Song, comb. nov.

Mycobank number: MB85164%acesoffungi numbeFoF15322

Basionymi Pholiotina verrucisporésinger, Beih. Nova Hedwigia 29: 213 (1969)

Synonymyi Conocybe verrucmora (Singer) Watling, in Watling & Gregory, Biblthca
Mycol. 82: 148 (1981)

NotesiT The combination ofPholiotina section Verrucisporaeunder Conobolbitina has
resulted in the reassignment of the type species. However, it is unfortuna@mthaterrucispra
has not yet been found or collected in China.
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Conobolbitina dasypugRomagn.) T. Bau & H. B. Song, comb. nov. Figs 7A, B, 8A, B

Mycobank number: MB85164&acesoffungi numbeFoF15323

Basionymi Naucoria dasypuRomagn., Bull. trimest. Soc. mycol..’=3: 121 (1937)

Synonymyi Alnicola dasypugRomagn.) Romagn., Bull. trimest. Soc. mycol. Fr. 58: 126
(1944) [1942].Hebeloma dasypu@Romagn.) Singer, Lilloa 22: 538 (1951) [194®}holiotina
dasypugRomagn.) P-A. Moreau, Fungal Diversity 20: 135 (200

Collections examined China, Jilin Province, Yanbian Korean Autonomous Prefecture, Antu
County, June 16, 2016, 128°06'43" E, 42°25'56" N, alt. 701 m, T. Bau & J. Liu, HMJAU45098.
Changchun City, Jingyuetan National Forest Park, July 7, 2017, 125°Z8'@3°47'59" N, alt. 286
m, T. Bau & J. Liu, HMJAU45099, HMJAU45102, HMJAU45103. Changchun City, Jingyuetan
National Forest Park, July 18, 2017, 128°06'54" E, 42°26'04" N, alt. 703 m, T. Bau & J. Liu,
HMJAU45100, HMJAU45104, HMJAU45105. ChangchurtyClingyuetan National Forest Park,
August 10, 2017, 125°27'49" E, 43°46'44" N, alt. 249 m, T. Bau & J. Liu, HMJAU45095,
HMJAU45096. Changchun City, Jilin Agricultural University, May 30, 2022, 125°24'23" E,
43°48'34" N, alt. 223 m, T. Bau, HMJAU62002hangchun City, Jilin Agricultural University,

May 31, 2022, 125°24'23" E, 43°48'34" N, alt. 223 m, T. Bau & H. B. Song, HMJAU62003.
Changchun City, Jilin Agricultural University, June 30, 2022, 125°24'29" E, 43°48'23" N, alt. 294
m, F. Guo, gf22063D (HMJAU65002). Jilin City, Jiaohe City, July 26, 2022, 127°43'18" E,
43°58'5" N, alt. 495 m, F. Guo, gf22723102 (HMJAU65003), gf2272398 (HMJAU65004). Yanbian
Korean Autonomous Prefecture, Antu County, July 31, 2022, 128°06'32" E, 42°25'51" N, alt. 698
m, H. B. Song, S22073101 (HMJAU65005), S22073102 (HMJAU65006). Jilin City, Jiaohe City,
Shansongling, June 25, 2023, 127°42'42" E, 43°57'39" N, alt. 412 m, H. B. Song, S23062501
(HMJAU65007), S23062502 (HMJAUG65008), S23062506 (HMJAU65009). Changchyndii
Agricultural University, July 11, 2023, 125°24'35" E, 43°48'19" N, alt. 231 m, L. Y. Zhu,
Z23071107 (HMJAU65010). Changchun City, Jingyuetan National Forest Park, July 12, 2023,
125°27'40" E, 43°46'27" N, alt. 251 m, H. B. Song, S23071219 Aid3011). Changchun City,
Jingyuetan National Forest Park, July 19, 2023, 125°28'0" E, 43°45'28" N, alt. 375 m, H. Cheng,
C2371308 (HMJAU65012), C2371307 (HMJAU65013), C2371311 (HMJAU6G5014).

Notesi Arnolds (2005) stated th&onocybe subnudKihner is asynonymous name for
Conocybe utriformisP.D. Orton. Hausknecht (2009) indicated that b&h utriformis and
C. subnudare synonymous names fer dasypugRomagn.) P-A. Moreau. Moreau (2005), when
revising Romagne&@ Naucoria specimens, found that dhearliest valid description of this
taxonomic unit was made by Romagnesi (1937). Therefore, it should be RFardasypusin this
study, to address the issue of the polyphyletic origiRtadlioting the taxonomic unit is classified
underConobolbitina

Conobolbitina michelianal. Bau & H. B. Song, sp. nov. Figs ©C, D, 8C, D, 9

Mycobank number: MB85396%acesoffungi numbeFoF15324

Etymologyi fAmichelian® r ef ers t o the speci es Mithbliat gr
maudiae(Dunn) Figlar.

Typei China, Yunnan Province, Kunming City, Kunming Botanical Garden, 26 June 2023,
102°44'30" E, 25°08'25" N, alt. 1948 m, T. Bau & L. Y. Zhu, 223062609 (HMJAUG5015
holotypg.

Basidioma smalkized, with a pileus diameter of 05cm. Pileus hemispherical, cawto
plancconvex, initially oxidized red (RAL3009) to pearl orange (RAL2013), later turning golden
yellow (RAL1004) to signal yellow (RAL1003), with a margin ranging frqrestel yellow
(RAL1034) to orange (RAL1017). Pileus hygrophanous, smooth andlglmt®asy when moist,
with distinct striations on the margin that extend up to half of the center. When dry, it becomes
rugosus and negreasy, with shallow striations only at the edges. Context thin, ranging in color
from ivory (RAL1014) to sandy yellownRAL1002), with an indistinct odor. Lamellae adnexed
narrowly adnate, ventricose, moderately dense, of uneven length, and range in color from golden
yellow (RAL1004) to signal yellow (RAL1003), with serrulate edges. Stipeslcin long and 110
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3.0 mm thek, cylindrical, ranging in color from ivory (RAL1014) to honey yellow (RAL1005) to
padel orange (RAL2003), surface is covered with a powdery pubescence, longitudinally fibrous
striations, and a slightly swollen base with white cottony mycelium.

Basidiospres (60/3/2) (B)8.4i 10.2(10.7) x (4.7)4.85.6(6 ) ,m (1.57)1.64 1.9(

1.98) Qm = 1.77(x 0.08) oblong, occasionally phaseoliform to reniform, they appear smooth
under an optical microscope but show crisfaiactate (slightly reticulate) featuresder a
scanning electron microscope, with thick walls and contain oil droplets, germ pore dianietés 0.5

e m, partially indistinct, and brown beige (RA
(A77)18'26(27) x A1 1 € m, br oad]l vy 42)$paredasteegmatadd celna vlaotneg ,
vacuolar contentheilocystidia (20)21i37(G40) x @1 2 €& m, exhibiting var.i
spheropedunculate, lageniform, utriform, capitate, clavate, and subcylindrical, with slightly
bifurcated heads knowas caput femoris, some of which have excrescences, lamellaeagdges
sterile. Pleurocystidia abse@aulocystidia (2B)25/55(160) x 61 4 & m, exhibiting
similar to Cheilocystidia but slightly larger, spheropedunculate, lageniform, capittate, and
subcylindrical, with slightly bifurcated heads known as caput femoris, some of which have
excrescences. Pileipellis hymeniform and consists of sphaeropedunculate elenigd8 434 45)

X (14i)16i125(26) em, with br own atthedase IRKQH3I€odystiYliargrée. g me n
Gelatinous layer thin. All structures have clamp connections. Weak positive reaction with ammonia,
forming diamoneshaped crystals.

Habitati During the summer, it grows singly or in clusters on the humus layeriasfelia
maudiae (Dunn) Figlar.

Known distributioni China, Yunnan Province.

Additional specimens measuréd China, Yunnan Province, Kunming City, Kunming
Botanical Garden, 26 June 2023, 102°44'30" E, 25°08'25" N, alt. 1948 m, T. Bau & L. Y. Zhu,
T3C2 (HMJAU65016).

Notesi Basidiospores o€onobolbitina micheliangossess cristaggunctate ornamentation
(slightly reticulate) indicating their classification into th€onobolbitinasectionVerrucisporae
Although Con. michelianashares the same cristgitendate ornamentation witlCon. dasypus
basidiospores, they can be easily distinguished due to the beige pil@mh.oflasypusand its
growth on the humus layer of brodehved forests. A distinguishing factor betwe€on.
michelianaandConobolbitinasp.1 Figs 7E, F, 8E, F) an@onobolbitinasp.2 (Figs 7G, H, 8G, H)
is that the basidiospores @onobolbitinasp.1 andConobolbitinasp.2 have cristatpunctate
ornamentation (pointed), making them easily differentiable. Another difference is observed
between Con. michelianaand Con. verrucispora where Con. verrucisporaexhibits larger
pileocystidia. FurthermoreR. glutinosa can be distinguished fror@on. michelianadue to its
applanate, slightly depressed pileus. Lagflgn. michelianaiffers from P. austrdis in terms of
the common occurrence of pileocystidigPiraustralis(Singer 1969, Horak & Hausknecht 2002).

ConobolbitinasectionAeruginosa(Hauskn. & Krisai) T. Bau & H. B. Song, comb.<fat. nov.

Mycobank number: MB851647

Type species Conobolbitna aeruginosgRomagn.) T. Bau & H. B. Song

Basionymi PholiotinaseriesAeruginoseHauskn. & Krisai, Ost. Z. Pilzk. 16: 135 (2007)
Notesi ConobolbitinasectionAeruginosa originally classified a®holiotina sectionCyanopodae
seriesAeruginosa is disthguishable fromConocybulabased on its bluisgreen colored pileus,
both in terms of morphology and phylogenetic relationships. Specificadlysect. Cyanopodae
refers to the stipe turning blue after injury, making it easily distinguishable. AlthGoghsect.
Aeruginosashares similar marginal cheilocystidia wiflon. sect.Conobolbiting its characteristic
bluish-green coloration and distinct clade in phylogeny support the establishment of a section.
Unfortunately, no specimens of this section havenbeollected in China. Howeveftion.
aeruginosa(WU27104) has been recorded by Hausknecht (2007) and includes genetic sequences
along with habitat photographs (Téth et al. 2013).
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Figure 7 i Basidiomata ofCon. sect Verrucisporaespecies. ACon. dasypus(HMJAUG5008.
B Con.dasypugHMJAUG65009. C, D Con. micheliana(HMJAU65015) E, F Conobolbitinasp.1
(HMJAUB65106) G, H Conobolbitinasp.2 (HMJAU65107)Scale bars 1 cm. These pictures are

copyright of the collectors of specimens.




Figure 8 1 Basidibspores under electron microscopy ©bn. sect Verrucisporae species.

A, B Con. dasypus(HMJAU62003. C, D Con. micheliana(HMJAU65015) E, F Conobolbitina

sp.1 (HMJAU65106)G, H Conobolbitinasp.2 (HMJAU65107)Scalebars 1 e m. These
are copright of Song HB.
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Conobolbitina aeruginosgRomagn) T. Bau & H. B. Song, comb. nov.

Mycobank number: MB85164%acesoffungi numbeFoF15327

Basionymi Conocybe aeruginosRomagn., Bull. trimest. Soc. mycol. Fr. 84: 368 (1969)
[1968]

Synonymyi Pholiotina aeruginosgRomagn.) M.M. Moser, in Gams, Kl. Kryg Fl., Edn 4
(Stuttgart) 2b/2: 283 (1978)

Notesi Conobolbitina aeruginosgWU27104) belongs to the genw@onobolbitinaand
forms an independent clade within the genus. However, no specimens or sequences of other species
within Con. sect. Aeruginosahawe been obtained, limiting our knowledge of the other species
within this section.

ConobolbitinasectionConobolbitina

Etymology i fiConobolbitina refers to an intermediate group betweRholiotina and
Conocybeand it is closely related ®olbitius.

Synmymyi PholiotinasectionPiliferae Hauskn. & Krisai, Ost. Z. Pilzk. 16: 136 (2007)

Based on Hausknecht (2007) with revisions: Basidiocarp mycenoid, veil absent, no blue or
blue-green colours, very large to very small. Pileus smooth, mostly hygropharfiemspruinose,
striate or not, in one species distinctly crenulate at margin. Spores small to largég thick-
walled, mostly with distinct gerfpore, hyaline yellow to rubiginous. Cheilocystidia lageniform to
long-necked lageniformapproachingnettle hairshaped subcylindrical or utriform without well
delimited capitulum, without sulecythiform elements. Caulocystidia remarkable and large, mostly
covering the entire stipe. Pileocystidia normally present anddegkloped, only in a few species
abent.

Habitati Forests, meadows, grassy roadsides, dung, compost.

Known distributioni It is widely distributed worldwide.

Notesi Species that were previously includedGonobolbitinasectionConobolbitinahave
been separated based on several charstotsri These characteristics include the presence ef sub
lecythiform elements in the cheilocystidia and the capitate enlargement at the apex, as well as the
absence of the first intron in thef1 ({983 2218) region and differences in their systematic
position. These species now belondm. sect.Conocybula The type species @onobolbitinais
Con. pygmaeoaffinigHausknecht 2009). Specimens, suchCas. pygmaeoaffinig?wu16600),
have been exained and photographed (Hausknecht 2009). Téth et al. (2013) subsequently
obtained sequences Gbn. pygmaeoaffinié/VU16600) and used them to construct a phylogenetic
tree, which revealed that this section is parCohobolbitinaand is closely relatedtCon. sect.
Aeruginosa

Conobolbitina pygmaeoaffinigFr.) T. Bau & H. B. Song, comb. nov.

Mycobank number: MB85165Facesoffungi numbeFoF15328

Basionymi Agaricus pygmaeoaffinisr. [as pygmaeeaffinis, Monogr. Hymenomyc.
Suec. (Upsaliae) 1: 3§2857).

Synonymyi Conocybe pygmaeoaffini@r.) Kihner, Encyclop. Mycol. 7: 133 (1935).
Pholiotina pygmaeoaffinié-r.) Singer, Acta Inst. bot. Komarov. Acad. Sci., PIl. Crypt, ser. 2 6: 435
(1950)

Notesi Conobolbitina pygmaeoaffin@VvU16600) belongs tthe Conobolbitinain terms of
its systematic position. However, no specimens or sequences of other known specie€amthin
sect. Conobolbitina have been obtained. The classification of these species solely relies on
morphology, specifically the charaasgics of cheilocystidia, whether they are lageniform, long
necked lageniform, onettle hairshaped Nevertheless, this approach lacks rigor as it is highly
prone to confusion when distinguishing between species withim sect.Conobolbitinaand Co.
sed¢. Conocybula Therefore, an accurate delineation requires a combination of morphology and
phylogenetic analysis, and based on the presence or absence of the first intraefid {883
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2218) region. As a result, the other known species wiflun. sect.Conobolbitinahave not been
addressed in this study.

Conobolbitina ochroleucal. Bau & H. B. Song, sp. nov. Figs 1Ai F, 11

Mycobank number: MB85397®acesoffungi numbeFoF153®

Etymologyi fiochroleuc® r ef ers to the color of the bas

Typei China, Jilin Province, Changchun City, JingtareNational Forest Park, August 24,
2022, 125°27'54"E, 43°45'32"N, alt. 313 m, H. B. Song, S22082410 (HMJAUGs@d%/pe.

Basidiomasmall. Pileus diameter Q.5 cm, initially convex mirror, approaching convex to
planaconvex with a slight umbo, center pastel yellow (RAL1034), maize yellow (RAL1006),
ochre brown (RAL8001), edges light ivory (RAL1015), ivory (RAL1014). Pileus hygroplsanou
surface smooth, covered in powdery, short pubescence, edges with striations reaching half the
pileus center. Context thin, same color as pileus, no distinct odor. Lamellae adnexed, ventricose,
loosely, uneven lengths, ivory (RAL1014), pastel yellow (RBAB4) to ochre brown (RAL8001),
with serrulate edges. Stipe long 12% cm, thick 0.51.0 mm, cylindrical, slightly bulbous at the
base, reaching up to 2 mmtipe ivory (RAL1014), beige (RAL1001), pastel yellow (RAL1034),
covered in powdery frost and shpubescence, longitudinally striated with fibrous texture.

Basidiospores (60/3/3) (6.%5.718.5(18.8) x (3.8)3.9945(4 . 8) e m,1)IG7AX9( ( 1. 51
1.97), Qm = 1.76(x 0.10), slightly ellipsoid to oblong, amygdaliform, occasionally phaseoidorm
renifor m, thick wall s, containing oil dropl et s,
Basidiosporeschre brown (RAL8001) to copper brown (RAL8004) in KOH solution. Basidia 16
22(124) x69(11 0) clavate, 4(2) spored, sterigmata83 € m ihnwitH vacaadat contents.
Cheilocystidia (28)25145(146) x (5)6i11 0 €& m, | a g e mecked tagenifdrne, nearty n g
nettle hairshapedn shapeedge of the lamellae is sterile. Pleurocystidia absent. Caulocystidia (21
)23161(G65) x (A)9i11 5 & m, rh #oglengnedkenl lageniform, occasionally exhibiting
spheropedunculate and clavate elements. Pileipellis hymeniform, composed of arranged
sphaeropedunculate elementsi(14i 30 x (§)10i18(19) e m, with the base
(RAL1014) pigment in K® solution, slightly lighter in color. Pileocystidia 226/ 60( 65) x (74
)8i 14(i 15), lageniform, longnecked lageniform, nearhettle hairshapedsimilar to caulocystidia.

All structures have clamp connections. Negative reaction to ammonia.

Habitat i It grows singly or scattered in mixed forests during the summer and autumn
seasons.

Known distributioni Northeast China.

Additional specimens measuréd China, Changchun City, Jilin Agricultural University,
September 5, 2022, 125°24'18"E, 43°48'34"N, 2283 m, T. Bau & L. Y. Zhu, Z22090501
(HMJAU65018). Changchun City, Jilin Agricultural University, September 7, 2022, 125°24'03"E,
43°48'43"N, alt. 217 m, T. Bau & L. Y. Zhu, 222090708 (HMJAU65019).

Notesi The cheilocystidia ofConobolbitina ochroleucare lageniform and longecked
lageniform, nearlynettle hairshapedIt belongs taCon. sect.Conobolbitina Con. ochroleucand
P. sulcata Arnolds & Hauskn. are sister groups, it sulcatais distinguished by its distinct
crenulatestriate pileus andparse subcylindrical pileocystidia (Arnolds & Hausknecht 2003). To
differentiateCon. ochroleucdrom Con. pygmaeoaffinjone should observe the campanulate and
slightly involute pileus ofCon. pygmaeoaffinisThe distinction betweeon. ochroleucaand
P. alba (Enderle) Hauskn. & Enderle lies in the milkhite pileus ofP. alba without striations
(Hausknecht 2009). Combination novum was not performed. aiba andP. sulcatain this study
due to the absence of their collection in China.

Pholiotina Fayad, Annls Sci. Nat., Bot., sér. 7 9: 359 (1889)

Type specie$ Pholiotina blattaria(Fr.) Fayod =Pholiotina vexangP.D. Orton) Bon
Based on the revision by Hausknecht (2007): Basidiocarp mycenoid, pileus usually hygrophanous,
dry or slightly greasy, glabus or pruinose, rarely sulcate; lamellae narrowly adnate to adnexed,
pale brown, orangebrown to rubiginous when mature; stipe central, slender, often subbulbous, apex
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or entirely pruinose, often fibrillose striate downwards; partial veil present andlgheimg a
membranaceous annulus at stipe or flocks adhering to margin of pileus; spore printpale brown,
orangebrown to rubiginous. Spores smooth, thim rather thickwalled, yellow, yellowbrown to
orangebrown, very rarely yellowish hyaline, usually tivigermpore but pore absent in some
species; basidia clavate, @ 2-spored; cheilocystidia present, lageniform, loregked lageniform,

nettle hairshaped fusiform, subcylindrical, utriform, lecythiform, stlbcythiform with globose
capitulum, some spe&s with excrescences, in one species with resinaceous content; pleurocystidia
absent. Hymenophoral trama consisting of a distinct central strand of cylindrical hyphae surrounded
by inflated elements; pileipellis an epitheloid hymenoderm consisting offopyr to
spheropedunculate or clavate elements, some species mixed with pileocystidia; stipitipellis a thin
cutis, often entirely covered with caulocystidia or at apex only; cleommections present

Figure 10 i Basidiomata of Con. sect. Conobolbitina species. A, B Con. ochroleuca
(HMJAU65018) C, D Con. ochroleuca(HMJAU65017) E, F Con. ochroleuca(HMJAU65019)
Scale bars 1 cm. These pictures are copyright of the collectors of specimens.
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Figure 117 Conobolbitina ochroleucéHMJAU65017) A Basidiomata B Basidiospores in KOH
C Hymenium and subhymeniu® Cheilocystidia E Stipitipells F Pileipellis. Scale barsA = 1
cm,BiF= 10 & m.

1623



in most species, sometimes only in primordial stages. Development in most species
paravelangiocarp.

Habitati Sgprotrophic on soil, litter, humus, dung, and small pieces of wood, solitary or
gregarious, usually on subneutral to basic substrates rich in nutrients.

Known distributioni Widespread, with worldwide distribution.

Notesi Fayod (1889) initially proposed @assification that included only species with a
ring. Later, Arnolds (2005) added European species characteristics to this classification. However,
the designation oAgaricus blattariugr.:Fr. as the type species holiotinawas uncertain, as it
had been used for almost all ringed specie$hbbliotina ConsequentlyP. blattaria (Fr.) Fayod
was considered a nomen dubium. Hausknecht & Kfsailhuber (2007) identified the lectotype
designated by Fayod in FranceRsvexans(P.D. Orton) Bon. As a seilt, P. vexanswas used as
the type species, andholiotina was revised based on Hausknecht (2007). This study further
revisesPholiotina to address the polyphyletic nature of the genus. The two distinct lineages,
Pholiotina Clade 1 (excludingGalerelld) and Pholiotina Clade 2, are separated, and two new
genera,Conocybulaand Conobolbitina are established. BotRonocybulaand Conobolbitina
include species with easily disappearing veils, but neither of them forms a ring on the stipe, making
them easily ditinguishable

Key to sectiors of Pholiotinain China

1. Cheilocystidia leCythifOrm.............cccuviiiiiiiiieeeii e P. sect.Intermediae
INj. Chei leocyhiormi..d.i.a.. . 0.0 e eeee 2
2. Veil forms a ring 0N the StPE..........uuuiiiiiiiiii e P. sect.Pholiotina
2Nj Vei | residue pr es.ent..o.n..t.he..edgkseaYesttab e p

Pholiotina sectionPholiotina
Notesi PholiotinasectionPholiotina consists of species withihé Pholiotinathat possess a
ring, as referenced by Arnolds (2005) and Hausknecht (2007).

Key to Pholiotina sectionPholiotinain China

1. Pileus pale ivory to ivory, without distinct striae...............coovvvviieeeeieeiieeeei, P. eburnea

1 N;j. Pil eus p a-brewnywgH stridvmatgio....r..e.d.d.i..S.ho.... 2

2. Cheilocystidia mixed with utriform elements...............ccciicreeeeeeiivn, P. utricystidiata
2Nj Cheil ocystidia .wi.t.h.o.ut...ut.r.i.f.orm.el.emeht s
3. Cheilocystidia With @XCrESCENCES.........ccciiiiiiieieiieeee e smmmr e s e e e e e e e anaas 4
3N, Cheil ocystidi.a..wi.t.h.o.u.t...ex.c.l.e.s.c.e.nc.es..>mb

4. Caulocystidia With EXCrE@SCENCES .......uuvueiiiiie e e e aeeee s P. bifurcaticystida
4Nj. Caulocystidi a..wi.t.h.out..e.x.c.r..eReeaase@icystidiata
5. Basi di ospores l.es.s..t.han.. 1.0..sm..i.n..P arhaeni h
5 N;j. Basi di ospores c.an..r.eac.h..a..l.engt.h..of.62 ¢
6. Ring large and thick, cheilocystidia have thinwalls...............ooovvie i, P. vexans

6 Nj. Ri n gthins soragtheilocgstidéa have thick walls at the top.................. R. rufidispora
Pholiotina excrescenticystidiatd. Bau & H. B. Song, sp. nov. Figs 12EH, 13

Mycobank number: MB85454 Eacesoffungi numbeFoF15330

Etymologyi fexcrescenticystidiata r e f e rogystidiaowithcekceescénces.

Type 1 China, Jilin Province, Changchun City, Jilin Agricultural University, 9 September
2022, 125°24'29"E, 43°48'26"N, alt. 229 m, H. B. Song, S22090904 (HMJAUGx@21ypg.

Basidioma very small, Pileus diameteri@% an, initially hemispherical to paraboloid, later
campanulateconvex,young pileus yellow orange (RAL2000) to red orange (RAL2001), mature
pileus center bright red orange (RAL2008), pearl copper (RAL8029), ochre yellow (RAL1024) to
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ochre brown (RAL8001). Rius hygrophanous, surface smqdathniate. Context thin, ochre yellow
(RAL1024) to sandy yellow (RAL1002), odor none. Lamellae adnebcedharrowly adnate,
ventricose, moderately crowded, unequal lengiffron yellow (RAL1017), pastel yellow
(RAL1034) toochre brown (RAL8001), edge white serrulate. Stipe length?150cm, thick 12.0
mm, cylindrical,dlightly swollen at the base. Upper part of the stipe sandy yellow (RAL1002) to
pastel yellow (RAL1034), lower part red brown (RAL8012) to chestnut browAL8R15). Stipe
slightly covered with a powdery pubescence, exhibiting white longitudinal fibrous striations. Ring
positioned in the middle, membranous, small and thin, sandy yellow (RAL1002) to pastel yellow
(RAL1034), with undulate sulcate on the uppetfate and smooth on the lower surface.
Basidiospores (60/3/3) (A.5.719(19.3) x (4.3)4.55.2(5. 3) e m, NIGLIE87(( 1. 58
1.97), Qm = 1.74(x 0.08), oblong, amygdaliform, suprahilar depression;\aibkd, containing
oil droplets, germ pore diameter D15. 5, basisiospores red orang@AL2001) to copper brown
(RAL8004) in KOH. Basidia (1917126(27) x (@)810(41 1) e m, c Isporeda t e,
sterigmatalong®7 e m, wi th vacuol ar 1328 42(45n%(4)6112C18e i | ocC
e m, | a g e n i-fheokedntagenitborm] narrowglytiiform, subcylindrical, neck often curved,
some with excrescences, lamellae edge sterile. Pleurocystidia absent. Stipitipellis (above ring) of
caulocystidia 1652 x 620 & m, spheropeduncul ate, -natleér | y
lageniform, narrowly triform, fusiform, irregular lageniform, and irregular lecythiform. Pileipellis
hymeniform and consists of sphaeropedunculate eleme#9@63) x 1425(G2 8 ) em, Wi
brown red (RAL3011) pigments at the base in KOH. Pileocystidia absent. Gelatinous layer
indistinct or absent. All structures have clamp connections. Weak positive reaction with ammonia.
Habitati Solitary or scattered in broddaved forests or damp meadow during autumn.
Known distributioni Northeast China.
Additional specimens measurdd China, Jilin Province, Changchun City, Jilin Agricultural
University, 7 September 2022, 125°24'00"E, 43°48'39"N, alt. 229 m, T. Bau & L. Y. Zhu,
Z22090709 (HMJAU65020). Changchun City, Jilin Agricultural University, 9 September 2022,
125°24'29"E, 43°48'26l, alt. 229 m, H. B. Song, S22090905 (HMJAU65022), S22090906
(HMJAU65023), S22090907 (HMJAU65024), $S22090917 (HMJAUG65025), S22090918
(HMJAUG5026).
Notesi Within the Pholiotina sectionPholiotina several distinctions can be made among
different speciesFirstly, P. aporos (Kits van Wav.) Clémengon can be differentiated from
P. excrescenticystidiathy the absence of a germ pore in its basidiospores. Secéhdlgrhenii
(Fr.) Singer is characterized by a white, easily detachable ring anavihigd deilocystidia at
their apex, distinguishing it fror®. excrescenticystidiataThirdly, the variable cheilocystidia of
P. hadrocystis (Kits van Wav.) Courtec., which can be utriform, spheropedunculate, or
subcylindrical, sets it apart frof. excrescenticgtidiata Another distinction is observed between
P. excrescenticystidiatand P. rugosa(Peck) Singer, withP. rugosahaving larger basidiospores,
reaching alengthof up o 1 P.excnescenticystidiataan also be differentiated frofh vexans
by the larger basidiospores & vexans as well as its larger and thicker ring. Additionally,
P. excrescenticystidiataan be distinguished from. utricystidiata Enderle & H-J. Hubner and
P. teneroides(J.E. Lange) Singer by the predominance of spheropedunculate and utriform
cheilocystidia inP. utricystidiata and P. teneroides(Hausknecht 2009). Furthermore, while both
P. excrescenticystidiatand P. bifurcaticystidiaT. Bau & H. B. Song have cheilocystidia with
excrescences, the presence of excrescences on the caulocystidia distirguisiuesaticystidia
Lastly, in terms of phylogenetic relationshi, excrescenticystidiatand P. mediterraneaSiquier
& Salom are sigr taxa, but the cheilocystidia Bf mediterranedack excrescences.

Pholiotina rufidisporaT. Bau & H. B. Song, sp. nov. Figs 14AC, 15
Mycobank number: MB85454Facesoffungi numbeFoF15331
Etymologyi frufidisporad r ef er s t o b alightlhdréddish prdhave sfaintrecat a
color.
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Figure 12 7 Basidiomata ofP. sect Pholiotina species. AP. utricystidiata(HMJAU65112).
B P. utricystidiata(HMJAU65111). CP. arrhenii(HMJAU65103). DP. vexangHMJAU42439).
E P. excrescenticystidiata(HMJAU65026. F P. excrescenticystidiata(HMJAU65023.
G, H P. excrescenticystidiattHMJAU6502]). Scale bars = 1 cnT.hese pictures are copyright of

the collectors of specimens.
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Figure 1371 Pholiotina excrescenticystidiattHMJAU65021) A BasidiomataB Basidiospores in
KOH. C Hymenium and subhymeniu@ CheilocystidiaE Stipitipells F Pileipellis.Scale barsA
=1lcmBiF= 10 & m.
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Figure 14 i Basidiomata ofP. sect Pholiotina species. AP. rufidispora (HMJAUG65029.
B, C P. rufidispora (HMJAU6502%. D P. bifurcaticystidia (HMJAU65030)
E P. Dbifurcaticystidia (HMJAU65033) F P. Dbifurcaticystidia (HMJAU65032)
G P. bifurcaticystidia(HMJAU65031) H P. eburnea(HMJAUG5035) Scale barss 1 cm.These
pictures are copyright of the collectors of specimens.
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