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Abstract

Pyronemataceaels the largest family withinPezizomycetesmembers of which are
distinguished by the shape and color of apothéeshape and ornamentation of ascospores, and
thepresence of carotenoids. WitttyronemataceadaheOtidealineage was previously elevated to
thefamily level based on multiple gene analyses. Howeties was controversial as the family was
embeddedn Pyronemataceasensu strictaedefinedby Hansenet al Herein, were-elevate the
Otidea lineage toOtideaceaeat the family rank level. Meanwhile, using a combination of
morphology, phylogeny and divergence times estimates, we propose the newPfamilyxidaceae
to accommodate th@yropyxislineage containinglafnea, Micronematobotrys, Pyropyxiand
SmardaeaThePyropyxislineage is phylogenetically distinct and branchesQifleaceaeandthe
rest of Pyronemataceaeensu stricto The monophyly ofOtideaceaeand Pyropyxidaceaehas
maximum statistical support. Teetwo families have specific morphological features that set them
apart from the rest ofPyronemataceaesensu stricto Pyropyxidaceaehas short hyphoid or
moniliform hairs, whileOtideaceadnas abundant tomentum on the basal of apothecia. Both families
lack true ascomatal hairs and carotenoib$vergence times estimatgslace the crown of
Pyropyxidaceasplit at141 Mya in theEarly Cretaceouslhe ancestl character state @scom#a
in Pyronematacead’yropyxidacea@nd Otideaceaavas the apotheciumepresentedby epigeous
taxa Within Pyronematacegé¢he hypogeous ascomata independently absastwice in distantly
related lineages at 99 and 31 MWoreover,cleistothech and gymnothec independently arose
only once aapproximately38 Mya.Besideswe collected 37allied collectionsof Pyronemataceae
sensu strictp including six new speciesyiz., Melastiza verruculosa Otidea guttulata O.
macrospora O. ovalisporg O. subleporinaand Scutellinia verruculosaAll new speciesare
introduced based on morphological characters and phylogeny.
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Introduction

Pyronematacea€orda is the largest family PezizalegPezizomycetgsThis family produces
epigeous, serriiypogeous to hypogeous ascomata with a variety of shapes; sessile to stalked, discoid
to cupulateandpulvinate to folded, with most members presenting trueraatal hairs (Perry et al.

2007, Hansen et al. 2013, Pfister 2015). Members of this family are distinguished by pigmented
paraphyses, inamyloid asci, and smooth to ornamented ascospores (Pfister 2015). The family
contains approximately 80 genera, but molacdata is available for only twihirds of them (Perry

et al. 2007, Hansen et al. 20Ekanayaka et al. 2018, Wijayawardene e2@2Q 2022. The concept

of a broadly circumscribedyronemataceawas originally widely accepted (Korf 1972, Korf 1973,
Perry et al. 2007, Kirk et al. 2008). A stricter conceptPgfonematacegewhich is limited to
Pyronemawith or withoutCoprotus has also been proposed (Rifai 1968, Kimbrough 1970, 1989).
Other genea were adopted in three currenthyot accepted/controversial families, namely
AleuriaceagHumariaceagandOtideaceadEckblad 1968, Le Gal 1969, Korf & Zhuang 1991a, b).
Subsequent phylogenetic inferences at the order and family levels resulted innmées féo
accommodate genenahich wereoriginally placed in the broa@yronematacea@Perry et al. 2007,

Pfister et al. 2008, Hansen et al. 2013, Ekanayaka et al. 2018). Hansen et al. (2013) redefined
Pyronemataceasensu strictdased on its monophylyithin Pezizomyceteét includes the broadly
circumscribed Pyronematacege excluding some genera based on their closer phylogenetic
relationships with other families (Hansen et al. 2013). Recent extensions and amendments within
Pyronemataceafllowed the strictonceptput forth by Hansen et al. (Sun & Guo 2010, Hansen &
Olariaga 2015, Lindemann et al. 2015, Olariaga et al. 2015, Van Vooren et al. 2015a, 2017, 2021,
Lindemann & Alvarado 2017, Alvarado et al. 2018, Van Vooren & Vega 2018at, §u2018, 2022,

Grupe et al. 2019, Saitta 2019, Vega et al. 2019, Eckstein et al. 2021a, Lindemann et arh2022).
current consensus refutes the original conceptOtiieaceag whose family rank remains
controversial.

Eckblad (1968) establishe@tideaceae to accommodateOtidea and the related genera
Ascosparassjg<seopyxis SowerbyellaandTarzetta all of which produce larger, sessile or stipitate
apothecia without bright orange to red colors. Korf (1972, 1973) redDtiddaceado subfamily
rank Otideoideag comprising three tribesithin Pyronemataceagensu latoAscosparassj©Otidea
andPsilopeziawere placed in the trib®tideeae Tarzettawas placed in the tribéafneeagwhile
Geopyxisand Sowerbyellawere apportioned into two separate subfamilies (Korf 1972, 1973).
However, several subsequestudies accepted the family rank Otideaceae(e.g. Eriksson &
Hawksworth 1993, Yao & Spooner 1996a, Wang & Pfister 2001). Phylogenetic inferences using
combinel genetic marker matrices lead to further clatiife relationship betwedPyronemataceae
and OtideaceaeMulti-locus phylogenetic analyses Bfronemataceaand Pezizomycetedid not
support the previously proposed close relationships am@egpyxis Otidea Psilopezia
SowerbyellaandTarzetta(Hansen et al. 201Ekanayaka et al. 20)8Instead Otideaalong with
Acervus Arpinia, Monascella andWarcupiagrouped together and nested witRipronemataceae
(Hansen et al. 201Ekanayaka et al. 201.8Recatly, manyOtidearelated new taxa, especially
Otideaspp.,were assignetb Pyronemataceasather tharOtideaceagHansen et al. 2013, Hansen
et al. 2015, Olariaga et al. 201B5kanayaka et al. 201&u et al. 2018, 2022, Zeng et al. 2020).
Ekanayakeet al. (2018) accepted the family rank@tideaceaedue to the basal placement of the
Otidealineage within Pyronemataceaesensu stricto However, the statistical support for the
Otideaceaenode, Pyronematacea@ode and sister relationship for these tdamilies was not
significant Ekanayaka et al. 2018)

Phylogenetic studies have been used to support or reject hypotheses about the placement of
specific fungal groups (Hyde et al. 2017, Hongsanan et al. 2017). Currently, molecular clock analyses
are beiy commonly applied to infer evolutionary events in the fungal tree, hence providing
additional evidence to stabilize the ranking of fungal taxa (Beimforde et al. 2014, Phukhamsakda et
al. 2016, Samarakoon et al. 2016, Liu et al. 2017, 2018a, Zeng e19).2822, Zhang et al. 2019,
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Hyde et al. 2021). Using fossil data to calibrate the molecular clock, one can estimate divergence
times of lineages and further speculate on ancestral character states, biogeographic origin,
diversification, and hostassocmatn s ( Sung et al . 2008, O6Donnell
et al. 2013, Sochorova et al. 2019, Samarakoon et al. 2BAZlpgenetic analyses have pointed
towards Pezizomyceteand Orbiliomycetesbeingt he fibasal 0, Peeizmmycotinadi v e
lineages, henctheyare significant to evolutionary studies interrogating this diverse group of fungi
(James 2006, Schoch et al. 2009a, b, Ebersberger et al. 2012, Kumar et al. 2012, Beimforde et al.
2014, Liu et al. 2017). Some studies on the estimdteergence time oPezizomycetebave
extrapolated the crown age of the group, which ranges from the Carboniferous (310 Mya) to the
Devonian (413 Mya) (Table 1). Others have focused on smaller groups inv@emagoriaceae
(Kraisitudomsook et al. 2020)Helvellaceae (Zhao 2016, Kraisitudomsook et al. 2020),
Morchellacead O6 Donnel | et al Liuetal02018h, Kréisitudemsooladt al. 202@ 1 2
LU et al. 2021)PyronemataceaéAlvarado et al. 2016, Sochorova et al. 2019), &nberaceae
(Bonitoet al. 2013, Murat et al. 2018).

In this study, dozens of discomycetes were collected from China and Thailand. Morphological
descriptions were performed, and phylogenetic trees were inferred usingef:$Ufpb2, and SSU
genetic markers. Our analyse®wgithat these samples belong to eight genePepizalesincluding
six new species from three genera. Based on morphology, phylogeny, and divergence time estimates,
we propose a new family separated frBgronemataceae

Table 1 The estimated divergence times for Bezizomycetasrown in previous studies.

Geol ogi cal peri Ti me ( Mya) References

Carboniferous 310 Gueidan et al .
Carboniferous 317 iéPT3} Prieto & Wedin
Devoni an 413 6582 Bei mfeotr dael . ( 2
Devoni an 368 14885 Ekanayaka et a

Materials & Methods

Sample collection, morphological stug and deposition

Fresh samples were collected from dead wood or soil from southwestern China and Thailand
and dried using a dehydrator or allochroic silica gel for moisture absorption. The fruiting bodies
placed in silica gel were then used for DNA extraction. Informdtoall samples and materials was
recorded. Subsequently, morphological and molecular information was obtained. The herbarium
S peci menPetizabH{ASO@3)Avas also acquired from thderbarium of Cryptogams
Kunming Institute of Botany Academiinica (KUN-HKAS) for morphological and phylogenetic
studies.

Morphological examinations were performed using a Motic SIMZ stereoscope and digital
images were recorded with a Nikon Eclipse Ni compound microscope equipped with a Nikon DS
Ri2 camera. Dri@ samples were rehydrated in pure water or 5% KOH solution and stained with

Cotton Bl ue, Congo Red, and Mel zer 0s reage
characteristics were performed using the Tarosoft® Image Frame Work program v.0.9.7. Q is the
ratio of ascospore length/width, whil@i s t he average of at | east =

indicates the ascospore shape. Adobe Photoshop CS6 (Adobe Systems, USA) was used to make
photoplates.

The specimens were deposited at ltegbarium of Mae Fahuang University (MFLU) and
the Herbarium of Cryptogams, Kunming Institute of Botany Academia Sinica {IHAS).
Facesoffungi and Index Fungorum numbers were obtained as in Jayasiri et al. (2015) and Index
Fungorum (2022jespectivelyfor new taxa The newly generat¢d data were added to the Greater
Mekong Subregion webpag€lfaiwan et al. 2021
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DNA extraction, PCR amplification and sequencing

Genomic DNA extraction was carried out directly from the fruiting bodies Ts&lgef™ Plant
Genomic DNA extractiokit. Polymerase chain reaction (PCR) was used to amplify partial fragments
of the large subunit ribosomal RNA (LSU), translation elongation factpHta tef1 }J second
largest subunit of RNA polymerase pb2), and smallubunit ribosomal RNA (SSU), using the
corresponding primer pairs LROR/LR5, 983F/2218R, fREBBIRPB2-7cR, and NS1/NS4 (Vilgalys
& Hester 1990, White et al. 1990, Liu et al. 1999, Rehner & Buckley 2005). Amplifications were
performed in wwol2bmee Lc ornetaacitniioong 9.5 eL of ste
21 Power Tag PCR MasterMix (ABM I nc. Canada),
DNA template. An applied Biosystems 2720 thermocycler (Foster City, CA, USA) was used for
amplificationunder the following conditions: initial denaturation at°@4for 5 min, followed by 35
cycles (LSUtef1 & SSU) or 40 cyclesrpb2) of denaturation at 92C for 50 s, annealing at 36
for 50 s (LSUtef-1 (& SSU) or 55°C for 2 min (pb2), extension &72 °C for 1 min, and a final
extension at 72C for 10 min. PCR products were verified on 1 % agarose electrophoresis gels
stained with ethidium bromide, further purified and sequenced by Beijing Tsingke Biological
Engineering Technology and Services ddd (Beijing, P.R. China). Newlgenerated sequences
were deposited in GenBank

Phylogenetic analysis

DNASTAR Lasergene SeqMan Pro v.7.1.0 (44.1) was used for sequence as§ambbtaset
spanned the diversity &fezizomycetesnd included 272 taxa from nine famili@sd77 generaAn
effort was made to include as many pyronemataceous representatives as possible and to use
sequences from the type (if available). Taxa from eight additional families were added to also assess
themonophyly ofPyronemataceael'wo Orbilia strains were used as outgroup. Strains for which a
single genetic marker was available were omitted from our analyses as they affected phylogenetic
reconstruction and divergence time estimates. Assembled sequesreessed as queries against
GenBank to check for contamination and assemble the datasets for each genetic marker (Table 2).
The datasets were aligned using MAFFT v.7.110 available diateh & Standley 2013), followed
by trimming using TrimAl v.1.2(Capella-Gutiérrez et al. 2009ith a gap threshold of 0.4 for LSU
and 0.5 fortef-1 Urpb2 and SSU. Individual trimmed datasets were used to infer phylogenies for
each genetic marker to assess the topological congruence of the four datasets (data noflshown)
four datasets were combined and assembled into a supermatrix using Sequence Matrix v.1.8 (Vaidya
etal. 2011). AliViewv.1l.1d et al k was used to convert the f.f
(Larsson 2014).

Maximum likelihood (ML) phylogeniesvere inferred using Idree on the web server
(http://igtree.cibiv.univie.ac.at/; Trifinopoulos et al. 2016), while Bayesian inference (Bl) analysis
was executed on the CIPRES Science Gateway v.3.3 platform
(https:/iwww.phylo.org/portal2/logintinput.action; Miller et al. 2010) using MrBayes v.3.2.7a on
XSEDE (Huelsenbeck Ronquist 2001, Ronquist al.2012). ForthelQ tree, analysis was carried
out using default options and statistical support was defieed 1000 ultrafast bootstrap replicates.

The jModelTest v.2.1.10 (Darriba et al. 2012) was used to select thiit Inestiel (seephylogenetic
analysesn theresults sectionfor the Bl analysis for each gene based on the Akaike information
criterion (P@ada & Buckley 2004). Markov Chain Monte Carlo Sampling (MCMC) was conducted
to calculate posterior probabilities (RRannala & Yang 1996, Huelsenbeck & Ronquist 200djo

runs comprising six simultaneous Markov Chains each were run for 10,000,00&igeiseand trees
were sampled every 100th generat{@ai et al. 2005)The first 25% of the trees were discarded as
burrrin and analysis was stopped when the standard deviation of split frequencies reached 0.01.

Phylogenetic  trees  were  viewed and edited singg  FigTree  v.1.4.2
(http://tree.bio.ed.ac.uk/software/figtree/) and Adobe lllustrator CS5 (Adobe Systems, USA).
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Table 2GenBank accession numbers used in this study.

Species nLocatio Voucher/ SLSU t el rpb2 SSuU References
number
Acervus Chi na: HMAS 7815 HM1977KP9934KP9934DQ7878 Zhuang et al (2011)
beijingen
Acervus e USA: Ne s.n. (FH) DQ22031 T T Perry et al (2007)
Yor k
Acervus China: HKAS 8898 KX7652KX7652KX7652i Ekanayaka et al (2016
gl obul osuYunnan
Acervus gChina: HKAS 1243 0P29100P35240P35250P2910This study
Acervus s China: MFLU-016607 KX7652KX7652KX7652 MG8592Ekanayaka et al (2016
Yunnan
Al euria aSweden KH. 04.81 KC0126KC1092JX94381 Hansen et al (2013)
Al euria bUSA: MA BAP 526 ( KC0126KC1092JX94381 Hansen et al (2013)
Al eurina i HMAS 5770 KP9934KP9934KP99341 https:// www. nchi nli m. n
Al eurina China: HKAS 1243 0P29100P35250P35250P2910This study
Al eurina China: HKAS 1243 0P29100P35250P35250P2910This study
Al eurina Austria GF2018020 MW55381 T ) https:// www. nchbi nl m. n
tenuiverr
Ant hracobDenmark KH. 01. 35 KCO01261 JX9437i Hansen et al (2013)
macrocyst
Ant hracobFrance: FV2017090 MW4765 1 T ) Van Veor ah . (2021)
Char-ent
maritim
Ant hr a@ob Ecuador TLE117009 KC0126KC1092JX94371 Hansen et al (2013)
Arpinia i Norway C -%4586 DQ22031i T ) Perry et al. (2007)
Arpiniaaltl taly: GDOR: 2950 MW8845 MW8923 MW89231i Carbone et al (2021)
pallidoro
Ascodesmi Netherl CBS 389. 6DQ1683KC1092JX94371 Hansen et al (2013)
nigricans
Ascodesmi i AFTALD 921FJ1768FJ2383FJ2383FJ1768 Schoch et al (2009a)
sphaerosp
Auranti ol France LY NW16. 1MW5465 MW5446 MW5446 1 Van Vooren et al (202
sol sequi a
Aurantiol ltaly TUR 20891MW5465 MW5446 MW5446 17 Van Vooren et al (202:
sol sequi a
Bal samia Sweden KH. 10. 133 MK1002MK1138 MK11381i Hansen et al (2019)
Bal samia Finland TUR206101 MK1002MK1138 MK1138i Hansen et al (2019)
pl atyspor Var s4 na
S Uo mi
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Table 2 Continued.

Species nLocatio Voucher/ SLSU t elt rpb2 SSuU References

number
Byssonect France N.V. 2009 KP30981i T T Lindemann et al. (2015
def or mis
Byssonect Nor way HD Alta 0DQ2203KC1092JX94371 Perry et al. (2007)
defor mis
Byssonect Germany U. L.-1374 KP3098i T T Lindemann et al. (2015
fusispor a
Byssonect Denmar k KS9#4 ( C) AY5005 1 AY5005 7 Hansen et al . (2005)
terrestri
Chaetothi Spain LY NV 202 MW5465 1 MWS5 4 46 i Van Vooren et al. (202:
cupressic
Chaetothiltaly TURA 2089:MW5465 1 MW5 4461 Van Vooren et al. (202
Il aricina
Cheil ymenNor way KH. 03.63 DQ2203KC1092JX94381 Perry et al. (2007)
crucipila
Cheil ymenUSA: BAP 432 ( DQ22031 i i Perry et al. (2007)
fimicola Califor
Cheil ymenSweden KH. 08. 66 KC0126KC1092JX9438i Hanednal. (2013)
granul at a
Cheil ymenSweden KH. 08. 32 KC0126KC1092JX9438'i Hansen et al . (2013)
sclerotio
Cheil ymenNor way KH. 03.115DQ2203KC10921 T Perry et al. (2007)
sclerotio
CheilymenBelgienU.L. 240 KX5928i T T Li nde&Alhnwarado (2017)
stercorar
Cheil ymenChina: HKAS 8289 MG8713MG9806 MG9807 1 Ekanayaka et al. (2018
thelebol o
CheilymenDenmar k KH. 01. 32 DQ2203KC1092JX9438'i Hansen et al . (2013)
vitellina
Cheil ymenChi na: HKAS 1046 OP29100P35250P39420P2910This study
vitellina
Cheil ymenChi na: HKAS 1046 OP29100P35250P39420P2910This study
vitellina
ChoiromycUSA: | o RH691 FJ8097JX0225J3JQ95441i Bonitdq280t1031
meandri fo
Cupulina Switzer G 0026236 KY3640 i T Van Vooren et al. (201
Cupulina Slovaki U.L. 131 KY9280i T T Perry et al. (2007)
ascophano
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Table 2 Continued.

Species nLocatio Voucher/ SLSU t elt rpb2 SSuU References
number
Deserstpel | USA CBS 14019 MH8781i T ) Vu et al . (2019)
DonadiniaChina: HKAS 1076 MWO799 MW0942i MWOB800 Zeng et al (2021)
echinaceavYunnan
Fall acidi Switzer ETHZT Myc MW5465 MW5446 MW5446 1 Lindemann et al. (2022
hel veticu 61122
Fall acidi Switzer ETHT Myc MW5465 1 T T Lindemann et al. (2022
helveticu 61123
Genabea f Spain: MA56 986 KJ9387i T ) Al varado et al . (201
Genabea Spaliem-n AH: 46360 MGO1971i MG0OO045 17 Al varado et al. (201
hyal ospor
Genea Spai n: AH 44112 KJ9387KJ9389i1i T Al varado et al. (2016)
brunneocaVall ado
Genea denFrance: AH 44121 KJ9387KJ9389i T Al varado et al. (2016)
Atl antii
Genea hisUSA: FLASFH61550MG0197 MGOO045 i i Al varado et al. (2018)
Mi nneso
Genea sphGermany AH44161 KJ9387KJ9389i ) Al varado et al . (201
Grockst
Genea |l esFrance: AH44137 KJ9387KJ9389 Al varado et al . (201
Char-ent
Maritim
Genearruc Greece: AH44208 KJ9387KJ9389 Al varado et al. (201
Kat si mi
Attica
Geopora abDenmark KS94 73 (CDQ22031 T ) Perry et al. (2007)
Geopor a USA SOC1590 HQ2830i i i Sout hworrtamk (2011)
cercocarp
Geopora c¢cNorway KH. 03.61 DQ2203KC1092JX9437DQ6465 Perry et al. (2007)
Geopora c¢cSpain: OSC 58245 MK44621 T T Grupe et al. (2019)
| sl ands
Geopora cPortuga MA46927 JX424517 T i Healy et al (2013)
Geopora cUSA BAP H6ER) KC0126KC1092JX9437i Hansen et al. (2013)
Geopop a Nor way KH. 03.109DQ2203KC1092JX9437'i Hansen et al . (2013)
Geopyxis Canada TUR 07877 NG_060KU9324KU93251i Wang et al (2016)
aleurioid
Gil keya cUSA: OSC: 14804 MG0197MG0O0045 MG00451i Al varado et al (201
Califor
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Table 2 Continued.

Species nLocatio Voucher/ SLSU rpb2 SSuU References
number

Gilkeya cMexico: FLAS58%64 MGO01 MG0045 MG0O045 i Al vaetadal (2018)

Tl axcal
Hel vell a Sweden 0253366 KY77 i i Skr (2017)
Heydenia Switzer ALO701 HQ59 T T Le t&d ®men-on (2012)
Hof f mannoUSA: DQ22 T T Pe (2007)
pellita Mi chi ga
Hof f manno Ger many GH2010040 HQ9 T ) St al . (2013)
pellita
Humari a Nor way DQ2 JX9438DQ6465 Pe (2007)
hemi sphae
Humari a Nor way KCO JX94381i Ha (2013)
hemi sphae
Humari a Chi na OP2 OP39420P2910 Thi
hemi sphae
Humari a Chi na OP2 OP39420P2910 Thi
hemi sphace
Humari a Chi Yann . OP2 OP39420P2910Thi s
hemi sphace
Humasp a France: 13. 0 MGO01 5 ) Al var al (2018)
Humasp a USA: FI LA 1%52 MGO1 5MG0045 1 Al var al (2018)
Humasp a USA: I o 3752 MGO1 5 MG0045 i Al var al . (2018)
Jafnea seUSA: | A Z 551 MT35 | T https: .ncbi.nl m.n
Jafnea fuChina: 0 6 MFO MHG6 6 | T Wa ng (2020)
Jafnea fuChina: KA 9003 OP29 T OP2910Thi s
LamprospoGer many 7 0005 MZ34 T MzZ3431Ecks al . (2021a
aneur ae Postdam
LamprospoNor way DQ22 JX9438DQ6465 Ha (2013)
ascobol oi
LamprospoGer many MF O 6 T MK56 93 Ege al. (2018a
campyl opoNieder s
LamprospoCzech M 94579 MF75 MF7540 1 MK56 93 Ege al . (2018b
dictydiol Republii
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Table 2 Continued.

Species nLocatio Voucher/ SLSU t el rpb2 SSuU References
number
LamprospoSpain: B 70 0100 MN3945MN36641 MW2 428 Eckstein et al (2021hb
hi spanicaMallorc
LamprospoUkraine PRM 94641 MG9476 MK569 21 MK5693 Egertovsg et al (2018a
sylvaticaZakarpa (UA1)
Obl ast
Lasioboli France L.D. 31.0MW5465MW5446 MW5446 1 Van Vooren et al (202
boudi eri
Lasioboli Netherl MAAS RB 0 MW54651 T ) Van Vooren et al (202:
coprophil
Lasiobol i USA: CBS 344. 7NG_057KC1093JX9437NG_062Hansen et al (2013)
orbiculoi Califor
Lasioboli Spain E.R.D. 76 MW5465 MW5446 MW54461 Van Vooren et al (202:
parvispor
Lasioboli USA TRTC 4194 MW5465 1 T T Van Vooren et al (202:
spirale
Lasioboli USA TRTC 4159 MW54651 T ) Van Vooren et al (202:
spirale
Lasioboli USA CBS 782.7NG_057KC1092JX9438NG_061Hansen et al (2013)
spirale
Lasioboli Spain LY NW19. CMW5465 1 T T Van Vooren et al (202:
trachyspo
LasiocupuAl bania LY: N. V. 2 MK23821 T ) Van V&&ega (2018a)
medi terra
LasiocupuAl bani a HBG: M. V. MK2382i T ) Van Vo&Weegna (2018a)
medi terra 180 0@2
LeucoscypDenmark KS94 74 (CDQ22031 T ) Perry et al (2007)
l eucotric
Lotinia vi SESTAO KP1957KP19571 ) https://www. ncbi.nl m.n
200304040
Lotinia vi SESTAO KP1957KP1957i T https:// www. ncbi.nl m.n
200206110
Mel asti zaSweden KH 01.06 AY5005KC1092AY5005DQ6465 Hansen et al. (2005)
Mel asti zaNor way KH. 03.43 DQ6465KC1092JX9438DQ6465 HankePfister (2006)
cornubien
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Table 2 Continued.

Species nLocatio Voucher/ SLSU t el rpb2 SSuU References
number

Mel asti zaDenmark KH. 01. 017DQ2203KC1092JX94381 Hansen et al. (2013)
cornubien
Mel asti zaChina: HKAS 1047 OP29100P35250P39420P2910This study
cornubi en
Mel asti zaChina: HKAS 1047 OP29100P35250P39420P2910This study
cornubi en
Mel asti zaChi na: HKAS 1243 0P29100P35250P39420P2910This study
cornubi en
Mel astizalcel and DHP 04. 57 DQ2203KC1092JX94381i Hansen et al. (2013)
flavorube
Mel asti zaChina: HKAS 1243 0P29100P35250P39420P2910This study
verrucul oYunnan
Mel asti zaChi na: HKAS 1243 0P29101 OP39420P2910Thssudy
verrucul o
Mi cronemaChi:Baij E32 181 FJO0O252i i FJO0252 Su&Guo (2010)
verrucosu
Mi cronemaChi:Baij 0182161 FJO0O252i i FJ0252 Su&Guo (2010)
verrucosu
Mil adina USA KH. 04. 22 DQ2203KC1092JX9437i Hansen et al. (2013)
Mi |l adi na Sweden KH. 03.156DQ2203KC1092JX9437DbQ6465Hansen et al. (2013)
Monascell Spain CBS 233.8MH8735KC1092JX94381 Vu et al (2019)
botryosa
Mor aveci aNor way RK 97.44 DQ22031i T T Perry et al (2007)
Myr mecocy USA: FLAB58962 MG0198 MG0O045 MG0045 i Al varado et al (2018)
cerebrifocCalifor
Myr mecocy Spai n: BCN: MG0198 MGOO045 1 ) Al varado et al . (2018)
medi terra JMV91062209
Myr mecocy Spai n: AH: 46367 MG0198MGO0O045 1 ) Al varado et al . (2018)
mi crospor Segovi a
Neottiell Norway HD Finn.8DQ22031i T T Perry et al. (2007)
aphanodi c
Neottiell China: HKAS 1046 MK5892 MK57771 T Yuan et al. (2020)
gi gasporaSichuan
Neottiell Poland: 46853 MK56 93 MK56921 MK56 93 Sochorovg et al. (2019

Kar kono
Neottiell Czech PRM 94579 MFO660MF7540 i MK56 93 Sochorovg et al. (2019

Republi (NVZI a)
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Species nLocatio Voucher/ SLSU t el rpb2 SSuU References
number
OctosporacCzech PRM 94579 MF7540MF7540 1 MK5693 Egertovg8 et al. (2018hb
Republi ( OAf ZI a)
Li ska
OctosporaUSA: S F43208%55MN9673MT0O07871 MN9945 Sochorovg et al (2020
americanalLoui sia
OctosporacCzech PRM 95401 MW2428 MW4307 i MW2 428 Sochorovg et al (2021
Republ i
Ol omouc
OctosporaSouth A ZE71/ 18 MK56 93 MK569 21 MK56 93 Sochorovsg et al (2019
conidioph
OctosporacCzech PRM 94580 MF7540MF7540 1 MK56 93 Egertov8 et al. (2018hb
Republ i (OHZI a)
OctosporaNor way KH. 03.30 DQ2203KC1092JX9438DQ6465 Hansen et al (2013)
hygrohypn
OctosporaMal aysi ZE61/ 16 MF7540MF7540 1 MK5693 Egertovs8 et al. (2018hb
kel abitiaSarawak
Octosporalcel and DH®M4.552 KC0126KC1092JX94381i Hansen et al . (2013)
OctosporaGermany PRC 4691 MZ34311i T MZ3431Eckstein et al. (2021a
neerl andi
OctosporacCroatia HRS8 MK56 93 MK56931 MK56 93 Sochorovsg et al (2019
orthotricDragany t
OctosporacCzech OP1 MF7540MF75401 MK56 93 Egertovg8 et al. (2018hb
pseudoampRepubl i
Strambe
OctosporaUSA KH. 05. 01 KCO01261 JX9438i Hansen et al (2013)
roxhei midi
OctosporaGermany MV2013-081 MW2219 MW21911 MW2067 Sochorovsg et al (2021
Gross P
OctosporaGermany B 70 0100Mz34311 T MZ3431Eckstein et al. (2021a
Rot e Wa
OctosporacCzech PRM 95400 MW1521MW15911i MW1521 Sochorovg et al (2021
doebbel er Republ i (DEVh)
Oct ossppo.r a Nor way KH. 03.136DQ2203KC1092JX94381 Hansen et al (2013)
OctosporoMal aysi DUM20/ 1 MF7540MF75401 MK56 93 Egertovg8 et al. (2018hb
erinacea Lungan
OctosporoPortuga MV2013-020KF7710KF77101 ) Lindemann et al (2014
ni col ai Li sboa
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Table 2 Continued.

Species nlLocati Voucher/ SLSU t elt rpb2 SSuU References
number

Orbicula Canad CBS 166. MH8 718 T T Vu et al (2019)

Ont ar.
Orbilia afi AFTALD 90 DQ4709DQ4710DQ47 DQ4710 Spatafora et al (20
Orbilia vi AFTALD 90'DQ4709DQ4710 DQ4710 Spatafora et al. (20
Otidea al Swede KH. 09. 8 KM8231KM8232KM82331i Hansed ari aga (2015)
Otidea al Nor wa KH. 09. 3 KM8231KM8232KM82331i Han<ed ari aga (2015)
Otidea al China: HKAS 1 6 OP29100P3524 OP2910This study
Otidea al China: HKAS 1 6 OP29100P3524 OP2910This study
Otidea boFinla S -F426 KM8231KM8232KM82331 Hansen & Ol ariaga (201
Oti dea buSwede KH. 09 JN9410KM8232KM8233JN9412Hansen & Ol ariaga (201
Otidea buFranc NV2009. JN9410KM8232KM8233JIJN9412Hansen & Ol ariaga (201
Otidea buChina: HKAS 12 OP29100P35240P35250P2910This study
Otidea foFinla H600354 KM8232KM8232KM82341i Hansen & Ol ariaga (201
Otidea guChina: HKAS 10 OP29100P3524 i OP2910This study

Si chu
Otidea guChina: HKAS 1046 OP29101 i OP2910This study
Otidea guChina: HKAS 1047 OP29101 i OP2910This study
Oti HamsenChina: XF0O7 KU9870KU98701 i Xu et al (2018)
Otidea koChina: Z.W. G KU9870KU98701 i Xu et al (2018)

Sichu
Otidea koChina HKAS 104 OP29100P35241 OP2910This study
Otidea koChi 8ha HKAS 1046 OP29100P35240P35250P2910This study
Otidea |l eFinla H6003548 KM8232KM8232i T Hans&Wl ariaga (2015)

Et e-l a

Karj a
Otidea |l eFranc NV 200 KM8232KM8232KM82341i Haned ar(i 2@hs5)
Otidea macChina HKAS 1 OP2910T OP35250P2910This study

Sichu
Otidea macChi na: HKAS 1243 0OP29100P35241 OP2910This study
Otidea naFinla H6002902 KM8232KM8232KM8234i HanseQl a& i aga (2015)
Oti dea Chi na: HKAS 1046 OP29100P35250P35250P2910This study
olivaceohb
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Species nLocatio Voucher/ SLSU t elt rpb2 SSuU References
number

Otidea ovChina: HKA$046580P2910T OP35250P2910Thi s study

Yunnan
Otidea ovChina: HKAS 1243 0P29100P35250P35250P2910This study
Otidea pl Sweden KH. 09. 163 KM8232KM8233KM82341i Hansen & Ol ariaga (201
Otidea pr France NV 2008. 0 KM8232KM8233KM82341i Hansen & Ol ariaga (201
Otidea pr China: HKAS 1046 OP291017 T OP2910This study
Oti dea Chi:na HKAS 1013 KY49861 MG9807T Hyde et al (2018)
pseudofor Yunnan
Otidea USA rn101910 KM8232KM8233KM82341i Hansen & Ol ariaga (201
pseudol ep
Otidea China: Z.W. Ge 8 KU9870KU9870KU9870T Xu et al (2018)
purpureogSichuan
Otidea Spain S F242696 KM82341i i T Ol areagal (2015)
subformic
Otidea suChina: HKAS 1046 OP29100P35250P35250P2910This study

Yunnan
Otidea suChian: HKAS 1243 0P29101 i OP2910This study
Parascut eNor way KH. 03.34 DQ2203KC1092JX9438DQ6465 Hansen et al. (2013)
carneosan
Parascutelceland DHP 04. 53 KC0126KC10921i T Hansen et al. (2013)
carneosan
ParatrichPortuga U. L.-1478 KP0527KP0527 KPO05271 Van Vooren et al (201!
poiraul ti
ParatrichSpain Uu.L.-1479 KPO0527KP0527KP05271 Van Vooren et al (201!
poiraul ti
ParatrichHungary MSTR P 04 MW1587MW1612 MW16121i Lindemann et al (2021
mul tigutt Sopron
ParatrichGer many MSTR P 19 MW1587MW1612 MW16121i Lindemann et al (2021
mul tigutt Thuring
Parawil coSpain LY NV 201 MW5465 MW5446 MW5446 1 Van Vooren et al (202
i nexpect a
PerilachnHungary TURA 20891MW5465 MW5446 MW5446 1 Van Vooren et al (202
flavobrun
PerilachnSwitzer LY NV 201 MW5465 MW5446 MW5446 1 Van Vooren et al (202
hemi sphae
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Table 2 Continued.

Species nLocatio Voucher/ SLSU t el rpb2 SSuU References
number
Perilachnltaly TURA 2089 MW5465 MW5446 MW5446 1 Van Vooren et al. (202
ochraceof
Picoa | eflsrael AH195814 JN3921i T T Zit Hdamiuar et al (2015
Picoa junlran AH39287 JN3921i T T Zit Hamiuar et al. (2015
Pl anamyceFrance CBS: 14316 MG3860T1 MG38611 Crous et al 2017
pari siens
Pl ectaniaChi:na HKAS 1076 MWO799 MW0942 MWO850 MWO800Zeng et al. (2021)
sichuanensSichuan
Pseudal eultaly: MCVE: 3013 MK7201MK7221MK72211 Saitta (2019)
fibrillos
Pseudal euUSA: Or NSW 7107 DQ2203i T T Perry et al. (2007)
qguinaul ti
Pseudombr Germany U. L. 155 KX5928KX59271i T Lindemann & Alvarado (
bul bi fera
Pseudombr USA DHP 3498 KC0126KC1092JX9437 Hansen et al. (2013)
theiol euc
Pseudopit USA: CA mh 675 (FAY9458FJ2383DQ0176 AF0063 Hansen et al. (2013)
mi nuscul a
Pseudosar i AFTALD 95.FJ1768FJ2383i FJ1768 Schoch et al. (2009a)
| at ahense
Pseudotri Greece GK 69014 KT8613KT8613KT86131 Van Vooren et al. (201!
i ntermedi
Pseudotri Spain ST 250114 KT8613KT8613KT86131 Van Vooren et al. (201!
inter medi
Pyronema USA AFTALD 94'DQ2478DQ4710DQ2477DQ2478Schoch et al. (2006)
domesticu
Pyronema United CBS 283. 3 MH8666 1T i i Vu et al. (2019)
omphal ode Ki ngdom
Pyropyxi s Canada K. Egger DQ2204KC1093JX94371 Hansen et al. (2013)
Ontari o (DAOM)
Pyropyxi s Canada K. Egger DQ2204KC1093JX94371 Hansen et al. (2013)
Ont ari o (DAOM)
RamsbottoNor way HD Finn. 0DQ2204KC1092JX94371 Perry et al. (2007)
asperior
RamsbottoUSA DHP 06. 60 KC0126KC10921 ) Hans en( 2e0tl 3a)l

crechquer
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Species nLocatio Voucher/ SLSU t elt rpb2 SSuU References

number
RhodotarzNorway: HD Rana 7 DQ22041 T T Perry et al (2007)
rosea Nor dl an
Rhodotarz Nor way KH. 03.107DQ2204KC1092JX9438DQ6465 Hansen et al (2013)
rosea
RhodoscypNorway: HD Rana 7 DQ2204i T T Perry et al (2007)

Nordl an ( C)

RhodoscypSweden KH. 08. 007KC0126KC1092JX9438'i Hansen et al (2013)
RhodoscypChina: HKAS 1046 OP2910O0P35251 OP2910This study
Sarcoscypl AFTALD 931FJ17681i FJ7136FJ1768 Schoch et al (2009a)
coccinea
ScutellinbDenmark KH. 01.023DQ22041 T T Perry et al (2007)
ScutellinCosta RKH.02.55 DQ22041 T T Perry et al (2007)
bl umenavi
ScutellinChina: 420526 MFO MH6680 1 T T Wang et al. (2020)
ScutellinChina: HKAS 1046 OP29100P35250P39420P2910This study
ScutellinChivyann HKAS 1243 0P29100P35250P39420P2910This study
ScutellinChina: HKAS 1245 0P29100P35250P39420P2910This study
ScutellinJdJapan: R. P. Korf DQ22041 T ) Perry et al (2007)
geneosporl sl and Gruf f .

Di scomyce

exsiccati

( FH)
ScutellinDenmark ALO44 (C DQ22041 T I Perry et al (2007)
hyperbore
ScutellinNorway KH. 03.116 KC01271 JX9438i Hansen et al (2013)
hyperbore
ScutellinKorea KUS52411 GU36161 T ) Han et al . (2010)
jejuensi s
ScutellinThailan MFLU-022ZL3 OP29100P35250P39420P2910This study

Payao

ScutellinChina: 420526 MFO MH6680 1T T T Wang et al (2020)
nigrohirt
Scutell i nUSMANew DHP 105 ( DQ22041i T T Perry et al (2007)
pennsyl vayYor k
ScutellinUSA AFTAGLD 62 DQ24781 DQ2477DQ2478 Schoch et al (2006)
scutell at
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Species nLocatio Voucher/ SLSU t el rpb2 SSuU References
number

ScutellinChina: HKAS 1243 0OP29100P35251 OP2910This Study
sinosetos
Scuteslp.i nUSA: BAP 427 ( DQ22041 i i Perry et al. (2007)

Massach
Scuteslpp.i nEcuador TL11648 KC0127i JX94371 Perry( 200 7)l

Car chi
ScutellinbDenmark C -%5440 DQ2204i T ) Perry et al. (2007)
subhirtel
Scut ecfl i nNor way KH. 03.117KC0127KC10921 T Hansen et al. (2013)
subhirtel
ScutellinbDenmark KH. 01. 37 DQ22041 JX94371 Perrayl .et( 2007)
trechispo
ScutellinChina: 420526 MFO MH6680 1 T T Wang et al. (2020)
trechispo
ScutellinChina: HKAS 1046 OP29100P35250P39420P2910This study
verrucul oSichuan
ScutellinChina: HKAS 1243 0P29100P35250P39420P2910This study
verrucul o
Sepultari France N. V. 2006 KY3640T T ) Van Vooren et al. (201"
i mmer sa
Sepul tari Georgia N.V. 2013 KY36401 T i Van Vooren et al. (201°
patavina
Smardaea Denmar k KH9 7L 3@2C) AF33511 T ) Hansen et al . (2013)
amet hysti
Smardaea France MPUXCD -26 MT2736 1 MT2746 1 https:// www. ncbi.nl m.n
reticul os
Smardaea |taly: AMB 17161 MKO02551 T ) Agnell o et al . (2019)
verrucisp
Sower byel Chi:tBaij HKAS 8998 MG87131 MG9 8071 Ekanayaka et al. (2018
angustisp
Sower byel i CL2004. 10DQ2204KC1092J3X9438DQ6465Perry et al. (2007)
i mperial.|
Sower byel USANew KH. 04. 30 DQ2204KC1092JX94381i Hansen et al. (2013)
radicul at Mexi co
Sower byel Spai n: LSS201901 MT7419MT7419MT74191 Rubio et al. (2021)
meridi onacCatal un
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Species nLocatio Voucher/ SLSU t el rpb2 SSuU References
number
Spaniodi sSwitzer U. R. -11001060 MW5 465 MW5446 MW5446 i Lindemann et al (2022
fuckel ii
Spaniodi sFrance MPUJCD 88 MT2736 MT2747 1 T Lindemann et al (2022
fuckel ii
Sphaerosp USA: KH. 03.04 DQ2204KC1093JX94371i Perry et al (2007)
brunnea Massach
SphaerospNor way HD Rana 8DQ22041 T ) Perry et al (2007)
hi nnul ea (C)
Sphaerosp USA: MI CH: 2549 MN74941i T MN7566 Song et al (2019)
lignatil eWi scons
SpooneronmSweden JS08(B8B0 KC0127KC1092JX94381i Hansen et al (2013)
helveticu
SpooneronDenmark HFG 88. 01 DQ2204KC1092JX94381i Hansen et al (2013)
|l aeticolo
Tarzetta France LY: NV 201 MN7122i1i T ) Van Vooren et al. (201!
Terracavi Mexi co FLAS JT 1 MK2787 Grupe et al (2019)
echinospo
TricharinNorway KH. 03.101DQ6465KC1092JX9437DQ6465 Hansen et al (2013)
Tricharini MUCL: 4129JQ83651 JQ8365 T https://www. ncbi.nl m.n
striispor
Trichsap.i nEcuador TLE10051 (' DQ2204KC1092JX94371 Hansen et al (2013)
QCA)
TricharinCzech PRM 77240 MN3860T T ) Lindemann et al (2022
herinki. Republ i
TrichophabDenmark KH. 01. 36 DQ2204KC1093JX94371 Van Vooren et al (202:
abundans
TrichophaSwitzer G RD 27. 0 MW5465 MW5446 MW5446 1 Van Vooren et al (202:
contradic
TrichophaFrance LY N.V. 2 KX9822i T Vavooren (2016)
dougoudi i
Trichophalcel and AMNHIOY9682 DQ22041i T T Perry et al (2007)
hybrida
TrichophaUSA: Co KH. 04.39 DQ2204KC10931i T Perry et al (2007)
hybrida
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Species nLocatio Voucher/ SLSU t el rpb2 SSuU References
number
TrichophaUSA: Ve DHP 30.8. DQ22041i T T Perry et al (2007)
hybrida ( FH)
TrichophaCanada: CBS 236. 5 MH8692KC1093JX94371 Vu et al (2019)
mi nut a Ontario
TrichophaFrance LY RW13. 0MW5465 1T T T Van Vooren et al (202
pseudogre
TrichophaEngland CBS 804. 7DQ2204KC1093JX94371 Hansen et al (2013)
saccat a
TrichophabDenmark KH. 01. 033 DQ2204KC1093i DQ6465 Perry et al (2007)
wool hopei
TrichophaSpain LY NV 201 MW5465 1 T T Van Vooren et al (202
asturiens
TrichophabDenmark C -#7525 ( DQ22041i T I Perry et al (2007)
tetraspor
Tuber indChina HKAS44333 MG8713MG9807 MG9807 i Ekanayaka et al. (2018
WarcumgiraeCanada: CBS 891. 6DQ2204KC1093JX94381 Hansen et al (2013)
Col umbi
Wil coxinaUSA: WS 36 (SFDQ22041 T i Hansen et al (2013)
Wy omi ng
Wil coxinaUSA: sn AF2667T1 T ) Perry et al (2007)
Cali for
Wil coxinaChina: HKAS 1046 MN4499 MN44751 i Hyde et al (2020)
verrucul oSichuan
Wil cepi.naBel giumLY NV 201 MW5465 1 T T Van Vooren et al (202:
Wil cesypi.naFrance G. M. 2016 MW5465 i T T Van Vooren et al. (202:
Wol fina USA DHP -5049 ( AY9458KC1092DQO0176 i Hansen et al (2013)

aurantiop

Note:Names in red indicate newtjescribed species in this study. Names in bold indicate type collections. Names in blue indicate newly sequenced collections

Molecular clock analysis

The dataset used for phylogenetic inferences was also used in the divergence time estimatisesondary calibrations were set according to
divergence times estimates from previous studies asv&llthePezizomycetesrown node was set in the normal distribution (mean = 317 Mya, SD =
37 Mya) (Prieto & Wedin 2013, Alvarado et al. 2016). Thberaceaerown node was also set in the normal distribution (med56-9 Mya, SD =9

Mya) (Bonito et al2013 Alvarado et al. 2016).
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Divergence time analyses were carried out using BEAST v1.10.4 (Suchard et al. 2018). Aligned
sequence data were partitioned separately for t&k1, Urpb2, and SSU. The XML file of each
gene was constructed using BEAUTI v1AQBEAST packageBubstitution models for all genes
were the same as in tB# analysis(seephylogenetic analysas theresults section(Darriba et al.
2012). An uncorrelated relaxed clock model was used with a lognormal distribution of ratesifor eac
gene estimated.heYule speciation process was sathe tree prior. Default was used for all of the
other priors. Four independent Monte Carlo Markov Chains were run for 350,000,000 generations
with a sampling frequency every 10,000 generations. ddpéles were combined in LogCombiner
v.1.10.4 (BEAST package) with the first 10% of trees discarded asimufime combined log file
was evaluated for convergence and stationarity in Tracer v1.6 (Rambaut et al. 2013), ensuring that
the effective sampleize (ESS) for all parameters was above 200. Trees were summarized as
maximum clade credibility (MCC) trees in TreeAnnotator (BEAST package).

Ancestral character states analyses

Bayesian Binary MCMC (Markov chain Monte Carlo) (BBM) was used as implemented in
RASP v.4.2. (Reconstruct Ancestral State in Phylogenies) (Yu et al. 2015, 2020). The morphological
character of ascomata was mapped over the inferred phylogeny: a. apothechypogeous; c.
semihypogeous; d. gymnothecium; e. cleistothecium; f. unknown or asexual. Parameters were set as
follows: number of cycles 1,000,000; number of chains 10; frequent of samples 100; discard samples
100; temperature: 0.1; state frequencesstimated (F81); amorgite rate variation Gamma+(G).
Trees were viewed and edited in RASP v.4.2. and Adobe lllustrator CS5 (Adobe Systems, USA).

Results

Phylogenetic analysis

The phylogenetic tree ¢fyronemataceagétideaceaand related taxa was inferred using 272
taxa and four genes, includi@ybilia auricolor (AFTOL-ID 906) andO. vinosa(AFTOL-ID 905)
astheoutgrouptaxa(Fig. 1). The alignment comprise@b38characters (LSUt 876 bptef1 tB77
1861 bpyrpb2: 1862 2584 bpS SU: 2 5 ®@. Ths @kaliBood of the besdcoring IQ tree was
-81209.613. The besit models for each gene were GTR+I+G for LSU, TIM1+I+G fet1 U
SYM+I+G for rpb2, and TIM2+1+G for SSU. The Bl analysis converged at 5,740,000 generations
The topologies of IQ and Bl trees were similar.

The backbone phylogeny oPyronemataceaand Otideaceae

In the inferred phylogenetic tre@yronemataceae@ s di vi ded i nto si x
comprising 198 pyronemataceagtsains from 51 genera. These lineages were determined based on
results obtained in this and other studiesrfy et al. 2007, Hansen et al. 2DE&ased on the dataset
we selected in this study, 40 genera are monophyletic, while severa ataguolyplyletic and
dispersed across several clades, Witlthophaeaand Octosporabeing the most representative.
Statistical support for the lineages varied: Lineage 1 with 94BS; Lineage 2 with 81BS/100PP;
Lineage 3 with 73BS; Lineage 4 with 90BS/0.98PP; Linéageth 100BS/100PP; and Lineage 6
with 79BS/0.93PP.

The Otideaceaetaxa formed a strongly supported clade (100BS/1.00PP) sister to
Pyronemataceaand this relationship has nearly maximum support (98BS/1.0QRiBeaceaavas
separated into six monophyletiladescomprising 43 strainsom six genera,viz., AcervusArpinia,
Monascella Otidea Planamyces and Warcupia Monascella Planamyces and Warcupia are
represented by single straingive Acervus strains formed a clade ofmaximum support
(100BS/1.00PP)hich wassister to the clade formed by the previdliseegenera Two Arpinia
strainswere sister to the genu®tideg which is represented by 38trains,with nearly maximum
statisti@al suppor{99BS/1.00PR)
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oo Humaria

Humaria

Figure 1 Phylogenetic tree of combined sequence @a84, tef-1 rpb2 & SSU)inferred from

272 taxa and 3638 sites. Ultrafast bootstrap support values-toed¢@BS) and Bayesian posterior
probabilities (PP) greater than 70% and 0.90, respectively are euliaathe nodes in this order.
Names in red indicate newly described species and names in blue stand for newly sequenced
collections.Orbilia auricolor (AFTOL-ID 906) andOrbilia vinosa(AFTOL-ID 905) represent the
outgroup. The letter T preceding taxa names denotes the type.
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Figure 1 Continued




Arpinia

Micronematobotrys verrucosus 015-2161
T Smardaea reticulosperma MPU:JCD 265-84
Smardaea amethystina KH.97.132
Smardaea verrucispora AMB 17161
100/0.99, Jafnea fusicarpa HKASS0031
00| L Jafnea fusicarpa 420526MF0730

10011.00° Pyropyxis rubra K.Egger 323
100/0.99; Heydenia arietina AL-0701

Pseudombrophilaceae

Pezizomycetes
100/1.00

Orbiliomycetes

Figure 1 Continued

The placement of new collections in this study

Our 37 collections belong to eight genera, nam&tgrvus Aleuring, CheilymeniaHumaria,
Melastiza Otideg Rhodoscyphaand Scutelliniawithin Pyronemataceaand Otideaceaéased on
morphology and phylogeny. Overall, the new collections are distributed in each lineage except for
lineage 4. The new species are situated in lineages 3,Gtalehceae
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Within lineage 1, threélumaria collections are grouped with twd. hemisphaericatrains
forming a clade of maximum support (100BS/1.00PP). Within lineage 2, a new Chinese collection
of Rhodoscypha ovillalusteredsister to a clade of two EuropeBRnovilla strains with maximum
support (100BS/1.00PP). The polyphyldilelastizais separated into three main groups in lineage
3. One represented by finelastiza cornubiensistrains (three of which are from this stjidgne
formed byMelastiza flavorubenand our new speciddelastiza verruculosdrepresented by two
strains). Besides, the single strMelastiza contortdKH 01.06) is sister to the genBseudaleuria
Two Cheilymenia vitellinasamples collected fromraorel cultivation greenhouse clustered with the
C. vitellina strain (KH 01.32), further sister ©©heilymenia granulataWithin lineage 5, we first
determined the phylogenetic positionsSufutellinia jungneriand ScutelliniasinosetosaThe new
speciesSaitellinia verruculosdrepresented by two strains) groups with other3weotelliniastrains,
Scutellinia cf. subhirtella (KH 03.117) andScutellinia hyperborea(KH 03.116) in a clade of
maximum support (100BS/1.00PP). Besides, tHgeatellinia colensoicollections group with
anotherS. colensostrain and an undetermin&tutelliniastrain in a maximum supported clade
(100BS/1.00PP). Four newlgitroduced species and eight collections are placédideaceaeThe
placement of the four new taxa has hearaximum statistical support.

Pyropyxidaceadam. nov. segregates fronfPyronemataceae sensiricto

Based on a broad taxon sampling and four gels&#aea MicronematobotrysPyropyxis and
Smardaea are clustered, forming aPyropyxis lineage of maximum statistical support
(100BS/1.00PP), which branches off tRgronemataceaeOtideaceaeclade These results are
similar to Hansen et al. (2013). We establish the new faRytppyxidacea¢o accommodate the
Pyropyxislineage, which was originally adopted irffyronemataceasensu strictdHansen et al.
2013)

Within Pyropyxidaceagthere are mainly three clades, involving four gerfeyeopyxiss basal
to this family. The hyphomycetous genuMicronematobotrys represated by two
Micronematobotrys verrucosgsrains is nested withiBmardaealafneais sister to the clade formed
by these two genera, and odafnea fusicarpastrain sequenced from herbarium is sisterd.to
fusicarpa(420526MF0730) with maximum support (BS/0.99PP).

Estimation of divergence times

The BEAST analysis yielded over 200 effective sample sizes for all relevant parameters.
Divergence time estimates and the chronogram are illustrated in Fig. 2. The topology of the maximum
clade credibility (MCC)tree resembles that obtained from the combined data-tne&Qand BI
analyses. The estimated crown agePezizomycete§332 Mya) is similar to previous studies
(Gueidan et al. 2011, Prieto & Wedin 2013, Ekanayaka et al. 2017), as is the nod&d aberaceae
(154 Mya) Bonito et al. 2013). ThByropyxidaceadéineagediverged from théyronemataceaand
Otideaceaapproximately 243/ya( 1 9 9 1 2 9 Laye Tiiassic.tTieerown age of this family is
around 141 Mya ( BtideaRe@eniiPyronErhataceaepcurred aroorfd 230 Mya
(1881 274) in the VLat eOtideaceaa ssiab.ouThe0@Qr dwra ¢ dle
that of Pyronematacea¢ s 209 Mya (17171257). Additional (
families are shown in Table 3.

Ancestral character states reconstruction

Ancestral states are depicted on all nodes, mapped on the consensus evolution analysis as pie
charts. Reconstruction of ancestral character states of ascomatal typgsoimematacege
PyropyxidaceaandOtideacea@are shown in Fig. 3 using tirealibrated maximum clade credibility
trees. The corresponding character states for all terminal taxa were coded based on previous studies.
Six ascomatal types were depicted on the trees.
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Figure 2 Time calibragéd phylogeny of extalRyronematacegétideaceagPyropyxidaceaand

other selected taxa fromezizomyceteDivergen

ce times were estimated with maximum clade

credibility (MCC) tree under a relaxed clock maddlimbers at nodes indicate posterior probabilities

for node support, bars correspond to the 95% h
the red circles indicate the secondary calibratio
themedian age and 95% HPD (Table 3).

ighest posterior density (HPD) intervals. Numbers in
n (1, 2) points. Numbers in the blue circles indicate
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Pyronemataceae crown group

Figure 2 Continued
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Lasiobolidium

L6

%g:a guttulata HKAS 104692
iidea guttulata HKAS 104693
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"Otidea olivaceobrunnea HKAS 104680
fgtrdea korfii ZW.Ge 1913
tidea korfii HKAS 104682
Otidea korfii HKAS 104685
Otidea borealis S F-242694 i
(Otidea ovalispora HKAS 104658 Otidea
tidea ovalispora HKAS 124368
’%ldea macrospora HKAS 104688
tidea macrospora HKAS 124370
idea pseudoformicarum HKAS 101386
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Otidea leporina H6003548
idea subleporina HKAS 104663

“Otidea subleporina HKAS 124369
Otidea pseudoleporina rh101910
Otideaceae crown group Otidea alutacea HKAS 104674

tidea alutacea HKAS 104699
Otidea alutacea KH.09.178

Otidea all KH.09.133
\\ L Otidea platyspora KH.09.163
E Arpinia inops C F-54586 P
4 Arpinia luteola var. pallidorosea GDOR:2950 Arpmla
‘ - Acervus epispartius s.n. (FH)
Acervus stipi MFLU 16-0607
R Acervus beiji HMAS 78150 Acervus
| J,Aoervus,' bulosus HKAS 88987
. 1 Acervus globulosus HKAS 124374
Pyropyxidaceae crown gr{lp '!_E! Monascella botryosa CBS 233.85 Monascglla
\ . | Warcup s CBS 891.69 Warcupia
N | Planamyces p CBS 143165 Planamyces
{‘_E ys us E3-2181
b S Verucosus 015-2161

{ L i MPU:JCD 265-84

aea0eapIO

T hystina KH.97.132
d: ispora AMB 17161 .
Jafnea fusicarpa HKAS90031 Pyropyxidaceae fam. nov.
Jafnea fusicarpa 420526MF0730
Jafnea semitosta ISC 443551
1Pympyxis rubra K.Egger 289
Pyropyxis rubra K.Egger 323

,Heydenia arietina AL-0701

Olbocula parietina CBS 166.71 .

Pseudombrophila theioleuca DHP 3498 Pseudombrophilaceae
— F bulbifera U.L.155

= Las:obolldlum orbiculoides CBS 344.73
jes TUR 078772

Pezizomycetes crqv‘r groug _‘:@—— Tarzetta alnicola LY NV 2017.08.36 Tarzettaceae
—= Mrome o e Ascodesmidaceae

% Ascodwnis sphaerospora AFTOL-ID 920
AFTOLID 954 Chorioactidaceae
. ] 2‘ — Wolfina is DHP 04.599
: | Donadia echinacea T ey Sarcosomataceae
Pssudopimysh minuscula mh 675
@ — _ Sarcoscypha coccinea AFTOL-ID 830 Sarcoscyphaceae
Balsamia aestivalls KH.10.133
qt ——— tyspora TUR206101 Helvellaceae
I Helvella pezizoides 0-253366
& Choiromy iformis RH691
Tuber indicum HKAS 85232 Tuberaceae
| Orbilia auricolor AFTOL-ID 906 -
p————— Orbilia vinosa AFTOL-ID 905 Orbiliomycetes
4000 200 2000 2500 2000 » 1500 1000 00 oo Mya

Figure 2 Continued

Table 3Divergence times estimates (Mya) with 95% credibility intervals.(CI)

NodeGroup Node age (NGeol ogical ti
1 Pezi zomyowhegrou3d3@228071388) Early Carboni
2 Tuberacewp groupl54 (13871 l17Late Jurassi
3 Pyropyxdrdawreager o 141 (861 20CEarly Cretact
4 Oti dearcewmr group 202 (1591 25Late Triassi
5 Oti defPyeae@emat ac230 (1881 27Late Triassi
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Table 3Continued.

NodeGroup Node age (NGeol ogical ti
6 Pyronematawragro209 (171125Late Triassi
7 Hel velclraocwenaegr ou| 130 (811 196Early Cretact
8 Sarcoscyphanege c43 (151105)Early Pal eog:t
9 Sarcosomatoavme @gag ¢80 (481 133)Late Cretacect
10 Chori oacctriodenceggre 139 (7171 198Early Cretac:t
11 Ascodesmirdbavneage (29 (12155) Late Paleogel
12 Tar zetctreoonenaegrou87 (411129)Late Cretacecd
13 Pseudombraephiwlnhag98 (611 133)Late Cretacecd

® Apothecium (A)

® Hypogeous (B)

® Semi-hypogeous (C)
® Gymnothecium (D)

@ Cleistothecium (E)

@ Usknown or asexual (F)
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Figure 3 Reconstruction of ancestral character states focusing on ascomatal characters using
Bayesian Binary MCMC (BBM) method.

Based on our analysishe ancestral ascomata type for the ancestdPyobnematacege
Pyropyxidacea@andOtideaceaavas the apotheciunRyropyxidaceaenembers retain this ancestral
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character, excludingvicronematobotrysfor which only the asexual morph is knawwithin
Otideasae Otidea subterraneandependently acquired the hypogeous ascor(fat 5). This
species was excluded from our analysis due to only ITS being available (Smith & Healy 2009).
Gymnothecia arose only once Monascella which grouped with the cleistothatibearing
Warcupiain this and other analyses (Hansen et al. 2013). The two divergpgrakimatel\38 Mya.

Within Pyronemataceaeall ascomatal types are present, except for gymnathdast members of

the lineages still retain the apothedtate with specific taxa exceptions in L1, L4 and L6.
Cleistothecaindependently arose once witlifiyronematacea@ 6) in Lasiobolidiumspirale, which
divergedapproximately30 Mya from the apothecibearing ancestor dfasiobolidium Hypogeous
members aAve evolved independently at least twice witRiyronemataceaén L1 and L4. The
estimated dates placed the common ancestor of hypogeous taxa in L1 at 99 Mya (node 1), followed
by diversification leading to the extant ta®anea(51 Mya),Genabeg21 Mya),Gilkeya(8 Mya),
andMyrmecocystig55 Mya). A reversal from the hypogeous form to the apothecial form occurred
in the ancestors dlumaria (48 Mya, node Il) andParascutellinia(2 Mya), both of which arose
independently. Within L4, the hypogeous typesartwice, one is at 31 Mya (node Ill), one is split
from 61 Mya ( nohymgeous arosenahleabtévics e mi

Taxonomy

Otideacead:=ckblad, Nytt Mag. Bot. 15¢2): 82 (1968)

Index Fungorum No: IF 81096; Facesoffungi number: FoF 04231

Type genus Otidea(Pers.) Bonord.

Notes  This family has various ascomatal formmcluding apothe@& hypogeous,
gymnothea, or cleistothe@, with discoid, cupulate, eahaped, globose to folded, and even some
highly reduced. Paraphyses are filiform to wldvate, often straight or curved, sometimes with
notches at the apex. Ascospores are mostly ellipsoid and guttulate, with smadieth(Olariaga et
al. 2015, Ekanayaka et al. 2018). This family contaiime generaAcervus Arpinia, Monascella
Otideg PlanamycesWarcupia AscosparassjsDiehliomycesand Wenyingia with the last three
lacking sequence data (Ekanayaka et al. 20¥8)le the attributions oDiehliomycesandWenyingia
are currently disputed (Van Vooren & Vega 2018b, Pfister & Healy 202i3. family is sister to
Pyronemataceawith high support (98BS/1.00PP) (Fig. 1). These two also differ morphologically
in that thePyronemataceaeostly present carotenoid pigments and has apothecial, cleistothecial,
semihypogeous to hypogeous ascomatwerse ascospores with smooth or ornamentedswall
(Hansen et al. 20)3

AcervusKanouse, Pap. Mich. Acad. Sci. 23: 149 (1938) [1937]

Index Fungorum No: IF 34

Type species Acervus epispartiugBerk. & Broome) Pfister

Notes This genus haslosedascomatavhenyoung andyellow to orange or red apothecia
when mature, withsessile to substipitatdiliform to sub-clavate paraphyses, subcylindrical to
cylindrical asci and smootivalled, guttulate ascospores (Zeng et al. 2020, Pfister & Healy 2021).
Ten species are accepted in this genus, all of which are found in soil or rotten wood. In addition, most
of this diversity has been reported from China, where nine of the species were reported (Zeng et al.
2020).

Zeng et al. (2020) mistakenly provided tlsetype information (TRH:F:11406) of the type
species Acervus  epispartius according to the herbarium information at
https://www.gbif.org/occurrence/3460841307, while this herbarium does not match the type in
protologue (Berkeley & Broome 1873). Thus, th
is incorrect. Besides, weltected anAcervusspecimen identified a&. globulosugHKAS 1243743
from the original locality othetype specimeiEkanayaka et al. 2016} his is a common species in
tropical regions which wddrst reported in China and then in Thailgigkanayakateal. 2016, Zeng
et al. 2020).
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Otidea(Pers.) Bonord., Handb. Allgem. mykol. (Stuttgart): 205 (1851)

Index Fungorum No: IF 3654

Type species Otidea onoticaPers.) Fuckel

Notes This is an easily recognized gerasaracterized by cupulate to esrapedapothecia,
sessile to stipitategnd marginnormally split on one side, sometimes entE&cipulum often with
pigmented resinous exudates. Paraphyses are straight or curved to hooked, with or without notches
at the apex. Ascosporaseellipsoid to oblongoften with 1 2 guttules, and mostly smoetalled,
rarely with additional small granul@dansen & Olariaga 2015, Olariaga et al. 2015). Bestdedea
subterraneaa rarehypogeougaxonof this gents, is featured by globose to subglobaseomata,
three layers of peridium, inamyloid asci with eight ascospores and a crozier atlbpseid,
uniguttulate ascosporeith smooth or roughistvalls (Smith & Healy 2009)In a monograph of this
genus, Olariaga et al. (2015) accepted 33 speatbsfull descriptions and illustrations or notes.
Subsequentlynewadditionsand amendmesto speciesvere introduced (Hyde et al. 2018, Xu et al.
2018, 2022, this study)his genus has high species diversity with all species forming a strongly
suppored monophyletic grouglQOBS/1.00PP(Fig. 1).

Otidea alutacegPers.) Massee, Brit. Fungl. (London) 4: 446 (1895) Fig. 4

Index Fungorum number: IF 118687; Facesoffungi number: FoF 04233

Saprobic on soil. Sexual morph Apothecial 1 6 becoad 1 .cd high, scattered to
gregarious, cupulate to esinaped, sessile to substipitdReceptacle surfagealeyellowish brown
finely furfuraceousmarginsplit on one sideHymenium195 250 ¢ nthick, yellowish brown to
brown slightly darker in colothan the receptacle surface, nearly smdsttohymeniurbOr 170 m
thick, distinct and visible as a darker zone of densely arranged cylindrical to swollenExtds.
excipulum45i 110 um thick, composed ofextura angularigo textura globulosa20i 25 x 141 16
e m, vy, présénsparseesinous exudatewith 31 5¢ nbroad hyaline to yellowish, short hyphoid
hairs from outermost celldedullary excipulun250 350¢ nthick, composed ofextura intricata
31 8 um broad, hyaline tgellowish or brownishhyphae Paraphyse&i 3 um broad, filiform, curved
at the apex, witlyellowish to brownish contentspmetimes embedded in a brown matter at apices,
without notchesAscil90 215 x 111 4  e-sporedBcylindricalpperculateinamyloid, with a long
pediceland acrozier at the baséscospore$20/1/1, in BO] (1 5 .) 36 . 2 1(1UBY 6(7 . )7 1
7. 910120.22 nfQ=1. 8 3 1@=.2.p470.14), oblong ellipsoid, hyalinejniseriate, equilateral,
rarely slightly inequilateral, rounded at the endsjguttulate tobiguttulate, sometimes with
additional small granulesmooth Asexual morphUndetermined.

Material examined Ching Sichuan provice Jiuzhai valley, on mossy soil under a mixed
coniferous broadeaved forestglev. 3567 masl, 20 August 2018 Ming Zeng, ZM 46 (HKAS
104674);ibid. on soilundera coniferous foreselev.3247 masl, 20 August 2018Ming Zeng,ZM
73 HKAS 104699.

GenBank accessionumbers HKAS 104674 (LSU: OP29106Qef-1 UOP352493 SSU:
OP29101), HKAS 104699LSU: OP291061fef-1 UOP352494; SSUOP291011).

Notes This species ixharacterized by eahaped, splitsometimecupulate substipitate
apothecia, palgellowish-brownreceptacle surfacectal excipulum wittsparsaesinous exudates,
brown hymeniumpblongellipsoid ascosporesdlariaga et al. 2005 Mutiple-geneanalygsbased
on LSU, ITS,tef-1 [Jandrpb2 show this specieasis a complex and is separated into several clades
with strong supports (Fig. 5). Further sampling, morphologicahasldcular studies are required to
thoroughly resolve the definition of this species.

Otidea bufonia(Pers.) Boud., Hist. Class. Discom. Eur. (Paris): 52 (1907) Fig.6

Index Fungorum number: IF 414705; Facesoffungi number:12@562

Saprobiconsoil. Sexual morphApothecia2 T 4 broad  Zmligh, scattered to gregarious,
cupulate tobroadly earshaped, stipitateStipeup to 2 cmbroad 2Zcim Bigh, white, tomentum.
Receptacle surfacdarkbrown marginsplit on one sidesometime®ntire.Hymeniuml50 200 m
thick, dark brown same in color as receptacle surface or slightly lighter, nearly smooth.
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Subhymeniuma. 70e mnthick, distinct and visible as a darker zone of densely arranged cylindrical
to swollen cellsStipal ecteexcipulum70i 90 um broad, oftextura angularigo textura globulosa
composed o111 15x 91 11e m cel | s, vy el | lwoadskhont hypheid hains, hyaiing to O m
yellowish, arisingfrom outmost cellsEctal excipulum55 110 um thick, composed oftextura
angularistotextura globulosal3i 15x 912¢ m c e | | ,abundiptlyprdsemtwesinous exudates
with 31 5 ¢ nbroad short, hyaline to yellowisthyphoid hairsMedullary excipulun820 850 m
thick, composed ofextura intricatg 31 5 um broad,yellowish or brownishhyphae present resinous
exudatesParaphyse<i 3 um broad, filiform, curved and hooked, wiylellow to brown contents,
without notchesAscil45 172 x 81 0  e-sporedBcylindricalpperculateinamyloid, with a long
pedicel and a crozier at the bagecospore$20/1/1, in HBO] (1 1 .) &R . 51(11183 56 )

6. 1101&8).emMQ=1. 7 8,10Q22.@0.12, narrowlyellipsoid to oblong or subfusoid, hyaline,
uniseriate, equilateral or inequilateral, rounded at the ends, uniguttulditguttulate,sometimes
with additional small granulesmooth Asexual morphUndetermined.

Figure 4 Otidea alutaceaal d Fresh specimenai ¢ HKAS 104674d HKAS 104699. e Vertical
median section of ascomata. f Stipal eexgipulum. g Ectabxcipulum. h Asci and paraphyses.
i1l Asci. mi o AscosporesScale barse = 1000 mfil=50& mmio =10 m.
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100/1.00; MG383809/MG383801 Otidea bufonia MCVE 29369
JIN941085/INI42765/KMB23270/KM823395 Otidea bufonia NV 2009.11.01
OP291062/0P291043/0P352495/0P352523 Otidea bufonia HKAS 124376

o5095|  'KY498607/KY498602 Otidea subpurpurea HKAS 81819

JN012014 Otidea grandis ILLS60496

MH668021 Otidea grandis 420526MF0794

MG383811 Ofidea bufonia MCVE 29371

OM743963/0M792157/0M792180 Otidea filiformis BJTC L482
MG383812/MG383803 Otidea bufonia MCVE 29372
OM743955/(0M743949/0M792155/0M792178 Otidea filiformis HMAS 188468

OM743970/0M743959/0M792165/0M792177 Otidea cupulata HSA 406
OM743953/NR_176209/0M792164/0M792184 Otidea purpureobrunnea BJTC FM1048

MG383314/MG383806 Otidea saliceticola MCVE 29365
JNG41093/JN942771/KM823316/KM823446 Otidea smithii ecv3345

KU387022/KU987010 Otidea olivaceobrunnea HMAS 23948

P OP291070/0P291054/0P352500/0P352526 Otidea olivaceobrunnea HKAS 104680
JN41086/UN42770/KMB23417 Otidea mirabilis KH.09.188

KM823483/KF717580 Otidea mirabilis GMFN 1951

100/1®lAv500540 Oticea umbrina KH.01.09

96/1.00 g0 KUSBT029/KU987017/KU987036 Otidea korfii ZW.Ge 1913

1001001 0p91067/0P291051/0P352498/0P352524 Oficdea korfii HKAS 104685
99/0.99 JN941088/AF072068/KM823300/KM823430 Ofidea onotica OSC 56759

89053 750 981 KME23231/KMO100481KME23302/KMB23432 Otidea oregonensis OSC Moorefun 58

aolf\23218KMO10042/KMB23288KM823415 Otidea minor KH.10.311
DQ443447 Otidea lactea HMAS 61359
KMB23245/KF717583/KM823315/KM823445 Otidea rainierensis A.H.Smith 30553
JN941089/KM010032/KMB23275/KM823402 Otidea concinna KH.09.183
DQ443451 Otidea sinensis HMAS 61360
KM823202/KF717575/KM823273/KM823398 Otidea caeruleopruinosa H6010805
KMB23209/KF717576/KM823279/KM823407 Otidea flavidobrunneola H6010806
67/0.85) 720.70 — AF335111/KM010119/KMB23326/KM823455 Otiddea kaushalii TL6236
100100 |- KY498608/KY498603 Otidea stipitata HKAS 87865
oy DQ443452 Otidea yunnanensis HMAS 82166
: KC012693/KC109264/JX943829 Otiddea unicisa KH.06.08
KM823250/KF717585/KM823324 Otidea tuomikoskii H6002901
100r1.00 OP291071/0P281055/0P352527 Otidea ovalispora HKAS 104658
96/0.96 OP291072/0P291056/0P352501/0P352528 Otidea ovalispora HKAS 124368
(0P291068/0P281052/0P352525 Otidea macrospora HKAS 104688
0P291069/0P291053/0P352499 Otidea macrospora HKAS 124370
KY438606/KY498601/MG980709 Otidea pseudoformicarum HKAS 101386
KMB823495 Otidea subformicarum S F242696
KMB823211/KF717577/KM823281/KM823409 Otidea formicarum H6003549
10011.00 - KM823228/KF717581/KM823297/KM823426 Otidea nannfeldtii H6002902
KMB823225/KM010093 Otidea nannfeldtii S F249387
OM743950/NR_176208/0M792158/0M792181 Otidlea khakicolorata BJTC FM107
0P291063/0P291008/0P3524%6 Otidea guttulata HKAS 104692
9910.98;- OP291065/0P291008 Otidea guttulata HKAS 104711
960971 0P291064/0P291007 Otidea guttulata HKAS 104693
1ELO0L KU987024/KUSBT012KU9BT033 Otidea hanseniae WZ 2202
KU987028/KU387016/KU987035/KU987038 Otidea hanseniae XFO07
KU987021/KU987009 Otidea propinquata HMAS 83564
1001100 KM823240/KM010111/KMB23310/KM823440 Otidea propinquata NV 2008.09.15
0P291073/0P288084 Otidea propinquata HKAS 104694
KM823205/KM010084/KMB23274/KM823401 Otiddea cantharella KH.09.125
KMB823200/KM010026/KMB23268/KM823393 Otidea brunneoparva KH.08.107
100/1.00; KM823214/KM010092/KM823284/KM823411 Oficlea leporina NV 2008.09.28

10

81/

100/1.00
—_—

0P291075/0P291058 Otidea subleporina HKAS 124369
KMB23242/KM010113/KMB23312/KM823442 Otidea pseudoleporina Moorefun 14
100/1.00" KMB23243/KM010112/KM823313/KM823443 Otidea pseudoleporina rh101910
100/1.00; KMB23233/KM010105KMB2330/KM823434 Otidlea papillata TUR 102134
KMB23234/KF717582/KM823305/KM823435 Otidea papillata H6003547
971+ MKB50503MKB50490 Oticlea parvispora MCVE 30107
10011.00) MKB50504/MK850491 Otidlea parvispora MCVE 30108
KC012691/KM010059/KC1092614X943830 Otidea alutacea KH.09.170
DQ443438 Otidea alutacea HMAS 52742
98— MG742413 Otidea purpurea HKAS 5670
oo~ AF0B6585/AF072073 Otidea alutacea OSC 56770
AF086583/AF072072 Otidea alutacea OSC 56798
— ity 1oo1.0q7 ' KMB23189/AF072070/KMB23257 Otidea alutacea OSC 56747
KM823185/KM010071/KMB23253KM823381 Otidea alutacea KH.09.133
oo- OP291060/0P291047/0P352493 Otidea alutacea HKAS 104674
0P291061/0P291048/0P352494 Otidea alutacea HKAS 104699
KM823191/KM010066/KMB23259/KM823385 Otidea alutacea KH.09.178
0|6+{KMB23104/KMO10070/KMB23262/KMB23367 Otidea alutacea Moorefun 19
KMB823193/KM823261 Otidea alutacea OSC 56758

10071,

OM743966/NR_176207/0M792159/0M792182 Otidea parvula BJTC FM210-A

100/1.00- OM743956/0M743962/0M792160/0M792183 Otidea parvula BJTC FM210-B
(OM743964/0M743958/0M792154/0M792174 Otidea aspera HMJAU 4166

100/1.00 OM743951/0M743960/0M792153/0M792175 Otidea aspera HSA 278
KM823238KM010106/KMB23308/KM823438 Otidlea platyspora KH 09 163

DQ443445 Otidea daliensis HMAS 57688
KMB823196/KM010077/KM823264/KM823389 Otidea apophysata NV136

FJ404767 Otidea subterranea RH69

100/1.00; OM743971/NR_176206/0M792161/0M792187 Otidea plicara BJTC FM262-A
OM743952/0M743961/0M792162/0M792186 Ofidea plicara BJTC FM262-B

100/1.00 —————————————— MHB73558/MH86 1870/KC109256/0X943831 Monascella botryosa CBS 233.85
T L DQ22M4ETIMHE5TIKC1033081IXe43832 Warcupia terrestris CBS 891.69

Figure 5 Phylogram generated from combine8lU, ITS,tef1 andrpb2sequence data f@tidea
species. Related sequences refddansen & Olariaga (2015Qlariaga et al. (2015), and Xu et al
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(2018, 2022)One hundred and teaxa are includeah the combined analyses which compB283
characters (LSU1 T 8 EpOITS:84 17 14 6&R2L UbH6 37 BpSr@b2 25037 3RiB8 bp
matix. Monascella botryosg¢CBS 233.85) andVarcupia terrestriCBS 891.69) areised as the
outgroup taxa. The beft models were selected by jModelTest v. 2.1.10 (Darriba et al. 2012) for
each gene (LSU & ITS: TIM2+1+Ggf-1 UTrNef+l+G;rpb2 HKY+I+G). The bestscoring IQ tree

with a final likelihood values 0f28803.187is presentedBo ot st rap values O

l i kel i hood) and posterior probability wvalues
branches. Théree topology of the 1Qree analysis is similar to the Bayesian analy3ise newly
sequenced collections are indicated in blue. The newly described species are indicatéthimesd.

in bold indicate type collections.

dul

Figure 6 Otidea bufonia(HKAS 12437§. ai ¢ Fresh specimens. d Ectal excipulum. e Asci and
paraphyses. Paraphyses.ig Asci. ji m AscosporesScale barsdii =50¢ mjim =10 m.

Material examined China,Sichuan province, G318, on soihdera broadleaved forest, 12
August 2021, Song WangM 383 (HKAS 124376).

GenBank accessionumbers HKAS 124376 (LSU: OP291@85 tef1 tJOP352495rpb2:
OP352523; SSU: OP291012).
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Notes This species has ctghapedearshaped dark brown apothecia with a broad stipe,
resinous exudates present in the excipuloonyed and hooked paraphysaajrowly ellipsoid to
subfusoid ascospore®fariaga et al. 20)5The color and ascospores shap®tudeafiliformis and
Otideamirabilisi resembles those @tidea bufoniaThese two differ fronOtidea bufonian that
resinous exudates in the medullary excipulum are absent or rare. In addition, the receptacle surface
of Otideamirabilisi is purple to lilaceoudbluish Olariaga etl. 2015, Xu et al. 2030Phylogenetic
analyses show that this species is polyphyletic (Fig. 5). Migtea bufoniastrains form a
moderatelysupported clade (90BS/0.82PP), while the two strains, MCVE 29371 and MCVE 29372,
identified by Carbone et al. §29) group withOtideafiliformis introduced by Xu et al. (2022) (Fig.

5). The species limits dDtidea bufoniaand Otidea filiformis should be based on broader taxon
sampling, morphological and phylogenetic studies in the future.

Otidea guttulataM. Zeng Q. Zhao & K.D. Hydesp. novFig. 7

Index Fungorum number: 800174 Facesoffungi number: FoF 12599

Etymology: The epithet refers its guttulate ascospores.

Holotype:HKAS 104692

Diagnosis This species is diagnosed by @arshaped to cupulatesubstipitate apothecia,
yellow andwrinkled receptacle surfacgellowexcipulumabsenor rarelypresentesinous exudates
ocherhymenium,yellowish paraphyses witbne or twonotches antbroadly ellipsoid ascospores

Saprobicon soil. Sexual morph Apothecial 1 3 bcoad 1 .crd high, scattered to
gregarious, broadly emhaped, sometimes cupulate, split, substipitate, basal with white to cream
tomentum and myceliunReceptacle surfacgellow, wrinkled orfurfuraceousmarginmostly split.
Hymeniun00 240um thick, ocher, slightly darker in color than receptacle surface, nearly smooth.
Subhymeniurpa. 106 m t h i c kand vidibleastaidarkertzone of densely arranged cylindrical
to swollen cells.Ectal excipulum75 140 um thick, composed otextura angularisto textura
globulosa23131 x1721e m c e | | ,ahsentyoerard wotlwesinous exudaves short yellow
hyphoid hairsbsi8e¢ m b r oad, oatmésiscellsMgdullary extipulun820580e m t hi c k,
composed ofextura intricatg 41 10 um broad,yellow hyphaeabsent or rare with resinous exudates
at the septaParaphyse2i 3 um broad yellowish,filiform, straight or curved at the apex, witime
or two low or distinct notchesAsci 1801215 x 111 4 ¢ 4spored8 cylindrical,operculate
inamyloid, with a long pedicel and a crozier at the baszosporeq420/1/1, in O] 1 4 .) 11
14. 91(1M169 8@1)8. 8111002 mMQ =1. 54 1Q = 1866:0.08, broadly ellipsoid,
hyaline,uniseriate, equilateral, rounded at the endgyuttulate tdiguttulate, rarely with additional
small granulessmooth Asexual morphUndetermined.

Mat er i al @hina Sichuamrdvince Jiuzhaivalley, on mossy soil under a mixed
coniferous broadeaved forestelev. 3247 masl, 20 August2018 Ming Zeng, ZM 66 (HKAS
104692, holotype)bid., ZM 67 (HKAS 104693 paratypé; ibid., elev.3173 masl, 22 August 2018
Ming Zeng, ZM 88 (HKAS 104711, paratype).

GenBank accession numberHKAS 104692 (LSU: OP291063ef-1 UOP352496; SSU:
OP291013), HKAS 104693 (LSU: OP291064; SSU: OP291(MKAS 104711 (LSU: OP291065;
SSU: OP291015).

Notes We collected three specimens that show consistent morphologies, and are
phylogenetically close tBtidea hansenigavhich were assigned to a distintade. Xu et al. (2018)
introduced Otidea hanseniagypified by yellowish brown to olivaceous brown hymenium,
furfuraceous, even brown pustula¢eeptacle surface, and pale brown to dark brown excipulum with
abundant resinous exudates. Additionalyidea hanseniabas smaller apothecia (18 mm high,

5112 mm broad) tha®tidea guttulata1 . 5cm& i g h, btoad3 Thesencharacteristics easily
distinguish it from our new species, althoughdea hanseniaes not monophyletic in our study as

one ofOtidea hanseniastrain (XFOO07, holotype) branches out from the clade contathegest
Otidea hanseniaand our species. However, our three collections have grouped together with strong
support (89BP/0.99PP) (Fig).
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Figure 7 Otidea guttulataai e Fresh specimens (a, b. HKAS 1046931 HKAS 104692, holotype

e HKAS104711). f Ectal excipulum. g Asci and paraphyses. h Ascus. i Ascus in Congo red. j Ascus
in Melzer Reagent. k Apex of an ascus in Congo fieal.AscosporesScale barsf i1j = 50 m
k,I,n,o=10 ¢enmm= 20 m.

Otidea korfii Pfister, F. Xu & Z.W. Ge, Mycol. Progr. 174): 83 (2017) [2018] Fig.8

Index Fungorum number: IF 816085; Facesoffungi number: FoF 12753

Saprobicon soil. Sexual morph ApotheciaO . 51 2broaym 2cmsigh, scattered to
gregariousbroadly earshapedsubstipitate, basal with white to cream tomentReteptacle surface
yellow-brown mustard,margininvolute, split on one sideHymenium180 220 m t, lereaonk
yellow or pastel yelloyslightly lighter in color than receptacle surface, nearly sm&athhymenium
901 110¢ nthick, distinct and visible as a darker zone of densely arranged cylindrical to swollen
cells. Ectal excipulunB5 120 um, composed otextura angularisto textura gbbulosa 251 35 x
20025e m cel | s, y-brown eresent resingue éxudetesth 4.5 8 € mshort, hyaline
to yellowish hyphoid haitdMedullary excipulun250 380¢ mg¢omposed ofextura intricatg 51 8
pm broad, hyaline tog/ellowish hyphae, seldonpresent resinous exudaté&araphysei 3.5 um
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broad, filiform, curved and hookedellowish, containing small, refractive, light brownish to
yellowish guttules, without notche8sci160 200 x 101 2 ¢ -sppred8cylindricalpperculate
inamyloid, with a long pedicel and a crozier at the bAseosporef20/1/1,inHO] (1 3 .)B41 15. 2
(1) x (7 . 4. 6 1(IBHE MQ=1. 7 61 Q= 106:0.08, oblong ellipsoid to sufusoid,
hyaline,uniseriate, equilateral or sometimes slightly inequilateral, rounded at the ends, uniguttulate
to biguttulate, sometimes with additional small granusesooth Asexual morphUndetermined.

Material examined Ching Sichuanprovince Jiuzhaivalley, on mossy soil under a mixed
coniferous broadeaved forestelev. 3567 masl, 20 August 2018Ming Zeng, ZM 54 (HKAS
104682);ibid., ZM 57 (HKAS 104685).

GenBank accessionumbers HKAS 104682 (LSU: OP291066ef1 UOP352497; SSU:
OP291016), HKAS 104685 (LSU: OP29106%f1 U OP352498;rpb2 OP352524; SSU:
0OP291017)

Figure 8 Otidea korfii ai d Fresh specimens (a, b HKAS 104682. ¢, d HKAS 104685). e Ectal
excipulum. f Medullary excipulum. g Asci and paraphyses. h Ascus. i Ascus in Cotton blue.
jTm AscosporesScale barsei i =50¢ mjim =10 m.
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Notes This species is featured by broadly-shaped, substipitatgothecia, yellowish brown
to mustard receptacle surface, pale yellow or pastel yellow hymenium, lighter than receptacle surface
in color, curved paraphysed]ipsoid to subfusoid ascosporeéu et al. 2018 Our two collections
cluster with the holotypef Otidea korfiias a welsupported (100BS/1.00PP) lineage withitidea

(Fig. 6).

OtideamacrosporaM. Zeng,Q. Zhao & K.D. Hydesp. nov. Fig.9

Index Fungorum number: 800175 Facesoffungi number: FoF 12600

Etymology: The epithet refers thelargersize of ascospores

Holotype:HKAS 104688

Diagnosis This species is recognized by broad gaaped or cupulate, substipitate apothecia,
ocherhymenium and darker than receptacle surface, yellowish and curvaphpses withli 4
district notches, and large ascospores.

Saprobicon soil. Sexual morph ApotheciaO . 8 T 3 brbad ¢ n2cim 4igh, scattered to
gregarious, broadly eahaped, split, or cupulatsubstipitate, basal with white to cream tomentum
and myceliumReceptacle surfacgellow, marginmostlysplit on one side, rarely entindymenium
ca. 260um thick, ocher darker in color than receptacle surface, nearly sm&uotibhymeniuroa. 65
€ nthick, distinct and visible as a darker zone of densely arranged cylindrical to swollerkEcggiis.
excipulum120 200 um thick, composed ofextura angularigo textura globulosa23 32 x 187 24
em cel |l s, y e | presewt resimmous lexudatesith 55 9 € ghqgrt, hyaline to yellow
hyphoid hairs, arising from outmost celdedullary excipuluml503 0 0 & mcomposed &f,
textura intricatg 61 9 um broad hyaline to yellowishhyphaeParaphyse8i 4 um broad, withyellow
contents filiform, mostly curved at the apex, withi 4 district notches close to the apeésci
235270x131 5 e-sporedBeylindricalpperculateinamyloid, with a long pedicel and a crozier
at the baseAscospore$20/1/1,in O] (1 6 )27 . 51012 x @ . 191. 61T @ »B.J2 mMQ
=1. 6 0 1@=1(040.11), ellipsoid to broadly ellipsoid, hyalineniseriate, equilateral, rounded
at the ends, uniguttulate biguttulate smooth Asexual morphUndetermined.

Material examined China Sichuanprovince Jiuzhaivalley,on soil under a mixed coniferous
broadleaved forestelev. 3247 masl, 20 August 2018Ming Zeng, ZM 62 (HKAS 104688,
holotype);ibid., elev.2845 masl, 21 August 2018Ving Zeng, ZM 74 (HKAS 124370, paratype)

GenBank accession numbersHKAS 104688 (LSU: OP291068pb2 OP352525; SSU:
OP291018)HKAS 124370 (LSU: OP29106%:f1 UOP352499; SSU: OP291019).

Notes This species is sister to another new spedgleaovalisporain this study. These
two have different morphological features. Compared to the other species in the same clade (Fig. 5),
this species mainly differs in that it Hasgerascospores thabtideaovalispora(9 . 6 T A51..621 6 . 3
e My Otidea pseudoformicaru@i 10 x 57 ¢ @tidea formicarun{9.511x 67 ¢ m)Qtidea n d
subformicarum(10.512 x 86 . 5 & m) ( Ol ar Hya et al.e201B Based on2tiel 5 ,
morphology and phylogeny, we introduce tlew specie®. macrosporan this study.

OtideaolivaceobrunneaHarmaja, Phytotaxa 2: 49 (2009) Fig. 10

Index Fungorum number: IF 543326; Facesoffungi number: FoF 12601

Saprobicon soil. Sexual morphApothecial . 51 2roag m 2 crbhigh, gregarious, ear
shaped, split, stipitat&tipe3 1 6 bmoad O . cilofg, térete, solid, brownisbasal with white
to cream tomentum and myceliuReceptacle surfacgark brown to yellowish brown, darker than
hymenium in colormargin mostly deeply split on one sidédlymenium19G 220e m t hiec k , P
brown to olivebrown, nearly smoothSubhymeniun80i 100 € mthick, distinct and visible as a
darker zone of densely arranged cylindrical to swollen &ilsal ecteexcipulum0i 110um broad,
of textura angularisto textura globulosayellowish to brownish, composed d8 17 x 91 12¢€ m
cells, with hyphoid hairs, abundant close to the b3sB,um wide, hyaline to brownishEctal
excipulum70r 160um thick,composed ofextura angularido textura globulosal3 19x 8/ 12e m
cells, yellowsh to brownishabundantlypresent resinous exudatesth hyphoid hairs3r 5 um wide,
hyaline to brownishMedullary excipuluml70 270 m t lkeampadsed ofextura intricatg 41 6
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pum broadhyaline to brownislinyphae present scarce resinous exudaBssaphyse&i 4 um broad,
with yellow to brownish pigmentéiiform, curved at the apeXAscil60 188 x 101 2  e-spored8
cylindrical, operculate inamyloid, with a long pedicellate and a crozier at the baAseospores
[20/2/1,inHO] (1 4 )B5 . 3T(LBYXA7 )7 . 418 e mMQ=1. 9 3 1Q@=25@0.13,
ellipsoid to oblong, hyalineyniseriate, equilateral or slightly inequilateral, rounded at the ends,
uniguttulate to biguttulate, or with additional smaller granuylesmooth Asexual morph:
Undetermined.

Figure 9 OtideamacrosporaHKAS 104688, holotype a, b Fresh specimens. ¢ Vertical section
of ascomata. d Ectal excipulum. e Asci and paraphyse®gdiogsof paraphyses. h, i Asci. j Apex
of an ascus.ikm AscosporesScale bars: ¢ 200 ¢dme, h,i=100 ¢fpg=20 ¢gjirm =10 m.

Material examined Ching Sichuanprovince Jiuzhaivalley, on mossy soil under a mixed
coniferous broadeaved forestglev. 3559 masl, 20 August 2018Ming Zeng, ZM 52 (HKAS
104680).

GenBank accessionumbers HKAS 104680 (LSU: OP291070gf1 UOP352500;pb2:
OP352526; SSU: OP291020).
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Notes This species was established by Harmaja (2009) for the illegitihatikvaceal.Z.Cao
& L.Fan (Cao et al. 1990). The latter was earligiroducedby Bucholtz (1897)This species is
mainly distinguished by itelive-brown hymenium, ellipsoid to oblong ascospores (Zhuang 2014).
Our collection grouped witBtidea olivaceobrunne@HMAS 23948), furtler highly supported as a
sister taxon t@tidea purpureogriseéFig. 5).

Figure 10 Otidea olivaceobrunne@HKAS 104680)ai ¢ Fresh specimens. d Ectal excipulum close
to the base. e Asci and paraphyseébl.Asci. i m AscosporesScale barsdih = 50e mi=20e m

jim=10e m.

OtideaovalisporaM. Zeng,Q. Zhao & K.D. Hydesp. nov. Fig.11
Index Fungorum number: 800176 Facesoffungi number: FoF 12602
Etymology The epithet refers to the ellipsoid shape of ascospores.
Holotype HKAS 104658
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Figure 11 Otidea ovalispora (HKAS 104658, holotype ai ¢ Fresh specimens. d Stipal ecto
excipulum. e Ectal excipulum. f Asci and paraphysésAgci. | Apex of an ascusikn Ascospores.
Scale bars:id =50 ¢jim =5¢& m.

Diagnosis This species is characterized by-ehaped apothecia with a stalk, yellow ocher
receptacle surface and hymenium, curved paraphyigesut or with I 3 low notches, andllipsoid
ascospores.

Saprobicon soil. Sexual morphApothecia0 . 51 2 br&ad c b . énihRh, Scattered to
gregarious, eashaped, split, stipitateStipe2 1 8 bmoad 0 .crf long, terete, solid, yellow
ocher, nearly smoothasal with white to cream tomentum and myceliR@&ceptacle surfacgellow
ocher mostly concolorous wh hymeniummarginmostlydeeply split on one side, sometimes split
in excessHymeniunil60 190um thick,yellow ocher nearly smoothSubhymeniuroa. 8C nthick,
distinct and visible as a darker zone of densely arranged cylindrical to swollenStgitd. ecte
excipulum30r 70 um thick, oftextura angularigo textura globulosabrownish to brown, composed
of 10/ 16x7110e m cel Il s, with hyphoi d & 3aumrbsad, beownish,d a nt
septatepresent yellowbrown resinous exudateSctal excipulunb0r 100 um thick, composed of
textura angularigo textura globulosglG 24x13i20e m cel I s, yel l ow to br o
brown resinous exudatesith 51 7 eshoyt hyphoid hairdMedullary excipuluni301 70 e m t hi c
composed ofexura intricata, 31 6 um broad,hyaline to yellowishhyphae present yellowbrown
resinous exudateBaraphyse&i 3 um broadyellowish,filiform, mostly curved at the apex, without
or with 11 3 low notches close to the apeXsci 155178 x 101 1 . 5, 8sponed, cylindrical,
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operculate inamyloid, with a long pedicel and a crozier at the bAseospore$20/1/1, in HO]

9.)P1. 6T(AIB.YRG . Wi. 61(16)eIfQ=1. 6 4 1Q@=10a0.1J), ellipsoid, hyaline,
uniseriate, equilateral, rarely slightly inequilateral, rounded at the ends, uniguttutégeittalate

smooth Asexual morphtndetermined.

Mat eri al e X aYumnanegubvinceShargilLa, @n soil under a mixed coniferous
broadleaved forest, elv. 3550 m asl., 15 August 2018, Ming Zeng, ZM 19 (HKAS 104658,
holotype);ibid., elev. 3652 m asl., 15 August 2018, Ming Zeng, ZM 31 (HKAS 124368, paratype).

GenBank accession numbers rpb2K @P3525P 0, £8U5 8
OP291021), HKAS 1248 (LSU: OP291072;tef-1 U OP352501;rpb2 OP352528; SSU:
0P291022).

Notes This species is sister to another new spe€xislea macrosporaintroduced in this
study, and further clades wittidea pseudoformicaruniFig. 5). Although our species is
morphologically similar t@®tidea pseudoformicarum having an excipulum withesinous exudates
and similar ascospores, it differs in that it hasstipiiate apothecia, smaller asci (1150 x 710
em) , and st r @ydg étal 2018)r Bageth gnthese, we introduce the new sgecies
ovalisporahere.

Otidea propinquatgP. Karst.) Harmaja, Karstenia 15: 32 (1976) Fig. 12
Index Fungorum number: IF 319059; Facesoffungi number: FoF 12754
Saprobicon soil. Sexual morph Apothecial . 51 3broagm 2cmaigh, scattered to
gregariousbroadly cupshapedsubstipitata, basal with white to brownish tomentum and mycelium
Receptacle surfacdark brown furfuraceousmargin entire, rarely splitHymenium230 275 pum
thick, dark brownsame in color as receptacle surface, nearly sm8atshymeniuroa. 90e nthick,
distinct and visible as a darker zone of densely arranged cylindrical to swollerficcédlisexcipulum

(1

601 150um, composed ofextura angularido textura glolulosg 23 30x19723e m cel | s, vyel

brown present resinous exudatedth 516 € smqart, yellow to brown hyphoid hairMedullary
excipulum25004 0 0 & mcomposed dfextura intricata 41 8.5 um broad,yellow to brownish
hyphae Paraphyse®i 3.5 um broad yellow, filiform, mostly curved at the apex, with 4 district
notches close to the apeXsci21( 260 x 141 7  e-sppred8cylindricalpperculateinamyloid,
with a long pedicel and a crozier at the b@szospore§20/1/1, in BO] (1 8)118.5 20.2(i 20.9 x
10.)B17 1(1128 MQ=1. 6 21Q=187@0.06, ellipsoid to broadly ellipsoid, hyaline,
uniseriate, equilateral, rounded at the ends, uniguttulabégtdgtulate sometimes with additional
smaller granulesmooth, sometimes with one de Bary bubBksexual morphUndetermined.

Material examined Ching Sichuan provinceJiuzhai valley,on mossy soil under a mixed
coniferous broadeaved forestglev. 3247 masl, 20 August 2018Ming Zeng, ZM 68 (HKAS
104694).

GenBank accessiarumbers HKAS 104694 (LSU: OP291073; SSU: OP291023).

Notes This species is morphologically easily identified by its broadlyshggped, dark brown
apothecia with substipitate stipitate, notched paraphyses with yellow pigments and large ellipsoid
ascospores (Olariaga et al. 2015). Our collection clusters with the oth&dtishea propinquata
strains forming a higisupported100BS/100PB and independent clade withBtidea(Fig. 5).

OtideasubleporinaM. Zeng,Q. Zhao & K.D. Hydesp. nov. Fig. 13

Index Fungorum number: 800177 Facesoffungi number: FoF 12603

Etymology The epithet refers tmorphological traits similar t@tidealeporina

Holotype HKAS 104663

Diagnosis This species has relatively narrow-shaped apothecia with a stalk, concolorous
receptacle and hymeniumurved paraphysesith notchesandellipsoid, guttulate ascospores.

Saprobicon soil. Sexual morph:Apothecia5 1 8  Ionoad 2 .crh high, scattered to
gregarious, eashape, split, stipitat&tipe3 1 5 bmoad ca. 2cmlong, terete, solid, brown, nearly
smooth,basal with white to cream tomentum and mycelilReceptacle surfacbrown, mostly
concolorous with hymeniummargin involug, mostly deeply split on one sidélymeniumca. 180
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pum thick,brown, nearly smoottsubhymeniuroa. 70 nthick, distinct and visible as a darker zone

of densely arranged cylindrical to swollen ceBsipal ecteexcipulum75 130 um thick, oftextura
angularisto textura globulosabrownish to brown, composed 261 30 x 15119e¢ m cel | s, '
hyphoid hairs, abundant close to the base, compos&drqfm wide, hyaline to brownish, septate.
Ectal excipulumeOr 120 um thick, composed otextura angularisto textura globulosal4i 19 x
15114e m cel | s, vy e withgelowtrownbesirmmousmixudatesyme outer globose cells
irregularly loosely aggregate to a pruinde surface, rarely witdi 9 ¢ stmort, swollen hyphoid
hairs Medullary excipuluni503 0 0 & mcomposed dfextura intricatg 41 8 um broadhyaline

to brownishhyphae, present yellolrown resinous exudateParaphyse2i 3 um broad, with
yellowish contentsfiliform, mostly deeply curved at the apex, sometimes with up to 3 low notches
close to the apexAscil55 175 x 101 2 ¢ -sppredBcylindricalpperculate inamyloid, with a

long pedicel and a crozier at the basscosporef20/1/1, in O] (9 . M0.312.8(113.9 x5 . B 1

6. 110B.899 niQ=1. 3 8 1QA=.1.8a0.19, ellipsoid, hyalineuniseriate, equilateral, rounded

at the ends, uniguttulate boguttulate smooth Asexual morphUndetermined.

Figure 12 Otidea propinquatdHKAS 104694. a Fresh specimen. b Ectal excipulum. ¢ Asci and
paraphyses. d, &picesof paraphyses. f, g Asci. h Apex of an ascuk.AscosporesScale bars: b,
c,f,g=50 md, hik=10 ¢em 20c m.

Material examined China, Yunnan province ShangrlLa, on mossy soil under a mixed
coniferous broadeaved forestglev. 3634 masl, 15 August 2018Ming Zeng, ZM 29 (HKAS
104663 holotype);China, Sichuanprovince S301, on soil under a mixed coniferous brtealed
forest elev.3519 masl, 20 August 2018Ming Zeng, ZM 60 (HKASL124369 paratype).

GenBank accessionumbers HKAS 104663 (LSU: OP291074gf1 UOP352502;pb2:
OP352529; SSU: OP291024)KAS 124369 (LSU: OP291075; SSU: OP291025).
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Notes Phylogenetic analysed Otidea(Fig. 5)show a sister relationship @tidealeporina
Besides, these two species cluster with another morphologicahylar species Otidea
pseudoleporinaforming a district clade irDtidea (Fig. 5). While Otidea leporina and Otidea
pseudoleporindiffer in theirlargerapothecia, and darkbymenium than the receptacle. In addition,
our new species has slightly broader §86i 1 2 £ampared t®tidealeporina( 91T 1 0 .aikd € m)
Otidea pseudoleporin@ 917 10 e m) ( Ol aThesdifieeencessuppartthe estalflishment
of the new species hémne

Figure 13 Otideasubleporina(HKAS 104663 holotypg. ai d Fresh specimens. e Stipal ecto
excipulum. f Ectakxcipulum. g Asci and paraphyse$khsci. | Ascus in Congo red. m Apex of
ascus. n Apex of ascus in Congo retit AscosporesScale bars: € = 100e mgil =50 ¢ m
mit=10e m.

Pyronematacea€orda [agPyronemacedk Anleit. Stud. Mykol., Pragli49 (1842)

Index Fungorum number: IF 81322; Facesoffunginumber: FoF 04243
Type genus PyronemaCarus
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Notes This family is highly diverse morphologically and ecologically, contaitémngertaxa
from epigeous to hypogeous, even cleistothecial. The mneoshtly accepted circumscription of
Pyronemataceaaccepted 70 genef@/ijayawardene et a020,2022) including some new genera,
which were established recentldgnsen et al. 2013, Lindemann et al. 2028 this study, the
members of this family are reduced to approximately 60 genera based on the acceptance of
Otideaceaeas defined by Ekanayaka et al. (2018) and the segregation of the new family
Pyropyxidaceae

Aleurina Massee, Bull. Misc. Inf., Kew ( 138): 131 (1898)

Index Fungorum number: IF 25886

Type species Aleurina tasmanicaMassee

Notes This genus is recognized by cupulate to discoid apothecia, olivaggeasbrown to
brown hymenium, brown to relorown receptacle surfacellipsoid andguttulate ascospores with
ornamentationfhuang & Korf 1986 Zhuang 2014)This genus is mostly found in soil but was also
reported from rotten woodfiuang & Korf 1988. Eleven species are accepted in this geflusang
& Korf (1986) contributed the mostaluable monograph to date, which includes ten species. The
eleventh species was introduced by Dougoud & Roffler (2006).

Aleurina imaii (Korf) W.Y. Zhuang & Korf, Mycotaxon 26: 374 (1986) Fig. 14

Index Fungorum number: IF 103019; Facesoffungnber: FoF 04247

Saprobicon soil. Sexual morph Apotheciaup to 15mm broad 8 mm high, scattered to
gregarious, sessil®eceptacleconcave to shallow cupulate, receptacle surface olivaceous to pale
brown or greesbrown, with pustule margin conspicuous entire, slightly involute.Hymenium
250 270 pum thick, greembrown to brown, darker than receptacle surface, nearly smooth.
Subhymeniung a . 55 em thick, di st i rectal excipalun@0 20Gusi bl e
thick, composed ofextura angularisto textura globulosa20i 27 x 1621e m cel | s, out m
darker brown, middle cells olivaceous to green, innermost cells pale brown to deep yellddv 5with
e m b rhygpaald,hairs, abundant close to the base, pale brown, septate, with a rounded end.
Medullary excipuluml50 280¢ m t ltompdsed otextura intricata 315 um broad yellow
hyphae Paraphysesi 5 um broad, filiform, straight, with yellow tbrown contentsapex enlarged
slightly, 51 7 um broad Asci225 260x 141 18¢ m ,-spded, cylindricalpperculateinamyloid, with
a long pedicel and a crozier at the basscospore$20/1/1, in BO] (19.5) 19.97121.3 [ 22) x
(10.6)11.7112.3 §13.5)e mQ =1.532.01,Q = 1.76+0.1) (excluding ornamentation), ellipsoid,
uniseriate, equilateral, biguttulateunded at the ends, ornamented with round wars, 1e m br o a d
up t o 2 Asexoal rhorpgUndetermined.

Material examined China,Sichuanprovince G318,0n soil under a broalkaved forest, 12
August 2021Song Wang, ZM 382 (HKAS 124375bid., ZM 384 (HKAS 124377).

GenBank accessionumbers HKAS 124375 (LSU: OP291076ef-1 UOP352503ypb2:
OP352530; SSU: OP291026), HKAS 124377 (LSU: OP291Gé¥1 U OP352504; rpb2:
OP352531; SSU: OP291027).

Notes This species is recognized blwvaceous to brown apothecia, demgored excipulum
and paraphyses, ellipsoid, guttulate ascospores with distinct {&rtsgang 2014) Our two
collections strongly groufl00BS/1.00PPyvith Aleurina imaii(HMAS 57707) forming a distinct
subclade withirAleurina(Fig. 1).

CheilymeniaBoud., Bull. Soc. mycol. Fr. 1: 105 (1885)

Index Fungorum number: IF 990

Type species Cheilymenia stercoreéPers.) Boud.

Notes This genus features yellow to orange or-oednge apothecia witbetaceous hairs.
Setae are typically straight, brown, septate, with simple or furcate basal, forming from the inner
excipulum. Ascospores arglipsoid to oblong, normally guttulate, withrefractive contents
(Zhuang 2014). This genus contains more than 60 genera, with approximately ten having molecular
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data. In our phylogenetic analysis and othexiy et al. 2007Hansen et al. 2013Cheilymenias
not monophyleticMost strains are grouped into one clade, whileimicola (BAP 432) andC.
stercoraria(U.L.240) are phylogenetically close $zutellinia(Fig. 5).

Figure 14 Aleurina imaii. ai e Fresh specimensi @HKAS 124375d, e HKAS 124377). Ectal
excipulum and part medullary excipulum. g Asci and paraphysgsAsci. Kim Ascospores.
n Ascospore in Cotton blu8cale barsfij = 100e mkin =10e m.

Cheilymenia vitellina(Pers.) Dennis, British Cup Fungi & their Allies: 27 (1960) Fig. 15

Index Fungorum number: IB28161 Facesoffungi number: FoF 12596

Saprobicon soil. Sexual morphApotheciaup to 8mm broad 2i 3 mm high, solitary, sessile,
setoseReceptaclshallowly discoid to cupulate, receptacle surface concolorous with the hymenium,
sparsely covered setaceous haingrgin conspicuoysentire, sometimes involute, with abundant
setaeHymeniunt a .  2tBidk, brigint orange, nearly smoothctal excipulm 951 215 um thick,
composed ofextura angularigo textura globulosg22i 36 x 1§29¢e m cel | s, pal e br ¢
to yellowish, with setae from the inner layer, upi®e m | o n §5¢ nbread dt the base, pale
brown, septate, with obtuse ends, simple or sometimes branched once at thilduasgkary
excipulum 100 190 € mthick, composed oftextura intricata 41 7 um broad hyaline hyphae
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