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Abstract

Clitocybe umbrinopurpurascens, a rare species thus far known only from Morocco, is redescribed based on fresh collections
made in Calabria (South Italy). Photographs of fresh material and drawings of the main micromorphological features of the
species are provided. The type collection, in poor condition and not suitable for molecular analysis, was restudied macro-
and micromorphologically and was found fully identical with the collections from Calabria. Based on molecular data, this
species belongs to the genus Pseudoomphalina (type Omphalia kalchbrenneri) and the genus Neohygrophorus is treated
as a synonym of Pseudoomphalina. A collection from Calabria is chosen as an epitype for P. umbrinopurpurascens. Our
morphological and molecular revision of other Pseudoomphalina species did not provide evidence supporting the placement
of Agaricus pachyphyllus in Pseudomphalina, or any other of the allied genera, therefore, for this species the new genus
Pseudolaccaria is introduced. As there are no extant original herbarium specimens, a lectotype and epitype for Omphalia
kalchbrenneri and a neotype for Agaricus pachyphyllus are designated.

Key words: Agaricomycetes, tricholomatoid clade, amyloid spores, ITS and nucLSU sequences, taxonomy

Introduction

Subgen. Pseudohygrophorus (nom. nud.) of Hygrophorus Fr. was established by Smith & Hesler (1942) for the new
species Hygrophorus angelesianus A.H. Sm. & Hesler, an American snowbank agaric showing two peculiar and
puzzling features for a Hygrophorus species: amyloid spores and hyphae of the context and interwoven hymenophoral
trama turning vinaceous red to haematite red in KOH. A few decades later, for this species Singer (1961) introduced
the genus Neohygrophorus with the following brief statement: “A Camarophylliis differt sporis amyloideis”. The
genus was accepted by Heinemann (1963), but Hesler & Smith (1963) treated it as a synonym of Hygrophorus subgen.
Pseudohygrophorus. Finally, Singer (1986) recognized Neohygrophorus as monotypic and considered it intermediate
between Camarophyllus (Fr.) P. Kumm. and Hygrocybe (Fr.) P. Kumm.

Based on the morphological analysis of the type specimens, Redhead et al. (2000) regarded H. angelesianus and
Clitocybe mutabilis H. E. Bigelow (the latter being the type species of Clitocybe subgen. Mutabiles H. E. Bigelow) as
conspecific. They also included Clitocybe cokeri Hesler and Clitocybe umbrinopurpurascens Maire in Neohygrophorus
as additional species. However, the transfer of Clitocybe umbrinopurpurascens to Neohygrophorus proposed by
Redhead et al. (2000), was not based on morphological evidence from type revision or sequence data, but solely on the
analysis of the protologue.

The molecular analysis of nucLSU sequences by Moncalvo et al. (2002) highlighted that Neohygrophorus
angelesianus clusters with Clitocybe felleoides Kauffm. (for a modern description see Bigelow 1982) forming an
independent phyletic line (the /neohygrophorus clade) which is phylogenetically distinct from the Hygrophoraceae
Lotsy.
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FIGURE 1. Maximum likelihood (ML) tree based on the combined ITS and nucLSU dataset of selected taxa from the Tricholomatoid and
Hygrophoroid clades sensu Matheny et al. (2006) and Lodge et al. (2014). Only ML bootstrap values above 50 % were shown above the
branches. Newly sequenced collections are in bold.
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The multigene analysis by Matheny et al. (2006) showed that Neohygrophorus occupies an isolated and uncertain
position in the tricholomatoid clade. In Lodge et al. (2006), Neohygrophorus angelesianus is shown to be sister to P.
felleoides. Finally, in a recent molecular treatment on Hygrophoraceae (Lodge et al. 2014), N. angelesianus clustered in
the Tricholomataceae R. Heim ex Pouzar s. |. where it appeared to be sister to the type of the genus Pseudoomphalina,
i.e., P. kalchbrenneri (Fig. 2 in Lodge et al. 2014).

Contu(2010) had the chance to study Maire’soriginal collection onwhich the new species Clitocybe umbrinopurpurascens
was based and placed it in the genus Pseudoomphalina (Singer) Singer (rather than in Neohygrophorus). Moreover, the
typical features of Pseudoomphalina, such as hyphae of the hymenophoral trama not turning red in KOH and presence of
filamentous, pseudoparaphysoid cheilocystidia (Consiglio et al. 2006), were observed in the material studied.

During the field work by Lavorato in Calabria, southern Italy, ample collections of an agaric were made and detailed
macro- and micromorphological study revealed their close affinity with the type of C. umbrinopurpurascens.

The present paper intends to provide an accurate re-description of C. umbrinopurpurascens based on recent
collections using morphological and molecular evidence, together with a revision of the genera Neohygrophorus and
Pseudoomphalina.

Materials and Methods
Morphological studies

The description of macroscopical features was based on fresh material. The description of microscopical features was
drawn from the study of both fresh and dried material. Micromorphological features were observed from material
mounted in L4, ammoniacal Congo red, Cotton blue and Melzer’s reagent, separately. Spore size is expressed both
as a range and mean value based on 32 randomly-chosen spores for each collection which were measured with the
Piximetre program (Fannechére 2011). Author citations follow Index Fungorum, Authors of Fungal Names (www.
indexfungorum.org/authorsoffungalnames.htm). In the descriptions the following abbreviations are used: I number of
lamellulae between each pair of lamellae; Q = quotient of length and width of the spores and Qm = average quotient.
The notation [n/m/p] indicates that measurements (in ammoniacal Congo red) were made on “n” randomly selected
spores from “m” basidiomes of “p” collections. Colour terms in capital letters (e.g., Victoria Lake, Plate I) are those of
Ridgway (1912). Herbarium acronyms follow Thiers (2015) except for LR, FP, GC and LP that refer to the personal
herbarium of C. Lavorato-M. Rotella, F. Padovan, G. Consiglio and L. Perrone, respectively, and for HGMBB, the
Herbarium of Gruppo Micologico Bresadola di Bolzano. New taxa and combinations are deposited in MycoBank
(http://www.mycobank.org/DefaultPage.aspx).

DNA extraction, PCR amplification and sequencing

Genomic DNAs were extracted from 20-25 mg of a dried herbarium specimen from each of 11 collections (Table 1
& Fig. 1, in bold) using a modified CTAB method (Doyle & Doyle 1987). PCR reactions were performed on an ABI
2720 Thermal Cycler (Applied Biosystems, Foster City, CA, USA) using the published primer sets: ITS1F / ITS4
for the ITS region (Gardes & Bruns 1993), and LROR / LR5 for the nucLSU region (Vilgalys & Hester 1990). PCR
reaction parameters, sequencing reactions, and methods for editing the obtained sequences are the same as described
in Ge et al. (2014). The sequences produced in this study were deposited in GenBank and their accession numbers are
indicated in Table 1.

TABLE 1. Collections used for the phylogenetic analyses. Newly sequenced collections are in bold.

Taxon Country AFTOL-ID Voucher Herbarium ITS LSU

Ampulloclitocybe clavipes USA AFTOL-542 PBM2474 Ccuw? AY789080 AY639881
Aphroditeola olida Canada N/A Redhead-8102 DAOM KF381518  KF381541
Callistosporium luteoolivaceum USA N/A JM 99124 N/A AF325666  AF261405
Callistosporium xanthophyllum USA N/A IB 19770276 N/A AF325667  AF261406
Callistosporum graminicolor USA AFTOL-978 PBM 2341 WTU DQ484065  AY745702

...continue on next page
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TABLE 1. (Continued)

Taxon Country AFTOL-ID Voucher Herbarium ITS LSU
Calocybe carnea N/A N/A CBS552.50 N/A AF357028  AF223178
Cantharellula humicola Thailand N/A DED-7871 SFSU KF291051  KF291052
Catathelasma imperiale England N/A KM55154 N/A GQ981498 N/A
Catathelasma imperiale Germany N/A TUB 011562 N/A N/A DQ071743
Catathelasma ventricosum USA AFTOL-1488 PBM 2403 WTU DQ486686  DQO089012
Chromosera cyanophylla USA AFTOL-1684 PBM 1577 WTU DQ486688  DQ457655
Chrysomphalina chrysophylla USA AFTOL-1523 PBM 684 WTU DQ192180 DQ457656
Cleistocybe gomphidioides USA N/A AHS 70321 MICH EF457517 N/A
Cleistocybe vernalis USA N/A ADP 050506 WTU EF416917 EF416916
Clitocybe acromelalga N/A N/A NBRC 30567 N/A AB301606  N/A
Clitocybe aff. fellea USA N/A PBM3028 TENN HQ728533 HQ728534
Clitocybe amoenolens France N/A TO AV2004 N/A JQ585653 JQ585654
Clitocybe cokeri USA TENN:012963  N/A N/A HQ179663 HQ179663
Clitocybe fellea USA N/A SA 478 N/A NA EF561630
Clitocybe nebularis USA AFTOL-1495 PBM 2259 WTU DQ486691 DQ457658
Clitocybe subditopoda USA AFTOL-533 PBM 2489 cuw DQ202269  AY691889
Collybia tuberosa N/A AFTOL-557 TENN 53540 N/A AY854072  AY639884
Cuphophyllus aff. pratensis (as USA AFTOL-168 PBM 2752 CUwW DQ486683  DQ457650
“Camarophyllus aff. pratensis”)

Cuphophyllus borealis (as USA AFTOL-472 PBM 2490 CUwW DQ218309  AY700201
“Camarophyllus borealis™)

Cuphophyllus canescens (as USA AFTOL-1800 DJL93-081505 Ccuw? DQ486685 DQ457652
“Camarophyllus canescens™)

Dendrocollybia racemosa N/A N/A DEB5575 N/A DQ825425 N/A
Dendrocollybia racemosa (as N/A N/A DED5575 N/A N/A AF042598
“Microcollybia racemosa™)

Entoloma prunuloides N/A AFTOL-523 TIB4765 N/A DQ206983  AY700180
Gliophorus laetus N/A AFTOL-1555 PBM2280 N/A N/A DQ154109
Humidicutis auratocephala (as USA AFTOL-1727 JCS071105E CUW DQ490624  DQ457672
“Hygrophorus auratocephalus™)

Humidicutis marginata N/A AFTOL-1337 JM96/32 N/A DQ490625 N/A
Humidicutis marginata N/A N/A JM96/33 N/A N/A AF042580
Hygrocybe aff. conica N/A AFTOL-729 PBM 918 N/A AY854074  AY684167
Hygrocybe cantharellus USA AFTOL-1714 PBM-2554 Cuw DQ490628 DQ457675
Hygrocybe coccinea USA AFTOL-1715 PBM 915 WTU DQ490629 DQ457676
Hygrocybe miniata f. longipes USA AFTOL-1891 PBM-2749 Ccuw DQ490630 DQ457677
Hygrophorus flavodiscus USA AFTOL 641 PBM2509 CUW DQ249276  AY635769
Hygrophorus pudorinus USA AFTOL-1723 PBM 2721 CUw DQ490631 DQA457678
Hygrophorus sordidus N/A AFTOL-1338 RV94/178 N/A DQ490632  AF042562
Lepista irina USA AFTOL-815 PBM 2291 WTU DQ221109 DQ234538
Lyophyllum decastes N/A N/A JM87/16(T1) N/A AF357059  AF042583
Macrocybe gigantea (as India N/A N/A N/A JN006792 N/A
“Tricholoma giganteum”)

Macrocybe gigantea (as N/A N/A IFO31860 N/A N/A AF042591
“Tricholoma giganteum”)

Macrocybe titans USA N/A M2012-1 N/A NA KC913200
Macrotyphula fistulosa N/A N/A MA-Fungi 47944  N/A AJ296348 N/A

...continue on next page
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TABLE 1. (Continued)

Taxon Country AFTOL-ID Voucher Herbarium ITS LSU
Macrotyphula fistulosa N/A N/A TUB 011469 N/A N/A DQO071735
Mycena galericulata USA AFTOL-727 PBM2407 N/A DQ404392  AY647216
Nolanea sericea N/A N/A VHAs03/02 N/A DQ367430 DQ367423
Phyllotopsis sp. China AFTOL-773 MB-35 N/A DQ404382  AY684161
Pleurocollybia brunnescens N/A N/A DAOM34832 DAOM NA AF261407
Pleurocollybia imbricata N/A N/A TJB9847 N/A HM105568 HM105568
Pleurocybella porrigens SWE AFTOL-2001 J.F. Ammirati WTU AB214900 EF537894
Porpoloma sp. N/A N/A DUKE-PR3995 N/A EF421106 N/A
Porpoloma sp. N/A N/A JLPR3395 N/A N/A AF261395
Pseudoarmillariella ectypoides USA AFTOL-1557 PBM 1588 WTU DQ192175 DQ154111
Pseudoclitocybe cyathiformis USA N/A DED-6140 SFSU KF291250 N/A
Pseudoclitocybe cyathiformis USA AFTOL-1998 JFA 12811 N/A N/A EF551313
Pseudolaccaria pachyphylla Italy N/A LE262756 LE HM191751 N/A
Pseudolaccaria pachyphylla Italy N/A TR gmb 00672 TR KR818912 KR818914
neotype
Pseudolaccaria pachyphylla Denmark N/A TL-5643 (CFMR)  N/A KF291251  N/A
Pseudolaccaria pachyphylla Italy N/A LE262750 LE HM191750 N/A
Pseudolaccaria pachyphylla Italy N/A LE262747 LE HM191749 N/A
Pseudolaccaria pachyphylla Pakistan N/A MSM#0015 N/A KJ906505 N/A
Pseudolaccaria pachyphylla Pakistan N/A MSM#0014 N/A KJ906504 N/A
Pseudolaccaria pachyphylla Pakistan N/A MSM#0013 N/A KJ906503 N/A
Pseudolaccaria pachyphylla as Italy N/A LE262748 LE HM191753 N/A
“Pseudoomphalina kalchbrenneri”
Pseudolaccaria pachyphylla as Russia N/A LE262742 LE HM191752 N/A
“Pseudoomphalina kalchbrenneri”
Pseudoomphalina angelesiana N/A AFTOL-1719 PBM 482 WTU DQ494678 DQ470814
Pseudoomphalina angelesiana USA N/A DED-7675 N/A KF291231  N/A
Pseudoomphalina angelesiana N/A N/A DAOM?208569 N/A N/A AF261441
Pseudoomphalina felleoides N/A N/A DAOM11115 DAOM N/A AF261442
Pseudoomphalina kalchbrenneri Denmark N/A C 11938 N/A KF381526  N/A
Pseudoomphalina kalchbrenneri Italy N/A TO HG22102011C TO KR818913 KR818915
epitype
Pseudoomphalina Italy N/A TO HG1975 TO N/A KP987565
umbrinopurpurascens
Pseudoomphalina Italy N/A TO HG1976 TO KP987557  N/A
umbrinopurpurascens
Pseudoomphalina Italy N/A LR 031104-19 LR KP987551  KP987564
umbrinopurpurascens
Pseudoomphalina Italy N/A MCVE 28275 MCVE KP987552 KP987563
umbrinopurpurascens epitype
Pseudoomphalina Italy N/A LR 101105-16 LR KP987553  KP987562
umbrinopurpurascens
Pseudoomphalina Italy N/A LR 111128-02 LR KP987554  KP987559
umbrinopurpurascens
Pseudoomphalina Italy N/A LR 111128-10 LR KP987555  KP987561
umbrinopurpurascens
Pseudoomphalina Italy N/A LR 121101-07 LR KP987556  KP987566

umbrinopurpurascens

...continue on next page
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TABLE 1. (Continued)

Taxon Country AFTOL-ID Voucher Herbarium ITS LSU
Pseudoomphalina Italy N/A LR 121115-06 LR KP987558  KP987560
umbrinopurpurascens

Sarcomyxa serotina USA AFTOL-536 PBM 2519 Cuw DQ494695  AY691887
Tricholoma myomyces N/A N/A HDT53510 N/A AF377210  N/A
Tricholoma myomyces N/A N/A JM98/700 DUKE? N/A AF518660
Tricholomopsis decora N/A AFTOL-537 PBM2482 N/A DQ404384  AY691888
Typhula phacorrhiza Canada N/A TP21 N/A AF134710  N/A
Typhula phacorrhiza N/A N/A DSH96-059 N/A N/A AF393079
Xeromphalina campanella USA AFTOL-1524 PBM 2315 WTU DQ494702  DQ470826

Sequence alignment and phylogenetic analysis

Based on the previous phylogenetic studies on Hygrophoraceae and related genera (Matheny et al. 2006; Binder et al.
2010; Lodge etal. 2014), nrITS and nucLSU sequences of representatives of the Hygrophoroid clade (Hygrophoraceae)
and of the Tricholomatoid clade (Entolomataceae, Marasmiaceae, Mycenaceae, and Tricholomataceae s.s.) were
downloaded from GenBank and included in the analyzed datasets. Multiple sequence alignments were performed using
MAFFT v6.8 (Katoh et al. 2009), with minor improvements where necessary. .Xeromphalina campanella was used
as an outgroup for the combined ITS/LSU dataset following Lodge et al. (2014). To infer phylogenetic relationships,
Maximum Likelihood analysis was conducted using RAXML with default settings (Stamatakis et al. 2008), and the
branch supports were assessed through 1000 bootstrap partitions with the rapid bootstrap option.

Results

Phylogenetic results

The aligned nucLSU dataset contained 66 sequences and was 919 bp long, while the aligned ITS dataset contained 73
sequences and was 878 bp. Maximum likelihood analysis generated one ML tree for nucLSU (InL=-8242.591022) and ITS
(In L =-10452.573197) respectively (trees not shown). As the two generated trees were congruent, the two datasets were
concatenated and analyzed. In the combined ITS-LSU tree (Fig. 1), sequences from P. umbrinopurpurascens collections
clustered in a clade (MLBS = 62%), hereafter named Pseudoomphalina clade, consisting also of Neohygrophorus
angelesianus, Pseudoomphalina kalchbrenneri and Clitocybe cokeri. Within this clade, P. umbrinopurpurascens
sequences are sister to N. angelesianus (MLBS = 70%); Pseudoomphalina kalchbrenneri sequences form a sister clade to
Pseudoomphalina felleoides (MLBS = 100%); Clitocybe cokeri is sister (basal) to all taxa of the Pseudoomphalina clade.
P. kalchbrenneri and P. felleoides are sister to P. umbrinopurpurascens and N. angelesianus (MLBS = 100%). However,
Pseudoomphalina pachyphylla, instead of falling into the Pseudoomphalina clade, is sister to Clitocybe fellea (MLBS
= 100%) in a well-supported clade (MLBS = 100%) formed also by Macrocybe, Callistosporium, Pleurocollybia and
Clitocybe aff. fellea (hereafter named Callistosporioid clade).

Taxonomy

Pseudoomphalina umbrinopurpurascens (Maire) Contu, Boll. AMER 80-81: 4 (2010)  Figs. 2-3

= Neohygrophorus umbrinopurpurascens (Maire) Redhead, Ammirati, Norvell & M.T.Seidl, Mycotaxon 76: 326 (2000)

Basionym: Clitocybe umbrinopurpurascens Maire (as ‘umbrino-purpurascens’), Bull. Soc. Hist. Nat. Afrique du Nord 36: 35-36, 1945.
Typus: Afrique du Nord, Atlas, Blida, 6.12.1932, leg. R. Maire 10542 (holotypus, MPU design. Contu, 2010 !).

Epitype (here designated): MCVE 28275 (MBT201476), Italy, Calabria, Cosenza, loc. “Colamauci”, Celico, 1 November 2009, C.
Lavorato & M. Rotella.
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FIGURE 2. Basidiomes of Pseudoomphalina umbrinopurpurascens. a. (LR 121115-06). b. (LR 121101-07). c. (MCVE 28275 LR 091101-
11, epitype). d. (LR 101105-16). e. (LR 111128-10). f. (TO HG1975-LR 031030-14). All pictures by C. Lavorato. Scale bars: 10 mm.

Description of the Italian material studied

Pileus 2040 mm broad, convex, to plano-convex with age, the disc typically more or less deeply depressed, without
umbo, margin incurved and often shortly striate to striate-sulcate, flocculose due to an abundant pruina mimicking
veil-remants; surface at first pruinose or slightly felty, at time sericeous, glabrous in mature stages, shiny when moist,
hygrophanous, dark-brown, (Victoria Lake, Maroon, Plate I; Bay, Plate II; Raw Umber, plate I1l) to dark greyish-
brown (Blackish Brown (2), Plate XLV; Dull Purplish Black, Aniline Black, Plate L) to dark purple-bistre (Blackish
Purple, Plate XI) when young, sometimes with violet tinges (Light Hortense Violet, Hortense Violet, Plate XI; Light
Lavender-Violet, Plate XXV), fading pale brownish-buff on age (Russet, Cinnamon-Brown, Plate XV; Walnut Brown,
Plate XXVII1I; Mikado Brown, Plate XXI1X; Wood Brown, Plate XL), often darker towards the centre and paler at the
margin, not reddening with KOH. Lamellae crowded, moderately thick, unequal and with lamellulae, 1 = (0) 1-3 (4),
adnate to decurrent, paler than the pileus (Light Brownish Olive, Buffy Olive, Plate XXX; Avellaneous, Tilleul Buff,
Plate XL), with violaceous tinges (Aconite Violet to Dark Lavender, Plate XXXVII and Plate XLIV), especially in
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young specimens, then violaceous tinges limited to the insertion point with the stipe, not furcate towards the stipe,
the edge entire, not floccose. Stipe 20-35 x 1.5-3.5 mm, central, not very solid, fistulose to stuffed, central, cylindric
to clavate, not bulbous, sometimes compressed, in young stages sericeous then longitudinally fibrillose, concolorous
with the lamellae but often tinged violaceous (Lobelia Violet, Ageratum Violet, Aconite Violet, Plate XXXVII; Dark
Lavender, Plate XLIV), at least in the upper portion (at the apex), the base covered with white felty mycelium; veil
absent. Context thin, whitish to pallid at first, then concolorous with the lamellae, not staining when injured; odour
distinctive, mostly farinose, at times somewhat like cucumber, in old basidiomes rather strong and disagreeable; taste
mild in young basidiomes then slightly bitter, clearly bitter with age. Spore-print: not obtained.

FIGURE 3. Pseudoomphalina umbrinopurpurascens. Microscopic features (from MCVE 28275 LR 091101-11, epitype). a. Spores. b.
Basidia. c. Cheilocystidia. d. Pileipellis. e. Stipitipellis. Drawings by C. Lavorato. Scale bars: 10 pm.

Spores [320/10/10] (5.7) 6.4-8.3 (9) x (3.7) 4-5.2 (5.4) um, on average 7.3 < 4.6, Q = (1.2) 1.4-1.9 (2.1), Qm
= 1.6, hyaline, amyloid, not cyanophilous, smooth, mostly regularly ellipsoid, at times widely ellipsoid or subovoid
to subglobose, ellipsoid-lacrymoid in side view, thin-walled, with a small apiculus. Basidia 30-45 x 6-8 um, mostly
four-spored, at time intermixed with 1-, 2- or 3-spored basidia, clavate, with basal clamps. Subhymenium made up of
hyphoid elements. Hymenophoral trama regular to slightly irregular and interwoven, consisting of cylindrical, hyaline
hyphae, 3—12 um wide, not reddening in 3% or 10% KOH. Both on the face and on the lamellar edge are present
very slender, cylindrical to filiform (hyphal) pseudoparaphysoid-like sterile elements, up to 50 x 2—5 um, often well
protruding beyond the hymenium, thin-walled, hyaline or with inner yellowish drops. Pileus covering not gelatinose,
composed of a cutis of repent to interwoven, long cylindrical, 2—4 (8) um wide hyphae, with intraparietal or incrusting
dark brown pigment; subcutis well differentiated, made up of wider, catenulate, hyaline elements tending to be larger
towards the pileal trama. Stipe covering made up of hyaline, parallel, 3—6 (10) um wide hyphae, that are thinner
towards surface. Caulocystidia similar to the hymenial cystidia, up to 45 x 1.5-3 pm. Thromboplerous hyphae not
seen. Clamp-connections present at all septa.
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Type study (MPU, R. Maire 10542).

Spores 7-9 x 3.5-4.5 um, ellipsoid in face-view, ellipsoid-lacrymoid in side-view, smooth, amyloid. Basidia 40-45 x 7-8
pum, four-spored, clavate, clamped. Hymenophoral trama irregular, made up of cylindrical hyphae which do not turn red in
3% KOH. Cystidioid elements present on both sides and edges of lamellae, up to 49 x 3 pum, pseudoparaphysoid, very thin,
clavate, cylindric to subfusiform, at times with yellowish guttulate content. Clamp-connections abundant. Thromboplerous
hyphae not seen.

Habit, habitat and distribution:—Gregarious to caespitose, saprotrophic, in small groups on litter of Cedrus spp.
(Cedrus libani, C. brevifolia and C. atlantica), acid soil, mostly on burnt soil, often among moss cushions of Ceratodon
purpureus, Syntrichia ruralis, Funaria hygrometrica and Scleropodium purum, 1180-1250 m a.s.l., especially in wet
seasons and in moist recesses, absolutely not in snowbanks and not growing when snow is present. Winter. Very rare
and so far known only from Morocco (type) and southern Italy (Calabria).

Collections examined:—ITALY, Calabria: prov. Cosenza, loc. “Colamauci”, Celico, cart. ref. 560144, Cedrus
spp., 850 m a.s.l., 20 October 2003, C. Lavorato & M. Rotella, TO HG1975, duplo in LR 031030-14 (TO!); ibidem,
20 October 2003, C. Lavorato & M. Rotella, TO HG1976, duplo in LR 031030-20 (TQ!); ibidem, 4 November 2003,
C. Lavorato & M. Rotella, LR 031104-19 (LR!); ibidem, 1 November 2009, C. Lavorato & M. Rotella, MCVE 28275
(epitype, MCVEY!), duplo in LR 091101-11; ibidem, 5 November 2010, C. Lavorato & M. Rotella, LR 101105-16
(LRY!); ibidem, 28 November 2011, C. Lavorato & M. Rotella, LR 111128-02, LR 111128-10, LR 111128-14 (LR!) (3
coll.); ibidem, 1 November 2012, C. Lavorato & M. Rotella, LR 121101-07 (LR!); ibidem, 15 November 2012, C.
Lavorato & M. Rotella, LR 121115-06 (LR!).

Pseudoomphalina (Singer) Singer, Mycologia 48 (5): 725 (1956)

= Cantharellula subgen. Pseudoomphalina Singer, Sydowia 2 (1-6): 30 (1948)

= Hygrophorus subgen. Pseudohygrophorus A.H. Smith & Hesler, Lloydia 5: 6 (1942), nom. nud.
= Neohygrophorus Singer, Lilloa 22: 149 (1951) [1949], nom. inval.

= Neohygrophorus Singer ex Singer, Sydowia 15 (1-6): 46 (1962)

= Clitocybe subgen. Mutabiles H.E. Bigelow, Mycotaxon 6 (1): 181 (1977)

Type species: Omphalia kalchbrenneri Bres., Fung. trident. 1 (3): 32 (1883)

Pseudoomphalina kalchbrenneri (Bres.) Singer, Mycologia 48 (5): 725 (1956) Fig. 4

Lectotype (iconotype) (designated here): Bresadola 1883, Fungi Tridentini, Tab. XXXV, f. 2. (original plate kept in TR) (MBT201474)
(Fig. 4a).

Epitype (designated here): TO HG 22102011C (MBT201475), Italy, Sardinia, Vallicciola, Monte Limbara, Tempio Pausania, 22 October
2011, L. Lorenzon & F. Padovan (Fig. 4b).

= Omphalia kalchbrenneri Bres., Fung. trident. 1 (3): 32 (1883)

= Xeromphalina kalchbrenneri (Bres.) Singer, Lloydia 5: 123 (1942)

= Clitocybula kalchbrenneri (Bres.) Raithelh., Metrodiana: 29 (1979)

= Clitocybe kalchbrenneri (Bres.) Raithelh., Metrodiana 9 (2): 47 (1980)

= Pseudoomphalina compressipes var. kalchbrenneri (Bres.) Gminder, Die Gro3pilze Baden-Wirttembergs 3: 504 (2001)

?= Clitocybe felleoides Kauffman, Pap. Mich. Acad. Sci. 8: 194 (1927)

= Cantharellula felleoides (Kauffm.) Singer, Lilloa 22: 238 (1951) [1949]

= Pseudoomphalina felleoides (Kauffm.) Singer, Sydowia 15: 62, (1962) [1961]

Collections examined:—ITALY, Sardinia: Vallicciola, Monte Limbara, Tempio Pausania, in coniferous litter, 900 m
a.s.l., 22 October 2011, L. Lorenzon & F. Padovan, TO HG 22102011C (epitype, TO!), duplo in FP3972. Trentino
Alto Adige: Val Genova, Trento, mixed wood, 1000 m a.s.l., 03 September 1991, A. Bernicchia & F. Padovan, FP923
(FP); Lisen, Rio delle Seghe-Zermedo, mixed wood, 1300 m a.s.l., 03 July 1988, F. Cipollone, HGMBB 039/88
(HGMBBY).
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FIGURE 4. Pseudoomphalina kalchbrenneri. a. Lectotype, Omphalia kalchbrenneri Bres., Bresadola 1881, Fungi Tridentini, Tab. XXXV,
f. 2 (original plate kept in TR). b. Epitype (TO HG 22102011C). b picture by F. Padovan. Scale bar: 10 mm.
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Pseudoomphalina angelesiana (A.H. Sm. & Hesler) Vizzini, Contu & Z.W. Ge, comb. nov.
MycoBank MB812680

= Hygrophorus angelesianus A.H. Sm. & Hesler, Lloydia 5 (1): 6 (1942)

= Neohygrophorus angelesianus (A.H. Sm. & Hesler) Singer, Lilloa 22: 149 (1951) [1949], nom. inval.
= Neohygrophorus angelesianus (A.H. Sm. & Hesler) Singer, Sydowia 15 (1-6): 46 (1962) [1961]

= Clitocybe mutabilis H.E. Bigelow, Mycotaxon 6 (1): 181 (1977)

Pseudoomphalina cokeri (Hesler) Vizzini, Contu & Z.W. Ge, comb. nov.
MycoBank MB812684

= Clitocybe cokeri Hesler, in Smith & Hesler, Lloydia 6: 251 (1943)

Pseudolaccaria Vizzini, Contu & Z.W. Ge, gen. nov.
MycoBank MB812686

Diagnosis:—Habit Laccaria-like, gymnocarpic. Pileus convex, slightly depressed when old, dry, squamulose, lamellae
thick, distant, emarginate. Spore print white. Spores thin-walled, smooth, slightly amyloid, pileipellis a cutis with
repent hyphae, pigment parietal and encrusting. Clamp-connections present.

Type:—Agaricus pachyphyllus Fr., Observationes mycologicae 1: 76 (1815).

Etymology:—The epithet refers to the laccarioid habit (lamellae thick and spaced).

Pseudolaccaria pachyphylla (Fr.) Vizzini & Contu, comb. nov. Fig. 5
MycoBank MB812687

FIGURE 5. Pseudolaccaria pachyphylla. Basidiomes. a. (LE 262747, GC 00095). b. (LE 262756, GC 06319). c. (LE 262748, GC
06363). d. (LP 301103). a—c by G. Consiglio; d by L. Perrone. Scale bars: 10 mm.
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Neotype (designated here): TR gmb 00672 (MBT201473), Italy, Trentino Alto Adige, Malga di Susa, Pergine Valsugana, Trento, 02 June
2008, R. De Grossi.
= Agaricus pachyphyllus Fr., Observationes mycologicae 1: 76 (1815)
=Clitocybe pachyphylla (Fr.) Gillet, Les Hyménomycetes ou Description de tous les Champignons qui Croissenten France 1: 169 (1874)
= Camarophyllus pachyphyllus (Fr.) P. Karst., Bidrag till Kdénnedom av Finlands Natur och Folk 32: 230 (1879)
= Omphalia pachyphylla (Fries) Quélet, Enchiridion Fungorum in Europa media et praesertim in Gallia Vigentium: 26 (1886)
= Pseudoomphalina pachyphylla (Fr.) Knudsen, Nordic Journal of Botany 12 (1): 76 (1992)
= Agaricus absinthiatus Lasch, Linnaea 3: 382 (1828)
= Agaricus pachyphyllus var. absinthiatus (Lasch) Fr., Epicrisis Systematis Mycologici: 80 (1838)
= Omphalia pachyphylla var. absintiaca (Lasch) Quélet, Enchiridion Fungorum in Europa media et praesertim in Gallia Vigentium:
26 (1886)
= Clitocybe absinthiata (Lasch) Sacc., Sylloge Fungorum 5: 192 (1887)
= Pseudoomphalina absinthiata (Lasch) Knudsen, Nordic Journal of Botany 11 (4): 480 (1991
= Collybia incomis P. Karst., Bidrag till Kdnnedom av Finlands Natur och Folk 32: 164 (1879)
= Clitocybe incomis (P. Karst.) Sacc., Sylloge Fungorum 5: 192 (1887)
?= Clitocybe fellea Peck, Annual Report on the New York State Museum of Natural History 51: 284, t. B:8-11 (1898)
= Omphalopsis pallida Murrill, Mycologia 9 (1): 41 (1917)
= Mycena pallida (Murrill) A.H. Sm., North American species of Mycena: 361 (1947)
= Omphalia clusiliformis Kithner & Romagn., Flore Analytique des Champignons Supérieurs: 125 (1953) (nom. nud.)
= Pseudoomphalina clusiliformis (Kihner & Romagn.) Bon, Documents Mycologiques 9 (33): 13 (1978)
= Clitocybe vulgaris Singer, Sydowia 15 (1-6): 48 (1962)
= Omphalina psammophila Shtshukin, Folia Cryptogamica Estonica 18: 5 (1985)

Collections examined:—ITALY, Trentino Alto Adige: Malga di Susa, Pergine Valsugana, Trento, mixed wood with
Fagus sylvatica, 1080 m a.s.l., 02 June 2008, R. De Grossi, TR gmb 00672 (neotype, TR!). Sardinia: Funtana Bona,
Orgosolo (NU), latifoglie miste, F. Bellu, S. Tartarotti & R. Brotzu, 29 October 1991, HGMBB105/91 (HGMBB!);
Aglientu (OT), loc. Rena Majore, 29 October 2000, LE 262747 (LE!), duplo in GC 00095. Latium: Cerasella, Sabaudia
(RT), Parco Nazionale del Circeo, Pinus sp., 24 ma.s.l., 30 November 2003, L. Perrone & M. Contu, LP 301103 (LP!);
prov. Latina, loc. Sabaudia, 17/11/ 2006, LE 262756 (LE!), duplo in GC 06319. Tuscany: prov. Grosseto, loc. Oasi di
Patanella, 9/12/2006, LE 262748 (LE!), duplo in GC 06363 (as P. kalchbrenneri).

Discussion

Pseudoomphalina versus Neohygrophorus

Neohygrophorus and Pseudoomphalina share the clitocyboid/omphalinoid habit, presence of clamp-connections,
interwoven hymenophoral tramaand amyloid spores, however, Neohygrophorus differs in the grey-violaceous pigments
turning red in alkali solutions and in the absence of filiform, hyphal sterile elements in hymenium and stipitipellis
(Singer 1986; Consiglio et al. 2006; Contu 2010). Clitocybe umbrinopurpurascens seems to fill the morphological
gap between these two genera in having the peculiar violaceous pigments of Neohygrophorus (even though they are
not reddening in alkaline solutions) and the filiform cystidia of Pseudoomphalina (Contu 2010 and our observations).
According to the molecular analysis (Fig. 1), P. umbrinopurpurascens and Neohygrophorus angelesianus, together
with Pseudoomphalina felleoides and the type species of Pseudoomphalina, P. kalchbrenneri, form a well supported
clade (MLBS = 100). Consequently, Neohygrophorus becomes a later synonym of Pseudoomphalina and Hygrophorus
angelesianus and Clitocybe cokeri are transferred to Pseudoomphalina. Pseudoomphalina is paraphyletic without
the inclusion of Neohygrophorus species. Therefore the above mentioned putative distinguishing features between
Neohygrophorus and Pseudoomphalina have to be considered unreliable and taxonomically uninformative markers
at the genus level. The collection named “N. angelesianus” (DAOM208569) seems to be slightly divergent from
the other two (DED7675 and PBM482, Fig. 1) and it may represent a different taxon. P. angelesiana DED7675 and
PBM482 present 98-99% homology with the short ITS1-5.8 s sequence (FJ601809, 257 bp) of the isotype [TENN
13703 (AHS 14649)].

A sequence (nucLSU) of the North American P. felleoides (Kauffm.) Singer is sister to P. kalchbrenneri (MLBS
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=100) (Fig. 1). The species was included by Bigelow (1982) (as Clitocybe felleoides Kauffm.) in Clitocybe sect.
Candicantes, subsect. Cryptocandicantes H.E. Bigelow [subsection with type species C. compressipes (Peck) Sacc.,
characterized by amyloid spores and either filiform or absent cheilocystidia] and its features are superimposable to those
of P. kalchbrenneri, except for the bitter taste of the context in P. felleoides. We prefer to keep both species separate
since additional morphological and molecular data are essential for a final decision. The other species included in the
subsection are Clitocybe compressipes, C. farinacea Murrill, C. aperta (Peck) Sacc. and C. thujana H.E. Bigelow, which
are also morphologically similar to P. kalchbrenneri. Future molecular work could provide evidence for considering
these taxa conspecific to P. kalchbrenneri, but present data are insufficient for such a conclusion.

The features of the Italian collections of P. umbrinopurpurascens match perfectly the original description, the
unpublished notes and a colour drawing by Maire included in Contu (2010) and with the type study (MPU R. Maire
10542, see above). Furthermore, the habitat corresponds quite well, i.e. natural Cedrus atlantica forest (Morocco)
for the original collection and Mediterranean reforestation area (40 years old) with Cedrus atlantica, C. libani and
C. brevifolia for the collections from Calabria. We were not successful in obtaining sequences from the type material
which is insufficient (consisting of only one basidiome) and also in poor condition.

P. angelesiana is morphologically different from P. umbrinopurpurascens in having a pileus brown on the disc and
dark sordid grey to greyish brown towards the margin, often also with lilac-grey to lilac-brown tinges, not fading, with
surface reddening with KOH, occasionally forked lamellae, a mild taste and slightly larger basidiospores; additionally,
it lacks cystidia, has an upper gelatinized pileipellis and grows in a totally different habitat (in litter of montane conifers
and fruiting in the spring near melting snow) (Smith & Hesler 1942; Hesler & Smith 1963; Largent 1985; Bigelow
1985; Redhead et al. 2000; Cripps 2009).

Clitocybe cokeri, considered by Bigelow (1985) a prioritary synonym of C. umbrinopurpurascens and recognized
by Redhead et al. (2000) in Neohygrophorus as an independent species from N. umbrinopurpurascens, is sister (basal)
to the other members of Pseudoomphalina (sequences of C. cokeri holotype included, Fig. 1). P. cokeri differs from
P. angelesiana mainly in the mild taste and because it does not fruit near melting snow (Bigelow 1985; Redhead et al.
2000). P. umbrinopurpurascens is distinguished by the bitter taste and tissues not turning red in alkali (Contu 2010 and
our observations), the non-gelatinized pileipellis and the abundant, thin, pseudoparaphysoid hymenial cystidia.

Pseudolaccaria and the Callistosporioid clade

Our analyses based on a combined ITS/LSU dataset show that Pseudoomphalina, as traditionally circumscribed, is
not monophyletic: P. pachyphylla clusters together with Clitocybe fellea in a well supported clade (MLBS = 100,
Callistosporioid clade) where they are sister to a clade formed by Callistosporium Singer, Macrocybe Pegler & Lodge,
Pleurocollybia Singer and Clitocybe aff. fellea. Macroscopically, P. pachyphylla is distinguished from P. kalchbrenneri
(see Figs. 4-5) mainly by the Laccaria-like habit, a rimose-squamulose pileus, ventricose-emarginate, thick and
distant lamellae, bitter taste, strongly incrusted pileipellis hyphae, and the thin-walled, weakly amyloid spores (Bon
1978, 1997; Lonati 1988; Knudsen & Hansen 1991; Kotlaba & Pouzar 1995; Kuyper 1995; Migliozzi & Coccia 1998;
Watling & Turnbull 1998; Consiglio et al. 2006; Knudsen 2012). Malysheva et al. (2011), surprisingly, considered
P. pachyphylla and P. kalchbrenneri conspecific based on ITS sequence analysis. However, the collections named
P. kalchbrenneri (LE262742-HM191752 and LE262748-HM191753) by Malysheva et al. (2011) in our analysis fall
within P. pachyphylla. P. pachyphylla has been known under several names (P. pseudoclusilis, Clitocybe incomis, C.
absinthiata...) for a long time, and its placement in Pseudoomphalina has been much disputed. It occupies an isolated
position in Pseudoomphalina due to the non-decurrent, thick and distant lamellae, regular hymenophoral trama and
the weakly amyloid spores. Kuyper (1978) and Bon (1997) considered it a Clitocybe, while Harmaja (1979) excluded
it from Clitocybe but he was uncertain about its generic position. Bigelow (1985) placed the morphologically similar
Clitocybe fellea in the Clitocybe incertae sedis: “The correct generic position of the species remains puzzling”. Based
on the molecular analysis (Fig. 1), we propose here the new genus Pseudolaccaria for Pseudoomphalina pachyphylla
(Agaricus pachyphyllus). The North American Clitocybe fellea (= P. pachyphylla, according to Kuyper 1995) is, based
on the full description provided by Bigelow (1985), hardly distinct from Pseudolaccaria pachyphylla. Since ITS
sequence data is not available for C. fellea, we refrain from describing it as a distinct Pseudolaccaria species.

All members of the Callistosporioid clade are putatively saprotrophs, gymnocarpic (they lack a partial veil), have
adnate or adnexed or emarginate-adnexed lamellag, regular hymenophoral trama, cyanophilous or weakly cyanophilous
spores, which are, with the exception of Pseudolaccaria, inamyloid. Pleurocollybia and most Callistosporium species
are lignicolous (Redhead 1982; Singer 1986; Baroni et al. 2008; Vesterholt & Holec 2012) whilst Macrocybe and
Pseudolaccaria are terricolous (Pegler et al. 1998; Knudsen 2012).
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Pseudolaccaria may resemble terricolous species of Callistosporium with thick and distant lamellae [C. olivascens
(Boud.) Bon s.1], but the latter differ by having usually green tinges on basidiomes, pigments turning blue in alkali
solutions, inamyloid spores, and by the lack of clamp-connections (Singer 1986; Bon 1991).
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