Hymenoporus paradoxus gen. et sp. nov., a striking fungus of the family Omphalotaceae (Agaricales, Basidiomycota) with tubular hymenophore
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Abstract

Hymenoporus paradoxus, a new marasmioid fungal species belonging to the new genus is described from southern China. It differs from all other marasmioid species by a true tubular hymenophore, a character previously unknown in marasmioid fungi, and from all other tubular agarics by a hymenophore attached to a free collarium, and central, tough, dark and filiform stipe. The additional diagnostic characters are small basidiocarps, mostly convex pileus, smooth, hyaline, non-amyloid spores, densely packed dendriform cheilocystidia, and pileipellis composed of repent hyphae densely covered with simple to coralloid excrescences, intermixed with dendriform cells. As peculiar morphological characters had indicated, molecular phylogenetic analyses based on the 28S rDNA sequences confirm phylogenetic position of the new species in Omphalotaceae and a need to establish a new genus. Color photographs of macro- and micromorphological characters, SEM microphotographs, and a phylogenetic tree based on the partial 28S rDNA gene are provided.
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Introduction

During a mycological field research of Maoershan Nature Reserve in southern China (the Guangxi Zhuang Autonomous Region), the third author found a new species of marasmioid fungi with the true tubular hymenophore. Marasmioid fungi have been considered as agarics with rather small and often marcescent (reviving) basidiocarps, membranaceous and often striate or sulcate pileus, adnate to adnexed hymenophore (mostly lamellar, rarely alveolar, veined or smooth), tough and filiform stipe, and white or whitish spore print (Antonín & Noordeloos 1993, 2010; Wilson & Desjardin 2005). A true tubular hymenophore is a character previously unknown in marasmioid fungi. As peculiar morphological characters had suggested, molecular phylogenetic analyses based on the nLSU rDNA sequences confirmed that phylogenetic position of our new species requires establishment of a new genus in the family Omphalotaceae Bresinsky (Agaricales, Agaricomycetes, Basidiomycota).

Taxonomic concept of the family Omphalotaceae accepted here is based on molecular phylogenetic analyses (Owings & Desjardin 1997, Moncalvo et al. 2000, 2002; Wilson & Desjardin 2005, Matheny et al. 2007) which showed that marasmioid fungi are distributed in three phylogenetic clades/families: Marasmiaceae, Omphalotaceae and Physalacriaceae. Family Omphalotaceae comprises ca. 10 already described genera (with ca. 600 known species), including Gymnopus (Pers. 1800: xii) Roussel (1806: 62), Lentinula Earle (1909: 416), Marasmiellus Murrill (1915: 243), Mycetinis Earle (1909: 414), Omphalotus Fayod (1889: 338) and Rhodocollybia Singer (1939: 71). However, aforementioned phylogenetic analyses reveal that two largest genera of Omphalotaceae, Gymnopus and Marasmiellus, are polyphyletic, so new taxonomic concepts on generic level should be established after more extensive phylogenetic research with more species and DNA sequences included. Some authors have a broader concept of Marasmiaceae which includes Omphalotaceae as well (e.g. Kirk et al. 2008, Knudsen & Vesterholt 2012).

Maoershan Nature Reserve was established in 1976 with the total area of 451 km2 (Fellowes et al. 2002). It has a mountainous landscape with the highest peak at 2,142 m. The mean monthly temperature ranges from 18.6 C° at 280 m to 7 C° at 2,142 m. The reserve has a subtropical monsoon climate with annual precipitation of over 2,100 mm, which is distributed mainly from February to August. The main zonal vegetation of the area should be a subtropical evergreen broadleaved forest, however, the vegetation of the largest part in lower zone is degraded or replaced with tree plantations. In higher altitude there are evergreen broadleaved forest and mixed coniferous and broadleaved forest. The flora of Maoershan consists of about 1,500 vascular plant species. The checklist of macrofungi recorded in Maoershan Nature Reserve up to 2009 (Jiang et al. 2010) contains 321 fungal species (277 Basidiomycota and 44 Ascomycota). In addition, two new species from this area, Gymnopus fuscotramus Mešić, Tkalčec & Chun Y. Deng (2011: 324) and Calostoma maoershanense Chun Y. Deng & X.L. Wu (2014: 26) have recently been described.

Materials and methods

A field research has been conducted in Maoershan Nature Reserve (Guangxi, China) with permission obtained from the Director of the Reserve. Hymenoporus paradoxus is described on the basis of one collection consisting of 20 basidiocarps. Specimens were preserved by drying. The holotype is deposited in the Herbarium of Guangdong Institute of Microbiology (GDGM), while an isotype is deposited in the Croatian National Fungarium (CNF). Microscopic features were observed with an Olympus BX51 light microscope (brightfield and phase contrast – PhC) under magnification up to 1,500× and photographed with an Olympus Colorview IIIu digital camera. A description and images of microscopic characters were made from rehydrated fragments of basidiocarps, mounted in 2.5% potassium hydroxide (KOH) solution. Basidiospore measurements were made by Motic Images Plus 2.0 software based on calibrated digital images. Amyloidity and dextrinoidity were tested in Melzer’s reagent following (Erb & Matheis 1982). Spores were very scarce in examined material, thus only 17 spores from three basidiocarps were measured (excluding apiculus). It indicates that basidiocarps were not fully matured. In addition, pileal surface and hymenophoral pores were observed by JEOL JSM-7000F field emission scanning electron microscope (SEM) under magnification up to 15,000×. Previously dried material was fully dehydrated in a vacuum dryer and observed with a SEM.

Genomic DNA was isolated from dried material with E.Z.N.A. forensic kit (Omega bio-tek) according to manufacturer's protocol for isolation of DNA from hair, nails and feathers. 

A partial 28S rDNA gene, covering 852 bp was amplified by polymerase chain reaction (PCR) using primers forward LR0R (5'-ACCCGCTGAACTTAAGC-3') and reverse LR5 (5'-TCCTGAGGGAAACTTCG-3') (Rehner & Samuels 1994). PCR amplifications were performed in a total volume of 25 µl with Takara LA Taq. The initial denaturation step at 94°C for 1 min was followed with 30 cycles of 94°C for 30 s, 55°C for 30 s, and 72°C for 60 s. PCR products were subcloned into pGEM-T vector (Promega) according to the manufacturer’s instructions. Three positive clones were sequenced using the pUC and T7 vector primers with the ABI BigDye Ready Reaction Kit on an ABI 3100 automated sequencer. Attempts to amplify internal transcribed spacer (ITS) with different combination of the primers were unsuccessful. The sequence reported in this study is submitted to GenBank with the accession number KF872994.
Sequencing reads were assembled using Lasergene processing software (DNASTAR Inc., Madison, USA) and checked manually for sequencing errors. The BLAST network service (http://www.ncbi.nlm.nih.gov/) was used for sequence homology searches. Multiple alignments were performed with the Q-INS-I option of the MAFFT program (Katoh & Standley 2013). Alignments were done using score matrix 200 PAM/k=2, gap penalty 1.53 and offset value 0. Ambiguously aligned regions were determined and excluded from further analyses using the Gblocks 0.91b program under less stringent parameters (Castresana 2000). Aligned sequences were imported into MEGA version 5 (Tamura et al. 2011), where datasets were analyzed by Maximum Likelihood (ML). The model for ML analysis was selected using Modeltest 3.7 and the Akaike information criterion (AIC) (Posada & Crandall 1998), which indicated GTR+G+I (general time reversal gamma distributed with invariant sites). Bayesian inference of the phylogeny using Metropolis coupled Markov chain Monte Carlo analyses (MCMC) was performed using MrBayes, version v. 3.1.2. (Ronquist & Huelsenbeck 2003). For a given data set, the general time reversal gamma distributed with invariant sites (GTR+G+I) model was used as selected with Modeltest. MRBAYES was used to compute a 50% majority rule consensus of the remaining trees to obtain estimates for the posterior probabilities (PPs) of the groups. Callistosporium luteoolivaceum (Berkeley & Curtis 1859: 286) Singer (1946: 117) (GenBank Acc. No. AY639406) was selected as the outgroup taxon for rooting purposes.

Phylogenetic analyses presented here comprised 47 sequences from 47 species. Sequence length ranged from 1902 nucleotides of Trogia infundibuliformis Berkeley & Broome (1873: 45) (Acc. No. AY639442) to 931 nucleotides of Lentinula lateritia (Berkeley 1881: 384) Pegler (1983: 232) (Acc. No. AF356156). All sequences were aligned and the ends trimmed to create a dataset of 779 characters. Of these, 508 characters were conservative and 271 variable, while 195 characters were parsimony informative. Maximum likelihood (ML) analyses recovered a single tree (Fig. 5) (-lnL = 5502.9545) similar in topology to one of the trees recovered by Bayesian analyses.
Results 

Taxonomy

Hymenoporus Tkalčec, Mešić & Chun Y. Deng, gen. nov. 

MycoBank MB 805766

Diagnosis:—Differs from all other genera by small basidiocarps, mostly convex pileus, true tubular (poroid) hymenophore which is adnate to a free collarium, tough, dark and filiform stipe, smooth, hyaline, non-amyloid spores, densely packed dendriform cheilocystidia, and pileipellis composed of repent hyphae, densely covered with simple to coralloid excrescences intermixed with dendriform cells.

Type species:—Hymenoporus paradoxus Tkalčec, Mešić & Chun Y. Deng

Etymology:—The genus is named for its poroid hymenophore.

Hymenoporus paradoxus Tkalčec, Mešić & Chun Y. Deng, sp. nov. (Fig. 1–5)

MycoBank MB 805767

Diagnosis:—Differs from all other marasmioid species by a true tubular (poroid) hymenophore and from other tubular agarics by a free collarium and central, tough, dark and filiform stipe. Pileus hemispherical to convex, furfuraceous, whitish to light brown, up to 3 mm broad. Hymenophore tubular, broadly adnate to a free collarium, whitish to pale brown. Stipe tough, filiform, insititious, dark brown to black, up to 52 × 0.4 mm. Spores 6.2–7.3 × 3.6–4.8 μm, ellipsoid to elongated, smooth, hyaline, non-amyloid. Basidia 4-spored. Basidioles fusoid to clavate, apex mostly mucronate to rostrate. Cheilocystidia densely packed, dendriform, body hyphoid and branched, with dense, coralloid terminal parts. Pleurocystidia sparse, irregularly clavate with apical simple to coralloid projections. Pileipellis composed of repent hyphae, densely covered with simple to coralloid excrescences, at places intermixed or replaced with dendriform cells similar to cheilocystidia. Caulocystidia absent. Clamp connections abundant.

Type:—CHINA. Guangxi: Maoershan Nature Reserve, 66 km NNE of Guilin, elev. 1570 m, 25°54’44”N, 110°27’57”E, 29 May 2009, leg. H. Huang & C.-Y. Deng (Holotype GDGM 26629; Isotype CNF 1/6522; GenBank KF872994).

Etymology:—The species is named for its basidiocarps which are odd-looking for the family Omphalotaceae.

Description:—Pileus 0.7–3 mm broad, hemispherical at first, then convex or plano-convex, often with deflexed margin, sulcate at margin, not hygrophanous, pinkish- or sordid-white to light brown with a darker, light brown to brown central zone, dried becomes grayish, surface dull, dry, furfuraceous. Hymenophore tubular (poroid), broadly adnate to a free collarium, tubes (1 mm long, pale brown, pores 0.1–0.2 mm in diameter, isodiametric to elongate, along the edge often larger or more elongated ((0.3 mm), pinkish to sordid white, sometimes pale brown, (1–)2–5 pores between stipe and the pileus edge, situated at the same level. Stipe 7–52 × 0.1–0.4 mm, filiform, tough, dry, hollow, insititious, dark brown to black, mostly covered with scattered to dense concolorous small pustules (more abundant at stipe apex). Sterile stipes present. Context pale brown to brown in the pileus, concolorous with the surface of the stipe. Smell and taste not recorded.

Spores [17/3/1] 6.2–7.0–7.3 × 3.6–4.1–4.8 μm, Q = 1.50–1.72–1.80, ellipsoid to elongated, in side view slightly amygdaliform, smooth, hyaline, thin-walled, non-amyloid, non-dextrinoid. Basidia 15–31 × 6.5–10 μm, clavate, apex mostly mucronate, 4-spored, thin-walled, hyaline, clamped, sterigmata up to 6 µm long. Basidioles subcylindrical at first, soon becoming fusoid, finally clavate, apex mostly mucronate to rostrate (extension up to 4 µm long). Pores sterile, covered with densely packed cheilocystidia. Cheilocystidia up to ca. 60 × 45 μm, dendriform, main body hyphoid (hyphae 1–4 μm wide), branched, thin- to moderately thick-walled (up to 0.8 µm), with dense, hyaline, coralloid terminal parts (apical projections 0.5–4 μm long). Pleurocystidia sparse, more abundant near the pores, 10–25 × 5–13 μm, irregularly clavate with apical simple to coralloid projections (0.5–3 μm long), thin-walled, hyaline. Hymenophoral trama subregular, composed of 1.5–7(–10) μm broad, thin- to thick-walled (up to 2 μm thick), subhyaline to brown, smooth to coarsely incrusted hyphae. Pileipellis composed of repent, thin-walled, hyaline (rarely brown), 2–10 μm wide hyphae, mostly densely covered with hyaline, simple to coralloid excrescences (less often excrescences are sparse or hyphae ± smooth), at places intermixed or replaced with branched, dendriform cells (similar to cheilocystidia) with hyaline, coralloid terminal parts; apical projections 0.5–3(–4.5) × 0.5–0.7 µm. Pileal trama composed of loosely interwoven, frequently branched, subhyaline to brown (pigment more abundant beneath the pileipellis), mostly thick-walled (up to 4(–6) μm thick), 3–10(–20) μm broad hyphae, walls mostly heavily incrusted (rarely smooth). Stipitipellis a cutis of parallel, densely packed, cylindrical, thin- to thick-walled (up to 1.5 μm thick), 1.5–6 μm broad, red- or gray-brown (sometimes subhyaline) hyphae, with a glabrous, uneven, slightly diverticulate or incrusted surface, pigment intracellular, parietal or sometimes incrusted, with irregular, red- to gray-brown, heap-like excrescences, primarily in the apex of stipe. Caulocystidia absent. Stipe trama composed of parallel, thin- to thick-walled (up to 2 μm thick), 1.5–10 μm broad, subhyaline to red- or gray-brown, glabrous to coarsely encrusted (near cavity of the stipe), sometimes slightly diverticulate hyphae. Clamp connections present and abundant in all tissues. Chemical reactions: all parts of basidiocarp non-amyloid and non-dextrinoid except pileipellis that can sometimes be partially amyloid (violet in Melzer’s reagent).
Habitat:—Broad-leaved forest with bamboo, along the road, on fallen leaves of broad-leaved trees.

Distribution:—Known only from the type locality in China.

Remarks:—Morphologically, Hymenoporus paradoxus is characterized by a small, hemispherical to convex, whitish to light brown pileus, a true tubular (poroid), whitish to light brown hymenophore which is broadly adnate to a free collarium, a tough, filiform, insititious, dark brown to black stipe, ellipsoid to elongated, hyaline, non-amyloid spores (6.2–7.3 × 3.6–4.8 μm), fusoid to clavate basidioles with a mucronate to rostrate apex, densely packed, dendriform cheilocystidia with a hyphoid, branched body and dense, coralloid terminal parts, and a pileipellis composed of repent hyphae, densely covered with simple to coralloid excrescences, at places intermixed or replaced with dendriform cells similar to cheilocystidia.

Although morphological characters of our specimen clearly show that it belongs to a new species, molecular phylogenetic analysis was needed to ascertain its phylogenetic position among marasmioid fungi. The BLAST search in GenBank using the partial 28S rDNA gave a maximum of 89% match with sequences of a fair number of species belonging to the family Omphalotaceae (mostly from the genus Gymnopus). Its affiliation to the Omphalotaceae is confirmed by our phylogenetic analysis (Fig. 5).
Discussion
According to all macromorphological characters except hymenophore, H. paradoxus is strongly reminiscent of the species of Gymnopus, section Androsacei (Kühner 1933: 91) Antonín & Noordel. in Noordeloos & Antonín (2008: 25) [e.g. G. androsaceus (Linnaeus 1753: 1175) Della Maggiora & Trassinelli 2014: 1]. The true tubular hymenophore present in our species is a character previously unknown in marasmioid fungi, as well as in the family Omphalotaceae. In Marasmiaceae, some species of the genus Campanella Hennings (1895: 95) [e.g. Campanella caerulescens (Berkeley & Curtis 1868: 323) Singer (1945: 190), C. gregaria Bougher 2007: 328] and Marasmius cladophyllus Berkeley (1856: 138) have strongly anastomosing lamellae with an irregularly alveolate appearance at the most (Singer 1975, 1976). Among other agarics, species with a true tubular hymenophore and well-developed stipe are present in two genera of the family Mycenaceae, Favolaschia (Pat. 1887: 231) Pat. in Patouillard & Lagerheim (1892: 116) and Mycena (Persoon 1797: 69) Roussel (1806: 64) [including Filoboletus Hennings (1900: 146)] (Singer 1945, 1974; Maas Geesteranus 1992). Nevertheless, those species differ from H. paradoxus by the hymenophore that is attached to the non-filiform and ± light colored stipe. Moreover, our species is distinctive by its specific dendriform cheilocystidia. Peculiar morphological characters of H. paradoxus indicated that this new species should be accommodated into the new genus, what is confirmed by phylogenetic analyses.

The results of our phylogenetic analyses (Fig. 5) demonstrate that Hymenoporus paradoxus belongs to the same clade with other Omphalotaceae species. This finding is supported with high ML (95%) and PP (1.00) values. Moreover, pairwise distances indicate closest relation of this taxon and the representatives of the family Omphalotaceae. Somewhat isolated position of H. paradoxus in the Omphalotaceae clade supports a conclusion based on morphological characters that our new species belongs to a new, independent genus.

Acknowledgements

We are grateful to De-Bing Jiang, director of Maoershan Nature Reserve, for giving permission to Chun-Ying Deng to conduct a field research in the reserve. We are thankful to Mira Ristić and Marijan Marciuš for providing SEM photographs. This work was supported by grants from Croatian Ministry of Science, Education and Sports (No. 098-0982934-2719, 098-0982913-2478) and National Natural Science Foundation of China (No. 31260011).
References

Antonín, V. & Noordeloos, M.E. (1993) A Monograph of Marasmius, Collybia and related genera in Europe. 1. Libri botanici 8. IHW-Verlag & Verlagbuchhandlung, Eching, 229 pp.

Antonín, V. & Noordeloos, M.E. (2010) A monograph of marasmioid and collybioid fungi in Europe. IHW-Verlag & Verlagbuchhandlung, Eching, 480 pp.
Berkeley, M.J. (1856) Decades of fungi. Decades LI – LIV. Rio Negro fungi. Hooker's Journal of Botany and Kew Garden Miscellany 8: 129–144.

Berkeley, M.J. (1881) Australian fungi – II. Botanical Journal of the Linnean Society 18: 383–389.

Berkeley, M.J. & Broome, C.E. (1873) Enumeration of the fungi of Ceylon. Part II. Botanical Journal of the Linnean Society 14: 29–141.

Berkeley, M.J. & Curtis, M.A. (1859) Centuries of North American fungi. Annals and Magazine of Natural History 4: 284–296.

Berkeley, M.J. & Curtis, M.A. (1868) Fungi Cubenses (Hymenomycetes). Botanical Journal of the Linnean Society 10: 280–392.

Bougher, N. (2007) The genus Campanella in Western Australia. Mycotaxon 99: 327–335.

Castresana, J. (2000) Selection of conserved blocks from multiple alignments for their use in phylogenetic analysis. Molecular Biology and Evolution 17(4): 540–552.

http://dx.doi.org/10.1093/oxfordjournals.molbev.a026334

Della Maggiora, M. & Trassinelli, R. (2014) Index Fungorum 171: 1.

Deng, C.Y. & Wu, X.L. (2014) Calostoma maoershanense, a new species from South China. Sydowia 66(1): 25–28.

http://dx.doi.org/10.12905/0380.sydowia66(1)2014-0025

Earle, F.S. (1909) The genera of North American gill fungi. Bulletin of the New York Botanical Garden 5: 373–451.

Erb, B. & Matheis, W. (1982) Pilzmikroskopie. Kosmos, Stuttgart, 166 pp.

Fayod, M.V. (1889) Prodrome d'une histoire naturelle des Agaricinés. Annales des Sciences Naturelles Botanique 9: 181–411.

Fellowes, J.R., Lau, M.W.N., Hau, B.C.H., Sai-Chit, N. & Chan, B.P.L. (2002) Report of rapid biodiversity assessments at Maoershan nature reserve, Northeast Guangxi, China, 1998 and 2001. South China Forest Biodiversity Survey Report Series 16 (Online Simplified Version). 20 pp. Available from:

http://www.kfbg.org/content/58/18/2/E16_Maoershan_report_w.pdf (accessed: 3 March 2014).

Hennings, P. (1895) Fungi camerunenses I. Botanische Jahrbücher für Systematik Pflanzengeschichte und Pflanzengeographie 22: 72–111.

Hennings, P. (1900) Fungi monsunenses. Monsunia 1: 137–174.

Jiang, D.-B., Wu, X.L., Li, G.P., Wang, S.N., Li, T.-H., Song, B., Deng, C.-Y., Zou, F.-L., Huang, H. & Deng, D.-J. (2010) The macrofungi in the Maoershan nature reserve of Guangxi, China. Guizhou Science 28(1): 1–11.

Katoh, S. & Standley, D.M. (2013) MAFFT multiple sequence alignment software version 7: improvements in performance and usability (Outlines version 7). Molecular Biology and Evolution 30(4): 772–780.

http://dx.doi.org/10.1093/molbev/mst010

Kirk, P.M., Cannon, P.F., Minter, D.W. & Stalpers, J.A. (2008) Ainsworth & Bisby's dictionary of the fungi. CAB International, Wallingford, 771 pp.

Knudsen, H. & Vesterholt, J. (2012) Funga Nordica. Agaricoid, boletoid, clavarioid, cyphelloid and gastroid genera. Nordsvamp, Copenhagen, 1083 pp.

Kühner, R.  (1933) Etudes sur le genre Marasmius. Botaniste 25: 57–116.

Linnaeus, C. (1753) Species Plantarum. Holmiae, 1200 pp.
Maas Geesteranus, R.A. (1992) Filoboletus manipularis and some related species. Proceedings of the Koninklijke Nederlandse Akademie van Wetenschappen – Biological, chemical, geological, physical, and medical sciences 95(2): 267–274.

Matheny, P.B., Curtis, J.M., Hofstetter, V., Aime, M.C., Moncalvo, J.-M., Ge, Z.-W., Yang, Z.-L., Slot, J.C., Ammirati, J.F., Baroni, T.J., Bougher, N.L., Hughes, K.W., Lodge, D.J., Kerrigan, R.W., Seidl, M.T., Aanen, D.K., DeNitis, M., Daniele, G.M., Desjardin, D.E., Kropp, B.R., Norvell, L.L., Parker, A., Vellinga, E.C., Vilgalys, R. & Hibbett, D.S. (2007). Major clades of Agaricales: a multilocus phylogenetic overview. Mycologia 98(6): 982–995.

http://dx.doi.org/10.3852/mycologia.98.6.982

Mešić, A., Tkalčec, Z., Deng, C.-Y., Li, T.-H., Pleše, B. & Ćetković, H. (2011) Gymnopus fuscotramus (Agaricales), a new species from southern China. Mycotaxon 117: 321–330.

http://dx.doi.org/10.5248/117.321

Moncalvo, J.-M., Lutzoni, F.M., Rehner, S.A., Johnson, J. & Vilgalys, R. (2000). Phylogenetic relationships of agaric fungi based on nuclear large subunit ribosomal DNA sequences. Systematic Biology 49(2): 278–305.

http://dx.doi.org/10.1093/sysbio/49.2.278
Moncalvo, J.-M., Vilgalys, R., Redhead, S.A., Johnson, J.E., James, T.Y., Aime, M.C., Hofstetter, V., Verduin, S.J.W., Larsson, E., Baroni, T.J., Thorn, R.G., Jacobsson, S., Clémençon, H. & Miller, O.K. Jr. (2002) One hundred and seventeen clades of euagarics. Molecular Phylogenetics and Evolution 23(3): 357–400.

http://dx.doi.org/10.1016/S1055-7903(02)00027-1

Murrill, W.A. (1915) North American Flora. 9(4): 237–296.

Noordeloos, M.E. & Antonín, V. (2008) Contribution to a monograph of marasmioid and collybioid fungi in Europe. Czech Mycology 60(1): 21–27.

Owings, P. & Desjardin, D.E. (1997). A molecular phylogeny of Marasmius and selected segregate genera. Inoculum 48(3): 29–30.

Patouillard, N.T. (1887) Étude sur le genre Laschia Fr. Journal de Botanique (Morot) 1(15): 225–232.

Patouillard, N.T. & Lagerheim, G. de (1892) Champignons de l'Equateur (pugillus II). Bulletin de la Société mycologique de France 8(3): 113–140.

Pegler, D.N. (1983) The genus Lentinula (Tricholomataceae tribe Collybieae). Sydowia 36: 227–239.

Persoon, C.H. (1797) Tentamen dispositionis methodicae Fungorum in classes, ordines, genera et familias. Lipsiae, 76 pp.

Persoon, C.H. (1800) Commentarius D. Iac. Christ. Schaefferi quondam eccles. evangel. ratisbon. pastoris et superintendentis fungorum Bavariae indigenorum icones pictas differentiis specificis, synonymis et observationibus selectis illustrans. Erlangae, 130 pp.

Posada, D. & Crandall, K.A. (1998) Modeltest: testing the model of DNA substitution. Bioinformatics 14(9): 817–818.

http://dx.doi.org/10.1093/bioinformatics/14.9.817

Rehner, S.A. & Samuels, G.J. (1994) Taxonomy and phylogeny of Gliocladium analysed from nuclear large subunit ribosomal DNA sequences. Mycological Research 98(6): 625–634.

http://dx.doi.org/10.1016/S0953-7562(09)80409-7
Ronquist, F. & Huelsenbeck, J.P. (2003) MRBAYES 3: Bayesian phylogenetic inference under mixed models. Bioinformatics 19(12): 1572–1574.

http://dx.doi.org/10.1093/bioinformatics/btg180

Roussel, H.F.A. de (1806) Flore du Calvados et terreins adjacentscomposée suivant la méthode de Jussieu. 2nd Ed. Caen, 372 pp.

Singer, R. (1939) Phylogenie und Taxonomie der Agaricales. Schweizerische Zeitschrift für Pilzkunde 17: 71–73.

Singer, R. (1945) The Laschia-complex (Basidiomycetes). Lloydia 8(3): 170–230.

Singer, R. (1946). Type studies on agarics. II. Lloydia 9: 114–131.

Singer, R. (1974) A monograph of Favolaschia. Beihefte zur Nova Hedwigia 50. J. Cramer, Lehre, 108 pp.

Singer, R. (1975) The Neotropical species of Campanella and Aphyllotus with notes on some species of Marasmiellus. Nova Hedwigia 26(4): 847–895.

Singer, R. (1976) Marasmieae (Basidiomycetes – Tricholomataceae). Flora Neotropica 17. The New York Botanical Garden, New York, 347 pp.

Tamura, K., Peterson, D., Peterson, N., Stecher, G., Nei, M. & Kumar, S. (2011) MEGA5: Molecular evolutionary genetics analysis using maximum likelihood, evolutionary distance, and maximum parsimony methods. Molecular Biology and Evolution 28(10): 2731–2739.

http://dx.doi.org/10.1093/molbev/msr121

Wilson, A.W. & Desjardin, D.E. (2005) Phylogenetic relationships in the gymnopoid and marasmioid fungi (Basidiomycetes, euagarics clade). Mycologia 97(3): 667–679.

http://dx.doi.org/10.3852/mycologia.97.3.667

FIGURE 1. Hymenoporus paradoxus. A–C. Fresh basidiocarps. Scale bars: A = 5 mm; B = 3 mm; C = 1 mm. Photo C.-Y. Deng.

FIGURE 2. Hymenoporus paradoxus. A–F. Basidioles. G. Basidium. H–K. Spores. L. Pleurocystidia. M–P. Cheilocystidia. All photographed under PhC light microscope except M (brightfield). Scale bars: A–G = 5 µm (in F); H–K = 3 µm (in H); L = 5 µm; M = 10 µm; N–P = 10 µm (in P). Photo Z. Tkalčec.

FIGURE 3. Hymenoporus paradoxus. A. Pileipellis with repent elements. B. Pileipellis with dendriform elements. C. Repent elements of pileipellis (under PhC microscope). D. Dendriform elements of pileipellis (under PhC microscope). E. Hymenophoral trama. F. Pileal trama. Scale bars: A, B, E, F = 20 µm (in B & E); C, D = 10 µm (in C). Photo Z. Tkalčec.

FIGURE 4. Hymenoporus paradoxus. A. Coralloid terminal parts of cheilocystidia. B, C. Coralloid terminal parts of elements in pileipellis. All photographed under SEM. Scale bars: A–C = 2 µm (in A). Photo M. Marciuš.

FIGURE 5. Maximum likelihood phylogenetic tree based on the partial 28S rDNA gene region. Sequence of Hymenoporus paradoxus obtained in this study is marked in bold. Reference sequences from GenBank with accession numbers are included. Bootstrap values ML (>70%) are given above nodes and MCMC (>0.7) below nodes. The tree was rooted with Callistosporium luteoolivaceum (GenBank Acc. No. AY639406). The scale bar indicates the genetic distance of the branch lengths. Accession numbers of sequences are given after species names.
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