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Pluteus horakianus is described here from Quercus, Pinus-Quercus and sub-
tropical-montane cloud forests in Western Mexico. The species is morphologically
similar to P. aurantiorugosus but is distinguished by its red pileus, the marginate
lamellae with scarlet to orange-reddish edges, the red tinges on the stipe and the
small and fragile basidiomata. The phylogeny inferred from ITS rDNA sequences
revealed that P horakianus represents a distinctive species within the well sup-
ported Celluloderma clade distantly related to the morphologically similar P. aur-
antiorugosus. A morphological description of the new species is supplemented by a
photograph of a fresh basidioma and illustrations of the micromorphological fea-
tures.

Keywords: Agaricales, Basidiomycota, ITS rDNA sequences, phylogeny, Plu-
teaceae.

The genus Pluteus Fr. refers to saprobic, lignicolous to rarely
terricolous agaric fungi characterized by free lamellae, sordid pink
to brownish pink spore print, the absence of a ring and volva on the
stipe and mainly by the bilateral inverse lamella trama (Singer
1986). The traditional taxonomy of Pluteus is based on microscopic
features, in particular on the structure of the pileipellis and the pre-
sence and/or absence of both cheilocystidia and pleurocystidia
(Kiihner and Romagnesi 1953, Singer 1956, 1958; Horak 1964, Horak
and Heinemann 1978, Orton 1986, Vellinga 1990, Banerjee and
Sundberg 1993, 1995). According to Minnis et al. (2006), Chamaeota,
a genus morphologically similar to Pluteus but with partial veil, is
probably obsolete because they found C. mamillata (Longyear) Mur-
rill nested in the Pluteus clade using LSU rDNA sequences. Perhaps
the description of the genus Pluteus should be modified to include
the presence of partial veil.
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Approximately 33 taxa of Pluteus are reported from Mexico;
however, based on our field observations, several more taxa are
expected to be found (Rodriguez and Guzmd&n-Davalos 1997, 1999,
2001, 2007). In this study, a re-examination of collections previously
identified as P aurantiorugosus (Trog) Sacc. revealed a distinct
taxon. Thus, the new species, P. horakianus, is proposed. Due to the
orange to scarlet pileus, macromorphologically, these two species of
Pluteus are quite similar; however, P. horakianus is readily separated
from P. aurantiorugosus by its reddish lamellar edges and the red
tinges on the stipe. ITS rDNA-based analyses confirm the status of
P. horakianus as a distinct taxon.

Materials and methods
Morphological study

Micromorphological observations were obtained from hand-
made sections of basidiomata or gill fragments mounted in 3% KOH.
Basidiospores were measured in 3% KOH using a calibrated optical
micrometer in a Zeiss K-7 optical microscope (oil immersion objec-
tive 100x). Measurements are given as follow: (minimum) range
(maximum), mean values (X), Q = length/width ratio [N = number of
samples, n = sample size]. The length of basidia includes the ster-
igmata. The terms for the descriptions follows those of Vellinga
(1998) and occasionally those of Largent (1986). Colour designations
within parentheses are from Kornerup and Wanscher (1989). Illus-
trations were made with the aid of a drawing tube. The acronyms of
herbaria and the citation of the authors follow Holmgren et al. (1990)
and Kirk and Ansell (1992), respectively. The studied collections are
conserved in the following herbaria: IBUG (Institute of Botany,
University of Guadalajara, Zapopan, Mexico) and ZT (Eidgen-
ossische Technissche Hochschule Zurich, Switzerland).

DNA extraction, PCR amplification, sequencing and sequence
assembly

Genomic DNA was isolated from small pieces (ca. 4 mg) of dried
herbarium material (including pileipellis, context and lamellae) by
using the protocol of salt-extraction with 1% PVP (Aljanabi and
Martinez 1997) with several modifications. Pelleted DNA was re-
suspended in 30 pl, 50 pl or 80 pl of EDTA and stored at 4 °C until
used. The genomic sequence of the internal transcribed spacer (ITS)
containing the ITS1, 5.8S and ITS2 regions was amplified by PCR
using the pair primers ITS1F-ITS4 (Vilgalys and Hester 1990). Each
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25 pl PCR reaction volume contained 16.9 pl of sterile double-dis-
tilled water, 2.4 ul of 10X reaction buffer (100 uM Tris, 500 uM KCl),
1.2 pl MgCl, (Applied Biosystems), 1.2 pl of 5 mM dNTPs, 0.1 pl of
Taq DNA polymerase 5U/ul (Applied Biosystems), 0.5 pl of each
10 uM primer, 1.2 ul of BSA (bovine serum albumin; New England
Bio Labs), and 1 pl of DNA template. PCR amplifications were per-
formed in a MJ Research PTC 200 thermocycler. The DNA was
denatured at 95 °C for 3 min. Thirty five cycles of denaturation at
95 °C for 1 min, annealing at 50 °C for 45 s, and extension at 72 °C
for 2 min were followed by 15 cycles of 95 °C for 1 min, 50 °C for 45 s
and 72 °C for 2 min increasing 5 s each cycle with an extension step
of 72 °C for 10 min and final incubation at 4 °C. Amplification pro-
ducts were size-fractionated on 1.5% agarose gels (NuSieve, FMC
Bioproducts). The gels were stained with ethidium bromide and
photographed under UV light. The PCR product was purified with
GFXtm purification kit (Amersham Biosciences) and was subse-
quently sequenced by capillary electrophoresis on an ABI-Prism 310
Genetic Analyzer (Applied Biosystems). Resulting chromatograms
were visually checked, manually corrected when necessary using
Chromas 1.45 (McCarthy 1996-1998) and edited, assembled and
aligned with MacClade 4.0 (Maddison and Maddison 2000) and sub-
sequently increased by eye.

Phylogenetic analyses

Thirteen new Pluteus sequences and one new Volvariella
sequence were generated and deposited in GenBank under the
accession numbers (FJ375241-FJ375254). Among them, two sequen-
ces of P aurantiorugosus originating from Mexico and Spain,
respectively, were included in the evaluation of the new Mexican
taxon. Furthermore, five sequences were obtained from GenBank
(Tab. 1). The trees were rooted with species of Volvariella, Limacella,
Chamaeota and Entoloma. Phylogenetic trees were inferred with
PAUP* 4.0b10 (Altivec) (Swofford 2000). Branch-and-bound sear-
ches were performed using the criterion of maximum parsimony
with furthest addition sequence, branches collapsed if maximum
branch length is zero, only minimal trees were kept, and MulTrees
option in effect. Gaps were treated as missing characters. Starting
trees were obtained via stepwise addition. Relative branch support
was estimated with 1000 bootstrap replications (Felsenstein 1985)
with the same parameters mentioned previously. The parsimony tree
scores, including tree length and consistency, retention, rescaled
consistency and homoplasy indices (CI, RI, RC and HI) excluding
uninformative characters, were calculated.
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Taxonomy

Pluteus horakianus O. Rodr.-Alcantar, sp. nov. (Figs. 1, 3-7, 8-12)
Mycobank MB511993

Pileus 10-25 mm, primo umbonatus vel campanulatus, dein planoconvexus,
rugosus ad discum, translucide striatus marginem versus, ruber, rubroaurantiacus
vel brunneoruber, siccus. Lamellae liberae, primo aurantiacae dein aurantiacoru-
brae, ad aciem persistenter rubrae vel aurantiacorubrae. Stipes 15-40 x 1-3 mm,
cylindricus, aequalis, curvatus, aurantioruber vel aurantiacus, fibrillosus, siccus.
Caro albidula vel pallide lutea. Odor saporque nulli. Basidiosporae 5-7.5 (8) x 4.5—
6 (6.5) um, subglobosae vel late ellipsoideae, leves. Basidia 22-32 x 6.5-9.5 um,
clavata, 4-sporigera, defibulata. Cheilocystidia (25) 30-55 (60) x (8) 10-22 um,
clavata, pigmento impleta. Pleurocystidia 40-80 x 12-23 um, polymorphica,
lageniformia, subfusiformia vel clavata, hyalina. Caulocystidia nulla. Pileipellis e
cellulis vesiculosis vel clavatis hymenodermium formantibus, 20-70 (75) x (9) 12—
30 (40) um, pigmento pallide luteobrunneo impletis. Fibulae nullae. Habitatio ad
lignum putridum in silvis mixtis (Pinus, Quercus). Mexico. Jalisco, San Sebastidn
del Oeste, 1900 m, 24 August 1998, L. Guzmdn-Ddvalos 7271 (holotypus, IBUG).

Pileus 10-25 mm, at first subumbonate, umbonate to campa-
nulate, becoming convex to plano-convex in mature specimens,
rugose at disk but smooth towards incurved, translucently striate
margin; surface velvety, dry, at first dark red (11C8) to dark reddish-
brown (8F7-8, 9F8) becoming orange-red (8A8), reddish-orange
(7BT7), brownish-red (8D8), oxide-red (8E8) to reddish-brown (9E8)
in age. — Lamellae free, crowded, rather broad, ventricose, at first
orange (bA'), brownish-orange (6B7), turning to pinkish, reddish-
orange (7B7) to pale orange (5A3) in age, lamellar edges distinctly
and persistently red, scarlet, red-orange (8A8) to reddish-orange
(7TB7). — Stipe 15-40 x 1-3 mm, central, equal, slightly curved,
glabrous to innately silky-fibrillose, longitudinally striate, fragile,
solid to hollow, upper half at first scarlet (9A8), turning dark orange
(bA8) to orange (6A7, 6B8) in aged specimens, lower half towards
base scarlet (9A8) to orange-red (8A8), with cottony, whitish, basal
mycelium. - Context 1-2 mm thick in pileus, fleshy-fibrous, whit-
ish to yellowish-white (4A2), unchanging upon exposure. - Smell
and taste not distinctive.

Basidiospores 5-7.5 (8) x 4.5-6 (6.5) um, x = 6.5 x 5.3 um,
Q =1.07-1.3 (1.5) [N = 7, n = 24], subglobose to broadly ellipsoid then
ellipsoid, smooth, wall slightly thickened to thin, hyaline. - Basidia
22-32 x 6.5-9.5 um, clavate, 4-spored, hyaline with refringent con-
tent. — Cheilocystidia (25) 30-55 (60) x (8) 10-22 um, clavate,
occasionally utriform, thin-walled, hyaline. - Pleurocystidia 40-
80 x 12-23 pm, polymorphic, ranging in shape from lageniform with
short or elongate neck, utriform, subfusiform or clavate, thin-walled,
hyaline. — Caulocystidia absent. - Pileipellis a hymeniderm
composed of sphaeropedunculate, vesiculose or clavate cells, mea-
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suring 20-70 (75) x (9) 12-30 (40) um, apex rarely subacute or
mucronate, thin-walled, filled with yellowish-brown dissolved cyto-
plasmatic pigment. — Oleiferous hyphae absent. — Lamella
trama bilateral inverse. - Clamp connections absent.

Etymology - Named in honour to Dr. Egon Horak for his
contributions to the genus Pluteus.

Habitat. — Lignicolous, gregarious, on rotten wood or woody
debris among moss, both in disturbed Quercus forest, Pinus-Quercus
forest and subtropical-montane cloud forest, 1300-2240 m.

Figs. 1-2: Pluteus horakianus: 1. Basidiomata (L. Guzman-D4&valos 7271 holotype,
photo. E. Fanti). Pluteus aurantiorugosus 2. Basidiomata (O. Rodriguez 3002,
photo. E. Fanti).
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Materials examined. - MEXICO, COLIMA, Municipality of Minatitldn,
El Terrero, 1940 m, 22 Jun 1995, leg. et det. O. Rodriguez 1090 (IBUG). JALISCO,
Municipality of San Sebastidn del Oeste, road to La Mina, El Real Alto, 2070 m, 29
Aug 1994, leg. et det. O. Rodriguez 1044 (IBUG); Canada de Milpillas, road Mil-
pillas - La Virgencita, 1300-1400 m, 13 Aug 1998, leg. L. Guzméan-D4&valos 7319,
det. O. Rodriguez (IBUG). NAYARIT, Municipality of Tepic, Reserva Ecoldgica del
Cerro de San Juan, La Capilla, 2020-2240 m, 31 Jul 1991, leg. J.L. Villarruel-Ordaz
91, det. O. Rodriguez (FCME); 26 Sep 1991, leg. Gutiérrez-Ruiz 212, det. O.
Rodriguez (FCME); km 6.3 road to El Cuarentefio, from km 4 Tepic-Miramar
highway, 1430 m, 31 Aug 1998, leg. L. Guzmdn-Ddvalos 7488, det. O. Rodriguez
(IBUG).

Holotypus. - JALISCO, Municipality of San Sebastidn del Oeste, approxi-
mately 10 km from San Sebastidn del Oeste to La Bufa, 1900 m, 24 Jul 1998, leg. L.
Guzmadn-Ddvalos 7271, det. O. Rodriguez (IBUG, holotype; ZT, isotype).

Results of phylogenetic analyses

The initial alignment of the 19 ITS sequences consisted of 773
nucleotide positions. Both ends of the sequences and ambiguous
regions were excluded from the analyses, leaving 311 characters. Of
these, 49 were parsimony informative. Equally weighted parsimony
analysis produced five trees with a tree length of 159 steps; CI =
0.572, HI = 0.427, RI = 0.763 and RC = 0.523. The phylogram shown
(Fig. 13) has the same topology as the strict-consensus tree. Pluteus
is monophyletic with a bootstrap support of 83%. Three clades were
found, each representing the taxonomically accepted sections of the
genus. Macromorphologically, P horakianus and P. aurantiorugosus
are species belonging to the same well supported clade that repre-
sents the section Celluloderma Fayod (Singer 1986), but they actu-
ally belong to distinct subclades (Fig. 13).

Discussion

Macromorphologically, Pluteus horakianus is distinguished by
small, fragile and colourful basidiomata with red pileus; red, scarlet,
red-orange to reddish-orange lamellar edges and red tinges on the
stipe. Micromorphologically, it is characterized by mainly lageniform
pleurocystidia and clavate cheilocystidia. However, the shape of
both, the cheilocystidia and pleurocystidia, can vary considerably,
e.g. the collection Guzman-Ddvalos 7488 has slender clavate cheilo-
cystidia, and the coll. Guzmdan-Ddvalos 7271 (holotype), showed
slender subfusiform pleurocystidia (Figs. 8-12).

Morphotaxonomically, the most similar species is P. aurantior-
ugosus (Fig. 2), which is reported from Europe, North America and
Northern Africa (e.g. Lange 1936, Kithner and Romagnesi 1953,
Singer 1956, 1958; Horak, 1964, Homola 1972, Dermek 1987, Vellinga
1990, Citérin and Eyssartier 1998, Consiglio 2000). Pluteus aur-
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Figs. 3-7: Pluteus horakianus, 3: pleurocystidia, 4: basidia, 5: basidiospores,
6: cheilocystidia, 7: pileipellis (Gutiérrez-Ruiz 212, FCME) (5: scale = 20 um, 3-4, 6—
7 =10 pm).
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Figs. 8-12: Pluteus horakianus, 8: pleurocystidia, 9: basidia, 10: basidiospores,
11: cheilocystidia, 12: pileipellis (L. Guzma&an-Ddvalos 7271, holotype IBUG) (10:
scale = 20 pm, 8-9, 11-12 = 10 pm).
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antiorugosus is described to possess scarlet, orange to red-orange
basidiomes, but the lamellar edges are not marginate as in P hor-
akianus and the basidiospores are smaller (5.7-6.7 x 4.3-5 um,
according to Consiglio 2000). Several Mexican collections (O. Rodri-
guez 1090, J.L.Villarruel-Ordaz 91 and Gutiérrez-Ruiz 212) were
previously misidentified as P. aurantiorugosus (Rodriguez and Guz-
man-Ddvalos 2000). Subsequent re-examination of this material
revealed that these collections represented an undescribed species,
which is formally described here as a new taxon. It is also important
to mention that in dried specimens of P horakianus several specific
macromorphological characters (e.g. the yellowish-orange tinges on
the stipe and the reddish-brown pileus) can be readily recognized.

There are other superficially similar species with orange to red-
dish coloration on the stipe. Pluteus aurantiopustulatus E. Horak
has a different type of pileipellis and for this reason it is included in
sect. Hispidoderma Fayod (Horak 1977). Pluteus aurantipes Minnis,
Sundberg & Nelsen, also in sect. Hispidoderma, has a pileipellis
consisting of a trichoderm and lacks pleurocystidia (Minnis et al.
2006). Pluteus flammipes E. Horak, P. laetifrons (Berk. & M.A. Cur-
tis) Sacc. and P. laetus Singer also are reported to have basidiomes
with predominantly orange to reddish colours, but differ micro-
morphologically in the form and size of the cystidia, or as in P. lae-
tus, by having a pileipellis typical for subsect. Mixtini Singer (Singer
1958; Horak 1964).

Moncalvo et al. (2002) have shown that the genus Pluteus is
monophyletic. In the present contribution, the analyses also support
monophyly of Pluteus with 83% of bootstrap support (BS). Addi-
tionally, the three widely accepted sections in the genus form well
supported distinct clades (Fig. 13): Sect. Celluloderma (91% BS),
Sect. Hispidoderma (93% BS), and Sect. Pluteus (96% BS). Micro-
morphologically, the species of the Sect. Celluloderma are char-
acterized by having basidiomata with thin-walled pleurocystidia and
a pileipellis made of a hymeniderm of sphaeropedunculate cells. The
taxa of Sect. Hispidoderma are distinguished by having thin-walled
pleurocystidia and a palisadic pileipellis structure with distinctive
pileocystidia. Finally, the species of Sect. Pluteus are characterized
by having species with conspicuous metuloid pleurocystidia and a
pileipellis composed of filamentous hyphae that form either a cutis
or a trichoderm (Fayod 1889, Lange 1917, 1936; Kihner and
Romagnesi 1953, Singer 1956, 1958, 1986; Horak 1964, Orton 1986,
Vellinga 1990, Banerjee and Sundberg 1995).

Based upon analyses of ITS rDNA data, the new Mexican spe-
cies, Pluteus horakianus, represents a distinctive taxon belonging to
Sect. Celluloderma. Molecular data referring to European and Mex-
ican specimens of P. aurantiorugosus were compared with those of P,
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Fig. 13. One of the three phylograms resulting from a branch-and-bound search, of
10 species (13 samples) of Pluteus, and six outgroups, based on ITS rDNA
sequence data. Tree length = 159 steps, parsimony informative characters = 49, CI
excluding uninformative characters = 0.572, RI = 0.763, RC = 0.523. Bootstrap
values > 50% obtained from a branch-and-bound search with 1000 replicates are
given above each branch.

horakianus. As illustrated in the phylogram the two species belong
to Celluloderma clade, but as two distinctive clusters (Fig. 13).
Within the Celluloderma clade, P. horakianus was in a basal position
(91% BS). Other species included in this clade are P diverticulatus
Corriol and the related P. thomsonii (Berk. & Broome) Dennis (86%
BS). Both taxa belong to Subsect. Mixtini and have the Mixtini-type
pileipellis. Pluteus romellii (Britzelm.) Lapl., characterized by Cel-
lulodermini-type pileipellis belongs to the Subsect. Cellulodermini.
It is interesting to note that the two collections of P aurantiorugosus
are not grouped together. This may indicate that the specimen from
Mexico could represent a different species distinct from the Eur-
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opean specimen. The latter specimen has some morphological differ-
ences such as larger pilleipellis elements while the Mexican speci-
men has smaller elements. It is necessary to study more material to
see if there is a distinct species in Mexico that is separate from P
aurantiorugosus described from Europe.

The Sect. Pluteus clade encompasses P cervinus (Schaeff.) P.
Kumm. and the macroscopically similar P. pellitus (Pers.) P. Kumm.
and P. petasatus (Fr.) Gillet. Representatives of Sect. Hispidoderma
including both P. albostipitatus var. poliobasis Singer and P, nigroli-
neatus Murrill have been analysed, and they are found to belong to
the same clade.

The molecular data presented in Fig. 13 show phylogenetic affi-
nities between Sect. Pluteus and Sect. Hispidoderma (89% BS). Our
results, however, do not correspond to those published by Moncalvo
et al. (2002) where Sect. Celluloderma and Sect. Hispidoderma are in
the same clade. Further research is needed to clarify the phyloge-
netic relationships between the different sections of Pluteus.

In conclusion, the examined collections of the new Mexican Plu-
teus horakianus yield enough morphological and molecular differ-
ences that it can be considered as a distinct taxon. Currently, this
species is known from several localities in Western Mexico (Colima,
Jalisco and Nayarit States) where it is found on rotting wood and
debris in temperate Quercus, Pinus-Quercus and mixed cloud forests.
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