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Abstract — Lentinula raphanica (Basidiomycota, Marasmiaceae) has been found in the
Amazonian region of Brazil for the first time. Sequencing of the LSU region of the
nuclear ribosomal DNA confirms the identity of the species. Macro- and microscopic
descriptions and illustrations are provided, and the American distribution of Lentinula
species is summarized.

Key words — Agaricales, diversity

Introduction

Lentinula Earle had long been considered to be a synonym of the cosmopolitan
genus Lentinus Fr., but it is now accepted as a distinct genus with significant
morphological differences in hyphal structure (Pegler 1983a) and type of wood
rot (Redhead & Ginns 1985). Molecular data also confirm the distinction
between the genera (Molina et al. 1992, Hibbett & Vilgalys 1993).

The genus comprises only seven morphological species with Asian-
Australasian and American distributions. According to Nicholson et al. (1997),
Lentinula edodes (Berk.) Pegler comprises three phylogenetic species with
biological compatibility (Shimomura et al. 1992): L. edodes, L. novae-zelandiae
(G. Stev.) Pegler, and L. lateritia (Berk.) Pegler. However, Fukuda et al. (1994)
and Hibbett et al. (1998) have identified five distinct molecular groups within
the L. edodes complex, each specific to a particular geographic region.

The currently recognized American species are L. boryana (Berk. & Mont.)
Pegler, described from material collected by Blanchet de Laurane in Bahia State,
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Brazil; L. guarapiensis (Speg.) Pegler, known only from the type collection made
by Balansa in Guarapi, Paraguay; and L. raphanica, described from Florida,
U.S.A, and segregated from specimens previously identified as L. boryana or
L. aciculospora ].L. Mata & R.H. Petersen from Costa Rica.

Lentinula boryana and L. raphanica are morphologically very similar. Thon
& Royse (1999) first established the separation of these two phylogenetic
independent lineages within L. boryana after which Hibbett (2001) showed that
the lineages represented two phylogenetic species of Lentinula. One species
(“group VI”) had a Central American distribution, and the other (“group
VII”) had a Coastal-Caribbean-South American distribution. Mata & Petersen
(2001) and Mata et al. (2001) formally described these groups as L. boryana and
L. raphanica, respectively.

In Brazil, L. boryana has been reported previously for Bahia, the type
locality [Berkeley & Cooke 1876, as Agaricus boryanus; Dennis 1951, as
Collybia boryana; Pegler 1983a; Mata & Petersen 2001], Parana State (Meijer
2001), Rio Grande do Sul State (Rick 1907, as C. boryana; Singer 1952a, 1952b,
1953, as Lentinus puiggarii), and Sao Paulo (Grandi et al. 1984, as Lentinus
cubensis; Pegler 1983b, under L. puiggarii; Pegler 1988, 1997). In this paper, we
report the first record of Lentinula raphanica for Amazonas State, supported
by morphological and molecular (nLSU) data. This is the second record for
Brazil; the voucher material mentioned by Thon & Royse (1999, ambiguously
cited as “sp834, Instituto de Botanica Herbarium, Sdo Paulo, Brazil”) was not
found there.

Material and methods

Sampling

The studied material was collected at the Instituto Nacional de Pesquisas da Amazonia
(INPA), Manaus, Amazonas State. The specimens were deposited at the Instituto de
Boténica Herbarium, Sao Paulo, Brazil (SP) and at the Instituto Nacional de Pesquisas
da Amazonia Herbarium, Manaus, Brazil (INPA).

Morphological study

Dried material was analyzed microscopically. Sections of basidiomata were first
rehydrated with 70% ethanol and then with 5% KOH for 5-10 minutes and observed
under a light microscope equipped with a drawing tube.

Molecular study
nLSU rDNA sequences were phylogenetically analyzed to compare the Lentinula
species from Amazonas, Brazil, with sequences deposited in GenBank (TABLE 1).

DNA EXTRACTION —DNA extraction protocols were adapted from Ferreira &
Grattapaglia (1995) using lyophilized mycelium previously ground to a fine powder in
liquid nitrogen. The sample was re-suspended in 50 pL TE, incubated at 37°C for 30 min
after the addition of RNase A (0.01 mg puL"'), and stored at -20°C.
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TaBLE 1. Collection data and GenBank accession number of the taxa analyzed.

SPECIES GENBANK NR. VOUCHER/ STRAIN REFERENCE
Gymnopus biformis AF261336 RV98/32 Moncalvo et al. 2002
G. menehune AY639423 AWWO02-SFSU Wilson & Desjardin 2005
Lentinula boryana AF356151 R.G. Thorn 960624/09 Hibbett 2001
AF356152 R38 Hibbett 2001
L. lateritia AF356160 RHP3577 Hibbett 2001
AF356162 TMI1172 Hibbett 2001
L. raphanica AF356147 DUKE HN2002 Hibbett 2001
GQ865600 SP394008 This study

PCR AMPLIFICATION — The 5" end of the nLSU rDNA was targeted for amplification.
The nLSU region was amplified using the primer set LR16 and LR5 (Moncalvo et al.
2000). PCR reactions containing 2.0 U of Platinum® Taq DNA Polymerase - Brazil
(Invitrogen), 0.2 mM of each dNTP, 1.5 mM of MgCl, and 0.2 uM of each primer in
100 pL were performed in an Eppendorf thermocycler. The program was initiated by
a 5-min denaturation step at 94°C, followed by 40 cycles of 40 sec at 94°C, 30 sec at
55°C and 60 sec at 72°C. Polymerization was completed by a 5-min incubation at 72°C.
Amplification products were electrophoresed in a 1.5% agarose gel containing 0.1 pg
ml™ ethidium bromide. PCR products were then purified using the PureLink PCR
Purification Kit (Invitrogen).

DNA seQUENCING —PCR product was sequenced in both directions using the same
amplification primers and the DYEnamic ET Dye Terminator Kit in a MegaBACE 1000
DNA sequencer (GE Healthcare) according to the manufacturer’s instructions. The
sequence was deposited in GenBank as GQ865600.

Data aNALysis — Initially, a blast search was conducted in GenBank to compare
the sequence obtained from the Amazonas material with existing sequence data.
Subsequently, phylogenetic analysis was performed using the nLSU sequence determined
in this study and five sequences available on GenBank (TABLE 1).

The sequences were analyzed using BioEdit version 7.0.5.3 (Hall 1999) and
automatically aligned in Clustal W (Thompson et al. 1994). Parsimony analysis was
performed using PAUP* version 4.0b10 (Swofford 2001). The most parsimonious tree
was obtained by a heuristic search with 1000 replicates of simple sequence addition,
employing the tree-bisection-reconnection (TBR) branch-swapping algorithm.
Characters from the extreme 5 and 3’ ends of the sequences were deleted from all taxa to
obtain individual datasets that had identical start and end positions. Gaps were treated
as missing data, all characters were unordered and equally weighted, and multistate taxa
were interpreted as uncertainty.

Branch support values were determined using 1000 bootstrap (BS) replicates.
Estimated levels of homoplasy and phylogenetic signal (retention and consistency
indexes) were determined. Trees were rooted using Gymnopus biformis (Peck) Halling
and G. menehune Desjardin et al. as outgroups.
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Results and discussion

Molecular analysis

Eight sequences were aligned — two each from three Lentinula taxa, and
one per outgroup. The alignment consisted of 1426 characters, including gaps.
Prior to analysis, 719 characters were excluded from the 5’ and 3’ ends of the
sequences. Of 707 characters included in the analysis, 654 characters were
constant, 10 variable characters were parsimony uninformative, and 43 were
parsimony informative.

The heuristic search with 1000 BS replicates resulted in a single most
parsimonious tree with the following scores: tree length = 60 steps, consistency
index = 0.933, retention index = 0.934.

The most parsimonious tree generated from the nLSU sequence data
from Lentinula species revealed three clades (F1G. 1) according with species
identification. L. boryana is the sister species of L. raphanica with 75% BS
support. Neighbor joining analysis (data not shown) showed the same topology.
This result and a two-base pair difference between the Amazonas sequence
(GQ865600) and the L. raphanica sequence (AF356147, obtained from the
same material (DUKE HN2002) used for ITS analysis by Mata et al. 2001)
support the Amazonas material as L. raphanica.

Gymnopus biformis AF261336
G. menehune AYB39423

Lentinuta latentia AF356162
99

L. latentia AF356160

100

L. raphanica GQBB5600
93

L. raphanica AF356147
75

L. bonsana AF356152

93

L. boryana AF356151

FIGURE 1. MP tree generated by parsimony analysis of partial LSU rDNA sequences. BS values are
shown above branches. GenBank accession numbers are shown after each taxon name.
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FIGURE 2. Lentinula raphanica (INPA230870, SP394008). Bar = 1 cm.

Taxonomy

Lentinula raphanica (Murrill) J.L. Mata & R.H. Petersen, Mycotaxon
79:228.2001. FiGs. 2,3
= Armillaria raphanica Murrill, Mycologia 35: 423. 1943.
= Lentinula raphanica (Murrill) J.L. Mata & R.H. Petersen,
Mycologia 93: 1107. 2001 (superfluous combination).
= Gymnopus alliaceus Murrill, Mycologia 35: 425. 1943.
PILEUS 3-6 cm diam., convex at first with an involute margin, then applanate
with a depressed center to infundibuliform when fully expanded, glabrous,
some slightly viscous, smooth, hygrophanous, white to dirty white, center
sometimes cinnamon brown to brownish, sometimes with cinnamon brown
patches, fleshy. LAMELLAE free, crowded, white, thin, smooth-edged, with
lamellulae. STIPE 40 x 3 mm, central to slightly eccentric, curved, equal to
tapering at the base, surface with some floccose fibrillose small scales, dirty
white to pinkish, with brownish base, firm. Annulus absent. BASIDIOSPORES not
seen. BASIDIA not seen. BASIDIOLES numerous, mostly ventricose, 13-18 x 4-5
um. PLEUROCYSTIDIA absent. CHEILOCYSTIDIA 21.4-28.5 x 5-7 um, versiform,
contorted, clavate with diverticulate outgrowths, hyaline, thin-walled, clamped
at the base. LAMELLAR TRAMA regular, becoming interwoven towards the edge,
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hyphae 3-14 pm, hyaline, thin to slightly thick-walled, with clamp connections.
CAULOCYSTIDIA 14.2-50 X 2-7 pm, abundant, cylindrical, clavate or flexuous,
apex obtuse or with outgrowths, hyaline. Lignicolous, growing on Bertholletia
excelsa Humb. & Bonpl. (Lecythidaceae, castanha da amazonia).

EXAMINED MATERIAL — BRAZIL. AMAZONAS: Manaus, INSTITUTO NACIONAL DE
PESQUISAS DA AMAZONIA — 04.X11.2007, N.K. Ishikawa s.n. (INPA230870, SP394008;
GENBANK GQ865600); 31.VIIL.2007, T.A. Silva s.n. (INPA230868, SP394011);
21.X1.2007, T.A. Silva s.n. (INPA230869, SP394010).

FIGURE 3. Lentinula raphanica. a. Cheilocystidia. b. Caulocystidia.
(INPA230869, SP394010). Bar = 10 pm.

Except for the lighter pileus colour, the Amazonas specimens fit very well
macroscopically with the description by Mata et al. (2001). Lentinula raphanica
greatly resembles L. boryana, differing mainly in the cheilocystidia shape and
basidiospore dimensions (Mata et al. 2001). According to Mata et al. (2001),
in L. raphanica basidiospores “have a narrower shape, more subcylindrical
than oblong”, measuring 4.8-7.2 x 2.0-3.6 ym, Q = 1.50-3.00, Q_= 2.16,
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while in L. boryana they measure 4.8-8.0 x 2.4-4.0 um, Q = 1.30-2.67,
Q = 191 Unfortunately, the three Amazonas collections examined were
sterile, lacking basidia on the lamellae, and the cheilocystidia were very
difficult to see. Nevertheless, it was possible to confirm the species identity by
matching the caulocystidia shape to those depicted by Mata et al. (2001). In
L. boryana, the caulocystidia are cylindrical to clavate, while in L. raphanica,
they are cylindrical, clavate, or flexuous, with an obtuse apex, and knobbed or
with outgrowths. This difference in shape seems to be a constant and reliable
diagnostic character. A more complete description of this species can be found
in Mata et al. (2001) and Mata & Petersen (2001).
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FIGURE 4. Geographic distribution of the American species of Lentinula.
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The geographic distribution of the American species of Lentinula is shown in
F1G. 4. After Mata & Petersen (2000) and Mata et al. (2001), L. raphanica was
known from Brazil (probably from Sao Paulo State), Costa Rica, Puerto Rico,
Trinidad, United States of America, and Venezuela; L. boryana was known
from Brazil, Costa Rica, Cuba, Guadeloupe, Guyana, Mexico and Panama;
L. aciculospora was known from Costa Rica; and L. guarapiensis was known
from Paraguay. Subsequently, Vasco-Palacios et al. (2005) have reported
L. raphanica from Colombia and Piepenbring (2008) has recorded L. aciculo-
spora in Panama. Except for L. guarapiensis, which should be re-collected at or
near its type locality to establish its biological and phylogenetic identity, the
remaining species are well defined and probably occur throughout Central and
South America. Further explorations will add Lentinula collections and may
improve understanding of its distribution and diversity in the Americas.

Acknowledgments

The authors would like to thank Dr. Marilia Gaspar, Instituto de Boténica, for allowing
us to use her laboratory, Ruby Vargas-Isla for the help in field and laboratory, and
Klei Sousa for inking the illustrations. We also thank Dr. Laura Guzmén-Dévalos,
Universidad de Guadalajara, and Dr. Juan Luis Mata, University of South Alabama, for
the critical review of the manuscript. We also thank Dr. Lorelei L. Norvell for editorial
review. This study was supported by Funda¢io de Amparo a Pesquisa do Estado do
Amazonas (FAPEAM).

Literature cited

Berkeley MJ, Cooke MC. 1876. The fungi of Brazil, including those collected by J.W.H. Trail Esq.,
M.A.,, in 1874. Journal of the Linnean Society, Botany 15: 363-398.

Dennis RWG. 1951. Some tropical American Agaricaceae referred by Berkeley and Montagne to
Marasmius, Collybia or Heliomyces. Kew Bulletin 6: 387-410. d0i:10.2307/4118015

Ferreira ME, Grattapaglia D. 1995. Introdugio ao uso de marcadores moleculares em analises
genéticas. EMBRAPA-CENARGEN, Brasilia, 220 p.

Fukuda M, Nakai-Fukumasa Y, Hibbett D, Matsumoto T, Hayashi Y. 1994. Mitochondrial DNA
restriction fragment length polymorphisms in natural populations of Lentinula edodes.
Mycological Research 98: 169-175. d0i:10.1016/S0953-7562(09)80181-0

Grandi RAP, Guzméan G, Bononi VL. 1984. Adicdes as Agaricales (Basidiomycetes) do Parque
Estadual das Fontes do Ipiranga, Sdo Paulo, SP, Brasil. Rickia 11: 27-33.

Hall TA. 1999. BioEdit: a user-friendly biological sequence alignment editor and analysis program
for Windows 95/98/NT. Nucleic Acid Symposium Series 41: 95-98.

Hibbett DS. 2001. Shiitake mushrooms and molecular clocks: historical biogeography of Lentinula.
Journal of Biogeography 28: 231-241. doi:10.1046/j.1365-2699.2001.00528.x

Hibbett DS, Hansen K, Donoghue MJ. 1998. Phylogeny and biogeography of Lentinula inferred
from an expanded rDNA dataset. Mycological Research 102: 1041-1049. doi:10.1017/
S0953756297005996

Hibbett DS, Vilgalys R. 1993. Phylogenetic relationships of Lentinus (Basidiomycotina)
inferred from molecular and morphological characters. Systematic Botany 18: 409-433.

doi:10.2307/2419417



http://www.ingentaconnect.com/content/external-references?article=0024-4074()15L.363[aid=9405035]
http://www.ingentaconnect.com/content/external-references?article=0953-7562()98L.169[aid=9405033]
http://www.ingentaconnect.com/content/external-references?article=0305-0270()28L.231[aid=9405032]
http://www.ingentaconnect.com/content/external-references?article=0953-7562()102L.1041[aid=9405031]
http://www.ingentaconnect.com/content/external-references?article=0363-6445()18L.409[aid=761093]
http://dx.doi.org/10.2307/4118015
http://dx.doi.org/10.1016/S0953-7562(09)80181-0
http://dx.doi.org/10.1046/j.1365-2699.2001.00528.x
http://dx.doi.org/10.1017/S0953756297005996
http://dx.doi.org/10.1017/S0953756297005996
http://dx.doi.org/10.2307/2419417

Lentinula raphanica in Brazil ... 363

Mata JL, Petersen RH. 2000. A new species of Lentinula (Agaricales) from Central America.
Mycoscience 41: 351-355. doi:10.1007/BF02463948

Mata JL, Petersen RH. 2001. Type specimens studies in new world Lentinula. Mycotaxon 79:
217-229.

Mata JL, Petersen RH, Hughes KW. 2001. The genus Lentinula in the Americas. Mycologia 93:
1102-1112. doi:10.2307/3761671 -

Meijer AAR. 2001. Mycological work in the Brazilian state of Parana. Nova Hedwigia 72:
105-159.

Molina FI, Shen P, Jong S-C, Orikono K. 1992. Molecular evidence supports the separation of
Lentinula edodes from Lentinus and related genera. Canadian Journal of Botany 70: 2446-2452.
doi:10.1139/b92-302

Moncalvo JM, Lutzoni FM, Rehner AS, Johnson J, Vilgalys R. 2000. Phylogenetic relationships of
agaric fungi based on nuclear large subunit ribosomal DNA sequences. Systematic Biology 49:
278-305. doi:10.1080/10635159950173852

Moncalvo JM, Vilgalys R, Redhead SA, Johnson JE, James TY, Aime MC, Hofstetter V, Verduin
SJW, Larsson E, Baroni TJ, Thorn RG, Jacobsson S, Clémengon H, Miller Jr. OK. 2002. One
hundred and seventeen clades of euagarics. Molecular Phylogenetics and Evolution 23:
357-400. doi:10.1016/S1055-7903(02)00027-1

Nicholson MS, Bunyard BA, Royse DJ. 1997. Phylogeny of the genus Lentinula based on
ribosomal DNA restriction fragment length polymorphism analysis. Mycologia 89: 400-407.
doi:10.2307/3761034

Pegler DN. 1983a. The genus Lentinula (Tricholomataceae tribe Collybieae). Sydowia 36: 227-239.

Pegler DN. 1983b. The genus Lentinus: a world monograph. Kew Bulletin Additional Series 10,
281 p.

Pegler DN. 1988. Agaricales of Brazil described by M.J. Berkeley. Kew Bulletin 43: 453-473.
doi:10.2307/4118978

Pegler DN. 1997. The Agarics of Sao Paulo, Brazil. Royal Botanic Gardens, Kew, 68 p.

Piepenbring M. 2008. Reportes nuevos de Agaricales para Panama. Acta Bioldgica Panamensis 1:
22-38.

Redhead SA, Ginns JH. 1985. A reappraisal of agaric genera associated with brown rots of wood.
Transactions of the Mycological Society of Japan 26: 349-381.

Rick J. 1907. Contributio ad monographiam Agaricearum et Polyporacearum brasiliensium.
Broteria 6: 65-92.

Shimomura N, Hasebe K, Nakai-Fukumasa Y, Komatsu M. 1992. Intercompatibility between
geographically distant strains of shiitake. Reports of the Tottori Mycological Institute 30: 26—
29.

Singer R. 1952a. Prodromo de la flora Agaricina Argentina. Lilloa 25: 5-461.

Singer R. 1952b. Type studies on Agarics III. Lilloa 25: 463-514.

Singer R. 1953. Type studies on Basidiomycetes VI. Lilloa 26: 57-159.

Swofford D. 2001. PAUP* Phylogenetic analysis using parsimony (*and other methods), version 4
0b10. Sinauer Associates, Sunderland.

Thompson JD, Higgins DG, Gibson TJ. 1994. Clustal W: improving the sensitivity of progressive
multiple sequence alignment through sequence weighting, position-specific gap penalties and
weight matrix choice. Nucleic Acids Research 22: 4673-4680. doi:10.1093/nar/22.22.4673

Thon MR, Royse DJ. 1999. Evidence for two independent lineages of shiitake of the Americas
(Lentinula boryana) based on rDNA and beta-tubulin gene sequences. Molecular Phylogenetics
and Evolution 13: 520-524. doi:10.1006/mpev.1999.0677



http://www.ingentaconnect.com/content/external-references?article=1055-7903()13L.520[aid=9405036]
http://www.ingentaconnect.com/content/external-references?article=1055-7903()13L.520[aid=9405036]
http://www.ingentaconnect.com/content/external-references?article=1340-3540()41L.351[aid=9405045]
http://www.ingentaconnect.com/content/external-references?article=0027-5514()93L.1102[aid=9405043]
http://www.ingentaconnect.com/content/external-references?article=0027-5514()93L.1102[aid=9405043]
http://www.ingentaconnect.com/content/external-references?article=0008-4026()70L.2446[aid=9405042]
http://www.ingentaconnect.com/content/external-references?article=1063-5157()49L.278[aid=3027781]
http://www.ingentaconnect.com/content/external-references?article=1063-5157()49L.278[aid=3027781]
http://www.ingentaconnect.com/content/external-references?article=1055-7903()23L.357[aid=7250298]
http://www.ingentaconnect.com/content/external-references?article=1055-7903()23L.357[aid=7250298]
http://www.ingentaconnect.com/content/external-references?article=0027-5514()89L.400[aid=9405041]
http://www.ingentaconnect.com/content/external-references?article=0305-1048()22L.4673[aid=112576]
http://dx.doi.org/10.1007/BF02463948
http://dx.doi.org/10.2307/3761671
http://dx.doi.org/10.1139/b92-302
http://dx.doi.org/10.1080/10635159950173852
http://dx.doi.org/10.1016/S1055-7903(02)00027-1
http://dx.doi.org/10.2307/3761034
http://dx.doi.org/10.2307/4118978
http://dx.doi.org/10.1093/nar/22.22.4673
http://dx.doi.org/10.1006/mpev.1999.0677

364 ... Capelari, Asai & Ishikawa

Vasco-Palacios A, Franco-Molano AE, Lopez-Quintero CA, Boekhout T. 2005. Macromicetes
(Ascomycota, Basidiomycota) de la region del Medio Caquetd, departamentos de Caqueta y
Amazonas (Colombia). Biota Colombiana 6: 127-140.

Wilson AW, Desjardin DE. 2005. Phylogenetic relationships in the gymnopoid and marasmioid fungi
(Basidiomycota, euagarics clade). Mycologia 97: 667-679. doi:10.3852/mycologia.97.3.667



http://www.ingentaconnect.com/content/external-references?article=0027-5514()97L.667[aid=9404691]
http://dx.doi.org/10.3852/mycologia.97.3.667

