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The rare tropical Gasteromycetes Lycogalopsis solmsii has been found twice at thirty years
interval in the Singapore Botanic Gardens. From the most recent find a culture could be isolated,
which allowed DNA extraction and sequencing of about 2000 bp from the nuclear ribosomal
DNA. Comparison to a large sample of Basidiomycetes was only possible for a part of the large
ribosomal subunit, but clearly indicated affiliation to the gomphoid-phalloid group, without any
relationship to Lycoperdales or Agaricales, as stated in the Dictionary of the Fungi.
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INTRODUCTION

Lycogalopsis solmsii was described by E. Fischer in 1886 as a new genus and species.
Despite the detailed description and illustrations, typical of this great student of
Gasteromycetes, the systematic position of this rare tropical fungus has remained
unresolved until now.

In 1886 Fischer insisted on the very peculiar development of the fruitbody, start-
ing from a stroma. He compared the fungus to Lycoperdaceae, Hymenogastraceae
and Scleroderma, without proposing to place it in a family. In his great synthesis of
1933 for the Natiirlichen Pflanzenfamilien he suggested possible placement in the
Sclerodermataceae on account of the lacunose development of the gleba and simple
peridium, but considered this still uncertain.

Patouillard, describing a second species, L. dussii from the Martinique (1902,
the species is usually synonymised to L. solmsii) claimed the genus was close to
Lycoperdon, a surprising opinion. This was however followed by Martin (1939) who
formally placed the genus in Lycoperdaceae and gave one of the few descriptions of
Lycogalopsis after the original one.
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Ainsworth and Bisby’s Dictionary of the Fungi fluctuated in its classifica-
tion: Sclerodermatales in the fourth (1954) edition and Lycoperdales in the sixth
(Ainsworth, James and Hawksworth 1971). When one of us (V. D.) took up the
redaction of the Gasteromycetes entries for the seventh edition (Hawksworth, Sut-
ton and Ainsworth 1983), he kept this affiliation but added a question mark. For
the eighth edition (Hawksworth et al. 1995) he intended to state “Gasteromycetes
incertae sedis (Lycoperdales?)”, but for undetermined reasons the printed text was
“Lycoperdaceae”. The ninth edition (Kirk et al. 2001) was prepared by a new team
of which D. L. Hawksworth and V. Demoulin were not members. It retained the
affiliation to Lycoperdaceae. In the present (tenth, Kirk et al. 2008) edition this is
changed to Agaricaceae through the adoption of a pure cladistic classification which
includes Lycoperdaceae in Agaricaceae.

V. Demoulin first collected Lycogalopsis solmsii in the Singapore Botanic Gar-
dens the 9™ Dec. 1979 and since then has been convinced this was neither a Lycoper-
dales nor Sclerodermatales. He has worked in the Singapore Garden at multiple oc-
casions since the days of the first collection and always tried without success to find
Lycogalopsis again. Only after thirty years did he found it again during the same very
wet period of the end of the year. Collections were made on 21 Nov. and 11" Dec.
2009 and a culture could be grown. This allowed sequencing of about 2000 bp of
the nuclear ribosomal region in order to clarify the systematic affinity of the fungus.

MATERIAL AND METHODS

The following collections of Lycogalopsis solmsii are deposited in the herbarium of
the University of Liege (LG, herbarium abbreviation are according to Holmgren,
Holmgren and Barnett 1990):

Singapore, Botanic Gardens, on rotten woody debris near the exit of the Garden
Jungle on Cluny road, 9.12.1979, V. Demoulin 5501, 5502, with slides 79-80/1/19, 20
(Fig. 1).

Singapore, Botanic Gardens, on wooden chips used as mulch around a young
tree, near the Herbarium building, 21.11.2009, V. Demoulin 8078, slide 08-09/4/41,
numerical pictures 259, 260; ibid. (same mycelium), V. Demoulin 8117, 11.12.20009,
culture n°911 (Fig. 2).

Those collections are duplicated in the herbarium of the Singapore Botanic Gar-
dens (SING) and 5502 also in G and TUB.

Two collections from Gabon received from G. Gilles: Forét de la Mondah N of
Libreville, 29.5 and 26.6.1977.

A collection from Congo (Irangi, on dead rotten wood in primary rain forest,
5.1972, J. Rammeloo Z454 is deposited in the herbarium of the University of Gent
(GENT) and was studied and published by V. Demoulin and D. M. Dring (1975).

The culture was isolated by placing a piece of the gleba of a young fruitbody on
2% malt agar. It was maintained on the same medium which suits the fungus well.

DNA extraction from culture 911 was according to Smith, Blanchette & New-
combe (2004) that is on frozen then thawed material with the Qiagen Plant DNeasy
Minikit (Qiagen, Valencia, CA).
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Fig. 1. Lycogalopsis solmsii, collection V. Demoulin 5502 in the Singapore Botanic Gardens,
9 Dec. 1979.

Fig. 2. Lycogalopsis solmsii, collection V. Demoulin 8078 in the Singapore Botanic Gardens,
21 Nov. 2009.

PCR amplification used three pairs of primers, 5.85/LR21, LROR/LR7 and
BMB-CR/LR1 following Vilgalys and Hester (1990) and Moncalvo, Wang & Hseu
(1995) for LROR and BMB-CR. This allows the amplification of about 2000 bp
from the end of the nuclear small ribosomal RNA subunit DNA to about the middle
of the DNA of the large subunit (nucLSU).

Sequencing was performed by the company MacroGen Inc. (Seoul, South Korea).

The sequence is deposited in GenBank under the accession KF017599.

For phylogenetic analysis, a 675-bp nucLSU fragment of Lycogalopsis solmsii was
first aligned to a selection of homologous sequences taken from the SILVA database
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(Quast et al. 2013). The initial alignment was then iteratively enriched with Gen-
Bank sequences (Benson et al. 2013) selected from Giachini et al. (2010) and Ho-
saka et al. (2007) using a BLAST-based tool (BABA), which is part of the MUST
software package (Philippe 1993). Additional sequences were subsequently identi-
fied in GenBank through a series of targeted BLAST searches (Altschul et al. 1997)
limited to the Agaricomycetes (sensu NCBI Taxonomy; Federhen 2011). These were
added to the alignment with BABA when they improved the sample diversity, as
estimated from preliminary neighbour-joining trees computed with the MUST edi-
tor on the basis of MAFFT alignments (Katoh et al. 2005). The final alignment was
manually refined using the MUST editor.

Of this master alignment, the positions due to insertions in less than 10% of
the sequences were discarded using tools in Bio-MUST-Core (D. B., unpublished).
Gblocks (Castresana 2000) was then used with loose parameters to further filter the
least reliably aligned positions. Finally, the sequences having more than 50% miss-
ing characters were discarded, which yielded a dataset of 606 unambiguously aligned
positions for 213 sequences.

The maximum likelihood tree was computed with PhyML (Guindon et al. 2010)
using a GTR+T', model (Lanave et al. 1984; Yang 1993). The starting tree for the
heuristic search was computed by parsimony and the search included both NNI
(nearest-neighbour interchange) and SPR (subtree pruning and regrafting) topo-
logical moves. The bootstrap support (Felsenstein 1985) was estimated through the
analysis of 100 pseudo-replicates, while the analysis of slightly different data sets (in
terms of retained positions and/or species; data not shown) also indicated that the
position of some taxa was unstable. The final tree was automatically annotated using
Bio-MUST-Core and further arranged in FigTree (http://tree.bio.ed.ac.uk/software/
figtree/).

RESULTS AND DISCUSSION

It is unfortunate few Basidiomycetes sequences of the same length as ours exist in
GenBank. It is only for the part (about 600 bp at the beginning) of the nucLSU
rRNA gene amplified by the primers LROR-LR3 that an important sample of taxa
exists. We thus had to limit our comparisons to 606 unambiguously aligned positions
present in a large sample of taxa. This comparison clearly pointed to a position in the
gomphoid-phalloid clade and our best tree (Figs 3 and 4) places Lycogalopsis closer
to Phallales and Hysterangiales than to Geastrales and Gomphales ss. Hosaka et al.
(2007). The branch is however long, and there is no bootstrap support for its posi-
tion. Indeed some modifications in the sampling of either characters or taxa might
affect this position. We thus consider one has to wait for either sequences of more
genes from Lycogalopsis, making it fully comparable to the taxa studied by Hosaka
et al. (2007), or that more long ribosomal sequences, as we used, will be determined,
before deciding on the ordinal assignation. One may note that our relative order of
divergence of the four orders is not entirely similar to that of Hosaka et al. (2007)
but neither is this entirely similar to that of Giachini et al. (2010) pointing out again
the need for a larger sampling in taxa and genes.
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The possible affiliation of Lycogalopsis to the gomphoid-phalloid clade had been
suggested by K. Hosaka in his 2005 thesis. No discussion of this correct intuition was
however provided.

One may note some morphological features of Lycogalopsis are frequent in gas-
teroid members of the gomphoid-phalloid group. The elongated basidia with more
than four apical spores are such a feature. Figure 1 of Martin (1939) is especially
reminiscent of Geastrum basidia. In that genus one may also encounter a subiculum
for exemple in G. schweinitzii (Berk. et Curt.) Zeller. In Lycogalopsis, this subiculum
is best developed on firm wood and can be less evident on debris. The general ap-
pearance and the ecology are reminiscent of Phallobata alba Cunn. One can com-
pare Figure 9 in Castellano and Beaver (1994) with our Figures 1 and 2, which are
the first photographs of Lycogalopsis solmsii to be published. The greenish gelati-
nous gleba and smooth elongated spores are however quite different and more in
line with usual Phallales and Hysterangiales.

One consequence of this study is that the present entry in the Dictionary of the
Fungi (2008) is clearly misleading. The attribution to Agaricaceae (see in Fig. 3 the
position of Agaricus and related Gasteromycetes like Lycoperdon) is one more exam-
ple of problems caused by cladistic classification. Instead of placing organisms in a
morphologically well-defined group, one uses a phylogenetic hypothesis that can be
completely wrong. Further “widespread” is clearly inadequate.

If V. Demoulin had to prepare again an entry for a Dictionary it would specify:
“Gomphoid-phalloid group. Order presently unresolved. 1, limited to the wet tropics.”
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