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Abstract: A new species of Genea Vittad. from Greek forests of Abies cephalonica is proposed based on mor-
phological and genetic studies. Macroscopic images of fresh specimens, as well as observations made under
optical microscopes, drawings, a 28S rDNA phylogenetic tree and a small key are provided.
Keywords: Abies cephalonica, Europe, hypogeous fungi, phylogeny, Pyronemataceae, taxonomy.

Περίληψη: Ένα νέο είδος της Genea Vittad. από την Ελλάδα προτείνεται με βάση τις μορφολογικές και γενε-
τικές μελέτες. Μακροσκοπικές εικόνες των φρέσκων δειγμάτων, καθώς και παρατηρήσεις που έγιναν κάτω
από οπτικά μικροσκόπια, σχέδια, ένα 28S rDNA φυλογενετικό δέντρο και ένα μικρό κλειδί παρέχονται.
Λέξεις κλειδιά: Abies cephalonica, Υπόγειοι μύκητες, Ευρώπη, φυλογένεση, ταξινόμηση, Pyronemataceae.

Introduction

Abies cephalonica Loudon, the Greek fir, is an endemic plant of
Greece. It received its name from the island of Kefallonia, in the Io-
nian Sea, where it grows native. Many fungal species associated with
this putative ectomycorrhizal host have been recorded, and some
of them were new taxa (DIAMANDIS & MINTER, 1981; DIAMANDIS & PERLE-
ROU, 1983; DIMOU et al., 2008; PANTIDOU, 1980). We recently described
a new hypogeous species found under A. cephalonica, Barssia helle-
nica Kaounas, Agnello, P. Alvarado & Slavova (KAOUNAS et al., 2015).
Therefore, the occurrence of Genea sp. samples under this tree re-
presented an interesting finding because of the endemic character
of the host plant, and also because the only other known species of
Genea located under firs was the rare G. vagans Mattir. The morpho-
logical and phylogenetic analysis of the collections revealed that
they are not related with G. vagans but represent a new taxon which
is described here.

Materials and methods

Morphological study. — The macroscopic study was conducted
on fresh and dried specimens. Micromorphological observations
were performed under two different trinocular microscopes with
plan achromatic lenses (4×, 10×, 40× and 100× oil immersion). Mi-
cromorphological features were studied and measured in water
mounts. The inamyloid reaction of asci was checked with Melzer’s
reagent. Cotton blue was used to highlight spore ornamentations,

and Congo red was employed to stain cell walls of different ele-
ments. Finally the dimensions of the ascospores were obtained by
measuring at least 50 randomly selected ascospores.

Phylogenetic analysis. — Total DNA was extracted from dry speci-
mens and polymerase chain reaction (PCR) was performed follo-
wing the procedures described in ALVARADO et al. (2016). PCR
amplification was primed with ITS1F and ITS4 (WHITE et al., 1990;
GARDES & BRUNS, 1993) for ITS, and LR0R and LR5 (VILGALYS & HESTER,
1990) for the 28S region of nuclear ribosomal DNA. PCR reactions
were performed under a program consisting of a hot start at 95°C
for 5 min, followed by 35 cycles at 94°C, 54°C, and 72°C (45, 30, and
45 s, respectively), and a final extension at 72°C for 10 min. PCR pro-
ducts were checked on 1% agarose gels, and positive reactions were
sequenced with the same PCR primers. Chromatograms were
checked and the low-quality ends trimmed. No internal ambiguities
were found.

28S rDNA sequences were first aligned in MEGA 5.0 (TAMURA et al.,
2011) software with its Clustal W application and then corrected ma-
nually. The aligned loci were loaded in PAUP* 4.0b10 (SWOFFORD,
2001) and subjected to MrModeltest 2.3 (NYLANDER, 2004). Model
GTR+Γ was selected. This model was implemented in MrBayes 3.1
(RONQUIST & HUELSENBECK, 2003), where a Bayesian analysis (BPP) was
performed (two simultaneous runs, six chains, temperature set to
0.2, sampling every 100th generation) until convergence parameters
were met after about 430,000 generations, with the standard devia-
tion having fallen below 0.01. The first 25% of trees were discarded
as burn-in. A full search for the best-scoring maximum likelihood

Plate 1 – Genea cephalonicae. Collection VK4140 (left) and MCVE 29055 (right).
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Plate 2 – Genea cephalonicae. Coll. MCVE 29055. A: Section in water; B: Peridium in water; C-D: Peridium in Congo red; E: Ascospores in
water; F: Ascospores in Congo red; G-I: Ascospores in cotton blue; L: Paraphyses in Congo red. Scale bars: A = 100 μm; B-L = 10 μm.
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tree (ML) was performed in RAxML (STAMATAKIS, 2006) using the stan-
dard search algorithm (data partitioned, 2000 bootstrap replica-
tions). The significance threshold was set above 0.95 for posterior
probability (PP) and 70% bootstrap proportions (BP).

Taxonomy

Genea cephalonicae Kaounas, Agnello & P. Alvarado, sp. nov. –
MycoBank MB 816351.

Diagnosis: Differs from the other Genea spp. because of its habi-
tat under Abies cephalonica, its particular spore ornamentation, and
phylogenetic results.

Typification: Holotype here selected MCVE 29055.

Etymology: “cephalonicae” refers to Abies cephalonica (Greek fir),
the dominant tree species where the fungus was discovered.

Ascomata hypogeous, subglobose to elongated, or more or less
lobed, measuring 1.5–2 × 1–1.5 cm; external surface black, covered
with irregular, minute, densely packed pointed or pyramidal warts
and presenting a brown mycelial tuft of hyphae at the base. Gleba
with sinuous, labyrinth-like folds. Smell and taste not distinct. Pe-
ridium pseudoparenchymatic, measuring 105–235 μm, composed
of dark brown angular external cells 20–30 × 25–40 μm with thick
dark walls (2.5–5.0 μm), and an internal layer with subglobose, light
brown or yellowish thin-walled cells measuring 20–30 μm in diame-
ter. Asci cylindrical, 180–270 × 20–36 μm, containing eight unise-

riate spores, inamyloid. Paraphyses hyaline, septate, measuring 3–
5 μm in diameter, forming an epithecium. Ascospores hyaline,
broadly elliptical, measuring (24–)28.5–30(–35) × (15.5–)20–
21.5(–26) μm, Q = (1.2–)1.4(–1.6), containing usually two large oil
droplets, sometimes just one large and central droplet; spores are
ornamented by large warts with rounded tips, 3–5(–6) μm high, ra-
rely digitate, but also sometimes truncated.

Habitat: hypogeous, in small groups under Abies cephalonica, in
mountainous area (1040 m asl).

Studied collections: GREECE: Mola, mountain of Parnitha, near to
Athens, Attica, under Abies cephalonica, leg. V. Kaounas, 14.V.2015,
VK4140, Genbank 28S rDNA KU933928, ITS KU933927. Ibidem,
04.VI.2015, VK4159, MCVE 29055 (holotype), Genbank 28S rDNA
KU933930, ITS KU933929.

Discussion

The only other Genea species sharing a putatively similar habitat
is G. vagans, found under “Abietibus et Fagibus” (MATTIROLO, 1900).
Genea vagans is however quite different from the species presented
here because of its size, reported by Mattirolo to be smaller than a
pea, and spores ornamented with conical warts. CERUTI (1960) exa-
mined authentic material from Mattirolo’s herbarium, confirming
the original description and providing a summary table that we re-
produce here (Pl. 3). MATTIROLO (op. cit.) reported that G. vagans was
found in November in Vallombrosa Forest (Tuscany, Italy) “sub Abie-
tibus et Fagibus” but also cited collections found by Bresadola in

Plate 3 – G. cephalonicae. Micro-characters from coll. MCVE 29055. A: Ascospores. B: Section. Drawing: C. Agnello.
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A practical morpho-ecological key to the known European species of Geneawith a dense gleba
formed by sinuous-labyrinth-like folds that give it a brain-like appearance

Globose, not lobed ascocarp species ............................................................................................................................................................. 1

Subglobose to elongated, irregularly lobed ascocarp ............................................................................................................................. 2

1a. Spores ornamented by flat and large warts, unusual within the genus, similar to plaques, <1 μm high, growing
under a variety of host plants ........................................................................................................................................... G. lespiaultii

1b. Spores ornamented by warts with hemispherical apex, 1–2.5 μm high, growing under Carpinus, Corylus, Fagus
and Tilia ..................................................................................................................................................................................... G. sphaerica

2a. Often irregularly lobed, growing under Quercus ilex, spores ornamented with spiny warts, more rarely conical
with roundish top, 1–2.5 μm high...................................................................................................................................... G. lobulata

2b. Subglobose or moderately lobed, growing under Q. ilex and Q. pyrenaica, spores ornamented by truncated warts,
rarely pointed, occasionally with small digitations at the top measuring 1.5–2.5 (–4) μm high ... G. pseudobalselyi

2c. Subglobose or irregularly lobed, growing under Abies cephalonica, spores ornamented by rounded but also trun-
cated and rarely digitate warts, 3–5 (–6) μm high.............................................................................................. G. cephalonicae

2d. Subglobose or lobed, growing under a variety of host plants, including Q. pyrenaica, Q. cerris, and Quercus sp.,
spores ornamented by conical warts, often digitate at the top, 2.5 μm high ............................................... G. compressa

Trentino (Italy) under chestnut, and Bucholz, near Moscow under
Populus sp., Betula sp., Picea vulgaris. Recently, Mattirolo’s collections
of G. vagans deposited in the University of Turin, were compared
with newly collected specimens (ALVARADO et al., 2016). These were
collected under Quercus ilex, Q. pyrenaica, Fagus sylvatica, Alnus sp.,
Corylus sp. or Carpinus sp. and matched the original reports on spore
size and ornamentation.

Some other species of Genea resemble macroscopically G. cepha-
lonicae because of their large whitish trama plates with sinuous-la-
byrinth-like folds that give it a brain-like appearance. These are: 

• G. sphaerica Tul. & C. Tul., an ancient species with a small and glo-
bose ascocarp, known to grow under Carpinus, Corylus, Fagus and
Tilia, has ascospores 28–31×21–24 μm excluding ornamentation,
ornamented with hemispherical warts 1–2.5 μm high × 1–5 μm
diam.

• G. lobulata (Mor.-Arr., J. Gomez & Calonge) P. Alvarado & Mor.-
Arr., previously considered as a “forma” of G. sphaerica was recently
raised to the status of an independent species (ALVARADO et al., 2014).
It can be found under Quercus ilex in Spain, Greece and Cyprus, and
has ascospores 24–30 × 20–26 μm, ornamented with spiny warts,
more rarely conical with roundish top, measuring 1–2.5 μm high.

• G. lespiaultii Corda seems only macroscopically similar but has
ascospores ornamented with irregular flat warts, a rare feature not
found in any other species of the genus Genea.

• G. pseudobalsleyi Agnello, Bratek & J. Cabero, growing under
Q. ilex and Q. pyrenaica in Hungary, Italy and Spain, has smaller
ascospores than G. cephalonica, 21.7–30.2 × 17.7–26.3 μm, also with
a different “Q” and different ornamentations, 1–2.5 (–4) μm high. Fur-
thermore, this species has a pleasant odor very similar to that of
Tuber aestivum Vittad.

• G. compressa Z. Merenyi, J. Cabero & G. Moreno, found under
Q. pyrenaica, Q. cerris, and Quercus sp. (also in mixed habitat with
Carpinus betulus or Cedrus atlantica), in Hungary, Morocco and

Spain, has spores 23.5–30.5 × 18–25.5 μm, ornamented by conical
warts, often digitate at the top, 2.3–5.3 μm high.

• G. fageticola Konstant., J. Cabero & F. Garcia, a recently new spe-
cies found in Greece growing under Fagus sylvatica (ALVARADO et al.,
2014), has ascospores with ornamentations somewhat similar to
those of G. cephalonicae, but is morphologically very different ha-
ving a single inner chamber without wall projections.
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Plate 5 – A view of the forest with Abies cephalonica

Plate 4 – Genea vagans. Mattir., tab. XV, fig. 2, in CERUTI, 1960.
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Plate 6 – Consensus phylogram obtained in MrBayes from a combined alignment of 28S rDNA and TEF1-α loci of genus Genea. Values next
to nodes represent Bayesian PP and maximum likelihood BP. Only nodes supported by >0.95 Bayesian PP or >70% BP are annotated.
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