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A new genus, and new fungal species of the Scutellosporaceae (Gigasporales), named
Bulbospora minima, was found in the National Park Vale do Catimbau, located within the
semi-arid ‘dry white savanna forest’ biome, called ‘Caatinga’, in Northeastern Brazil. The
fungus resembles Orbispora pernambucana since it forms triple walled spores on sporog-
enous cells (= bulbi, suspensors), and a mono-lobed, hyaline to rarely light yellow germina-
tion orb on the inner, germination wall. However, the small spores and the size of the spo-
rogenous cells (62-95 x 58-87 and 18-26 x 13-22 pm, respectively) render this fungus unique
within the Gigasporales, since no other species of this order differentiates consistently
spores < 100 pm and sporogenic cells < 25 pm in diameter. Phylogenetically, the new fungus
forms an ancestral gigasporalean clade next to the Orbispora and Scutellospora, which
supports the placement of the fungus into the new genus Bulbospora, and into the Scutel-
losporaceae. It is the tenth Gigasporales species described during the last decade from NE
Brazil, suggesting that this tropical region is a ‘hot-spot’ of gigasporalean biodiversity.

Keywords: Arbuscular mycorrhizal fungus, Glomeromycota, Gigasporales, Scutello-
sporaceae, gen. nov., sp. nov.

The order Gigasporales (Oehl et al. 2011 ¢, Silva et al. 2012) has the larg-
est spore sizes hitherto observed in the fungi kingdom (e.g. Blaszkowski
2012). Especially Gigasporaceae, Dentiscutataceae, and Racocetraceae com-
prise several species with 350-750(1050) pm spore diameters, e.g. Gigaspora
gigantea, Dentiscutata nigra, D. reticulata, Racocetra coralloidea (Nicolson
& Gerdemann 1968, Nicolson & Schenck 1979, Souza et al. 2005, Oehl et al.
2008). Also in the Scutellosporaceae, spores are rather big, (105)150-520 pm,
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when compared to most other glomeromycotan species belonging to other
orders (Oehl et al. 2008, Pontes et al. 2013). In Glomerales, Diversisporales,
Archaeosporales and Paraglomerales, spore sizes are, with some genus-, and
also species-specific variability, often between (20)45-180(380) yum (Oehl et
al. 2011 a, Blaszkowski 2012, Mello et al. 2013). Of these latter orders, only
Funneliformis, Acaulospora and Ambispora species have a few species with
similar spore sizes of 180-380(520) ym as Gigasporales (e.g. F. caledonius,
Acaulospora laevis, A. foveata, Ambispora appendicula; Gerdemann &
Trappe 1974, Janos & Trappe 1982, Schenck et al. 1984, Spain et al. 2006). In
the Gigasporales, however, species with spore sizes < 100 pm have never been
reported.

Gigasporales species form their spores on sporogenous cells that arise
from sporogenous hyphae (Morton & Benny 1990). These cells, (25)31-
80(140 pm) in diameter, have sizes known for spores of many Glomeraceae
(Schenck & Pérez 1990), Archaeosporaceae or the majority of Acaulospora-
ceae species (Blaszkowski 2012). So far, sporogenous cell sizes of regularly
less than 25 pm in diameter have never been reported.

In the frame of diversity studies on arbuscular mycorrhizal (AM) fungi
in the National Park do Catimbau of the Caatinga biome of Northeast (NE)
Brazil, a unique gigasporalean species was detected that regularly forms
spores < 100 ym diameter, and sporogenous cells that are regularly < 25 pm
in diameter. This fungus differentiates triple walled spores on sporogenous
cells, and hyaline to subhyaline (to rarely slightly yellow), mono-lobed ger-
mination orbs, suggesting that this fungus belongs to the Scutellosporaceae.
The aim of the present study was to thoroughly analyze and present this
fungus using concomitant spore morphological, molecular and phylogenetic
analyses. It is hereafter described within a new genus under the epithet Bul-
bospora minima due to its spore wall characteristics, the diagnostic small
spore and sporogenous cell sizes, and due to its unique phylogeny.

Materials and methods
Study site

Soils were sampled in the semi-arid Caatinga biome at two sites in the
National Park of ‘Catimbau’ (Municipality of Buique), Pernambuco State.
The samples were taken in May and September 2012, and in March 2013
from the rhizosphere (0-20 cm depth) of two different vegetation types: a
sandy Caatinga with a thorny scrub vegetation in sandy sediment (Lemos &
Rodal 2001, Andrade et al. 2004) and in a rocky outcrop, with depressions
containing soil islands between the rocks, with plant communities associat-
ed with and bounded by rocky surface (Conceicao et al. 2007, Melo 2012). The
Park covers 62’296 ha, and the collection sites are located at 08° 32’ 25.9” S,
037° 15’ 02”W and 08° 31’55.8”S, 037° 15’ 06.2” W, respectively, at about 900
m above sea level. The soils were characterized by 28.8 and 38.2 g kg™ or-



Sydowia 66 (2014) 315

ganic carbon, while pH (H,0) was each 4.5, and available phosphorus 5.4 and
12.1 mg P kg! (extracted after Mehlich; Nelson et al. 1953), respectively. The
climate is semi-arid hot (type Bsh of Képpen) with a dry summer, high (30-
40 °C) daytime temperatures and lower (15 °C) nighttime temperatures. The
mean annual precipitation is 610 mm (Goto et al. 2009).

AMF bait cultures

Soil from Catimbau was placed in nine 2 L pots under greenhouse con-
ditions at the Department of Mycology, Universidade Federal de Pernambu-
co (Recife), as described in Mello et al. (2012), with the objective to cultivate
and reproduce the native AMF communities. Corn (Zea mays), sorghum (Sor-
ghum bicolor), peanuts (Arachis hypogaea), and sunflower (Helianthus ann-
uus) were planted as host plant mixtures in the same pots during three
months. Additionally, multiple spores of the species were separated and used
as infective propagules in single species cultures on S. bicolor. The new spe-
cies has not yet been propagated successfully in bait cultures or single spe-
cies cultures.

Morphological analyses

About 200 spores were extracted from the field soils by wet sieving and
sucrose centrifugation (Sieverding 1991). The spores were mounted in poly-
vinyl-alcohol-lactic acid-glycerin (PVLG), in PVLG + Melzer’s reagent, and
in water, and microscopically examined. The terminology of Oehl et al. (2011
a) and Silva et al. (2012) was followed for morphological spore and germina-
tion characters of gigasporalean species. Voucher specimens were deposited
in the herbaria of the Eidgendssische Technische Hochschule, ETH in Ziirich,
Switzerland (Z+TT), and of the Universidade Federal de Pernambuco, Recife,
Brazil (URM).

Molecular analyses

DNA was extracted from single spores. Individual spores were placed on
a slide in a drop (5-10 pl) of ultrapure water, crushed with a needle, and used
directly in the PCR reactions. The extracts served as templates for a semi-
nested PCR using primers ITS3 (White et al. 1990) — 28G2 (Silva et al. 2006)
and LR1 (Van Tuinen et al. 1998) — 28G2 consecutively. The template for the
second PCR reaction was a 1:50 dilution of the first product. PCR reactions
were carried out in a volume of 50 pl, containing 75 mM Tris-HCI pH 8.8, 200
mM (NH,),SO,, 0.01 % Tween 20, 2 mM MgCl,, 200 pM each dNTPs, 1 pM of
each primer and 2 units of DreamTaq™ DNA polymerase (Thermo Scientific,
Maryland, USA); cycling parameters were 5 min at 95 °C (1 cycle), 45s at 94
°C, 1 min at 56 °C, 1 min at 72 °C (40 cycles), and a final elongation of 7 min
at 72 °C followed the last cycle. The final amplicons (~690 bp) were purified
with a Wizard SV Gel and PCR Clean-up System (Promega, Madison, USA),
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sequenced directly or cloned with a pGEM®-T Easy Vector Systems (Pro-
mega, Madison, USA) following the manufacturer’s instructions and se-
quenced. Sequencing was provided by the Central Laboratory of the CCB/
UFPE (Recife, Brazil).

Phylogenetic analyses

Querying the National Center for Biotechnology Information databases
with the BLASTn program, we verified that the sequences obtained from the
new fungus were affiliated with the Gigasporales (Glomeromycota). The
AMEF sequences (partial LSU rRNA) obtained were aligned with other glom-
eromycotan sequences from GenBank using the program ClustalX (Larkin et
al. 2007). The mismatches in the alignment were corrected manually using
BioEdit program (Hall 1999). The sequences were deposited at GenBank un-
der the accession numbers KJ944321-KJ944325.

Maximum parsimony (MP) analysis with 1000 bootstrap replications
was performed using the Phylogenetic Analysis Using Parsimony (PAUP)
program version 4 (Swofford 2003). Bayesian (two runs over 2 x 10% genera-
tions with a sample frequency of 200 and a burnin value of 25 %) and maxi-
mum likelihood (1000 bootstrap) analyses were executed, respectively, in Mr-
Bayes 3.1.2 (Ronquist & Huelsenbeck 2003) and PhyML (Guindon & Gascuel
2003), launched from Topali 2.5. The model of nucleotide substitution (GTR
+ G) was estimated using Topali 2.5 (Milne et al. 2004). Two sequences from
Pacispora scintillans (FM876831, FM876832) were used as outgroup.

Results
Taxonomy

Bulbospora Oehl & G. A. Silva, gen. nov.
MgycoBank no.: 809231

Diagnosis. — Differs from Orbispora by small spore (< 100 pm in diam.) and small
sporogenous cell (< 25 pm in diam.) sizes.

Typus generis.— Bulbospora minima Oehl, Marinho, B. T. Goto & G. A. Silva,
Sydowia 66(2): p. 316.

Etymology. — From Latin bulbus, referring to the onion-like, small
sporogenous cells at the spore bases.

Characters.- Small spores (generally < 100 pm in diam.) formed on
small sporogenous cells (< 25 pm in diam.), with triple walled spores, and
single hyaline to subhyaline, mono-lobed yellow germination shields (= germ
orbs).

Bulbospora minima Oehl, Marinho, B.T. Goto & G. A. Silva, sp. nov. - Figs. 1-9
MgycoBank no.: MB 809232

Diagnosis.- Differs from all other Gigasporales species by diagnostic small spore
(< 100 pm in diam.) and small sporogenic cell (< 25 pm in diam.) sizes.

Holotype.-BRAZIL, Buique,Vale do Catimbau, Pernambuco State, 08° 32’25.9”S,
037° 15’ 02” W and about 900 m a. s. 1. Specimen deposited at URM under the accession
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Figs. 1-9. Bulbospora minima. 1-2. White yellow to ochre spores formed on sporogenous
cells (sc); spores mounted in PVLG. 3-6. Uncrushed and crushed spores exposed to Melzer’s
reagent, consisting of three walls (OW, MW, IW) with multiple layers (OWL1-OWL3, MWL1-
MWL2,IWL1-2). OW staining dark yellow to yellow brown; while IW stains purple to dark
purple. 7-9. Germination shields formed as mono-lobed germ orbs on the outer surface of
IW, with one central germ pore (gp) and one peripheral germ tube initiation (gti) from
where the germ tube(s) emerge during germination.

number URM 86413; collection date 1.5.2012, by Frederico Marinho. Isotype, and paratype
specimens, which were also isolated from the national Park of Vale do Catimbau, at 08° 31’
55.8”S,037°15°06.2”W. Isotype and paratype specimens were deposited at URM (URM86414
and URMS86415) and at Z+ZT (ZT Myc 56951 and ZT Myc 56952), respectively.

Etymology.-From Latin minima, referring to diagnostic small spore
and sporogenous cell sizes of this new species, which so far have been unique
in the Gigasporales.

Characters. — Sporocarps unknown. Spores formed singly in soils
and rarely in roots on sporogenous cells that arise from sporogenous hyphae.
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The spores are whitish yellow to light ochre in Petri dishes under the dissect-
ing microscope, and in water and PVLG in compound microscopes. They are
elliptical, oval to ovoid or subglobose, rarely globose, and triple-walled.
Spore dimensions are 62-95 x 58-87 pm.

The outer (OW) wall is triple-layered consisting of a thin (0.5-0.9 pm),
evanescent to semi-persistent outer layer (OWL1), a uniform to finely lami-
nate middle layer (OWL2; 2.1-3.5 pm) and a thin inner layer (OWL3; 0.5-
1.0 pm) which becomes visible in crushed spores, when the middle wall (MW)
readily separates from OW. OWL2 stains dark yellow to yellow brown in
Melzer’s reagent.

The middle wall is mono- to bi-layered, flexible, and in total 1.2-1.8 pm
thick. Usually, the MW is visible only as one single layer.

The inner wall (IW) is bi- to triple layered, and also rather thin (1.9-
2.9 pm). It consists of an outer layer (IWL1; 0.4-0.6 nm) which is hardly vis-
ible in crushed and uncrushed spores as tightly adherent to the next inner
layer IWL2. The second layer is 1.5-2.3 pm, and stains purple to dark purple
in Melzer’s reagent. The innermost layer IWL3 is about 0.5 pm only, and, as
generally tightly attached to IWL2, rarely visible.

Sporogenous cells are subglobose to oblong, 18-26 x 13-22 pm and gen-
erally persist on the spores. The two outermost layers of the spore wall con-
tinue on the sporogenous cell and the sporophore beneath. The sporophore is
25-90 pm long and tapers in diameter from 10-13 pm at the sporogeneous
cell to 3.9-5.5 pm within these distances from the spore base and may bear
1-5 septae.

The germination shield is a circular to oval, mono-lobed, hyaline to sub-
hyaline, germination orb formed on the outer surface of IW. It is 45-55 x 42—
55 pm in size, with a central germ pore in its centre and one single peripher-
ic germ tube initiation. Only in about 20 % of the spores investigated a ger-
mination orb was found.

Germination starts from the germ tube initiations at the lobe periphery
of the germ orb. The initiations directly penetrate the middle and outer spore
walls and branch already in a short distance from the spore (5-25 pm).

Molecular analyses.-The phylogenetic analyses and percentage
of sequence identity place this new species in Gigasporales; however, outside
of any other genera in this order (Fig. 10). Based on the partial sequences of
the LSU rDNA, S. calospora (EU346867) and S. dipurpurescens (FJ461868)
are most closely related to B. minima, with 91 % of maximum identity in the
BLASTn analysis, while this percentage is slightly lower between B. minima
and O. pernambucana (88 %). No environmental sequences were found for
the partial LSU rDNA with close match to B. minima.

According to the morphological analysis and bayesian phylogeny, we
have decided to place the new genus in the Scutellosporaceae. Nevertheless,
there was no support to include the new genus Bulbospora in the family
Scutellosporaceae with Maximum Parsimony and Maximum Likelihood
analyses.
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Fig. 10. Gigasporales. Partial LSU rDNA sequence-based phylogenetic tree rooted by Pa-
cispora scintillans. Sequences are labeled with database accession numbers. Support val-
ues (from top) are from maximum parsimony (MP), maximum likelihood (ML) and Bayes-
ian analyses. Bulbospora minima sequences are in bold. Thick branches represent clades
with more than 90 % of support in all analyses. Only bootstrap values of at least 50 % are
shown. (Consistency Index = 0.52, Retention Index = 0.83).
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Distribution. — Hitherto the fungus was only found in the valley of
Catimbau, Pernambuco, and co-occurred with several other arbuscular my-
corrhizal fungi such as Acaulospora mellea, Gigaspora margarita, Glomus
microcarpum, Paradentiscutata bahiana, and Scutellospora calospora.

Discussion

Bulbospora minima can easily be distinguished from all other fungi in
the Gigasporales just by pointing on the small spore and sporogenous cells
sizes of the new species. There is no other fungal species of this order with
spores < 100 pm in diam. or consistently smaller sporogenous cells sizes < 25
pm. These two morphological characteristics and the unique phylogenetic
position justify the separation of the new genus Bulbospora.

Morphologically, Orbispora pernambucana is most similar to B. minima
in terms of spore wall structure and color. However, this fungus has substan-
tially larger spores, a thicker outer spore wall, and larger sporogenous cells.
Moreover, the OW from O. pernambucana does not stain in Melzer’s, while
the white yellow to ochre OW of B. minima becomes dark yellow to yellow
brown when exposed to this reagent. The other Orbispora species described
so far, O. projecturata (Kramadibrata et al. 2000, Oehl et al. 2011 b), has pro-
jections on the spore surfaces, while B. minima and O. pernambucana have
smooth surfaces (Silva et al. 2008, herein). Scutellospora species form violin-
shaped to oval, bi-lobed germination shields, while Bulbospora and Orbis-
pora species have the mono-lobed germination orbs of Acaulospora species.
Thus, Scutellospora species can very easily be distinguished from both, Bul-
bospora and Orbispora spp. On genus level, Bulbospora and Orbispora spp.
can currently be distinguished only by spore and sporogenous cell sizes, and
by molecular phylogeny.

Bulbospora minima is the third Scutellosporaceae species, and the tenth
Gigasporales species that was described during the last decade from the
Brazilian Northeast. Beside these Scutellosporaceae species (Silva et al.
2008, Oehl et al. 2011 b, Pontes et al. 2013, and herein), also three Dentis-
cutataceae (Oehl et al. 2008, Goto et al. 2010 a, Mello et al. 2012), three In-
traornatosporaceae (Goto et al. 2009, 2012), and one Racocetraceae (Goto et
al. 2011) species were published during that time from this region, indicating
an hitherto unrecognized high biodiversity of this glomeromycotan order in
NE Brazil. This is particularly true for the semi-arid Caatinga, where twen-
ty-two other gigasporalean species, that had previously been reported from
other biomes, were also detected during the last two decades of intensified
AM fungal diversity studies (Goto et al. 2010 b, Maia et al. 2010). Thirty-two
species observed in Caatinga represent remarkable 60 % of all Gigasporales
species described worldwide.
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