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Abstract

The paper presents the results of morphological studies, as well as comparisons and 
phylogenetic analyses of sequences of the 45S (= 18S-ITS-28S) nuc rDNA region and 
the rpb1 gene (when available) of four arbuscular mycorrhizal fungi (AMF) of the phylum 
Glomeromycota. These fungi were (i) an informally named isolate 449, suspected of 
being an undescribed species of the genus Diversispora, and (ii) three Corymbiglomus 
species in the family Diversisporaceae. The studies confirmed the novelty of isolate 
449 in Diversispora and showed that Corymbiglomus contains only C. corymbiforme, 
while C. globiferum and C. pacificum should be transferred to a separate genus sis-
ter to Corymbiglomus. Consequently, isolate 449 was described as Diversispora conica 
sp. nov., C. globiferum, and C. pacificum were placed in Paracorymbiglomus gen. nov. 
and renamed P. globiferum comb. nov. and P. pacificum comb. nov.

Key words: Arbuscular mycorrhizal fungi, morphology, nuc rDNA, phylogenetic 
taxonomy, rpb1

Introduction

Diversisporales is one of the six orders of the phylum Glomeromycota, which 
includes arbuscular mycorrhizal fungi (AMF; Redecker et al. 2013; Błaszkowski 
et al. 2022b; Hyde et al. 2024; Wijayawardene et al. 2024). Diversisporales con-
sists of four families, including Diversisporaceae (Redecker et al. 2013). This 
family contains five genera, among which are Corymbiglomus, Diversispora, 
and Redeckera, which are the main subjects of this article.

With the exception of D. otospora and D. tricispora, which produce otospo-
roid and entrophosporoid spores, respectively, sensu Oehl et al. (2011a, b), the 
common feature shared by the remaining members of these three genera is the 
formation of spores blastically at the tips of subtending hyphae. This mode of 
spore formation occurs in Glomus macrocarpum, the type species of Glomero-
mycota (Schüßler and Walker 2010). Therefore, Morton and Redecker (2001) 
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called the spores thus formed glomoid. However, Oehl et al. (2011a, b) found 
that glomoid spores sensu Morton and Redecker (2001) may differ significantly 
in the subcellular spore structure and properties of the spore subtending hy-
pha. In spores of Corymbiglomus species, the differences have not been clearly 
defined (Błaszkowski 2012; Medina et al. 2014; Błaszkowski et al. 2019) and, 
consequently, contributed to the uncertain classification of members of this 
genus and prevented clear definition of morphological boundaries between 
species of Corymbiglomus, Diversispora, and Redeckera.

Currently, Corymbiglomus comprises three species: C. corymbiforme and 
C. globiferum, originally described in the genus Glomus (Błaszkowski 1995; 
Koske and Walker 1986), and C. pacificum (Medina et al. 2014; Błaszkowski et 
al. 2019). Medina et al. (2014) considered the subcellular structure of spores 
in these species to consist of two spore walls. In contrast, Błaszkowski (2012) 
and Błaszkowski et al. (2019) described C. corymbiforme spores as having a 
single spore wall. Furthermore, Błaszkowski et al. (2019) considered C. globi-
ferum and C. pacificum to also produce single-walled spores, with three and 
four layers, respectively. However, this conclusion was based on analyses of a 
small number of specimens permanently mounted on microscope slides. Fur-
thermore, the location of spore wall layer 3 of C. globiferum was difficult to de-
termine unequivocally because of the dense hyphal mantle covering the spore 
surface and rendering spore wall layer 3 almost invisible at the spore base.

As for Diversispora and Redeckera, except for D. nevadensis and D. tricispora, 
Oehl et al. (2011a, b) unequivocally showed the uniqueness of features of the 
subcellular spore structure and spore subtending hyphae of members of these 
genera and named these single-walled spores diversisporoid.

Literature data suggest that the phylogenies of Corymbiglomus and Re-
deckera species are uncertain. Błaszkowski et al. (2019) concluded that the 
natural relationship of C. corymbiforme to C. globiferum and C. pacificum is 
not only distant but also weak and that C. corymbiforme could occupy an 
autonomous generic clade. Phylogenetic analyses by Tedersoo et al. (2024) 
nested C. corymbiforme within the genus Redeckera, whose sister clade was 
inhabited by C. globiferum.

We have grown in culture an AM fungus informally named isolate 449 and 
obtained its genetic sequences. Preliminary comparisons and phylogenetic 
analyses of these sequences with sequences available in public databases 
suggested that isolate 449 is an undescribed Diversispora species.

The aims of the subsequent analyses described in this paper were to (i) verify 
the morphological similarities of C. corymbiforme, C. globiferum, and C. pacifi-
cum; (ii) resolve ambiguities in the phylogenies of Corymbiglomus species and 
C. corymbiforme relative to Redeckera species; and (iv) characterize the mor-
phology and phylogeny of isolate 449.

Materials and methods

Origin of study material

Isolate 449 was originally found in a trap pot culture inoculated with a mixture of 
rhizosphere soil and root fragments of Ammophila arenaria (L.) Link. This plant 
colonized the Mediterranean dunes of the beach Voidokoilia (36°57'N, 21°39'E) 
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located on the Peloponnese Peninsula, Greece. The soil sample was collected 
by J. Błaszkowski on September 8, 2015. Data about the climate and soil chem-
ical properties of the sampled site are in Błaszkowski et al. (2019). Methods 
used to establish trap and single-species cultures, growing conditions, as well 
as methods of spore extraction and staining of mycorrhizal structures, were as 
those described by Błaszkowski et al. (2012). Single-species pot cultures were 
inoculated with five to ca. 15 spores of uniform morphology.

The origin of Corymbiglomus species and R. megalocarpum was given in 
Błaszkowski (2012) and Błaszkowski et al. (2019). Corymbiglomus globiferum 
was also analyzed using descriptions and illustrations available on the INVAM 
website (https://invam.ku.edu/). In addition, specimens of R. fragile (Trappe 
3316, 5429), R. fulvum (Garcia 2149, Trappe 3312, 9927), and R. pulvinatum 
(Trappe 9875, 13439, 16696) obtained from Dr. James M. Trappe were analyzed.

Microscopy and nomenclature

Morphological features of spores as well as phenotypic and histochemical fea-
tures of the spore wall and subtending hyphal wall layers of Isolate 449 were 
characterized from approximately 100 spores mounted in water, lactic acid, 
polyvinyl alcohol/lactic acid/glycerol (PVLG, Omar et al. 1979), and a mixture of 
PVLG and Melzer’s reagent (1:1, v/v). The spores were from a trap culture and 
three single-species cultures. Verifications of the morphologies of Corymbiglo-
mus species and comparisons of these morphologies with those of Redeckera 
species were carried out using the study material and data, whose origin was 
given above. Spores for study and photography were prepared as described 
in Błaszkowski (2012) and Błaszkowski et al. (2012). The types of spore wall 
layers were defined by Błaszkowski (2012) and Walker (1983). Color names 
were from Kornerup and Wanscher (1983). Nomenclature of fungi and the au-
thors of fungal names are from the Index Fungorum website https://indexfun-
gorum.org. The term “glomerospores” was used for spores produced by AMF 
as proposed by Goto and Maia (2006).

The holotype of the new species was deposited at ZT Myc (ETH Zurich, Swit-
zerland), and its isotypes in the Laboratory of Plant Protection, Department of 
Environmental Management (LPPDEM), West Pomeranian University of Tech-
nology in Szczecin, Poland. In all specimens, spores were permanently mounted 
in PVLG and a mixture of PVLG and Melzer’s reagent (1:1, v/v) on slides.

DNA extraction, PCR, cloning, and DNA sequencing

Genomic DNA of Isolate 449 was extracted from eight samples, each with ca. 
5–20 spores coming from single-species cultures. The method of processing 
the spores prior to PCR, conditions, and primers used for PCR to obtain 45S 
sequences of the isolate were as those described by Krüger et al. (2009) and 
Błaszkowski et al. (2021). Numerous attempts to obtain rpb1 sequences of 
Isolate 449 performed with the primers by Stockinger et al. (2014) and those 
presented in Błaszkowski et al. (2022a) failed. Cloning and sequencing of 
PCR products to obtain 45S sequences were performed following protocols 
described by Błaszkowski et al. (2021). The sequences were deposited in 
GenBank (PV345770–PV345773).

https://invam.ku.edu/
https://indexfungorum.org
https://indexfungorum.org
http://www.ncbi.nlm.nih.gov/nuccore/PV345770
http://www.ncbi.nlm.nih.gov/nuccore/PV345773
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Phylogenetic analyses

Preliminary comparisons of 45S sequences of Isolate 449 with sequences of 
this region or its part, available in GenBank, showed that Isolate 449 belongs 
to Diversispora. To find the position and taxonomic status of this fungus and 
clarify the doubts regarding Corymbiglomus species, described in “Introduc-
tion,” three alignments, 45S, rpb1, and 45S+rpb1, were prepared using MAFFT 7 
with the E-INS-i option (Katoh et al. 2019).

The ingroup of the 45S alignment were sequences of the 45S rDNA nuc region 
or part thereof that characterized all sequenced species of Corymbiglomus, 
Diversispora, Redeckera, and the remaining genera of Diversisporaceae (Suppl. 
material 1). The outgroup were sequences of species of Acaulospora, Pacispora, 
and Sacculospora. In exploratory phylogenetic analyses with sequences from 
representatives of all genera of Diversisporales, these three genera were shown 
to be most closely related to the ingroup taxa (data not shown). The ingroup 
and outgroup of the rpb1 alignment were sequences of all species of the 45S 
alignment that were provided with available sequences of the rpb1 gene (Sup-
pl. material 2). The 45S+rpb1 alignment contained all sequences of the 45S 
alignment concatenated with sequences of the rpb1 alignment (Fig. 1). The 
45S and rpb1 alignments were divided into five (18S, ITS1, 5.8S, ITS2, 28S) 
and three (exons 4 and 5, intron 4) partitions, respectively, and the 45S+rpb1 
alignment into eight partitions.

To reconstruct the phylogenetic positions of Isolate 449 and the remaining 
major taxa studied here, these three alignments were subjected to Bayesian 
inference (BI) and maximum likelihood (ML) phylogenetic analyses, performed 
via CIPRES Science Gateway 3.1 (Miller et al. 2010). In both BI and ML analy-
ses, GTR+I+G was used as a nucleotide substitution model for each nucleotide 
partition, as suggested by Abadi et al. (2019).

The BI reconstructions were made based on four Markov chains run 
over one million generations in MrBayes 3.2 (Ronquist et al. 2012), sam-
pling every 1,000 generations, with a burn-in at 30% sampled trees. The ML 
phylogenetic tree inferences were performed with RAxML-NG 1.0.1 (Kozlov 
et al. 2019), using a maximum likelihood/1000 bootstrapping run and an 
ML estimated proportion of invariable sites and base frequencies. The align-
ments and tree files were deposited as supplementary materials. Clade and 
node supports were considered strong, moderate, and marginal when BI and 
ML support values were 0.98–0.99 and 81–99%, 0.96–0.97 and 71–80%, 
and 0.95 and 70%, respectively. The phylogenetic trees were visualized and 
edited in FigTree ver. 1.4.4 (http://tree.bio.ed.ac.uk/software/figtree/) and 
MEGA6 (Tamura et al. 2013).

The percentage sequence divergences of the fungi analyzed here were cal-
culated in BioEdit (Hall 1999). All comparisons were performed on sequences 
of the same length.

To detect possible other findings of Isolate 449, its 45S sequences were 
used as queries in BLASTn to find environmental sequences of potentially iden-
tical species from GenBank. The sequences were selected according to the 
percentage of identity > 96%. Their likely identity was then verified in BI and ML 
analyses of the alignments with 45S sequences.

http://tree.bio.ed.ac.uk/software/figtree/


175MycoKeys 117: 171–190 (2025), DOI: 10.3897/mycokeys.117.148052

Janusz Błaszkowski et al.: New taxa and combinations in Glomeromycota

 Diversispora alba OP195886
 Diversispora alba OP195889

 Diversispora alba OP195880
 Diversispora alba OP195882
 Diversispora spurca MG459207+OL690411
 Diversispora spurca FN547639+OL690412
 Diversispora spurca FN547637
 Diversispora spurca FN547644

 Diversispora aurantia FN547661+OL690407
 Diversispora aurantia FN547664
 Diversispora aurantia FN547655
 Diversispora aurantia FN547657+OL690408

 Diversispora cerifera OR352359 
 Diversispora cerifera OR352360 
 Diversispora succinacia OR356234 
 Diversispora succinacia OR356235 
 Diversispora sabulosa MG459211+MG459182
 Diversispora sabulosa MG459212
 Diversispora sabulosa MG459213+MG459183
 Diversispora sabulosa MG459215
 Diversispora sabulosa MG459214

 Diversispora celata AM713403
 Diversispora celata AY639225
 Diversispora celata AM713402
 Diversispora eburnea AM713406
 Diversispora eburnea AM713411
 Diversispora eburnea AM713407
 Diversispora eburnea AM713408
 Diversispora clara FR873629+MG459184
 Diversispora clara FR873630
 Diversispora clara FR873631+MG459185
 Diversispora clara FR873632
 Diversispora peloponnesiaca MN306206+OL690409
 Diversispora peloponnesiaca MN306205+OL690410
 Diversispora peloponnesiaca MN306207
 Diversispora peloponnesiaca MN306208
 Diversispora densissima MT724382+MT733211
 Diversispora densissima MT724383
 Diversispora densissima MT724384+MT733212

 Diversispora vistulana OR669295
 Diversispora vistulana OR669296
 Diversispora marina MT725498+MT733213
 Diversispora marina MT725499
 Diversispora marina MT725501
 Diversispora marina MT725502
 Diversispora insculpta KJ850195+OL690413
 Diversispora insculpta KJ850196
 Diversispora insculpta KJ850197+OL690414
 Diversispora varaderana KT444709
 Diversispora varaderana KT444711+MG459203
 Diversispora varaderana KT444710
 Diversispora varaderana KT444708+MG459202
 Diversispora bareae FR865444 
 Diversispora bareae FR865445 
 Diversispora aestuarii OL684648
 Diversispora aestuarii OL684644+OL690406

 Diversispora aestuarii OL684642+OL690405
 Diversispora aestuarii OL684645
 Diversispora conica PV345771
 Diversispora conica PV345773
 Diversispora conica PV345770
 Diversispora conica PV345772

 Diversispora valentina MT985516
 Diversispora valentina MT985515
 Diversispora slowinskiensis KT444717+MG459198
 Diversispora slowinskiensis KT444719
 Diversispora slowinskiensis KT444718
 Diversispora slowinskiensis KT444720+MG459197
 Diversispora jakucsiae KJ850181+MG459191
 Diversispora jakucsiae KJ850182
 Diversispora jakucsiae KJ850183
 Diversispora jakucsiae KJ850184
 Diversispora nevadensis FR865446 
 Diversispora nevadensis FR865447 
 Diversispora nevadensis FR865448 

 Diversispora arenaria KJ850186+MG459187
 Diversispora arenaria KJ850188+MG459186
 Diversispora arenaria KJ850189
 Diversispora arenaria KJ850187
 Diversispora epigaea FM876814+HG315981
 Diversispora epigaea FM876817
 Diversispora epigaea FM876819
 Diversispora epigaea FM876818

 Diversispora sporocarpia MK036785+MK036774
 Diversispora sporocarpia MK036786
 Diversispora sporocarpia MK036788
 Diversispora sporocarpia MK036789
 Diversispora trimurales KJ850199+MG459200
 Diversispora trimurales KJ850200+MG459199
 Diversispora trimurales KJ850198+MG459201
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Figure 1. 50% majority-rule consensus tree from the Bayesian analysis of the 45S+rpb1 alignment with sequences of 
Diversispora conica (= isolate 449), Corymbiglomus corymbiforme, Paracorymbiglomus globiferum, P. pacificum, 32 other 
species of Diversisporaceae, as well as Acaulospora laevis, Pacispora scintillans, and Sacculospora baltica serving as 
outgroup. The new species and genus are in bold font. The Bayesian posterior probabilities ≥ 0.90 and ML bootstrap 
values ≥ 50% are shown near the branches, respectively. Bar indicates a 0.05 expected change per site per branch.
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Results

General data and phylogeny

The alignments analyzed contained four newly obtained sequences of the 45S 
region. The numbers of analyzed sequences and species/isolate, as well as the 
numbers of base pairs, variables, and parsimony informative sites of each of 
the alignments, are presented in Table 1.

The topologies of the 45S+rpb1 and 45S trees were similar (Fig. 1, Sup-
pl. material 1). Small and insignificant differences in the topology of the 
rpb1 tree compared to the topologies of the 45S+rpb1 and 45S trees re-
sulted from the lack of rpb1 sequences of 15 of the 39 analyzed species 
(Suppl. material 2).

In the 45S+rpb1 tree, the ingroup sequences were distributed in three 
major clades inhabited by (i) Diversispora species, (ii) Corymbiglomus, Re-
deckera, and Sieverdingia species, and (iii) Desertispora omaniana (Fig. 1). 
Each of these clades received full or strong BI and ML support, except for 
the second clade, whose ML support was moderate. The ingroup of the 45S 
tree consisted of two major clades with sequences of (i) Diversispora spe-
cies and (ii) species of the other genera listed above (Suppl. material 1). BI 
and ML supports for the first clade were full, while none of the BI and ML 
analyses supported the second clade. In both analyses, the entire ingroup 
was fully supported.
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Figure 1. Continued.
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In the 45S+rpb1 and 45S trees, Corymbiglomus species sequences 
grouped in a clade sister to that with R. megalocarpum sequences (Fig. 1, 
Suppl. material 1). None of the BI and ML analyses supported the node con-
necting these two clades.

In both trees, C. globiferum and C. pacificum sequences were placed in 
sister subclades in a position sister to the clade with C. corymbiforme se-
quences (Fig. 1, Suppl. material 1). Both the C. corymbiforme clade and the 
C. globiferum plus C. pacificum clade were fully supported by BI analyses 
and fully or strongly supported by ML analyses. Neither analysis supported 
the node connecting the C. corymbiforme clade with the C. globiferum plus 
C. pacificum clade.

Both BI and ML analyses showed that R. fulvum and R. pulvinatum were unre-
lated to each other and to R. megalocarpum (Fig. 1, Suppl. material 1).

In both trees, Isolate 449 was found to be a member of a three-species clade. 
In the 45S+rpb1 tree, the sister species of Isolate 449 was D. aestuarii (Fig. 
1), while in the 45S tree the sister species was D. bareae (Suppl. material 1). 
Isolate 449 received full BI and ML support in these trees. However, neither 
analysis supported this three-species clade.

When sequences of the 45S region or part thereof were compared, the genetic 
distances between (i) Isolate 449 versus D. aestuarii, (ii) Isolate 449 vs. D. bare-
ae, (iii) C. corymbiforme vs. C. pacificum, (iv) C. corymbiforme vs. C. globiferum, 
(v) C. globiferum vs. C. pacificum, (vi) C. corymbiforme vs. R. megalocarpum, 
(vii) C. corymbiforme vs. R. fulvum, and (viii) C. corymbiforme vs. R. pulvinatum 
were (i) 5.6–6.2%, (ii) 3.8–4.6%, (iii) 12.4–14.0%, (iv) 11.6–15.1%, (v) 4.4–5.5%, 
(vi) 10.4–12.8%, (vii) 42.4–43.0%, and (viii) 41.9–43.4%, respectively. Com-
parisons of rpb1 sequences of sister or closely related species shown in the 
rpb1 tree (Suppl. material 2) indicated that the genetic divergences between (i) 
C. corymbiforme vs. R. fulvum, (ii) De. omaniana vs. R. fulvum, (iii) De. omaniana 
vs. D. sabulosa, and (iv) Diversispora species were (i) 7.4–7.9%, (ii) 17.8–18.5%, 
(iii) 17.0–17.3%, and (iv) 0.6–3.5%, respectively.

Taxonomy

The phylogenetic analyses and sequence comparisons of Corymbiglomus 
and Redeckera species and Isolate 449 showed that (i) the placement of 
C. corymbiforme in the genus Corymbiglomus is correct, (ii) C. globiferum 
and C. pacificum should be transferred to a new genus, sister to Corymbi-
glomus, and (iii) Isolate 449 is a new Diversispora species. Consequently, (i) 
C. globiferum and C. pacificum were transferred to Paracorymbiglomus gen. 
nov. with P. globiferum comb. nov. and P. pacificum comb. nov. and (ii) Isolate 
449 was described as D. conica sp. nov.

Table 1. Characteristics of the sequence alignments analyzed.

Name of alignment No. of sequences No. of fungal species No. of base pairs No. of variable sites No. of parsimony 
informative sites

45S 133 39 1839 909 792
rpb1 48 24 809 290 267
45S+rpb1 133 39 2648 1199 1059
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Descriptions of a new genus, new combinations, emended 
Corymbiglomus, and a new species

Paracorymbiglomus Błaszk., Niezgoda & B.T.Goto, gen. nov.
MycoBank No: 858391
Figs 1, 2, Suppl. material 1

Etymology. Latin, Paracorymbiglomus, referring to the great morphological 
similarity and close phylogenetic relationship of this genus to Corymbiglomus.

Type genus. Paracorymbiglomus globiferum (Koske & C. Walker) Błaszk., 
Niezgoda & B.T.Goto comb. nov. MycoBank No: 858393

Basionym. Glomus globiferum Koske & C. Walker.
Synonym. Corymbiglomus globiferum (Koske & C. Walker) Błaszk. & Chwat.
Other species. Paracorymbiglomus pacificum (Oehl, J. Medina, P. Cornejo, 

Sánchez-Castro, G.A. Silva & Palenz.) Błaszk., Niezgoda & B.T.Goto comb. nov. 
MycoBank No: 858394

Basionym: Corymbiglomus pacificum Oehl, J. Medina, P. Cornejo, Sán-
chez-Castro, G.A. Silva & Palenz.

Diagnosis. Differs from Corymbiglomus, the sister monospecific genus 
with C. corymbiforme (Fig. 1, Suppl. material 1), in (i) the site of initiation 
of formation of the innermost spore wall layer (Fig. 2), (ii) the composition 

Figure 2. Corymbiglomus versus Paracorymbiglomus A subtending hyphal wall layers (shwl) 1–3 continuous with spore wall 
layers (swl) 1–3 of C. corymbiforme B, C, D shwl 1 and 2 continuous with only swl1 and 2 of P. globiferum (B, C) and P. pacifi-
cum (C); in B the invagination of swl3 forms a septum (s) occluding the spore pore; in C and D the spore pore is occluded 
by the invagination of swl3 and a septum (s) connecting the inner surfaces of swl2 forming the subtending hyphal lumen.

https://www.mycobank.org/MB/858391
https://www.mycobank.org/MB/858393
https://www.mycobank.org/MB/858394
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of the spore subtending hyphal wall (Fig. 2), (iii) the mode of formation and 
morphology of the hyphal mantle covering the spore surface, and (iv) the 
nucleotide composition of sequences of the 45S nuc rDNA region (see “Dis-
cussion” for details).

Genus description. Spores hypogeous, formed singly, occasionally in clus-
ters. Spores light- to dark-colored, globose to subglobose, 85–320 µm diam, 
rarely ellipsoid to irregular, with one, rarely two to three subtending hyphae. 
Subcellular structure of spores composed of one spore wall containing three 
or four layers. Outermost spore wall layer, forming the spore surface, covered 
or not covered by a hyphal mantle. Innermost spore wall layer laminate, 
semi-flexible, hyaline, 2.0–4.8 µm thick, usually loosely associated with and 
readily separating from the inner surface of the penultimate spore wall layer 
in crushed spores, except at the spore base, where it usually forms an insepa-
rable association due to having a small process recessed into the spore sub-
tending hyphal lumen to at most the spore base. Hyphal mantle composed 
of interwoven hyphae branching from the spore wall; hyphae with or without 
terminal or intercalary vesiculate swellings. Subtending hypha with a wall 
concolorous or slightly lighter colored than the spore wall. Subtending hyphal 
wall layers continuous with spore wall layers, except for the innermost spore 
wall layer (Fig. 2B–D). Spore pore closed by a septum continuous with the 
penultimate spore wall layer and/or an invagination of the innermost spore 
wall layer (Fig. 2B–D), rarely open. Mantle and spores do not react in Mel-
zer’s reagent. Germination by a germ tube penetrating through the outermost 
spore wall layer or the subtending hyphal lumen.

Ecology and distribution. Paracorymbiglomus globiferum was found in 
the field among roots of Ammophila breviligulata Fern. and Uniola panicula-
ta L. that colonized coastal dunes at Cape May (New Jersey), Florida, near 
the city of Galinhos, and in the RDSE Ponta do Tubarão, Brazil (Koske and 
Walker 1986; Sylvia 1986; Sylvia and Will 1988; Wu and Sylvia 1993; Błasz-
kowski et al. 2019). Our analyses with environmental sequences showed 
that P. globiferum was also found as an uncultured Diversispora species 
with sequences AB670090–AB670092 in roots of Ixeris repens (L.) A. Gray 
sampled in the Tottrii sand dunes in Japan. However, none of the five en-
vironmental sequences named Corymbiglomus globiferum PQ669927, 
PQ669961, PQ669984, PQ669985, and PQ670011, which were derived from 
roots of Hevea brasiliensis Muli. Arg. growing in Kerala, India, clustered with 
the original P. globiferum sequences (data not shown).

Paracorymbiglomus pacificum spores were originally extracted from the root 
zone of A. arenaria at the mouth of Lake Budi, a saline ecosystem periodical-
ly connecting with the Pacific Ocean, located near the municipality of Puerto 
Saavedra in La Araucanía Region (southern Chile; Medina et al. 2014). In public 
databases, there is no sequence > 96% similar to the sequences that were used 
for the original characterization of P. pacificum.

In summary, P. globiferum appears to have a wide distribution in the world, 
where it occurs rather rarely. In contrast, P. pacificum may be endemic to Chile, 
or the occurrence of this species is very rare in the world.

In single-species cultures, P. globiferum formed mycorrhiza with U. panicu-
lata (Sylvia and Burks 1988). The ability of P. pacificum to form a mycorrhizal 
association is unknown.

http://www.ncbi.nlm.nih.gov/nuccore/AB670090
http://www.ncbi.nlm.nih.gov/nuccore/AB670092
http://www.ncbi.nlm.nih.gov/nuccore/PQ669927
http://www.ncbi.nlm.nih.gov/nuccore/PQ669961
http://www.ncbi.nlm.nih.gov/nuccore/PQ669984
http://www.ncbi.nlm.nih.gov/nuccore/PQ669985
http://www.ncbi.nlm.nih.gov/nuccore/PQ670011
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Corymbiglomus (Błaszk. & Chwat) emend. Błaszk., Niezgoda & B.T.Goto
Fig. 1, Suppl. material 1

Etymology. Latin, Corymbiglomus, referring to the corymbiform organization of 
spores in clusters of the fungus.

Type genus. Corymbiglomus corymbiforme (Błaszk.) Błaszk. & Chwat 
emend. Błaszk. Niezgoda & B.T. Goto

Basionym. Glomus corymbiforme Błaszk.
Diagnosis. Differs from Paracorymbiglomus, the sister two-species ge-

nus with P. globiferum and P. pacificum (Fig. 1, Suppl. material 1), in (i) the 
site of initiation of formation of the innermost spore wall layer (Fig. 2), (ii) 
the composition of the subtending hyphal wall (Fig. 2), (iii) the mode of 
formation and morphology of the hyphal mantle covering the spore surface, 
and (iv) the nucleotide composition of sequences of the 45S nuc rDNA re-
gion (see “Discussion” for details).

Genus description. Spores hypogeous, occurring in corymbiform clusters 
when formed from branched sporophores, rarely produced singly. Spores 
light- to dark-colored, globose to subglobose, 50–220 µm diam, some-
times ovoid to pyriform, with one subtending hypha. Subcellular structure 
of spores composed of one spore wall containing three layers (layers 1–3). 
Outermost spore wall layer 1 covered or not covered by a hyphal mantle. 
Spore wall layer 3 laminate, semi-flexible, hyaline, 0.5–5.8 µm thick, some-
times detached from the inner surface of spore wall layer 2 in crushed 
spores, except at the spore base, always closely adherent to the inner sur-
face of spore wall layer 2 at the spore base, continuous with the innermost 
subtending hyphal wall layer 3 at and well below the spore base (Fig. 2A). 
Hyphal mantle consisting of a network of hyphae branching dichotomously 
three to four times at more or less right angles; hyphae developing from 
spore wall layer 1; mantle frequently detached from mature spores. Sub-
tending hypha with a wall concolorous or slightly lighter colored than the 
spore wall. Subtending hyphal wall layers continuous with spore wall layers 
1–3 (Fig. 2A). The spore pore occluded by (i) ingrowth of spore wall layer 3, 
(ii) a septum continuous with the innermost laminae of spore wall layer 2, 
(iii) both the structures, and occasionally (iv) thickening of spore wall layer 
2, rarely open. Mantle and spores do not react in Melzer’s reagent. Germina-
tion by a germ tube penetrating through the lumen of the subtending hypha.

Ecology and distribution. In the field, C. corymbiforme was found in mixtures 
of rhizosphere soil and root fragments of numerous plant species inhabiting 
coastal and inland dunes of Spain, Poland, and Turkey (Błaszkowski et al. 
2019). This fungus also occurred in semiarid open sandy grasslands of Hunga-
ry (Takacs and Bratek 2006; Błaszkowski, unpubl. data). Of the 43 45S environ-
mental sequences (e.g., PQ669883, PQ669914, PQ669932, PQ670025) shown 
by BLASTn to represent C. corymbiforme, none clustered with our C. corymbi-
forme sequences (Fig. 1, Suppl. material 1) used in analyses aimed at a broader 
understanding of the global distribution of this species (data not shown). Thus, 
C. corymbiforme probably has a wide distribution in the world but occurs rather 
rarely. In single-species cultures, C. corymbiforme formed mycorrhiza with ar-
buscules and intra- and extraradical hyphae staining moderately to intensively 
in 0.1% Trypan blue (see fig. 4a, b in Błaszkowski et al. 2019).

http://www.ncbi.nlm.nih.gov/nuccore/PQ669883
http://www.ncbi.nlm.nih.gov/nuccore/PQ669914
http://www.ncbi.nlm.nih.gov/nuccore/PQ669932
http://www.ncbi.nlm.nih.gov/nuccore/PQ670025
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Diversispora conica Błaszk., Niezgoda & B.T.Goto, sp. nov.
MycoBank No: 858392
Fig. 3A–H

Specimens examined. Greece. Spores from three single-species cultures 
established from spores extracted from trap cultures inoculated with rhizo-
sphere soil and root fragments of Ammophila arenaria from a maritime sand 
dune site of the beach Voidokoilia (36°57'N, 21°39'E), the Peloponnese Penin-
sula, Greece, September 8, 2015, J. Błaszkowski (holotype slide with spores no. 
ZTMyc 0067489, isotypes slides with spores no. 3997–4004, LPPDSE).

Etymology. Latin, conica, referring to the conical fragments of spore wall 
layer 4 associated with spore wall layer 3 in crushed spores.

Diagnosis. Differs from (a) D. aestuarii, the close phylogenetic relative (Fig. 
1, Suppl. material 1) in (i) phenotypic properties of spore wall layer 4, (ii) mor-
phometric characters of spores and spore wall layer 1, and (iii) nucleotide com-
position of sequences of the 45S nuc rDNA region, (b) D. nevadensis, another 
close phylogenetic relative (Fig. 1, Suppl. material 1), in (i) the mode of spore 
formation, (ii) the spore subcellular structure, and (iii) nucleotide composition 
of sequences of the 45S nuc rDNA region (see “Discussion” for details).

Description. Glomerospores formed singly in soil, arise blastically at tips 
of subtending hyphae (Fig. 3A, G, H). Spores pale yellow (4A3) to brownish 
orange (5C5); globose to subglobose; (55–)81(–114) µm diam; rarely ovoid; 
111–115 × 118–133 µm; with one subtending hypha (Fig. 3A, G, H). Spore wall 
composed of four layers (Fig. 3B–E, G, H). Layer 1, forming the spore surface, 
evanescent, flexible, hyaline, (0.6–)0.9(–1.3) µm thick, when thin difficult to see, 
usually short-lived, and completely sloughed off in most mature spores (Fig. 
3B–E, G, H). Layer 2 permanent, uniform (without visible sublayers), smooth, 
semi-rigid, hyaline, (0.8–)1.2(–1.8) µm thick, tightly adherent to the upper sur-
face of layer 3 (Fig. 3B–E, G, H). Layer 3 laminate, smooth, semi-rigid, pale yel-
low (4A3) to brownish orange (5C5), (4.6–)6.7(–11.2) µm thick, consisting of 
very thin, < 0.5 µm thick, laminae, tightly adherent to and not separating from 
each other in even vigorously crushed spores (Fig. 3B–E, G, H). Layer 4 uniform, 
flexible to semi-flexible, hyaline, (0.8–)1.0(–1.6) µm thick, usually easily sepa-
rating from the lower surface of layer 3 in young and freshly mature spores, ex-
cept for small fragments evenly distributed on its upper surface, which remain 
associated with layer 2; then these fragments resemble cones and circles when 
viewed in cross-section and plan view, respectively (Fig. 3B–H); in older spores, 
layer 4 usually tightly adheres to layer 3 (Fig. 3G, H). None of spore wall layers 
1–4 stains in Melzer’s reagent (Fig. 3G, H). Subtending hypha hyaline to greyish 
yellow (4B3); straight or recurved, cylindrical or slightly constricted at the spore 
base; (3.4–)7.5(–11.4) µm wide at the spore base (Fig. 3A, G, H); not breaking 
in crushed spores. Wall of subtending hypha hyaline; (1.0–)2.6(–3.5) µm thick 
at the spore base; consisting of four layers continuous with spore wall layers 
1–4 (Fig. 3G, H). Pore (1.0–)2.5(–7.6) µm wide at the spore base, open or oc-
cluded by a straight or slightly curved septum, 1.0–1.2 µm thick, continuous 
with some outermost laminae of spore wall layer 3 (Fig. 3G, H). Spore content 
of hyaline oily substance. Germination unknown.

Ecology and distribution. In the field, D. conica probably formed a mycor-
rhizal association with A. arenaria, which inhabited the Mediterranean dunes 

https://www.mycobank.org/MB/858392
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Figure 3. Diversispora conica A intact spores (sp) with subtending hyphae (sh) B–D spore wall layers (swl) 1–4 (r = rem-
nants) E spore wall layers (swl) 1–4; conical fragments (cf) of swl4 associated with the lower surface of the laminate layer 
3 viewed in cross-section F circular attachment points (cap) of spore wall layer 4 to the laminate layer 3 seen in plan view 
G spore wall layers (swl) 1–4, septum (s) occluding the space between the subtending hyphal lumen and the spore interior, 
and subtending hypha (sh) H subtending hyphal wall layers (shwl) 1–4 continuous with spore wall layers (swl) 1–4 and 
septum (s) occluding the spore pore at the spore base A spores in lactic acid B, C, D, F spores in PVLG E, G, H spores in 
PVLG+Melzer’s reagent A light microscopy B–H differential interference microscopy. Scale bars: 20 μm (A); 10 μm (B–H).
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of the beach Voidokoilia (36°57'N, 21°39'E) on the Peloponnese Peninsula, 
Greece. However, no molecular analyses were performed to confirm this as-
sumption. Our phylogenetic analyses with environmental sequences shown by 
BLASTn to be > 96% similar to the D. conica sequences suggested that this 
species was also found in roots of Acer platanoides L., Populus tremula L., and 
Zea mays L. sampled in Melnik, Central Bohemia, Czech Republic (sequences 
HG425548, HG425551, HG425553). In single-species cultures, D. conica sporu-
lated abundantly and formed typical mycorrhiza with arbuscules and intra- and 
extraradical hyphae. No vesicles were observed.

Discussion

The analyses and comparisons conducted in this study resolved uncertain-
ties regarding the morphological similarities and phylogenetic relationships 
of three Corymbiglomus species and their relationships to Redeckera species 
(see “Introduction”). Furthermore, these studies confirmed our initial recogni-
tion that Isolate 449 belongs to the genus Diversispora and proved that it is a 
new species, here described as D. conica.

The main morphological character that convincingly supported the decision 
to transfer C. globiferum and C. pacificum to a new genus, here described as 
Paracorymbiglomus with P. globiferum comb. nov. and P. pacificum comb. nov., 
was the location of the innermost spore wall layer 3 relative to the spore sub-
tending hyphal wall at and below the spore base in these two species as com-
pared to C. corymbiforme (Fig. 2A–D). This location was clearly shown in the 
INVAM characterization of P. globiferum (considered as D. globifera; https://
invam.ku.edu/), which was omitted in earlier studies of Corymbiglomus species 
(Błaszkowski 2012; Błaszkowski et al. 2019). According to this characteriza-
tion, P. globiferum spore wall layer 3 starts to form at most half the thickness 
of the laminate spore wall layer 2, where it maintains physical contact with this 
layer even in crushed spores, and does not occur as a component in the spore 
subtending hyphal wall (Fig. 2B, C). This mode of formation and location was 
also given in the description of P. pacificum (Medina et al. 2014) and is depicted 
in our Fig. 2D. However, Medina et al. (2014) called the innermost component 
of the spore subcellular structure an inner wall arising de novo.

One of the Diversisporales species producing glomoid spores sensu Morton 
and Redecker (2001) with two spore walls, of which spore wall 2 arises de 
novo, is Pacispora scintillans. However, spore wall 2 of P. scintillans arises af-
ter the full differentiation of spore wall 1, which forms the spore surface, and 
has no physical contact with either spore wall 1 (vs. it has in C. corymbiforme, 
P. globiferum, and P. pacificum) or the spore subtending hyphal wall (vs. it has 
in C. corymbiforme; see figs 3d, f, g, h, 4f, 5c, d, f in Błaszkowski et al. 2019 
and Fig. 2A–D). We, therefore, accepted the conclusion of Stürmer and Morton 
(1997) on the innermost spore wall layer of E. claroidea, which resulted from 
ontogenetic studies of this species, and also treat this innermost component 
of the subcellular structure of C. corymbiforme, P. globiferum, and P. pacificum 
spores as a component of one structure, the spore wall. Furthermore, we con-
cluded that this component of the spore wall in P. globiferum and P. pacificum 
is formed in the last stage of the spore wall differentiation. In C. corymbiforme, 
on the other hand, all three layers of the spore subtending hyphal wall are 

http://www.ncbi.nlm.nih.gov/nuccore/HG425548
http://www.ncbi.nlm.nih.gov/nuccore/HG425551
http://www.ncbi.nlm.nih.gov/nuccore/HG425553
https://invam.ku.edu/
https://invam.ku.edu/
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continuous with spore wall layers 1–3 (see figs 3d, f, g, h in Błaszkowski et al. 
2019 and Fig. 2A), develop simultaneously, and this development is usually ini-
tiated well below the spore base (Błaszkowski 2012; Błaszkowski et al. 2019).

The creation of Paracorymbiglomus with P. globiferum and P. pacificum was 
equally convincingly supported by our phylogenetic analyses and sequence 
comparisons of these two species with each other and relative to C. corymbi-
forme. Corymbiglomus corymbiforme was placed in an autonomous clade sis-
ter to the clade with P. globiferum and P. pacificum, and each of these clades 
received full BI and ML supports (Fig. 1, Suppl. material 1). Importantly, no 
analysis supported the node connecting the C. corymbiforme clade with the 
C. globiferum plus C. pacificum clade. The divergences of the 45S sequences of 
C. corymbiforme from those of P. globiferum and P. pacificum were 11.6–15.1%, 
which was similar to the range of sequence divergences between C. corymbi-
forme vs. R. megalocarpum (10.4–12.8%) and other Glomeromycota genera (da 
Silva et al. 2024, 2025). In contrast, the 4.4–5.5% divergences between P. glo-
biferum and P. pacificum were within the interspecific sequence differences of 
members of this phylum (Błaszkowski et al. 2022a, 2023; Crossay et al. 2024).

Unlike in Tedersoo et al. (2024), all our phylogenetic analyses and sequence 
comparisons clearly separated Corymbiglomus and Paracorymbiglomus from 
Redeckera (Fig. 1, Suppl. materials 1, 2) and suggested that the species compo-
sition of Redeckera is unclear. This assumption was based on the inconsistent 
placement of R. fulvum and R. pulvinatum relative to the clade with R. megalo-
carpum in both the 45S+rpb1 and 45S trees, which would indicate that these 
species are not related within the genus Redeckera. Most importantly, this 
thesis was strongly supported by the enormous divergences of the 18S-ITS 
sequences of R. fulvum and R. pulvinatum from the 18S-ITS sequences of 
R. megalocarpum, amounting to about 40%. This suggested that R. fulvum and 
R. pulvinatum either do not belong to Redeckera, despite their morphological 
and ecological similarities, or the phylogenetic membership of these species in 
Redeckera is encoded in other genes, e.g., 28S.

Corymbiglomus and Paracorymbiglomus species also differ morphological-
ly and ecologically substantially from R. megalocarpum, the type species of 
Redeckera (Schüßler and Walker 2010). The morphological differences mainly 
lie in the composition of the spore wall and subtending hyphal wall, and the 
features of the septum closing the spore pore (Redecker et al. 2007; Oehl et 
al. 2011a). In R. megalocarpum, the spore wall and subtending hyphal wall 
consist of two layers (vs. three layers), and the septum resembles a straight 
and wide bridge connecting the main structural laminate spore wall layer 2 
when viewed in cross-section (vs. it is curved, recessed into the spore sub-
tending hyphal lumen, and continuous with spore wall layer 3). Moreover, in 
R. megalocarpum, the thickness of this septum is similar to the thickness of 
the laminate spore wall layer 2, which is much thinner than the main struc-
tural laminate spore wall layer 2 of Corymbiglomus and Paracorymbiglomus 
species and other Diversisporaceae species producing diversisporoid spores 
(Schüßler et al. 2011; Błaszkowski et al. 2022a).

All species assigned to Redeckera were described to produce spores in com-
pact epigeous glomerocarps, and none of these species has been known to 
form mycorrhizae (Redecker et al. 2007). Corymbiglomus and Paracorymbi-
glomus species produced hypogeous spores in loose clusters and singly, and 
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C. corymbiforme and C. globiferum formed mycorrhiza in single-species cul-
tures; the latter property is unknown for C. pacificum (Sylvia and Burks 1988; 
Błaszkowski 2012; Błaszkowski et al. 2019).

Regarding the terminology of spore names, the composition of the spore 
subtending hyphal wall and the spore wall of C. corymbiforme indicates that 
these spores should be called glomoid sensu Morton and Redecker (2001). In 
contrast, the spore characters of Paracorymbiglomus correspond to those of 
diversisporoid sensu Oehl et al. (2011a, b).

Our BI and ML phylogenetic analyses fully supported the novelty of D. conica 
(Fig. 1, Suppl. material 1). However, they left ambiguity regarding the closest 
relative of this new species. The analyses based on 45S+rpb1 and 45S se-
quences showed that the sisters of D. conica were D. aestuarii and D. bareae, 
respectively (Fig. 1, Suppl. material 1). However, neither analysis supported the 
node connecting D. conica with these indicated relatives.

Morphologically, D. conica strongly resembles D. aestuarii. Both species 
produce diversisporoid spores; the color, composition of the spore wall, and 
properties of the spore subtending hypha are similar (Błaszkowski et al. 2022a). 
The major difference readily separating these two species is the phenotypic 
property of the innermost spore wall layer 4. The localized/punctate detach-
ment of this smooth, unsculptured layer from the lower surface of the laminate 
spore wall layer 3 in crushed spores gives the erroneous impression that the 
upper surface of layer 4 is covered with densely and evenly distributed conical 
outgrowths when viewed in cross-section (Fig. 3B–E). This property has not 
been observed so far in spores of any member of Glomeromycota. Moreover, 
compared to D. aestuarii, globose spores of D. conica are 1.2–1.4-fold smaller, 
and their spore wall layer 1 is 2.0–5.4-fold thinner. Finally, the distinctiveness 
of D. conica from D. aestuarii was proven by the strong divergences of their 45S 
sequences, which were 5.6–6.2%.

There is no morphological similarity between D. conica and D. bareae. Di-
versispora bareae, originally described as Otospora bareae (Palenzuela et al. 
2008), produces spores laterally on the neck of a sporiferous saccule, and the 
spores have two walls. Oehl et al. (2011b) named such spores otosporoid. 
The 3.8–4.6% differences between the 45S sequences of D. aestuarii and 
D. bareae and the presence of D. nevadensis, originally described as Entro-
phospora nevadensis (Palenzuela et al. 2010) due to its similar mode of spore 
formation to that of E. infrequens, the type species of the genus Entrophospo-
ra (Schüßler and Walker 2010; Błaszkowski et al. 2022b), among Diversispora 
species suggest that members of Diversispora are polymorphic fungi, with 
the potential ability to produce diversisporoid, tricisporoid, and otosporoid 
spores sensu Oehl et al. (2011a, b).
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