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Abstract

The family Archaeosporaceae (Archaeosporales), an early-diverging lineage of Glom-
eromycota, is currently represented by a single genus, Archaeospora, with seven spe-
cies described. During the analysis of pot cultures established for the maintenance of
Glomeromycota isolates, an unanticipated fungus emerged as a contaminant. Morpho-
logical and phylogenetic analyses revealed this fungus as a new species, forming an
autonomous genus-level clade within Archaeosporaceae, herein proposed as Antiquis-
pora disseminans gen. et sp. nov. Sequences for this species were obtained using the
newly designed primer FULlongF in combination with FULR, both not Glomeromycota
specific. Positive clones after transformation were then screened and selected using
the Archaeosporaceae-specific reverse primer SpAll_Archaeo_R in combination with
the vector sequencing primers. In addition, independent phylogenetic analysis using
specimen-based sequences and eDNA supported the genus status of Archaeospora
ecuadoriana and A. spainii, both with diagnostic morphological traits, leading to the es-
tablishment of the new genus Andinospora to accommodate Andinospora ecuadoriana
comb. nov. and the genus status revalidation of Palaeospora with P. spainii. Archae-
ospora remains to include A. trappei, A. europaea, A. schenckii, while A. myriocarpa and
A. undulata require additional analysis. Environmental sequences from the EUKARYOME
database also showed that most of the genus-level clades described in Archaeospora-
ceae have worldwide distribution and are populated by several potential new species.

Key words: Arbuscular mycorrhizal fungi, Archaeosporaceae, description of new taxa,
molecular phylogeny, taxonomy
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Introduction

Arbuscular mycorrhizal fungi (AMF), mostly belonging to the phylum Glomero-
mycota, are ancient organisms that have coevolved with plants for over 400
million years, and associate with over 70% of terrestrial plant species (Brun-
drett and Tedersoo 2018). AMF plays a crucial role in several ecosystems by
enhancing plant nutrient acquisition, improving water uptake, contributing to
soil structure, and influencing plant community composition (Fall et al. 2022).
Despite their ecological importance, their high diversity suggested by se-
quence-based environmental studies (Tedersoo et al. 2024a) and the recent
description of several new species, only about 370 AMF species have been
formally described, distributed across 52 genera and 21 families (da Silva et al.
2024, 2025; Goto et al. 2024; Btaszkowski et al. 2025a, b).

The family Archaeosporaceae (Archaeosporales) represents one of the ear-
liest-diverging clades within Glomeromycota. It was established by Morton and
Redecker (2001) with only one genus, Archaeospora, based on morphological
and phylogenetic analyses of three species previously assigned to the genus
Acaulospora: Arc. trappei (type species), which produces only acaulosporoid
spores, and Arc. leptoticha and Arc. gerdemannii, both dimorphic - i.e., produc-
ing acaulosporoid and glomoid spores. Later, combining the morphology of the
spore wall and the type of spore development (entrophosporoid), Sieverding
and Oehl (2006) established the genus Intraspora within Archaeosporaceae to
accommodate I. schenckii, previously classified as Entrophospora schenckii
within the family Entrophosporaceae. Spain et al. (2006) also combined unique
spore wall morphology and type spore development (acaulosporoid) to accom-
modate Acaulospora appendicula, Appendicispora jimgerdemannii and Arc. ger-
demannii in a new genus Appendicispora in Archaeosporaceae. Walker et al.
(2007a), using a molecular approach, described the genus Ambispora, which
is the type genus for the family Ambisporaceae (formerly described as Ap-
pendicisporaceae) (Walker et al. 2007b) in Archaeosporales, accommodating
Amb. leptoticha, Amb. gerdemannii, Amb. fennica and Amb. callosa, while only
Arc. trappei remained in Archaeospora as previously suggested by SchiilRler et
al. (2001). Since Appendicispora represented a homonym of Appendicospora
described previously by Hyde (1995) in Ascomycota, the names Ambispora and
Ambisporaceae became legitimate (Walker 2008).

Following SSU rDNA sequence analysis, Schiiler and Walker (2010) trans-
ferred I. schenckii to Archaeospora, thereby synonymizing the genus Intraspora.
Based on spore morphology and phylogeny of the ITS/LSU rDNA regions, Oehl
et al. (2015) described the genus Palaeospora, with the type species P. spainii,
forming a clade sister to Arc. trappei and I. schenckii. Subsequent analyses by
SchiiBler and Walker (2019) led to the reclassification of P. spainii into the ge-
nus Archaeospora, rendering Palaeospora a synonym of Archaeospora.

Morphologically, Archaeosporaceae is characterized by small, hyaline spores
with distinctive developmental modes. While most species produce monomor-
phic acaulosporoid spores, some species are dimorphic by producing both
acaulosporoid and glomoid spores, or, more rarely, also producing entrophos-
poroid spores (Sieverding and Oehl 2006). Oehl et al. (2011) transferred Acau-
lospora myriocarpa and A. undulata to Archaeospora considering their bi-walled
spores, with both outer and inner walls composed of two-three layers each.
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Archaeospora spainii (formerly Palaeospora) is an exception in Archaeosporace-
ae, producing spores with three distinct two-layered walls (Oehl et al. 2015). The
mycorrhizal structures consist of arbuscules and both intra- and extraradical hy-
phae, which generally stain weakly in Trypan blue; vesicles are rarely observed.

Currently, Archaeosporaceae is a monogeneric family represented by Archae-
ospora comprising seven species, of which Arc. myriocarpa and Arc. undulata
(Oehl et al. 2011) lack phylogenetic characterization. However, the phylogenetic
placement of Arc. trappei, the type species of the genus, remains uncertain, as
sequences obtained from multiple isolates with similar morphology are found
in separate clades (Schiler and Walker 2019).

Recent advances in environmental DNA (eDNA) sequencing have revolution-
ized our understanding of microbial diversity, enabling the detection and identi-
fication of previously unknown fungal taxa directly from soil and root samples
(Hug et al. 2016; Tedersoo et al. 2024b). Accordingly, Tedersoo et al. (2024a)
highlighted two possible undescribed genera in Archaeosporaceae. While an-
alyzing trap cultures intended for the maintenance of AMF isolates, we dis-
covered an unexpected fungus that proliferated as a contaminant. Preliminary
molecular analyses suggested that this fungus might be accommodated in
one of the suggested new genera. Additionally, our investigations revealed the
need for new combinations within the family. Therefore, the aims of this study
are (i) to describe and characterize the morphology of the new fungus; (ii) to
determine its position within Glomeromycota using both traditional and eDNA
sequence-based approaches; (iii) to uncover candidate new species based on
eDNA within the Archaeosporaceae; (iv) to revisit the genus Palaeospora with
P, spainii based on morphological and molecular evidence; and (v) to accom-
modate Arc. ecuadoriana in a new genus within Archaeosporaceae.

Materials and methods
Origin of study material

Antiquispora disseminans pot culture was established in 2019 from spores col-
lected in an old accession of Diversispora epigaea (formerly labeled as Glomus
versiforme) available at the University of Turin (Italy). The substrate contained
old spores (whose affiliation to D. epigaea was confirmed by rDNA sequencing)
that had lost the ability to germinate, and smaller hyaline spores of unknown
origin. About 100 spores were collected by F. Magurno and used to set up a pot
culture with autoclaved sand and 5% bentonite as substrate, and Plantago lan-
ceolata as host plant. After propagation, twelve single-spore pot cultures were
also prepared under the same conditions. Pot cultures were maintained in the
plant growth chamber at the Institute of Biology, Biotechnology and Environ-
mental Protection (Katowice, Poland) and re-established approximately every
six months upon verification of the presence of spores.

Morphological analysis

Spores were isolated from pure culture pots by suspending 20—30 ml of sub-
strate in water and passing the decanted supernatant through a 45-um sieve.
Spores were mounted on microscope slides using water, polyvinyl alcohol-
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lactic acid—glycerol (PVLG), and a mixture of PVLG and Melzer’s reagent (1:1,
v/v). Morphological characteristics of spores were described from at least 100
spores, examined and photographed using dissecting and compound micro-
scopes. The terminology of the spore structures is that presented in Btaszkow-
ski (2012). Color descriptions were based on Kornerup and Wanscher (1983).
The fungal nomenclature and the authors of fungal names were verified in the
Index Fungorum database at www.indexfungorum.org (accessed on 24 Febru-
ary 2025). Voucher specimens were deposited in the UFRN-Fungos herbarium,
Brazil (holotype) and in the Herbdrio Parque das Dunas RN, Brazil (isotype).

Molecular analysis

Spores from both multi- and single-spore cultures were collected by wet siev-
ing of the pot substrate. Genomic DNA was extracted with DNeasy PowerSoil
Pro Kit (Qiagen, Hilden, Germany), according to the manufacturer’s instructions
with modifications as in Magurno et al. (2024). Amplicons of SSU-ITS-LSU nrD-
NA partial genes were obtained by PCR with newly designed primer FULlongF
(CCT AGT AAG CGT GAG TCA TCA) and FULR (Malicka et al. 2022) using the
Phusion Plus DNA Polymerase (Thermo Fisher Scientific, Waltham, MA, USA)
with a universal annealing temperature of 60 °C, according to the producer’s in-
structions. The annealing sites of the two primers are slightly internal to the po-
sitions of SSUMCfx and LSUmBrx (Kriiger et al. 2009). Since these primers are
not Glomeromycota-specific, clones positive for the insert were also checked
with the Archaeosporaceae-specific reverse primer SpAll_Archaeo_R (CAT TAY
GTC AGC ATC CTT G), in combination with the vector sequencing primers. Ad-
ditional shorter sequences were obtained with the FULF/FULR primer pair as
in Malicka et al. (2022). PCR amplicons were purified and cloned with Gene-
JET PCR Purification and CloneJET PCR Cloning Kits (Thermo Fisher Scien-
tific, Waltham, MA, USA) and sequenced at Genomed S.A. (Warsaw, Poland).
Sequences were deposited in GenBank with accession numbers PV873150-
PV873156, PV938315-PV938337.

Bioinformatic analysis

To infer the phylogenetic placement of the new species, a dataset was created
including representatives of members of Archaeosporales, and Paraglomera-
les as the outgroup. More in detail, for Archaeosporaceae, the dataset com-
prised sequences from the new species and from all Archaeospora species
(sensu SchiiBler and Walker 2019) in possession of partial SSU-ITS-LSU nrDNA
sequences or part of it, including sequences from twelve Archaeospora trappei
isolates. The dataset was aligned with the online version of MAFFT v.7 (Katoh
and Standley 2013) using the E-INS-i iterative refinement method (http://mafft.
cbrc.jp/alignment/server/). Bayesian and maximum likelihood phylogenetic in-
ference were performed via CIPRES Science Gateway 3.1 (Miller et al. 2010),
using MrBayes v3.2.7 (Ronquist et al. 2012) and RAXML-NG (Kozlov et al. 2019)
with partitions and nucleotide substitution models as described in Magurno et
al. (2024). For Bayesian analysis, the number of generations was increased up
to 5 million with a stop rule at split frequency standard deviation = 0.01. Phy-
logenetic trees from the two analyses were visualized, merged and edited in
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TreeGraph 2 (Stover and Miiller 2010). Clades were considered supported with
Bayesian posterior probabilities = 0.95 and ML bootstrap values = 70%.

Due to the uncertainty of phylogenetic delimitation of Arc. trappei, we includ-
ed a phylogenetic placement based on a comprehensive eDNA dataset (see
description below). LSU_D2 sequences from 8 pure cultures of Antiquispora
disseminans and sequences of Arc. europaea, Arc. schenckii and Arc. ecuador-
iana were also added to the eDNA dataset alignment with the online version of
MAFFT 7 using the “mafft -add”. The GTR+G+| model parameters of the refer-
ence tree were derived in RAXML using the function “-evaluate”. Sequences’
placement was achieved using EPA-ng (Barbera et al. 2019) and the resulting
jplace file was converted to Newick format using Gappa.

A broader phylogeny, including a vast number of eDNA sequences, was con-
ducted to confirm the phylogenetic placement of the new genus Antiquispora
and detect candidate new species in Archaeosporaceae. Sequence data as-
signed to Glomeromycota were downloaded from three nucleotide sequence
databases — EUKARYOME v.1.7 (Tedersoo et al. 2024b), NCBI (Sayers et al.
2024) and UNITE v.9.1 (Abarenkov et al. 2024). Unidentified fungi obtained
from NCBI and UNITE were first assigned to rough taxonomic groups based on
BLASTn queries against reference sequences in EUKARYOME v.1.7. Sequences
affiliated with Archaeosporales were selected to assemble a SSU-ITS-LSU se-
qguence dataset that was aligned using MAFFT v.7. The alignment was edited
by manual trimming of overarching and misaligned ends and manual correc-
tion in case of obvious misalignments using AliView v.1.26 (Larsson 2014). In
the alignment, at least one read from each described species was included to
delimit clades and assign taxonomy.

The alignments were further filtered to exclude unalignable regions and pro-
cessed in ClipKIT v.1.4.0 (Steenwyk et al. 2020) to remove phylogenetically un-
informative positions. Finally, five partitions (SSU, ITS1, 5.8S, ITS2, LSU) were
defined and employed in phylogenetic analyses. Maximum-likelihood tree re-
construction was performed using IQ-TREE v.2.2.5 (Minh et al. 2020), with a
partitioned dataset under the GTR+I+G substitution model, including 1000 ul-
trafast bootstrap replicates and 1000 SH-aLRT tests. The trees were visualized
and used for taxonomic re-annotation in FigTree v.1.4.4 (Rambaut 2018). The
first three rounds of alignments and analyses were primarily used to detect and
remove low-quality reads and chimeric sequences. From the fourth round on-
wards, high-quality reads were retained and used to generate final phylogenies
for species and genus delimitation. To detect possible novel species clades, we
used the following criteria: (i) monophyly; (ii) bootstrap support > 95; (iii) phy-
logenetic breadth and divergence roughly comparable to previously described
taxa; and (iv) minimizing the number of novel taxa (i.e. preferably retaining larg-
er groups if there were multiple alternative splitting possibilities). Intraspecies
and interspecies divergences were calculated in Mothur 1.48 using the ‘cal-
c=eachgap’ parameter. To produce the distance matrix, only species described
in Archaeosporaceae with sequences overlapping the same SSU-ITS-LSU region
were considered. The maximum intraspecific distance that did not exceed the
minimum interspecies distance was selected as a threshold for OTU clustering.

Similarly, sequences of the eDNA dataset, covering the same target re-
gion, were used to produce a distance matrix, and then OTUs, according to
the cutoff selected. For each OTU, sequences were mapped into the eDNA
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tree to detect possible species clades. Thereafter, the clades were evaluat-
ed based on the criteria described above.

Diagnoses of candidate novel species were prepared based on sequence
motifs in the ITS and LSU regions by visually selecting the most distinguishing
oligonucleotide barcodes of typically 20 bases using multiple sequence align-
ments. The barcodes were selected as not having ambiguous base calls (e.g.,
N or other IUPAC codes) for the suggested novel species and had at least two
differences from closely related taxa. We also limited the number of permitted
alignment mismatches (typically 0 or 1) for the candidate novel species to en-
sure species-level resolution.

Finally, metadata obtained from the EUKARYOME database were used to
map the occurrences of members of Archaeosporaceae and their distribution
across distinct biomes.

Results
Molecular data and phylogenetic analysis

Overall, seven partial SSU-ITS-LSU nrDNA and 23 partial LSU nrDNA clones
were successfully sequenced from all the cultures obtained from multiple and
single spores of Antiquispora disseminans. The highest dissimilarity between
partial SSU-ITS-LSU nrDNA sequences was ca. 1%.

Phylogenies inferred using both Bayesian and Maximum Likelihood analy-
sis recovered a similar topology (Fig. 1). The sequences of Ant. disseminans
clustered in an autonomous, highly supported clade, shared with sequences
from isolate SF119B (identified as Archaeospora trappei). Other sequenc-
es from this isolate and from the isolates FL327C, KE120, and NC104B (all
from the INVAM collection) formed a sister clade with moderate support
(0.99/73). Together, these two clades received full support (1.00/100) and
were positioned as a sister group to the clade comprising all the other taxa
in Archaeosporaceae. The analysis revealed fully or highly supported clades
for Arc. ecuadoriana, Arc. spainii, and Archaeospora (sensu Oehl et al. 2015).
The first two are here proposed as the basis for establishing the new ge-
nus Andinospora and for resurrecting the genus Palaeospora, respectively
(Fig. 1). Archaeospora trappei sequences from eight isolates did not form a
monophyletic clade but split into several clades with varying support, with
each isolate’s sequences confined to a single clade.

The EPA analysis returned a slightly different topology, with most Arc. trappei
sequences placed in two supported clades, or in their vicinity, corresponding to lin-
eages called Arc. sp5 and Arc. trappei (named after the Arc. trappeiisolate Att178-
3, with SSU-ITS-LSU sequences available) in the eDNA-based phylogeny (Suppl.
material 1). Sequences of Arc. schenckii and And. ecuadoriana were distributed
across two distinct clades, whereas sequences of Arc. europaea clustered within
the Arc. trappei. Finally, all 23 partial LSU rDNA sequences from 8 pure cultures of
Antiquispora disseminans were placed in the corresponding species clade.

The phylogenetic analysis based on the eDNA database confirmed the sup-
port and autonomy of Antiquispora, Andinospora, Palaeospora and Archaeospo-
ra as genera in the Archaeosporaceae (Fig. 2, Suppl. material 2), with a topology
coherent with the one in Fig. 1. The clade of Archaeospora was the only one to
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Figure 1. Phylogram generated from Maximum Likelihood (ML) and Bayesian Inference (Bl) analyses displaying the phyloge-
netic relationships of Antiquispora disseminans among taxa in Archaeosporales. In the Antiquispora clade, sequences from
isolates previously identified as Arc. trappei, are indicated with their original taxonomic affiliation. Colors in Archaeospora
trappei (in Archaeospora clade) represent the different isolates, indicated before the accession numbers, from which se-
quences originated. Members of Paraglomerales were used to root the tree. Posterior probabilities and support values > 0.98
and 70%, respectively, are indicated above or below the branches. Bar indicates 0.1 expected change per site per branch.
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Figure 2. Phylogram generated from Maximum Likelihood analysis based on the eDNA dataset of Archaeosporales. The
analysis conducted in IQ-TREE2 involved 918 sequences, 563 of which overlapped the SSU-ITS-LSU region, representa-
tive of four families and seven genera (plus one putative without representative isolates) in Archaeosporales. In Archae-
osporaceae, candidate lineages at species rank are highlighted by colored boxes. Support values (SH-aLRT and Ultrafast
Bootstrap support) are shown beside the respective lineage labels. Bar indicates 0.1 expected change per site per branch.
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receive moderately strong support (91) as ultrafast bootstrap, and low support
as SH-aLRT value (65.6). Additionally, a clade at genus rank (Archaeosporace-
ae_gen02), represented by a few sequences, was shown in a sister position to
the clade containing the other genera.

Intra- and interspecies divergence analyses identified a 6% dissimilarity
threshold, which was subsequently applied to delineate putative species-level
lineages. Antiquispora comprised, besides Ant. disseminans, 21 well-supported
lineages, which we suggest as candidate species pending further morphologi-
cal and ecological characterization.

The motifs TGGTCTCGGCCTA and TTCGTTGGCTGGTT based on the ITS2
and LSU regions, respectively, as indicated in Fig. 3, were selected as diagnos-
tic barcodes for the genus Antiquispora. Similarly, unique LSU barcodes were
determined for all putative species in Antiquispora and ITS barcodes for 19
lineages (Fig. 4 for Antiquispora disseminans, Suppl. material 3 for the others).

Additionally, our analysis detected nine well-supported lineages in Archae-
ospora, including one represented by Arc. schenckii and one hosting the se-
quences of both Arc. trappei (isolate Att-178) and Arc. europaea. In Andinospora,
two putative species lineages, distinct from And. ecuadoriana, were identified.

The phylogenetic distinctiveness of Ant. disseminans, And. ecuadoriana,
and P, spainii as autonomous clades was also supported by blastn compar-
isons of their sequences with sequences of similar length to Archaeospora.
The sequence divergences of Ant. disseminans from those of Archaeospora,
Andinospora, and Palaeospora, were significantly greater (ca. 19-21%) than
sequence divergences between other genera in Archaeosporaceae. The aver-
age sequence divergences between the genera Antiquispora vs. Andinospora,
Antiquispora vs. Archaeospora, Antiquispora vs. Palaeospora, Andinospora vs.
Palaeospora, Andinospora vs. Archaeospora, and Palaeospora vs. Archaeospora
amounted to 19.5%, 21%, 21%, 13%, 14%, and 11.5%, respectively.

101 ITS2 subregion 112

Antiquispora sp.1 EUK1635791
Antiquispora sp.2 EUK1672043
Antiquispora sp.3 EUK1702220
Antiquispora sp.4 EUK1672047
Antiquispora sp.5 EUK1672028
Antiquispora sp.6 EUK1702111
Antiquispora sp.7 EUK1702041
Antiquispora sp.8 EUK1631017
Antiquispora sp.9 EUK1701894
Antiquispora sp.10 EUK1701933
Antiquispora sp.11 EUK1672034
Antiquispora sp.12 EUK1671994
Antiquispora sp.13 EUK1702226
Antiquispora sp.14 EUK1672027
Antiquispora sp.15 EUK1672001
Antiquispora disseminans PV873151
Antiquispora sp.16 EUK1672059
Antiquispora sp.17 EUK1702150
Antiquispora sp.18 EUK1671998
Antiquispora sp.19 EUK1702214
Antiquispora sp.20 EUK1671990
Antiquispora sp.21 EUK1672044
Ambispora EUK1671785
Ambispora appendicula FN547529
Archaeospora EUK1631756
Archaeospora schenckii FR750020
Archaeosporaceae_gen02 MT765709
Polonospora polonica MZ359659
Polonospora EUK1672148
Polonospora EUK1672597

Antiquispora sp.1 EUK1635791
Antiquispora sp.2 EUK1672043
Antiquispora sp.3 EUK1702220
Antiquispora sp.4 EUK1672047
Antiquispora sp.5 EUK1672028
Antiquispora sp.6 EUK1702111
Antiquispora sp.7 EUK1702041
Antiquispora sp.8 EUK1631017
Antiquispora sp.9 EUK1701894
Antiquispora sp.10 EUK1701933
Antiquispora sp.11 EUK1672034
Antiquispora sp.12 EUK1671994
Antiquispora sp.13 EUK1702226
Antiquispora sp.14 EUK1672027
Antiquispora sp.15 EUK1672001
Antiquispora disseminans PV873151
Antiquispora sp.16 EUK1672059
Antiquispora sp.17 EUK1702150
Antiquispora sp.18 EUK1671998
Antiquispora sp.19 EUK1702214
Antiquispora sp.20 EUK1671990
Antiquispora sp.21 EUK1672044
Ambispora EUK1671785
Ambispora appendicula FN547529
Archaeospora EUK1631756
Archaeospora schenckii FR750020
Archaeosporaceae_gen02 MT765709
Polonospora polonica MZ359659
Polonospora EUK1672148
Geosiphon pyriformis AM183920

Figure 3. Separation of Antiquispora from other genera of Archaeosporaceae based on
the ITS region (ITS2 positions 101-112 tggtctcggcect; one mismatch allowed) and LSU
(positions 492-504 ttcgttggctggtt; one mismatch allowed).
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ITS2 subregion

663
Antiquispora disseminans EUK1672064
Antiquispora disseminans PV873150
Antiquispora disseminans PV873156
Antiquispora disseminans PV873151
Antiquispora disseminans PV873152
Antiquispora disseminans PV873153
Antiquispora disseminans PV873154
Antiquispora disseminans KT250768
Antiquispora disseminans KT250767
Antiquispora disseminans MT832160
Antiquispora sp.1 EUK1635791
Antiquispora sp.2 EUK1672043
Antiquispora sp.3 EUK1702220
Antiquispora sp.4 EUK1672047
Antiquispora sp.5 EUK1672028
Antiquispora sp.6 EUK1702111
Antiquispora sp.7 EUK1702041
Antiquispora sp.8 EUK1631017
Antiquispora sp.9 EUK1701894
Antiquispora sp.10 EUK1701933

Antiquispora disseminans PV873155
Antiquispora disseminans PV873150
Antiquispora disseminans PV873156
Antiquispora disseminans PV873151
Antiquispora disseminans PV873152
Antiquispora disseminans PV873153
Antiquispora disseminans PV873154
Antiquispora disseminans EUK0515244
Antiquispora disseminans EUK0509906
Antiquispora disseminans EUK1672064
Antiquispora sp.1 EUK1635791
Antiquispora sp.2 EUK1672043
Antiquispora sp.3 EUK1702220
Antiquispora sp.4 EUK1672047
Antiquispora sp.5 EUK1672028
Antiquispora sp.6 EUK1702111
Antiquispora sp.7 EUK1702041
Antiquispora sp.8 EUK1631017
Antiquispora sp.9 EUK1701894
Antiquispora sp.10 EUK1701933

Figure 4. Separation of Antiquispora disseminans from other species of Antiquispora
based on the ITS region (ITS2 positions 184-203 tttcgtttggaaaaaagcac; one mismatch
allowed) and LSU (positions 663—-686 cgacagcttgctgatgttcatttg; one mismatch allowed).

Taxonomy
Description of new genera, new species and combinations

Antiquispora Magurno, Uszok, Esmaeilzadeh-Salestani, Tedersoo, M.B.
Queiroz & B.T. Goto, gen. nov.

MycoBank No: 860980

Fig. 5A-1

Etymology. Latin, antiquus (= ancient) and spora (= spores), referring to the phy-
logenetic placement of this genus within Archaeosporales, an early-diverging
lineage of Glomeromycota.

Type species. Antiquispora disseminans Magurno, Uszok, M.B. Queiroz &
B.T. Goto.

Diagnosis. Differs from Archaeospora and other genera of Archaeospo-
raceae in (i) having two hyaline spore walls and four layers, (ii) intraradical
hyphae, spores, and vesicles stain darkly in trypan blue, and (iii) in the nu-
cleotide composition of sequences of the partial SSU-ITS-LSU nrDNA region
(see Discussion for details).

Genus description. Spores acaulosporoid, formed singly in the substrate
or occasionally within roots. Spores hyaline to white, small (55-67 pm diam),
globose to subglobose, rarely ellipsoid to ovoid. Subcellular spore structure
composed of two walls: the outer wall with two hyaline layers, and the inner
wall with two permanent, flexible to semi-flexible layers. None of the layers in
either wall stain with Melzer’s reagent. Sporiferous saccule hyaline to subhy-
aline, with a delicate mono- to bi-layered wall continuous with the two outer
spore wall layers; usually collapsed or detached in extraradical spores. Spore
walls and saccule wall staining dark in Trypan blue. Forming mycorrhizal struc-
tures staining dark in Trypan blue.

Ecology and distribution. Environmental sequencing data indicate that the
genus has a broad geographical and ecological distribution, having been re-
corded in tropical, subtropical, temperate, and even subpolar regions, across
approximately 60 countries in the Americas, Africa, Asia, Europe, and Oceania
(Suppl. material 4). It occurs in a broad range of natural and human-modified
habitats, including various types of forests, shrublands, grasslands, woodlands,
deserts, tundra, freshwater environments, and anthropogenic landscapes such
as croplands, rangelands, villages, and urban areas (Suppl. material 5).
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Figure 5. Antiquispora disseminans. A. Intact spores with dense, oily cytoplasmic con-
tent forming irregular droplets. B-F. Spores with two distinct walls (sw, iw), each com-
posed of two layers: swl1-2 and iwl1-2; G. Spores and intraradical hyphae; H. Spore (sp)
formed laterally on the neck of a sporiferous saccule (sac), with a detail of the scar at the
spore base; |. Spores showing wall structure with four layers and detail of the germ shield
(gs); C. Spores in PVLG. A, B, D-F. Spores in PVLG + Melzer's reagent; G-I. Spores and
other structures stained in 0.1% Trypan blue. Scale bars: 25 pm (A, G, H); 10 ym (B-F, I).

Antiquispora disseminans Magurno, Uszok, M.B. Queiroz & B.T. Goto, sp. nov.
MycoBank No: 860982
Fig. 5A-I

Etymology. Latin, disseminans (= dissemination), referring to the species ca-
pacity for rapid and successful propagation in culture pots.

Diagnosis. Differs from Archaeospora trappeiin (i) having two layers in the in-
ner wall, whereas A. trappei has only one; by (ii) mycorrhizal structures (spores,
hypha, and vesicles) staining dark in Trypan blue, and (iii) in the nucleotide com-
position of SSU-ITS-LSU nrDNA.

Species description. Acaulosporoid spores formed laterally on the neck of
a sporiferous saccule (Fig. 5H), singly in the substrate or occasionally within
roots. Spores hyaline to white (1A1), in maturity greyish white (1B1), globose to
subglobose, (55-)60(-67) pm diam, rarely ellipsoid to ovoid (57-)62(-85) ym,
with two walls (sw, iw) (Fig. 5A-F, 1). Spore wall (sw) consists of two layers
with 1.3—1.5 pm thick. Layer 1 (swl1) short-lived, evanescent, hyaline, thin, 0.3—
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0.5 um thick. Layer 2 (swl2) permanent, laminated, hyaline to white (1A1), 0.8-
1.0 um thick. Inner wall (iw) consists of two, permanent, flexible to semi-flexible,
(1.4-)1.5(=2.0) pm thick layers. Layer 1 (iwl1) uniform, slightly pigmented (1A2),
0.8-1.0 um thick. Layer 2 (iwl2) hyaline, amorphous, 0.5-2.5 pm thick. None of
the wall layers exhibits amyloid or dextrinoid reactions in Melzer's reagent. Spo-
riferous saccule hyaline to subhyaline, subglobose to oblong, 15-55 x 30-75 ym
diam, with an extremely delicate mono- to bi-layered wall continuous with the
two outer layers of the outer spore wall (swl1-2) and coated with adherent gran-
ular material; rarely observable in spores outside roots due to frequent collapse
or detachment during extraction from the soil, except in spores with adherent
soil particles or remnant root fragments; occasionally visible within root tissues,
where it stains dark with Trypan blue (Fig. 5H). The basal attachment point of
the spore is marked by a semi-persistent cicatrix-like structure formed by the
spore wall (Fig. 5H). The spore content consists of a dense, hyaline, oily sub-
stance forming unevenly distributed droplets that appear prominently darker
than the spore walls, especially when observed in Melzer's reagent (Fig. 5A). A
germination shield (gs) forms from the inner wall (iw) (Fig. 51). This structure is
difficult to observe and was only visualized laterally in spores stained in Trypan
blue. Mycorrhiza with hyphae, spores, and vesicles staining dark in Trypan blue
(Fig. 5G—I). Sporocarps unknown. Glomoid spores not detected.

Specimen examined. The material examined was obtained from culture pots
containing the host Plantago lanceolata at the University of Silesia in Katowice, Po-
land, originally established for the maintenance of an inoculum of Diversispora epi-
gaea sourced from Turin, Italy. However, the spores obtained represent a species
distinct from that of the intended culture target, indicating unintentional contam-
ination. The precise origin of this contaminant cannot be definitively established.
Holotype: UFRN-Fungos 3785; Isotype: Herbario Parque das Dunas RN 10355.

Ecology and distribution. In single-species cultures with Plantago lanceolata,
Ant. disseminans formed typical arbuscular mycorrhizae, including spores, vesi-
cles, and intra- and extraradical hyphae. This species exhibited an extraordinarily
high success rate in pot cultures, with approximately two-thirds of single-spore
cultures resulting in abundant spore production. Based on environmental DNA se-
quences, Ant. disseminans occurs in a variety of habitats, indicating a broad dis-
tribution. It has been detected in subtropical coniferous forest in Saltillo, Mexico;
in urban soil environments in the United States; and in temperate woodland soill
in Viru-Jaagupi, Estonia. These findings suggest that the species is ecologically
versatile and capable of thriving across diverse climatic and habitat conditions.

Andinospora Magurno, Uszok, Esmaeilzadeh-Salestani, Tedersoo, M.B.
Queiroz & B.T. Goto, gen. nov.
MycoBank No: MB 860983

Etymology. Latin, Andinus (= referring to the Andes Mountain Range), where the
species was originally found, and spora (= spores).

Type genus. Andinospora ecuadoriana (A. Schiiler & C. Walker) Magurno,
Uszok, M.B. Queiroz & B.T. Goto, comb. nov.

Basionym. Archaeospora ecuadoriana A. SchiBler & C. Walker, Mycorrhiza
29:437 (2019).
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Diagnosis. Differs from Archaeospora and other genera of Archaeosporace-
ae in (i) having a spore wall with one layer and an inner wall two-layered, and (ii)
in the nucleotide composition of sequences of the SSU-ITS-LSU nrDNA region
(see Discussion for details).

Genus description. Spores formed singly in soil, roots, or small clusters, lat-
erally, or intercalary to the sporiferous saccule. Hyaline, small (20 pm diam),
glomoid spores detected. Acaulosporoid and entrophosporoid spores hyaline,
globose, subglobose, broadly ellipsoid, ovoid, obovoid, or irregular, 43-77 x 43—
99 pym diam. Spore wall one-layered continuous with sporiferous saccule wall
layer, and an inner (germinal) wall with two hyaline permanent layers. Sporifer-
ous saccule hyaline to subhyaline, with a mono-layered wall continuous with
the laminated spore wall layer. Spore walls staining in Trypan blue. Forming
mycorrhizal structures staining in Trypan blue.

Ecology and distribution. Environmental sequencing data indicate that the ge-
nus has been recorded in about 15 countries across Africa, South America, Oce-
ania, Europe, and Asia (Suppl. material 6). Most records come from tropical and
subtropical ecosystems, particularly broadleaf and coniferous forests, but have
also been found in temperate grasslands and woodlands (Suppl. material 5).

Andinospora ecuadoriana (A. SchiiBBler & C. Walker) Magurno, Uszok,
Esmaeilzadeh-Salestani, Tedersoo, M.B. Queiroz & B.T. Goto, comb. nov.
MycoBank No: MB 860984

Species description. As in Andinospora description.

Ecology and distribution. The species showed a broad ecological distribu-
tion, having been detected across multiple continents, including Australia, South
America, Africa, Asia, and Central America. It occurs in a wide range of biomes,
such as temperate and subtropical broadleaf forests, tropical forests, tropical
coniferous forests, and both temperate and tropical woodlands. This widespread
occurrence across diverse climatic zones and vegetation types suggests the spe-
cies is ecologically versatile and capable of thriving under varied environmental
conditions, possibly reflecting a broad host range or high functional adaptability.

Archaeospora (J.B. Morton & D. Redecker) emend. Magurno, Uszok,
Esmaeilzadeh-Salestani, Tedersoo, M.B. Queiroz & B.T. Goto

Genus description. Spores acaulosporoid, entrophosporoid and/or glomoid
formed singly or in aggregates in the substrate or occasionally within roots.
Acaulosporoid and entrophosporoid spores hyaline or white to light yellow, small
(22-114 pm diam), globose to subglobose, rarely ellipsoid to ovoid. Subcellular
spore structure composed of two walls: the outer wall with one-two hyaline lay-
ers, and the inner wall with one to three permanent, flexible to semi-flexible lay-
ers. None of the layers in either wall stain with Melzer’s reagent. Sporiferous sac-
cule hyaline to subhyaline, with a delicate mono- to bi-layered wall continuous
with the two outer spore wall layers; usually collapsed or detached in extraradical
spores. Glomoid spores hyaline to white, small (22-31 pm diam), with a bi-lay-
ered wall. Forming mycorrhizal structures with weak reaction in Trypan blue.
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Type genus. Archaeospora trappei (R.N. Ames & Linderman) J.B. Morton & D.
Redecker, Mycologia 93 (1): 183 (2001).

Basionym. Acaulospora trappei R.N. Ames & Linderman, Mycotaxon 3 (3):
566 (1976).

Other species. Archaeospora europaea Oehl, Palenz., Sdnchez-Castro, V.M.
Santos & G.A. Silva, Sydowia 71: 131 (2019).

Archaeospora myriocarpa (Spain, Sieverd. & N.C. Schenck) Oehl, G.A. Silva,
B.T. Goto & Sieverd., Mycotaxon 117: 430 (2011).

Archaeospora schenckii (Sieverd. & S. Toro) C. Walker & A. SchiBler, The
Glomeromycota: a species list with new families and new genera: 53 (2010).

Archaeospora undulata (Sieverd.) Sieverd., G.A. Silva, B.T. Goto & Oehl, Myco-
taxon 117: 430 (2012).

Ecology and distribution. Environmental sequencing data show that the genus
has a broad distribution, with records from 38 countries across tropical, subtrop-
ical, temperate, and subpolar regions in Africa, the Americas, Europe, Asia, and
Oceania (Suppl. material 7). It has been detected in diverse biomes, including
broadleaf and coniferous forests, woodlands, grasslands (montane and flooded),
shrublands, deserts, freshwater river systems, and a variety of anthropogenic hab-
itats such as croplands, rangelands, villages, and urban areas (Suppl. material 5).

Discussion

Environmental DNA (eDNA) metabarcoding is increasingly recognized as a
powerful tool for biodiversity assessment, allowing the discovery of putative
novel taxa across diverse ecosystems (Tedersoo et al. 2024a). Its application
has expanded from general biodiversity monitoring to the detection of non-in-
digenous species (Duarte et al. 2021), agricultural pests (Kestel et al. 2022),
and rewilding outcomes (Cowgill et al. 2025). A key advantage of eDNA lies
in its sensitivity and cost-effectiveness compared to traditional methods (Fe-
diajevaite et al. 2021), enabling the detection of rare or cryptic species. Never-
theless, caution is advised, as intragenomic variation in rDNA markers can sig-
nificantly undermine species delimitation and identification when paralogous
sequences with conflicting signals are included in the analysis (Magurno et
al. 2024; Corradi et al. 2025). While eDNA holds great promise for uncovering
undescribed biodiversity, its full potential will depend on continued method-
ological refinement and validation against established taxonomic frameworks.

Tedersoo et al. (2024a) presented a comprehensive Glomeromycota phylogeny
based on eDNA, identifying numerous potentially new taxa at various ranks. Follow-
ing this lead, in the present paper we put a face, or rather, a spore, on one of those
genera (namely Archaeosporaceae_gen01) suggested in Archaeosporaceae.

Our morphological and phylogenetic analysis supported Antiquispora dissem-
inans as a new species in an autonomous fully supported genus-level clade in
Archaeosporaceae. The position of members of this species was already shown
in SchiiBler and Walker (2019) when Archaeospora ecuadoriana was described
and Palaeospora was synonymised with Archaeospora. However, no formal ac-
tion was taken since the INVAM isolates (SF119B, FL327C, KE120,NC104B) were
morphologically identified as Arc. trappei. One isolate (NC104B: NORTH CARO-
LINA: Dill's Creek wetland, 1993) was also among the specimens analyzed for
the synonymization of Acaulospora trappei in Arc. trappei (Morton and Redecker
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2001). Importantly, the position of sequences from these isolates, whose clade
branched before the And. ecuadoriana clade, was used to further support the
synonymization of Palaeospora due to its nested position within Archaeospora.
In light of these findings, the taxonomic status of Arc. ecuadoriana and
Arc. spainii have been revisited, according to their phylogenetic position and mor-
phology, as a new genus Andinospora and the reestablishment of Palaeospora,
respectively. The morphological features distinguishing Ant. disseminans are
limited (enough to mislead the previous identification of the species), due to the
similar morphology of spore wall in species belonging to those orders referred
to as basal in the Glomeromycota. Nevertheless, the percentage of identity be-
tween its sequences and those of members of Archaeospora, Andinospora and
Palaeospora unequivocally justified its taxonomic status as separate genera.
Interestingly, none of the 23 sequences obtained from eight pure cultures
were placed in the Antiquispora sp14 clade, populated by sequences of iso-
lates SF119B, FL327C, KE120, NC104B. Considering also the high dissimilarity
between sequences of Ant. disseminans and those from this clade (ca. 11%),
we opted for considering Antiquispora sp14 as a distinct putative species. How
sequences reportedly derived from SF119B populated both clades remains un-
explained, with possibilities of misbehaving paralogs and mislabeled cultures.
Previous phylogenetic analysis showed that sequences from different iso-
lates of Arc. trappei are scattered along the Archaeospora clade (Schiiler and
Walker 2019; Btaszkowski et al. 2021). This confusing pattern was confirmed
in our analysis when phylogeny was conducted employing only specimen-de-
rived sequences (Fig. 1). A more coherent phylogeny was obtained using hun-
dreds of eDNA sequences that resulted in phylogenetic placement of most
Arc. trappei sequences within two large clades (Suppl. material 1). Consid-
ering the outcome of both analyses and the extrapolated criterion used to
suggest lineages, several (not mutually exclusive) interpretations can be sug-
gested: (i) Arc. trappei sequences belong to two species and Arc. europaea
has to be considered as a synonym of one of them; (ii) Archaeospora hosts
several cryptic species resembling the features of Arc. trappei, and Arc. euro-
paea remains a separate, valid species; (iii) the rDNA marker alone is not able
to resolve the phylogeny of Archaeospora or Arc. trappei complex; (iv) the phy-
logeny of Archaeospora is strongly disturbed by paralog sequences, causing
polyphyletic signals as in other families of Glomeromycota (Btaszkowski et
al. 2022; Magurno et al. 2024; Corradi et al. 2025). The placement of Arc. euro-
paea within an Arc. trappei clade should be viewed with caution. In addition to
morphological discrepancies, the lack of LSU coverage in both Arc. europaea
and its closest eDNA matches may have introduced biases.
The taxonomic confusion surrounding Archaeosporaceae species stems from
a long history of complex classifications due to similarities of spore development
and spore wall structure. All seven previously described species share several fea-
tures, including small, hyaline, acaulosporoid/entrophosporoid spores with 3—4
layers in the walls (Ames and Linderman 1976; Spain 2003; Hafeel 2004; Btasz-
kowski and Czerniawska 2005; Sieverding and Oehl 2006). The only exception is
Palaeospora spainii, with eight layers distributed in three distinct walls. Andinospo-
ra and Antiquispora share a similar spore development with Archaeospora, char-
acterized by (i) small (<100 pym), hyaline, spores produced lateral or intercalary
to sporiferous saccule; (i) spore wall with two walls, an outer (sw) and inner (iw)

MycoKeys 124: 249-273 (2025), DQI: 10.3897/mycokeys.124.166449 263



Keyvan Esmaeilzadeh-Salestani et al.: New genera and recombinations in Archaeosporales

wall producing a delicate germinal shield. However, Palaeospora present a dis-
tinctive spore development, characterized by (i) small (<100 pm), hyaline, spores
produced laterally to sporiferous saccule, and (ii) spore wall with three walls, an
outer, middle, and inner (germinal) wall with eight layers, resembling Acaulospora
species but without a beaded layer (Sieverding and Oehl 2006). Also consider-
ing spore wall organization and phylogenetic analysis Btaszkowski et al. (2021)
describe a new family, Polonosporaceae in Archaeosporales with a new genus
Polonospora based on species previously described as Acaulospora polonica.

A comparative overview of spore type, number of walls and wall layers, and
the mycorrhizal structures, including their staining patterns in Trypan blue, ob-
served in all species of Archaeosporaceae is summarized in Table 1. Traits such
as spore type and the number of inner wall layers proved inconclusive for distin-
guishing species, particularly within Archaeospora. Moreover, numerous incon-
sistencies in the number of inner wall layers are common in the Archaeospora
literature, often arising from descriptions based on different isolates. These
discrepancies may indicate either (i) that these isolates correspond to differ-
ent species, or (ii) that a single species exhibits high morphological variation.
Based on the current evidence, we consider the first explanation to be more
plausible. Therefore, for morphological comparisons, we prioritize the original
descriptions or redescriptions that include examination of type specimens.

The re-establishment of Palaeospora with P. spainii is supported by morpho-
logical features of the spore wall, as originally suggested by Oehl et al. (2015).
Palaeospora spainii remains the only species in Archaeosporaceae known to
possess eight layers in three spore walls (a feature observed in other Archae-
osporales families such as Ambisporaceae and Polonosporaceae), while other
members of Archaeospora typically exhibit two spore walls (Spain et al. 2006;
Btaszkowski et al. 2021). The new genera Antiquispora and Andinospora with-
in Archaeosporaceae also exhibit spores with two walls. Although And. ecua-
doriana was described by SchiiBler and Walker (2019) as having “three wall

Table 1. Comparison of spore type, number of walls and wall layers and mycorrhizal structures among species of the
family Archaeosporaceae.

Number of | Number of | Number of

Species Spore type spore walls | layers (sw) | layers (iw) Mycorrhizal structures/ Trypan blue staining
Palaeospora spainii Acaulosporoid/ 3 3 5 Arbuscules, intra- and extraradical hyphae
Glomoid (sw, mw, iw) do not stain or stain weakly. Vesicles absent.
Andinospora ecuadoriana = Acaulosporoid/ | 2 (sw, iw) 1 2 Spores and intraradical hyphae staining
Entrophosporoid/ weakly to moderately.
Glomoid
Antiquispora disseminans | Acaulosporoid 2 (sw, iw) 2 2 Spores, intra- and extraradical hyphae, and
vesicles stain darkly.
Archaeospora trappei Acaulosporoid 2 (sw, iw) 2 1 Arbuscules, intra- and extraradical hyphae
stain weakly.
Archaeospora schenckii | Entrophosporoid | 2 (sw, iw) 2 Tor3 Arbuscules vesicles and intraradical hyphae
stain weakly, whereas the inner spore wall
stains darkly.
Archaeospora europaea Acaulosporoid/ 2 (sw, iw) 2 3 Arbuscules, intra- and extraradical hyphae
Glomoid not or stain weakly. Vesicles absent.
Archaeospora myriocarpa | Acaulosporoid 2 (sw, iw) 2 1 Intraradical hyphae stain weakly. Typical
arbuscules and vesicles absent.
Archaeospora undulata Acaulosporoid 2 (sw, iw) 2 1 Unknown

*Abbreviation of spore walls and spore wall layers: spore wall (sw), middle wall (mw) and inner wall (iw) with 1-3 layers.
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components (C1-C3)”, this terminology deviates from the standard wall-and-
layer nomenclature (Btaszkowski 2012). Our reassessment of the published
micrographs indicates that spores of And. ecuadoriana presents the typical bi-
walled structure (see fig. 2h, k, m, n in SchiiBBler and Walker 2019), where C1
represents a single-layered outer wall and C2-C3 correspond to the bi-layered
inner (germinal) wall (see fig. 2i, n in SchiiBler and Walker 2019).

Andinospora ecuadoriana differs from Archaeospora species by having a sin-
gle-layered spore wall, whereas species of Archaeospora present a two-layered
spore wall. Additionally, And. ecuadoriana has a two-layered inner wall, whereas
Archaeospora species typically have a single-layered inner wall. Archaeospo-
ra europaea is the only Archaeospora species described with five wall layers,
including three of these in the inner wall. Although Arc. schenckii was initially
described as having three wall layers, Sieverding and Oehl (2006), upon reex-
amining the type material, concluded that it also possesses five layers.

Antiquispora disseminans differs from Andinospora by having a two-layered
outer wall (vs. a single-layered), and from Archaeospora species by having a
two-layered inner wall (vs. one- or three-layered). However, the most distinctive
feature of Antiquispora is the staining of its mycorrhizal structures in Trypan
blue. While Archaeospora and Palaeospora generally do not stain or stain only
faintly, and Andinospora exhibits slight staining, Antiquispora shows consis-
tently dark staining. In addition, the sporiferous saccule of Antiquispora stains
similarly to the spores, whereas in Andinospora the saccule stains weakly and
in Arc. schenckii shows no staining. For other species in the family, information
on saccule staining is currently unavailable.

Based on our analysis and results, we follow the recommendations to bi-morphic
species proposed by Btaszkowski et al. (2022) for the upcoming works involving
species in the Archaeosporaceae that (i) Arc. trappei-like culture collections should
be carefully described to characterize the spore wall structure, germinal shield (or
orb) and the possible presence of dimorphism, (ii) the morphology of Arc. trap-
pei-like and/or glomoid-like spores should be described to present possible differ-
ences, (iii) descriptions of new species based on Arc. trappei-like cultures should
be based on morphological specimens-based approaches with a strong phyloge-
netic dataset to clarify potential new species in the clade, (iv) spore wall description
should apply standardized terminology to spore wall organization, avoiding confu-
sion in spore wall interpretations, and finally (v) staining spores and mycorrhizal
structures with Trypan blue must be included in species descriptions and charac-
terization of isolates, since it often provides more informative results than Mel-
zer's reagent, which frequently gives weak or irrelevant reactions within this group.

Finally, the large number of sequences retrieved from the Eukaryome data-
base, along with the associated metadata, provided a powerful tool to map the
occurrences of Archaeosporaceae members and to shed light on their ecology
and distribution. Antiquispora and Archaeospora accounted for 250 and 221
occurrences (sample IDs in the database), respectively, while Rhizoglomus, one
of the most widespread genera in Glomeromycota, was found in 889. Funneli-
formis, to provide another example, was recorded in “only” 203 samplings.

When scaling up one taxonomic rank, the family Archaeosporaceae account-
ed for 429 occurrences, compared to 2727 for Glomeraceae sensu Schiiller
and Walker (2010). Based on these data, Antiquispora appears to be not only
quite common but also the most widespread genus within Archaeosporaceae.
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The reason it has been “hidden” until now remains unclear, but mismatch-
es in Glomeromycota-specific primers commonly employed in environmental
studies might be one of the culprits. Indeed, most sequences originated from
studies using universal fungal primers, which could have helped overcome
such primer bias. Similarly, non-Glomeromycota-specific primers were used to
obtain the sequences from the Antiquispora disseminans isolate.
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ospora trappei Att178_3 (FR750034, FR750035, FR750036, FR750038, FR750037),
AU219 (KT250815, KT250816, KT250819), SF113 (KC166259, KC166260, MT832162),
AZ119 (KT250821, KT250820, KT250822), ON201D (MT832164), PE102 (KT250814),
IL203B (KT250823, MT832163), DSU87 (ON113869). Archaeospora schenckii Att212-
4 (FR750020, FR750021), CL401 (KT250807, KT250792, KT250802, KT250812,
KT250797, KT250811, KC166258, KT250813). Archaeospora europaea SAF1151
(MK940274, MK940275). Andinospora ecuadoriana N2 (LR596344, LR596345,
LR596349, LR596350, LR596351, LR596352, LR596353, LR596354), N6 (LR596346,
LR596347,.LR596348). Antiquispora disseminans 1 (PV938315,PV938316,PV938317),3
(PV938327,PV938328), 4 (PV938318, PV938319, PV938320), 5 (PV938329, PV938330,
PV938331),6 (PV938321, PV938322, PV938323), 8 (PV938324, PV938325, PV938326),
9 (PV938332, PV938333, PV938334), 12 (PV938335, PV938336, PV938337).
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(ODbL) is a license agreement intended to allow users to freely share, modify, and
use this Dataset while maintaining this same freedom for others, provided that the
original source and author(s) are credited.
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Phylogram generated from Maximum Likelihood analysis based on the
eDNA dataset of Archaeosporales

Authors: Keyvan Esmaeilzadeh-Salestani, Mariana Bessa de Queiroz, Vladimir Mikryu-
kov, Sylwia Uszok, Bruno Tomio Goto, Leho Tedersoo, Franco Magurno

Data type: pdf

Explanation note: The analysis conducted in IQ-TREE 2 involved 918 sequences, 563 of
which overlapping the SSU-ITS-LSU region, representative of four families and seven
genera in Archaeosporales. In Archaeosporaceae, candidate lineages at species rank
are highlighted by colored boxes. Support values (SH-aLRT and Ultrafast Bootstrap
support) are shown beside the respective lineage labels. Bar indicates 0.1 expected
change per site per branch.

Copyright notice: This dataset is made available under the Open Database License
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License
(ODbL) is a license agreement intended to allow users to freely share, modify, and
use this Dataset while maintaining this same freedom for others, provided that the
original source and author(s) are credited.
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Supplementary material 3

ITS and LSU barcodes selected for the lineages identified in the study for
each genus in Archaeosporaceae
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(ODbL) is a license agreement intended to allow users to freely share, modify, and
use this Dataset while maintaining this same freedom for others, provided that the
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Global distribution of the genus Antiquispora based on EUKARYOME
database records
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Data type: pdf

Explanation note: The map shows the geographic locations (colored dots) where the ge-
nus has been recorded. A total of 596 sequences were considered from the reference
database, spanning 65 countries (Poland for the type species, not included). Map
generated with MapCustomizer (https://www.mapcustomizer.com/).

Copyright notice: This dataset is made available under the Open Database License
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(ODbL) is a license agreement intended to allow users to freely share, modify, and
use this Dataset while maintaining this same freedom for others, provided that the
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Supplementary material 5

Occurrence of fungal genera in the family Archaeosporaceae across
different biomes, based on EUKARYOME database records
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Data type: pdf

Explanation note: The table summarizes the presence of each genus in natural and an-
thropogenic biomes, including forests, grasslands, shrublands, woodlands, deserts,
and aquatic environments.

Copyright notice: This dataset is made available under the Open Database License
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License
(ODbL) is a license agreement intended to allow users to freely share, modify, and
use this Dataset while maintaining this same freedom for others, provided that the
original source and author(s) are credited.
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Supplementary material 6

Global distribution of the genus Andinospora based on EUKARYOME
database records

Authors: Keyvan Esmaeilzadeh-Salestani, Mariana Bessa de Queiroz, Vladimir Mikryu-
kov, Sylwia Uszok, Bruno Tomio Goto, Leho Tedersoo, Franco Magurno

Data type: pdf

Explanation note: The map shows the geographic locations (colored dots) where the ge-
nus has been recorded. A total of 52 sequences from the reference database, span-
ning 14 countries (Ecuador for the type species, not included). Map generated with
MapCustomizer (https://www.mapcustomizer.com/).

Copyright notice: This dataset is made available under the Open Database License
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License
(ODbL) is a license agreement intended to allow users to freely share, modify, and
use this Dataset while maintaining this same freedom for others, provided that the
original source and author(s) are credited.
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Supplementary material 7

Global distribution of the genus Archaeospora based on EUKARYOME
database records
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Data type: pdf

Explanation note: The map shows the geographic locations (colored dots) where the ge-
nus has been recorded. A total of 251 sequences were considered from the reference
database, spanning 38 countries. Map generated with MapCustomizer (https://www.
mapcustomizer.com/).

Copyright notice: This dataset is made available under the Open Database License
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License
(ODbL) is a license agreement intended to allow users to freely share, modify, and
use this Dataset while maintaining this same freedom for others, provided that the
original source and author(s) are credited.
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