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F1Gs. 1-8.  Glomus perpusillum. 1 and 2. Spores in loose aggregates. 3. Intraradical spores stained in 0.1% trypan blue (note the
contracted spore wall layer 2). 4-8. Spore wall layers (swl) 1 and 2. Note wrinkled spore wall layer 1 (FIGS. 4, 7 and 8) and spore wall layer
2 highly contracted and stained in PVLG + Melzer’s reagent; sg = sand grain. 1. Spores in lactic acid. 2, 5-8. Spores in PVLG + Melzer’s
reagent. 3, 4. Spores mounted in PVLG. 1-8. Differential interference microscopy. Bars: 1 = 50 um, 2 and 3 = 20 pm, 4-8 = 10 um.
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spores before culture (Stutz and Morton 1996)
indicates this species is extremely rare in the regions
sampled by the first author of this paper.

Other arbuscular fungi sporulating in the trap
culture along with G. perpusillum were Intraspora
schenckii (Sieverd. & S. Toro) Oehl & Sieverd., G.
aurantium Blaszk et al, G. constrictum Trappe,
Scutellospora fulgida Koske & C. Walker, and S. persica
(Koske & C. Walker) C. Walker & F.E. Sanders. The
occurrence of sporulating fungi of the Glomeromy-
cota in the field sample was not determined.

DISCUSSION

The distinctive properties of G. perpusillum are its
exceptionally small, hyaline spores formed only in
aggregates and remaining hyaline throughout their
life cycle, as well as the simple spore wall structure
consisting of two permanent layers. The outer layer
usually wrinkles in crushed spores, and the inner layer
frequently contracts in spores crushed in PVLG-based
mountants and stains red in Melzer’s reagent (FIGS. 1,
2 and 4-11). In most described Glomus spp. the
outermost spore wall layer, forming the spore surface,
deteriorates with age in both the field and pot culture
conditions (Bentivenga and Morton 1995, www.agro.
ar.szczecin.pl/~jblaszkowski). In contrast layer 1 of
the spore wall of G. perpusillum always was retained
intact in spores isolated from long-term cultures.
Thus it is of the type of permanent wall layers sensu
Morton (www.invam.caf.wvu.edu) and should be
present in specimens isolated from the field. After
storage of G. perpusillum spores in lactic acid-based
mountants, the staining intensity of their inner spore
wall layer in Melzer’s reagent was slightly reduced but
never disappeared, as in some other species of the
Glomeromycota (Morton 1986).

Other described species of genus Glomus forming
only hyaline spores with a 2-layered spore wall are G.
cerebriforme McGee and G. minutum Blaszk., Tadych &
Madej (www.agro.ar.szczecin.pl/~jblaszkowski,
McGee 1986). Living spores or sequences of G.
cerebriforme unfortunately were not available to us. Dr
P. McGee no longer has the fungus in culture
(Btaszkowski pers comm), and numerous requests
sent to the curator of the Herbarium of the Botanic
Gardens in Adelaide, Australia, were unanswered. In
addition DNA extracts from spores of G. minutum
collected from an old single-species culture failed to
produce PCR products (D. Redecker pers comm).
Thus we have to rely on spore morphology solely to
explain the differences among G. perpusillum and G.
cerebriforme or G. minutum.

Five properties separate G. cerebriforme from G.

perpusillum. First, G. cerebriforme produces spores in
epigeous sporocarps in the field or in loose hypoge-
ous hyphal masses in pot cultures (McGee 1986)
whereas those of G. perpusillum occur mainly in
hypogeous aggregates (FIGs. 1, 2 and 4-9), rarely
inside roots (FIG. 3). Second, spores of the former
species form on racemose hyphae, and those of G.
perpusillum develop at the tip of straight or slightly
curved hyphal branches of a parent hypha (FIGs. 2, 4
and 6-10). Third, only the smallest spores of G.
cerebriforme (25 um diam when globose) overlap with
the mean spore size (24 pm diam) of G. perpusillum.
The largest spores of the former species are ca. two- to
almost threefold larger than the largest spores of the
latter fungus. Fourth, the outer spore wall layer of G.
cerebriforme is much thicker (2—4 um) than that of G.
perpusillum (1.0-1.7 pm) (McGee 1986). Although
the inner wall layers of spores of both species are
flexible, the unique properties of the spore wall layer
2 of G. perpusillum are its plasticity and contractibility
(F1Gs. 4-9 and 11). This layer also stains intensively in
Melzer’s reagent (FIGS. 2 and 5-11). The reactivity of
the spore wall components of G. cerebriforme in this
reagent unfortunately is unknown. Fifth, the lumen of
the subtending hypha of G. cerebriforme spores is
closed by a membranous septum continuous with
layer 2 of the spore wall while that of spores of G.
perpusillum is open (FIGS. 6-11).

Glomus minutum and G. perpusillum differ in the
range of spore size, the phenotypic and biochemical
properties of the spore wall components, as well as
the morphology of the subtending hyphae. The mean
spore size of the former species (39 pm diam when
globose; www.agro.ar.szczecin.pl/~jblaszkowski, Btas-
zkowski et al 2000) is markedly larger than the largest
globose spores (30 um diam) of the new fungus.
Although the outer spore wall layers of both species
are semiflexible, spore wall layer 1 of G. minutum is
uniform (vs. finely laminate in G. perpusillum) and
much thinner ([0.2-]0.6[-0.7]) pm vs. [1.0-]1.4
[-1.7] um) than G. perpusillum. Spore wall layer 2 of
G. minutum is also laminate, nonflexible to semiflex-
ible, and nonreactive in Melzer’s reagent. While the
subtending hypha of G. perpusillum is cylindrical to
slightly funnel-shaped and (2.0-)3.2(—4.7) pm wide at
the spore base (FIGS. 2 and 6-11), that of G. minutum
is more regular in shape (cylindrical to flared) and
much wider ([4.2-]15.7[-8.1] pm) at the spore base.
Finally, the subtending hypha of G. minutum is closed
by a septum continuous with the innermost lamina of
spore wall layer 2, and that of G. perpusillum is open
(F1Gs. 6-11).

Spores of G. microaggregatum also are hyaline in
youth and their spore wall consists of two layers,
frequently wrinkling in crushed spores (Koske et al
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Fi1Gs. 9-16.  Glomus perpusillum. 9. Semiflexible spore wall layer 1 (swll) with small wrinkles and slightly plastic spore wall layer
2 (swl2). 10. Spore (s) and slightly funnel-shaped subtending hypha (sh). 11. Wrinkled spore wall layer 1 (swll), highly contracted
and stained spore wall layer 2 (swl2) and subtending hyphal wall layers (shwl) 1 and 2. 12. Arbuscules. 13. Vesicles. 14. H-shaped
branch. 15. Y-shaped branch. 16. Coil. 9-11. Spores in PVLG + Melzer’s reagent. 12-16. Mycorrhiza of G. perpusillum in roots of
Plantago lanceolata stained in 0.1% trypan blue. 9-16. Differential interference microscopy. Bars: 9-16 = 10 pm.
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FIG. 17. Maximum likelihood tree inferred from partial SSU sequences showing the phylogenetic position of G.
perpusillum in the Glomus Group A clade. G. perpusillum sequences are shown in boldface. The host plant and country are
given for the in planta sequences grouping with G. perpusillum. Values above branches are the bootstrap values (1000
replicates) and values below branches are posterior probabilities shown as a percentage (values not shown if below 70% and

90% respectively).
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1986). However the inner spore wall layer of this
fungus neither becomes plastic nor contracts and
stains in spores crushed in a mixture of PVLG and
Melzer’s reagent, as the spore wall layer 2 of G.
perpusillum does (FIGS. 5-9 and 11; Blaszkowski pers
obs). In addition spores of G. microaggregatum darken
to brownish yellow with age (Koske et al 1986)
whereas those of G. perpusillum remain hyaline
thorough their life cycle.

As mentioned previously the sequences of G.
perpusillum formed a distinct clade within Glomus
group A fungi (sensu Schwarzott et al 2001) together
with unidentified in planta sequences of arbuscular
mycorrhizal fungi from alpine plants sampled in
Austria (FIG. 17). However this clade had no affinity
to any described Glomus species or to the three
subgroups of Glomus group A fungi. Thus phyloge-
netic analyses confirm the uniqueness of G. perpu-
sillum.
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