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The arbuscular mycorrhizal Paraglomus majewskii sp. nov.
represents a distinct basal lineage in Glomeromycota
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Abstract: Paraglomus majewskii sp. nov. (Glomero-
mycota) is described and illustrated. It forms single
spores, which are hyaline through their life cycle,
globose to subglobose, (35-)63(-78) um diam,
sometimes egg-shaped, 50-70 X 65-90 um, and have
an unusually narrow, (3.2-)4.6(-5.9) pm, cylindrical
to slightly flared subtending hypha. The spore wall of
P. majewskii consists of an evanescent, shortlived
outermost layer, a laminate middle layer, and a
flexible innermost layer, which adheres tightly to
the middle layer. None of the spore wall layers stain in
Melzer's reagent. In single-species cultures with
Plantago lanceolata as the host plant P. majewskii
formed arbuscular mycorrhizae staining violet in
trypan blue. P. majewskii has been isolated from
several, distant geographic regions and from different
habitats. In phylogenetic analyses of partial ntDNA
SSU and LSU sequences the fungus formed mono-
phyletic group with Paraglomus species; however it
represents a well separated distinct lineage. Its nrDNA
sequences are highly similar to in planta arbuscular
mycorrhizal fungal sequences from different habitats
in Spain and Ecuador.
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lineage, arbuscular mycorrhizal fungi, «Glomeromy‘
cota, mycorrhizae, Paraglomeraceae

INTRODUCTION

The family Paraglomeraceaae was erected recently to
accommodate the ancestral arbuscular mycorrhiz]
fungi (AMF) that form small glomoid spores based on
rDNA phylogenetic analysis (Morton and Redecker .
2001, SchiiBler et al. 2001). The species within Para-
glomeraceae are the type species Paraglomus occultum
(C. Walker) [.B. Morton & D. Redecker, 2. brasilianum
(Spain & J. Miranda) J.B. Morton & D. Redecker and P,
laccatum (Blaszk.) Renker, Blaszk. & Buscot.

The known Paraglomus spp. produce glomoid
spores (they arise identically to those of Glomus
spp.) that are colorless or pale and relatively small
(mean diameter < 100 um; Morton and Redecker
2001, Renker et al. 2007). In addition mycorrhizae of
Paraglomus spp. stain faintly or not at all in trypan -
blue and probably lack vesicles (Morton and Redec-
ker 2001). However it is evident that spore morphol-
ogy and even mode of spore formation of many
species of Glomeromycota sometimes correlate weak-.
ly or not at all with their molecular phylogenies
(Redecker and Raab 2006, SchuBler and Walker
2010). Hence to correctly place newly discovered
AMF within Glomeromycota both morphological and
molecular phylogenetic analyses are needed.

While P. occultum has been recorded from numer-
ous regions of the world (Blaszkowski pers obs,
Morton and Redecker 2001), P. brasilianum has been
found only in Brazil and West Virginia, USA (Morton
and Redecker 2001, Spain and de Miranda 1996), and
P. laccatum has been found only in Denmark, Poland
(Btaszkowski 1988, unpubl; Renker et al. 2007) and
Great Britain (Chris Walker pers comm). .

Examination of pot trap cultures inoculated Wlﬂ"_
rhizosphere soil and root fragments of a variety of plant
species collected from several locations in Europ®
Africa and Asia produced glomoid spores of ail
undescribed taxon of Glomeromycota. Moleculd!
phylogenetic analyses showed that these isolates form_ed
a new distinct lineage in a monophyletic group “fl_th
Paraglomus species, herein described as . majewski

MATERIALS AND METHODS
staining

Establishment of cultures, extraction of spores and .
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of mycorrhizae.—Spores examined in this stucly were
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: both pot trap and single-species cultures. Trap
from s were established to obtain a large number of living
culture and to initiate sporulation of species that were
sPoI'eISlt but were not detected in the field samples (Stutz
rzseMorton 1996). The method used to establish trap
aﬂltures growing conditions and the methods of spore
Eztractic;n and staining of mycorrhizae were those described
By Blaszkowski et al. (2006). The growing substrate of trap
cultures was the field-collected rhizosphere soil and roots of
the plant species sampled mixed with an autoclaved coarse-
grained sand. . |

Single—species cultures were established with 10-50 spores
isolated from trap cultures and grown as described in
Blaszkowski et al. (2009a). Attempts of establishing single-
species cultures from single spores failed. Plantago lanceo-
lata was used as host plant in both trap and single-species

cultures.

Microscopy.—Morphological characteristics of spores and
wall structures were determined based on examination of at
least 100 spores mounted in either lactic acid (spore size) or
polyvinyl alcohol/lactic acid/glycerol (PVLG; Omar et al.
1979) and a mixture of PVLG and Melzers’ reagent (1:1,
v/v). All spores came from single-species cultures. Spores at
all developmental stages were crushed to varying degrees by
applying pressure to the cover slip and incubated at 65 C for
24 h to clear contents. Spores were examined under a
compound microscope equipped with Nomarski differen-
tial interference contrast optics. Microphotographs were
recorded on a Sony 3CDD color video camera coupled to
the microscope.

Spore color was examined under a dissecting microscope
on fresh specimens immersed in water. Terminology of
spore structure was that suggested by Stirmer and Morton
(1997) and Walker (1983). Color names are from Kornerup
and Wanscher (1983). Nomenclature of fungi and plants is
that of SchiiBler and Walker (2010) and Mirek et al.
“(http://info.botany.pl/czek/check.htm) respectively. The
authors of the fungal names are those presented at the
Index Fungorum Website (http://www.indexfungorum.
org/AuthorsGfFungalNames.htm). Voucher specimens
were mounted in PVLG and a mixture of PVLG and
Melzer’s reagent (1:1, v/v) on slides and deposited in the
Department of Plant Protection (DPP), West Pomeranian
University of Technology, Szczecin, Poland, and in the

herbarium at Oregon State University (OSC) in Corvallis,
Oregon.

DNA extraction, polymerase chain reaction and DNA
Sequencing.—DNA was extracted from two strains as
described by Blaszkowski et al. (2009a). Each strain was
represented by 3-9 spores isolated from single-species
cultures. Strain 1 came from a culture, from which the
hOIOtYpe of P. majewskii was selected, and strain 2 came
from 3 culture isolated from maritime sand dunes near
Karabucak-Tuzla, Turkey (see Specimens 'examined). The
::tralcts were used as template in polymerase chain
B}zgukons (PCR), Partial SSU was amplified as described in
merﬁwskl et al. (2010) with a nested PCR with Glo-

0 and Clomerl536 primers (Wubet et al. 2006) and
AMLI and amL2 primers (Lee et al. 2008). Partial LSU

region was amplified in a nested PCR reaction first with the
primers LR1 (van Tuinen et al. 1998) and FLR2 (Trouvelot
et al. 1999) and then the primers 28G1 and 28G2 (da Silva
et al. 2006). Subsequent work with amplicons was carried
out as described in Blaszkowski et al. (2010), and 6-10
clones from each amplicon were sequenced. The sequences
were compiled from electrophoregrams with Pregap4
and Gap4 (Staden et al. 2000), and representatives of the
different sequences were deposited in GenBank
(JN131587-]N131606).

Phylogenetic analyses.—The partial SSU and LSU sequences
were analyzed separately. Sequences were aligned with
MAFFT (Katoh et al. 2002, Katoh and Toh 2008). The
alignments were checked and adjusted manually with
ProSeq 2.9 (Filatov 2002). The alignments were deposited
in TreeBASE (S11460). The bestfit nucleotide substitution
model was selected with the program jModelTest (Posada
2008) considering the selection of Akaike information
criterion (AIC). Maximum likelihood (ML) phylogenetic
analyses were carried out with the online version of PHYML
3.0 (Guindon and Gascuel 2003). The GTR nucleotide
substitution miodel was used with ML estimation of base
frequencies. The proportion of invariable sites was estimat-
ed and optimiZed. Six substitution rate categories were set,
and the gamma distribution parameter was estimated and
optimized. Bootstrap analysis with 1000 replicates (MLB)
was used to test the support of branches. The same
substitution model was used in Bayesian analyses performed
with MrBayes 3.1.2 (Huelsenbeck and Ronquist 2001,
Ronquist and Huelsenbeck 2003) using the Computational
Biology Service Unit at Cornell University (http://
cbsuapps.tc.cornell.edu/index.aspx). Four Markov chains
were run 5000000 generations, sampling every 100 steps,
with a burn-in at 7500 sampled trees. The phylogenetic trees
were viewed and edited with Tree Explorer of the MEGA4.0
program (Kumar et al. 2004) and a text editor.

TAXONOMY

Paraglomus majewskii Blaszk. & Kovics sp. nov.
FiGs. 1-16

MycoBank MB561205

Sporocarpia ignota. Sporae singulatim in solo efformatae.
Sporae hyalinae; globosae vel subglobosae; (85-)63(-78)
um diam; raro ovoidae; 50-70 X 65-90 um. Tunica sporae e
stratis tribus (strati 1-3); stratum 1 evanescens, hyalinum,
(0.5-)0.7(-1.0) um crassum; stratum 2 laminatum, glabrum,
hyalinum, (2.5-)3.5(-4.4) pm crassum; stratum 3 flexibi-
lum, glabrum, hyalinum, ca. 0.5 um crassum. Hypha
subtenda hyalina; recta vel recurva; cylindrica; (3.2-)4.6
(-5.9) um lata at basim sporae; pariete hyalino, (0.7-)1.4
(-2.0) um crasso, stratis 1 at 2 sporae continuo. Porus (1.2-)
1.9(-2.5) diam, aperto. Mycorrhizas arbusculares formans.

Typus. Polonia: Sedinum (Szczecin), infra P. lan-
ceolata, 15 Apr 2008, J. Blaszkowski, 3064 (Holotypus,
DPP).

Sporocarps unknown. Spores formed singly in the
soil (F1Gs. 1, 2); develop blastically at the tip of
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F1Gs. 1-8.  Paraglomus majewskii. 1, 2. Spores (s) with subtending hyphae (sh). 3. Spores inside a spore of S(;utellDS;b””; jg
4-8. Spore wall layers (swl) 1-3. 1-3. Spores in lactic acid. 4. Spore in PVLG. 5-8. Spores in PVLG + Melzer’s reagent
Differential interference microscopy. Bars: 1-3 = 20 pm, 4-8 = 10 um.
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Fics. 9-14. Paraglomus majewskii. 9. Spore wall layer (swl) 2 and subtending hyphal wall layer (shwl) 2; spore wall layer 1
continuous with subtending hyphal wall layer 1 is completely sloughed in the spore; spore wall layer 3 is invisible, because it
tghtly adheres to the lower surface of spore wall layer 2. 10-14. Mycorrhizae of Paraglomus majewskii in roots of Plantago
lanceolata stained in 0.1% trypan blue. 10. Arbuscules (arb) with trunk (t). 11. Arbuscule (arb) and H-shaped branch (Hb). 12.
Y‘shaped branch (¥b). 13. Coil (c). 14. Extraradical hyphae (eh). 9. Spore in PVLG + Melzer’s reagent. 10-14. Root fragments
N PVLG. 9-11. Differential interference microscopy. Bars: 9, 10, 12-14 = 10 um; 11 = 20 um.

SPorogenous hyphae continuous with mycorrhizal
“Xtraradical hyphae; sometimes produced inside
“Mpty spores of other AMF (FIG. 8). Spores hyaline;
sgl°b°§e to subglobose; (35-)63(-78) pm diam;
OMetimes egg-shaped; 50-70 X 65-90 um; with one

subtending hypha (FiGs. 1-3). Spore wall consists of
three hyaline layers (1-3). Layer 1, forming the spore
surface, evanescent, usually slightly roughened on its
upper surface, (0.5-)0.7(~1.0) um thick, almost always
deteriorated or completely sloughed in mature spores
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sar Glomus geosporum (AJ245637)
0 Glomus caledonium (Y17653)
1%80 Glomus mosseae (Z14007)
Glomus coronatum (AJ276086)
Glomus proliferum (AF213462)
Glomus intraradices (AJ301859)
Glomus sinuosum (AJ133706)

Glomus sp. W3347 (AJ301857)

Glomus luteum (AJ276089)
,LF Glomus sp. W3349 (AJ301856)
90 L Glomus etunicatum (Y17639)

98 Gigaspora gigantea (Z14010)
oo- Gigaspora albida (AJ852600)
Scutellospora pellucida (Z14012)
Scutellospora dipapillosa (Z14013)
Scutellospora cerradensis (AB041344)
Scutellospora dipurpurescens (FM212931)
100 E Pacispora scintillans (AJ619940)
100 Pacispora scintillans (AJ619955)

1007 Diversispora spurca (Y17650)
"— Diversispora spurca (AJ276077)
Glomus cf. etunicatum W2423 (Y17644)
Entrophospora sp. WV (Z14011)
106 Acaulospora spinosa (Z14004)
100 100 Acaulospora longula (AJ306439)
Archeospora leptoticha (AB015052)
Archeospora leptoticha (ARB047309)
99 Geosiphon pyriformis (AM183923)
_ Geosiphon pyriformis (X86686)
59 Ambispora fennica (AM268192)
Archaeospora trappei (Y17634)
uncultured Paraglomus sequence ex Retama sphaerocarpa (Spain) FN646032
uncultured Paraglomus sequence ex Retama sphaerocarpa (Spain) FN646046
L - uncultured Paraglomus sequence ex Retama sphaerocarpa (Spain) FN646033

Paraglomus majewskii sp. nov. (strain 1) el219_4

Paraglomus majewskii sp. nov. (strain 1) el338_4

Paraglomus majewskii sp. nov. (strain 1) el338_2
Paraglomus majewskii sp. nov. (strain 2) el336_4
100 s Paraglomus majewskii sp. nov. (strain 2) el336_2

" DN Paraglomus laccatum (AM295493)
98 Paraglomus brasilianum (AJ301862)
100 |gs- Paraglomus occultum (AJ276082)

9" Paraglomus occultum (DQ322629) S
B Mortierella polycephala (X89436) 100 chare,
Endogone pisiformis (DQ322628)

100 97
100 100

75

100
100

70

100
100

F1G. 15. The maximum likelihood tree inferred from partial SSU rDNA sequences showing the phylogenetic positon of
Paraglomus majewskii in phylum Glomeromycota with Endogone pisiformis as outgroup. GenBank accession numbers of the
sequences from earlier studies are in parentheses. The value above the branches shows the ML bootstrap, whereas the value
below the branches is the Bayesian posterior probabilities (BPP). The values are given as percentages. Values below 70%
(bootstrap) and 90% (BPP) are not shown. Bar 2 changes/100 characters.

(F1Gs. 4-8). Layer 2 laminate, smooth, (2.5-)3.5(-4.4)
um thick, frequently stratifying into groups of laminae
(sublayers) in vigorously crushed spores (FiGs. 4-9).
Layer 3 flexible, smooth, ca. 0.5 pm thick, usually
tightly adherent to the lower surface of layer 2 in
stightly crushed spores, but sometimes separating
from layer 2 in vigorously crushed spores (FiGs. 4-8).
None of the spore wall layers swell in PVLG or stain in
Melzer’s reagent. Subtending hypha hyaline; straight

or curved, cylindrical to flared; (3.2-)4.6(-5.9) K
wide at the spore base (Fics. 1, 2, 9). Wall .Of
subtending hypha hyaline; (0.7-)1.4(~2.0) pm thick
at the spore base; composed of two layers continuous
with spore wall layers 1 and 2; layer 1 was present 10 -
only few intact spores (FIG. 9). Pore (1.9-)1.9(-2.5) 0
diam, open (FIG. 9). Germination unknown.
Mycorrhizal associations. In single-species PO
tures with P. lanceolata as the host plant, P. 74
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19070\ Glomus intraradices MUCL 43194 (AJ854581)
{[ Glomus cf. intraradices (DQ469123)

.| Glomus sp. MUCL 41833 (AJ854655)

3, i Glomus intraradices MUCL 43194 (AJ854580)
|_G'|omus intraradices AFTOL-ID 845 (DQ273828)
Glomus sp. MUCL 43203 (AJ854592)

Glomus sp. MUCL 43203 (AJ854590)

Glomus sp. HR1 (AB370889)

Glomus clarum (AJ510243)

Glomus sp. RF1 (AB370888)

Glomus cf. intraradices (AY639219)

Glomus cf. intraradices (AY639305)

Glomus geosporum BEG11 (AJ510241)

Glomus caledonium BEG20 (AJ510240)

Glomus caledonium RWC_658 (AF396794)

Glomus mosseae HM-CL1 (AJ271924)

Glomus mosseae (AY639281)

79 & Glomus claroideum HM-CL3 (AJ271927)
100~ [°% Glomus claroideurn BEG14 (AJ271928)
1

100

82
100

Glomus claroideum BEG31 (AJ271929)
. Glomus clarum RWR_132 (AF396791)
& 100 |~ Glomus etunicatum UFPEQE (AJ852006)
99 Glomus etunicatum BEG 92 (AF145749)
100>~ Scutellospora pellucida (AY639326)
Scutellospora pellucida (AY839260)
Scutellospora gregaria LPA48 (AJ510232)
Scutellospora castanea (Y12076)
Scutellospora calospora BEG32 (AJ510231)
Scutellospora heterogama AFTOL-ID (DQ273792)
— 961 Scutellospora heterogama UFPE19 (AJ852016)
Gigaspora margarita MAFF520054 (AJ852014)
Gigaspora rosea (Y 12075)
Gigaspora albida (AJ852008)
Gigaspora gigantea NC150 (AJ852010)

100 ’— Acaulospora colliculosa (GU326347)
100 1 Acaulospora colliculosa (GU326351)

9% 100 [ Acaulospora paulinae (AY639264)
ﬁ‘wo 100 Acaulospora paulinae (AY639265)

Acaulospora lacunosa BEG78 (AJ510230)

100

- Glomus aurantium (EF581864)
100 |9 Glomus aurantium (EF581863)
100 %8 Glomus eburmeum (E¥067888)

o5~ Diversispora celata (AY639306)

\%?Iomus eburneum (EF067887)

100t Diversispora celata (DQ350451)

Paraglomus majewskii sp. nov. (strain 1) HGL58_07
Paraglomus majewskii sp. nov. (strain 1) HGL58_09
Paraglomus majewskii sp. nov. (strain 1) HGL58_08
o1] Paraglomus majewskii sp. nov. (strain 2) HGL57_05
98" Paraglomus majewskii sp. nov. (strain 2) HGL57 _01
Glomus sp. HM-CL5 (AJ271926)

88 Paragiomus sp. (dep as: Archaeospora trappei) (FJ461887)
100 Paragiomus sp. (dep. as: Entrophospora schenckii) (FJ461809)
gg | Paraglomus occultum AFTOL-ID 844 (DQ273827)

100 L Paraglomus occultum CR402 (FJ461883)
Paraglomus occultum (AJ271713)
Paraglomus sp. N1116B (FJ461884)
Paraglomus brasilianum WV215 (FJ461882)
.~ Archaeospora gerdemannii (AJ510234)
100 % Archaeospora gerdemannii (AJ271712)
1007 1 Ambispora appendicula (FN547524)
Ambispora appendicula (FN547527)
}gg Ambispora leptoticha (FJ461886)
:gg [Ambispora fennica (FN547545)

100
100

100
700

100

100
100

97
100

Ambispora fennica (FN547546) 1 foghar?agr?/
Geosiphon pyriformis (AM183920) ,_.c -

Endogone pisiformis AFTOL-1D (DQ273811)

FIG. 16. The maximum likelihood tree inferred from partial LSU rDNA sequences showing the phylogenetic position of
Paragiomus majewskii in phylum Glomeromycota with Endogone pisiformis as outgroup. GenBank accession numbers of the
Zequences from earlier studies are in parentheses. The values above the branches show the ML bootstrap, whereas the values

elow the branches are the Bayesian posterior probabilities (BPP). The values are given as percentages. Values below 70%
(bOOterap) and 90% (BPP) are not shown. Bar 10 changes/100 characters.
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formed mycorrhizae with arbuscules and intra- and
extraradical hyphae (FIGs. 10-14). No vesicles were
found in any roots (cultures up to 5y old). Arbuscules
were numerous and evenly distributed along the root
fragments. They consisted of a short trunk developed
from a parent hypha and numerous branches with fine
tips (F1Gs. 10, 11). Intraradical hyphae grew parallel to
the longitudinal root axis, were straight to slightly
curved, and (2.2-)4.3(-6.9) pm wide (FIG. 12). They
sometimes formed H- or Yshaped branches and coils
(F16s. 11-183). The coils were primarily ellipsoidal; 7.5~
25.0 X 18.8-87.5 pum; rarely circular; (12.5-)16.7
(—27.5) um diam when seen in a plan view; and widely
dispersed along the root fragments. Extraradical
hyphae occurred rarely and were (3.3-)4.8(-5.1) um
wide (F1G. 14). In 0.1% trypan blue arbuscules stained
violet-white (16A2) to reddish violet (16C7), intrar-
adical hyphae violet white (16A2) to reddish violet
(16B7), coils violetwhite (16A2) to lilac (16B5) and
extraradical hyphae pale violet (16A3) to grayish violet
(16C6).

Phylogenetic position. Paraglomus majewskii grouped
within the Paraglomeraceae forming a monophyletic
group with other Paraglomus species based on analyzes
of both SSU and LSU sequences (Fics. 15, 16).
However the species forms a relatively distant lineage
within the genus.

Specimens examined. EUROPE. POLAND, Szczecin, asso-
ciated with roots of pot-cultured P. lanceolata, 15 Apr 2008,
Blaszkowski, ., 3064 (HOLOTYPE, DPP); Blaszkowski, J.,
3065-3070 (ISOTYPES, DPP) and two slides at OSC; Brojce
(52°18'N, 15°3'E), under Brassica elongata Ehrh., 25 Apr
2004, Bflaszkowski, J., 3080-3084 (DPP); near Bytom
(50°20'N, 18°55'E), under Deschampsia caespitosa (L.) P.
Beauv., 3 Jul 2005, Btaszkowski, J, 3100 (DPP); Lubrza
(52°18’N, 15°24'E), among roots Cirsium arvense (L.)
Scop., 13 Aug 2004, Blaszkowski, J., 3091 (DPP); Lubrza,
in the rhizosphere of Melandrium album (Mill.) Garcke, 13
Aug 2004, Btaszkowski, J., 3092 (DPP); Lagowiec (52°20'N,
15°41'E), in the root zone of B. elongata, 25 Apr 2004,
Blaszkowski, J., 3085-3088 (DPP); Romanéwek (52°17'N,
15°22'E), under Hypericum perforatum L., 13 Aug 2004,
Btaszkowski, J., 3093 (DPP); Trzciel (52°22'N, 15°52'E),
among roots of Asparagus officinalis L., 25 Apr 2004,
Blaszkowski, J., 3089-3090 (DPP); Trzciel, under Jovibarba
sobolifera (Sims) Opiz, 15 Aug 2004, Bfaszkowski, J., 3094
(DPP); Trzciel, associated with roots of Juncus effusus L., 15
Sep 2004, Blaszkowski, J., 3097 (DPP); Trzciel, in the root
zone of Plantago arenaria Waldst. & Kit., 15 Sep 2004,
Blaszkowski, J., 3098 (DPP); Trzciel, among roots of A.
officinalis, 22 Jun 2005, Blaszkowski, J., 3099 (DPP); Zarzyn
(52°23'N, 15°25'E), in the rhizosphere of Equisetum arvense
L., 13 Sep 2004, Blaszkowski, J., 3095 (DPP); Zelechow
(52°18'N, 15°21'E), among roots of P. lanceolata, 13 Sep
2004, Blaszkowski, J., 3096 (DPP). PORTUGAL. Faro
(37°1'N, 7°56'W), under Zea mays L., 1 Oct 2000,
Btaszkowski, ], 3071-3073 (DPP). SPAIN. Majorca, near

Cape Salinas (36°19'N, 3°2'E), under Ammophilg
Link, 22 Sep 2001, Blaszkowski, J, 3078-3079 (DPP)
AFRICA ERITREA, near Asmara (15°20'N, 38055'13).
associated .with roots of an unknown weed, 20 Ot 2006’
Blaszkowski, J., 3101-3102 (DPP). ASIA. TURKEY Near’
Karabucak-Tuzla (36°.43'N, 34°59'E), under A. arenariq, 1
Jun 2001, Biaszkowski, J., 3074-3077 (DPP).

Etymology. Latip, mqjewskii, in honor of Prof Dr
Hab. Tomasz Ma'.JEWS}(l, Depar.tment of Phytopathole.
gy, Warsaw University of Life Sciences — SGGW,
Warsaw, a long time student of fungi and distinguished
mycologist.

Distribution and habitat. Spores of P. majewski; firse
were isolated from a pot trap culture inoculated wih
rhizosphere soil and roots of Z. mays collected near
Faro, Portugal, Dec 2000. Later this fungus was
isolated from trap cultures containing rhizosphere
soils and roots of (i) A. arenaria growing in riobile
dunes of the Mediterranean Sea adjacent to Cape
Salinas, Majorca, Spain, Aug 2001 (one culture), (i) A.
arenaria colonizing dunes of the Mediterranean Sea
near Karabucak-Tuzla, Turkey, Jun 2001 (one culture),
(ili) numerous cultivated and uncultivated plant
species growing in different sites of the Lubuskie
Province, southwestern Poland, Apr-Aug 2004,'2005
(15 cultures), (iv) an unrecognized weed growing near
Asmara, Eritrea, Africa, Nov 2006 (one culture), (v) A.
arenaria colonizing dunes of the Baltic Sea near
Bornholm, Denmark, Oct 2004 (10 cultures) and
(vi) D. cespitosa growing in soils with high concentra-
tions of heavy metals near Bytom, Upper Silesia,
Poland, Jul 2004 (five cultures).

Phylogenetic analyses revealed that several uniden-
tified environmental sequences from public databases
were similar to the new species. The SSU sequences of
P. majewskii showed high similarity and grouped
together with AMF sequences originating from the
roots of Retama sphaerocarpa (L.) Boiss. from semiar-
id land in Spain (Fic. 15) (Alguacil et al. 2011a).
More recently sequences designated as forming group
Para-1, some that were identical to the R. sphaerocmf""_
AMF sequences, also were amplified from roots of
several plant species growing in heavy metal-polluted
soil in southeastern Spain (Alguacil et al. (2011b)
(data not shown). Two further environmental ¢
quences similar to P. majewski (99% identity) were
found in public databases via BLAST queries when we
analyzed a ~ 500 bp long fragment at 3’ end of our
SSU sequences (data not shown). These environmen
tal sequences were obtained from roots of Setaria SP:
and Heliocarpus americanus L. from 2 mOlCCUla(l;
diversity study of AMF in Ecuador (EU159183 ans
EU159184, Haugh et al. 2010). When 1.5U sequ_encf.z.
were analyzed one sequence similar 10 P. m”]ew“l'le
was found (FIG. 16), originating from a spore SamP

arenan- o
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from southern 1_‘Ola_nd .(Turnau et al. 2001). Thus P.
majewskii probubly is widespread. ‘ .

Several virtual taxa (VT) are a551gnc'd in Paraglo-
meraceae in the recently oper'led MaarJAM database
(Opik et al. 2010). P. ma].ewskzz most pro'bably
represents a new VT together with f;he aforementioned
environmental sequences, according to the Phyloge-
petic analyses presented and the BLLAST queries.

Notes. The distinctive morphological characters of
P. majewskii are its small spores produced singly in soil
and remaining hyaline throughout their life cycle,
their three-layered spore wall structure in which layer 3
s flexible and the unusually narrow subtending hypha
(Fis. 1-9). An interesting property of P. majewskit
spores also is that they frequently float in water. Morton
and Redecker (2001) and Morton (http://invam.caf.
wvu.edu/) reported that spores of Archaeospora trappei
(RN. Ames & Linderman) J.B. Morton & D. Redecker
emend. Spain and P. occultum also tend to float.

In addition to differences in phylogeny (¥1GS. 15,
16) P. majewskii also differs morphologically from the
other three Paraglomus spp. known to date. P.
brasilianum also produces only hyaline spores with a
three-layered spore wall, but spore wall layer 2 of P.
brasilianum is ornamented (vs. smooth in P. majews-
kiz), and layer 3 is laminate (vs. flexible) (Btaszkowski
pers obs, Morton and Redecker 2001, Spain and de
Miranda 1996 SUPPLEMENTARY KEY). Moreover spore
wall layers 1 and 3 of P. brasilianum are much thicker.
Spores of P. occultum are smooth and have a three-
layered spore wall, but the spores become yellow with
age (vs. remain hyaline in P. majewskii), spore wall
layer 2 is much thinner than that of P. majewskii and
spore wall layer 3 is laminate and generally much
thicker (Biaszkowski pers obs, Morton and Redecker
2001, Walker 1982). Paraglomus laccatum forms only
hyaline spores, which are generally larger than those
of P. majewskii, have a much wider subtending hypha
and have a spore wall composed of only two layers
(Blaszkowski 1988, Renker et al. 2007, www.zor.zut.
eduvpl/Glomeromycota/). In addition the laminate
Spore wall layer of P. majewskii is much thinner than
ﬂ.lat of P. laccatum and consists of thin (< 0.5 pm),
tghtly adherent sublayers (vs. sublayers 0.5-2.2 pm
_thick, usually separating from each other even in

-1ntact spores). Other morphological differences
among P. snajewskii and the other Paraglomus spp.
and other described species of AMF forming glomoid
only hyaline spores with a three-layered spore wall are
Provided (SUPPLEMENTARY KEY). :

We suggest that P. majewskii is a widely distributed

Ngus, tolerant of a range of biotic and abiotic
faCt(er, according to the distribution data. The
Previous omission of P. majewskii from the scientific
fecord probably resulted because its spores are

colorless, small and delicate and thereby might have
been overlooked or absent due to their decomposi-
tion by soil parasites (Lee and Koske 1994) or possibly
because it sporulates seasonally, rarely or not at all in
the field (Gemma et al. 1989, Stutz and Morton
1996). Growing successive pot trap cultures frequently
stimulates sporulation of AMF and reveals species that
produce spores seasonally or not at all in field
conditions (Stutz and Morton 1996).
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