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• Nuclear ribosomal sequence analysis was performed to investigate delimitation
of common Oidiodendron species comprising endomycorrhizal symbionts and close
associates of ectomycorrhizal plants.
• Neighbour-joining, maximum likelihood and parsimony analyses were used to
compare 35 ribosomal DNA (internal transcribed spacer (ITS) and 5.8S) sequences
(including sequences available in databases) from 15 putative species.
• Oidiodendron citrinum formed a monophyletic group nested within O. maius,
whereas O. tenuissimum and O. griseum did not appear either as distinct groups or
as a single complex. Pairwise nucleotide divergence values between O. citrinum and
O. maius were very low and comparable to intraspecific values obtained for both
species; values for O. griseum and O. tenuissimum, although higher, overlapped
those observed at the intraspecific level for the two species.
• Molecular data indicate that O. maius and O. citrinum, which were described as
distinct, though related species, could be moved to a subspecific level; however, the
delimitation of O. griseum and O. tenuissimum is still open to question. Taxonomic
rank assignment to groups determined from sequence data analysis is discussed.

Key words: endomycorrhizal ericoid fungi, Oidiodendron citrinum, Oidiodendron
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Introduction
Oidiodendron species have recently gained a new prominence
due to insights into their ecology. For a long time the natural
habitat of these fungi has been considered to be the humus
layer in soil or decaying wood and bark. However, Couture
et al. (1983) demonstrated the ericoid mycorrhizal nature
of Oidiodendron griseum strains isolated from Vaccinium
angustifolium and V. corymbosum. Since then Oidiodendron
species and related teleomorphs have been accepted as endomycorrhizal ericoid symbionts of several Ericaceae (Read,
1996; Straker, 1996; Xiao & Berch, 1996). Some degree of
trophic specialization was described for Oidiodendron species
even at an intraspecific level, as some strains were found to be
mycorrhizal and others were not (Douglas et al., 1989). It is
also likely that, similar to other fungus–ericaceous plant
associations, a range of compatibilities exists between host
and fungus in Oidiodendron infections, some of which may
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represent a pathogenic rather than a mutualistic relationship
(Read & Kerley, 1996). Furthermore, some of these fungi,
which are widespread inhabitants of forest soils (Domsch et al.,
1980) where ericaceous hosts often constitute the understorey
vegetation of tree species, were also found to be closely associated
with ectomycorrhizas of the latter (Schild et al., 1988; Varese
& Luppi, 1997). Perotto et al. (1995) reported the ability of
an isolate of O. citrinum, obtained from beech ectomycorrhiza,
to form ericoid mycorrhizas in Vaccinium myrtillus. In a recent
investigation on fungal root associates of Quercus ilex and
adjacent plants of Erica arborea in a Mediterranean forest in
Italy, Bergero et al. (2000) isolated several Oidiodendron species
from surface-sterilized mycorrhizas of both plant species. These
findings suggest a role for these fungi in multiple interactions
among plants with different mycorrhizal status in natural
ecosystems.
Studies aimed at defining Oidiodendron host specialization
and ecological potential require accurate identification of
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Fig. 1 Conidial structures of Oidiodendron truncatum in cover-slip cultures (x 525). (a) Typical conidiophore. (b) Conidial chains arising from
undifferentiate vegetative hyphae.

strains and extensive sampling from several hosts and different
habitats. But, due to the paucity and variation of morphological characters, species identification may be problematic. This
anamorphic genus of hyphomycetes, established by Robak
(1932), is characterized by erect dematiaceous conidiophores
apically branched in a more or less verticillate manner to
give a head of fertile hyphae forming chains of arthroconidia
with a basipetal pattern of maturation (Fig. 1a). Nevertheless
conidiophore production is not obligate and, in all species
examined, fertile hyphae may also arise directly from undifferentiate vegetative hyphae (Barron, 1962; Domsch et al.,
1980) (Fig. 1b). Teleomorphic connections have been reviewed
by Sigler & Carmichael (1976), Currah (1985) and Dalpé
(1989), who reported Oidiodendron states for a few species
in the genera Byssoascus and Myxotrichum (Myxotrichaceae)
and possibly Gymnascella (Gymnoascaceae). Recently, nuclear
ribosomal analysis confirmed that Oidiodendron belongs to the
Myxotrichaceae and is closely related to the genera Myxotrichum
and Byssoascus (Hambleton et al., 1998). However, since
anamorphs are generally poorly described and teleomorphs
are not known for most Oidiodendron species (including the
most common species), teleomorphic connections are of
limited usefulness to assess the weight of morphological traits
in the circumscription of Oidiodendron species. Even the
number of species is unclear, being reported to be either 11

(Hawksworth et al., 1995), 15 (Gams & Söderström, 1983),
17 (Udagawa & Toyazaki, 1987) or 19 (Hambleton et al.,
1998).
Keys and monographic treatments have been provided by
Barron (1962), Ellis (1971) and Domsch et al. (1980). Traditional taxonomical concepts and relationships among species
are founded on a combination of characters such as colony
colors, conidiophore lengths, undulation of conidial chains,
shape and ornamentation of conidia. Based on these criteria,
Barron (1962) defined O. maius as being characterized by very
tall conidiophores (up to 500 µm in length) and strongly
undulated conidial chains. Oidiodendron citrinum was characterized by its bright yellow-green color (especially on malt agar).
This species was distinguished from O. flavum, the other
species with yellow colonies, by well developed conidiophores
(up to 300 µm tall) and undulate conidial chains. Oidiodendron
griseum is considered to be different from the similar O. tenuissimum by its pale and almost smooth-walled conidia, since
the latter usually has darker and more roughened conidia
(Barron, 1962; Domsch et al., 1980). However the same authors,
as well as others (Gams & Söderström, 1983), described a
considerable degree of variation within species in several
features and they recognized some of the described species not
to be sharply defined. Among the species of ecological interest,
this is mainly the case for O. tenuissimum and O. griseum.
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Sequence analysis of rDNA regions is an accepted method
in aid to the taxonomy of critical fungal taxa. The ITS regions,
which are considered to display evolutionary rates allowing
their use to study relationships at low taxonomy level (Kohn,
1992; Bridge & Arora, 1998; Saenz & Taylor, 1999), have
been used to clarify the taxonomy of morphologically simple
taxa (Hua Yan et al., 1995; Samuels & Seifert, 1995; Kuhls
et al., 1997; Gams & Meyer, 1998; Untereiner & Naveau,
1999). Such an approach has also been adopted for the genus
Oidiodendron (Hambleton et al., 1998). One conclusion of
that study was that O. tenuissimum and O. griseum formed
two distinct phylogenetic species, in contrast with the absence
of discriminant morphological characters. Sequence data were
pointed out by the authors as decisive characters for species
identification (Hambleton et al., 1998).
In this paper we describe a parallel study, carried out on a
different set of strains, which does not support this conclusion. These contrasting results underline the opportunity of
reexamining Oidiodendron sequence data. In order to evaluate
the relevance of taxonomic sampling in the two studies, we

have also carried out a new analysis on the totality of available
Oidiodendron sequences. Phenetic and cladistic analyses were
performed on the final set of 35 strains from 14 species,
including both field isolates (Hambleton et al., 1998; Bergero
et al., 2000) and reference strains (authenticated and ex-type
cultures) from culture collections. It has been pointed out that,
given the increasing recognition of the rRNA gene heterogeneity and the existence of different versions of ribosomal
genes even within single genomes, it is no longer adequate
to sequence a single strain of a species in a taxonomic study
(Seifert et al., 1995). Therefore, in this study discussion is
restricted to species represented by at least two strains.

Materials and Methods
Fungal strains
Analyses were first performed on a set of 15 Oidiodendron
strains, listed in Table 1. Species identification was carried out
on cultures grown on 2% malt extract agar (MEA). Strains

Table 1 List of names, sources, geographical origins, and GenBank accession number of the Oidiodendron ITS sequences of the 15 strains
data set

Species

Strain name

Source

Geographical
origin

O. flavum Szilvinyi

MUCL 15080

Soil, cedar bog

Canada

O. truncatum Barron

MUCL 8222

Soil, cedar bog

Canada

O. griseum Robak

MUCL 4146

Woodpulp

U.S.A

CLM 571.96
CLM 1347.98

Italy
Canada

CBS 238.31

Roots of Quercus ilex
Roots of Vaccinium
angustifolium
Woodpulp

Norway

CBS 238.31
= MUCL 1057

AF307773

CLM 573.96
MUCL 14541
CLM 570.96
MUCL 14539

Roots of Erica arborea
Soil, cedar forest
Roots of Erica arborea
Soil

Italy
Canada
Italy
Canada

AF307774
AF307762
AF307761
AF307768

CLM 1356.98

Roots of Calluna
vulgaris
Roots of Calluna
vulgaris
Roots of Vaccinium
myrtillus, polluted soil
Roots of Vaccinium
myrtillus, polluted soil
Roots of Vaccinium
myrtillus
Roots of Erica
arborea

Italy

Bergero et al. (2000)
MUCL 14541
Bergero et al. (2000)
MUCL 14539
= OAC 10331
Perotto et al. (1996)

Italy

Perotto et al. (1996)

AF307769

Poland

Martino et al. (2000)

AF307772

Poland

Martino et al. (2000)

AF307771

Poland

Martino et al. (2000)

AF307770

Italy

Bergero et al. (2000)

AF307760

O. maius Barron
(received as O. griseum)
O. tenuissimum
(Peck) Hughes (ex-type strain
of O. fuscum Robak)
O. citrinum Barron
O. maius Barron

CLM 1358.98
CLM 1383.98
CLM 1382.98
CLM 1381.98
Geomyces pannorum
(Link) Sigler & Carmich.
var. pannorum

CLM 323.96
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Reference

GenBank No.

MUCL 15080
= UAMH 1524
MUCL 8222
= OAC 10051
= CBS 222.65
= ATCC 16077
MUCL 4146
= DAOM 70385
Bergero et al. (2000)
Pearson & Read (1973)

AF307763
AF307775

AF307765
AF307764
AF307766

AF307767
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Species

Strain

GenBank No.

O. cerealis (Thüm.) Barron
O. chlamydosporicum Morrall
O. citrinum Barron
O. echinulatum Barron
O. flavum Szilvinyi
O. griseum Robak

UAMH 1522
UAMH 6520 ex-type
UAMH 1525 ex-type
IMI 110132 = UAMH 8467
UAMH 1524
CBS 249.33 = UAMH 1403
UAMH 1693
UAMH 4080
DAOM 51071 = UAMH 8528
UAMH 8925
UAMH 1540 ex-type
DAOM 184107 = UAMH 8529
UAMH 8921
UAMH 8922
DAOM 197506 = UAMH 8527 ex-type
UAMH 7526
UAMH 1405 authentic
UAMH 6521 ex-type
UAMH 5715 ex-type
CBS 238.31 = UAMH 8511 ex-type
CBS 920.73 = UAMH 8512
UAMH 1399 ex-type
UAMH 9163

AF 062788
AF 062789
AF 062790
AF 062791
AF 062792
AF 062793
AF 062794
AF 062795
AF 062796
AF 062797
AF 062798
AF 062799
AF 062800
AF 062801
AF 062802
AF 062787
AF 062803
AF 062804
AF 062805
AF 062807
AF 062808
AF 062809
AF 062819

O. maius Barron

O. periconiodes Morrall
O. pilicola Kobayasi
O. rhodogenum Robak
O. scytaloides Gams & Söderstr.
O. setiferum Udagawa & Toyaz.
O. tenuissimum (Peck) Hughes
O. truncatum Barron
Pseudogymnoascus roseus Raillo

CLM 571.96 and CLM 573.96 were identified as O. griseum
and O. tenuissimum, respectively, based on conidial morphology,
the former having ovoid to short cylindric, dilute gray-green,
smooth-walled to finely rugose conidia, and the latter globose
to ovoid, dark brown, definitely rugose conidia. Strain CLM
1347.98, which was received under the name of O. griseum,
was reidentified as O. maius mainly based on its tall conidiophores
(never < 300 µm in length) and strongly undulate conidial
chains. Some strains received from the Mycothèque de
l’Université Catholique de Louvain (MUCL) had almost
totally lost their sporulating ability.
DNA extraction and polymerase chain reaction
Mycelia were grown on 2% malt liquid medium at 22°C in
the dark for 2 to 3 wk. After being filtrated and rinsed with
sterile distilled water, 150–200 mg of frozen mycelium were
ground with liquid nitrogen. DNA was extracted according to
the protocol of Perotto et al. (1996).
The universal ribosomal fungal primers ITS4 (White
et al., 1990) and SB1 (3′ATGGTGGTGCATGGCCGTT5′,
C. Bandi, pers. comm.) were used for PCR. The reactions were
performed on a thermocycler Gene Amp PCR System 9700
(PE Applied Biosystems). The primers were used at the
concentration of 1 µM with 100 µM each of dATP, dCTP,
dGTP and dTTP (Promega), 1.5 units of AmpliTaq Gold
(PE Applied Biosystems) and the PCR buffer supplied with
the enzyme in a final volume of 25 or 50 µl with 50–100 ng
of DNA as template. The tubes were incubated at 94°C for
10 min, then subjected to 30 cycles: 94°C for 30 s; 55°C for

Table 2 Oidiodendron internal transcribed
spacer (ITS) sequences available on-line
(Hambleton et al., 1998)

30 s; 72°C for 1.5 min. Finally, they were incubated for an
additional 10 min at 72°C. PCR products were separated by
electrophoresis in 0.8 or 1% agarose gels, in TBE buffer
(0.089 M Tris-borate, 0.089 M Boric acid, 2 mM EDTA),
stained in ethidium bromide and viewed under UV light
(Sambrock et al., 1989).
PCR fragments were purified using the kit QUIAEX II
(Quiagen) and further sequenced using facilities of the
Sequencing Laboratory, University of Laval, Québec, Canada.
DNA sequence analysis
Two datasets were analysed. The first one comprised sequences
from 15 Oidiodendron strains obtained in this study (Table 1).
Geomyces pannorum var. pannorum strain CLM 323.96 was
selected as the outgroup since the closest anamorphic genus
to Oidiodendron is considered to be Geomyces, which differs
in having unpigmented conidiophores (Domsch et al., 1980).
The other set was obtained combing both original and
published Oidiodendron sequences (Hambleton et al., 1998,
Table 2). Geomyces pannorum var. pannorum strain CLM
323.96 and Pseudogymnoascus roseum strain UAMH 9163
(Hambleton et al., 1998) were used as outgroup.
The alignments were performed with ClustalX (Thompson
et al., 1997) and then adjusted manually to optimize aligned
sites. Since some positions in the second dataset were difficult to align unambiguously (positions 9–11, 17–24, 464–
475), two matrices were analysed for this dataset, one considering all positions, and the other excluding positions 9–11,
17–24 and 464–475. Alignments are available on-line at
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http://www.ebi.ac.uk/pub/databases/embl/align (accession numbers
DS44969, DS44970).
All phylogenetic analyses were performed with PAUP 4.0
(Swofford, 1998).
The maximum parsimony analysis was performed with all
characters weighted equally. For the first dataset the analysis
was performed with the branch-and-bound search algorithm.
Because of the larger number of taxa in the second dataset it
was necessary to use a heuristic search algorithm with branch
swapping made by the tree-bisection-reconnection algorithm;
input order bias for the same dataset was minimized by
performing 100 replicates with random addition of taxa. As
indels may represent phylogenetically informative characters,
separate parsimony analyses were performed treating gaps
as missing data or as a fifth character in order to investigate
their influence onto phylogenetic reconstruction. Thus six
parsimony analyses were performed, two for the first dataset
and four for the second dataset.
The neighbour-joining analysis was performed employing
Kimura-two-parameter model distances.
To investigate node supports, 500 or 1000 bootstrap replications were performed for parsimony and neighbour-joining
analyses, respectively.
The maximum likelihood analysis was performed using
the Kimura-two-parameter model (Kimura, 1980) with ts : tv
ratio estimated via maximum likelihood. The computation
time for such large datasets constrained us to choose an
evolutionary model more complex than Kimura’s one. One
hundred random addiction sequence replicates were performed
using heuristic search.
Alternative topologies consistent with the hypothesis of
monophyly of both O. griseum and O. tenuissimum were
obtained by parsimony analysis using the constraint option in
PAUP (Swofford, 1998).
The topologies obtained were compared with the KishinoHasegawa test (Kishino & Hasegawa, 1989), with the optimality
criterion set to maximum likelihood.

Results
Sequencing of the set of 15 Oidiodendron strains yielded
sequences of 500–800 base pairs, including the entire 5.8S
gene, the two ITS spacers and, in some cases, the end of the
18S (up to 200 base pairs for the longest sequences obtained).
Alignment of the coding regions (18S and 5.8S gene) indicated
that these regions were identical in all Oidiodendron strains.
Sequence identity in the ITS regions for the ingroup taxa was
86.4% over 506 aligned positions; the highest variability was
found in positions close to the 18S and 28S.
Neighbour-joining analysis (Fig. 2) yielded two main
clusters, segregating O. maius and O. citrinum from O. griseum,
O. tenuissimum, O. flavum and O. truncatum. The branch
leading to the O. maius/O. citrinum complex was supported
by 100% bootstrap. Within this complex, the two O. citrinum
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Fig. 2 Neighbour-joining tree obtained for the small dataset.
The Kimura-2-parameter model was used for pairwise distance
measurement. Bootstrap values above 50% are indicated (1000
replicates). Geomyces pannorum var. pannorum CLM 323.96
was used to root the tree.

strains clustered together at a frequency of 94.4%; bootstrap
support was also high (97.4%) for a cluster comprising two
isolates of O. maius from polluted soils in Poland (K. Turnau,
pers.comm.). Within the second main cluster, each of the two
O. griseum strains and the two O. tenuissimum strains clustered
with the strain of the other rather than the same species, one
such a cluster comprising our field isolates (O. griseum CLM
571.96 and O. tenuissimum CLM 573.96) and supported by
93% bootstrap, and the other the two MUCL strains (O. griseum
MUCL 4146 and O. tenuissimum CBS 238.31, the ex-type
strain of O. fuscum Robak = O. tenuissimum (Peck) Hughes).
From the 100 random addiction sequence replicates performed in maximum likelihood analysis a single topology was
recovered (log e likelihood: 1480.19447; data not shown). Both
major groupings already observed in the neighbor-joining
analysis were found again, with minor differences in the
O. maius/O. citrinum complex.
Topologies for the most parsimonious trees obtained treating gaps as a fifth character state or as missing were identical
and bootstrap support was very close. Both analyses led to
four equally parsimonious trees (Fig. 3). The branch leading
to the O. citrinum/O. maius complex was supported by 99.9
or 100% bootstrap; within this complex the O. citrinum clade
was supported by a high bootstrap value (80.0 or 79.0%) as
did the clade comprising the two O. maius strains isolated
from polluted soils in Poland (88.8%). By contrast the second
main grouping observed in the neighbour-joining analysis
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Fig. 3 Fifty percent majority-rule consensus tree of four equally
parsimonious trees obtained for the small dataset. Fifty-one
characters were parsimony-informative. Gaps were treated as a fifth
character state. The branch-and-bound search algorithm was used.
Tree length: 152; CI: 0.8092; RI: 0.8441. Bootstrap values above
50% are indicated (500 replicates). Geomyces pannorum var.
pannorum CLM 323.96 was used to root the tree.

was no more found. A clade supported by 99.3 or 99.4%
bootstrap comprised O. griseum CLM 571.96, O. tenussimum
CLM 573.96, and O. flavum.
When all available Oidiodendron sequences were combined
a set of 35 sequences was obtained (sequences of O. flavum
MUCL 15080 = UAMH 1524 and O. tenuissimum MUCL
1057 = CBS 238.31 = UAMH 8511 being already present
on-line).
Topologies and bootstrap support for the two neighborjoining trees obtained including or excluding positions 9–11,
17–24 and 464–475 were almost identical (Fig. 4). Six clusters were supported by bootstrap values > 80%. The first cluster was represented by O. scytaloides and O. chlamydosporicum
(100% bootstrap). The second cluster was represented by the
two O. truncatum strains (100% bootstrap). A third cluster
comprised all O. maius and O. citrinum sequences (100%
bootstrap). All O. citrinum strains formed a cluster supported
by 88.0% or 92.4% bootstrap within the complex. The two
isolates of O. maius from polluted soils in Poland clustered
together with 98.0% or 96.0% bootstrap. The fifth cluster
(99.6% or 99.0% bootstrap) included all but one O. griseum
sequence, the O. flavum sequence and sequence of O. tenuissimum CLM 573.96. Within this cluster O. griseum UAMH
4080 and DAOM 51071 clustered together with 91.8% or
90.4% bootstrap. The other O. tenuissimum and O. griseum
sequences (O. tenuissimum CBS 238.31, O. tenuissimum CBS
920.73 and O. griseum MUCL 4146) segregated independently but without high bootstrap support.

Maximum likelihood analysis performed on the complete
sequences recovered four tree islands; the most probable
tree was obtained 77 times out of 100 replicates. When the
analysis was carried out excluding positions 9–11, 17–24 and
464–475, six tree islands were obtained, the most probable
tree being recovered 18 times out of 100. However, in all
recovered topologies, the O. maius and O. citrinum sequences
clustered together (the O. citrinum sequences clustering
within the complex), as did all O. griseum sequences except
O. griseum MUCL 4146, O. flavum sequence and sequence of
O. tenuissimum CLM 573.96 (data not shown).
Four different parsimony analyses were performed
including or excluding positions 9–11, 17–24 and 464–475
and treating gaps as missing or as a fifth character state. In all
cases 14 equally parsimonious trees were obtained. Including
positions 9–11, 17–24 and 464–475 a single tree island was
obtained; excluding the same positions three tree islands were
recovered but the most parsimonious trees always belonged to
the first island obtained 98 or 97 times out of 100 treating
gaps as missing or as a fifth character state, respectively.
Topologies were identical and bootstrap support was comparable in all cases. The O. maius/O. citrinum complex was always
supported by 100% bootstrap, the O. griseum/O. tenuissimum/
O. flavum complex (comprising all O. griseum sequences
but O. griseum MUCL 4146, the O. flavum sequence and
sequence of O. tenuissimum CLM 573.96) by 99.0–100%
bootstrap and the O. citrinum clade by 67.0–72.8% bootstrap
(Fig. 5).
When different topologies were compared by the KishinoHasegawa test, the topologies obtained with maximum likelihood and neighbour-joining and parsimony analyses were
found to be compatible, while the constrained most parsimonious trees consistent with the hypothesis of monophyly for
both O. griseum and O. tenuissimum (Fig. 6) were found to be
significantly worse (Table 3).
When pairwise distances between taxa were computed
(Table 4), intraspecific nucleotide variation ranged from
0.000 to 0.047. Oidiodendron griseum and O. tenuissimum
displayed the highest intraspecific variation (0.000–0.047 and
0.012–0.047, respectively), while no sequence divergence was
detected within O. truncatum and O. citrinum (0.000) and, in
spite of the different origin and number of the examined
strains (leading to 55 comparisons), variation was very low
within O. maius (0.000–0.012). Instead, interspecific comparisons were higher for most species couples. Nucleotide divergences were 0.064–0.083 between O. maius and O. griseum
(77 comparisons), 0.067–0.085 between O. maius and O.
tenuissimum (33 comparisons), 0.073–0.080 between O. citrinum
and O. griseum (21 comparisons), 0.076 between O. citrinum
and O. tenuissimum (9 comparisons). However, distances
between O. maius and O. citrinum, and O. griseum and O.
tenuissimum were 0.006–0.010 (33 comparisons) and 0.004–
0.045 (21 comparisons), respectively, therefore overlapping
intraspecific variation for the same species.
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Fig. 4 Neighbour-joining tree obtained for
the large dataset. The Kimura-2-parameter
model was used for pairwise distance
measurement. Bootstrap values above 50%
are indicated (1000 replicates). Geomyces
pannorum var. pannorum CLM 323.96 and
Pseudogymnoascus roseus UAMH 9163
were used to root the tree.

Discussion
In this study, results of ITS sequence analysis on a set of
15 Oidiodendron strains from six species indicated close
relationships between O. maius and O. citrinum and no sharp
delimitation between O. griseum and O. tenuissimum. On a
different set of 23 strains from 14 species, Hambleton et al.
(1998) distinguished three terminal clades formed by the
species pairs O. maius/O. citrinum, O. griseum/O. flavum
and O. tenuissimum /O. setiferum. The first two clades were
supported by 100 and 98% bootstrap values, respectively,
while the third one was only supported by 60% bootstrap value. Moreover the basal structure of the tree, which
included other species, consisted of a polytomy, and higherlevel relationships were not resolved by bootstrap analysis.
When sequences from the two separate studies were combined,
O. citrinum formed a monophyletic group nested within O. maius,
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while O. tenuissimum and O. griseum did not appear neither as
two distinct clades nor as a single complex.
Pairwise nucleotide divergence between O. maius and
O. citrinum strains was comparable to the intraspecific values
for both species, and was very low (0.00–0.01) in spite of the
fair number and diversity of origins of O. maius strains. These
findings suggest conspecificity of the two taka, which was
proposed by Hambleton et al. (1998). Such a conspecificity is
compatable with careful examination of macro- and microscopic morphological features. Indeed, regardless of colony
colours, O. maius and O. citrinum may be considered to be
closely related, both possessing tall conidiophores (150–250
(−300) µm in O. citrinum, 250–350 (–500) µm in O. maius)
and undulate to strongly undulate conidial chains. Barron
(1962) already underlined their closeness while assuming a
distinct separation between the two species. Yellow culture
pigmentation may be lost with prolonged culture, as it was
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Fig. 5 Fifty percent majority-rule consensus
tree of 14 equally parsimonious trees
obtained for the large dataset. One hundred
and ten characters were parsimonyinformative. Gaps were treated as a fifth
character state and all aligned positions were
included in the analysis. The heuristic search
algorithm was used with random addiction of
taxa (100 replicates). Tree length, 268;
consistency index (CI), 0.6493; retention
index (RI), 0.8534. Bootstrap values > 50%
are indicated (500 replicates). Geomyces
pannorum var. pannorum CLM 323.96 and
Pseudogymnoascus roseus University of
Alberta Microfungus Collection and
Herbarium (UAMH) 9163 were used to root
the tree.

Table 3 Results of the Kishino-Hasegawa test performed on the best trees obtained with phylogenetic analyses and on contraint trees consistent
with the hypothesis of monophyly for both Oidiodendron griseum and O. tenuissimum (optimality criterion set to maximum likelihood)
Trees
15 sequences data set:
MP (Fig. 2)
NJ (Fig. 3)
ML (not shown)
Constraint (Fig. 6a)
35 sequences data set:
MP (Fig. 4)
NJ (Fig. 5)
ML (not shown)
Constraint (Fig. 6b)

−ln l

Diff −ln l

SD

T

P

1482.29237
1481.62565
1480.19447
1553.30325

2.09790
1.43118
best
73.10878

6.23300
10.96262

0.3366
0.1306

0.7366
0.8962

22.06174

3.3138

0.0010**

2211.45094
2219.35816
2204.83886
2325.98030

6.61207
14.51929
best
121.14144

15.58837
17.65295

0.4242
0.8225

0.6716
0.4112

29.75474

4.0713

0.0001**

MP, maximum parsimony; NJ, neighbour-joining; ML, maximum likelihood. Results indicate the probability of getting a more extreme T-value
under the null hypothesis of no difference between the two trees (two-tailed test).**, significant probability (P < 0.05).

also observed by Hambleton et al. (1998). These authors
suggested a O. maius subspecies status for O. citrinum. When
several O. citrinum and more O. maius strains are examined,
as it is in our study, the O. citrinum sequences do form a group
within the O. maius/O. citrinum complex, suggesting two
alternatives: either the O. maius/O. citrinum complex has to

be split into two separate subspecies, or it might be maintained as a taxon complex until Oidiodendron ITS-sequence
diversity will be more extensively explored.
Nucleotide distances in pairwise comparisons between O.
griseum and O. tenuissimum again overlapped those observed
at the intraspecific level for the two species, though values
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Fig. 6 Most parsimonious trees consistent
with the hypothesis of monophyly of both
Oidiodendron griseum and Oidiodendron
tenuissimum for the small (a) and the large
(b) datasets. Trees were generated using the
constraint option in PAUP (Swofford, 1998).

were considerably higher (ranging up to 0.045) than those
found between and within O. maius and O. citrinum.
Oidiodendron griseum and O. tenuissimum could therefore
represent the same, genetically as well as morphologically
heterogeneous, taxon. Barron (1962) already drew attention
to the similarity between O. griseum and O. tenuissimum.
Conidiophore lengths actually display a great degree of
overlapping between these species (90 – 100 (–225) µm in
O. griseum, 100 – 200 (–300) µm in O. tenuissimum), both

© New Phytologist (2001) 149: 565 – 576 www.newphytologist.com

possess comparatively straight conidial chains, and differences
in conidial shape and ornamentation are sometimes tenuous
(conidia being described as globose to subglobose, roughened
with dark outer wall, 2 – 4 × 1.5 – 2.5 µm in O. tenuissimum,
ovoid to short cylindric, smooth-walled to finely roughened,
2.0 – 3.6 × 1.6 – 2.0 µm in O. griseum). Furthermore, the two
species intergrade in culture. Oidiodendron griseum colonies
on potato dextrose agar are described as at first greyish, then
olive-grey and finally olive-brown (Domsch et al., 1980)
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O. citrinum
(3)
O. maius
(11)
O. griseum
(7)
O. tenuissimum
(3)
O. setiferum
(1)
O. flavum
(1)
O. truncatum
(2)
O. echinulatum
(1)
O. rhodogenum
(1)
O. cerealis
(1)
O. periconioides
(1)
O. pilicola
(1)
O. scytaloides
(1)
O. chlamydosporicum
(1)

0
3
0.006– 0.010
33
0.068– 0.078
21
0.070– 0.07
49
0.078
3
0.068
3
0.090
3
0.070
3
0.089
3
0.078
3
0.072
3
0.078
3
0.088
3
0.087
3

O. maius
0– 0.010
55
0.060– 0.076
77
0.064– 0.076
33
0.070– 0.074
11
0.060– 0.070
11
0.082– 0.090
22
0.066– 0.070
11
0.079– 0.083
11
0.074– 0.078
11
0.064– 0.070
11
0.066– 0.071
11
0.080– 0.088
11
0.078– 0.087
11

O. griseum
0– 0.047
21
0.004– 0.045
21
0.027– 0.053
7
0.006– 0.049
7
0.051– 0.055
14
0.051– 0.059
7
0.064– 0.074
7
0.066– 0.070
7
0.051– 0.063
7
0.059– 0.068
7
0.064– 0.070
7
0.066– 0.072
7

O. tenuissimum
0.012– 0.047
3
0.010– 0.047
3
0.010– 0.047
3
0.047– 0.055
6
0.041– 0.057
3
0.050– 0.079
3
0.047– 0.066
3
0.043– 0.059
3
0.047– 0.070
3
0.053– 0.066
3
0.052– 0.068
3

O. setiferum
_

O. flavum

0.049
1
0.047
2
0.049
1
0.056
1
0.055
1
0.053
1
0.059
1
0.060
1
0.058
1

_

O. truncatum

0.057
1
0.057
1
0.077
1
0.066
1
0.057
1
0.064
1
0.062
1
0.064
1

0
1
0.065
1
0.082
1
0.076
1
0.067
1
0.078
1
0.080
1
0.078
1

O. echinulatum
_

O. rhodogenum

0.056
1
0.035
1
0.047
1
0.055
1
0.064
1
0.062
1

_

O. cerealis

0.047
1
0.045
1
0.049
1
0.071
1
0.071
1

_

O. periconioides

0.051
1
0.059
1
0.068
1
0.066
1

_

O. pilicola

0.057
1
0.062
1
0.060
1

_

O. scytaloides

0.066
1
0.064
1

_

O. chlamydosporicum

0.002
1

–
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Table 4 Matrix of pairwise nucleotide distances between and within Oidiodendron species. Values are Kimura-two-parameter model distances calculated using PAUP (Swofford, 1998) for the
35 sequences dataset. The number of pairwise comparisons is indicated (in italics). The number of sequences examined per species is also indicated (in brackets)
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and production of a dark amber pigment diffusing into the
agar has been reported by some authors (Tokumasu, 1973;
Hambleton & Currah, 1997; Hambleton et al., 1998). Oidiodendron tenuissimum colonies on the same medium are in
various grey-brown shades, with a wide range in colour (from
dirty white to fuscous brown, through pale greyish, violaceousgrey, dark grey) and pigment production (from no pigment
to marked brown pigment production into the medium)
(Domsch et al., 1980).
Taxonomic rank assignement to groups determined from
sequence data analyses, and hence recognition of natural
species, is a challenging matter. It has been pointed out that
universally applied species concepts based on DNA sequences
alone are presently unfeasible. The amount of nucleotide
divergence of the ITS region cannot in itself be used to define
rank, because definition of species is dependent on the particular group of fungi and on the intra- and interspecific
ITS sequence variation. Cladistic concepts only require that
species, as well as other taxa, represent monophyletic groups,
without offering guidelines on how to rank individuals and
recognize species from other monophyletic taxa (Samuels &
Seifert, 1995; Seifert et al., 1995). Thus, recognition of two
groups as distinct species can only be achieved when a third
group known to represent a certain and different species
behaves as a sister group to one of them. Several systems have
been proposed to translate phylogenetic analyses into classification schemes, including a new system eliminating the concept of taxonomic rank (Hibbett & Donoghue, 1998). Until
such a system reaches consensus, from the perspective of the
current Linnean categories, it remains difficult to assess only
from tree topologies obtained from the differents samplings
of Oidiodendron strains whether the different, well-supported
monophyletic groups represent natural species or supra- or
subspecific taxa. Indeed, it is becoming increasingly recognized that delimitation of a species should achieve a synthesis
among morphological, physiological, biochemical and
molecular information. Molecular data are being given
increasing relevance in this context, and it is encouraging that
cases where the molecular and morphological phylogenies
seem unreconcilable are rare in the literature (Samuels &
Seifert, 1995). In the case of O. maius and O. citrinum, there
is molecular evidence that distinction between these two
taxa, which Barron described as distinct, though correlated
species, could be moved to a subspecific level. Results of
our study indicate that problems of species circumscription
outlined in the past are still encountered with molecular
sequence analysis. Molecular information here obtained for
O. griseum and O. tenuissimum is consistent with Barron’s
(1962) and other authors’ (Gams & Söderström, 1983) morphologically based perceptions of poor definition of these
species. In particular, Barron (1962) stated: ‘When enough
isolates of the genus have been studied a distinction between
these two species may be difficult to make’. Results of phylogenetic analyses confirmed that delimitation of these species

© New Phytologist (2001) 149: 565 – 576 www.newphytologist.com

is open to question. Larger-scale studies with a higher number
of strains of different origins for different species are needed
to strengthen the conclusions presented here and to reach
a deeper understanding of taxonomic affiliations within
the genus Oidiodendron, allowing species formal revision.
A firm resolution of Oidiodendron species is strongly desirable
in order to advance our understanding of the ecological
role of these fungi.
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