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Recently, several new lipid-dependent species belonging to the genus Malassezia have been described. Some
of them, such as Malassezia dermatis, Malassezia nana, and the tentatively named “Malassezia equi,” have similar
phenotypes and are genetically close to Malassezia sympodialis Simmons et Guého 1990. DNA characterization
by D1/D2 26S rRNA gene and internal transcribed spacer (ITS)-5.8S rRNA gene sequencing analysis of
lipid-dependent strains from different animal species close to M. sympodialis is described and illustrated.
Phylogenetic analysis of both the D1/D2 regions of 26S rRNA gene and ITS-5.8S rRNA gene sequences showed
four distinct clusters. Cluster I included isolates from different animal species (horse, pig, and lamb) and the
type culture of M. sympodialis. Cluster II included isolates from horses grouping close to the “M. equi”
AJ305330 sequence. Cluster III comprised isolates mainly from goats. Cluster IV contained isolates mainly
from cats grouping together with the M. nana AB075224 sequence. This last cluster included isolates from
healthy and external otitic ears. All of these strains had identical 26S rRNA gene and ITS regions. It is not clear
whether the value of these genetic differences is for the definition of species or whether they only demonstrate
genetic variation among strains from different origins within M. sympodialis, which are in the course of

differentiation and probably adaptation to specific animal hosts.

Malassezia species are lipophilic yeasts that are usually mem-
bers of the normal mycobiota of the human skin and inhabit
the skin of a variety of animal species. However, these yeasts
are associated with a variety of dermatological disorders of the
human skin, such as atopic dermatitis, dandruff, folliculitis,
pityriasis versicolor or seborrheic dermatitis (13) and intravas-
cular catheter-acquired infections (23). They have been impli-
cated in different skin disorders in animals, mainly otitis ex-
terna and dermatitis (6, 15).

Since the genus Malassezia was created by Baillon in 1889, its
taxonomy has been a matter of controversy. A few years ago,
the genus was reclassified (14, 16) on the basis of studies of
morphological, ultrastructural, physiological, and genetic char-
acteristics, and seven species, which are now widely accepted,
were proposed. They are the previously described Malassezia
furfur, Malassezia pachydermatis, and Malassezia sympodialis
and four new species, Malassezia obtusa, Malassezia globosa,
Malassezia restricta, and Malassezia slooffiae.

Recently, four new lipid-dependent species belonging to the
genus Malassezia have been described or proposed (19, 25, 32,
33). From these four species, Malassezia dermatis (32),
Malassezia nana (19), and the tentatively named “Malassezia
equi” (25) are close genetically to the type strain of M. sympo-
dialis, and most of them also have some common morpholog-
ical and physiological characteristics. M. sympodialis Simmons
et Guého 1990 (30) was initially isolated from the auditory
tract of a healthy human male and from the scalp of an AIDS
patient suffering from tinea capitis. Although its pathogenic
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role is not yet elucidated, it is commonly isolated from healthy
as well as diseased skin (1). M. dermatis was isolated from
human patients with atopic dermatitis (32), M. nana was iso-
lated from animals (cat and cows) (19), and “M. equi” was
isolated from normal equine skin (25).

In our laboratory, Crespo et al. (3) described for the first
time lipid-dependent yeasts associated with otitis externa in
cats with similar morphological characteristics and some iden-
tical physiological characteristics to the M. sympodialis type
species. Lipid-dependent yeasts were also isolated from the
skin of horses and different domestic ruminants, as they are the
major population of the lipophilic mycobiota in these animals.
Difficulty in obtaining a high level of certainty in the identifi-
cation of some of these lipid-dependent strains by means of
these physiological tests was reported (7). The speciation of
lipid-dependent isolates from animals by means of physiolog-
ical tests presents some difficulties, and some of them cannot
even be identified (3, 7, 8, 9, 19, 25).

Nucleic acid sequencing has already become an important
tool that is useful for the identification of many microorgan-
isms, including yeast species. Molecular systematics of yeasts
has emphasized either coding and noncoding regions of the
ribosomal DNA. Several studies determined that sequencing
of the D1/D2 region could be used for the identification of
most basidiomycetous yeast species and that closely related
species or strains required sequencing of the internal tran-
scribed spacer (ITS) region (10, 29).

The aim of this work was the DNA characterization of lipid-
dependent strains from various domestic animal species close
to the M. sympodialis type species by using D1/D2 26S and
ITS-5.8S rRNA gene sequencing analysis to understand their
phylogenetic relationships and to analyze their specific genetic
variation. Phylogenetic relationships with the recently de-
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TABLE 1. Type strains and lipid-dependent isolates from animals used in this study

Strain Source

D1/D2 GenBank
accession no.

ITS GenBank

Genetic type -
accession no.

MA73 CBS 9968 Sheep, groin

MAS80 CBS 9967 Goat, ear
MAS8S8 CBS 9986 Cow, groin
MA125 Horse, ear
MAT146 CBS 9969 Horse, anus
MA182 CBS 9970 Horse, axilla
MA231 Cat, ear
MA237 Cat, ear
MA250 Horse, anus
MA261 Cat, ear

MA262 CBS 9971
MA314 CBS 9972

Cat, otitis externa
Cat, otitis externa

MA333 Goat, dorsum
MA383 Goat, ear

MA400 CBS 9973 Goat, ear

MA419 Dog, otitis externa
MA424 Cat, ear

MA461 Horse, anus
MA470 Horse, anus
MA477 Pig

M. furfur CBS 1878NT

M. furfur CBS 70198

M. globosa CBS 7966

M. obtusa CBS 7876"

M. pachydermatis CBS 1879NT
M. restricta CBS 7877"

M. slooffiae CBS 7956

M. sympodialis CBS 72227

I AY743627 AY743640
111 AY743618 AY743647
II AY743622 AY743645
111 AY743619 AY743646
II AY743621 AY743641
I AY743620 AY743638
v AY743609 AY743648
v AY743612 AY743649
II AY743623 AY743642
v AY743608 AY743650
v AY743610 AY743651
v AY743611 AY743652
111 AY743617 AY743655
111 AY743616 AY743656
111 AY743615 AY743657
v AY743613 AY743653
v AY743614 AY743654
11 AY743624 AY743643
II AY743625 AY743644
I AY743628 AY743639

AY743602 AY743634

AY743603 AY743635

AY743604 AY743630

AY743629 AY743631

AY743605 AY743637

AY743607 AY743636

AY743606 AY743633

AY743626 AY743632

scribed or proposed M. sympodialis-related species are also
analyzed and discussed.

MATERIALS AND METHODS

Strains used. A total of 20 lipid-dependent isolates from domestic animals
related to M. sympodialis were studied. The strains examined are listed in Table
1, and they were isolated from one animal each. Most of the strains from
domestic animals used in the present study are from epidemiological studies
carried out in our laboratory (3, 4, 6, 7). The following type strains were also
included in this study: M. furfur CBS 1878N", M. furfur CBS 7019\, M. globosa
CBS 7966", M. obtusa CBS 7876", M. pachydermatis CBS 1879 NT, M. restricta
CBS 7877 T, M. slooffiae CBS 7956, and M. sympodialis CBS 7222". All of these
strains were stored at —80°C (5).

Isolation of DNA. Cells were harvested from 4- to 5-day-old cultures in mod-
ified Dixon’s medium (14). The DNA was prepared as described previously (12).
The cells were incubated for 1 h at 65°C in 500 wl of extraction buffer (50 mM
Tris-HCI, 50 mM EDTA, 3% sodium dodecyl sulfate, and 1% 2-mercaptoetha-
nol). The lysate was extracted with phenol-chloroform-isoamyl alcohol (25:24:1,
vol/vol/vol). Then 65 pl of 3 M sodium acetate and 75 pl of 1 M NaCl were added
to 350 pl of the supernatant, and the resulting volume was incubated at 4°C for
30 min. DNA was recovered by isopropanol precipitation and washed with 70%
(vol/vol) ethanol, dried under a vacuum, and resuspended in TE buffer (10 mM
Tris-HCl, 1 mM EDTA [pH 8]). DNA was cleaned with the Geneclean kit II
(BIO 101, Inc., La Jolla, Calif.) according to the manufacturer’s instructions.

PCR and DNA sequencing of rRNA genes of the isolates. The variable D1 and
D2 regions of the 26S rRNA gene (at the 5’ end of the nuclear large subunit of
the rRNA gene) were amplified by PCR by using the conserved fungal oligonu-
cleotide primers NL1 and NL4 (26). The amplification process consisted of a
predenaturation step at 94°C for 5 min, followed by 30 cycles of denaturation at
94°C for 45 s, annealing at 51°C for 1 min, and extension at 72°C for 3 min plus
a final extension of 10 min at 72°C.

ITS and 5.8S rRNA genes were amplified by PCR with the conserved fungal
primer pair ITS5 and ITS4 (35). The amplification process consisted of a pre-
denaturation step at 94°C for 5 min, followed by 35 cycles of denaturation at 95°C
for 30 s, annealing at 50°C for 1 min, and extension at 72°C for 1 min plus a final
extension of 7 min at 72°C.

The amplified PCR products were purified by using a GFX PCR DNA and gel
band purification kit (Amersham Pharmacia Biotech, Uppsala, Sweden) by fol-
lowing the supplier’s protocol. The purified PCR products were sequenced di-
rectly by using a BigDye Terminator, version 3.1, cycle sequencing kit (Applied
Biosystems, Gouda, The Netherlands) according to the manufacturer’s recom-
mendations. The 26S rRNA D1/D2 and ITS1-5.8S-ITS2 rRNA gene sequences
were determined by using NL1 and NL4 and ITSS and ITS4 as the sequencing
primers, respectively. An Applied Biosystems 3100 sequencer was used to obtain
the DNA sequences.

Sequence similarity and phylogenetic analyses. The sequences were aligned by
using Clustal X software (34). Phylogenetic and molecular evolutionary analyses
were performed by using MEGA, version 2.1 (21). For neighbor-joining analysis
(28), the distances between sequences were calculated by using Kimura’s two-pa-
rameter model (20). A bootstrap analysis was conducted with 1,000 replications (11).

Nucleotide sequence accession number. The nucleotide sequences of the
D1/D2 26S rRNA gene and ITS-5.8S determined in this study have been depos-
ited in GenBank, and their accession numbers are given in Table 1.

RESULTS

Molecular phylogenetic analysis. Fig. 1 shows the molecular
phylogenetic tree based on the D1 and D2 regions of the 26S
rRNA gene sequences constructed by the neighbor-joining
method. Figure 2 shows the molecular phylogenetic tree based on
the ITS-5.8S rRNA gene sequences. In both trees, the 20 lipid-
dependent strains grouped into four phylogenetic clusters.

Sequences of D1/D2 of 26S rRNA gene. The aligned se-
quences of the D1/D2 region are shown in Fig. 3.

Cluster I included isolates from different animal species
(horse, pig, and lamb) and the type culture of M. sympodialis.
The 26S rRNA gene (D1/D2 regions) sequenced from M.
sympodialis CBS 7222 included 578 bp. The sequences of the
strains from cluster I were completely identical to M. sympo-
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FIG. 1. Molecular phylogenetic tree constructed by using the sequences of D1/D2 26S rRNA gene of members of the genus Malassezia and
related Ustilaginomycetes species. The numbers at the branch points are the percentages of 1,000 bootstrapped data sets that supported the specific
internal branches. Species with GenBank accession numbers represent sequences obtained from GenBank.

dialis CBS 7222, except for the strain MA477, which showed a
single different nucleotide (dissimilarity, 0.17%).

The sequences of cluster I were close to the M. dermatis
AB070361 sequence, which included 579 bp. These sequences
differed from the sequence of M. dermatis at seven positions
(dissimilarity, 1.21%).

Cluster II included isolates from horses grouping together
with the “M. equi” AJ305330 sequence. The nucleotide analysis
of the 26S rRNA gene of these strains showed two substitu-
tions over 578 bp among them. The sequences of “M. equi”
AJ305330 and MA146 were identical and differed from the
sequence of M. sympodialis CBS 7222 at seven positions (dis-
similarity, 1.21%). The strains MAS8S, MA461, and MA470
showed identical sequences and differed from the sequence of
M. sympodialis CBS 7222 at nine positions (dissimilarity,
1.56%). The sequence of strain MA250 differed from the se-
quence of M. sympodialis CBS 7222 at eight positions (dissim-
ilarity, 1.38%).

Cluster IIT comprised isolates mainly from goats. The section of

DNA sequenced included 578 bp, and the sequences of all of the
strains were identical, differing from the sequence of M. sympo-
dialis CBS 7222 at eight positions (dissimilarity, 1.38%).

Cluster IV included isolates mainly from cats grouping to-
gether with the M. nana AB075224 sequence. The section of
DNA sequenced included 577 bp. The sequences of all strains
were identical and differed from the sequence of M. nana at 2
positions and from the sequence of M. sympodialis CBS 7222 at
16 positions (dissimilarity, 2.77%).

Sequences of ITS regions and 5.8S rRNA gene. The aligned
sequences of the 5.8S rRNA gene with the two intergenic
spacers ITS1 and ITS2 are shown in Fig. 4.

The section of DNA sequenced from M. sympodialis CBS
7222 included 621 bp and contained the partial sequence of the
18S rRNA gene, the entire ITS1-5.8S-ITS2 region, and the
partial sequence of the 26S rRNA gene. The ITS1 region
occupied nucleotides 9 to 170, the 5.8S rRNA gene occupied
nucleotides 171 to 326, and the ITS2 region occupied nucleo-
tides 327 to 560.
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FIG. 2. Molecular phylogenetic tree constructed by using the ITS1-5.8S rRNA gene-ITS2 sequences of members of the genus Malassezia. The
numbers at the branch points are the percentages of 1,000 bootstrapped data sets that supported the specific internal branches. Species with
GenBank accession numbers represent sequences obtained from GenBank.

The sequences of cluster I were similar. The length of the
section of DNA sequenced ranged from 619 bp in MA477 to
623 bp in MA73. The sequence of MA182 included 621 bp and
showed one base pair substitution from M. sympodialis CBS
7222. The nucleotide sequences analysis of these strains
showed five substitutions among them and differences of less
than four substitutions from those of M. sympodialis CBS 7222.

The sequences of cluster II showed identical ITS2 sequences
and differed from the ITS2 sequence of M. sympodialis CBS
7222 at 31 positions. The sequences of strains MA470 and
MAA461 differed from the sequences of M. sympodialis CBS
7222 at 33 positions, MA146 and MA250 at 32 positions, and
MASS at 30 positions at the ITS1 region. Nucleotide sequence
analysis of these isolates showed 3 substitutions among them at
the ITS1 region and differences in more than 61 substitutions
from those of M. sympodialis CBS 7222 (dissimilarity, 9.8 to
10.3%). Unfortunately, we were not able to analyze the “M.
equi” ITS sequences because there is no sequence deposited in

GenBank and we could not find any “M. equi” type strain in
culture collections.

The sequences of cluster III were identical (620 bp) and
differed from the sequence of M. sympodialis CBS 7222 at 39
positions: 18 in the ITS1 region and 21 in the ITS2 region
(dissimilarity, 6.28%). The sequences of cluster III were close
to the M. dermatis AB070356 sequence.

The sequences of cluster IV were identical (646 bp) and
differed from the sequence of M. sympodialis CBS 7222 at 95
positions: 60 in the ITS1 region, 1 in the 5.8S region, and 34 in
the ITS2 region (dissimilarity, 15.29%). The ITS1 sequence of
M. nana AB075225 was identical to the ITS1 sequences of our
isolates from cluster IV.

DISCUSSION

M. sympodialis Simmons et Guého 1990 was described by
using two strains isolated from humans. These strains showed
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FIG. 3. Alignment of D1/D2 sequences of M. sympodialis strains.
M. sympodialis CBS 7222 is used as the model. Hyphens designate gaps
added to permit alignment. Identical nucleotides are indicated by dots.
Lanes: 1, M. sympodialis CBS 7222, MA73, and MA182; 2, MA477; 3,
MASS, MA461, and MA470; 4, MA250; 5, MA146; 6, “M. equi”
AJ305330; 7, M. dermatis AB070361; 8, MA8O, MA125, MA333,
MA383, and MA400; 9, M. nana AB075224; 10, MA231, MA237,
MA261, MA262, MA314, MA419, and MA424.

a strong lipophily and small daughter cells with occasional
sympodial budding (30), different from M. furfur, which was the
only previously described lipid-dependent species. The study of
a large number of strains by, among other techniques, 26S
rRNA sequence and nuclear DNA comparisons and some
physiological tests resulted in a more precise characterization
of the species M. sympodialis. These strains were represented
by a unique rRNA sequence (16) and formed a physiological
entity of lipid-dependent yeasts showing growth on glucose-
peptone agar with 0.1 to 10% Tween 40, 60, or 80 as a sole
source of lipid and no growth with 10% Tween 20 (14). How-
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FIG. 4. Alignment of ITS1-5.8S rRNA gene-ITS2 sequences of M.
sympodialis strains. M. sympodialis CBS 7222 is used as the model.
Hyphens designate gaps added to permit alignment. Identical nucleo-
tides are indicated by dots. Lanes: 1, M. sympodialis CBS 7222; 2,
MA182; 3, MA477; 4, MA73; 5, M. dermatis AB070356; 6, MASO,
MA125, MA333, MA383, and MA400; 7, MASS; 8, MA146 and
MAZ250; 9, MA470; 10, MA231, MA237, MA261, MA262, MA314,
MAA419, and MA424.

ever, all of the strains analyzed in these studies (14, 16) were
exclusively recovered from humans, including isolates from
normal skin, pityriasis versicolor, and folliculitis.

In our study, three isolates from different animal species
(horse, lamb, and pig) clustered with the type species M. sym-
podialis CBS 7222. Only one strain had a single different nu-
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TABLE 2. Some physiological characteristics of lipid-dependent Malassezia species

Result with:
Species Catalase Tween 20 (10%) Tween 40 or 60 Tween 80 (0.1%) Cremophor EL Esculin Reference(s)
ara (14) (0.5%) (14) (14) (24) (24)

M. furfur + + + + 4 -+ 14
M. globosa + - — - _ _ 14
M. japonica + - + - NT? NT 33
M. obtusa + - — - _ + 14
M. restricta — - — — — _ 14
M. slooffiae + + + - — _ 14
M. sympodialis + - + + — + 14
M. dermatis + + + + + _ 19, 32
M. nana + * + + — — 19
NUSV 1003“ + - + + NT NT 18
MA262, MA314 + — + + _ + 3

“ M. nana™

> NT, not tested.

¢ +, growth or positive reaction; —, no growth or negative reaction; =+, different reactions or variable growth results for different isolates or strains.

cleotide at the D1/D2 sequence. We observed ITS variation,
but the strains demonstrated >99% sequence similarity. As
previously reported, the gene sequences of ITS1 of Malassezia
species are highly diverse (22).

At present, D1 and D2 26S rRNA gene sequences from
almost all yeasts are used for species identification or phylo-
genetic analysis. Peterson and Kurtzman (27) correlated the
biological species concept with the phylogenetic species con-
cept by the extent of nucleotide substitutions in 26S rRNA
gene sequences. Their study demonstrated that strains of a
single biological species show less than 1% substitution in this
region. It has been reported (2, 31) that conspecific strains
generally demonstrated =99% sequence similarity in the ITS1
and ITS2 regions. According to this species concept, two new
lipid-dependent species genetically close to M. sympodialis
have been described: M. dermatis and M. nana. These species
have similar phenotypes (some common physiological charac-
teristics) to M. sympodialis (Table 2).

M. dermatis was isolated from skin lesions of patients with
atopic dermatitis from Japan. The sequences of five isolates of
this new species were completely identical in both 26S rRNA
gene and ITS regions and clustered with M. sympodialis but
had a high number of dissimilarities with it (32). However, the
physiological characteristics of M. dermatis are identical to
those of M. furfur (Table 2). It grows on glucose-peptone agar
with 10% Tween 20 as a sole source of lipid, differing from M.
sympodialis. Sympodial budding was not cited in these isolates.
The isolates belonging to cluster I were close to the D1/D2 M.
dermatis AB070361 sequence.

Cluster II included isolates from horses grouping close to
the “M. equi” AJ305330 sequence, showing nearly identical
D1/D2 and ITS sequences and being conspecific strains. Dis-
similarities between these isolates and the M. sympodialis
strain in their D1/D2 regions of 26S and ITS-5.8S were more
than 1 and 9%, respectively. At the moment, there is not a
valid description yet for “M. equi” and no physiological char-
acteristics have been reported (25).

Cluster III comprised isolates mainly from goats. All strains
were completely identical in both 26S rRNA gene and ITS
regions. Dissimilarities between these isolates and the M. sym-
podialis strain in their D1/D2 regions of 26S and ITS-5.8S were

1.3 and 6.28%, respectively. They were conspecific and clearly
distinct from M. sympodialis.

M. nana was isolated from animals in Japan and Brazil. It
morphologically and physiologically resembles M. dermatis and
M. sympodialis, but the phylogenetic trees based on the D1/D2
and ITS1 regions were clearly distinct from these two species
(19). The type strain isolated from a cat in Japan was slightly
different from the Brazilian strains isolated from cows. Our
isolates from cluster IV, mainly from cats, showed the same
ITS1 sequence as the M. nana type strain, and the D1/D2
sequences were nearly identical. All strains were completely
identical in both 26S rRNA gene and ITS regions, and the
dissimilarities between these isolates and the M. sympodialis
strain in their D1/D2 regions of 26S and ITS-5.8S were 2.77
and 15.29%, respectively. This group includes two strains as-
sociated with otitis externa in cats (MA262 and MA314) (3)
with identical physiological characteristics to M. sympodialis
(Table 2). The type strain of M. nana (NUSV 1003) also
showed physiological characteristics identical to those of M.
sympodialis (18) (Table 2).

Special micromorphological characteristics, such as small
size of the cells in comparison to other Malassezia spp. (3, 19),
buds formed in a narrow base (3, 14, 19, 30), and occasional
sympodial budding (3, 14, 30), have been cited for M. sympo-
dialis-related species. However, the separation of Malassezia
species based on morphological characteristics is unreliable
(16), and their routine identification is currently based on the
use of some physiological properties (14, 17), avoiding the use
of morphological criteria, which are considered to be more
subjective.

On the other hand, the difficulty in obtaining a high level of
certainty in the identification of some lipid-dependent strains
by means of physiological tests has been reported (3, 7, 8, 9, 18,
25). In addition, the isolation and identification of these strains
continue to be difficult due to the low viability associated with
some isolate types and the lack of suitable methods for its
isolation and preservation (5).

Malassezia species are opportunistic yeasts and belong to the
normal cutaneous microbiota. Some of them may act as patho-
gens when exposed to certain changes in the skin microclimate.
In this study, we included lipid-dependent isolates from
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healthy skin and associated with diseased skin. The association
of lipid-dependent isolates with human skin disease is well
known. For animals, this association has been recently de-
scribed (3, 4, 7, 19), and unfortunately, there are few lipid-
dependent strains available in culture collections. Using D1/D2
and ITS sequencing analysis, strains associated with skin dis-
ease do not differ genetically from isolates from healthy skin.
Genetic type IV included isolates from the ears of healthy cats
and those from cats and a dog with otitis externa. All strains
were completely identical in both the 26S rRNA gene and ITS
regions. Usually, this technique does not allow differentiation
between the two kinds of isolates. Other molecular techniques,
such as randomly amplified polymorphic DNA or amplified
fragment length polymorphism, could be more powerful tools
to find clinical correlations.

Formal descriptions of possible new taxa will require a stan-
dard phenotypic study, which is not a part of this report. Some
strains have enough variation to define possible new species or
subtypes. Furthermore, some of the sequences included for
comparison in the phylogenetic analysis belong to the recently
described M. sympodialis-related species and were grouped
close or even together with our strains in the proposed clusters.
Scorzetti et al. (29), working with other kinds of basidiomyce-
tous yeasts, considered that trees provided by ITS, D1/D2, and
other genes, provide focal points for biological and systematic
analyses of these yeasts. A sequence, per se, does not describe
a species, and descriptions of new species should not rely solely
on nucleotide data.

Finally, it is not clear whether the value of these genetic
differences is to define species or whether they only demon-
strate genetic variation among strains from different origins
within M. sympodialis. Further studies are required to investi-
gate whether the divergence between M. sympodialis and our
strains is sufficient to resolve them as individual species or
whether it only indicates that this species is in the course of
differentiation and adaptation to specific animal hosts.
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