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ABSTRACT: We describe a new myxozoan parasite found infecting the gall bladder of the cartilagi-
nous fish Rioraja agassizii (Rajidae) from the South Atlantic coast of Brazil. Light microscopy, scan-
ning and transmission electron microscopy and phylogenetic data were used. Numerous irregular
polysporic plasmodia externally covered by numerous microvilli containing different stages of sporo-
gony, including free spores, were observed in bile. Ellipsoidal spores, on average 11.41 pm long,
8.48 ym wide and 7.32 pm thick, were formed by 2 equal-sized valves, each possessing 3 to 4 (rarely
5) elevated ridges which projected from the basal portion of the spore, and joined along a sinuous S-
shaped sutural line. The basal portion of the valves bore a bundle of 33 to 37 extended tapering cau-
dal filaments attached to the basal portion of the last ridge and basal portion of the sutural edge of the
2 valves. The caudal filaments, formed of material similar to the valves, were attached to the shell
wall by a conical basis. The spores contained 4 equal-sized pyriform polar capsules (4.5 X 2.4 nm),
located at the same level, each with a polar filament with 6 (rarely 7) coils. Binucleate sporoplasm was
irregular in shape, with a granular matrix and dense bodies randomly distributed in a light area.
Based on the shape and dimensions of the spore, on the number, position and arrangements of the
surface ridges, caudal bundle of filaments, polar capsules and polar filament arrangements, as well
as phylogenetic analyses using the small subunit ribosomal DNA (SSU rDNA) sequences, we propose
the name Chloromyxum riorajum for this new myxozoan.
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INTRODUCTION more species being added regularly. They have been

The Myxosporea of the phylum Myxozoa is an
assemblage of more than 2180 species distributed
among some 60 genera (Lom & Dykova 2006) with

*Email: azevedoc@icbas.up.pt

reported from different geographic areas, mainly as
parasitic and pathogenic of fish, where they are of
importance in fisheries and aquaculture (Lom &
Dykova 2006). Among them, the genus Chloromyxum
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Mingazzini, 1890, the fourth largest genus of Myxozoa
with 115 nominal species, is commonly coelozoic in the
urinary tract and gall bladder of freshwater and marine
fishes (Lom & Dykova 2006) and in some non-fish host
such as batrachian amphibians (Duncan et al. 2004,
Lom & Dykova 2006). Determining the taxonomy of
the group is difficult when relying solely on light
microscopy of the spore because there is only a limited
number of distinct characters which can be used to
separate the species. Revision of the genus has shown
that ultrastructural microscopy, particularly scanning
electron microscopy (SEM), provides taxonomic data
that considers the pattern of the ridges on the spore
surface (Lom & Dykova 1993).

Considering the high number of Brazilian fish spe-
cies (about 8000 species) (Cellere et al. 2002), the num-
ber of described parasite species is low. Little has been
published on the myxosporeans, and that which has
been published mainly concerns the genus Chloro-
myxum. From the Brazilian fauna, only 2 species (C.
leydigi Mingazzini, 1890 and C. sphyrnae Cunha and
Fonseca, 1918) have been observed by light
microscopy and represented by diagrammatic draw-
ings (Cunha & Fonseca 1918, Pinto 1928, Gioia &
Cordeiro 1996). In South American fauna, there is
another description of this genus found in the flatfish
Paralichthys adspersus from the Pacific coast of the
Chile (Oliva et al. 1996). Recently, on the bases of the
morphological and ultrastructural data, a new species
C. menticirrhi was described parasitizing a Brazilian
marine teleost fish (Casal et al. 2009).

With respect to molecular data, there is information
on the 18S rDNA gene for only 7 Chloromyxum species
(Fiala & Dykova 2004, Holzer et al. 2004, 2006, Hallett
et al. 2006). An analysis of the small subunit ribosomal
DNA (SSU rDNA) in phylogenetic studies shows that
the majority of myxosporea can be divided into 2 main
clades: marine and freshwater clades. However, there
are exceptions to this division, notably regarding some
species infecting anadromous hosts and species of the
genus Chloromyxum (Fiala 2006). The present study
describes C. riorajum sp. nov. from the gall bladder of
the marine stingray Rioraja agassizii from coastal
waters off Southern Brazil, making use of light
microscopy (LM), SEM, transmission electron micro-
scopy (TEM) and phylogenetic data pertaining to the
18S rDNA sequence.

MATERIALS AND METHODS

The marine stingray Rioraja agassizii (Miller &
Henle, 1841) (Chondrichthyes, Rajidae) (Brazilian
common name ‘Raia-santa’) was collected during Feb-
ruary and March 2008 in the surf zone of Joaquina

Beach (27°37'S, 48°26'W) located on the South
Atlantic near the city of Florianépolis, Santa Catarina
State, Brazil. After collection, 4 stingrays (30 to 52 cm
total length) were transported alive to the laboratory,
where they were anaesthetized with MS-222 (Sandoz
Laboratories), and necropsied. Smears of fresh gall
bladder and bile, urinary bladder, gill, liver and intes-
tine were examined microscopically. Smears of fresh
gall bladder contents, the only organ observed to be
parasitized, containing free spores and plasmodia
were prepared for observation by LM using Nomarski
differential interference contrast (DIC) optics, and free
spores were measured with an ocular micrometer
adapted to the photomicroscope.

Electron microscopy. For SEM, gall bladders were
teased apart to release spores. These were fixed in 5%
glutaraldehyde buffered in 0.2 M sodium cacodylate
(pH 7.4) at 4°C for 20 h, washed in 3 changes of the
same buffer, dehydrated in an ascending ethanol
series, critical point dried, coated with gold and exam-
ined in a JSM-630 SEM operated at 15 kV. After dehy-
dration some spores were observed in a DIC micro-
scope. For TEM, small fragments of the parasitized gall
bladder and fluid bile containing plasmodia and free
spores were fixed as for the SEM procedure, washed
overnight in buffer at 4°C, and post-fixed in 2%
osmium tetroxide with the same buffer and at the same
temperature for 3 h, dehydrated in an ascending
ethanol series followed by propylene oxide, and
embedded in Epon. Semithin sections were stained
with methylene blue-Azure II for LM, and ultrathin
sections were double-stained with uranyl acetate and
lead citrate and observed and photographed using a
JEOL 100CXII TEM operated at 60 kV.

DNA isolation and PCR amplification. Several plas-
modia and spores were preserved in 80 % ethanol at
4°C before genomic DNA extraction which was per-
formed using a GenElute™ Mammalian Genomic
DNA Miniprep Kit (Sigma) following the manufac-
turer's instructions for animal tissue, except for incuba-
tion time. The DNA was stored in 50 pl of TE buffer at
—20°C until used. Initial amplification of the SSU rDNA
gene was achieved using the universal eukaryotic
primers 18e (Hillis & Dixon 1991) and 18r (Whipps et
al. 2003). PCR was carried out in 50 pl reactions using
10 pmol of each primer, 10 nmol of each dNTP, 2.5 mM
MgCl,, 5 pl 10x Taq polymerase buffer, 1.5 units Taq
DNA polymerase (Invitrogen), and 5 jl of the genomic
DNA. The reactions were run on a Hybaid PxE Ther-
mocycler (Thermo Electron Corporation). The amplifi-
cation program consisted of 95°C denaturation for
3 min, followed by 35 cycles of 94°C for 45 s, 53°C for
45 s and 72°C for 90 s. A final elongation step was per-
formed at 72°C for 7 min. Nested PCR was done using
as template 2 pl of initial PCR: 5'-end with the primers
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18e/MyxospecR, the central region of the gene with
primers MyxospecF/ChloromyxR1 and finally the 3'-
end with the primers ChloromyxF1/18r (Table 1). The
amplification program consisted of 95°C denaturation
for 5 min, followed by 30 cycles of 95°C for 1 min, 52°C
for 1 min and 72°C for 2 min. A final elongation step
was performed at 72°C for 10 min. Then 5 pl aliquots of
PCR products were electrophoresed through a 1%
agarose 1x Tris-acetate-EDTA buffer gel stained with
ethidium bromide.

DNA cloning and sequencing. PCR products for the
SSU rDNA gene with an approximate size of 300 bp
(18e/MyxospecR), 900 bp (MyxospecF/ChloromyxR1)
and 600 (ChloromyxF1/18r) were obtained from the
excised band. Before cloning, the bands were puri-
fied with NucleoSpin Extract II (Macherey-Nagel).
DNA was cloned into a pGEM-T Easy Vector System
II (Promega) following the manufacturer's instruc-
tions. JM109 Competent Cells with high efficiency
(Promega) were transformed and then 2 positive
clones were selected using the blue—white colour
screening method. The minipreps were carried out
with a NucleoSpin Plasmid (Macherey-Nagel) ac-
cording the manufacturer’'s instructions. The cloned
inserts were confirmed by digestion with restriction
enzyme EcoRl (Promega), and then they were
sequenced in both directions with the universal
sequencing primers T7 forward/SP6. Sequencing was
done using BigDye Terminator v1.1 from the Applied
Biosytems Kit, and the sequence reactions were run
on an ABI3700 DNA analyzer (Perkin-Elmer Applied
Biosystems).

Distance and phylogenetic analysis. To evaluate the
relationship of Chloromyxum riorajum to other myxo-
sporean species, we used 29 18SSU rDNA sequences,
obtained from GenBank data: Ceratomyxa labracis
(AF411472), Ceratomyxa sparusaurati (AF411471),
Ceratomyxa shasta (AF001579), Chloromyxum aura-
tum (AY971521), Chloromyxum legeri (AY604197),
Chloromyxum leydigi (AY604199), Chloromyxum ley-
digi (DQ377710), Chloromyxum cyprini (AY604198),
Chloromyxum trijugum (AY954689), Chloromyxum
truttae (AJ581916), Chloromyxum sp. (AJ581917),

Enteromyxum leei (AF411334), Enteromyxum scoph-
thalmi (AF411335), Henneguya ictaluri (AF195510),
Henneguya salminicola (AF031411), Hoferellus gilsoni
(AJ582062), Kudoa amamiensis (AF034638), Kudoa
crumena (AF378347), Kudoa dianae (AF414692), Myx-
idium lieberkuehni (X76639), Moyxidium (truttae
(AF201374), Myxidium sp. (U13829), Myxobolus bibul-
latus (AF378336), Myxobolus cerebralis (U96492),
Mpyxobolus osburni (AF378338), Parvicapsula minibi-
cornis (AF201375), Raabeia sp. (AF378352), Sphaero-
spora oncorhynchi (AF201373), and Zschokkella mugi-
lis (AF411336). The corresponding sequences and
GenBank/NCBI accession number of Tetracapsuloides
bryosalmonae (U70623) and Buddenbrockia plumatel-
lae (AY074915) were used as the outgroup.

Sequences were aligned as described by Azevedo et
al. (2006). Alignment was made using Clustal W
(Thompson et al. 1994) with MEGA 4 software (Ta-
mura et al. 2007), with an opening gap penalty of 10
and a gap extension penalty of 4 for both pairwise and
multiple alignments. Subsequent phylogenetic and
molecular evolutionary analyses were conducted using
MEGA 4, with the 29 TDNA sequences for myxosporid-
ian species and the outgroup species selected. Dis-
tance estimation was carried out using the Kimura 2-
parameter model distance matrix for transitions and
transversions. For the phylogentic tree reconstructions,
maximum parsimony analysis was conducted using the
close neighbour interchange heuristic option with a
search factor of 2 and random initial tree additions of
2000 replicates. Bootstrap values were calculated over
100 replicates.

RESULTS
Morphology of the parasite

During a parasitological survey conduced to detect
parasites it was observed that some specimens of the
stingray Rioraja agassizii presented hypertrophy of the
gall bladder, the bile of which contained several
masses of plasmodia and numerous free spores.

Table 1. Primer sequences and location used to amplify small subunit ribosomal DNA of Chloromyxum riorajum sp. nov.

Primers Sequence (5'-3) Position Used with Source

18e CTG GTT GAT CCT GCC AGT 1 MyxospecR, 18r Hillis & Dixon (1991)
MyxospecF TTC TGC CCT ATC AACTTG TTG 312 ChloromyxR1 Fiala (2006)
ChloromyxF1 CTT AAA GGA ATT GAC GGA AGG 1209 18r Present study
MyxospecR CAA CAA GTT GAT AGG GCA GAA 332 18e Present study
ChloromyxR1 CCT TCC GTC AAT TCC TTT AAG 1229 MyxospecF Present study

18r CTA CGG AAA CCTTGT TAC G 1832 18e, ChloromyxF1 Whipps et al. (2003)
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Light microscopy

Numerous plasmodia and free spores were observed
immersed the bile (Figs. 1 to 3). Based on the morpho-
logical aspects of the spores and particularities of the
spore valves and attached caudal bundle of the taper-
ing filamentous projections forming tails, the parasite
was identified as belonging to the genus Chloromy-
xum as classified according to Lom & Dykova (2006).
Our results provide a description of a new species:
Phylum Myxozoa Grassé, 1970
Class Myxosporea Biitschli, 1881
Order Bivalvulida Schulman, 1959
Family Chloromyxidae Thélohan, 1892
Genus Chloromyxum Mingazzini, 1890

Chloromyxum riorajum sp. nov.

Life history stages observed: All developmental
stages in the polysporic plasmodia (up to 150 pm) and
free spores immersed in the bile (Figs. 1 to 3).

Description: Cell membrane of the plasmodia and its
pseudopodia is covered by numerous microvilli (Figs. 4
& 5). Spores are ellipsoidal to pyriform, 11.41 + 0.31 pm
long in lateral view; 8.48 + 0.45 pm wide and 5.92 +
0.54 pm thick (n = 25) in apical view (Figs. 1 & 2). Two
equal-sized valves with 3 to 4 (rarely 5) surface ridges in
the posterior half of the spore. Valves adhering together
along a sinuous S-like structure of the sutural line
(Figs. 6 & 7). Ridges are located on the last half of the
spore and run parallel to the basal portion of the sutural
ridges (Figs. 9 to 13). The ridges coalesce towards the
apical pole of the spore (Figs. 9 to 11). Each valve consists
of a continuous layer of external and internal dense ma-
terial surrounding a middle lighter area (Figs. 6 to 8). A
bundle of 33 to 37 tapering caudal filamentous projec-
tions or tails (12.10 + 0.87 pm long) is attached to the
basal part of the last ridge and sutural ridge of the 2
valves (Figs. 1, 2, 10, 12 & 13). There were no visible
junctions between the tails and the wall. The tails were
formed of the same material as the valves, and had a cir-
cular cross-section measuring 0.2 to 0.3 pm in diameter
near the valvar insertion (Fig. 18), reducing gradually in
diameter towards the end of the tail (Figs. 1, 17 & 19).
Four anteriorly pointed equal-sized pyriform polar cap-
sules (3.2 + 0.4 pm long, 2.0 = 0.3 pm wide; n = 25) were
located all on the same level within the spore (Figs. 1 & 2);
each contained 6 (rarely 7) obliquely coiled polar fila-
ment (Figs. 15 & 20). Sporoplasm was irregular in shape
with 2 nuclei randomly distributed within a granular ma-
trix with numerous light areas where the sporoplasmo-
somes were hardly visible. The spore morphology is pre-
sented in schematic drawings (Fig. 20) showing the
arrangement of the valvar ridges and caudal bundle of

filaments and the ultrastructural details of the spore lon-
gitudinal sections.

Type host: Rioraja agassizii (Miller & Henle, 1841)
(Chondrichthyes, Rajidae).

Type locality: Joaquina Beach (27°37'S, 48°26'W)
on the South Atlantic coast situated near the city of Flo-
riano6polis, Santa Catarina State, Brazil.

Site of infection: Gall bladder in bile.

Prevalence: 75 % (3/4).

Type specimens: One slide with semi-thin sections of
tissues containing spores and developmental stages of
hapantotype was deposited in the International Proto-
zoan Type Slide Collection at the Smithsonian Institu-
tion Washington, DC, USA, with the acquisition num-
ber USNM 1122327. Another slide with semi-thin
sections was deposited at the Laboratory of Pathology,
Centre for Marine and Environmental Research, Uni-
versity of Porto, Porto, Portugal.

Molecular analysis

The amplified sequences were assembled, and the
resulting consensus DNA sequence of the partial
SSU rRNA gene, which was 1807 bp in length, was de-
posited in GenBank (Accession number FJ624481). In
total, 29 SSU rDNA sequences, including those with
the highest BLAST scores, were aligned with the
Chloromyxum riorajum sp. nov. SSU rDNA sequence.
The resulting alignment consisted of 1629 positions
after trimming the 3'-end (642 ambiguously aligned
positions were excluded).

Based on pairwise comparisons among the SSU
rDNA sequences, the maximal similarity was observed
with all Chloromyxum species: C. leydigi (97.7 and
97.9%), C. auratum (85.4%), C. cyprini (85.2%), C.
truttae (84.6%), C. trijugum (83.8%), C. schurovi
(82.3%) and C. legeri (80.9 %) (Table 2).

Maximum parsimony analysis of SSU rDNA gene se-
quence places Chloromyxum riorajum sp. nov. within a
clade comprising almost all Chloromyxum species, with
2 exceptions: C. legeri (AY604197) and C. schurovi
(AJ581917). The most closely related species is C. leydigi
(AY604199, DQ377710) with 100 % bootstrap support.

DISCUSSION

The morphology of the spores described in the pre-
sent study, i.e. ellipsoidal spores with 2 shell valves, 4
equal-sized polar capsules and a bundle of caudal fila-
mentous projections, shows the characters of a parasite
belonging to the genus Chloromyxum (Lom & Noble
1984, Lom & Dykova 2006). A comparison of our results
with the morphology and ultrastructural organization
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Figs. 1 to 8. Light and transmission electron micrographs of the myxosporean Chloromyxum riorajum sp. nov. from gall bladder of
Rioraja agassizii. Fig. 1. Several unfixed mature spores observed using differential interference contrast (DIC). Fig. 2. A free un-
fixed mature spore observed under DIC showing a bundle of filamentous tails (arrowheads) attached to the base of one of the
spores. Fig. 3. Semithin section showing 2 plasmodia, one of which (*) contains several of the developmental stages (arrowheads);
the other one contains spores (arrows). The periphery of the plasmodia shows numerous microvilli (double arrowheads). Fig. 4.
Periphery of a plasmodium (*) showing pseudopodia and several microvilli (Mv). Fig. 5. Details of the microvilli (Mv). Fig. 6.
Oblique section of the apical end of a spore showing the apical end of the polar capsules (*) and the sutural line (arrowheads).
Fig. 7. Detail of the longitudinal section of the apical region of the S-like sutural line (arrowheads). Fig. 8. Detail of the dense
internal layer of the valve (arrowheads)
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Figs. 9 to 13. Scanning electron micrographs of Chloromyxum riorajum sp. nov. spore morphology. Note particularly the bundle
of filaments (arrowheads), as well the organization of the ridges

of previously described species of this genus, shows
that the morphology is similar, which consequently
confirms that this parasite belongs to this genus (Lom &
Noble 1984, Lom et al. 1988, Baska 1990, 1993, Molnéar
1992, Shul'man & Ieshko 2003, Hallett et al. 2006, Lom
& Dykova 1992, 2006), although few of the previously
described species have attached caudal filaments.

Amongst the 115 recognized species of this genus,
only Chloromyxum leydigi Mingazzini, 1890 (Pinto
1928, Gioia & Cordeiro 1996), C. ovatum and C. trans-
versocostatum (Kuznetsova 1977) have attached fila-
ments (Lom & Dykové 2006). Our species differed from
these 3 species, i.e. the C. leydigi spore has sutural
edge projections at the apex shell valves bearing 7 ele-
vated ridges each; C. ovatum has large spores with dif-
ferent patterns of surface ridges, while C. transverso-
costatum differs from these 2 species in that it has a
spore with transversal concentric surface ridges.

Recently, Kovaljova (1988) described 4 new species of
the genus Chloromyxum (C. dogieli, C. lissosporum, C.
schulmaniand C. striatellus) from several cartilaginous
fishes captured off the Atlantic coast of Africa. This
description was based on diagrammatic drawings. How-
ever, it is particularly difficult to compare the present
species with the species described in the Kovaljova
(1988) study, because their data consisted soley of spore
dimensions and drawings showing the distribution and
position of the surface ridges. No references were made
to the bundle of filaments shown in the drawings in the
figures. However, these structures appear to be very
different to those of the parasite described here.

The genus Chloromyxum has also been previously
reported in South American aquatic fauna. Two spe-
cies described in Brazilian fauna (C. leydigi and C.
sphyrnae) (Gioia & Cordeiro 1996) and another one in
the urinary bladder of flatfish Paralichthys adspersus
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Figs. 14 to 19. Transmission electron micrographs of the myxosporean Chloromyxum riorajum sp. nov. from the gall bladder of Ri-
oraja agassizii. Fig. 14. Transverse section at the apical region of the 4 polar capsules. Fig. 15. Detail of a transverse section of a
polar capsule showing different sections of a polar filament (arrowheads). Fig. 16. Longitudinal section of the apical zone of a po-
lar capsule. Fig. 17. Transverse section of a bundle of 37 filaments (arrowheads). Fig. 18. Transverse sections showing details of
several filaments (F). Fig. 19. Longitudinal and oblique sections of several filaments (F), one of which is attached to the valve (V)

from the Pacific coast of the Chile (Oliva et al. 1996)
were described by use of LM only and represented
by diagrammatic drawings. Recently, C. menticirrhi
spores, which do not have external filaments attached
to the wall, were described on the basis of SEM and
TEM studies (Casal et al. 2009).

Morphological aspects, such as the surface structure
of the spore, the different patterns of spore ridges and
the caudal bundle of 33 to 37 filaments (number never

referred to in other species) which is attached to the
more basal ridge and suture line of the Chloromyxum
spore wall, which differentiate only in some species,
are important characteristics which can be used to
distinguish Chloromyxum species (Lom & Dykova
1993, 2006).

The external organization of the present species is
clearly very different from that of all other Chloro-
myxum spp. previously discussed, including those for
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Fig. 20. Spore of Chloromyxum riorajum sp. nov. from the gall bladder of Rioraja agassizii. (A) Morphological aspect of the spore
as observed under differential interference contrast (DIC), showing the basal bundle of filamentous tails attached to the valves.
(B) Longitudinal section (frontal view) with special emphasis on the polar capsules and basal bundle of the filamentous tails

which a bundle of filamentous projections and ridge
ornamentations on the spore valves have been
reported. A comparison of the spore morphology of all
Chloromyxum spp. which have tailed spores showed
that there are similarities between C. riorajum and C.
leydigi. However, C. riorajum differs from C. leydigi in
that the former have larger spores and polar capsules,

as well as different patterns of surface ridges. More-
over, the bundle of filamentous tails of C. riorajum dif-
fers from that of C. leydigi, because it has a large num-
ber of filaments and is longer.

All morphological and ultrastructural aspects are
useful for the description of a new species despite the
fact that of some them such as caudal appendages are

Table 2. Comparison of some small subunit ribosomal (SSU) rDNA sequences: percentage of identity (above diagonal) and pairwise distance
(below diagonal) obtained by Kimura 2-parameter analysis. C.: Chloromyxum; M.: Myxidium; S.: Sphaerospora

C. C. C. C. C. C. C. C. C. M. Myxidium S.

riorajum leydigi 1 leydigi 2 auratum cyprini truttae trijugum schurovi legeri truttae sp. oncorhynchi

C. riorajum (FJ624481) 97.9 97.7 854 85.2 84.6 83.8 82.3 80.9 82.8 81.9 81.7
C. leydigi 1 (DQ377710) 0.021 99.4 86.0 85.7 85.2 84.3 82.6 81.2 83.3 82.5 81.9
C. leydigi 2 (AY604199) 0.023 0.004 85.9 85.6 85.2 84.3 82.6 81.1 83.3 82.5 81.9
C. auratum (AY971521) 0.146 0.140 0.141 99.8 97.7 91.8 91.8 88.4 91.3 91.3 92.3
C. cyprini (AY604198) 0.148 0.143 0.143 0.002 97.4 91.6 91.6 88.1 90.9 90.9 92.0
C. truttae (AJ581916) 0.154 0.148 0.148 0.023 0.026 92.1 91.6 88.6 90.9 90.9 92.0
C. trijugum (AY954689) 0.162 0.157 0.157 0.082 0.084 0.079 90.5 86.2 95.5 95.9 89.9
C. schurovi (AJ581917) 0.177 0.174 0.174 0.082 0.084 0.084 0.105 87.9 88.5 88.5 92.3
C. legeri (AY604197) 0.191 0.188 0.189 0.116 0.119 0.114 0.138 0.121 85.8 84.8 89.9
M. truttae (AF201374) 0.172 0.167 0.167 0.087 0.089 0.089 0.045 0.115 0.142 97.7 87.6
Myxidium sp. (U13829) 0.181 0.175 0.175 0.087 0.089 0.089 0.041 0.115 0.152 0.023 88.1
S. oncorhynchi (AF201373) 0.183 0.181 0.181 0.077 0.080 0.080 0.101 0.077 0.101 0.124 0.119
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not a phylogenetic character. Unfortunately, with the
exception of Chloromyxum leydigi, there is no SSU
rDNA information for the other Chloromyxum species
with caudal appendages. Apparently, the habitat, the
host and the location of infection are the characteristics
that have been used for species classification.

A BLAST search using SSU rDNA sequence data
found only 7 Chloromyxum spp. available in GenBank:
All species, except C. leydigi (AY604199) isolated from
the gall bladder of Torpedo marmorata caught in the
Mediterranean Sea (Fiala & Dykova 2004) and C. leydigi
(DQ377710) from the gall bladder of Centroscymnus
coelolepis caught in the North Atlantic (Fiala 2006),
infect freshwater fishes. C. cyprini (AY604198) and C.

25

legeri (AY604197) were found in the gall bladder of
Hypophthalmichthys molitrix and Cyprinus carpio,
respectively, from the Czech Republic (Fiala &
Dykova 2004). C. auratum (AY971521) and C. trijugum
(AY954689) were found in the gall bladder of Carassius
auratus and Pomoxis nigromaculatus, respectively,
from Oregon, USA (Hallett et al. 2006). C. truttae
(AJ581916) was found in the gall bladder epithelium and
C. schurovi (AJ581917) in kidney tubules of Salmo salar
in Scotland (Holzer et al. 2004). We obtained an almost
complete SSU rRNA gene sequence with 1807 bp.

Our analysis of the phylogenetic relationship for
maximum parsimony is in concordance with previous
cladograms (Fiala & Dykova 2004, Fiala 2006, Holzer et
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Fig. 21. Maximum parsimony tree of small subunit ribosomal (SSU) T DNA sequences of Chloromyxum riorajum sp. nov. and other
selected myxosporean species. Numbers on the branches are bootstrap confidence levels on 100 replicates. GenBank accession
numbers in parentheses after the species names; scale is given under the tree. C. riorajum and C. leydigi are placed in the basal

clade with several freshwater myxosporean species (shaded box)
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al. 2006). The bootstrap for the 2 Chloromyxum species
both found in the gall gladder of cartilaginous fishes,
C. leydigi and Chloromyxum sp. described here, is
100 % supported, and the pairwise sequence analyses
presented 97.7 to 97.9 % similarity (Table 2).

Most genera present in the myxosporean SSU rDNA
tree are poly/paraphyletic (Kent et al. 2001). Presently,
8 sequences of Chloromyxum species are known, and
the data suggest that they are paraphyletic groups.
Monophyly was only observed in some freshwater
Chloromyxum species, C. auratum, C. cyprini, and C.
truttae, and were supported by a bootstrap value of
94 %. Previously phylogenetic analysis clearly shows a
division into 2 clades, namely freshwater and marine
species (Kent et al. 2001). One possible justification for
this is the presence of numerous insertions in the
V7 region of the SSU rDNA of all freshwater myxo-
sporeans which have longer sequences than marine
species. The exception are C. leydigi (Fiala & Dykova
2004, Holzer et al. 2006) and the species we describe,
C. riorajum sp. nov. These 2 species have marine carti-
laginous fishes as hosts and do not have insertions near
the 3'-end of the SSU rDNA gene, but they are clus-
tered with freshwater myxosporeans. For this reason,
they are basal species in the freshwater myxosporean
clade (Fiala & Dykova 2004).

Additional parsimony analyses of SSU rDNA gene
sequences support a close relationship between the
different Chloromyxum species, as well as a very good
bootstrap (100 %) for the clade to which C. leygidi and
C. riorajum belong (Fig. 21). In conclusion, molecular
phylogenetic analysis reinforced by morphological and
ultrastructural data and specificity of the host suggest
that the parasite from Rioraja agassizii is a new spe-
cies, named Chloromyxum riorajum sp. nov.
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