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Abstract
Transmission studies have demonstrated that representatives of the Myxosporea and the
Actinosporea, previously thought to be two classes of the phylum Myxozoa, are different stages
of a complex life cycle that requires two different hosts. In this study partial 18S rDNA sequences
are provided for the first time for the myxozoan genus Thelohanellus. Also, sequence conformity
is demonstrated for the myxoosporean and actinosporean stages of Thelohanellus hovorkai that
develop respectively in the common carp, Carassius carassius and the oligochaete, Branchiura
sowerbyi, confirming the results of earlier transmission studies that they represent stages of the
same species. Such molecular approaches represent a powerful tool in helping to elucidate
myxozoan life cycles as they may preclude conducting numerous time-consuming transmission
studies.

Introduction
The species comprising the Phylum Myxozoa
are obligate parasites of poikilothermic ver-
tebrates, especially fish, and a variety of in-
vertebrates. Historically there were two
classes known from this phylum, class
Myxosporea, and class Actinosporea, defined
by their radically different spore architectures.
More recently, it has been demonstrated for a
growing number of species that these two
classes are in fact different stages of a com-
plex life cycle that requires two different hosts
(Markiw & Wolf, 1983; Wolf & Markiw, 1984;
El-Matbouli et al., 1992, 1995; Yokoyama,
1997). As a consequence of these findings, the
class Actinosporea has been suppressed, and

several more myxosporean and actinosporean
stages have been linked. For some species this
has been accomplished by transmission ex-
periments, as in the instances cited above.
However, the number of possible pair-wise
combinations is formidable, and transmission
experiments are time and labour intensive
undertakings.

Here we report the first 18S rDNA sequence
information for the myxozoan genus
Thelohanellus and also provide molecular con-
firmation that Thelohanellus hovorkai

Achmerov 1960 alternates between the com-
mon carp, Carassius carassius , and the
oligochaete, Branchiura sowerbyi, as has been
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demonstrated by transmission studies
(Yokoyama, 1997).

Materials and Methods
Myxosporean and actinosporean type spores
from Thelohanellus hovorkai, were collected in
Japan as described by Yokoyama (1997).
About 2.5  X 105 myxosporean spores from a
pooled sample obtained from multiple hosts
and preserved in ethanol were centrifuged at
13,000 g for five min. The spores were
resuspended in 500 µl homogenization buffer
(30 mM NaCl, 20 mM Tris-HCl, 10 mM EDTA,
1% SDS, pH 6.5) with about 100 µl of washed,
sterile sea sand and 500 µl of a mixture of
phenol:chloroform:isoamyl alcohol (25:24:1)
(PCI). The mixture was agitated for 2 min us-
ing the medium setting on a Mini-beadbeater
(Biospec Products). The samples were centri-
fuged at 13,000 g for 5 min to separate the
aqueous and organic phases, and pellet de-
bris. The aqueous phase was extracted again
with an equal volume of PCI and lastly with
an equal volume of pure chloroform.  Follow-
ing precipitation in 100% ethanol, the DNA
pellet was washed twice with 500 µl of 70 %
ethanol, dried briefly at room temperature,
and resuspended in 50 µl sterile water.

For the actinosporean spores, again pooled in
ethanol from multiple hosts, about 5.0 X 105

pelleted spores were resuspended in 50 µl of
PCR buffer [20 mM Tris-HCl (pH 8.4), 50 mM
KCl], and maintained at 92 OC for 10 min fol-
lowed by 5 min at 100 OC. No amplification
was obtained without this heating pretreat-
ment. After brief centrifugation to remove cell
debris, this lysate was used directly for PCR
amplification.

All PCR reactions were carried out in 50 µl
volumes, containing 2 units of Taq polymer-
ase (Life Technologies), 10 pmols of each
primer, 0.2 mM of each dNTP, and 0.5 µl of
template DNA in 20 mM Tris-HCl (pH 8.4),
50 mM KCl, 1 mM MgCl2. The template DNA
was used undiluted or as tenfold dilutions.
The temperature regimes for PCR reactions
were as follows: 2 min at 92OC, followed by
either 45 repetitions of 52OC for 20 s; 72OC for
30 s; 92OC for 20 s; followed by 5 min at 72OC;
or  30 repetitions of 49.5OC for 20 s; 72OC for
30 s; 92OC for 20 s; followed by 5 min at 72OC.
Both temperature regimes gave successful
amplification, the higher annealing tempera-
ture being used in conjunction with 5% DMSO
v/v in the reaction mixture.

A series of nested primers was employed to
improve specificity and to target specific re-
gions of the 18S rDNA. The primer sequences
were:

F1)(5'-TCAGTAWATCAGTTATAATCTGC-3');

5R)(5'-CAAAGGGCAGGGACTWAATC-3');

2F)(5'-TTAAAACGYTCGTAGTTGGA-3');

3F)(5'-TACTGATTAAGAGGAGCGGT-3');

4F)(5'-AACTTACCTGGTCCGGACAT-3');

3R)(5'-ACCGCTCCTCTTAATCAGTA-3');

4R)(5'-ATGTCCGGACCAGGTAAGTT-3')

The primers were designed from an alignment
which included Myxidium, Myxobolus, and
Henneguya sequences as well as several fish
sequences. This strategy was employed in
order to target regions of relative conserva-
tion within the myxozoans but which differed
from vertebrate sequences by using primers
which would preferentially amplify
myxozoan rDNA sequences. However, this
was only partially successful as the primers
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did not always discriminate against non-
myxozoan sequences. Given the large amount
of sequence divergence of rDNA genes within
the Myxozoa, it is probably impossible to de-
sign sequences to serve as priming sites for
myxozoan species which reliably discriminate
against other metazoan taxa.  Regions of
rDNA that are sufficiently conserved to serve
as priming sites for multiple myxozoan spe-
cies are to a large extent also conserved among
other metazoans. The binding sites for our
primers are shown in Figure 1, which shows
the relative positions of the primers.  Note that
since these primers are designed from multi-
ple myxozoan sequences, where they lie
within the gene will vary amongst taxa. Can-
didate sequences were either cloned into
pGem-T (Promega) cloning vector, according
to the manufacturer ’s protocol, or were
sequenced directly. It should be noted that
while the priming sites are in highly con-
served regions, flanking regions are more
variable and unambiguously distinguish
myxozoan from sequences of other taxa.
Sequencing reactions were carried out using
the Thermo Sequenase Dye Terminator Cycle
Sequencing kit (Amersham) following the
manufacturer’s protocol, and run on an ABI
373 automated sequencer. Sequences were
aligned using CLUSTAL W (Thompson et al.,
1994).

Results
The primer combinations 2F/5R, 3F/4R and
4F/5R all gave good amplification products
with the myxosporean spore DNA. Both un-
diluted and diluted template DNA solutions
gave similar results. Direct sequencing of the
myxosporean amplification products gave
homogeneous myxozoan 18S rDNA se-
quences which showed minimal intraspecific
variation, with just a single change in the 3F/
4R product in one of three separate
amplifications. All other positions were in-
variant.

No amplification products or faint bands, at
the limits of visibility, were obtained with
actinosporean spore DNA, using the above
primer combinations. The primer combina-
tion F1/5R at both temperature regimes gen-
erated a variety of products but only with 10X
diluted template DNA. This protocol pro-
duced a smear in the agarose gel. This mix-
ture of amplification products was diluted 100
fold, and used as template for a further round
of amplification by nested PCR (Arias et al.,
1995) using 2F/3R, 3F/4R, 4F/5R to generate
single bands using the same PCR conditions
as for the myxosporean DNA. Even these sin-
gle bands represented mixed populations of
similarly sized PCR products. In order to iso-
late individual sequences, 2F/3R and 3F/4R
PCR amplification products were ligated into
the plasmid vector. Sequences of three differ-
ent taxa were obtained from the many clones
that were isolated, two of which were dis-
counted because of similarity to non-
myxozoan species, as determined by a BLAST
search of the database (Altschul et al., 1990).
The third sequence was identical to that de-
rived from the myxosporean material of T.

Figure 1. Relative positions of the annealing sites
of primers used to amplify T. hovorkai 18S rDNA.
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hovorkai. The sequences, of 710 nucleotides
from both myxosporean and actinosporean
stages of T. hovorkai have been lodged in the
sequence database under accession number
AJ133419. The Thelohanellus sequence corre-
sponds roughly to positions 600 to 1320  in
the homologous sequence in Henneguya doori

(accession # U37549). However, the initial 170
nucleotides in the Thelohanellus sequence
show little similarity to any extant myxozoan
18S sequence, rendering the alignment of
these nucleotides problematic. Alignment of
the subsequent 540 nucleotides is unambigu-
ous.

Discussion
PCR-based techniques provide an alternative
method of species identification by generat-
ing sequence data and molecular markers
which unambiguously identify taxa and
therefore allow identification of species from
different stages of the life cycle. In the
Myxozoa, this approach has been used previ-
ously to link stages of Ceratomyxa shasta in
rainbow trout, Onchorhynchus mykiss, and the
freshwater polychaete, Manayunkia speciosa

(Bartholomew et al., 1997) and stages of
Myxobolus cerebralis in O. mykiss and Tubifex

tubifex (Andree et al., 1997).

Here we provide the first 18S rDNA sequence
information on the genus Thelohanellus, and
report absolute conformity of the sequences
obtained from myxosporean spores in C.

carassius and actinosporean spores in B.

sowerbyi. We interpret this as firm evidence
that the sequences were obtained from differ-
ent stages in the same life-cycle. However, a
cautionary point should be noted: sequence
identity does not, of itself, demonstrate spe-

cies identity. There is nothing to preclude two
closely related species from having an identi-
cal sequence for any given gene or gene frag-
ment. Moreover, in this instance, because this
is the first available sequence from the genus
Thelohanellus, potentially useful comparative
information about sequence variation within
and among species in this genus is lacking.
However, given that these sequences are de-
rived from taxa already linked by transmis-
sion experiments, it is simply not credible to
suppose that the actinosporean and
myxosporean spores are from closely related,
but different species. Our studies thus serve
to confirm the alternation of hosts that had
been demonstrated by Yokoyama (1997) by
experimental transmission, and provide fur-
ther demonstration of the use of molecular
techniques in helping to elucidate myxozoan
life cycles.
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