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Within Platyhelminthes, phylogenetic trees
based on the total small subunit ribosomal RNA
gene (SSU rRNA) sequences have been con-
structed only for the aspidogastrean Lobatostoma
manteri, the monogenean Gyrodactylus salaris and
some digenetic trematodes, mainly schistosomes
[1–5]. Besides these data, partial sequences of
SSU rRNA genes of some other helminths have
been described. However, no complete sequences
of the rRNA gene of any cestode have been
published and only that of the cyclophyllidean

Echinococcus granulosus is available in the Gen-
Bank™ (Picon et al., unpublished results). Herein,
the complete sequence of SSU rRNA of Proteo-
cephalus exiguus La Rue, 1911 (Cestoda: Proteo-
cephalidae) is presented and the phylogenetic
position of this parasite is determined.

The SSU rRNA sequence of P. exiguus was
aligned with the other eukaryotic SSU rRNA
sequences [6] using the DCSE sequence editor [7].
An evolutionary tree was constructed by the
neighbor-joining method and bootstrap analysis,
involving the computation of 500 trees from re-
sampled data, was performed using the software
package TREECON for Windows [8]. Maximum
likelihood [9] and maximum parsimony [10] meth-
ods were used to construct alternative trees.

The evolutionary trees based on the neighbor-
joining and maximum likelihood methods (Figs. 1
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Fig. 1. Evolutionary tree constructed by neighbor-joining method. The ascomycete Saccharomyces cere6isiae was used to root the
tree. The evolutionary distance between two organisms is obtained by summing the length of the connecting branches along the
horizontal axis, using the scale on top. Bootstrap values above 50% are shown at the internodes. The tapeworm Proteocephalus
exiguus, a widely distributed parasite of salmonid and coregonid fishes in the Holarctic Region [15], was isolated from the intestine
of rainbow trout (Oncorhynchus mykiss (Walbaum)) from Dobs' iná water reservoir (Slovakia) and DNA was prepared from
homogenized worm tissue. The SSU rRNA gene was amplified via polymerase chain reaction (PCR) using primers 18e (5%-CTG-
GTTGATCCTGCCAGT-3%) and modified 18g (5%-GCGACGGGCGGTGTGTACAAAGG-3%) of Hillis and Dixon [16] and cloned
into the pT7blue vector (Novagen). A set of overlapping subclones was constructed and the sequence of the DNA determined for
both strands. The SSU rRNA of P. exiguus is 1934 bp long, with a GC content of 52%.

and 2) show that both cestodes, the proteocepha-
lan P. exiguus and E. granulosus, are grouped in
one clade with trematodes comprising digeneans
and the aspidogastrean L. manteri as a sister
group. The monoopisthocotylean monogenean
Gyrodactylus salaris represents a sister group of
both Cestoda and Trematoda.

In the neighbor-joining trees, both nematodes,
for which complete SSU rRNA sequences are
available, constitute a monophyletic group, which
is a sister group to all Platyhelminthes (Fig. 1), in
agreement with the current systems of classifica-
tion of these parasitic animals [11,12]. However,
with the maximum likelihood and maximum par-

simony (data not shown), they branch off at the
base of the trees. This clustering is apparently
artificial, most likely due to the increased evolu-
tionary rate of the nematode SSU rRNA se-
quences. It is a well known phenomenon that
‘long’ branches are pulled towards the base of the
tree [13] or artificially clustered with other long
branches [14].

The phylogenetic position of cestodes and
monogeneans, based on the total SSU rRNA
sequences reported here, casts doubts upon the
validity of the Cercomeromorphae and is contro-
versial with respect to the present classification of
parasitic Platyhelminthes. All the methods used
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Fig. 2. Maximum likelihood tree constructed with fastDNAml method [8] using the options of randomized sequence input, and
global rearrangements.

(neighbor-joining, maximum likelihood, maxi-
mum parsimony) support the paraphyly of the
Cercomeromorphae. It should be, however, noted
that in maximum parsimony trees (data not
shown) the mutual topology of cestodes and
monogeneans is unstable, with only 45% of boot-
strap replicates showing a topology identical to
the neighbor-joining and maximum likelihood
trees (Figs. 1 and 2). More sequence data are
obviously needed to disprove or support the cur-
rent branching order. The same applies to the
phylogenetic position of monopisthocotylean and
polyopisthocotylean monogeneans.
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