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The complete nueleotide sequense of the smill ribosomal subunit RNA of the gastropod, Linicalaria hambeul, was determined and used to infer

a secondary structure model. In order to clarify the phylogenctic position of the Mollusea among the Mctazoa, an evolutionary tree was construsted

by neighbor-joining, starting from an alignment of small ribosomal subunit RNA sequences, The Mollussa appear to be a monophyletic group,
related to Arthropoda and Chordata in an unresolved trichotomy.
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1. INTRODUCTION

In spite of many morphological and embryological
studies, the phylogenetic relationships among and
within many metazoan taxa still remain poorly defined.
This is due to the lack of informative morphological and
anatomical characters common to different taxa, and
the doubtful homology of similar traits.

For example, the phylogeny of the Mollusca still re-
mains a point of discussion although studies concerning
this issue already date from the previous century {e.g.
[1]). Mollusca form a huge phylum, showing such large
differences in body plan among different classes that the
phylum can only be defined by a set of characteristics
[2), such as ihe presence of a mantle (pallium), a pallial
cavity, a foot, and a radula. Morphological anatomical
and embryological features do not indicate clearly
whether the molluses were directly derived from an
acoelomate (platyhelminthomorph) ancestor (2], or
whether they are true coclomates [3]. The hypothescs
concerning the origin of the branching pattern within
the phylum [2-8] also remain controversial.

Molecular approaches, in addition to traditional
ones, can contribute to clarify metazoan evolutionary
branching patterns. Today the most appropriate mole-
cules to infer phylogenies at a broad range of levels are
the large riboscmal RINAs (18 S and 28 8 rRNA for
eukaryotes). By far the largest set of complete sequences
is available for 18 S rRNA, viz. for 181 eukaryotic
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species among which 48 are metazoans [9). Field et al.
[10] determined an additional set of partial 18 8 rRNA
sequences representing 22 classes belonging to ten dif-
ferent metazoan phyla. Analyses [10-13] of the latter
data using different tree construction methods. uni-
formly pointed to a coclomate origin of the Mollusca.
However, the monophyly of the moiluscs and their rela-
tionship to other protostome coclomates remained in
doubt. Field et al. [10] and Patterson [13] could not
resolve the branching pattern of Mollusca and a group
consisting of Annclida, Pogonophora, Brachicpoda,
and Sipuncula, Ghiselin {11] considered the Mollusca as
a sister taxon of the latter group, whereas Lake [12]
found the Mollusca to be paraphyletic.

In this paper we present the first complete 18 S rRNA
sequence of a gastropod viz., the terrestrial snail, Lini-
colaria kambeul (Bruguid¢re, 1789) (Mollusca, Gastro-
poda, Pulmonata). We also describe some improve-
ments in the secondary structure model for eukaryotic
small subunit rRNA and give the preliminary results of
a phylogenclic study concerning the Mollusca. Voucher
material of L. karmbeul is deposited in the Royal Belgian
Institute of Natural Science, Brussels (general inventory
number, I.G. No. 27.834).

2. MATERIALS AND METHODS

2.1, DNA isolation

L. kambeut was collected in the woods of Quahigouya (Burkina
Faso) and [rozen alive (~80°C). The ovolestis of a single specimen was
homogenized in the presence of powdered dry ice in a pre-chilied
mortar and transierred (o 15 mi of pre-héatad (&0°C) 2% (wv) CTAS
(hexadecylirimethylammoniumbromide) buffer [14] containing 100
ug/m) proteinase K. DNA was extracted as described by Doyle [14).
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Fig. 1. Secondary structure model for 18 8 tRNA of Linticofurie kambent, Helisenumbering is us deseribed by De Rijk et al. [9).
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Fig. 2. Phylogenelic tree based on the 18 S rRNA sequences of 30 cukaryotes using neighborsjoining. Diciyvostelim discoiclewn was used as the

outgroup. Apurt from the tree shown, 100 trees were constructed with re-sampling of nusleotide positions (boolstrap analysis (24)). Figures at the

root of a cluster indicate the perceniage of trees conlaining a cluster of (his composition. The vertebrate cluster is represented by a triangle, the
apex of which corresponds (o the first divergence node und the upex-base distance is equal to the mean branch lenglh,

3.2, Gene cloning

In order to identify a restriction enzyme suitable for isclaling a
DNA frugment contuining the entice 18 S rRINA gene, the DNA was
digested with seven restriction enzymes, BamHI, EcaRl1, FindlLI, Psil,
Sufl. Sstl and Xbal. DNA fragments were subsequently separated on
# G.8% (w/v) agarose gel and transferred via Southern blotting [15] o
a Hybond-N membrane (Amersham. UK). This was hybridized wilh
a plasmid containing the 18 8 rRNA gene from Arteutia saling [16},
radioactively labeled by nick translation [17] using the Amersham Kit,
Competent £, coli DHSe cells were transformed with a 7 kb Psrl
restriction fragment containing the 18 8 rRNA gene ligated inlo
pUCI9[18). The plusmid was isolated [rom recombinunt £, cafi DHe
cells using the alkaline lysis method [19].

2.3, Sequencing

Sequencing of both sirands of the 18 8 rRNA gene was performed
by the dideoxynucleotids method [20), using 17 primers complemen-
tary to conserved regions. Siateen of these have been published else.
where [21] and a sevenicenth has the sequense, TCT-
CAGGCTCCYTCTCCGG, complementary to posilions 421-403 of
L. kambeut 185 rRNA. For the sequencing reactions we used Se-
qustase 2.0 (USE; Cleveland, OH, USA) according to the manulies
turer's instructions.

2.4, Alignment and phylogenetic tree construction
The 185 rRNA gene sequence of L. Aambeul was aligned with those

of other Metazoa present in the alignment of De Rijk et al. [9). Dissim-
ilarity mairices were caleulated by pairwise sequence compurison as
described by Van de Peer et al. [22]. Evolutionary (rees were con-
structed using the neighbor-joining methed [23]. Bootstrap re-sam-
pling analysis was performed according tothe principles of Felsenstein
[24].

3. RESULTS AND DISCUSSION

3.1. Primary and secondury structure of the 18 S rRNA

We sequenced 1,940 nucleotides, comprising the en-
tire 13 S rRNA gene. The presumed termini of the 18
S tRNA were identified by similarity with those of other
eukaryotic sequences. The 1,839-nucleotide long L.
kambeul 18 S TRNA sequence has been deposited in the
EMBL nucleotide sequence library under aceession
number X66374. Fig. 1 shows a secondary structure
model in accordance with our latest insights into the
foiding of the eukaryoiic smaii Fibosomnal subumit RINA,
deduced on a comparative basis from a sequence align-
ment of gradually increasing size [9]. Knowledge of a
detailed secondary structure medel of 18 8§ rRNA is
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important because the boundaries of the secondary
structure clements serve as markers during sequence
alignment.

3.2, Phylagencric analysis

We used 48 metazoan 18 8 rfRNA sequences [9]. This
set consists of 19 complete sequences and 29 partial ones
for which a minimum of 1.289 nucleotides were anu-
lysed. The partinl sequences determined by Field et al.
(10]. for which 854-1.041 nucleotides were analysed,
were not included. The sequences of two arthropods.
Aedes alhapictes and Brasophife melunogaster, and one
nematod, Caenorhabeitis elegans, were excluded from
the analysis because their high evolutionary rates tend
to induce systematic errors {251, We included represen-
tatives of three non-metazoan cukaryotic phyla. viz. a
plant. a fungus and a ciliate. The slime mold. Dictyoste-
litm cliscoideram, wus chosen as the outgroup. All nucle-
otide positions were taken into account for computation
of the dissimilarities used to construct the tree shown in
Fig. 2. The probability of occurrense of euch cluster in
the bootstrap resampling analysis [24) is indicated at its
base. The branching pattern within the vertebrate clus-
ter, represented as a triangle in Fig. 2. is described else-
where [26,27].

The Mollusca appear as a monophyletic group, with
L. kambeut as u sister taxon to the Bivalvia. This mono-
phyly. which is strongly supported by bootstrap values
(100/1Q0). is in contrast with the results of Luke [12],
who analysed the partial 18 8 rRNA sequences of Field
et al. [lQ) using evolutionary parsimony. Yet, this
monophyletic character is only a very preliminary con-
clusion since many invertebrate phyla are not repre-
sented and only three complete mollusc sequences are
available.

The monophyly of the Arthropoda, as proposed on
the basis of partial sequences by Field et al, {10]. Patter-
son {13] and Turbeville (28], but questioned by Lake
(12], is strongly supported in our tree (bootstrap value
97/100). The pentastomid, Paracephalus crotali, though,
is included in the arthropod cluster, as previously ob-
served by Abele et al, [29],

The brunching pattern between Chordata, Arthro-
poda and Mollusca appears to be an unresolved
trichotomy. The choice of different outgroups yielded
trees (not shown) with various branching patterns, viz.
(i) the Mollusca as a sister group of the Platyhelminthes,
(ii) the Mollusca branching off between the Platy-
helminthes lincage and the coeslomate cluster (repre-
sented by Chordata, Pentastomida and Arthropoda),
(iii) a trichotomy as shown in Fig. 2. These preliminary
results show that 18 S rRINA sequences from represen-
tatives of many more invertebrate phyla and classes of
Mollusca must be determined in order to unravel this
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pattern, as well as the branching pattern of classes
within the Maollusca,
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