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The coompktc nuclcolidc lrccp~cncc of the small riboromttl subunit RNA of the gstropod, LIIII~~O~UP~Q hmbeul, was dctcrmincd and uxd to infer 
;L secondary structure ma&l. In order toclarify thcphylopcncticpozitionofthc Mollurcn~mony the Metazoa. ancvolutionary tree wasconstructed 
by ncighbor.jaining. rtartina from an rlignmcnt cf small riboromnl subunit RNA rrqurnccs. The Mollusca appear to bc a monophylctic group, 

rcbtcd to Arthropodn and ChordPtu in an unraolvcd trichotomy. 
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1. INTRODUCTION 

In spite of many morphological and embryological 
stud&, the phylogcnctic relationships among and 
within many mctazoan taxa still remain poorly d&cd. 
This is due CO cllc lack of informative morphological and 
anutomical chnmcccrs common to diffcrcnc caxn. and 
the doubtful homology of similar traits. 

For cxamplc, the phylogeny of the MolIusca still rc- 
mains a point of discussion although studies concerning 
this issue already date from the previous century (c.g, 
[l]). Mollusca form a huge phylum, showing such Iargs 
differences in body plan among diffcrcnr classes chat the 
phylum can only bc defined by a set of characteristics 
123, such as Lhc prcscncc of a mantle (pallium). a pallial 
cavity, a foot, and a radula. Morphological anaromicxl 
and embryological features do not indicate clearly 
whcthcr the molluscs were directly derived from an 
acoclomatc (placyhclminthomorph) anscstor [al. or 
whether they arc true coclomatcs [3], The hypothcscs 
concerning the origin of the branching pattern within 
the phylum [2-81 also remain controversial. 

Molecular approaches, in addition to traditionai 
ones, can contribute to clarify mctazoan evolutionary 
branching patccrns. Today the most appropriate mole- 
cules to infer phylogcnics at a broad range of lcvcls arc 
the large riboscmal RN& (18 5 and 28 S rRNA for 
cukaryotcs). By far the largest set of cornplcte sequcnscs 
is available for 18 S rRNA, via. for 181 cukaryotic 

Corrcsponllmcr uri&x R. DC Washtcr, Dcpilrtcmcnt Biochcmic, 
UnivcrsiGt Antwcrpcn (UIA), Univcrsitcitsplcin 1, B.2610 Antwcr- 
pen, Belgium. FUX: (32) (3) 820 22 48. 

spccics among which 48 arc metazoans [9], Field et al. 
[IO] dctcrmincd an additional set of partial 18 S rRNA 
sequences rcprcscnting 22 classes belonging to ten dif- 
ferent mccazoan phyla. Anulyscs [l&13] of the lstccr 
data using different crce construction methods. uni- 
formly pointed to a coclomatc origin of the Mollusca. 
However, the monophyly of the molluscs and their rcla- 
tionship to ocher procostomc coelomaccs remained in 
doubt. Field et al. [IO] and Patterson [13] could not 
resolve the branching pattern of Molltrssa md a group 
consisting of Annclida, Pogonophora, Brachiopoda, 
and Sipuncula. Ghisclin [ 1 l] considered the Mollusca as 
a sister taxon of the latter group, whcrcas Lake [12] 
found the Mollusca to bc paraphylctic. 

In this paper WC present the first ;omplcts 18 S rRNA 
scqucnsc of a gastropod viz,. the terrestrial snail, Limi- 
colaria karnbeul (Bruguitrc, 1789) (Mollusca, Gastro- 
poda. Pulmonata). WC also describe some improvc- 
msncs in the secondary structure m&l For cukaryotic 
small subunit rRNA and give the preliminary results of 
a phylogrrrclic study concerning the Mollusca. Voucher 
material of L. kurnbcuf is deposited in the Royal Belgian 
Institute of Natural Science, Brussels (general inventory 
number, LG. No. 27.834). 

2. MATERtALS AND METHODS 

L. kunlhaul wus cdlcctcd in the woods of Ouuhigouyn (Burkina 
Faso)and frozen alivcl-SO%), Theovotmrisofa singlcspccimcn was 
homogcnizcd in the prcwncc of powdcrcd dry ioc in a prechillal 
mortar und ~ansihai to iii ITIT oiprc.hsa@d ;m 2% $G@CTAb 
(hcxadccyhrimcthylammoniumbromidc) buffer [14] cenuining 100 
yg/ml protcinlisc K. DNA wols cxtmctcd as dcssribcd by Doyle 1141. 
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Fig. 3. PhyloQcnclic WCC bared on the 18 S rRNA squrnccs ol’ 50 sukaryotcs using neighbor-joining. Dirtmrurtrliunr disrhlrua~ was usul u the 
outgroup. Apart from Ihc tree shown. 100 trees wcrc conslructcd with rc-wmpling of nuclcoGdc porilionr (baolrtnrp rnalyris [?4]1. Figures &II rhc 
root of n clurlcr indiclltc the pcrccnmgc of WCS containins II clurlcr of [his comp&ion. The vcrlcbntc clus~ is rcprcrcntcd by a triangle, the 

rpcx of which corresponds IO the first divcrgcncc node und thr upcx-brsc diruncc is qua1 to Ihc mun branch Icnpth, 

In order to idcmiry a ralriclion cnzymc Luitublc for irol;lGng a 
DNA fragment containing the cntirc IX S rRNA &xx?. the DNA was 
digcrlcd withlsrvcn rcslristioncnymr?w, BurrrHi, LiaRI. HindlIl, Pxrf, 
WI. Sari and Xbrrf, DNA fragmcntr wcrc subsequently scparalcd on 
a 03% (w/v) e&!rosc gel and transferred via Southern blotting [IS] 10 
il Hybond-N mcmbnnc (Amcrsham. UK). This wus hybridized with 
a plaamid containing the 18 S rHNA ~cnc from Ar~riu rolirtrr [ Ia], 
nrdioncGvcly labclcd by nick tronrlalion [It] using the Amcrrhirm Kit, 
Competent I% roli DH5a cclln wcrc transformed with a 7 kb Arl 
rcstriclion fragment containing the Ill S rRNA @nc ligated inlo 
pUCl9 [ I%]. The plasmid was inolatcd from rccombinunt E, rafi DHSe 
cells usin the nlkulinc lyris method [IP]. 

2.3, Scr[ucnciilg 
Squcncing of both strands of the It S rRNA gcnc wns prformcd 

by the didconynuclcolidc mclhod [20], usiny 17 primers camplcmcn- 
tary to conscrvcd regions, Sixrccn of thcsc have lxcn published else- 
where [2lj and a scvcnlccnth has the squcnsc, TCT- 
CAGGCTCCYTCTCCGG. complcmcntary to posilions 421403 of 
L. kur?tbrul ISS rRNA. For the rqucncing reactions WC uocd SC. 
@GnizT 2.fi (t’s:; c:c!ezd, *, USA) %x?x%i; :o :he mztL~z= 
Iurcf’s instructions. 

2.4. Ali~nnrcnr ml pl~_vla&~~ic tree c~~~uctlut~ 
The 1% rRNA gcnc sequcncc oft. kambrui was aligned with those 

ofothcr Mc~;lzaa pracnl in the ulianmcnt of DC Rijk CI al. [9]. Dirrim= 
ilurily mutriccr wcrc culrulnrcc! by painviw wucncc comparison us 
described by Van de Peer et al. [22]. Evolutionary Irccs wcrc con- 
structed using the neighbor-joining method [23]. DooWrap rc-sam- 
plingrn;llyrir WOE lxrfomxxl according to the principle of Fclsenslcin 
(241. 

3. RESULTS AND DISCUSSIQN 

3.1. Prinqy and scco~uhy smc~ure of the 18 S I-RNA 
WC sequcnccd 1,940 nuclcotidcs, comprising the cn- 

tire 18 S rRNA gcnc. The presumed tsrmini of the 18 
S rRNA were identified by similarity with those of other 
cukaryotic sequences. The l,839=nuclcotidc long L. 
karrzheui 18 S rRNA scqucnsc has been deposited in the 
EMBL nuclcotidc sequence library under accession 
number X66374. Fig. 1 shows a secondary structure 
model in accordance with our latest insights into the 
*.* L._ - -S-L_ _-.a._ roramg 01 tnc cuaaQ&G mii ti&GiiZi auuurlii WMft, 

deduced on a comparativt basis from a sequence align- 
ment of gradually increasing size [9J. Knowlcdgs of a 
detailed sccondury structure model of I8 S rRNA is 
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imgortmt bccuurc the baundurics of the secondary 
structure clcmcnts ssrvc us markers during sequence 
rllignmcnt . 

WC used 48 mctuzoun 18 S rRNA scqucnccs [9]. This 
set consists of 19 complctc rcqucnccs and 29 piWtiul ORCS 

for which u minimum of i.289 nuclcotidcs were ant\- 
lyssd. The purtiul scqucnccs determined by Fisld st ul. 
[IO]. for which 854-1.041 nuclcotidss wcrs unrrlyssd. 
wcrs not included. The scqucnccti of two arthropods. 
A&es rrh~pt’crru and 0ro~~phih mhw~ct~tcr, and one 
Wmatod, C~~etwhd~;tiri degarta, WC~C excluded from 
ths rmolyais bccauss thsir high cvolutionury rrtss tend 
to induce systematic errors [ZS], WC includsd reprcssn- 
tutivcr of thrcs non-mcturorrn cukuryotic phyla. viz. u 
plant. u fungus and u ciliate. The slime mold. Dit~yusrr- 
liwr riisr~idtvutr. wus chosen us the outgroup. All nucle- 
otidc positions were taken intouceount for computation 
of the dirsimiltlritics ussd to construct ths trss shown in 
Fig. 2. Ths probability of oscurrsncc of crlch clustsr in 
ths bootstrap rcsnmpling unulyris [24] is indicated ut its 
base. The branching puttcrn within the vcrtcbratc clus- 
ter, rcprcscntcd us u triunglc in Fig. 2. is described clsc- 
whcrc [Z&27]. 

The Mollusru uppcrtr as a monophylstic group, with 
t kmrhed as u sister tnxon to the Bivulviu. This mono- 
phyly. which is strongly supported by bootstrap vnlucv 
(1001100). is in contrast with ths results of Luke [I?]. 
who analyscd rho partial 18 S rRNA sequsnccs of Field 
st al. [IO] using cvolutionnry parsimony. Yet. this 
monophylstic charoctsr is only n very prcliminnry con- 
clusion since many invsrtsbmts phyla urc not rcprs- 
scntcd and only three complctc mollusc scqucnccP urc 
trvailnblc, 

The monophyly of the P.rthropodn. iIs proposed on 
ths basis of partial scqucnccs by Fisld et ul. [IO]. Pattcr- 
son [IS] and Turbcvillc [28], but qusstionsd by t;lkt 
[I?], is strongly supported in our trsc (bootstrap vrrluc 
97/100). The pentrrstomid, Puracepltuh crotuli. though, 
is included in the arthropod cluster, as previously ob- 
served by Abclr ct al. [29], 

The brunching pnttsrn bstwscn Chordsrtu, Arthro- 
podu and Mollusca appears to bc an unrcsolvsd 
trichotomy. The choice of diffsrcnt outgroups yielded 
trees (not shown) with various branching putterns. viz. 
(i) the Mollusca as a sister group of the Platyhclminthcs, 
(ii) the Mollusca branching off bctwscn the Pluty- 
hclminthts iincrrgc and the coclomote cluster (rsprc- 
scntcd by Chordata, Pcntnstomidn und Arthropoda), 
(iii) a trichotomy as shown in Fig. 2. These prsliminury 
results show that 18 S rRNA sequcnccs from rcprsscnn 
t;ltivcs of many more invertebrate phyla and c1nsscs of 
Mollusca nut be determined in order to unravel this 

pattern. us well as the branching pilttcrn of clusssn 
within the Molluscr~. 

nrlrrru~~lrr/~lrrrr~~*: WC tire indebted 10 Lir, T. Warmocs for collcctiny 
the specimens und lo Rr. A.R. Mcti (Univcrsily of Arixonn) for 
ranlirmlnp lhcir icicniificnlion. This work wus rupparlcd by FGWO 
Grim 3,008OdiU id FKFO Grm 2.OthI4.91. 
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